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Prediction and Prevention of Prescription
Drug Abuse: Role of Preclinical
Assessment of Substance Abuse Liability

Julie A. Marusich, Timothy W. Lefever, Scott P. Novak,
Bruce E. Blough, and Jenny L. Wiley

Abstract

In 2011, the prevalence of prescription drug abuse exceeded that of any

other illicit drug except marijuana. Consequently, efforts to curtail abuse of

new medications should begin during the drug development process, where
abuse liability can be identified and addressed before a candidate medication
has widespread use. The first step in this process is scheduling with the Drug
Enforcement Agency so that legal access is appropriately restricted, dependent
upon levels of abuse risk and medical benefit. To facilitate scheduling, the

Food and Drug Administration (FDA) has published guidance for industry

that describes assessment of abuse liability. The purpose of this paper is to
review methods that may be used to satisfy the FDA's regulatory requirements
for animal behavioral and dependence pharmacology. Methods include
psychomotor activity, self-administration (an animal model of the rewarding
effects of a drug), drug discrimination (an animal model of the subjective

effects of a drug), and evaluation of tolerance and dependence. Data from

tests conducted at RTI with known drugs of abuse illustrate typical results, and
demonstrate that RTl is capable of performing these tests. While using preclinical
data to predict abuse liability is an imperfect process, it has substantial predictive
validity. The ultimate goal is to increase consumer safety through appropriate
scheduling of new medications.
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Introduction

Data from public health surveillance systems

indicate that over the past decade, prescriptions

for neuropsychiatric medications (e.g., opioids,
stimulants, sedatives) have increased dramatically
(Fortuna, Robbins, Caiola, Joynt, & Halterman,

2010; Manchikanti et al., 2012; Moloney, Konrad, &
Zimmer, 2011). While nonmedical use of prescription
drugs has remained fairly steady since 2008,
prevalence in 2011 still exceeded that of any illicit
drug except marijuana (Substance Abuse and Mental
Health Services Administration, 2012). Further, the
rates of adverse events associated with nonmedical
use of prescription drugs have significantly increased.
For example, poisoning recently overtook motor
vehicle accidents as the leading cause of accidental
death in 2008 (Warner et al., 2011). The majority

of these poisoning deaths (89 percent) were caused
by drugs, with 77 percent ruled as unintentional
overdoses (Warner, Chen, Makuc, Anderson, &
Minifo, 2011). Unlike many types of illicit drugs
used primarily for euphoria and not for improving
health, prescription drugs are legal and carry both
euphoric and health-promoting properties. Given the
range of outcomes associated with use of prescription
medications, it is not surprising that a large number
of terms have been developed to refer to their illicit
consumption, varying along the spectrum from
benign (e.g., use/misuse) to harmful (addiction/
dependence). One specific term, “abuse,” has become
a rather generic term, referring to any consumption
practice along the spectrum of harmful use. In a draft
guidance document issued by the Food and Drug
Administration (FDA), “[a]buse potential refers to a
drug that is used in nonmedical situations, repeatedly
or even sporadically, for the positive psychoactive
effects it produces” (FDA, 2010).

Assessment of Abuse Potential:
8-Factor Analysis

One of the first steps in prevention of prescription
drug abuse is effective scheduling, or categorizing,
of candidate medication prior to approval by the
FDA. The Controlled Substances Act, or CSA (21
U.S.C. 811(b), 811(c)) describes eight factors that
are used in determination of appropriate scheduling

of a new molecular entity: (1) its actual or relative
potential for abuse (also called its abuse liability);

(2) scientific evidence of the drug’s pharmacological
effects; (3) the state of current scientific knowledge
regarding the drug or other substance; (4) its history
and current pattern of abuse; (5) the scope, duration,
and significance of abuse; (6) what, if any, risk there

is to the public health; (7) its psychic or physiological
dependence liability; (8) whether the substance

is an immediate precursor of a substance already
controlled. The FDA should ensure that abuse liability
is examined for new candidate medications that target
changes in neurochemistry, for currently prescribed
medications that show unexpected abuse potential,
and when changes are made to the formulation or
route of administration.

