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RECENT ADVANCES IN ANIMAL
MODELS OF DRUG ADDICTION

TONI S. SHIPPENBERG
GEORGE F. KOOB

DEFINITIONS AND VALIDATION OF
ANIMAL MODELS

Definitions of Drug Addiction

Drug addiction is defined as a compulsion to take a drug
with loss of control in limiting intake (33). It is considered
a chronic disorder because the risk of relapse remains high
even after completion of treatment and prolonged absti-
nence. In 1968, the term drug dependence replaced that of
addiction in the nomenclature of theWorld Health Organi-
zation and the American Psychiatric Association. Defined as
a cluster of cognitive, behavioral, and physiologic symptoms
indicative of an individual continuing substance use despite
significant substance related problems, this term has become
the accepted diagnostic term for compulsive use of a psy-
choactive substance. When defined as described, it is analo-
gous to the term addiction. However, this term should not
be confused with physical or psychic dependence, condi-
tions in which the cessation or reduction of drug usage
results in a withdrawal syndrome.Withdrawal and tolerance
often are associated with compulsive drug use; however,
they are not required for drug addiction. Although individu-
als suffering from chronic pain may develop tolerance to
the analgesic effects of an opiate and experience withdrawal
symptoms, they do not exhibit signs of compulsive drug-
seeking behavior.

The concept of reinforcement has provided the corner-
stone for current theories and animal models of drug addic-
tion. A reinforcer is defined operationally as ‘‘any event that
increases the probability of a response’’ and often is used
interchangeably with ‘‘reward.’’ In general, drugs function
as positive or conditioned reinforcers by virtue of their re-
warding effects, and reward often connotes additional attri-
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butes of a drug (e.g., pleasure) that cannot be easily defined
operationally.

This chapter reviews animal models currently used to
examine the neurobiological basis of drug addiction and the
role of reinforcement processes in its initiation, mainte-
nance, and reinstatement. Emphasis is place on more re-
cently developed models, and where possible, the models
are evaluated in terms of reliability and predictability to
the human condition. Potential pitfalls to consider when
interpreting data also are discussed.

ANIMAL MODELS OF THE POSITIVE
REINFORCING EFFECTS OF DRUGS

Drugs of abuse function as positive reinforcing stimuli; this
action has provided the framework for currently used animal
models of addiction. It is also clear that humans and experi-
mental animals will readily self-administer these agents in
the absence of a withdrawal state. Earlier models of drug
reinforcement used operant paradigms in nonhuman pri-
mates; however, many of these same paradigms now are
utilized in rodents. The use of these rodent models, together
with the development of modern neurobiological tech-
niques, has provided important information regarding the
neurobiology of addiction (11,15,36,45,51).

Operant Intravenous Drug
Self-Administration

Drugs of abuse are readily self-administered intravenously
by experimental animals, and, in general, drugs that are
self-administered correspond to those that have high abuse
potential. However, that not all drugs abused by humans
are self-administered by experimental animals (e.g., halluci-
nogens). Furthermore, there are species- and strain-related
differences in the degree to which a drug is self-administered
(48,62). A detailed review of intravenous self-administra-
tion was presented in the previous edition (46); therefore,
only key points are presented here.
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For intravenous self-administration studies, the subject
acquires a drug infusion by performing a discrete response.
The number and pattern of responding required for each
infusion is determined by the schedule of reinforcement
imposed by the experimenter. Drug availability typically
is signaled by an environmental stimulus. The dependent
variables are the number of infusions obtained or the rate
of responding during a session. In addition to the intrave-
nous route of administration, the intragastric or oral route
can be employed (see the following).

Simple Schedules

In fixed-ratio schedules, the number of responses required
for drug infusion is set at a fixed number. In rodents, these
schedules generally will not maintain stable responding
below a certain unit dose and, within the range of doses
that maintains stable responding, self-administration rate is
inversely related to dose. Within the range of doses that
maintains stable responding, animals increase their self-
administration rate as the unit dose is decreased. Conversely,
animals reduce their rate of self-administration as the unit
dose is increased. In a fixed-interval schedule, the frequency
of injections is determined primarily by the interval sched-
ule imposed and not the response rate. Therefore, the use
of these two schedules can provide information regarding
both the motivational effects of a drug and potential non-
specific motor effects that can confound data interpreta-
tion.

Progressive-Ratio Schedules

Progressive-ratio schedules are used to evaluate the reinforc-
ing efficacy of a self-administered drug. In this procedure
the response requirements for each successive drug rein-
forcement are increased and the breaking point (the point
at which the animal will no longer respond) is determined
(89). Breaking points are defined either as the largest ratio
requirement that the subject completes or as the number
of ratios completed by the subject per session. This value
represents the maximum work a subject will perform to
receive an infusion of a drug. Because the dependent mea-
sure in progressive-ratio schedules is not directly related to
the rate of responding, interpretive problems associated with
using rate of responding as a measure of reinforcement effi-
cacy are avoided.

This schedule has been used to study the relative reinforc-
ing efficacy of compounds both within and across drug
classes (61) as well as the neural basis of drug reinforcement
(58,61,78,89). Drug craving has been conceptualized as the
incentive motivation to self-administer a drug that has been
previously consumed; therefore, this schedule can also pro-
vide an animal model of drug craving. However, the break-
ing point reflects both the unconditioned (reinforcing) and
conditioned incentive effects of drugs and does not allow

for assessment of drug seeking in the absence of drug admin-
istration.

Multiple Schedules

Clinical definitions of drug addiction and dependence typi-
cally refer to the disruptive effects of addiction on
non—drug-related activities. The use of multiple schedules
of reinforcement enables the application of concepts of be-
havioral economics (e.g., commodities, consumption, price,
and demand) to operant behavior. It also can provide a
control for nonselective effects of drug reinforcement. In
these procedures, self-administration of a drug is incorpo-
rated into a multiple component schedule with other rein-
forcers. Studies using these procedures have shown that the
contingencies for concurrent reinforcers can affect behavior
asymmetrically and that the response requirement for rein-
forcers can affect drug self-administration (12). Drugs also
can function as substitutes for, complements of, or be inde-
pendent from, the ‘‘price’’ of one another and can be inter-
preted in economic terms. In addition to evaluating the
selectivity of manipulations that apparently reduce the rein-
forcing efficacy of a drug, these procedures can provide in-
formation regarding those factors affecting ‘‘loss of control,’’
as well as behavioral and/or pharmacologic therapies for the
treatment of addiction. Behavior maintained by alternate
presentation of natural reinforcers (e.g., food and water)
and drugs of abuse in the same session and with the same
reinforcement requirements has been reported for several
species (16,20,97,98).

