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Addiction – SUDs and ICDs



For many people, gambling is harmless 
entertainment, but for some, it can become 
a problem.  

Problem gambling is a progressive disorder

Recreational                           Disorder
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https://www.psychiatry.org/patients-families/gambling-disorder/what-is-gambling-disorder



Initial motivation: 
Rewarding 

Repetitive engagement: 
Learning & Memory

Recreational Disorder



Impaired control
Persistence 

Unsuccessful attempts to quit
Narrowing of interests 

Neglect of other areas of life

Recreational                           Disorder
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Impaired controlPersistence despite untoward consequencesRelapse unsuccessful attempts to quitNarrowing of interests Neglect of other areas of life



Recreational                                 Disorder

The  functional 
neuroscience of 
decision-making
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Presentation Notes
Slide 3: Brain regions and neuronal pathwaysCertain parts of the brain govern specific functions.  Point to areas such as the sensory (orange), motor (blue) and visual cortex (yellow) to highlight their specific functions.  Point to the cerebellum (pink) for coordination and to the hippocampus (green) for memory.  Indicate that nerve cells or neurons connect one area to another via pathways to send and integrate information. The distances that neurons extend can be short or long.  For example;  point to the reward pathway (orange). Explain that this pathway is activated when a person receives positive reinforcement for certain behaviors ("reward").  Indicate that you will explain how this happens when a person takes an addictive drug.  As another example, point to the thalamus (magenta).  This structure receives information about pain coming from the body (magenta line within the spinal cord), and passes the information up to the cortex.  Tell the audience that you can look at this in more detail.
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Presentation Notes
Brain pathways affected by drugs of abuse. The dopamine and serotonin pathways are two brain systems affected by drugs of abuse.  They are illustrated here.  By altering activity in these pathways, abused substances can influence their function. Dopamine neurons (shown in yellow) influence pleasure, motivation, motor function and saliency of stimuli or events. Serotonin (shown in red) plays a role in learning, memory, sleep and mood.
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food
water

sex
nurturing

Natural Rewards

Reward-Motivated 
Behaviors

Presenter
Presentation Notes
Natural rewards such as food, water, sex and nurturing allow the organism to feel pleasure when eating, drinking, procreating and being nurtured.  Such pleasurable feelings reinforce the behavior so that it will be repeated.  Each of these behaviors is required for the  survival of the species.  Remind your audience that there is a pathway in the brain that is responsible for rewarding behaviors.  This can be viewed in more detail in the next slide.
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Natural Rewards Elevate Dopamine Levels
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Natural rewards increase dopamine neurotransmission.  For example, eating something that you enjoy or engaging in sexual behavior can cause dopamine levels to increase.  In these graphs, dopamine is being measured inside the brains of animals, its increase shown in response to food or sex cues.  This basic mechanism has been carefully shaped and calibrated by evolution to reward normal activities critical for survival.



Di Chiara and Imperato. PNAS, 1988

Drugs of Abuse Increase Dopamine

0

100

150

200

250

0 1 2 3hr
Time After Nicotine

%
 B

as
al

 D
op

am
in

e 
Re

le
as

e NICOTINE

0

100

200

300

400

0 1 2 3 4 5hr
Time After Cocaine

%
 B

as
al

 D
op

am
in

e 
Re

le
as

e COCAINE

100

300

500

700

900

1100

0 1 2 3 4 5hr
Time After Amphetamine

%
 B

as
al

 D
op

am
in

e 
Re

le
as

e AMPHETAMINE

0

100

150

200

250

0 1 2 3 4 5hr
Time After Morphine

%
 B

as
al

 D
op

am
in

e 
Re

le
as

e MORPHINE

Presenter
Presentation Notes
Drugs of abuse increase dopamine neurotransmission.  All the drugs depicted in this slide have different mechanisms of action; however, all increase activity in the reward pathway by increasing dopamine neurotransmission.  Because drugs activate these brain regionsusually more effectively than natural rewardsthey have an inherent risk of being abused. 



Dopamine
Increases During 
Gambling-Like Tasks 
in Laboratory Rats

St Onge, Ahn, Phillips and Floresco, 
J Neurosci 2012



Dopamine Increases During 
Gambling-Like Tasks in Humans

Joutsa et al., 
NeuroImage 2012

High Reward Low Reward
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Fig. 2. Dopamine release during gambling. The results of SPM repeated measures ANOVA analysis overlaid on the average T1 weighted MRI image of the studied sample. a, b. Areas of decreased [11C]raclopride BPND with height threshold T1,41 = 3.30. Red-yellow scale bars indicate the corresponding T values. a. Condition effect, high-reward versus control scan, statistical peak voxel at (−10 4 2), Tmax= 5.71, cluster of 322 voxels =2576 mm3, FWE-corrected P= 0.002. b. Condition effect (low-reward versus control scan), statistical peak voxel at (−10 4 2), Tmax = 4.68, cluster of 95 voxels =760 mm3, FWE-corrected P= 0.043.