In collaboration with the FDA, the Drug Enforcement
Agency (DEA) uses this information to schedule a
drug into one of five classifications (schedule I-V),
with increasing abuse potential and decreasing legal
access at lower schedule numbers. For example, most
schedule I drugs have high abuse potential and no
accepted medical use in the US. (e.g., heroin, lysergic
acid diethylamide [LSD]). According to federal law,
possession of a schedule I drug is illegal without an
appropriate license (e.g., for research purposes). In
contrast, schedule V drugs have relatively low abuse
potential. Many of them can be purchased without a
prescription, and others are readily available through
prescription (e.g., many anticonvulsants). Notably,
this classification system applies only to drugs that are
covered by the CSA. Drugs without abuse potential
(e.g., those that do not cross the blood-brain barrier,
and many over-the-counter drugs such as aspirin)

are approved by the FDA but are not reviewed by the
DEA and are unscheduled.

For a candidate medication that an 8-factor

analysis has indicated may have abuse liability,

the manufacturer must include an abuse potential
section containing detailed information on the
drug’s chemistry, pharmacology, and effects in
humans in the New Drug Application (NDA) that

it submits to the FDA. The NDA also must have a
subsection on animal behavioral and dependence
pharmacology. The purpose of this occasional paper
is to describe four specific methods that are most
commonly used to satisfy the animal behavioral and
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dependence pharmacology requirement (FDA, 2010),
including psychomotor activity, self-administration,
drug discrimination, and assessment of tolerance

and dependence. The following section provides

an overview of each procedure, accompanied by
presentation of actual data for known drugs of abuse
to illustrate results similar to those that might be
obtained with drugs having potential abuse liability.

Behavioral and Dependence
Pharmacology

Psychomotor Activity Tests

Psychomotor activity tests examine effects of the
candidate medication on locomotor behavior.
Because this procedure does not require prior
training of the animal or prolonged drug exposure,

it is amenable to high throughput studies (Morgan,
Dupree, Bibbey, & Sizemore, 2012). This test does
not specifically screen for abuse liability per se, but
rather provides information on pharmacological
similarity to known drugs of abuse as well as possible
toxic effects of the drug. Additionally, activity tests
can facilitate later assessment in more specific abuse
liability tests by determining relevant experimental
parameters such as the behaviorally active dose range,
the latency for drug effects to begin, and the total
duration of a drug’s effects (Morgan et al., 2012).

Activity tests are generally conducted in open

field chambers made of clear Plexiglas surrounded
by arrays of infrared photocell beams that detect
movement (Figure 1). The activity tests monitor
and record ambulatory movements (movement of
the entire body to a new position), fine movements
(small movements of a particular body part such

as stereotypy or grooming), and distance traveled.
More sophisticated activity tests calculate time spent
in particular areas of the open field, rearing, and
jumping (Kaliva, Dufty, DuMarus, & Skinner, 1988).

Figure 1. Standard locomotor chamber used for
measuring psychomotor behavior

Since the direction of effect on locomotor activity
varies across different classes of abused drugs, one
requirement of a locomotor activity system that is
used for screening candidate medications is that it
must be able to measure increases and decreases in
motor activity. For example, a defining behavioral
characteristic of psychomotor stimulants is their
propensity to increase locomotion in rodents, an
effect that is strongly associated with their high
addiction potential (Calabrese, 2008; Wise & Bozarth,
1987). Amphetamine and other psychomotor
stimulants dose-dependently increase locomotion
and, at higher doses, may induce stereotypy, or
repetitive movements (see methamphetamine
results in Figure 2; Balster & Chait, 1978; French

& Witkin, 1993). In contrast, barbiturates and

other CNS depressants dose-dependently decrease
locomotion (Darnell, McCloskey, & Commissaris,
1986; Hayakawa et al., 2008; Savic et al., 2009; Vinkers
et al., 2009). An important point to note, however,

is that drug-induced changes in locomotor activity
do not necessarily indicate abuse potential (e.g., see
results with chlorpromazine in Figure 2), but must
be considered in conjunction with results from more
specific functional tests such as drug discrimination
and self-administration.