Second-Order Schedules

In a second-order schedule, completion of an individual
component (or part) of the schedule produces the terminal
event (drug infusion) according to another overall schedule.
Typically, completion of a unit schedule results in the pre-
sentation of a brief stimulus, and completion of the overall
schedule results in the delivery of the stimulus and the drug.
Second-order schedules have the advantage that they main-
tain high rates of responding and extended sequences of
behavior before any drug infusion occurs. Therefore, acute
drug effects on response rates are minimized. High response
rates are maintained even for doses that decrease rates when
several injections are self-administered during a session (43).
In addition, this schedule requires extended sequences of
behavior, thus, modeling the human condition in which
drug taking is preceded by a series of behaviors (e.g., pro-
curement, preparation). Although second-order schedules
are more typically used in nonhuman primate studies of
addiction, their use in rodents is increasing (8,55,73).

Oral Drug-Self Administration

Oral self-administration has focused largely on alcohol be-
cause of the obvious face validity of oral alcohol self-admin-
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istration and because intravenous self-administration of al-
cohol is difficult to sustain in rodents (39).

Home Cage Drinking and Preference

A simple approach to studying the motivation to consume
a drug is to measure the volume consumed when a drinking
bottle is available in the home cage. These procedures have
been particularly useful for characterizing genetic differ-
ences in drug preference, most often alcohol preference (53),
and for initial studies on the effects of pharmacologic treat-
ments on drug intake and preference. Usually a choice is
offered between a drug solution and alternative solutions,
one of which is often water, and the proportion of drug
intake relative to total intake is calculated as a preference
ratio. For two-bottle choice testing of alcohol in mice or
rats, animals are singly housed and a bottle containing 10%
alcohol and one containing water are placed on each cage.
Most commonly, animals are allowed free choice of these
drinking solutions for successive 24-hour periods with si-
multaneous free access to food. However, limited access to
the drug can induce high drug intakes in short periods of
time. Although alcohol is most often studied with these
procedures, similar studies have been done with cocaine
(40).

Operant Conditioning

A more ‘‘motivational’’ approach is to have animals work
to obtain drugs for oral consumption using operant proce-
dures. The advantages of such an approach are numerous.
The effort to obtain the substance can be separated from
the consummatory response (e.g., drinking) and intake eas-
ily can be charted over time. In addition, different schedules
of reinforcement can be used to change baseline parameters.

For operant self-administration of alcohol, rats can be
trained to lever press for alcohol using a variety of techniques
all designed to overcome the aversive taste and after effects
of initial exposure to alcohol. One approach involves using
a sweetened solution fading procedure (80). Alcohol con-
centrations are increased to a final concentration of 10%
over 20 days, with each concentration being mixed first
with saccharin or sucrose and then presented alone. Using
this approach, animals can be trained to lever press for con-
centrations of alcohol up to 40% (80). They will perform
on fixed-ratio schedules and progressive-ratio schedules and
obtain significant blood alcohol levels in a 30-minute ses-
sion.

Operant self-administration of oral alcohol has also been
validated as a measure of the reinforcing effects of alcohol
in primates (93). Similar studies have been published with
other drugs of abuse (60,90,93).

Reliability and Predictability of
Self-Administration Procedures

Drug self-administration has both reliability and predictive
validity. The dependent variable provides a reliable measure
of the motivation to obtain drugs (e.g., the amount of work
an animal will perform to obtain drug) or, in an alternative
framework, in demonstrating that drugs function as power-
ful reinforcers. Responding maintained by drugs as reinfor-
cers is stable across sessions and can be altered predictably
by neurotransmitter antagonists. Intravenous drug self-
administration also has predictive validity. Drugs having
high reinforcement potential in experimental animals have
reinforcing effects in humans as measured by both operant
and subjective reports (49).

Potential Pitfalls

As discussed previously, self-administration of a drug can
vary as a function of the dose available, species or strain
tested and the duration of self-administration sessions. It
also is influenced by the availability of alternate reinforcers,
the presence or absence of environmental stimuli that signal
drug infusions, post-reinforcement interval, and prior his-
tory of the subject (54). In the progressive-ratio paradigm,
breaking point is influenced by the size of the increment
by which each ratio increases as well as the initial response
requirement that starts a session. Because self-administra-
tion typically results in an inverted U-shaped curve, both
leftward and rightward shifts in the dose–effect function
will decrease self-administration of some unit doses but si-
multaneously increase self-administration of other doses.
The interpretation of downward shifts in the dose–effect
function also is sometimes problematic. Therefore, con-
struction of full dose–effect functions is essential in self-
administration studies. Since a given pretreatment may de-
crease self-administration by having nonspecific effects on
behavior (e.g., sedation), the influence of a pretreatment on
non-drug reinforcers should be assessed.

Conditioned Place Preference

Conditioned place preference is a classical conditioning pro-
cedure in which administration of a drug is paired with one
distinct environment and administration of placebo with
another. After several environmental pairings, allowing non-
injected animals access to both environments and measuring
the time spent in each assesses the time spent in each envi-
ronment. The animal’s choice to spend more time in either
environment provides a direct measure of the conditioned
reinforcing effect of a drug. Animals exhibit a conditioned
preference for an environment associated with drugs that
function as positive reinforcers (e.g., spend more time in
the drug-paired compared to placebo-paired environment)
and avoid those that induce aversive states (e.g., conditioned
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place aversion). This procedure permits assessment of the
conditioning of drug reinforcement and can provide indi-
rect information regarding the positive and negative rein-
forcing effects of drugs. Place conditioning has been used
in conjunction with gene transfer and homologous recombi-
nation techniques to delineate the neural basis of drug-
induced reinforcement (15,74).

The apparatus used in conditioning experiments consists
of two environments that are differentiated from each other
on the basis of color, texture, and/or lighting. The distinc-
tiveness of the environments is essential for the development
of conditioning. In the unbiased design, the environments
are manipulated so that animals differentiate one from the
other but do not exhibit an innate preference for either of
the place cues. Pairing of drug with a particular environment
is counterbalanced and change in the time spent in the
drug-paired environment can be directly attributed to the
conditioned reinforcing effects of a drug. Although quality
control experiments confirming the unbiased nature of the
procedure are conducted periodically, experiments do not
require a preconditioning phase to assess pretest preferences,
thus preventing the potential confound of latent inhibition
and decreasing the time necessary for a particular experi-
ment.

In the biased design, animals exhibit a preference for one
of the place cues prior to conditioning. A preconditioning
phase, in which animals are allowed access to both environ-
ments, is necessary to determine the innate preference of
each animal. The drug then is paired with the preferred or
nonpreferred environment depending on whether the drug
is assumed to produce aversive or positive reinforcing ef-
fects, respectively. Although this design is used often, data
interpretation can be problematic because place preferences
may indicate incentive motivational effects of a drug or a
decrease in the aversive properties of the least-preferred envi-
ronment.

