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GAUVIN, D. V., K. L. GOULDEN AND F. A. HOLLOWAY. A three-choicehaloperidol-saline-cocainedrugdiscrim- 
ination task in rats. PHARMACOL BIOCHEM BEHAV 49(1) 223-227, 1994.-This study was conducted to test whether 
rats could be trained and successfully maintain a three-choice drug discrimination task using 0.1 mg/kg haloperidol (SC, 2-h 
pretreatment), saline (IP or SC, 2 h and 15 min pretreatment), and 10 mg/kg cocaine (IP, 15-min pretreatment) as training 
stimuli. Six male Sprague-Dawley rats achieved criterion performance for stimulus control by these training stimuli under a 
fixed-ratio-5 schedule of food reinforced lever-press responding in an average of 164 training sessions. Dose-response func- 
tions for cocaine and haloperidol demonstrated both quantitative and qualitative specificity of the training stimuli. The data 
also are presented along a single pharmacological continuum (agonist-antagonist) that we hypothesize to represent a parallel 
subjective or interoceptive stimulus continuum associated with the drug injections. Based on the previous multidimensional 
model of drug stimuli dimensionality (3), this specific stimulus dimension is characterized as an unidimensional bipolar 
continuum represented by the hypothetical states of hedonia or euphoria on one end (cocaine) and anhedonia or depression 
on the opponent end (haloperidol), with a neutral (saline) centroid region. We propose that this specific three-choice drug 
discrimination task in rats may function as an animal analog of the subjective states associated with cocaine abuse and the 
subsequent withdrawal or, crash, in humans (7,8,21). 

Cocaine Haloperidol Haldol ® Rats Drug discrimination Cocaine withdrawal 

OUR laboratory has proposed a set of  experiments designed 
to examine the subjective effects of  cocaine and acute cocaine 
withdrawal in the rat using a three-choice drug discrimination 
task with saline, haioperidol, and cocaine as training stimuli. 
We believed that this specific drug discrimination task would 
be sensitive to the hypothesized neurochemical substrates at- 
tributed to high dose cocaine bouts and the cocaine with- 
drawal syndrome previously described by Dackis and Gold 
(7,8). Koob and Bloom (21) have postulated a dynamic oppo- 
nent process between dopamine increases produced by cocaine 
administration as the neurochemical process of  the cocaine- 
induced euphoria, and dopamine depletion as the neurochemi- 
cal mechanism of depression or anhedonia associated with 
cocaine withdrawal [cf., (7,8)1. This hypothesis was based on 
previous work demonstrating a simple infraadditive interac- 

tion correlated with the neurochemical changes induced by 
both haloperidol and cocaine administered alone or in combi- 
nation (4). Similar reciprocal behavioral interactions have 
been reported between haloperidol and cocaine treatments by 
Epstein and Altshuler (11). We hypothesized that the three- 
choice discrimination task would mimic, in theory, the within 
systems approach described by Koob and Bloom (21) and 
would involve the complex neurochemical interactions de- 
scribed by Bhattacharyya et ai. (4). 

The long-term treatment with haloperidol during the train- 
ing of the proposed three-choice drug discrimination task 
could, in theory, alter the opposing drug stimulus (cocaine), 
due to the earlier reports that demonstrated dopaminergic su- 
persensitivity after chronic haloperidol treatments (5,6,17, 
23,25,28,31). However, there appears to be no clear agreement 
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dol as the lactate with 1.8 mg methylparaben, 0.2 mg propyl- 
paraben, and lactic acid for pH adjustment to 3.0-3.6 (5 mg/  
ml vials, McNeil Pharmaceutical, Spring House, PA) and nor- 
mal sterile saline were purchased from the pharmacy of the 
Oklahoma Memorial Hospital (Oklahoma City, OK). All 
doses of cocaine were dissolved and Haldol were diluted in 
saline and expressed in mg/kg as the salt. Each drug was 
prepared daily in a photographic darkroom and stored in a 
light-impermeable bottle (amber serum bottles, wrapped in 
aluminum foil and black tape) to prevent oxidation by light. 