4 Marusich et al,, 2013 RTI Press

Figure 2. Male and female Sprague-Dawley A @ Females
rats exhibited increased locomotor activity * A Males
compared to drug vehicle (saline) when 4 AT
. . . o
injected with the psychomotor stimulant @ G
methamphetamine (top panel), as evidenced § 15,000 1 .
by an increase in the number of beam breaks. ;'g
Rats exhibited decreased activity when injected & 10,000 § * *
with the prototypic antipsychotic chlorpromazine, E
as evidenced by fewer and fewer beam breaks as = 5,000
the dose of chlorpromazine increased (bottom
panel). These data indicate that the procedure has gl . . .
sufficient sensitivity to detect both increases and Sal 1.0 3.0 56
decreases in motor activity. Note the different Y-axis Methamphetamine Dose (mg/kg)
scales. Sal stands for saline vehicle. Asterisks indicate
significant differences from vehicle (p < 0.05). 9,000
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Self-Administration (known as a progressive ratio schedule; Richardson
Self-administration is an animal model of the & Roberts, 1996). Progressive ratio schedules allow
rewarding effects of a drug. Drugs that are self- for a more precise determination of the efficacy of the
administered by animals are very likely to be abused drug as a reinforcer and allow comparisons of efficacy
by humans, providing the model with high face and across drugs.

predictive validity (O’Connor, Chapman, Butler, &
Mead, 2011; Panlilio & Goldberg, 2007). For this
procedure, researchers surgically implant an animal
with an intravenous jugular catheter. Experimental
sessions occur in an operant chamber in which the
external port of the catheter is attached to tubing that

Figure 3. Standard operant chamber used for drug self-
administration

exits the chamber and is connected to an infusion
pump (Figure 3). The researchers train the animals

to make a response (e.g., lever press, nose poke)

to receive an intravenous infusion of drug. Drug
infusions are available following a fixed number

of responses (fixed ratio), usually between 1 and

10 responses per infusion (abbreviated FR1-FR10;
Weeks, 1962). Alternatively, the researchers may use a
schedule in which each subsequent infusion requires
progressively more responses than the prior infusion
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For screening candidate medications, researchers
most commonly train animals to self-administer a
known drug of abuse such as cocaine, which produces
stable responding in rodents and nonhuman
primates (Griffiths, Lamb, Sannerud, Ator, &

Brady, 1991; Johanson & Balster, 1978). Because
self-administration behavior can differ across drug
classes, however, the training drug might be selected
from the same pharmacological class as the candidate
drug if the class is known to be abused (O’Connor et
al., 2011). Once the animal has acquired drug self-
administration, researchers substitute the candidate

medication for the training drug. The researchers
assess various doses of the candidate medication,
along with its vehicle, and compare responding

for infusion of the candidate medication to that

for infusion of the training drug (e.g., compare
results between stimulants and chlorpromazine in
Figure 4). Maintenance of responding above vehicle
level indicates that a drug is reinforcing, whereas
maintenance of responding below vehicle level
indicates that a drug may be aversive (Numan, 1981;
Sinden & Le Magnen, 1982).

Figure 4. Male Sprague-Dawley rats were trained to press a lever to self-administer i.v. infusions of cocaine
(five lever presses were required for each infusion). The figure shows the average number of lever presses as a
function of dose of drug across 3 days of access to each dose on the active (filled symbols) and inactive (open symbols)

