SO N S ———

[

b 34%6

Psychopharmacology 60, 265 —269 (1979)

Psychopharmacology
@© by Springer-Verlag 1979

Psychopharmacology (Berl,) 60, 265-269 (1979). BC 259

Quipazine-Induced Stimulus Control in the Rat

J. C. Winter
RN

Department of Pharmacology and Therapeutics, School of Medicine, State University of New York at Buffalo,

Buffalo, New York 14214, U.S.A.

Abstract. The present investigation tested the hy-
pothesis that quizapine, a drug thought to act directly
or indirectly as an agonist at serotonergic (5-HT)
receptors, mimics the stimulus properties of indole-
amine and phenethylamine hallucinogens. In a group
trained with mescaline (10 mg/kg) and saline in a single-
lever response rate task, quipazine yielded intermediate
results (589, mescaline-appropriate at 1 mg/kg), i.c.,
responding was fully appropriate for neither training
condition. A second group was then trained with
quipazine (3 mg/kg) and saline in a two-lever response
choice task. Stimulus control was readily established
with a mean of 22 sessions to achieve criterion perfor-
mance (five consecutive sessions with at least 809
correct responses). When quipazine-trained rats were
tested with LSD; responding was intermediate in nature
(68 9, quipazine-appropriate) at a dose of 100 pg/kg but
complete substitution was observed at 150 pg/kg (979
quipazine-appropriate). Similarly, subjects trained
with LSD and saline in the two lever task and tested
with quipazine responded in a fashion indistinguishable
from the LSD training condition. The stimulus proper-
ties of quipazine alone and in cross tests in mescaline or
LSD-trained subjects were blocked by the serotonergic
antagonist, BC-105. Butaclamol, a dopaminergic anta-
gonist, and the a-adrenergic antagonist, phentolamine,
were without effect upon quipazine. The present data
suggest that quipazine produces its stimulus effects by a
serotonergic mechanism and that these effects are quite
similar to those of LSD and mescaline.
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Stimulus control is said to exist when the dimensions of
an antecendent stimulus determine the probability of
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occurrence of a conditioned response (Terrace, 1966).
When stimulus control is demonstrable, the antecedent
stimulus is called a discriminative stimulus (Kelleher
and Morse, 1968). Following the initial report by
Conger (1951), it has been demonstrated repeatedly
that the effects of drugs can function as discriminative
stimuli (for reviews, see Barry and Krimmer, 1978;
Winter, 1978a).

The ability of mescaline, a phenethylamine halluci-
nogen (Heffter, 1896), and lysergic acid diethylamide
(LSD), a hallucinogen of the indoleamine type (Stoll
and Hofman, 1943), tb serve as discriminative stimuli
was reported by Hirschhorn and Winter (1971).
Subsequent experiments in my laboratory (Winter
1975, 1978b) and elsewhere (Browne and Ho, 1975;
Kuhn et al., 1978) demonstrated that the stimulus
effects of both indoleamine and phenetylamine halluci-
nogens are blocked by antagonists of 5-hydroxytrypt-
amine (5-HT, serotonin).

The hypothesis that LSD, mescaline, and related
phenethylamines produce stimuli in the rat by mimick-
ing, albeit in a distorted fashion, the actions of 5-HT
(Winter, 1978b) predicts that other drugs able to act,
directly or indirectly, as agonists at 5-HT receptors
will substitute for LSD or mescaline in appropriately
trained subjects. Furthermore, the LSD or mescaline-
like stimulus effects would be expected to be blocked by
serotonergic antagonists. The present experiments exa-
mine the stimulus properties of quipazine [2-(1-
piperazinyl)quinoline maleate], a drug believed to act as
an agonist at both peripheral and central 5-HT re-
ceptors (Hong and Pardo, 1966; Rodriguez et al.,
1973). A recent study of the stimulus properties of
quipazine by White et al. (1977) is discussed later in this
paper.

Material and Methods

All subjects were CFN strain rats (Carworth Farms, Wilmington,
MA). They were housed in pairs and had free access to dry food in the
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home cage. With the exception of weekends, water intake was limited
to that obtained during experimental sessions. The equipment used
were standard- two-lever operant test chambers equipped with a
dipper for delivery of the water reinforcer. Solid state programming
equipment and electromechanical counters were used to control and
record the sessions.

Before the present experiments began, all subjects in groups 1 and
Il had acquired a reliable discrimination between the effects of
mescaline (- HCI, 10 mg/kg) and saline in a response rate task (Winter,
1978a) using methods previously described (Winter, 1973). All
injections werci.p., 15 min before training. In group 1, saline served as
SP, the stimulus in whose presence responses were reinforced on a
fixed ratio (FR8) schedule and mescaline as $*, the stimulus in whose
presence responses had no programmed consequences. The stimulus
conditions were reversed for subjects in group 11. i.c., mescaline = SP
and saline = S". Subjects were trained in 15-min sessions, 5 days per
week with the stimulus conditions alternating each day. The con-
tinued presence of discriminated responding was regularly tested in
sessions in which responses for a 2-min period, which began with the
cmission of the first response, had no programmed consequence.
Such sessions are hereafter referred to as test sessions.

