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Abstract

Over the past decade, data collected in our laboratory have demonstrated that self-administered cocaine produces Opponent-Process-like

behavioral effects. Animals running a straight alley once each day for IV cocaine develop over trials an approach–avoidance conflict about

re-entering the goal box. This conflict behavior is characterized by a stop in forward locomotion (usually at the very mouth of the goal box)

followed by a turn and ‘retreat’ back toward the goal box. The results of a series of studies conducted over the past decade collectively

suggest that the behavioral ambivalence exemplified by rats running the alley for IV cocaine stems from concurrent and opponent positive

(rewarding) and negative (anxiogenic) properties of the drug—both of which are associated with the goal box. These opponent properties of

cocaine have been shown to result from temporally distinct affective states. Using a conditioned place preference test, we have been able to

demonstrate that while the initial immediate effects of IV cocaine are reinforcing, the state present 15 min post-injection is aversive. In our

most recent work, the co-administration of IV cocaine with either oral ethanol or IV heroin was found to greatly diminish the development

and occurrence of retreat behaviors in the runway. It may therefore be that the high incidence of co-abuse of cocaine with either ethanol or

heroin, stems from the users’ motivation to alleviate some of the negative side effects of cocaine. It would seem then that the Opponent

Process Theory has provided a useful conceptual framework for the study of the behavioral consequences of self-administered cocaine

including the notion that both positive and negative reinforcement mechanisms are involved in the development and maintenance of cocaine

abuse.

q 2003 Elsevier Ltd. All rights reserved.
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Human users of cocaine describe two distinct affective

consequences of drug administration: an initial and

profound euphoria typically followed by a state character-

ized by anxiety, fatigue, agitation, depression, and often-

times cravings for more cocaine [1,73,82,88,89]. Clinical

studies report that while the euphoric effects of cocaine

remain stable over time, the negative properties of the drug

appear to increase with time and can even precipitate

episodes of panic attack and other related anxiogenic states.

Indeed, there is a large and rapidly growing literature on the

relationship between anxiety and cocaine in human drug

users [14,18,34,38,51,52,68,87]. The notion that cocaine

has negative or aversive side effects has also been suggested

by the results of animal research studies. For example, over

two decades ago, Spealman [85] reported that monkeys

trained to lever-press for intravenous cocaine, also chose to

press a second lever that terminated drug availability. In

more recent studies, cocaine has been observed to decrease

punished responding in a rodent conflict test [29], to have

anxiogenic effects in the pentylenetetrazol discrimination

test [71], induce anxiogenic-patterns of exploratory beha-

vior in the mouse elevated plus-maze [75], and to increase

animals’ latency to enter an open field (thought to be a

measure of anxiety) [81,93]. The relationship between

cocaine and anxiety is also consistent with reports of

cocaine-induced changes in brain benzodiazepine receptors

[35,36] and increases in the secretion of adrenocorticotropin
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(ACTH) and corticotropin-releasing factor (CRF) [36,37,

67,74]. Together, these studies provide clinical, behavioral

and neurochemical evidence suggesting that cocaine

administration induces two distinct and powerful affective

states—the first a strong positive euphoric reaction,

followed temporally by a negative anxiogenic state whose

onset occurs as the drug levels in plasma begin to fall.

1. Dual actions of cocaine in a runway model of cocaine

self-administration

In our own work at UCSB, we came upon these dual

opponent actions of cocaine somewhat inadvertently as part

of our efforts, started in the early 1990s, to develop a means

of reliably assessing an animal’s motivation to seek

reinforcing psychoactive drugs. We conceptualize motiv-

ation as the state or process that results in the initiation of

goal-seeking behavior and hence is an antecedent condition

of behavior. In contrast, reinforcement, is defined as a

consequence of operant behavior that serves to increase the

probability that an organism will repeat successful goal-

directed responses. It seemed to us at the time, that research

on drug reinforcement was conducted almost exclusively in

operant chambers in which drugged animals were lever

pressing to maintain their drugged state. While this work has

proven remarkably important as a means of identifying the

underlying neurobiology of drug reinforcement (e.g. see

Reviews [79,80,91,92]), it was unclear whether or not such

studies would shed much light on the antecedent motiva-

tional state that presumably led to the initiation of the

operant responding in the first place (although see Ref.

[27]). We therefore decided to leave our operant boxes in

favor of the straight-alley which has a long history of use as

a model for assessing the motivational state of the subject

[6,13,53]. In this work, Run Times (from start box to goal

box) are used as a measure of the subjects’ motivation to

seek reinforcing stimuli that on previous trials had been

presented in the goal box. Over the course of a 2 year period,

we developed an automated system that permitted animals

fitted with intravenous catheters to traverse a six-foot

runway and enter a goal box where infrared sensors detected

their presence, closed the goal-box door, and activated a

syringe pump that infused the reinforcing drug into the

subject’s bloodstream (see Ref. [31] for a detailed

description of the apparatus). In our protocol, rats are

typically run on a single trial per day and so their Run Times

are not confounded by the inherent motoric side effects

(some excitatory and some inhibitory) of the drug

reinforcers that we are studying.