Psychology of Gambling

Risk-taking – it is human nature to fell excited 
when taking risks.  
‘natural high’

adrenalin rush (PNS) 
dopamine elevation (CNS)



THC

gambling

and risk-taking



Recreational                                 Disorder

The  functional 
neuroscience of 
decision-making

Choosing to gamble reflects what 
brain processes?
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Subgenual cingulate cortex



Adapted from Volkow et al., Neuropharmacology, 2004
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Presenter
Presentation Notes
Addiction changes brain circuitry making it hard to “apply the brakes” to detrimental behaviors.  In the non-addicted brain, control mechanisms constantly assess the value of stimuli and the appropriateness of the planned response, applying inhibitory control as needed.  In the addicted brain, this control circuit becomes impaired through drug abuse, losing much of its inhibitory power over the circuits that drive response to stimuli deemed salient.



Inhibitory Control: 
Drug and Behavioral Addictions

Luijten et al., 
J Psychiatry Neurosci, 2014.

Presenter
Presentation Notes
Summary of anterior cingulate dysfunction in individuals with addictions for inhibitory control. Circles represent hypoactivation and squares hyperactivation for inhibitory control in individuals with addictions relative to controls. Of note, 6 studies included in this reviewreporting group differences are not displayed in this figure, as results did not indicate group differences in the anterior cingulate cortex for inhibitory control–related brain activation. Red: opioid dependence; green: cocaine dependence; dark blue: cannabis dependence; light blue: nicotine dependence; yellow: behavioural addictions. Locations are based on reported Talairach or Montreal Neurological Institute (MNI) coordinates in studies reporting group differences included in this review. Talairach coordinates were convertedto MNI using the GingerALE toolbox. Foci of activation were projected onto the midline for ease of viewing.



Adapted from Volkow et al., Neuropharmacology, 2004
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Addictions Change Brain Circuits 
that Govern Decisions
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Addiction changes brain circuitry making it hard to “apply the brakes” to detrimental behaviors.  In the non-addicted brain, control mechanisms constantly assess the value of stimuli and the appropriateness of the planned response, applying inhibitory control as needed.  In the addicted brain, this control circuit becomes impaired through drug abuse, losing much of its inhibitory power over the circuits that drive response to stimuli deemed salient.



‘Psychology’ of Gambling

Risk-taking – it is human nature to fell excited 
when taking risks – ‘natural high’
Social – ‘game night’, sports, lottery, glamour
Escapism - the gambling environment can 
provide an escape from everyday life - glitzy 
casino, loud and exciting amusement arcade or 
online betting company - all of which stimulate 
and arouse our senses



‘Psychology’ of Gambling 
Bio-Behavioral Factors

Biology/genes

Environment

Biology/
Environment
Interactions



Why Do People Choose to Gamble?

To feel 
good

To have new:
feelings

sensations
experiences

and
to share them

To feel 
better
Escapism
anxiety
worries
fears
depression
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Presentation Notes
Research has shown that people generally take drugs to either feel good (sensation seekers, or anyone wanting to experiment with feeling high or feeling different) or to feel better (self-medicators, or individuals who take drugs in an attempt to cope with difficult problems or situations, including stress, trauma, and symptoms of mental disorders).



Choosing to gamble

To feel good. 
To have new feelings, sensations, 
experiences and to share them.

Genetic Predisposition

Developmental 
- Risk-taking, sensation-seeking
- Interacting with, and approval 

from peers

Presenter
Presentation Notes
Research has shown that people generally take drugs to either feel good (sensation seekers, or anyone wanting to experiment with feeling high or feeling different) or to feel better (self-medicators, or individuals who take drugs in an attempt to cope with difficult problems or situations, including stress, trauma, and symptoms of mental disorders).



“Rapidly changing 
wiring leads to 
mental agility – and 
risky behavior”

By Jay N. Giedd

Time of high sensitivity to rewards, 
and increased vulnerability to 
developing addictions.  
With potential for long-term 
consequences. 
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Increases in reward- and sensation-seekingPeer-directed social interactionsRisk-taking with exploratory use of alcohol and other drugsHeightened reward reactivity Attenuation in sensitivity to aversive stimuliAttach greater benefit, and less cost, to risky behaviorsEmotionally aroused, especially in social contexts



Miss match for 
development of 
brain regions that 
govern emotions 
and judgement.

Giedd.
Scientific American 
312:32, 2015.



