
Negative Reinforcement Theories of Addiction 

•  Sub-Types	of	Negative	Reinforcement	Models	
•  Self-Medication	Hypothesis	

•  Drugs	are	used	to	self-medicate,	i.e.,	relieve	symptoms	that	occur	independent	of	drug	
use	(e.g.,	pain,	anxiety)	

•  Physical	Dependence	Hypothesis	
•  Distress	Syndrome	Reduction	Theories,	withdrawal	avoidance	
•  With	the	development	of	tolerance	and	physical	dependence	drug	use	is	sustained	in	
order	to	avoid	the	unpleasant	consequences	associated	with	withdrawal	

•  people	continue	to	take	drugs	to	ease	“distress	syndrome”	(physical	and/or	
psychological)	associated	with	the	cessation	of	drug	use	

•  perhaps	due	to	adaptations	in	brain	reward	systems	(compensatory	rebound	idea),	or	
opponent	process	





Brain	Dysregulation	in	Addiction		
(CNS	activity,	mood,	behavior)	

Koob	&	LeMoal,	Neurobiology	of	Addiction,	2006	
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Problems 

•  People	and	animals	self-administer	drugs	at	
doses	that	are	too	low	to	produce	physical	
dependence	

•  There	is	a	high	tendency	to	relapse	even	after	
an	extended	period	of	abstinence,	long	after	
withdrawal	



Conclusion: physical dependence and withdrawal are 
neither necessary nor sufficient conditions for addiction 

•  •	“Physical	dependence	is	currently	viewed	not	so	much	as	a	direct	cause	of	drug	
dependence	but	as	one	of	several	factors	that	contribute	to	its	development”	

•  (J.H.	Jaffe,	in	A.	Gilman	et	al.	(eds.),	The	Pharmacological	Basis	of	Therapeutics,	1990)	

•  “For	rats	and	monkeys	physical	dependence	is	neither	a	necessary	nor	sufficient	
condition	for	opiates	to	act	as	reinforcers”	

•  (C.	Schuster,	in	G.	Edwards	et	al.	(eds.),	The	Nature	of	Drug	Dependence,	1990)	

•  “The	role	of	physical	dependence	in	addiction	is	suggested	to	vary	from	drug	to	
drug	and	to	be	of	secondary	importance	in	the	understanding	of	compulsive	drug	
self-administration	

•  (R.A.	Wise	&	M.A.	Bozarth,	Psychological	Review,	1987)	



•  Tolerance	and	withdrawal	are	still	widely	studied	
– Ethanol	inhalation	
– Withdrawal-induced	seizures	
– Antinociceptive	tolerance	(hot-plate	test)	



Positive reinforcement theory of addiction 

• Drug	taking	is	maintained	because	drugs	act	as	positive	reinforcers:	
•  thus	increase	the	probability	of	preceding	behavior	(drug-taking)	
•  positive	reinforcement	models	generally	equate	positive	reinforcement	with	
pleasure	
•  (“pleasure-seeking”	model)	



Positive reinforcement 

•  “The	only	existing	positive	reinforcement	view	of	addiction	that	might	
qualify	as	an	explanatory	theory	identifies	positive	reinforcement	with	
drug	euphoria”.	
• Primary	motivational	force	driving	drug	seeking	and	drug-taking	
behavior	in	the	addict	is	the	desire	to	obtain	pleasure	

(R.A.Wise	&	M.A.	Bozarth,	Psychological	
Review,	1987,	94:469)	



Problems: “euphoria” models 

•  “...	it	was	supposed	that	the	prediction	of	addiction	liability	was	
essentially	equivalent	to	prediction	of	euphorigenic	power.	As	with	
most	self-evident	ideas,	the	mere	matter	of	there	being	essentially	no	
evidence	in	favor	of	it,	and	much	against	it,	had	little	effect	on	its	
acceptance.”	(Dews,	1977)	



Problems: “euphoria” models 

•  The	incentive	value	of	drugs	is	dissociable	from	their	subjective	
pleasurable	effects	
•  “Wanting”	drugs	(motivation	to	take	drugs)	is	dissociable	from	their	
subjective	pleasurable	effects	(“liking”	drugs)	



• How	can	we	asses	the	abuse	potential	of	different	drugs,	and	study	
the	mechanisms	by	which	drugs	produce	rewarding	effects	and	
dependence	
• Can	examine	the	stimulus	properties	of	drug	