levers. “Sal” stands for saline vehicle. Rats pressed the active lever to receive infusions of cocaine and methamphetamine
at much higher rates than for infusions of saline, indicating that these drugs are reinforcing. Responding for higher doses
of cocaine and methamphetamine dropped to saline levels, whereas lower doses of cocaine and methamphetamine also
resulted in lesser responding. This inverted U-shaped dose-effect function is typical of self-administration of many known
drugs of abuse and may represent the incapacitating effect of higher doses and the lack of reinforcing effect from lower
doses. MDPV produced effects that were similar to those of cocaine but at lower doses, suggesting that MDPV was also
reinforcing to the rats and was more potent than cocaine. MDPV, a synthetic cathinone that has been commonly identified
in products labeled “bath salts,” was recently designated by the DEA as a schedule | drug due to its abuse in humans. In
contrast, the antipsychotic chlorpromazine was not self-administered and, in fact, shows signs that it may be aversive, in

that it produced lower than baseline rates of infusions.
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The self-administration procedure is useful for
testing candidate stimulants, opioids, barbiturates,
and benzodiazepines, since animals readily self-
administer these drug classes (Davis, Smith, & Smith,
1987; Van Ree, Slangen, & de Wied, 1978; Weeks &
Collins, 1987). A few classes of drugs that are abused
by humans but are not generally self-administered
by rodents are psychoactive components of the
marijuana plant and hallucinogens (French, Lopez,
Peper, Kamenka, & Roberts, 1995; Van Ree et al.,
1978; Weeks & Collins, 1987). Hence, some classes of
abused drugs may appear to be false negatives in the
self-administration procedure. Consequently, for the
most accurate prediction, results obtained from self-
administration studies should be examined as one
part of an overall abuse potential assessment package
that includes other behavioral tests as well as data
collected as part of the 8-factor analysis.

Drug Discrimination

Drug discrimination is a pharmacologically selective
behavioral model of the interoceptive effects of a
drug, or the internal sensations produced by a drug
(Barrett, Caul, & Smith, 2005; Solinas, Panlilio,
Justinova, Yasar, & Goldberg, 2006). Like self-
administration, this model has high predictive
validity, with a strong correlation between drugs that
animals identify as sharing discriminative stimulus
properties (i.e., producing similar internal sensations)
and those that humans characterize as having similar
subjective effects (Appel et al., 1991; Mori, Yoshizawa,
Shibasaki, & Suzuki, 2012). The apparatus for this
procedure usually is a standard two-lever operant
chamber in which an animal is trained to press the
levers in order to receive a food pellet (Figure 5).
After the animal learns the lever press response,
discrimination training begins.

During discrimination training, the animal

is administered a training drug (e.g., delta-9-
tetrahydrocannabinol [THC]) or its vehicle before
being placed in the chamber. On days when the
animal receives the training drug, lever presses on
only one lever will result in food delivery, whereas on
days when it receives vehicle, lever presses on only
the other lever will result in food delivery (Leberer &
Fowler, 1977; York & Winter, 1975). Over time, the
animal learns that the interoceptive effects associated

with the training drug serve as a signal that the
drug-associated lever will be active, and the absence
of those effects indicates that the other (vehicle-
associated) lever will be active.

Figure 5. Standard operant chamber used for drug
discrimination

Once the animal is performing the discrimination
accurately, researchers can substitute a candidate
medication to evaluate the extent to which it shares
discriminative stimulus effects with the training drug
(i.e., whether it elicits responding primarily on the
drug-associated lever). If the training drug is a drug
of abuse, similar discriminative stimulus effects,

or internal sensations, suggest that the candidate
medication would produce similar subjective
effects and might also be abused in humans
(Holtzman, 1985). On the other hand, lever presses
predominantly on the vehicle lever suggests that the
drug does not share interoceptive effects with the
training drug.

Failure to substitute for an abused training drug does
not rule out abuse liability, nor does it suggest that
the candidate medication would not have subjective
effects. Drug discrimination is very specific to the
pharmacological action of a drug (Glennon, 1991). In
many cases, drugs that share discriminative stimulus
effects produce these effects through similar actions
in the brain. Hence, the candidate medication may
still be a drug of abuse, but may have a different
mechanism of action than the training drug, and
therefore may not substitute for the training drug
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(Appel et al., 1991). For example, morphine does not
substitute for THC in rats trained to discriminate
THC from vehicle (Figure 6), even though both

drugs are abused by humans. In addition, centrally
active drugs that are not abused may serve as
discriminative stimuli (e.g., rodents have been trained
to discriminate the antipsychotic clozapine; Goudie,
Smith, Taylor, Taylor, & Tricklebank, 1998; Porter,
Prus, Vann, & Varvel, 2005).