Cortical development 
and decision making

GO

Adolescent to Adult

Drive

Memory

Control

Reward   

Sowell et al. The Neuroscientist, 2004. 
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Fig. 1. Top, Child minus adolescent statistical map for the negative age effects representing gray matter density reductions observed between childhood and adolescence. Bottom, Adolescence and adulthood. These maps are three-dimensional renderings of the traditional statistical maps shown inside the transparent cortical surface rendering of one representative subject’s brain. Lobes and the subcortical region were definedanatomically on the same subject’s brain. Color coding is applied to each cluster based on its location within the representative brain. Clusters are shown in the frontal lobes (purple), parietal lobes (red), occipital lobes (yellow), temporal lobes (blue), and subcortical region (green) (Sowell, Thompson, Holmes, Batth, and others 1999; Sowell, Thompson, Holmes,Jernigan, and others 1999). Cortical maturation between adolescence and adults is localized to frontal cortex.  Frontal lobes are essential for response inhibition, emotional regulation, planning and organization.  



CF Geier.  
Hormones and Behavior 
64:333-342, 2013.
(Hwang et al., 2010)

“Adolescence is marked by 
peaks in sensation, novelty, 
and reward seeking … stem 
from … increases in 
responsiveness in limbic and 
paralimbic brain structures”.  

Presenter
Presentation Notes
Fig. 1. Using Granger causality analysis, Hwang et al. (2010) demonstrated that children (top row), adolescents (middle row), and adults (bottom row) show distinct patterns ofeffective connectivity in an inhibitory control-related network. With age, prefrontal-guided functional connections were found to increase in both number and strength. Enhanced top-down connections between key task-related network nodes may underlie developmental improvements in inhibitory control.Modified from Hwang et al. (2010) with permission from the Society for Neuroscience.



Social Engagement
Adolescent Risk-Taking

- Creates new friendships
- Safety in association as 

they leave parents

Increased adolescent 
risk-taking linked to the 
influence of peers on 
valuation of rewards 

Smith et al., Dev Cog NeuroSci 11:75, 2015.
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Prior research suggests that increased adolescent risk-taking in the presence of peers maybe linked to the influence of peers on the valuation and processing of rewards during decision-making. The current study explores this idea by examining how peer observation impacts the processing of rewards when such processing is isolated from other facets of risky decision-making (e.g. risk-perception and preference, inhibitory processing, etc.).In an fMRI paradigm, a sample of adolescents (ages 14–19) and adults (ages 25–35) completed a modified High/Low Card Guessing Task that included rewarded and un-rewarded trials. Social context was manipulated by having participants complete the task both alone and while being observed by two, same-age, same-sex peers. Results indicated an inter-action of age and social context on the activation of reward circuitry during the receipt of reward; when observed by peers adolescents exhibited greater ventral striatal activation than adults, but no age-related differences were evinced when the task was completed alone. These findings suggest that, during adolescence, peers influence recruitment of reward-related regions even when they are engaged outside of the context of risk-taking. Implications for engagement in prosocial, as well as risky, behaviors during adolescence 



To feel better (less studied). 
Escapism
- Co-morbidity w mental hlth disorders

- esp substance use disorders
- onset and persistence of GD 

predicted by prior diagnosis of 
mood disorders, anxiety, ICD, 
SUD (Kessler et al. Psychol
Med, 2008)

- Environment 
- Life stresses
- Brain trauma

Choosing to gamble
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Presentation Notes
Research has shown that people generally take drugs to either feel good (sensation seekers, or anyone wanting to experiment with feeling high or feeling different) or to feel better (self-medicators, or individuals who take drugs in an attempt to cope with difficult problems or situations, including stress, trauma, and symptoms of mental disorders).



Why Do People Choose to Gamble?

To feel 
good

To feel 
better

Presenter
Presentation Notes
Research has shown that people generally take drugs to either feel good (sensation seekers, or anyone wanting to experiment with feeling high or feeling different) or to feel better (self-medicators, or individuals who take drugs in an attempt to cope with difficult problems or situations, including stress, trauma, and symptoms of mental disorders).



A person engages in gambling hoping to 
change his or her mood, 

or emotional state

Translation –
…hoping to change their brain.

How does gambling change the brain?



It’s about 
people, 
places, 
and 
things.

Memories are a Critical Aspect of 
Addiction Processes

Presenter
Presentation Notes
Memories are a critical part of addiction.  The association between, for example, the rush people feel when gambling or using abused substances  is quickly made.  Thus, they are called primary reinforcers.  These associations are not the only ones that we make, however.  We also make associations with the people, places and things around us when we are feeling good.