Reliability and Predictability of Conditioned
Place Preference Procedures

The conditioned place preference paradigm has reliability
and validity. Drugs that produce conditioned preferences
for the drug-associated environment are those that function
as positive reinforcers in other paradigms. Conditioned
aversions also are observed in response to drugs that are
negative reinforcers or produce aversive or dysphoric states
in human subjects (34,66).

Potential Pitfalls

In place conditioning studies, the drug is administered non-
contingently and there is evidence that the behavioral and
neurochemical effects of abused drugs differ depending on
whether drug administration is controlled by the subject.

Route of drug administration, number of environmental

pairings, and duration of conditioning sessions (18,23) can
profoundly affect place conditioning and should be con-
trolled for. Because tests of conditioning are conducted in
the absence of drug, the issue of state-dependency also must
be addressed.

Place conditioning now is used in many studies assessing
genotype-dependent differences in drug sensitivity. How-
ever, a lack of a conditioned response may indicate a loss
of the reinforcing effects of a drug or a generalized impair-
ment of learning or memory processes required for the ac-
quisition or performance of a conditioned response. In addi-
tion, genotype-dependent differences in the saliency of
environmental cues used for conditioning may occur. Fi-
nally, issues of interpretation and latent inhibition limit the
utility of biased place conditioning procedures.

Brain Stimulation Reward Thresholds

Electrical self-stimulation of certain brain areas is rewarding
for animals and humans as demonstrated by the fact that
subjects will readily self-administer the stimulation (69).
The powerful nature of the reward effect produced by intra-
cranial self-stimulation (ICSS) is indicated by the behavioral
characteristics of the ICSS response, which include rapid
learning and vigorous execution of the stimulation-produc-
ing behavior. (See ref. 28 for review.) The high reward value
of ICSS has led to the hypothesis that ICSS directly activates
neuronal circuits that are activated by conventional reinfor-
cers (e.g., food, water, and sex). In bypassing much of the
input side of these neuronal circuit(s), ICSS provides a
unique tool to investigate the influence of various substances
on reward and reinforcement processes. ICSS differs signifi-
cantly from drug self-administration in that, in the ICSS
procedure, the animal is working to directly stimulate pre-
sumed reinforcement circuits in the brain, and the effects
of the drugs are assessed on these reward thresholds. Drugs
of abuse decrease thresholds for ICSS, and there is a good
correspondence between the ability of drugs to decrease
ICSS thresholds and their abuse potential (47).

Many ICSS procedures have been developed over the
years, but an important methodologic advance has been the
development of procedures that provide a measure of reward
threshold that is unconfounded by influences on motor and
performance capability. These are the rate-frequency curve-
shift procedure, and the discrete-trial, current-intensity pro-
cedure (28,47,64). These have been reviewed in detail previ-
ously (46) and are not discussed here.

Potential Pitfalls

Brain stimulation reward has the advantage of directly inter-
facing with brain reward circuits and as such eliminates any
interference with consummatory-like behaviors. In addi-
tion, it is a validated and reliable measure of brain reward.
Potential pitfalls, however, include the requirement for sur-
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gery (e.g., the implantation of electrodes). The surgery itself
is routine but does require specialized equipment. Another
variable in this domain is the brain site selected. Some brain
regions support higher rates of brain stimulation reward
than others and there may be different circuits activated by
different sites.

In addition, animals need to be trained for several weeks
to obtain stable rates of responding or stable thresholds.
This training requirement and the extensive surgical re-
quirements virtually force the use of within-subject designs.
As a result, steps must be taken to address order-effects and
analyze such potential confounds.

Animal Models of the Subjective Effects
of Drugs: Drug Discrimination

The use of the drug discrimination paradigm in studies of
drug addiction is based on two hypotheses. First, the same
components of a drug’s actions subserve discriminative
stimulus effects in animals and subjective effects in humans.
Second, discriminative stimulus effects of drugs may con-
tribute to drug taking in intermittent users and to relapse
of addiction in former drug addicts. In this latter view,
discriminative stimuli signal the availability of a reinforcer
and therefore set the occasion to engage in those behaviors
that enable consumption of the reinforcing drug. Evidence
has been obtained that stimuli predictive of drug adminis-
tration elicit drug-seeking and -taking behavior and can re-
tard the extinction of responding for psychostimulants (24,
87,97) suggesting that the discriminative stimulus effects of
a drug contribute to the genesis of these behaviors.

In a typical experiment, animals are trained to emit a
particular response following administration of a fixed drug
dose (e.g., depression of one lever designated the drug-asso-
ciated lever) and to press another lever (saline designated
lever) following administration of saline under a fixed sched-
ule of reinforcement.Most commonly, an appetitively moti-
vated operant procedure is used in which animals are food
or water deprived. Responding on the training-condition
appropriate lever results in the delivery of food or water.
Training is continued until the animal reliably selects the
appropriate lever after drug or saline administration. Once
trained, tests of stimulus generalization or antagonism are
implemented to determine whether other doses of the train-
ing drug or a specific drug treatment produces stimulus
effects qualitatively similar to or different from that of the
training drug.

As with other operant paradigms, various reinforcement
schedules (e.g., fixed-ratio, fixed-interval, differential rein-
forcement of low response rate) and response measures (e.g.,
nose poking, maze running) can be used. Dose 1 versus
dose 2 and drug 1 versus drug 2 versus saline discriminations
also can be employed. Details can be found in the following
references (13,29,46,72).

Reliability and Predictability of Drug
Discrimination Procedures

Drug discrimination offers both reliability and predictive
validity. The dependent variable is very reliable as a measure
of the interoceptive effects of drugs. Stimulus generalization
gradients are stable once drug discrimination is acquired
and neurotransmitter antagonists alter the stimulus effects
of various drugs predictably. Drug discrimination also has
predictive validity in that drugs that produce discriminative
stimulus effects that generalize to known drugs of abuse
have been shown to have abuse liability.

Potential Pitfalls

Generalization gradients are dependent on the dose of drug
used for training. Certain neurotransmitter antagonists at-
tenuate the discriminative stimulus effects of a drug when
a low training dose is employed. However, these same antag-
onists fail to modify the discriminative stimulus effects of
the same drug when a higher training is employed (41).
Similarly, generalization to partial agonists or mixed ago-
nists/antagonists can differ depending on the training dose
employed (19); therefore, the use of multiple training doses
is essential.