Data A nalysis 

The data are presented as the percentage of  the total num- 
ber of responses emitted during the session that were distrib- 
uted on the designated stimulus injection-appropriate lever. A 
test drug dose was considered to produce discriminative ef- 
fects similar to those of the training stimuli if at least 90% 
of the total session responses were emitted on the specific 
drug-appropriate lever. This laboratory has adopted the view 
that intermediate levels of  stimulus-appropriate responding 
(10-90%) represent an accurate behavioral measure of the 
relative qualitative and quantitative similarities between the 
test condition and the training stimulus conditions (15,19). 

The mean cocaine EDso was calculated by averaging the 
linear regression analysis (least squares procedure) of the indi- 
vidual dose response functions. The cocaine EDs0 from the 
present study was compared to the cocaine EDs0 of  our previ- 
ous cocaine vs. saline (two-choice) drug discrimination task 
(12). This comparison was made in an attempt to assess a) 
the relative contamination of  the response choice measure by 
anchoring (13) the discrimination against a haloperidol stimu- 
lus and, b) the alteration of  the cocaine cue resulting from the 
chronic administration of haloperidol over the training course 
of the study. If supersensitivity to cocaine occurs as a result of 
chronic weekly injections of haloperidol, we would suspect a 
significant shift to the left in the cocaine dose-response func- 
tion (and a resulting lower EDs0) when compared to our previ- 
ous cocaine vs. saline drug discrimination task in which rats 
were never exposed to HDL. 

The rates of responding, expressed in responses per second, 
were also recorded and were used as another behavioral mea- 
sure of drug action which appears to be independent of the 
response choice measure. 

RESULTS 

The criteria for stimulus control by the three training stim- 
uli was achieved in an average of  164 training sessions (range 
160 to 170 sessions) for all six rats. Due to the nature of  the 
training stimuli and the requisite day off  after HDL training 
days, the total training period spanned approximately 7 
months. 

The rates of  responding during the sequence of the six 
consecutive training sessions scheduled in a double-alternation 
sequence (i.e., COC-COC-SAL-SAL-HDL-HDL),  and used 
as the training criteria for stimulus control, were extremely 
stable and were not significantly different from each other 
(COC--0.63 _+ 0.06; H D L - 0 . 5 8  _+ 0.05;SAL--0.60 _+ 0.07). 

Figure 1 shows the stimulus generalization functions for 
the percentage of total session responses emitted on the co- 
caine-appropriate (panel A) and haloperidol-appropriate 
(panel B) levers plotted as a function of test dose. Addition- 
ally, the percentage of total session responses emitted on all 
three levers during test sessions conducted with the full spec- 

trum of test doses of  both training drugs (including saline) is 
plotted on a hypothetical single continuum (lower panel). 
Each drug produced a graded increase in the percentage of 
total session responses emitted on the stimulus-appropriate 
lever. No responses were emitted on the HDL-appropriate 
lever during any test session conducted with various doses of 
cocaine, and vice versa, suggesting each rat was able to main- 
tain pharmacological or quantitative specificity of lower test 
doses from the training dose. The ability to plot the three 
stimulus functions along a single continuum with a resulting 
neutral (default-lever responding) centroid region suggests 
that each rat was able to maintain qualitative specificity be- 
tween the three training stimuli. 

Most importantly, the EDso for the response choice mea- 
sure of the discrimination task using the 10 mg/kg cocaine 
training stimulus in the present study was 3.24 mg/kg (SE = 
0.23). The EDs0 for a similar 10 mg/kg cocaine stimulus, 
trained in a more typical two-choice cocaine vs. saline discrim- 
ination task in this laboratory (using similar procedures), was 
3.44 mg/kg (SE = 0.45). These two EDs0s were not signifi- 
cantly different (t-test, independent groups). 