Figure 6. Two groups of male Sprague-Dawley
rats were trained to discriminate 3 mg/kg THC
from vehicle. For both panels, V stands for vehicle
and T stands for the training dose (3 mg/kg THC).

The data points above these labels show data from
when animals were trained to discriminate THC from
vehicle. In control tests with vehicle and 3 mg/kg THC
(left side of top panel), rats in both groups responded
almost exclusively on the appropriate lever. When
other doses of THC were substituted for the 3 mg/kg
training dose, dose-dependent substitution occurred,
with rats responding most on the drug lever at doses
at or above the training dose (top panel, unfilled black
triangles and filled inverted black triangles).

In group 1, dose-dependent substitution also
occurred upon substitution of JWH-018 (top panel,
filled red squares), a synthetic cannabinoid that

has been abused by humans in products marketed
under names such as “Spice.” Lower doses of JWH-018
substituted for THC, suggesting that JWH-018 is more
potent than THC. Consistent with the high predictive
validity of this model, humans who have ingested
these products report a marijuana-like intoxication.

In contrast, rats that were injected with morphine
(group 2) did not respond on the THC-associated
lever (top panel, filled blue circles), suggesting that
morphine failed to substitute. As predicted by the
model, morphine does not possess marijuana-like
subjective effects in humans, although it does share
subjective effects with other mu opioid agonists such
as heroin.

Together, these results demonstrate the
pharmacological selectivity and predictive validity of
the drug discrimination procedure. Overall response
rates calculated as responses per second, a measure of
nonspecific, direct effects of the drugs (e.g., effects on
motor behavior), are shown in the bottom panel.

% THC-Lever Responding

Response Rate (Responses/Second)

For this reason, the selection of a training drug

is crucial, and whenever possible, it is best to use

a training drug from the same drug class as the
candidate medication (Comer, France, & Woods,
1991). Typically, researchers determine an entire
dose-effect curve for each drug examined, including
the training drug (e.g., see results in Figure 6). Drug
discrimination is a unique method for predicting
abuse liability of candidate medications that focuses
on subjective effects of the drug and provides insight
into the mechanism of action (Meert, 1991).
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Tolerance and Dependence

Drug abuse commonly implies repeated
administration of the drug. To incorporate this
aspect into abuse liability testing, researchers assess
tolerance and dependence. Tolerance is defined as
a decreased magnitude of effect following repeated
dosing with the drug, resulting in the need for
larger doses to produce the initial effects (Stewart
& Badiani, 1993). Drug dependence may also occur
after a period of chronic administration and may
be physiological or psychological in nature, leading
to physical withdrawal symptoms or drug craving,
respectively (Ator & Griffiths, 2003; Dawe & Gray,
1995). Most abuse liability assessments focus on
physiological withdrawal (Ator & Griffiths, 2003).

Researchers generally assess tolerance and
dependence by administering the drug repeatedly,
taking physiological and behavioral measurements
before, during, and following cessation of drug
administration. Often researchers administer drugs
for 2 to 4 weeks and they may administer them
multiple times per day, or continuously, depending
upon the drug’s duration of action (Lukas & Griffiths,
1982; Weerts, Ator, Grech, & Griffiths, 1998). The
measurements they choose for assessing tolerance
depend upon the specific drug class, whereas they
typically evaluate dependence/withdrawal through
direct observation of the animal’s overt behavior
following termination of drug administration

or administration of an antagonist (known as
precipitated withdrawal; Hughes et al., 1994).

