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By most behaviorally-oriented psychologists, drug 

dependence is viewed as a special case of operant conditioning. 

Operant conditioning holds that behavior is controlled by 

its consequences, and those consequences which strengthen 

the behavior they follow are called reinforcers. Food is 

a familiar example of a reinforcer. A hungry animal comes 

to engage in behavior which has as its consequence the 

presentation of food, because "food-seeking" behavior in 

the past has been established and maintained by the food 

reinforcer. Similarly, a variety of other stimuli will 

also serve as reinforcers for organisms, including water, 

sex, aversive stimulus termination, electrical stimulation 

of the brain, etc. The presentation of these stimuli 

will likewise increase the probability of the behavior they 

follow, thereby making it more likely to recur. 

According to the operant conditioning interpretation 

of drug abuse, dependence-producing drugs can be viewed as 

reinforcers since animals will tend to repeat the behavior 

which leads to their presentation. The reinforcing effects 

of these drugs strengthen the behavior leading to drug 

administration, therefore producing "drug-seeking" behavior. 

By the same token, drugs which do not produce dependence 
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do not serve as reinforcers, since the behavior leading 

to their administration is not strengthened by their 

presentation. 

What makes a drug, or any other stimulus for that 

matter, a reinforcer? Why does food or cocaine serve as 

a reinforcer, while another stimulus or drug does not? 

The answer is nobody knows. At present, we simply do not 

know what unique biological or physical characteristic of 

an event endows it with its behavior-controlling properties. 

Some people have suggested that a reinforcer is any 

pleasurable event; however, they must then define what a 

pleasurable event is. Since no one has been able to do so, 

we accomplish very little by such a definition. Actually, 

little can be said about what makes reinforcers reinforcing. 

The only common property of reinforcers which has yet been 

found is their ability to control the behavior they follow. 

ADVANTAGES OF REINFORCEMENT INTERPRETATION OF DRUG DEPENDENCE 

What, then, are the advantages of viewing drugs as 

reinforcers? There are actually three important benefits 

derived from doing so. The first is that the application 

of the concept makes the behavioral study of factors 

controlling drug dependence experimentally possible. 

Previously, drug-taking behavior was considered to be a 

problem of the mind, the result of a disorganized or sick 

personality. It was believed to be controlled entirely 
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by factors which lay within the organism, and were therefore 

not amenable to scientific study. The reinforcement 

interpretation of drug dependence, on the other hand, views 

drug-taking behavior as the result of a number of objectively

-defined variables which have already been found to control 

operant behavior in general. tVhereas the effects of such 

variables can be experimentally determined on drug-taking 

behavior, the effects of the mind cannot. The concept of 

drugs as reinforcers has therefore led to a change in 

emphasis on the factors which control drug-taking behavior. 

A second advantage of the reinforcement interpretation 

of drug abuse is in suggesting future avenues for drug

dependence research. If drugs are serving as reinforcers, 

then they should possess many of the same characteristics 

that other reinforcers possess. Since behavioral psychologists 

have been investigating reinforcement phenomena for almost 

70 years, much is known about the factors influencing it. 

The knowledge obtained with other reinforcers can be applied 

to the study of drug as reinforcers in order to understand 

it better. We can therefore expect the same factors which 

are operating in the acquisition, maintenance, and 

elimination of behavior controlled by other reinforcers to 

also be involved in the acquisition, maintenance, and 

elimination of drug reinforced behavior (Thompson and 

Pickens, 1969). 
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The third advantage of the reinforcement interpretation 

of drug dependence is in suggesting methods for predicting 

the dependence liability of drugs. According to this 

interpretation, since dependence-producing drugs are drugs 

which serve as reinforcers, techniques which demonstrate 

the reinforcing properties of drugs can therefore be used 

to assess drug dependence liability. Since one characteristic 

of reinforcers is to strengthen or make more probable the 

behavior they follow, one test of the reinforcing properties 

of a stimulus is to present the stimulus after each occurrence 

of a specific instance of behavior, and determine whether 

or not the behavior increases in frequency and has therefore 

been strengthened. If the frequency of responding increases, 

then the stimulus can be said to be serving as a reinforcer. 

For example, if food is presented each time a hungry rat 

presses a lever, then the frequency of lever pressing will 

increase, indicating food is serving as a reinforcer. 