While we observed that rats run the alley faster each day

for food [11,20,44,64], water [21,24], sex [54,55,56],

amphetamine [19], or heroin [25,63], qualitatively different

results were observed with cocaine. Although cocaine-

reinforced animals continued to initiate each successive

trial with statistically ‘normal’ start latencies, they take

progressively longer to actually reach the goal box on each

successive trial (beginning about 10–14 days into the

experiment). Closer examination of the animals’ runway

behavior revealed that the elevation in Run Times was not

because the animals were running more slowly, but rather

because of the increased occurrence of a unique stop-and-

retreat behavior as the experiment progressed [22,23,33].

Over trials, animals running the alley for IV cocaine,

develop a tendency to quickly approach the goal box entry,

stop their forward locomotion, peek their nose into the goal

box, then turn and scamper all the way back to the start box.

We refer to this as ‘retreat behavior’ and modified our

runway with sets of infrared emitters and detectors along its

entire length in order to create a clearer and more objective

measure of the subjects’ intra-alley behavior. With real-time

location data and the help of our own custom software, we

were able to produce computer-generated spatio-temporal

records of each trial—a pictorial representation of the

precise route that the animal took from start box to goal box

on any given trial. Fig. 1 provides a representative example

of an animal’s spatio-temporal record after 14 trials of

cocaine. Time is represented along the abscissa and location

in the alley (with position ‘1’ being in the start box and

position ‘10’ being the threshold of the goal box—

photocells 11 and 12 are actually located inside the goal

box; subjects must break the infrared beam at position 11 for

the computer to automatically close the goal box door

behind them and deliver the drug reinforcer). In these

records, the slope of the curves is representative of the speed

with which the animals are running (gentle slopes would be

indicative of slower running) and horizontal lines represent

Fig. 1. A representative spatio-temporal record from a single trial of an

experienced animal running a straight alley once a day for IV cocaine. The

record illustrates the path that the subject took to reach to the goal box and

earn the drug reinforcer. The locations in the runway are represented by the

numbers on the ordinate, with ‘1’ being an infrared sensor in the start box

and 9 being one just outside the goal box entry. Positions 10–12 are inside

the goal box. In the sample shown, the rat made numerous approach–

avoidance ‘retreats’ (stopping forward movement and returning back

toward the goal box) which are representative of mixed positive and

negative associations with the cocaine goal box.
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pauses in the subject’s movement. Finally, the number of

peaks serves as a measure of the retreat frequency for a

given animal on a given trial. As one can see in Fig. 1, this

subject ran quickly toward the goal but stopped and

retreated multiple times before he actually entered the

goal box (and received an IV injection of cocaine).

Analysis and investigation of the retreat phenomenon

revealed several important features. For example, the

retreats were extremely uncommon in unconditioned

animals and in animals reinforced with other natural or

drug reinforcers. For example, we compared the runway

behavior of subjects traversing the alley for single injections

of either IV cocaine or IV heroin [23]. Both groups behaved

comparably at the outset, exhibiting faster start latencies and

faster Run Times over trials; however, by the second week

of testing the cocaine subjects behaved in a manner

comparable to that exhibited by the animal represented in

Fig. 1, while the heroin animals behaved like more

traditional reinforcers and continued to run more and

more quickly over trials [23]. It would seem then, that the

motivational state underlying drug-seeking behavior is

qualitatively different for heroin- and cocaine-reinforced

animals. A second unique feature of retreat behavior, is that

the locations in the alley where the animals stop their

forward movement and turn back toward the start box are

not randomly located, but rather occur in close proximity to

the goal box entryway (see Fig. 1; also Refs. [22,23]). This

tendency to stop just outside the goal and then turn and

retreat is a situation reminiscent of Neil Miller’s classic

description of approach–avoidance behavior [66] almost 60

years ago and suggested that the ambivalence we were

observing in our cocaine animals about entering the goal

box, was a consequence of mixed positive and negative

associations with that location. Indeed, like other forms of

conflict behavior [8,12,16] retreat behavior was found to be

dose-dependently reversed by pretreatment with the benzo-

diazepine agonist, diazepam [22,33]. In other experiments

we have shown that these same animals that produce retreat

behavior in the alley, develop reliable preferences for a

cocaine-paired environment, thereby demonstrating that the

cocaine has still maintained its inherent reinforcing action

[22] in such animals.

If retreat behavior truly reflects the presence of an

approach–avoidance conflict then the pattern of behavior

observed in our cocaine-reinforced animals ought to be

comparable to those observed in rats experiencing more

traditional positive þ negative goal box events. We there-

fore trained hungry rats to traverse an alley for food

reinforcement and then added a mild foot-shock upon their

entry into the goal box [33]. While the food-reinforced

animals continued to enter the goal box with normal

latencies and exhibited no retreat behavior, those animals

that earned food coupled with foot-shock made progress-

ively more retreats over trials. Animals for whom food

reinforcement was completely replaced with foot-shock,

initially exhibited retreat behavior (they continued to enter

the goal box where they had learned food would be located)

but soon came to avoid the goal box all together.