Different test procedures (extinction versus reinforced
responding on the lever on which the first schedule require-
ment is completed) may yield different results depending
on the variable used to measure generalization. As with all
animal models, species and strain differences as well as the
experimental history of an animal can alter the discrimina-
tive stimulus effects of a drug (94). Finally, subtle differences
in the discriminative stimulus effects of a drug may occur
depending on whether appetitive or aversively maintained
responding is employed.

ANIMAL MODELS OF THE NEGATIVE
REINFORCING EFFECTS OF DRUG
WITHDRAWAL

Withdrawal from chronic drug administration usually is
characterized by responses opposite to the acute initial ac-
tions of the drug. Many of the overt physical signs associated
with withdrawal from drugs (e.g., alcohol and opiates) can
be quantified easily. However, motivational measures of ab-
stinence have proven to be more sensitive measures of drug
withdrawal and powerful tools for exploring the neurobiol-
ogical bases for the motivational aspects of drug depen-
dence.

Operant Drug Self-Administration

Drug self-administration can be conducted under condi-
tions in which animals are rendered physically dependent
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on the drug (e.g., abstinence from drug use results in a
withdrawal syndrome), and the procedures are similar to
those discussed in the preceding. Although it is clear that
animals will self-administer drugs in the absence of with-
drawal, some evidence suggests that physical dependence
can increase the reinforcing efficacy of a drug. Monkeys
made physically dependent on morphine show increases in
their progressive-ratio performance compared to animals
that do not exhibit withdrawal symptomology (101). Also,
baboons in a discrete-trials choice procedure for food and
heroin showed significant behavioral plasticity when al-
lowed periodic access to heroin or food (20). In the with-
drawal state, one would hypothesize that the animals would
be much less likely to respond for food, even if the cost of
heroin in terms of response requirements was dramatically
increased. Thus, the reinforcing value of drugs may change
depending on the presence or absence of a withdrawal state.
The neurobiological basis for such a change is only begin-
ning to be investigated, but much evidence has been gener-
ated to show that drug withdrawal can produce an aversive
or negative motivational state that is manifested by changes
in a number of behavioral measures including response dis-
ruption, increased drug intake, changes in reward thresh-
olds, and place aversions.

Recent studies with alcohol have shown that rats with a
history of self-administration of alcohol will self-administer
alcohol during withdrawal in sufficient quantities to prevent
withdrawal symptoms and maintain blood alcohol levels
above 100 mg% (75). To assess the relationship of with-
drawal severity, blood alcohol levels, and alcohol self-admin-
istration in dependent and nondependent rats, rats were
trained to lever press for 10% alcohol versus water using
the saccharin fadeout procedure and subjected to induction
of dependence on alcohol (75). Dependent animals allowed
to respond for alcohol during a second 12-hour test period
showed sustained alcohol intake that maintained blood alco-
hol levels above 100 mg% throughout the 12-hour period,
and a virtual elimination of alcohol withdrawal scores (75)
(Fig. 97.1). Animals not allowed access to alcohol during
withdrawal on a third test showed a precipitous drop in
blood alcohol levels and a dramatic increase in withdrawal
scores (75) (Fig. 97.1). These results show that rats will
maintain and sustain lever pressing for alcohol during de-
pendence if the animals have a history of lever pressing for
alcohol to the point of suppressing alcohol withdrawal and
maintaining blood alcohol levels.

Responding for Non-Drug Reinforcers

Several operant schedules have been used to characterize
the response-disruptive effects of drug withdrawal (37,84).
However, response disruption can be caused by any number
of variables from motor problems to malaise and decreases
in appetite, and thus other measures must be used to rule
out nonspecific effects (see the following).
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FIGURE 97.1. Operant responding for alcohol across a 12-hour
test period by air-exposed and alcohol vapor-exposed rats (top).
In addition, blood alcohol levels (middle) and alcohol withdrawal
severity (bottom) obtained during test 2 (while rats were allowed
access to alcohol in the operant boxes) and test 3 (while in home
cages) are shown. The animals were divided into two groups. One
group of animals was assigned to 2 weeks of alcohol exposure
in alcohol vapor chambers. The second group was exposed to
control air. Rats then were tested in the operant boxes with access
to 10% alcohol and water across two 12-hour periods separated
by 4 days of vapor exposure. A third and final withdrawal phase
was included after another 4 days of vapor exposure; however,
animals were kept in their home cages and not allowed to re-
spond for alcohol. Blood was collected for blood alcohol determi-
nations, and observational withdrawal signs were rated during
tests 2 and 3 at 0, 8, and 12 hours post withdrawal. Data are
expressed as means � SEM. Taken with permission from Roberts
AJ, Cole M, Koob GF. Intra-amygdala muscimol decreases operant
ethanol self-administration in dependent rats. Alcohol Clin Exp
Res 1996;20:1289–1298.
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Conditioned Place Aversion

The conditioned place preference paradigm can also be used
to characterize the conditioned aversive effects of drug with-
drawal. Rodents are exposed to one environment while
undergoing withdrawal and to another in the absence of a
withdrawal state. During tests of conditioning, animals are
allowed access to both environments and the time spent in
each is determined. To date, this procedure has been used
almost exclusively to study withdrawal from opiate drugs.
Administration of opioid receptor antagonists to animals
rendered physically dependent on morphine via implanta-
tion of morphine pellets or repeated injections of an opiate
produces dose-related conditioned place aversions, an effect
that can be observed after only a single conditioning session
with the antagonist (27,34). In contrast, the administration
of the same doses of antagonist to opiate-naive animals fails
to produce a conditioned response. Interestingly, the mini-
mum effective dose of an antagonist that produces condi-
tioned place aversions in animals physically dependent on
morphine is less than that producing quantifiable somatic
withdrawal signs suggesting that this technique is a particu-
larly sensitive model for evaluating the affective component
of drug withdrawal. Although place conditioning typically
has been used to characterize antagonist-precipitated with-
drawal, more recent work indicates its utility for studies of
spontaneous withdrawal (10).

Brain Stimulation Reward

ICSS thresholds have been used to assess changes in systems
mediating reinforcement processes during the course of
drug dependence. Although no actual negative reinforce-
ment is measured using this technique, it is included in
this section because it constitutes a model of the aversive
motivational state associated with the negative reinforce-
ment of drug abstinence in dependent animals. Acute ad-
ministration of psychostimulant drugs lowers ICSS thresh-
old (i.e., increases ICSS reward) (47), and withdrawal from
chronic administration of these same drugs elevates ICSS
thresholds (i.e., decreases ICSS reward) (22,44,56) (Fig.
97.2). Similar results have been observed with precipitated
withdrawal in opiate-dependent rats (82). Rats showed dra-
matic increases in ICSS thresholds to naloxone injections
that occurred in a dose-related manner and at doses below
which obvious physical signs of opiate withdrawal were
manifest. These doses of naloxone had no effect on reward
thresholds in nondependent animals.