Remembering Causes Craving

Kober et al., NPP 2016

Presenter
Presentation Notes
In-scanner subjective ratings. We observed a three-way urge type × video type × diagnostic group interaction (F(4,194)=17.86, Po0.001). It shows,as expected, that (a) cocaine-dependent participants reported strongest cocaine cravings to the cocaine videos and (b) pathological-gambling participantsreported strongest gambling urges to the gambling videos.  Imaging activity in regions bordering dorsomedial prefrontal cortex and dorsal anterior cingulate cortex. Is great in PG while viewing gambling videos 



The Addiction
Process:

Everitt
Eur Jr Neurosci
40:2163, 2014.



Heilig et al., 
Neuroscience and Biobehavioral Reviews 
35: 334, 2010



Koob
Neurosci BioBeh Rev 
2019



Reframe concepts of 
- stigma
- treatment expectations

Recreational                           Disorder

Progression to Problem Gambling



GAMBLING DISORDERS ARE A 
BEHAVIORAL ADDICTION

In DSM-V, gambling disorder joins substance-
related addictions in a renamed group called 
“Addiction and Related Disorders.”
Addiction: A chronic, relapsing brain disease 
that is characterized by compulsive drug 
seeking and use, despite harmful 
consequences.

Presenter
Presentation Notes
DSM-5 Diagnostic Criteria: Gambling DisorderPersistent and recurrent problematic gambling behavior leading to clinically significant impairment or distress, as indicated by the individual exhibiting four (or more) of the following in a 12-month period:�Needs to gamble with increasing amounts of money in order to achieve the desired excitement.Is restless or irritable when attempting to cut down or stop gambling.Has made repeated unsuccessful efforts to control, cut back, or stop gambling.Is often preoccupied with gambling (e.g., having persistent thoughts of reliving past gambling experiences, handicapping or planning the next venture, thinking of ways to get money with which to gamble).Often gambles when feeling distressed (e.g., helpless, guilty, anxious, depressed).After losing money gambling, often returns another day to get even (“chasing” one’s losses).Lies to conceal the extent of involvement with gambling.Has jeopardized or lost a significant relationship, job, or educational or career opportunity because of gambling.Relies on others to provide money to relieve desperate financial situations caused by gambling.Gambling is defined as placing something of value at risk in the hopes of gaining something of greater value.  While most people who gamble do so for entertainment and without harmful consequences, up to 5% of people exhibit some form of gambling disorder.  Preclinical and clinical data suggest that gambling disorders share overlapping characteristics with substance use disorders; thus, they are now classified as a behavioral addiction. Despite the detrimental consequences associated with gambling disorders, an FDA-approved pharmacotherapy for remains elusive.  One focus of our laboratory is the development of pharmacotherapies to treat addiction. Can we develop useful models in rats that predict outcomes for pathological gambling?  1. Get good model that is easy to execute and efficient, cost-effective, reproducible2. Test for validity3. Test predictive validity



http://www.nida.nih.gov



Is continued drug abuse a 
voluntary behavior?

“The initial decision to take drugs is mostly 
voluntary.  However, when drug abuse takes 
over, a person’s ability to exert self control 
can become seriously impaired.”  

“Brain imaging studies from drug-addicted 
individuals show physical changes in areas of 
the brain that are critical to judgment, 
decision making, learning and memory, and 
behavior control.”

Presenter
Presentation Notes
What makes some people more vulnerable to drug addiction?  Many people try drugs without getting addicted, while others do become addictedsome quickly and easily. 



addiction is a disease 
of the brain

“It is considered a brain disease because drugs 
change the brain - they change its structure and 
how it works. “ 

“Addiction is similar to other diseases, such as heart 
disease.  Both disrupt the normal, healthy 
functioning of the underlying organ, have serious 
harmful consequences, are preventable, treatable, 
and if left untreated, can last a lifetime.”



Does relapse to drug abuse 
mean treatment has failed?

“No. The chronic nature of the disease means that 
relapsing to drug abuse is not only possible, but 
likely. 

Treatment of chronic diseases involves changing 
deeply imbedded behaviors, and relapse does not 
mean treatment failure. For the addicted patient, 
lapses back to drug abuse indicate that treatment 
needs to be reinstated or adjusted, or that 
alternate treatment is needed.”



Addictions are chronic illnesses 
with relapse rates similar to 
those of other chronic illnesses.



Relapse Rates Are Similar for Drug 
Addiction and Other Chronic Illnesses
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Relapse rates are similar for drug addiction and other well-characterized chronic illnesses.  This slide compares relapse rates for drug-addicted patients and those suffering from diabetes, hypertension, and asthma.  Relapse is common and similar across these illnesses (as is adherence to medication).  Thus, drug addiction should be treated and evaluated like any other chronic illness.