Additionally, as was the case for the cocaine-reinforced

animals [22], the retreat behavior in the food þ shock group

occurred in close proximity to the goal box entryway and

was dose-dependently decreased by the anxiolytic agent

diazepam [33]. Finally, in a separate experiment, animals

whose retreat behavior had extinguished over a 2 week

period (the food reinforcer was continued without the foot-

shock), demonstrated a reinstatement of that behavior when

pretreated with the anxiogenic benzodiazepine inverse

agonist FG7142 [32]. Two aspects of these results are

relevant here: first, the nature and frequency of the retreat

behavior exhibited by the food–shock group was virtually

identical to that of subjects running an alley for IV cocaine

reinforcement; and second, the continued demonstration of

retreat behavior over trials required the concurrent presen-

tation of both food and shock stimuli. Thus, while the shock

only group did initially exhibit some retreats, these animals

quickly learned to completely avoid the goal box. There-

fore, taken together, our data again suggest that retreat

behavior occurs as a consequence of an approach–avoid

conflict that stems from concurrent positive (reinforcement)

and negative (anxiogenic) associations with the goal box.

2. Opponent process actions of cocaine in a conditioned

place preference test

The demonstration that cocaine appears to produce a dual

set of actions—one positive and the other negative in nature,

has naturally renewed interest in the Opponent Process

Theory of motivated behavior (see original descriptions by

Solomon and Corbit [84]), as well as more recent variations

of the theory [3,49,50]. Central to this theory is the notion

that the consequences of any stimulus that induces a change

in affective state is 2-fold—an initial experience (State ‘A’)

is activated, peaks and eventually wanes, upon which a

second experience (State ‘B’) that is opposite in affective

valence to the first, becomes predominant. Solomon [83] has

described this conception of two opponent processes as

follows:

First, when the stimulation begins, there is a rapid

departure from baseline affect, which peaks in a few

seconds (State A). Next, the affect intensity or magnitude

starts to decline, even while the precipitating stimulus is

present. The decreased State A affect then approaches a

relatively stable steady state. When the stimulus event is

terminated, there is a quick, phasic decrease in the affect

level until the baseline is crossed, and then a new

contrasting affective state (State B) emerges…[83]

p. 694.

Fig. 2 provides a schematic representation of the

Opponent Process Theory as described above by Solomon
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[83]. In this context, the initial positive euphoric effects of

cocaine are representative of State A, while the subsequent,

negative opponent effects would represent state B. Thus,

following cocaine administration, the initial affective

experience (indicated in Fig. 2 by time point A) would be

characterized as positive to the subject while the affective

state at time point B would be diametrically opposite and

occur only after the initial positive state had waned.

To test the concept of opponent processes in the lab, we

directly compared the affective experience of subjects

immediately after IV cocaine administration (State A;

corresponding to time-point A in Fig. 2) with that present

several minutes afterwards when the drug ‘high’ had

subsided (State B; corresponding to point B in Fig. 2).

This was accomplished using a conditioned place pre-

ference procedure in which a novel environment was paired

with the effects of cocaine either immediately after, 5 min

after, or 15 min after an IV injection [26]. The place

conditioning paradigm is particularly well-suited for

examining this question since it makes use of the fact that

rats will readily learn to approach or avoid distinctive

environments, respectively, paired with either rewarding or

aversive events [4,78,86]. The results of this experiment are

shown in Fig. 3. As the figure clearly illustrates, the initial

effects of IV cocaine (either immediately after or 5 min after

injection) were positive in nature and animals came to prefer

a distinct environment associated with the effects of the drug

present at that time point. However, animals exposed to the

same distinct environment beginning 15 min after the same

IV injection of cocaine, demonstrated a reliable aversion to

that location during the test session. Note that these data

cannot be explained by a weakening in conditioning

produced by the insertion of a delay between the drug and

place stimuli—such an account of the results might predict

that the 15-min delay group would show no conditioning

(because the CS-US interval was too long), but not a

significant ‘aversion’ to the drug-paired side. Thus, while

there are undoubtedly a myriad of different hypotheses that

might be evoked to account for these results, they remain

both intriguing and of course consistent with the notion that

the ‘state’ present 15-min after IV cocaine may be

qualitatively different than that immediately after, or

5 min after, cocaine administration.

3. Co-administration of alcohol or heroin as a means

overcoming the anxiogenic properties of cocaine

Human drug self-administration is typically a polydrug

phenomenon—human users rarely restrict themselves to a

single drug over the course of time or even within the same

self-administration session. In this context, the recognition

that IV cocaine has adverse or negative consequences might

account for why some human cocaine users choose to

concurrently self-administer other psychoactive drugs along

Fig. 2. A schematic representation of the affective response to an injection

of cocaine as predicted from Opponent Process Theory. Following

administration there is an initial positive reaction that rises quickly to a

short-lived peak level (time point ‘A’), and then decreases to a steady state

level that eventually gives way and drops back toward initial baseline

(neutral) levels. The delayed onset of a second opposing negative/aversive

state is in part responsible for the reduction in positive affect and in time

exerts a net negative impact on the subject’s affective experience (time

point ‘B’).