DISCUSSION 

The results of this study demonstrate that rats can be 
trained to maintain a three-choice drug discrimination task 
using haloperidol, saline, and cocaine. This discrimination did 
not seem to be based on the response class elements associated 
with the rates of responding, because these rates were not 
significantly different across drug stimulus training conditions 
that engendered significant differences in the response choice 
measure. We also believe these data support our hypothesis 
that this particular three-choice drug discrimination task pro- 
vides a behavioral assay for the measurement of  the physical 
domain of competing pharmacological stimuli. The interocep- 
tive stimuli induced by the drug injections correspond to a 
hypothesized unitary subjective dimension (3) best categorized 
as a single continuum bounded on one end by euphoria or 
hedonia (cocaine) and anhedonia or depression on the oppo- 
nent end (haloperidol), with a neutral centroid (as depicted in 
Fig. 1, lower panel). This particular subjective continuum is 
based on the within systems hypothesis of  cocaine euphoria 
and the resulting dysphoria rebound first proposed by Koob 
and Bloom [(21), described in the introductory paragraphs] 
and appears to operate through an opponent process 
(9,29,30). The dynamic unidimensionality of the proposed 
subjective attributes of these specific drug stimuli is similar 
to the affective and pharmacological continuum previously 
described by Gauvin and Holloway (14) and first proposed by 
Little, Nutt, and Taylor (22) and Nutt (24) for the affective 
attributes engendered by the benzodiazepine-~-carboline spec- 
trum. This multidimensional scaling approach (27) was first 
delineated by Barry and Krimmer (3) to explain the qualitative 
and quantitative relationships between dimensions of drug 
stimuli, in general. 

We have previously proposed an index that appears to dif- 
ferentiate between opponent and orthogonal dimensions of 
subjective states (13). Opponent unidimensionality (180 °) of 
subjective states would be characterized by: a) symmetrical 
blockade of  the individual properties of  one drug by the con- 
comitant administration of the second drug. This relationship 
has been previously demonstrated for the psychomotor stimu- 
lants and APDs (2,4,5,7,8,11,18,21), b) the ability to induce 
the opponent process that competes with, or neutralizes, the 
direct effect of the affective or subjective state induced by the 
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FIG. 1. Upper panels: the percentage of total session response emitted 
on the cocaine-appropriate lever (panel A) and the haidol-appropriate 
lever (panel B) during test sessions are plotted against various logarithmic 
doses of each of the two training drugs. Lower panel: the percentage of 
total session responses emitted on any of the three stimulus-appropriate 
levers are plotted against various logarithmic doses of the training drugs 
plotted on a theoretical single pharmacological continuum (agonist- 
antagonist) which corresponds to a unidimensional affective metric space 
best categorized as shown. Each point on all graphs reflects the group 
average (+ SEM, top panels only) percentage of total session responses 
emitted during a 20-min test session. Each point is the result of a single 
test in each of six trained animals. 

drug stimulus; this adaptation has been demonstrated by acute 
pretreatments with large doses of both psychomotor stimu- 
lants and APDs in a two-choice drug discrimination task 
(2,18), and c) represents a simple scalar or mathematical sum- 
mation of drug effects. These reciprocal relationships do not 
exist between other drug stimulus dimensions such as those 
that might be produced as a result of training other three- 
choice drug discrimination tasks (i.e., cocaine-saline-mor- 
phine) which would represent a vector (trigonometric) addi- 
tion of stimulus dimensions sensitive to both intensity and 
direction. With reference to the Barry and Krimmer (3) model 
of drug dimensions, these latter relationships between nonop- 
ponent dimensions would be represented as vector continua of 
some degree of orthogonality (i.e., not 180°), such as two 
dimensions emanating from the neutral centroid by acute or 
obtuse angles. This type of interaction would produce a com- 
bined drug effect that would be dependent upon both quantity 
and direction of the continua. Operationally, these types of 
drug interactions would produce drug mixtures that would not 
produce saline- or default-appropriate responding, but rather 
some level of responding on each of the two functioning drug 

levers. This pattern of responding has been reported by Gau- 
vin and Young (16) during drug interaction (mixture) tests 
between morphine and amphetamine by pigeons trained in a 
three-choice morphine-saline-amphetamine drug discrimina- 
tion task. 

One of the most important results of the present study 
was the lack of development of supersensitivity to the cocaine 
training stimulus over the course of chronic (once weekly) 
injections of haloperidol. The cocaine EDs0 for the response 
choice measure of the present three-choice drug discrimina- 
tion, in which the cocaine stimulus was anchored (13) against 
a 0.1 mg/kg haloperidol stimulus, was not significantly differ- 
ent from the cocaine EDs0 for the same measure in our previ- 
ous two-choice cocaine-saline drug discrimination task. This 
apparent lack of contamination of the response choice mea- 
sure for cocaine by chronic exposure to haloperidol is fully 
supported by a number of previous reports that have also 
failed to show supersensitivity to other dopamine agonists 
after up to 1 year of chronic treatment with dopamine antago- 
nists (APDs) (1,10,20,26). This apparent lack of development 
of behavioral supersensitivity to the discriminative stimulus 
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effects o f  cocaine (as measured by the drug discrimination 
task) by the concomitant  weekly injections o f  haloperidol  in 
the present study also may suggest that  dopamine  mechanisms 
may contribute to, or  even initiate, the mult idimensional  as- 
pects o f  the subjective or  interoceptive stimulus attributes o f  
cocaine, but  that these dopaminergic  mechanisms are not  the 
only or most critical substrate engendering the discriminative 
response in the rat. In other  words, dopaminergic  mechanisms 
may be a necessary but not  a sufficient mechanism for the 
expression of  the mult idimensional  stimulus attributes o f  co- 
caine. It must be remembered that  the existing literature sup- 
ports the view that the drug discriminative response is a reli- 
able behavioral  correlate o f  drug action but this correlation is 