•  (“what	does	it	feel	like?”)	
• Can	examine	the	reinforcing/incentive	properties	of	drugs		

•  (“will	you	work	for	it?”;”do	you	‘want’	it?”).	
• With	a	measure	of	these	drug	effects,	we	can	assess	e.g.	if	a	
particular	neurotransmitter	is	involved	in	drug	reward	



People “want” drugs that they don’t “like” 
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Key	Point:	Dopamine	mediates	“wanting”	or	“drug-seeking”	or	“incentive	motivation”	



Incentive	to	take	drug	increases	during	addiction	

Incentive	Sensitization	Theory:	Robinson	and	Berridge,	(1993)	



Drug-induced	dopamine	increases	as	a	function	of	withdrawal	



i.e.,	opioid	receptors	mediate	pleasure,	but	dopamine	
mediates	the	incentive/addictive	properties	

dopamine	

opioids	

Incentive	motivation	
							“wanting”	
	

Subjective	pleasure	
				“liking”	

Drugs	





Phases of SA 



Incubation of craving during drug self-
administration 





•  Two	groups:		
•  Short	access	(1	hour/day)	
•  Long	access	(6	hours/day)	



Withdrawal-induced escalation apparent in 
LgA rats. 



Face validity to the extreme: addicted rats 





• Rats	self-administered	intravenous	cocaine	for	three	months	
•  The	DSM	criteria	evaluated:	

•  The	subject	has	difficulty	stopping	drug	use	or	limiting	drug	intake	
•  The	subject	has	an	extremely	high	motivation	to	take	the	drug,	with	activities	focused	on	its	
procurement	and	consumption	

•  Substance	use	is	continued	despite	its	harmful	consequences.	





•  (A	to	D)	Addiction-like	behaviors	in	rats	positive	for	the	presence	of	zero,	
one,	two,	or	three	addiction-like	criteria.		

•  An	individual	was	considered	positive	for	an	addiction-like	criterion	when	
its	score	for	one	of	the	three	addiction-like	behaviors	was	in	the	66th	to	
99th	percentile	of	the	distribution.	
•  (A)	Persistence	in	drug	seeking,	as	measured	by	number	of	nose-pokes	in	the	

cocaine-associated	device	during	the	no-drug	period	of	the	54th	SA	session.	
•  (B)	Resistance	to	punishment,	as	measured	by	change	in	the	number	of	cocaine	

self-infusions	(expressed	as	percentage	of	baseline	SA)	when	cocaine	delivery	was	
associated	with	an	electric	shock	between	the	72nd	and	74th	SA	sessions.		

•  (C)	Motivation	for	the	drug,	as	measured	by	the	breaking	point	during	a	
progressive-ratio	schedule	performed	between	the	52nd	and	60th	SA	sessions.		

•  (D)	Percentage	of	the	total	population	(n	=	58)	of	rats	positive	for	zero,	one,	two,	or	
three	addiction-like	criteria.		



•  rats	showing	high	(black	circles,	HRein)	or	low	(open	
circles,	LRein)	cocaine-induced	reinstatement	after	30	
days	of	withdrawal	

30	days		



•  Development	of	addiction-like	behaviors	over	subsequent	cocaine	SA	sessions	in	rats	showing	high	(black	circles,	
HRein)	or	low	(open	circles,	LRein)	cocaine-induced	reinstatement	after	5	days	of	withdrawal.		

•  (A)	Persistence	in	drug	seeking,	as	measured	by	number	of	nose-pokes	in	the	cocaine-associated	device	during	the	
no-drug	period.		

•  (B)	Resistance	to	punishment,	as	measured	by	change	in	the	number	of	cocaine	self-infusions	(expressed	as	
percentage	of	baseline	SA)	when	cocaine	delivery	was	associated	with	an	electric	shock.		

•  (C)	Motivation	for	the	drug,	as	measured	by	the	breaking	point	during	a	progressive-ratio	schedule.		

•  (D)	Drug-induced	reinstatement,	as	measured	by	number	of	nose-pokes	in	the	drug-associated	device	as	a	function	
of	the	priming	dose	of	cocaine.	LRein	and	HRein	contained	the	rats	(n	=	7	per	group)	with	the	lowest	and	highest	
reinstatement,	respectively,	induced	by	cocaine	infusion	at	1.6	mg/kg.	