Addiction is similar to other 
chronic illnesses also because 
recovery is often a long-term process 
requiring repeated treatments
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Measuring the Outcome of Treating 
Chronic Illnesses

Presenter
Presentation Notes
Drug addiction treatments are not evaluated the same away as treatments for other chronic, relapsing diseases.  This leads to the misperception that treatment doesn’t work for addiction.  For other chronic diseases like diabetes or hypertension (left), we consider treatment effective if it works while a patient is adhering to it.  And we recognize that the effects may not last very long if treatment stops or patients are not in contact with their health care provider.  We often expect relapse and do not devalue the treatment’s success if it occurs.  Conversely, drug addiction (right), has historically been treated as an acute illness, with intervention success routinely (and wrongly) evaluated by comparing the disease state before treatment and after discharge, sometimes months or years later.  Thus, treatment is considered a failure if its effects are not sustained.  This approach fuels the misperception that drug abuse treatment does not work.  On the contrary, treatment should to be reinstated as needed, just as it is for other chronic, relapsing conditions. 



Neuroscience Underpinnings of the 
Switch from Recreational to 

Problem Gambling

Involves learning and memory – changes the 
brain

Initially hijacks normal reward pathways 
(especially in vulnerable individuals)
Reduces inhibitory control

Reframe concepts of stigma and treatment 
outcomes. 



There is no FDA-approved pharmacotherapy.

Development of effective preclinical models 
of particular aspects of the problem 
gambling process

Using neuroscience to inform medication 
development for gambling disorders.

Medication Development

Presenter
Presentation Notes
DSM-5 Diagnostic Criteria: Gambling DisorderPersistent and recurrent problematic gambling behavior leading to clinically significant impairment or distress, as indicated by the individual exhibiting four (or more) of the following in a 12-month period:�Needs to gamble with increasing amounts of money in order to achieve the desired excitement.Is restless or irritable when attempting to cut down or stop gambling.Has made repeated unsuccessful efforts to control, cut back, or stop gambling.Is often preoccupied with gambling (e.g., having persistent thoughts of reliving past gambling experiences, handicapping or planning the next venture, thinking of ways to get money with which to gamble).Often gambles when feeling distressed (e.g., helpless, guilty, anxious, depressed).After losing money gambling, often returns another day to get even (“chasing” one’s losses).Lies to conceal the extent of involvement with gambling.Has jeopardized or lost a significant relationship, job, or educational or career opportunity because of gambling.Relies on others to provide money to relieve desperate financial situations caused by gambling.Gambling is defined as placing something of value at risk in the hopes of gaining something of greater value.  While most people who gamble do so for entertainment and without harmful consequences, up to 5% of people exhibit some form of gambling disorder.  Preclinical and clinical data suggest that gambling disorders share overlapping characteristics with substance use disorders; thus, they are now classified as a behavioral addiction. Despite the detrimental consequences associated with gambling disorders, an FDA-approved pharmacotherapy for remains elusive.  One focus of our laboratory is the development of pharmacotherapies to treat addiction. Can we develop useful models in rats that predict outcomes for pathological gambling?  1. Get good model that is easy to execute and efficient, cost-effective, reproducible2. Test for validity3. Test predictive validity



Adapted from Volkow et al., Neuropharmacology, 2004
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Addiction Changes Brain Circuits 
that Govern Decisions

X
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Presentation Notes
Addiction changes brain circuitry making it hard to “apply the brakes” to detrimental behaviors.  In the non-addicted brain, control mechanisms constantly assess the value of stimuli and the appropriateness of the planned response, applying inhibitory control as needed.  In the addicted brain, this control circuit becomes impaired through drug abuse, losing much of its inhibitory power over the circuits that drive response to stimuli deemed salient. A mechanism to decrease the significance of drug-associated cues may reduce the propensity of cue-elicited craving.



comparative functional 
neuroanatomy







Features of Gambling: Humans versus Rats

$1 $1000 small 
reward

LARGE
reward

more likely less likely more likely less likely

money reward ??XICSS

Presenter
Presentation Notes
How do we get rats to gamble? Humans gamble for money, and gamblers will risk receiving a $1 reward that they are more likely to receive in hopes of winning the less likely $1000 reward.  We can pose a similar situation in rodents using a small reward that is more likely to occur and a large reward that is less likely to occur.  Rats, unlike humans, don’t particularly care for money, so what type of rewards will rats gamble for?Traditionally, preclinical studies of impulsivity and gambling in rodents have used food as the reward.  However, these paradigms are both time- and labor-intensive.  Our goal was to develop a model that would efficiently screen novel therapies.  Toward this end, we implemented intra-cranial self-stimulation as the reward in a gambling-like task.  We have successfully used ICSS as a positive reinforcer in studies of probability discounting and delay discounting, and we’ve adapted it to a cost-benefit decision-making task.