Fig. 3. Opponent process actions of cocaine as revealed in the conditioned

place preference test. Time spent in the cocaine-paired environment is

expressed as mean (^SEM) difference scores (in s): test day less baseline

day performance. Values above the zero line indicate greater time spent in

the cocaine-paired environment after conditioning while values below the

line indicate a shift away from the cocaine-paired environment (place

aversions) following conditioning. The 0-day and 5-min delay groups

produced reliable shifts toward the cocaine environment (place prefer-

ences), while the 15-min delay group exhibited a conditioned aversion for

that environment. Reprinted with permission from Ettenberg et al. [26].
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with the cocaine. For example, epidemiological studies

estimate that anywhere from 50 to 90% of those who

chronically self-administer cocaine choose to concurrently

ingest alcohol [1,2,9,10,40,58,76]. Some have suggested

that a substantial subset of this population may be using

alcohol as a means of self-medication to ‘treat’ the

anxiogenic side effects of the cocaine [7,30]. The concurrent

use of cocaine and alcohol has also been reported to prolong

the initial cocaine-high while reducing the magnitude of the

subsequent anxiety and other dysphoric reactions that

characterize the cocaine ‘crash’ [43,62,70]. We tested this

notion in the animal laboratory by training thirsty rats to run

an alley for IV cocaine and then permitting them to drink

various solutions of ethanol or water immediately after their

removal from the goal box (i.e. 5 min post-cocaine

injection). Cocaine-reinforced animals permitted to drink

water after their runway trials, developed the normal pattern

and frequency of approach–avoidance retreat behavior in

the runway. However, animals permitted to drink ethanol

immediately upon their removal from the apparatus,

exhibited a dose-dependent reduction in the occurrence

of retreat behaviors in the runway [46]. The delayed timing

of the ethanol consumption relative to the cocaine infusion

suggests that the ethanol may have acted to reduce the

intensity or onset of the negative properties of the

cocaine either via its own inherent reinforcing properties

[15,39,41,48,60,65] or its well documented anxiogenic

effects [5,57,90].

A possible pharmacological explanation for the effects of

the cocaine þ alcohol combination involves the production

of cocaethylene—a psychoactive metabolite of cocaine that

is only formed when both cocaine and alcohol are

concurrently present in the liver [17,28,62]. Because

cocaethylene is itself reinforcing [45,72,77] its delayed

onset relative to that of cocaine may account for the

‘prolonged high’ that users describe when taking cocaine

and alcohol in combination. Additionally, the longer half-

life of the metabolite relative to that of its parent compound,

cocaine [61,62,69] may serve to counteract or mask the

onset of cocaine’s anxiogenic actions. If this notion is

correct, then one would predict that the immediate effects of

cocaethylene would be rewarding and longer lasting than

those of cocaine. To test this, Knackstedt et al. [47] recently

compared the immediate positive and delayed negative

properties of cocaine with cocaethylene using the con-

ditioned place preference procedure as described earlier for

cocaine alone [26]. Once again the rats demonstrated strong

place preferences for an environment associated with the

immediate effects of IV cocaine, and aversions for an

environment paired with the effects of the same dose present

15 min after cocaine. However, animals treated with an

equimolar dose of cocaethylene, produced comparable

preferences in the no-delay condition, but no aversions for

places associated with the effects present 15-min post-

injection. A small place aversion was demonstrated in a 30-

min delayed group. These place preference data are

therefore consistent with the pharmacological data demon-

strating that the metabolite has a longer half-life than

cocaine; additionally, and perhaps most importantly, the

negative properties of cocaethylene were delayed and

reliably weaker than those observed following IV cocaine

[47]. Thus, whether via its own positive effects, or through

its role in the production of the cocaethylene metabolite, the

addition of alcohol appears to offset the development of the

negative state that would otherwise occur following cocaine

administration.

A second drug that is reported to be commonly co-

administered with cocaine is the opiate agonist, diacetyl-

morphine (heroin). The self-administration of this drug

combination is colloquially referred to as ‘speedballing’ and

may act, like alcohol, to counteract the negative properties

inherent in the cocaine crash. As is the case for alcohol,

heroin may have its desired effects either through its own

positive reinforcing properties or anxiolytic actions. For

example, a recent clinical study [59] reported that men who

used cocaine þ opiates had significantly elevated indices of

‘trait anxiety’ compared to those who chose to use cocaine

alone. It therefore seemed reasonable to hypothesize that

cocaine users experiencing strong anxiogenic side effects

might medicate themselves by adding heroin to ‘take the

edge off’ of the aversive aspects of the cocaine experience.

Our preliminary results [42] are consistent with this

possibility. Animals were trained to run a straight alley

for IV cocaine reinforcement once each day until retreat

behaviors had developed (i.e. during the second week of

testing). The rats were then assigned to groups that differed

in the dose of heroin (0.0–0.1 mg/kg/injection) that was

added to the standard 0.75 mg/kg/injection dose of cocaine

that they had experienced each day in the goal box of the

runway. The results clearly demonstrated that while the

retreat frequency of the cocaine animals continued to

increase over trials, the rats reinforced with a ‘speedball’ of

cocaine þ heroin showed no further increases in retreat

frequency over another 2-week period of daily testing. Thus,

as was the case with alcohol, the addition of heroin appeared

to immunize the subjects from the negative properties of the

IV cocaine and might therefore account for the motivation

of cocaine addicts to engage in speedballing behavior.

4. Summary

Both the classic and more contemporary accounts of

Opponent Process Theory, predict changes in the underlying

States A and B during the addictive process [49,50,83,84].