Although describing the myriad of methods and
measurements used to examine tolerance and
dependence is beyond the scope of this paper (see
Ator & Griffiths, 2003, and Maldono, 2002 for a
review), two points are relevant here. First, because
chronic administration of the candidate medication
often occurs during the course of the overall
toxicological evaluation of the drug, measuring
neurobehavioral effects is prudent if the drug
crosses the blood-brain barrier and may conceivably
be abused. Second, evaluation of tolerance and
dependence does not provide information about
abuse potential per se, but rather serves as an adjunct
that is useful in determining the consequences
should the drug be abused (West & Gossop, 1994).
For example, the withdrawal symptoms (labeled

“discontinuation syndrome”) associated with abrupt
termination of a period of chronic use of certain
antidepressants (e.g., venlafaxine, paroxetine) might
be conceived of as a form of dependence (Zajecka,
Tracy, & Mitchell, 1997), yet antidepressants are not
typically used recreationally and are not considered
to be drugs of abuse. Hence, although evaluation

of tolerance and dependence is most appropriately
considered in the context of safety toxicology, its
implications should be discussed in light of the
candidate medication’s overall abuse liability profile as
determined by 8-factor analysis.

Discussion and Conclusions

Four major procedures are most commonly used

in the preclinical assessment of abuse liability:
pharmacological equivalence, drug discrimination,
self-administration, and physical dependence
assessment (FDA, 2010). When used alone, each
technique has disadvantages; together, however,

they create a strong package with high predictive
validity for compounds that are likely to be abused
by humans. Designer drugs are a case in point.
Although these chemicals were originally developed
for biomedical research or as potential therapeutics
(Chen, Ensor, Russell, & Bohner, 1959), published
information on their synthesis was later diverted and
used to manufacture compounds that are consumed
for the purpose of inducing desired emotional states
(e.g., euphoria; Carroll, Lewin, Mascarella, Seltzman,
& Reddy, 2012; Wiley, Marusich, Huffman, Balster, &
Thomas, 2011).

Familiar examples of designer drugs are
phencyclidine (PCP), “China White”

(fentanyl analog), and 3,4-methylenedioxy-
N-methamphetamine (MDMA, or ecstasy).

More recently, synthetic cathinones (e.g.,
methylenedioxypyrovalerone [MDPV]) have been
marketed in products labeled as “bath salts” or “plant
food” and synthetic cannabinoids (e.g., JWH-018)
have been marketed in products labeled as “herbal
incense” or “spice” In the studies presented here,
the abuse liability of MDPV is predicted by its self-
administration in rats trained to self-administer
i.v. cocaine, whereas the propensity of JWH-018 to
produce marijuana-like intoxication is predicted
by its THC-like effects in drug discrimination. In



Substance Abuse Liability Assessment

summary, tests within the abuse liability assessment
battery are responsive to known drugs of abuse (e.g.,
methamphetamine, cocaine, THC) and to designer
drugs in two different classes (MDPV and JWH-018).

Because abuse liability tends to be associated with
increases in compulsive use of a drug, it may be
financially beneficial for manufacturers of designer
drugs to produce drugs with high abuse liability.

In contrast, high potential for abuse is a liability

for therapeutic drug development, and responsible
pharmaceutical companies work to minimize it

(e.g., through changes in formulation). In cases
where medications under development are similar

to known substances of abuse in structure, binding
affinity, or other biochemical or behavioral properties,
prediction of psychotropic effects is of particular
importance, and scientists often perform preclinical
evaluation of abuse liability, as described herein,
before these novel drugs are widely marketed. Indeed,
within the increasingly stringent regulatory climate
governing pharmaceutical development, evidence

of any central nervous system activity indicating
stimulant, depressant, hallucinogenic, or mood-
elevating properties has become a threshold criterion
for assessment of abuse liability of a candidate
medication (Schoedel & Sellers, 2008). Prediction

of whether a drug is likely to be abused is critical for
appropriate scheduling with the DEA, as well as for
development of accompanying educational material
aimed at the consumer and for organization of post-
marketing surveillance strategies. The ultimate goal
of this endeavor is to increase consumer safety by
decreasing the probability of misuse and abuse of
prescription drugs.
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