Likewise, if each lever press results in the administration 

of a drug and the frequency of the lever pressing increases, 

then the drug can also be said to be serving as a reinforcer 

and therefore would be expected to possess dependence 

liability. If the frequency of lever pressing does not 

increase, however, then the drug is not effective as a 

reinforcer, and consequently would not be expected to 

produce dependence. 
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In the lever-pressing situation, since responding 

by the animal is responsible for the drug delivery, the 

animal can be considered to be self-administering the 

drug. Consequently, these methods are called dr~ ~~~

-administration techniques. For the stimulant drugs, the 

drug self-administration techniques which have been used 

involve three different routes of drug administration: 

inhalation, drinking, and intravenous injection. The 

intravenous injection technique has been the most widely 

used, and therefore it will be given the most consideration. 

INTRAVENOUS SELF-ADMINISTRATION TECHNIQUES 

Intravenous drug self-administration systems are 

available for both rat and monkey, and share many common 

features. The animals are surgically equipped with chronic 

jugular catheters which connects via protective tubes and 

hardware to remote infusion pumps. Responding by the 

animal is automatically programmed to activate the infusion 

pumps, which run for a predetermined period of time, 

delivering fixed amounts of drug solution directly into 

the animals' bloodstream. 

For the rat, the catheter is inserted in the right 

external jugular vein and passes subcutaneously to an 

exit on the animal's back where it attaches at a 

subcutaneously-implanted shoulder harness to a length 
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of stainless steel needle tubing. The needle tubing 

passes out the top of the animal's care and connects by 

a leak-proof swivel-joint to the infusion pump (Davis, 

1966, Pickens, 1967). With monkeys, the animals are 

fitted with vests which are attached at the back to the 

cage wall by a piece of flexible tubing and ball-bearing 

arrangement. The catheter runs from the external 

jugular vein subcutaneously to an exit point on the 

animal's back, where it passes through the flexible 

tubing and connects to the infusion pump (Yanagita, 

Deneau, and Seevers, 1965; Pickens, Hauck, and Bloom, 

1966). The systems for both rat and monkey allow almost 

complete freedom of movement, and animals can be maintained 

in such systems for long periods of time. 

Animals will typically come to self-administer 

stimulant drugs within a few days after the drug is 

initially made available. No pretreatment of the animal 

with the drug is necessary, and the animals will self

-administer the drugs under normal environmental conditions 

(Pickens, 1968). Animals have been found to self-administer 

a variety of stimulant compounds (Pickens and Thompson, 

1970). These compounds and their self-administered doses 

are shown in Table 1. Rats will self-administer d-amphetamine 
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TABLE 1 

Stimulants Self-Administered by Animals 

Dose/Injection (in mg/k~) 
Drug 

d-amphetamine 

Caffeine 

Cocaine 

Fencamfaminl 

Methamphetamine 

Methylphenidate 

Nicotine 

Phenmetrazine 

Pipradrol 

SPA2 

Tranylcypromine 

Rat 

0.25-1.0 

0.25-3.0 

0.25-2.0 

0.25-0.5 

1.5-3.0 

0.1-0.2 

Honkey 

0.25-0.1 

1.0-5.0 

0.05-1.2 

0.1-2.0 

0.1 

0.05-0.4 

0.025-2.0 

0.05-0.8 

0.05-0.4 

0.05-1.0 

-------------------------- ------

12-phenyl-3-ethylaminobicyclo-2,2,1-heptane 

2(1)-1-2-diphenyl-1-dimethyl-aminoethane 
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(Pickens and Thompson, 1967; Pickens and Harris, 1968), 

methamphetamine (Pickens, Meisch, and McGuire, 1967; 

McGuire, 1966; Pickens, Meisch, and Dougherty, 1968a), 

cocaine (Pickens and Thompson, 1967~ Pickens and Thompson, 

1968), pipradrol, methylphenidate, and tranylcypromine 

(Pickens, Plunkett, Jenkins, and Cherek, unpublished). 

Monkeys will self-administer d-amphetamine and 

methamphetamine (Deneau, Yanagita, and Seevers, 1964), 

cocaine (Deneau, Yanaeita, and Seevers, 1964; Woods 

and Schuster, 1968), caffeine (Schuster, Woods and 

Seevers, 1968), nicotine (Deneau and Inoki, 1967) 

SPA (Estrada, Villarreal, and Schuster, 1967~ Woods and 

Schuster, 1968; Wilson and Schuster, 1068), fencamfamin 

(Estrada, Villarreal, and Schuster, 1967), and methyl

phenidate, pipradrol, and phenmetrazine C·!ilson, lli tomi, 

and Schuster, 1969). The only stimulant which has thus 

far been tested and found not to be self-administered by 

animals is pemoline (Wilson, liitomi, and Schuster, 1969). 