For example, Solomon [83] explains that with repeated

exposure to the drug “the positive reinforcer loses some of

its power, but the negative reinforcer gains power and lasts

longer” (p. 696). The conditioned place preference study

described above (see Fig. 3) confirms what appears to be

two diametrically opposing states that result from a single

identical injection of IV cocaine—an immediate positive
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state followed shortly thereafter by a negative/aversive

state. The effects of repeated exposure to the drug were

observed in runway experiments in which rats traversing a

straight alley for IV cocaine exhibited a growing ambiva-

lence about entering the goal box (retreat behaviors)

beginning 10–14 days into testing and increasing with

trials thereafter. The runway data are therefore also

consistent with the predictions of Opponent Process Theory

in that the occurrence and increased frequency of retreats

with repeated testing might be reflective of the increasing

strength of the underlying negative state relative to the

positive state as drug exposure is increased. It would seem

then that the motivation of individuals to self-administer

cocaine likely involves two forms of reinforcement. The

initial euphoria would serve as a powerful positive

reinforcing stimulus that accounts for the initiation and

contributes to the maintenance of cocaine self-adminis-

tration; and the profound anxiogenic and dysphoric state

that comes to accompany the cocaine crash would serve as a

potent source of negative reinforcement that ensures that

cocaine self-administration is reinstated and maintained.

These dual opponent actions of cocaine might also account

for why human users often combine their cocaine with other

drugs. In the laboratory, the development and/or occurrence

of runway retreat behaviors (reflective of the presence of

dual positive and negative properties of cocaine) can be

reliably attenuated by the co-administration of either

alcohol or heroin. It would seem then that the combination

of cocaine and alcohol or cocaine and heroin may represent

attempts on the part of users to self-medicate against the

delayed onset of the negative properties of the cocaine. In

conclusion, the Opponent Process Theory has proven to be a

valuable theoretical tool to help understand the behavioral

consequences of cocaine administration in both human and

animal subjects.

Acknowledgements

The research described above was the result of

collaborations with a host of extremely talented graduate

students and laboratory technicians without whom there

might have been some good ideas, but not anywhere

nears enough data. In particular, I am indebted to those

who worked on the opponent process experiments. They

include Mary Raven, Lori Knackstedt, Daniel Guzman,

with help from Brian Necessary and Rick Bernardi.

Special thanks to my colleague Osnat ben Shahar for her

valuable input on all aspects of our research and to

Timothy Geist for his work on the initial design of the

runway apparatus. This work was supported by PHS

grant DA05041 which would never have happened

without the help and encouragement of Roger Brown at

NIDA. Thanks Rog, we miss you.

References

[1] Anthony JC, Tien AY, Petronis KR. Epidemiologic evidence

on cocaine use and panic attacks. Am J Epidemiol 1989;129:

543–9.

[2] Anthony JC, Warner LA, Keesler RC. Comparative epidemiology of

dependence on tobacco, alcohol, controlled substances and inhalants:

basic findings from the National Comorbidity Survey. Exp Clin

Psychopharmacol 1994;2(3):244–68.

[3] Baker TB, Morse E, Sherman JE. The motivation to use drugs: a

psychobiological analysis of urges. Nebraska Symp Motivation 1986;

34:257–323.

[4] Bardo MT, Bevins RA. Conditioned place preference: what does it

add to, our preclinical understanding of drug reward. Psychopharma-

cology 2000;153:31–43.

[5] Blanchard RJ, Magee L, Veniegas R, Blanchard DC. Alcohol and

anxiety: ethopharmacological approaches. Prog Neuropsychopharma-

col Biol Psychiatry 1993;17(2):171–82.

[6] Blodgett HC. The effect of the introduction of reward upon the maze

performance in the rat. Univ California Pub Psychol 1929;4:113–34.

[7] Brady JT, Sonne S, Randall CL, Adinoff B, Malcolm R. Features of

cocaine dependence with concurrent alcohol abuse. Drug Alcohol

Depend 1995;39:69–71.

[8] Brioni JD, Cordoba N, Orsingher OA. Decreased reactivity to the

anticonflict effect of diazepam in perinatally undernourished rats.

Behav Brain Res 1989;34:159–62.

[9] Broofkoff D, Raotondo MF, Shaw LM. Cocaethylene levels in

patients who test positive for cocaine. Ann Emerg Med 1996;27:

316–20.

[10] Carroll KM, Rounsaville BJ, Bryant BJ. Alcoholism in treatment-

seeking cocaine abusers: clinical and prognostic significance. J Stud

Alcohol 1993;54:199–208.

[11] Chausmer AL, Ettenberg A. A role for D2, but not D1, dopamine

receptors in the response-reinstating effects of food reinforcement.

Pharmacol Biochem Behav 1997;57:681–5.

[12] Costello NL, Carlson JN, Glick SD. Acute administration of diazepam

and buspirone in rats trained on conflict schedules having different

degrees of predictability. Pharmacol Biochem Behav 1991;40:

787–94.

[13] Crespi LP. Quantitative variation of incentive & performance in the

white rat. Am J Psychol 1942;55:467–517.

[14] Cox BJ, Norton GR, Swinson RP, Endler NS. Substance abuse and

panic-related anxiety: a critical review. Behav Res Ther 1990;28:

385–93.