ICSS: Intra-Cranial Self-Stimulation

Presenter
Presentation Notes
Discounting is a hallmark of behavioral addictions, including problem gambling.  Probability discounting refers to the decrease in value of a reward when the occurrence of the reward is less probable.  In our probability discounting task, the rats have the choice between 2 levers.  Selections of the “certain” lever will deliver the small reward (lower current) each time the lever is pressed.  Selection of the “risky” lever will deliver the large reward (larger current) based on a randomized probability schedule.  



ICSS: Intra-Cranial Self-Stimulation



Presenter
Presentation Notes
Discounting is a hallmark of behavioral addictions, including problem gambling.  Probability discounting refers to the decrease in value of a reward when the occurrence of the reward is less probable.  In our probability discounting task, the rats have the choice between 2 levers.  Selections of the “certain” lever will deliver the small reward (lower current) each time the lever is pressed.  Selection of the “risky” lever will deliver the large reward (larger current) based on a randomized probability schedule.  
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Determination of Small and Large 
Rewards Using ICSS
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Presenter
Presentation Notes
How do we determine the value of the small and large reward using ICSS?   We ask the rats to tell us.  On the right is a response rate vs stimulation frequency curve.  Analogous to a dose-response curve, this illustrates that as the frequency of brain stimulation increases (like increasing dose), the number of responses (in terms of lever presses) increases.  From this curve, we can extrapolate the brain stimulation frequency that produces 40% of the response (the small reward), and a brain stimulation frequency that produces 90% of the response (the large reward).  Thus, we used the data from this population curve to set the small reward @ 50-60Hz and the large reward at 100Hz.  How do we make the small reward more likely and the large reward less likely?



Probability Discounting Task
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Discounting is a hallmark of behavioral addictions, including problem gambling.  Probability discounting refers to the decrease in value of a reward when the occurrence of the reward is less probable.  In our probability discounting task, the rats have the choice between 2 levers.  Selections of the “certain” lever will deliver the small reward (lower current) each time the lever is pressed.  Selection of the “risky” lever will deliver the large reward (larger current) based on a randomized probability schedule.  
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Show example of swicth to small rewardShows contsruct validity!



Activating Dopamine Receptors 
Increases Risk-Taking
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Both control rats and PD-like rats exhibit stable discounting curves.  That is, as the probability of delivery of the large reward decreases, rats will choose the “certain” lever that delivers the smaller reward more often. As a result, we can state that this model demonstrates construct validity as the probability discounting task does, indeed, measure probability discounting.  In fact, if we were to plot these two curves on the same graph, there would be no difference in baseline discounting between the two groups of rats.  This is relevant to humans as a multisite study of untreated de novo PD patients evaluated for ICDs (n=311) concluded that PD itself does not seem to confer an increased risk for development of impulse control or related behavior symptoms” Weintraub et al., Neurology , 2012.Once rats achieved a stable discounting curve, we began chronic treatment with the dopamine agonist pramipexole.When treated with chronic pramipexole, in a dose that is known to alleviate the motor deficits of PD, we see a shift upward in the discounting curve.  Rats become “riskier”, and they demonstrate this by choosing the large reward even when the probability of delivery is extremely low.  As this occurs in control rats and PD-like rats, we can conclude that this is an effect of pramipexole treatment.  Agonist-induced gambling that occurs across neuropathologies – i.e., restless leg syndrome, fibromyalgia, PD
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We verified that the increase in risk –taking was due to pramipexole in two ways.  The first way was to cease pramipexole administration.  This graph illustrates that withdrawal from chronic pramipexole treatment returns probability discounting to baseline levels.  The second was a reinstatement paradigm.  Once probability discounting had returned to baseline, we resumed administration of pramipexole.  The second graph shows that risk-taking behavior is reinstated, and it is the same magnitude as the intial 
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Pramipexole-Induced Risk-Taking:
High and Low Responders
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High PPX Responders:  demonstrated >15% increase in selection of the LR compared to baseline at a minimum of one probability



Adapted from Volkow et al., Neuropharmacology, 2004
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Addiction changes brain circuitry making it hard to “apply the brakes” to detrimental behaviors.  In the non-addicted brain, control mechanisms constantly assess the value of stimuli and the appropriateness of the planned response, applying inhibitory control as needed.  In the addicted brain, this control circuit becomes impaired through drug abuse, losing much of its inhibitory power over the circuits that drive response to stimuli deemed salient. A mechanism to decrease the significance of drug-associated cues may reduce the propensity of cue-elicited craving.