Drug Discrimination

Drug discrimination can be used to characterize both spe-
cific and nonspecific aspects of withdrawal. Generalization
to an opiate antagonist provides a more general nonspecific
measure of opiate withdrawal intensity and time course (26,

30). Examples of a more specific aspect of withdrawal are
animals that have been trained to discriminate pentylenete-
trazol, an anxiogenic-like substance, from saline in alcohol-,
diazepam-, and opiate-dependent animals. During with-
drawal, generalization to the pentylenetetrazol cue has
suggested an anxiogenic-like component to the withdrawal
syndrome (14,21).

Ethological Measures

Animals models of withdrawal that illustrate aversive stimu-
lus effects can be extended to observational measures, some
of which may be common to withdrawal from many differ-
ent drugs of abuse. Increased anxiety-like responses are ob-
served following abstinence from cocaine, opiates, benzodi-
azepines, and alcohol (9,25,79,81,85). Measures used to
assess anxiety-like responses during include validated animal
models of anxiety such as the elevated plus-maze, light-dark
test, defensive withdrawal, and defensive burying.

Advantages and Disadvantages of
Animal Models of the Negative
Reinforcing Effects of Drugs

The advantages and disadvantages of models used to evalu-
ate drug withdrawal are similar to those described for the
positive reinforcing effects of drugs. Clearly, each of the
paradigms described has weaknesses, but when combined
can provide powerful insights into the motivational effects
of drug abstinence.

ANIMAL MODELS OF ESCALATION IN
DRUG INTAKE

Animal Models of Sensitization to the
Reinforcing Effects of Drugs

Preclinical studies have shown that the repeated intermit-
tent administration of psychostimulants, opiates, and alco-
hol can result in a long-lasting enhancement of their behav-
ioral effects (92). This phenomenon, referred to as
sensitization, has been implicated in the psychosis that oc-
curs in some individuals following repeated psychostimu-
lant use. A role of sensitization in both vulnerability to drug
addiction and drug craving has been hypothesized (77).
Both self-administration and conditioned place preference
procedures have been used to evaluate sensitization to the
reinforcing effects of drugs in experimental animals.

Intravenous Self-Administration

In self-administration studies, sensitization to the positive
reinforcing effects of drugs is assessed. Typically, animals
receive daily, noncontingent injections of a drug or placebo.
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FIGURE 97.2. Changes in reward threshold associated with chronic administration of four major
drugs of abuse. Reward thresholds were determined using a rate-independent discrete-trials
threshold procedure for intracranial self-stimulation (ICSS) of the medial forebrain bundle. A: Rats
equipped with intravenous catheters were allowed to self-administer cocaine for 12 straight hours
prior to withdrawal and reward threshold determinations. Elevations in threshold were dose-
dependent with longer bouts of cocaine self-administration yielding larger and longer-lasting
elevations in reward thresholds. Taken with permission from Markou A, Koob GF. Postcocaine
anhedonia: an animal model of cocaine withdrawal. Neuropsychopharmacology 1991;4:17–26. B:
Elevations in reward thresholds with the same ICSS technique following chronic exposure to alco-
hol of approximately 200 mg% in alcohol vapor chambers. Taken with permission from Schulteis
G, Markou A, Cole M, et al. Decreased brain reward produced by ethanol withdrawal. Proc Natl
Acad Sci USA 1995;92:5880–5884. C: Elevations in reward thresholds during spontaneous with-
drawal after termination of chronic administration of nicotine hydrogen tartrate (9.0 mg/kg per
day for 7 days; n � 8) or saline (n � 6). Taken with permission from Epping-Jordan MP, Watkins
SS, Koob GF, Markou A. Dramatic decreases in brain reward function during nicotine withdrawal.
Nature 1998;393:76–79. D: Elevations in reward thresholds following administration of very low
doses of the opiate antagonist naloxone to animals made dependent on morphine using two,
75-mg morphine (base) pellets implanted subcutaneously. Taken with permission from Schulteis
G, Markou A, Gold LH, et al. Relative sensitivity to naloxone of multiple indices of opiate with-
drawal: A quantitative dose-response analysis. J Pharmacol Exp Ther 1994;271:1391–1398. Aster-
isks (*) refer to significant differences between treatment and control values. Values are mean
�SEM

Self-administration sessions are then initiated. The rate of
acquisition of self-administration and/or the number of ani-
mals acquiring stable drug self-administration then is deter-
mined. Because sensitization is defined as an increase in the
potency and/or efficacy of a drug in producing a particular
response following its repeated administration, the rate of
acquisition of drug self-administration should be increased
and the threshold dose effective in supporting self-adminis-
tration should be decreased. Several laboratories have shown
that the rate of acquisition of psychostimulant self-adminis-
tration is increased in animals that have received noncontin-
gent injections of these agents indicating the development
of sensitization (38,71). The prior administration of am-
phetamine also increases the acquisition rate of cocaine self-
administration (and, conversely, the prior administration of
cocaine increases the acquisition rate of amphetamine self-
administration), suggesting that cross-sensitization develops
to the positive reinforcing effects of psychostimulants.

Conditioned Place Preference

The conditioning procedure used to study sensitization is
identical to that described above except that the dose of
conditioning drug or the number of environmental pairings
used typically are those that are ineffective in producing
a conditioned response in previously drug-naive animals.
Animals receive repeated noncontingent administration of
a drug, and place conditioning can be initiated at various
time points following the cessation of drug administration.
An increase in the potency of a drug provides a direct mea-
sure of sensitization (Fig. 97.3). Alternatively, by employing
doses that are subthreshold and threshold for producing a
conditioned response, changes in drug potency and efficacy
following prior drug exposure can be determined. Using
these procedures, long-lasting sensitization and cross-sensi-
tization to the conditioned reinforcing effects of opiates and
psychostimulants has been shown (50,52,88).
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FIGURE 97.3. Sensitization to the conditioned reinforcing effects of cocaine. Rats received once
daily home cage injections of cocaine or saline for 5 days. Place conditioning (two cocaine; two
saline) commenced 3 days later. Cocaine was ineffective in producing a conditioned response
after two environmental pairings. In animals with a prior history of cocaine, doses of cocaine as
low as 5.0 mg/kg produced significant conditioned place preferences. Ordinate: Conditioning score
defined as time in drug-paired environment minus time in saline-paired environment. Asterisks (*)
denote significant place conditioning. Taken with permission from Shippenberg TS, Heidbreder
C. Sensitization to the conditioned rewarding effects of cocaine: pharmacologic and temporal
characteristics. J Pharmacol Exp Ther 1995;273:808–815.