not  equal to 1.0; drug stimulus generalization is a behavioral  
correlate o f  stimulus similarity, not  identity o f  effects. 

We believe the specific behavioral assay described in this 
study provides a sensitive measure o f  the dynamic process 
between competing or opponent  stimuli elicited by this partic- 
ular pair o f  competing agonist-antagonist drug stimuli. We 
also believe that the proposed model  may provide a sensitive 
assay for the assessment of  the subjective effects of  cocaine 
and acute cocaine-withdrawal in the rat. 

ACKNOWLEDGEMENT 

This research supported by NIDA grant RO1 DA0~.A/. A, to F.A.H. 
and D.V.G. 

R E F E R E N C E S  

I. Ashby, C. A.; Hitzemann, R.; Rubinstein, J.; Wang, R. Y. One 
year treatment with haloperidol or clozapine fails to alter striatal 
Da and D 2 dopamine receptor sensitivity in the rat. Brain Res. 
493:194-197; 1989. 

2. Barrett, R. J.; White, D. K.; Caul, W. F. Tolerance, withdrawal, 
and supersensitivity to dopamine mediated cues in a drug-drug 
discrimination. Psychopharmacology (Berlin) 109:63-67; 1992. 

3. Barry, H.; Krimmer, E. C. "Discriminable stimuli produced by 
alcohol and other CNS depressants. In: Lal, H., ed. Discrimina- 
tive stimulus properties of drugs. New York: Plenum Press; 1977: 
73-92. 

4. Bhattacharyya, A. K.; Aulakh, C. S.; Pradhan, S.; Ghosh, P.; 
Pradhan, S. N. Modification of behavioral and neurochemical 
effects of cocaine by haloperidol. Arch. Int. Pharmacodyn. 238: 
71-80; 1979. 

5. Bunney, B. S.; Skirboll, L. R.; Grace, A. A. Acute and chronic 
haloperidol treatment: Effects of nigrostriatal dopaminergic sys- 
tem activity. Adv. Biochem. Pscyhopharmacol. 24:267-273; 1980. 

6. Carlsson, A.; Lindqvist, M. Effect of chlorpromazine or haloper- 
idol on formation of 3-methoxytyramine and normetanephrine in 
mouse brain. Acta Pharmacol. Toxicol. 20:140-144; 1963. 

7. Dackis, C. A.; Gold, M. S. New concepts in cocaine addiction: 
The dopamine depletion hypothesis. Neurosci. Biobehav. Rev. 9: 
469-477; 1985. 

8. Dackis, C. A.; Gold, M. S.; Sweeney, D. R. The physiology of 
cocaine craving and 'crashing.' Arch. Gen. Psychiatry 44:298- 
300; 1987. 

9. Eikelboom, R.; Stewart, J. Conditioning of drug-induced physio- 
logical responses. Psychol. Rev. 89:507-528; 1982. 

10. EUison, G.; Johansson, P.; Levin, E.; See, R.; Gunne, L. 
Chronic neuroleptics alter the effects of the D1 agonist SK and 
F 38393 and D2 agonist LY171555 on oral movements in rats. 
Psychopharmacoiogy (Berlin) 96:253-257; 1988. 

l 1. Epstein, P. N.; Altshuler, H. L. Altered response to apomorphine 
and haloperidol after nine days of cocaine injections. Pharmacol. 
Biochem. Behav. 10:189-193; 1979. 

12. Gauvin, D. V.; Criado, J. R.; Moore, K. R.; Holloway, F. A. 
Potentiation of cocaine's discriminative effects by caffeine: A time- 
effect analysis. Pharmacol. Biochem. Behav. 36:195-197; 1990. 