NEUROTRANSMITTERS  IN GAMBLING

neurotransmitter study modality role

norepinephrine CSF, blood, urine, drug, 
fMRI

arousal, excitement

serotonin CSF, blood, drug,  PET, 
randomized clinical trial

impulse control
cognition, memory

dopamine CSF, blood, urine, drug, 
PET

reward processing, reward-
based learning 
reinforcement

opioid randomized clinical trial pleasure, urges

cortisol blood stress

glutamate randomized clinical trial compulsiveness, cognitive 
inflexibility

modified from Potenza MN.  Curr Opin Neurobiol. 2013
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Clinical trials indicate opioid antagonists (naltrexone andnalmefene) superior to placebo in the treatment of PG, andparticularly helpful for individuals with strong gambling urgesat treatment onset and those with a familial history ofalcoholism (reviewed in [9**])Preliminary data suggest that glutamatergic drugs (RCT ofn-acetyl cysteine) superior to placebo in the treatment ofPG, and that treatment with a glutamatergic drug (openlabelmemantine) may improve cognitive function/flexibility(reviewed in [9**])
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Presentation Notes
Brain pathways affected by drugs of abuse. The dopamine and serotonin pathways are two brain systems affected by drugs of abuse.  They are illustrated here.  By altering activity in these pathways, abused substances can influence their function. Dopamine neurons (shown in yellow) influence pleasure, motivation, motor function and saliency of stimuli or events. Serotonin (shown in red) plays a role in learning, memory, sleep and mood.



MIRTAZAPINE  (REMERON®)

Presenter
Presentation Notes
In our mission to develop pharmacotherapies to treat addiction, we contend that re-deploying compounds that are already deemed safe in humans is an efficient method to advance potential therapies from bench to bedside.  Mirtazapine (Remeron®) is an FDA-approved atypical antidepressant with actions on multiple neurotransmitter systems. Our laboratory has demonstrated the utility of mirtazapine in reducing the expression of methamphetamine and morphine-induced behaviors.  Ketanserin, another compound that targets serotonin and noradrenergic systems, is approved as an anti-hypertensive agent in Europe.  Studies in rodent impulsivity tasks indicate that ketanserin is effective at reducing premature responding (an index of motor impulsivity).  Recent data in humans demonstrated that ketanserin made subject more risk-aversive when performing a gambling task.   Based on these data, and the overlapping characteristics that are shared between drug addictions and behavioral addictions, we hypothesized that treatment with mirtazapine or ketanserin would reduce gambling-like behavior in rodents.



KETANSERIN  (SUFREXAL®)
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Presentation Notes
In our mission to develop pharmacotherapies to treat addiction, we contend that re-deploying compounds that are already deemed safe in humans is an efficient method to advance potential therapies from bench to bedside.  Mirtazapine (Remeron®) is an FDA-approved atypical antidepressant with actions on multiple neurotransmitter systems. Our laboratory has demonstrated the utility of mirtazapine in reducing the expression of methamphetamine and morphine-induced behaviors.  Ketanserin, another compound that targets serotonin and noradrenergic systems, is approved as an anti-hypertensive agent in Europe.  Studies in rodent impulsivity tasks indicate that ketanserin is effective at reducing premature responding (an index of motor impulsivity).  Recent data in humans demonstrated that ketanserin made subject more risk-aversive when performing a gambling task.   Based on these data, and the overlapping characteristics that are shared between drug addictions and behavioral addictions, we hypothesized that treatment with mirtazapine or ketanserin would reduce gambling-like behavior in rodents.



HYPOTHESIS

Treatment with mirtazapine or ketanserin 
will reduce aspects of gambling-like 
behavior in rodents
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In our mission to develop pharmacotherapies to treat addiction, we contend that re-deploying compounds that are already deemed safe in humans is an efficient method to advance potential therapies from bench to bedside.  Mirtazapine (Remeron®) is an FDA-approved atypical antidepressant with actions on multiple neurotransmitter systems. Our laboratory has demonstrated the utility of mirtazapine in reducing the expression of methamphetamine and morphine-induced behaviors.  Ketanserin, another compound that targets serotonin and noradrenergic systems, is approved as an anti-hypertensive agent in Europe.  Studies in rodent impulsivity tasks indicate that ketanserin is effective at reducing premature responding (an index of motor impulsivity).  Recent data in humans demonstrated that ketanserin made subject more risk-aversive when performing a gambling task.   Based on these data, and the overlapping characteristics that are shared between drug addictions and behavioral addictions, we hypothesized that treatment with mirtazapine or ketanserin would reduce gambling-like behavior in rodents.
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We re-deployed our ICSS approach to a cost/benefit decision-making task.  In this task, the rats have the choice between 2 levers.  Selection of the fixed-ratio lever will deliver the small reward after 3 presses.  Selection of the variable-ratio lever (the “high effort” lever) will deliver the large reward (100Hz) after a variable number of presses.  This list defines the number of presses required before a large reward is delivered based on the VR schedule.  In each schedule, the order of the VR was random, without replacement.  The VR lever is somewhat similar to a slot machine in that the rats don’t know how many times they have to respond before receiving the large reward. Thus, the VR task measures the balance between reward and effort.The objectives of this task were 2-fold.  The first was to assess cost/benefit decision-making in rats through exertion of physical effort.  The second was to determine if compounds with affinity for the serotonin and noradrenergic receptors would attenuate this behavior. We started testing rats in the VR-6 schedule.  They went through ascending VR schedules to determine their natural “switch” to the FR lever.  
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Rats were tested in ascending VR tasks wherein they had the option to choose between a predictable number of responses (FR-3) and an unpredictable number of responses preceding a reward (VR).  Data are presented as % selection (number of responses completed for the respective lever / total selections made).Example of performance in ascending VR schedules.  Preference switched from the VR lever to the FR lever at higher VR schedules (top).  The switch was not due to an increase in the number of omitted trials (bottom).  These data show the balance between effort and risk that is inherent in this task, and that rats prefer some level of risk. 