Escalation in Drug Self-Administration
Produced by a History of Drug Intake

A critical issue for the study of the neurobiology of addiction
is to develop animal models for the transition between con-
trolled/moderate drug intake and uncontrolled/excessive
drug intake. Animal models of increased drug intake based
on prolonged exposure to drug now have been described in
rats for cocaine, heroin, and alcohol (1–3,76).

The pattern of drug self-administration dramatically dif-
fers depending on the duration of access. With 1 hour of
access to cocaine, drug intake remained at the level of train-
ing intake and was stable over time. In contrast, with 6 hours
of access per session, cocaine intake gradually escalated to
levels significantly above the training baseline (Fig. 97.4).
The dose–effect function was shifted up and not to the
right or left (2). Abstinence of a month returned the esca-
lated intake to pre-escalation baseline, but escalation was

reinstated rapidly at a level higher than that seen before
abstinence.

Similar results have been observed in rats trained to self-
administer heroin intravenously. Two groups of rats were
trained on 1-hour continuous access to intravenous heroin
self-administration and then one group was allowed access
for 11 hours continuously. In the animals with 11-hour
access, intake gradually increased over time, whereas in the
animals continued on 1-hour access there was no change
in intake over time. The animals with 11-hour access to
heroin were slower to extinguish heroin-seeking behavior.

Animals with a history of alcohol exposure sufficient to
produce dependence show a similar increase in baseline alco-
hol intake long after acute withdrawal (76). Operant oral
alcohol self-administration was established in rats and then
animals were exposed to alcohol vapor chambers for a suffi-
cient period to produce physical dependence on alcohol,
detoxified, and then allowed a 2-week period of protracted
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FIGURE 97.4. Reproduction of escalation of cocaine use. A: In Long-Access (LgA) rats (n � 12)
but not in Short-Access (ShA) rats (n � 12), mean total cocaine intake (�SEM) started to increase
significantly from session 5 (p � .05; sessions 5 to 22 compared to session 1) and continued to
increase thereafter (p � .05; session 5 compared to sessions 8 to 10, 12, 13, and 17 to 22). B:
During the first hour, LgA rats self-administered more infusions than ShA rats during sessions 5
to 8, 11, 12, 14, 15, and 17 to 22 (p � .05). C: Mean infusion (�SEM) per cocaine dose tested.
LgA rats took significantly more infusions than ShA rats at doses of 31.25, 62.5, 125, and 250 �g
per infusion (p � .05). D: After escalation, LgA rats took more cocaine than ShA rats regardless
of the dose (p � .05). *(p � 0.05 (Student’s t test after appropriate one-way and two-way analysis
of variance). Taken with permission from Ahmed SH, Koob GF. Transition from moderate to exces-
sive drug intake: change in hedonic set point. Science 1998;282:298–300.

abstinence. Operant responding was enhanced during pro-
tracted abstinence by 30% to 100% and remained elevated
for 4 to 8 weeks post acute withdrawal.

ANIMAL MODELS OF RELAPSE:
CONDITIONED REINFORCING EFFECTS OF
DRUGS

The role of environmental stimuli in the control of drug-
taking behavior is a major focus of addiction research. This
interest stems from the view that any account of drug abuse
must address those factors that precede and motivate drug
taking, as well as those that underlie the reinforcing conse-
quences of drug delivery. Environmental cues repeatedly
paired with primary reinforcers can acquire incentive prop-
erties via classical conditioning processes (57,87,97). It has
been postulated that these conditioned reinforcing effects

contribute to drug craving and relapse to addiction. Indeed,
human studies have shown that the presentation of stimuli
previously associated with drug delivery increases the likeli-
hood of relapse as well as self-reports of craving and motiva-
tion to engage in drug taking (17,68).

Positive Reinforcing Effects of Stimuli
Associated with Drug Self-
Administration: Conditioned
Reinforcement Paradigm

The conditioned reinforcement paradigm allows characteri-
zation of the incentive value imparted on formerly neutral
environmental stimuli that have been repeatedly associated
with drug self-administration. In this paradigm, subjects
usually are trained in an operant chamber containing two
levers. Responses on one lever result in the presentation of
a brief stimulus followed by a drug injection (active lever)
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whereas responses on the other lever have no consequences
(inactive lever) (86). The ability of the previous neutral,
drug-paired stimulus to maintain responding in the absence
of drug injections provides a measure of the reinforcing
value of these stimuli. This procedure provides a stringent
test for the conditioned incentive effects of drugs because
responding for drug-associated stimuli occurs under extinc-
tion conditions (e.g., in the absence of drug). It also provides
an animal model of drug craving because the incentive moti-
vational effects of a stimulus are examined in the absence
of drug taking.

Second-Order Schedules

Second-order schedules also can be used to evaluate the
conditioned reinforcing effects of drugs. To assess the effects
of conditioned reinforcement, the number of responses with
the paired stimulus can be compared to the number of re-
sponses with a nonpaired stimulus. For example, substitu-
tion of drug-paired stimuli with nondrug-paired stimuli ac-
tually can decrease response rates (43). This maintenance
of performance with drug-paired stimuli appears to be anal-
ogous to the maintenance and reinstatement of drug seeking
in humans with the presentation of drug-paired stimuli
(17). In rats, a decrease in responding and an increase in
the latency to initiate responding occurs in response to with-
holding a stimulus paired with cocaine self-administration
(8). The schedule can be repeated several times during a
test session, resulting in multiple infusions of drug. How-
ever, drug craving in the absence of drug can be assessed
by terminating sessions immediately after the first drug infu-
sion that occurs after completion of the terminal schedule.

Extinction with and without Cues
Associated with Intravenous Drug
Self-Administration

Extinction procedures provide measures of the incentive or
motivational effects of drugs by assessing the persistence of
drug-seeking behavior in the absence of response–contin-
gent drug availability. In this paradigm, subjects first are
trained to self-administer a drug until stable self-administra-
tion patterns are exhibited. Extinction sessions are identical
to training sessions except that no drug is delivered after
the completion of the response requirement.

Measures provided by an extinction paradigm reflect the
degree of resistance to extinction and include the duration
of extinction responding and the total number of responses
emitted during the entire extinction session. The probability
of reinstating responding under extinction conditions with
drug-paired stimuli or even stimuli previously paired with
drug withdrawal can be examined.

Both stimulant and opiate self-administration have been
consistently reinstated following priming injections of drug
(31,55). Responding during extinction is greater in the pres-

ence of the conditioned stimulus than in its absence (73).
Similar results have been obtained in an operant runway
task (57). It is also apparent that environmental stimuli
predictive of cocaine self-administration reliably elicit drug-
seeking behavior in experimental animals and that respond-
ing for these stimuli is highly resistant to extinction (39,
87,97).

