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ÅIs addiction a disease, moral weakness, or 

is it a marker of dysfunction in biological 

systems?

ÅWhat we believe about the basis of 

addictions is an important determinant of 

how we treat patients suffering them.



Addictions are a common 

experience across culture and time

ÅSeneca, On the Shortness of Life, 49AD

ñélife, if you know how to use it, is long. But one 
man is possessed by greed that is insatiable, 
another by a toilsome devotion to tasks that are 
useless; one man is besotted by wineéò

ñVices beset us and surround us on every side, 
and they do not permit us to rise anew and lift up 
our eyes for the discernment of truth, but they 
keep us down when once they have 
overwhelmed us and we are chained to lustò



ÅDr Benjamin Rush circa 1780s,

ïHabitual drunkenness as a ópalsy of the willô





ÅThe Choirboys, Run to Paradise (1987)

Baby, you were always gonna be the one

You only ever did it just for fun

But you run to paradise

Jenny, I'll meet you at the grocery store

You don't need a friend when you can score

You run to paradise

Johnny, we were always best of friends

Stick together and defend

But you run to paradise

And mamma, now don't you worry 'bout me anymore

And I see you crying at the door

When I run to paradise

A modern interpretation



Basic biological drives

ÅExenatide ïGLP1 analogue.

ÅGLP1 ïrole in consummatory behaviour and 
glucose homeostasis. Released from intestinal 
mucosa after nutrient ingestion.

ÅAssist with energy balance regulation via  
hypothalamus.

ÅIn CNS, also GLP1 neurons, project to VTA and 
Nuc Acc.

ÅExenatide reduces reward response to 
stimulants.

(Egecioglu et al, PLOS one, 2013)



An evolutionary perspective

ÅFlagellate bacteria

ÅFollow gradients of chemical 

concentration, ñtasteò, toward food and 

away from toxins.



Adding sensory modalities

ÅSmell ïdetection by the organism 

remotely from the actual food.

ÅSound and vision ïmore remote again, a 

rustle in the leaves or flash of colour 

suggesting distant food or threats.



Adding cognitive sophistication

ÅFurther abstraction from opportunities and 
threats.

ÅMemory: time and location of past 
experiences

ÅExecutive function: planning and problem 
solving to access opportunities and avoid 
threats. 

ÅOur developed cognitive capacities have 
been the basis of our global success.



Costs from sophistication

ÅAdding sophisticated modalities increases the 

possibilities for dysfunctional behaviour.

ÅA bacterium will not pursue amphetamine.

ÅA person with capacity for abstract thought can  

pursue stimuli that are not directly perceptible 

and are remote in time. These substances have 

artificially stimulated pathways driving motivated 

behaviour, but have never provided any 

biological utility.



Evolutionarily historical timeframes

ÅFor almost the entirety of the existence of our 
species, we have had to find our way in 
environments with a paucity of órewardsô, which are 
often quite subtle and difficult to detect. 

ÅWe have therefore developed systems which are 
very sensitive to opportunities, and which we will 
pursue with great vigour in the service of survival.

ÅThese same attributes can lead to problems in 
modern environments, where systems adapted to 
subtlety become overwhelmed by crude and simple 
signals.





Biological principles

ÅHomoeostasis

ÅNeuroadaptation

ÅHedonic tone  

ïreward 

ïantireward

ÅAltered reward system dynamics

ïSensitisation and rapid reinstatement

ïReduced D2: impact on PFC and OFC



ÅHomeostasis

ïProperty of biological organisms, involving 

active regulation to maintain a constant 

internal environment. 

ÅAllostasis

ïAdaptive maintenance of a homeostatic set 

point in response to a stressor



Neuroadaptation

Å Allostatic adaptation to the presence of 

substance to maintain constancy in 

neurochemical environment.

ïEg alcohol: GLU upregulation, GABA downregulation

ïMore broadly: blunting of DA response to substance

ÅWithdrawal

ïGlutamate surge in alcohol detox

ïReduced striatal DA 



Hedonic Tone

ÅReward System

ïMesolimbic DA pathway, VTA to Nuc Acc, then 
forebrain projections

ïSubstances with dependence forming 
potential trigger high but brief bursts of 
dopamine release

ïñthe speed with which a drug enters, acts 
upon, and leaves the brain plays a 
fundamental role in determining its reinforcing 
effectsò (Volkow, Bioessys, 2010)



Hedonic Tone

ÅAntireward system

ïRepetitive use of substances leads to blunting of 

reward responses.

ïSimultaneously there is recruitment of anti-reward 

mechanisms via CRF and dynorphin.

ïThese activated antireward systems óprotectô against 

excessive reward responses to substances (ie 

allostatic adaptation).

ïIn withdrawal, contribute to aversive emotional states.
(Koob & Le Moal, 2005, Nature Neurosci)



Reward System Dynamics

ÅBlunting of dopamine response to substance 
trigger
ïReduction in striatal D2 receptors

ïReduction in presynaptic DA release

ÅReduced striatal D2 receptors correlates with 
reduction in basal prefrontal cortex metabolism.
ïOFC: salience attribution

ïCG: inhibitory control and error monitoring

Volkow et al , Bioessays (2010)



Sensitisation

Å Following detoxification there is a paradoxical increase 
in sensitivity to the rewarding effects of a drug.

Å One candidate pathway is via the messenger protein 
deltaFosB.

Å With substance use, there is progressive accumulation 
of deltaFosB. This leads to increases in the sensitivity 
of the reward pathway to substance challenge. (Nestler 2005 nat 

neurosci)

Å In animal studies, those with activated deltaFosB show 
exaggerated reward responses to drugs of abuse .(McClung et al 

2004 mol brain res)

Å These changes persist for weeks to months after 
substance use stops.



Psychological principles

ÅConditioning

ÅContinuous, partial reinforcement, fixed vs 
variable schedule

ÅConditioning and locus of control

ÅPositive and negative reinforcement

ÅSupernormal stimuli

ÅDelay of gratification
ïStanford marshmallow experiment

ïDelay discounting

ÅEnvironmental enrichment



Conditioning

ÅClassical conditioning - Pavlov

ïUS, CS, UR, CR

ïóthe feel of steelô

ïCue reactivity (Schact et al, Add. Biol.,2013)

ÅOperant conditioning ïBF Skinner

ïExperimental subjects access rewards 
through their own actions eg pressing a lever 
for food reward.



Reinforcement schedules

ÅContinuous reinforcement

ÅPartial reinforcement

ïFixed ratio

ïVariable

ÅUnpredictable reward 

increases dopamine release
(mirenowicz, jnl neurophys, 1994)



Positive vs negative reinforcement

ÅPositive reinforcement: a rewarding 

stimulus follows a behaviour, leading to an 

increase in the occurrence of that 

behaviour.

ÅNegative reinforcement: where a 

behaviour leads to removal of an aversive 

stimulus. 



Locus of Control

ÅRefers to an individuals belief in their 

ability to personally control the outcome of 

events. (Rotter, 1966)

ÅDimensional construct: internal-external

ÅRepetitive substance use externalises the 

locus through conditioning ñI coped 

because of the valiumò. 



Supernormal Stimuli

ÅNiko Tinbergen, Ethologist, 1973 Nobel 

Prize in Physiology or Medicine

ÅObserved that if the triggers for an 

instinctive response are identified, 

artificially amplifying the trigger will amplify 

the response. (fixed action pattern)



Supernormal Stimuli