[15] Czachowski CL, Slawecki CJ, Grahame NJ, Thiele TE, Katner SN.

Approaches to understanding the neurobiological regulation of

ethanol self-administration: a young investigators forum. Alcohol

Clin Exp Res 2001;25:293–8.

[16] Dalterio SL, Wayner MJ, Geller I, Hartmann RJ. Ethanol and diazepam

interactions on conflict behavior in rats. Alcohol 1988;5:471–6.

[17] Dean RA, Christian CD, Sample RHB, Borson WF. Human liver

cocaine esterases; ethanol-mediated formation of ethylcocaine.

FASEB 1991;2736:2735–9.

[18] DeVries AC, Pert A. Conditioned increases in anxiogenic-like

behavior following exposure to contextual stimuli associated with

cocaine are mediated by corticotropin-releasing factor. Psychophar-

macology (Berlin) 1998;137:333–40.

[19] Ettenberg A. Haloperidol prevents the reinstatement of amphetamine-

rewarded runway responding in rats. Pharmacol Biochem Behav

1990;36:635–8.

[20] Ettenberg A, Camp CH. Haloperidol induces a partial reinforcement

extinction effect in rats: implications for a dopamine involvement in

food reward. Pharmacol Biochem Behav 1986;25:813–21.

[21] Ettenberg A, Camp CH. A partial reinforcement extinction effect in

water-reinforced rats intermittently treated with haloperidol. Pharma-

col Biochem Behav 1986;25:1231–5.

A. Ettenberg / Neuroscience and Biobehavioral Reviews 27 (2004) 721–728726



[22] Ettenberg A, Geist TD. An animal model for investigating the

anxiogenic properties of self-administered cocaine. Psychopharma-

cology 1991;103:455–61.

[23] Ettenberg A, Geist TD. Qualitative and quantitative differences in the

operant runway behavior of cocaine and heroin reinforced rats.

Pharmacol Biochem Behav 1992;44:191–8.

[24] Ettenberg A, Horvitz JC. Pimozide prevents the response-reinstating

effects of water reinforcement in rats. Pharmacol Biochem Behav

1990;37:465–9.

[25] Ettenberg A, MacConell LA, Geist TD. Effects of haloperidol in a

response-reinstatement model of heroin relapse. Psychopharmacology

1995;124:205–10.

[26] Ettenberg A, Raven MA, Danluck DA, Necessary BD. Evidence for

opponent-process actions of intravenous cocaine. Pharmacol Biochem

Behav 1999;64:507–12.

[27] Everitt BJ, Robbins TW. Second-order schedules of drug reinforce-

ment in rats and monkeys: measurement of reinforcing efficacy and

drug-seeking behaviour. Psychopharmacology 2000;153:17–30.

[28] Farre M, de la Torre R, Llorente M, Lamas X, Ugena B, Segura J,

Cami J. Alcohol and cocaine interactions in humans. J Pharmacol Exp

Ther 1993;266:1364–73.

[29] Fontana DJ, Commissaris RJ. Effects of cocaine on conflict behavior

in the rat. Life Sci 1989;45:819–27.

[30] Gawin FH, Kleber HD. Abstinence symptomatology and psychiatric

diagnosis in cocaine abusers: clinical observations. Arch Gen

Psychiatry 1986;43:107–13.

[31] Geist TD, Ettenberg A. A simple method for studying intravenous

drug reinforcement in a runway. Pharmacol Biochem Behav 1990;36:

703–6.

[32] Geist TD, Wilson J, Ettenberg A. The anxiogenic properties of a

benzodiazepine inverse agonist (FG-7142) as revealed using an

operant runway paradigm. Soc Neurosci Abstr 1993;19:373.

[33] Geist TD, Ettenberg A. Concurrent positive and negative goal box

events produce runway behaviors comparable to those of cocaine-

reinforced rats. Pharmacol Biochem Behav 1997;57:145–50.

[34] Geracioti Jr. TD, Post RM. Onset of panic disorder associated with

rare use of cocaine. Biol Psychiatry 1991;29:403–6.

[35] Goeders NE. Cocaine differentially affects benzodiazepine receptors

in discrete regions of the rat brain: persistence and potential

mechanism mediating these effects. J Pharmacol Exp Ther 1991;

259:574–81.

[36] Goeders NE. The HPA axis and cocaine reinforcement. Psychoneur-

oendocrinology 2002;27:13–33.

[37] Goldstein A. Heroin addiction: neurobiology, pharmacology, and

policy. J Psychoactive Drugs 1991;23(2):123–33. April–June.

[38] Goodwin RD, Stayner DA, Chinman MJ, Wu P, Tebes JK, Davidson

L. The relationship between anxiety and substance use disorders

among individuals with severe affective disorders. Compr Psychiatry

2002;43:245–52.

[39] Grahame NJ, Chester JA, Rodd-Henricks K, Li TK, Lumeng L.

Alcohol place preference conditioning in high- and low-alcohol

preferring selected lines of mice. Pharmacol Biochem Behav 2001;68:

805–14.

[40] Grant BF, Harford TC. Concurrent and simultaneous use of alcohol

with cocaine: results of national survey. Drug Alcohol Depend 1990;

25:97–104.

[41] Grathwohl C, Dadmarz M, Vogel WH. Oral self-administration of

ethanol and cocaine in rats. Pharmacology 2001;63(3):160–5.