13. Gauvin, D. V.; Harland, R. D.; Holloway, F. A. Drug discrimi- 
nation procedures: A method to analyze adaptation level of affec- 
tive states. Drug Dev. Res. 16:183-194; 1989. 

14. Gauvin, D. V.; Holloway, F. A. Cue dimensionality in the three- 
choice pentylenetetrazole-saline-chlordiazepoxide discrimination 
task. Behav. Pharmacol. 2:417-428; 1991. 

15. Gauvin, D. V.; Moore, K. R.; Youngblood, B. D.; Holloway, F. 
A. The discriminative stimulus properties of legal, over-the- 
counter stimulants administered singly and in binary and ternary 
combinations. Psychopharmacology (Berlin) 110:309-319; 1993. 

16. Gauvin, D. V.; Young, A. M. Perceptual masking of drug stim- 
uli. Drug Dev. Res. 16:151-162; 1989. 

17. Gudelsky, G. A.; Moore, K. E. A comparison of the effects of 
haloperidol on dopamine turnover in the striatum, olfactory tu- 
bercle and median eminence. J. Pharmacol. Exp. Ther. 202:149- 
156; 1977. 

18. Haenlein, M.; Caul, W. F.; Barrett, R. J. Amphetamine- 
haloperidol discrimination: Effects of chronic drug treatment. 
Pharmacol. Biochem. Behav. 23:949-952; 1985. 

19. Holloway, F. A.; Gauvin, D. V. Comments on method and the- 
ory in drug discrimination: A potpouri of problems, perplexities, 
and possibilities. Drug Dev. Res. 16:195-207; 1989. 

20. Jiang, L. H.; Kasser, R. J.; Altar, C. A.; Wang, R. Y. One year 
continuous treatment with haloperidol or clozapin¢ falls to induce 
a hypersensitive response of caudate putamen neurons to dopa- 
mine D I and D2 receptor agonists. J. Pharmacol. Exp. Ther. 253: 
1198-1205; 1990. 

21. Koob, G. F. K.; Bloom, F. E. Celhilar and molecular mechanisms 
of drug dependence. Science 242:715-723; 1988. 

22. Little, H. J.; Nutt, D. J.; Taylor, S. C. Kindling and withdrawal 
changes at the benzodiazepine receptor. J. Psychopharmacol. 1: 
35-46; 1987. 

23. Niemegeers, C. J. E.; Laduron, P. M. Pharmacology and bio- 
chemistry of haloperidol. Proc. R. Soc. Med. 69S:3-7; 1976. 

24. Nutt, D. J. Benzodiazepine receptor ligands. Neurotransmissions. 
vol. IV. Natick, MA: Research Biochemicals Inc.; 1988. 

25. Ohman, R.; Larsson, M.; Nilsson, I. M.; Engel, J.; Carlsson, A. 
Neurometabolic and behavioural effects of haloperidol in relation 
to drug levels in serum and brain. Naunyn Schmeidbergs Arch. 
Pharmacoi. 299:105-114; 1977. 

26. Rubinstein, J. E.; Hitzemann, R. J., Ashby, C. R.; Wang, R. Y. 
Effects of chronic antipsychotic administration on the formation 
of inositol phosphates in rat striatum. Brain Res. 496:385-388; 
1989. 

27. Schiffman, S. S.; Reynolds, M. L.; Young, F. W. Introduction 
to multidimensional scaling: Theory, methods, and applications. 
New York: Academic Press; 1981. 

28. Seay, P. H.; Field, W. E. Toxicological studies on haloperidol. 
Int. J. Neuropsychiatry 3(Suppl. 1):$19-$23; 1967. 

29. Solomon, R. L.; Corbit, J. D. An opponent-process theory of 
motivation: I. Temporal dynamics of affect. Psychol. Rev. 81: 
119-145; 1974. 

30. Solomon, R. L.; Corbit, J. D. An opponent-process theory of 
motivation: II. Cigarette addiction. J. Abnorm. Psychol. 81:138- 
171; 1973. 

31. Waddington, J. L.; Crooss, A. J.; Gamble, S. J., Bourne, R. C. 
Spontaneous orofacial dyskinesia and dopaminergic function in 
rats after 6 months of neuroleptic treatment. Science 220:530- 
532; 1983. 