VALIDITY OF TECH~IQUE 

Simply because animals self-administer drugs does not 

necessarily mean drug self-administration techniques will 

be effective in predicting the dependence liability of 

drugs. Tj1ere are, however, two reasons for believin,r: 
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that these techniques may be valid for this purpose. The 

first 1s that animals self-administer the same stimulant 

drugs to which humans sometimes become dependent. If they 

did not do so, there would be cause for concern. Secondly, 

the behavioral characteristics of animals' self-administering 

stimulant drugs are very similar to those of humans 

dependent to these same compounds. This latter point can 

be illustrated by comparing the self-administration of 

stimulants by the rat with stimulant dependence by the 

human (Pickens and Thompson, 1970). With rats, the self

-administration of stimulants is characterized by responses 

which are separated by long but regularly-spaced intervals. 

The length of the interval between successive self

-administration responses is determined primarily by drug 

dose. \Jhen infusion dose 1s increased, the interval between 

responses also increases, and consequently fewer drug 

infusions per hour are taken. Similarly, when infusion 

dose is decreased, the interval between responses also 

decreases, resulting in more infusions being taken per 

hour. The effect of this behavioral rer,ulation is to 

maintain an almost constant rate of drug intake. 

A second characteristic of stimulant reinforcement 

in rats is the appearance of drug intake and abstinence 

cycles. Periods of dru~ intake typically last for G-48 

iwurs depending on the dru~ used, and are followed by 
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abstinence periods lasting 2-24 hours. During drug intake 

periods the animals are highly excitable, do not eat or 

sleep, and for the most part engage in rather stereotyped 

body movements. Chewing of the front feet is typically 

seen under high drug doses. During abstinence periods the 

animals initially sleep and eat, followed by apparently 

normal behavior. Following an abstinence period of several 

hours, a new drug intake period will begin. Drug intake 

periods start abruptly with regular spacing of responses. 

With humans, similar patterns of behavior have been 

observed during intravenous stimulant dependence. Drug 

injections are regularly spaced, and periods of drug intake 

alternate with periods of abstinence. For example, the 

following pattern of intravenous amphetamine abuse has been 

reported for humans. "The drug is injected about every two 

hours around the clock for a period of three to six days 

during which the user remains awake continuously . . .. Following 

a 'run' he 'falls out,' that is, he becomes so exhausted, 

disorganized, tense, or paranoid he ceases using the drug 

and goes to sleep .... The sleep lasts 12 to 18 hours 

following a three or four day 'run'. However, the more 

extended the 'run', the longer the recovery sleep lasts . 

.. . Upon awakening he is famished, his paranoid state is 

largely dissipated, but he is still lethargic. At this 
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point he is ready to resume the use of n1s drug. Reinjection 

terminates the lethargy and a new 1 run 1 has started.'' 

(Kramer, Fischman, and Littlefield, 1967, p. 90). As this 

description illustrates, the characteristics of stimulant 

self-administration are similar for both the rat and human, 

which add supporting evidence to the validity of these 

techniques in predicting drug abuse liability. 

ORAL SELF-ADMINISTRATION TECHNIQUES 

Whereas the intravenous technique of drug self

-administration is undoubtedly useful, it is at the same 

time both expensive and technically difficult. Oral drug 

self-administration techniques are somewhat less expensive 

and complex, but at the same time suffer from two major 

disadvantages not found with the intravenous technique. 

With the oral technique, onset of drug action is slow, and 

consequently animals such as rats have difficulty "bridging 11 

the gap between the drinking behavior and its later 

reinforcing consequences. With the intravenous technique, 

however, onset of drug action is immediate, and therefore 

conditioning occurs much faster. The second disadvantaf,e 

of the oral self-administration technique involves 

confounding effects of drug solution palatability on drinking 

of drug solutions. When most drug solutions are made 

freely available to animals for drinking, the animals 
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typically refuse to do so, apparently because of the 

solution's aversive taste. Animals have previously had to 

be forced to drink drug solutions either by making no 

other drinking solution available or requiring drinking 

to avoid electric shock. We have recently tried a new 

approach for getting animals to self-administer drugs by 

drinking, and have had considerable success in doing so 

(Meisch and Pickens, 1968; Meisch, 1969). 