[42] Guzman D, Massion T, Ettenberg A. Heroin attenuates the anxiogenic

effects of cocaine in a runway model of drug self-administration.

Program No. 806.4.2002 Abstract Viewer/Itinerary Planner, Washing-

ton, DC: Society for Neuroscience; 2002. Online.

[43] Higgins ST, Rush CR, Bickel WK, Hughes JR, Lynn M, Capeless

MA. Acute behavioral and cardiac effects of cocaine and alcohol

combinations in humans. Psychopharmacology 1993;111:285–94.

[44] Horvitz JC, Ettenberg A. Haloperidol blocks the response reinstating

effects of food reward: a methodology for separating neuroleptic

effects on reinforcement and motor processes. Pharmacol Biochem

Behav 1998;31:861–5.

[45] Jatlow P, Elsworth JD, Bradberry CW, Winger G, Taylor JR, Russel

R, Roth RH. Cocaethylene: a neuropharmacologically active

metabolite associated with concurrent cocaine–ethanol ingestion.

Life Sci 1991;48:1787–94.

[46] Knackstedt LA, Ettenberg A. Ethanol consumption reduces the

anxiogenic effects of IV cocaine in rats. Program No. 806.8.2002

Abstract Viewer/Itinerary Planner, Washington, DC: Society for

Neuroscience; 2002. Online.

[47] Knackstedt LA, Samimi MM, Ettenberg A. Evidence for opponent-

process actions of intravenous cocaine and cocaethylene. Pharmacol

Biochem Behav 2002;72(4):931–6.

[48] Koob GF. Animal models of craving for ethanol. Addiction 2000;

95(2):S73–S81.

[49] Koob GF, Stinus L, LeMoal M, Bloom FE. Opponent-process theory

of motivation: neurobiological evidence from studies of opiate

dependence. Neurosci Biobehav Rev 1989;13:135–40.

[50] Koob GF, Caine SB, Parsons L, Markou A, Weiss F. Opponent

process model and psychostimulant addiction. Pharmacol Biochem

Behav 1997;57:513–21.

[51] Kosten TA, Kosten TR, Rounsaville BJ. Cocaine symptoms are

predicted by familial psychopathology. NIDA Res Monograph 1991;

105:603–4.

[52] Kozel NJ, Adams ER, editors. Cocaine use in America: epidemio-

logical and clinical perspectives. NIDA Research Monograph 61, US

Government Printing Office; 1985.

[53] Logan FA, Incentive: how the conditions of reinforcement affect

the performance of rats, New Haven, CT: Yale University Press;

1960.

[54] Lopez HH, Olster DH, Ettenberg A. Sexual motivation in the male rat:

the role of primary incentives and copulatory experience. Hormones

Behav 1999;36:176–85.

[55] Lopez HH, Ettenberg A. Challenge during copulation prevents

subsequent increase in male sexual motivation. Pharmacol Biochem

Behav 2000;67:387–93.

[56] Lopez HH, Ettenberg A. Dopamine antagonism attenuates the

unconditioned incentive value of estrous female cues. Pharmacol

Biochem Behav 2001;68:411–6.

[57] MacDonald AB, Stewart SH, Hutson R, Rhyno E, Loughlin HL. The

roles of alcohol and alcohol expectancy in the dampening of responses

to hyperventilation among high anxiety sensitive young adults. Addict

Behav 2001;26:841–67.

[58] Magura S, Rosenblum A. Modulating effect of alcohol use on cocaine

use. Addict Behav 2000;25:117–22.

[59] Malow RM, West JA, Corrigan SA, Pena JM, Lott WC. Cocaine and

speedball users: differences in psychopathology. J Substance Abuse

Treatmt 1992;9:287–91.

[60] Marshall CE, Dadmarz M, Hofford JM, Gottheil E, Vogel WH. Self-

administration of both ethanol and nicotine in rats. Pharmacology

2003;67:143–9.

[61] McCance EF, Price LH, Kostem TR, Jatlow PI. Cocaethylene:

pharmacology, physiology and behavioral effects in humans.

J Pharmacol Exp Ther 1995;274:215–23.

[62] McCance-Katz EF, Price LH, Dougle CJ, Koslen TR, Black JE,

Jatlow PI. Concurrent cocaine–ethanol ingestion in humans:

pharmacology, physiology, behavior and the role of cocaethylene.

Psychopharmacology 1993;111:39–46.

[63] McFarland K, Ettenberg A. Haloperidol differentially affects

reinforcement and motivational processes in rats running an alley

for intravenous heroin. Psychopharmacology 1995;122:346–50.

[64] McFarland K, Ettenberg A. Haloperidol does not affect motivational

processes in an operant runway model of food-seeking behavior.

Behav Neurosci 1998;112:630–5.

[65] Middaugh LD, Lee AM, Bandy AL. Ethanol reinforcement in

nondeprived mice: effects of abstinence and naltrexone. Alcohol

Clin Exp Res 2000;24:1172–9.

A. Ettenberg / Neuroscience and Biobehavioral Reviews 27 (2004) 721–728 727



[66] Miller NE. Experimental studies of conflict. In: Hunt IMcV, editor.