Reinstatement of Extinguished Drug-
Seeking Behavior in an Animal Model of
Relapse: Use of Discriminative Stimuli

Rat models of ‘‘relapse’’ induced by drug-related stimuli
also can involve the use of a drug-predictive discriminative
stimulus (S?). This stimulus is paired with response-contin-
gent presentation of a stimulus that has been contiguously
paired with drug presentations (i.e., a conditioned stimulus,
or CS) to elicit recovery of responding at a previously active
lever after prior extinction of alcohol-seeking behavior. Dis-
criminative stimuli signal the availability of a reinforcer,
and thereby provide motivation to engage in behavior that
brings the organism into contact with the reinforcer. A con-
dition often associated with drug craving in humans is cog-
nitive awareness of drug availability (63). Discriminative
stimuli, therefore, may have a prominent role in craving
and the resumption of drug-seeking behavior in abstinent
individuals. Moreover, the response-contingent CS, acting
as a conditioned reinforcer, may contribute to the mainte-
nance of subsequent drug-seeking behavior once initiated.
In fact, these contingencies can be conceptualized to resem-
ble those associated with the relapse process in humans in
that certain drug-related cues may provide the initial central
motivational state to engage in drug-seeking behavior,
whereas others may maintain this behavior until the primary
reinforcer is obtained.

To investigate the role of drug-associated stimuli in the
motivational effects of a history of cocaine self-administra-
tion, rats were trained to associate discriminative stimuli
(S�) with response-contingent availability of intravenous
cocaine versus saline (97) (Fig. 97.5). The rats then were
subjected to repeated extinction sessions during which co-
caine, saline, and the respective S� were withheld until the
rats reached extinction. Subsequent re-exposure to the co-
caine S�, but not the nonreward S�, produced strong re-
covery of responding at the previously active lever in the
absence of any further drug availability. The behavioral sig-
nificance of the cocaine S� was further confirmed by the
fact that the rats initially tested in the presence of the nonre-
ward S� showed complete recovery of responding when
subsequently presented with the cocaine S�, but rats that
had shown robust reinstatement ceased responding when
later tested under nonreward S� conditions. These results
support the hypothesis that learned responses to drug-
related environmental stimuli can be important factors in
the reinstatement of drug-seeking in animals and provide
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FIGURE 97.5. Lever-press responses during self-administration
training, extinction, and reinstatement sessions at the active (A)
and inactive (B) lever. Training phase: cocaine-reinforced re-
sponses during the final 3 days of the self-administration phase
in rats (n � 15) trained to associate S?s with the availability of
intravenous cocaine (S�) versus saline (S�). No differences were
observed between responses during the first and second daily
hour of cocaine availability, and responses for cocaine or saline
between rats designated for testing under S� versus S� condi-
tions during the initial 3 days of the reinstatement phase. The
data were, therefore, collapsed across groups and daily cocaine
sessions for the purpose of this illustration. Extinction phase: ex-
tinction responses at criterion. The extinction criterion (� 4 re-
sponses per session over 3 consecutive days) was reached within
16.4 � 3.8 days (averaged across rats designated for testing under
the S� versus S� condition during the reinstatement phase). Rein-
statement phase: responses under the S� (n � 7) and S� (n � 8)
reinstatement conditions. Exposure to the S� elicited significant
recovery of responding in the absence of further drug availability.
Responding in the presence of the S� remained at extinction lev-
els. Taken with permission from Weiss F, Maldonado-Vlaar CS,
Parsons LH, et al. Control of cocaine-seeking behavior by drug-
associated stimuli in rats: effects on recovery of extinguished op-
erant-responding and extracellular dopamine levels in amygdala
and nucleus accumbens. Proc Natl Acad Sci USA 2000;97:
4321–4326.

a powerful model for elucidating the neuropharmacologic
basis for such effects that are related to the human concepts
of relapse and craving (97).

Cues associated with oral self-administration and avail-
ability of alcohol also can reinstate responding in the ab-
sence of the primary reinforcer (42,96). In addition, and
consistent with the well-established conditioned cue reactiv-

ity in human alcoholics, the motivating effects of alcohol-
related stimuli are highly resistant to extinction in that they
retain their efficacy in eliciting alcohol-seeking behavior
over more than 1 month of repeated testing (96).

Place Conditioning

Place conditioning procedures can be modified to serve as
a model of relapse. Place aversions to opiate withdrawal last
for over 8 weeks (94) and are resistant to extinction. At-
tempts to modify such conditioned effects could hypotheti-
cally contribute to knowledge of the factors that contribute
to relapse or ‘‘craving.’’ One also could envisage the use
of cue- and drug-induced reinstatement of an extinguished
place conditioning response as a measure of relapse (67).

Reliability and Predictability

Each of the techniques described has reliability and predic-
tive validity. Presentation of stimuli associated with drug
injection induces drug craving in humans and maintains
responding in the conditioned reinforcement, second-order
schedule, and extinction paradigms. The presence or ab-
sence of cues associated with drug administration alters the
reinstatement of extinguished drug-seeking behavior in pre-
dictable ways.

CONCLUSIONS AND FUTURE RESEARCH

Although it is very difficult to find an animal model of any
psychiatric disorder that mimics the entire syndrome, one
can reasonably validate animal models for different symp-
toms of mental disorders (32). In the realm of addiction
research, the observation that animals readily self-administer
drugs has led to arguments of face validity. Although intra-
venous drug self-administrationmeets the criteria of reliabil-
ity, predictability, and face validity, it does not represent
the whole syndrome of addiction (see the following). Other
aspects of the addiction syndrome can indeed be modeled,
but again, it is incorrect to consider any one of these an
animal model of addiction. The DSM-IV criteria for sub-
stance dependence and animal models relevant to their
study are summarized in Table 97.1.