Cost/Benefit Task: Effects of Ketanserin
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Baseline preference for the VR lever (when pooled, independent of the VR schedule), was ~80%.  Pretreatment with MIRT (5mg/kg, ip) decreased preference for the VR by ~25% (n=6).  To verify that this effect was due to MIRT administration, and not other task-related procedures, rats were tested the next day in the absence of MIRT, and preference for the variable lever was restored.  Data are presented as MEAN+SEM (n=6).  One-way repeated measures ANOVA with post hoc Newman-Keuls on the VR lever.  **, p<0.01Distribution of VRs for rats presented here are 1 in VR-6, 3 in VR-8, 1 in VR-10, and 1 in VR-15.



Summary and Conclusion

Rats will expend considerable effort to obtain the LARGE 
reward (i.e., VR-15; up to 30 lever presses).

Pretreatment with ketanserin or mirtazapine reduced 
behavioral readouts of risk-taking.

Thus, ketanserin and mirtazapine may be useful in reducing 
gambling-like behavior in humans that suffer from problem 
gambling.
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Drug-induced repeated disturbances in dopamine cell activity can lead to long-term and deleterious effects in the brain.  These effects can be detected using brain imaging technologies.  Positron emission tomography (PET), for example, is a powerful technique that can demonstrate functional changes in the brain.  The images depicted in this slide using PET show that similar brain changes result from addiction to different substances, particularly in the structures containing dopamine.  Dopamine D2 receptors are one of five receptors that bind dopamine in the brain.  In this slide, the brains on the left are those of normal controls, while the brains on the right are from individuals addicted to cocaine, methamphetamine, alcohol, or heroin.  The striatum (which contains the reward and motor circuitry) shows up as bright red and yellow in the normal controls, indicating numerous D2 receptors.  Conversely, the brains of addicted individuals (on the right row) show a less intense signal, indicating lower levels of D2 receptors.  This reduction likely stems from a chronic overstimulation of the second (post-synaptic) neuron (schematically illustrated in the right hand column), a drug-induced alteration that feeds the addict’s compulsion to abuse drugs.



Koob et al., 
Nat Rev Drug Discov. 
8:500–515,2009.

Presenter
Presentation Notes
Figure 2. Neural circuitry, current drugs and potential targets associated with the three stages of the addiction cycleIn the binge–intoxication stage, reinforcing effects of drugs may engage associativemechanisms and neurotransmitters that signal reward in the shell (or medial portion) and core of the nucleus accumbens (Acb) and then engage stimulus response habits that depend on the dorsal striatum (DS). In the withdrawal–negative affect stage, the extended amygdala (AMG) may be activated. It consists of several basal forebrain structures, including the bed nucleus of the stria terminalis (BNST), the central nucleus of the amygdala (CeA), and a transition area in the shell of the nucleus accumbens. Neurons containing a key neurotransmitter in the extended amygdala, corticotropin-releasing factor (CRF), project to the brainstem, from which noradrenergic neurons provide a major reciprocal projection. In the preoccupation–anticipation (craving) stage, conditioned reinforcement is processed in the basolateral amygdala (BLA) and contextual information is processed in the hippocampus. Executive control depends on the prefrontal cortex and includes representation of contingencies, representation of outcomes, and their value and subjective states (that is, craving and feelings) associated with drugs. Functional imaging studies have shown that the subjective states, called drug craving in humans, involve activation of the orbital and anterior cingulate cortex and the temporal lobe, including theamygdala. For each stage of the addiction process, the existing medications and potential future medications for addiction treatment that are particularly relevant to that stage are shown. Dashed arrows represent output circuits.
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