Personality and the behavior disorders. New York: The Ronald Press

Company; 1944. p. 431–65.

[67] Moldow RL, Fischman AJ. Cocaine induced secretion of ACTH, beta-

endorphin and corticosterone. Peptides 1987;8:819–22.

[68] Paine TA, Jackman SL, Olmstead MC. Cocaine-induced anxiety:

alleviation by diazepam, but not buspirone, dimenhydrinate or

diphenhydramine. Behav Pharmacol 2002;13:511–23.

[69] Pan W-J, Hedaya MA. Cocaine and alcohol interactions in the rat:

contributions of cocaine metabolites to the pharmacological effects.

J Pharm Sci 1999;88:468–76.

[70] Perez-Reyes M, Jeffcoat AR. Ethanol/cocaine interaction: cocaine and

cocaethylene plasma concentrations and their relationship to sub-

jective and cardiovascular effects. Life Sci 1992;51:553–63.

[71] Prather PL, Lal H. Protracted withdrawal: sensitization of the

anxiogenic response to cocaine in rats concurrently treated with

ethanol. Neuropsychopharmacology 1992;6:23–9.

[72] Raven MA, Necessary BD, Danluck DA, Ettenberg A. Comparison of

the reinforcing and anxiogenic effects of intravenous cocaine and

cocaethylene. Exp Clin Psychopharmacol 2000;8:117–24.

[73] Resnick RB, Resnick EB. Cocaine abuse and its treatment. Psychiatric

Clinics North Am 1984;7:713–28.

[74] Rivier C, Vale W. Cocaine stimulates adrenocorticotropin (ACTH)

secretion through a corticotropin-releasing factor (CRF)-mediated

mechanism. Brain Res 1987;422:403–6.

[75] Rogerio R, Takahashi RN. Anxiogenic properties of cocaine in the rat

evaluated with the elevated plus maze. Pharmacol Biochem Behav

1992;43:631–3.

[76] Rounsaville BJ, Anton SF, Carroll K, Buddle D, Prusoff BA, Gawin F.

Psychiatric diagnoses of treatment-seeking cocaine abusers. Arch Gen

Psychiatry 1991;48:43–51.

[77] Schechter MD. Cocaethylene produces conditioned place preferences

in rats. Pharmacol Biochem Behav 1995;51:549–52.

[78] Schechter MD, Calcagnetti DJ. Trends in place preference condition-

ing with a cross-indexed bibliography; 1957–1991. Neurosci

Biobehav Rev 1993;17:21–41.

[79] Self DW. Neural substrates of drug craving and relapse in addiction.

Ann Med 1998;30:379–89.

[80] Shalev U, Grimm JW, Shaham Y. Neurobiology of relapse to heroin

and cocaine seeking: a review. Pharmacol Rev 2002;94:1–42.

[81] Simon P, Dupuis R, Constentin J. Thigmotaxis as an index of anxiety

in mice: influence of dopaminergic transmissions. Behav Brain Res

1994;61:59–64.

[82] Smith DE. Cocaine–alcohol abuse: epidemiological, diagnostic and

treatment considerations. J Psychoactive Drugs 1986;18:117–29.

[83] Solomon RL. The opponent-process theory of acquired motivation:

the costs of pleasure and the benefits of pain. Am Psychol 1980;35:

691–712.

[84] Solomon RL, Corbit JD. An opponent-process theory of motivation.

I. Temporal dynamics of affect. Psychol Rev 1974;81:119–45.

[85] Spealman RP. Behavior maintained by termination of schedules of

self-administered cocaine. Science 1979;204:1231–3.

[86] Tzschentke TM. Measuring reward with the conditioned place

preference paradigm: a comprehensive review of drug effects, recent

progress and new issues. Prog Neurobiol 1998;56:613–72.

[87] Walfish S, Massey R, Krone A. Anxiety and anger among abusers of

different substances. Drug Alcohol Depend 1990;25:253–6.

[88] Washton AM, Gold MS. Chronic cocaine abuse: evidence for adverse

effects on health and functioning. Psychiatr Ann 1984;14:733–9.

[89] Williamson S, Gossop M, Powis B, Griffiths P, Fountain J, Strong J.

Adverse effects of stimulant drugs in a community sample of drug

users. Drug Alcohol Depend 1987;44:87–94.

[90] Wilson GT. Alcohol and anxiety. Behav Res Ther 1988;26(5):

369–81.

[91] Wise RA. Opiate reward: sites and substrates. Neurosci Biobehav Rev

1989;13:129–33.

[92] Wise RA. Brain reward circuitry: insights from unsensed incentives.

Neuron 2002;36:229–40.

[93] Yang X-M, Gorman AL, Dunn AJ, Goeders NE. Anxiogenic effects of

acute and chronic cocaine administration: neurochemical and

behavioral studies. Pharmacol Biochem Behav 1992;41:643–50.

A. Ettenberg / Neuroscience and Biobehavioral Reviews 27 (2004) 721–728728


	Opponent process properties of self-administered cocaine
	Dual actions of cocaine in a runway model of cocaine self-administration
	Opponent process actions of cocaine in a conditioned place preference test
	Co-administration of alcohol or heroin as a means overcoming the anxiogenic properties of cocaine
	Summary
	Acknowledgements
	References