Tolerance (criterion 1) and withdrawal (criterion 2) no
longer define addiction, as illustrated by the change in crite-
ria outlined in DSM-III versus DSM-IIIR and DSM-IV
(5–7); however, evidence is accumulating to suggest that a
common element associated with addiction is a motiva-
tional form of withdrawal that is reflected in a compromised
brain reward system (see the preceding). This not only reaf-
firms the importance of withdrawal in addiction (e.g., crite-
rion 2: ‘‘characteristic withdrawal syndrome’’) but also adds
the dimension of a persistent motivational change that may
be reflected in criteria 7 of the DSM-IV: ‘‘continued use
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TABLE 97.1. ANIMAL MODELS FOR THE CRITERIA OF DSM-IV

DSM-IV Animal Models

A. A maladaptive pattern of substance use, leading to clinically
significant impairment or distress as occurring at any time in the 
same 12-month period:

(1) Need for markedly increased amounts of substance to achieve (1) Tolerance to reinforcing effects:
intoxication or desired effect; or markedly diminished effect with Cocaine
continued use of the same amount of substance Opiates

(2) The characteristic withdrawal syndrome for substance; or substance (2) Increased:
(or closely related substance) is taken to relieve or avoid withdrawal Reward thresholds Anxiety-like responses
symptoms Cocaine Cocaine

Opiates Opiates
Alcohol Alcohol
Nicotine Tetrahydrocannabinol
Tetrahydrocannabinol

(3) Persistent desire or one or more unsuccessful efforts to cut down (3) Conditional positive reinforcing effects:
or control substance use Cocaine

Opiates
Alcohol

(4) Substance used in larger amounts or over a longer period than (4) Cocaine binge
the person intended Opiate intake (dependent animals)

Alcohol intake (dependent animals)
Alcohol Deprivation Effect

(5) Important social, occupational, or recreational activities given up (5) Choice paradigms
or reduced because of substance use Behavioral economics—loss of elasticity

(6) A great deal of time spent in activities necessary to obtain (6) Opiate self-administration during withdrawal
substance, to use substance, or to recover from its effect Alcohol self-administration during withdrawal

Progressive-ratio responding
(7) Continued substance use despite knowledge of having a (7) Cocaine binge toxicity

persistent problem that is likely to be caused or exacerbated by 
substance use 

From: American Psychiatric Association, 1994.

despite knowledge of having had a persistent psychological
problem that is likely to be exacerbated by the substance’’
(Table 97.1).

The two DSM-IV criteria that are best modeled by drug
self-administration are criteria 3 and 4, respectively: ‘‘the
persistent desire to cut down or control substance use’’ and
‘‘the substance taken in larger amounts than intended.’’
Drugs of abuse are readily self-administered by animals and,
in general, drugs that are self-administered correspond to
those that have high abuse potential in humans (60,61).

The chronic relapsing nature of drug addiction is perhaps
best illustrated by criterion 3 of Table 97.1: ‘‘persistent de-
sire or one or more unsuccessful attempts to cut down or
control substance use.’’ Two difficult states to define that
are related to relapse are craving and protracted abstinence.
Presumably, such states reflect some prolonged post acute
withdrawal perturbation or vulnerability to reinstatement
of drug-seeking behavior and ultimately compulsive use. A
residual deficit state in the reward system or sensitization
of the reward system to stimuli that predict drug effects, or
some combination of both, could be responsible for this
vulnerability (see the preceding).

Animal models of drug craving and relapse continue to
be developed but to date have reflected secondary sources
of reinforcement such as conditioned reinforcement (91) or
residual changes in motivational state or a combination of
the two. Second-order schedules can be used as a measure of
the conditioned reinforcing properties of drugs (43). Recent
work suggests that reliable responding for cocaine can be
obtained with a second-order schedule in rats (99). The
conditioned place preference paradigm also provides a mea-
sure of conditioned reinforcement that is conceptually simi-
lar to the measures provided by the operant paradigms.
More recently, stimuli that predict drug availability have
been shown to be powerful cues for reinstating drug-seeking
behavior (97), and a history of drug intake produces escala-
tion in drug intake (1,3).

The remaining criterion for substance dependence as de-
fined by DSM-IV can be linked to animal models by exten-
sion to the models described in the preceding. ‘‘Substance
taken in large amounts or over a longer period of time than
the person intended’’ (criterion 4) clearly is reflected in ani-
mal models of self-administration with unlimited access, or
in situations of limited access where reinforcement value
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is challenged by dose–effect functions or progressive-ratio
procedures. ‘‘Important social, occupational, or recreational
activities given up because of substance use’’ (criterion 5)
has been demonstrated in animal models involving choice
procedures (16) and involving behavioral economics para-
digms (20). ‘‘A great deal of time spent in activities necessary
to obtain the substance’’ (criterion 6) is reflected in animal
models of drug self-administration during withdrawal (see
the preceding). Finally, ‘‘continued substance use despite
knowledge of having a persistent or recurrent physical or
psychological problem that is exacerbated by the drug’’ (cri-
terion 7) may be reflected in animal models of toxicity asso-
ciated with chronic drug self-administration such as with
cocaine, or prolonged changes in reward thresholds follow-
ing chronic drug exposure (83).

Drug addiction in humans has been characterized as oc-
curring in several stages, although progress from one stage
to the next is not inevitable. The first stage is initiation or
acquisition, which may lead to habitual use, physical or
psychic dependence, and loss of control. An individual may
stop taking a drug at any stage; however, relapse to drug
taking after a period of abstinence is common. The extent
to which the procedures discussed here model the human
condition to the point of reliability and predictive validity
requires further assessment.

Animal models of addiction are critical for advances in
the study of addiction. Addiction is a chronic relapsing dis-
order comprised of multiple stages and multiple sources of
reinforcement. As discussed, the motivating factors for the
development, maintenance, and persistence of drug addic-
tion can be broken down into four major sources of rein-
forcement: positive reinforcement, negative reinforcement,
conditioned positive reinforcement, and conditioned nega-
tive reinforcement (100). Much progress has been made in
identifying the neuronal substrates for the acute positive
reinforcing effects of drugs of abuse. A more recent focus
has been on the neuronal substrates for negative reinforce-
ment and the conditioned reinforcing effects that contribute
to relapse. The future challenge will be to explore the mech-
anisms involved in animal models of craving and relapse
and to relate these mechanisms to vulnerability to addiction.
A major advantage of animal models is in the translation
of the human condition to the animal model (face validity)
and the translation of the neurobiological measures back
to the human condition in order to predict vulnerability
(predictive validity).

Perhaps the best example of the translation value of ani-
mal models of addiction is the development of medications
for the treatment of drug abuse (4,35). The opiate antago-
nist naltrexone long has been known to block self-adminis-
tration of alcohol (4,95), and preclinical studies eventually
led to the use of naltrexone to successfully prevent relapse
in detoxified alcoholics (70).

Animal models are critical for the delineation of genetic
and environmental factors that lead to and predict vulner-

ability to addiction. Context-independent drug administra-
tion (e.g., experimenter-administered drugs) can provide in-
formation about brain changes associated with a history of
drug administration and that alter sensitivity to the effects
of a drug. However, drug administration in the context of
sensitive and validated animal models provides a muchmore
powerful means of linking drug actions and sensitivities to
biological and environmental perturbations. The successful
implementation of procedures designed to assess functional
genomic activity (e.g., screening for changes in the expres-
sion of gene activity) to the study of addiction, will require
animal models that are reliable and have predictive validity
if they are to contribute to our understanding of the neuro-
biology of drug addiction.
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