With this technique, large amounts of drug solution 

are consumed and electric shock is not used. The technique 

is based on the phenomenon of schedule-induced polydipsia. 

Falk reported in 1961 that rats would drink large amounts 

of water if placed on an intermittent schedule of food 

reinforcement. On such a schedule, an animal responds by 

pressing a lever for a small pellet of food, but not every 

response produces food however, only those occurring after 

a variable period of time since the last reinforcement. 

Since the animal has no way of determining which response 

will deliver the food pellet, it responds continuously 

at an intermediate rate. Falk observed that when animals 

responded for food in such situations, they also drank 

large amounts of water, sometimes 3-4 times as much durine 

the snort work session as during a normal 24-hr. period, 

and up to one-half of their body weight in fluids (Falk, 

1961). By substituting a drug solution for the water in 
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Falk's procedure, we have induced the animals to drink 

large amounts of cocaine solution (Meisch and Pickens, 

unpublished data). Furthermore, by requiring the animal to 

press another lever to obtain the drinking solution, an 

accurate record can be obtained of the animal's drinking 

behavior. An advantage to using the technique 1s that 

changes in the food reinforcement baseline can be used to 

assess drug effects. This technique is useful 1n overcoming 

to some extent the suppressive effects of aversive taste 

on drinking, thereby allowing the animal to become 

experienced with the drug's effects. 

INHALATION SELF-ADMINISTRATION TECHNIQUES 

The third technique of drug self-administration 

involves drug delivery by inhalation. This technique 

has ueen used with drugs which can be conveniently placed 

in an aerosol suspension. One such technique was used 

by Jarvik (1967) to study the self-administration of 

nicotine in monkeys. His animals were trained to "smoke 1' 

by sucking on a metal tube to obtain vapor from either 

burning cigarettes or tobacco. 

Another device for studying the self-administration 

of gaseous materials has been described by Lone and Tapp 

(1968). With this device, cleaned air is slowly circulated 

through an animal chamber. Responding by the animal shuts 

off the air flow and at the same time introduces a 
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drug-aerosol suspension into the chamber for a predetermined 

period of time. The air circulation system is then 

reactivated, which cleans the chamber of the drug suspension. 

Both of these inhalation techniques are presently being 

used to study the reinforcing characteristics of drugs. 

liEW TECHNIQUES 

As was mentioned earlier, one of the advantages to 

viewing drug dependence as a reinforcement phenomenon is 

in suggesting new approaches to the problem of predicting 

drug dependence liability. As a group, reinforcers possess 

many common behavioral characteristics~ however, the only 

one which has been used in the laboratory to predict drug 

dependence liability is their tendency to strengthen the 

behavior they follow, hence the self-administration 

techniques. There is another characteristic of reinforcers, 

however, which could also be used to predict drug dependence 

liability. This characteristic is that stimuli which 

regularly precede and signal the presentation of reinforcers 

come to elicit generalized excitement in animals. The 

same stimulus, however, if used to sifnal the presentation 

of a non-reinforcer will produce no such excitement. A 

test for drug dependence liability may therefore involve 

determining whether or not increased activity occurs to 

stimuli which have previously signalled the administration 

of drug compound. If increased activity is observed to the 
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stimuli, this would indicate the drug has reinforcing 

properties, and therefore was subject to dependence. 

Hopefully, other characteristics of reinforcers can 

equally be used for these purposes. 

SUHMARY 

While the present report was concerned solely with 

behavioral techniques for predicting drug dependence 

liability, it should be recognized that other approaches to 

the problem also exist. Dependence liability, for example, 

might equally be based on a drug's chemical structure or 

mechanism of action, or even on the cultural characteristics 

of the population of people using a drug. Furthermore, one 

should also consider the very likely possibility that no 

one single approach, behavioral or otherwise, may ever be 

adequate for these predictive purposes, that eventually 

the use of a combination of techniques from a variety of 

disciplines may prove necessary. Finally, although the 

behavioral techniques described in this paper have employed 

stimulant drugs as models, these techniques possess a degree 

of generality which allows them to be employed in predicting 

dependence liability of other classes of drugs as well. 

Thus, these techniques also have considerable value as tools 

in studying the factors which affect drug dependence in 

general. 
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