The ability of quipazine to substitute for mescaline and the
interaction of BC-105 with quipazine in mescaline-trained subjects
were determined in sessions that were terminated 2 min after emission
of the first response and with no responses having been reinforced.
Such sessions are referred to as cross tests. Quipazine was injected
(i.p.) 15min before testing and the interaction of BC-105 and
quipazine was determined by administering BC-105 (3 mg/kg) 60 min
before the testing of quipazine.

Subjects in group 111 (N=4) were trained with quipazine
(3 mg/kg) and saline in a two-lever response choice task (Hirschhorn
and Winter, 1971; Winter, 1978a) using a fixed-ratio 10 schedule of
reinforcement. After the rats learned to drink from the dipper, they
were trained to depress first one and then the other of the two levers.
After responding was established on both levers, discrimination
training was begun. Each 10-min session was preceded by one of two
treatments; following quipazine, cvery tenth response on the
quipazine-appropriate lever was reinforced and in a similar fashion,
responses on the salinc-appropriate lever were reinforced following
the injection of saline. For two subjects, the left lever was designated
as quipazine appropriate and for the remaining subjects, responses on
the right lever were reinforced following quipazine. During discrimi-
nation training, quipazine was administered on Monday,
Wednesday, and Friday; saline was injected on Tuesday and
Thursday. The distribution of the first ten responses between the two
levers was recorded each day. Quipazine-induced stimulus control
was presumed to be present when, in five consecutive sessions, eight
or more of the initial ten responses were upon the appropriate lever.

To deternmune the degree of similarity of the stimulus properties of
LSD to those of quipazine, cross tests were conducted in which LSD
was administered to quipazine-trained subjects. Cross tests as well as
tests of antagonism were conducted each Friday so long as previous
performance in the same week did not fall below a criterion of 80 ¢,
correct responding. During cross tests, no responses were reinforced
and the cross test session was terminated after the emission of ten
responses. Response distribution during cross tests was compared
with the distributions in the immediately preceding quipazine and
saline sessions (henceforth referred to as control sessions). Sessions in
which the ability of a drug to antagonize the stimulus properties of
quipazine are similar to cross tests in that the session is terminated
after ten responses and the results are compared with the preceding
quipazine and saline control sessions.

Prior to the beginning of the present experiments, the rats of
Group IV had been trained with LSD (100 pg/kg) and saline in the 2-
lever response choice task. Cross tests of quipazine and of quipazine
plus BC-105 or butactamol were conducted as described above for
Group .
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All cross test data were subjected to analysis of variance in a
single-factor design with repeated measures (Winer, 1971).
Simultaneous comparisons of mean response rates or choices in cross
tests with drug and saline control values were made by means of the
studentized range test (Winer, 1971), in which k, the minimum
significant range is calculated. Observed ranges in excess of the k-
values given in the present tables would be expected to arise by
random sampling alone with a probability < 0.05. Tests of anta-
gonism were analyzed by means of Student's r-test for paired
observations.

Mescaline - HCl (NIDA, Washington, D.C.), p-LSD tartrate
(NIDA), BC-105 [4-(1-methyl-4-piperidylidene)-9,10-dihydro-4H-
benzo(4,5) cyclohepta(1,2-b) thiophene maleate, also known as
pizotyline or pizotifen; Sandoz Pharmaceuticals, East Hanover,
N.J.], quipazine [2-(1-piperazinyl) quinoline maleate; Miles
Laboratories, Elkhart, Indiana], phentolamine mesylate (C1BA,
Summit, N.J.), and butaclamol- HCI (Ayerst Research Laboratories,
Montreal) were dissolved in 0.9 ¢ saline solution and injected on a
constant volume of 1 ml/kg body weight.

Results

Figure 1 A shows the effects of a range of doses of
quipazine in rats trained with saline as S and mescaline
as 8 (Group I). The rates of responding following
doses of 1 and 3mg/kg were comparable to those
observed in tests of the mescaline condition. When
subjects were pretreated with BC-105 and then given
quipazine, the response rate was significantly increased
(P<0.01) compared with quipazine alone and was
statistically indistinguishable from the saline condition.
The suppression of responding seen in Fig. 1A could be
due to (a) the similarity of the stimulus properties of
quipazine and mescaline or (b) non-specific rate-
depressant effects. The data of Fig.1B permit the
selection of the more appropriate of these interpre-
tations. Rats of Group I were trained with mescaline
(10 mg/kg) as SP and saline as S4 and tested with
quipazine. It is seen in Fig. 1B that the doses of
quipazine that were mescaline-like in Group I (0.3, 1.0,
and 3.0 mg/kg) were followed in Group II by rates of
responding that were intermediate in nature. At
1 mg/kg, the response rate was significantly different
(P < 0.01) from the rate in either training condition.

The subjects of Group III were trained with qui-
pazine (3 mg/kg) in the two-lever choice task. Stimulus
control was rapidly established with a mean of 22
sessions to the onset of criterion performance (N = 4;
range = 13 —27). Group I11I was then cross tested with
LSD (Table 1). The lowest dose tested yielded saline-
appropriatc  responding and the highest dose
(300 pg/kg) abolished responding. However, following
a dose of 100 pg/kg, responding was of an intermediate
nature (k = 27), i.e., significantly different from both
the saline and the quipazine training condition (P
< 0.05) and at 150 pg/kg, complete substitution was
observed (k = 15). When the same doses of LSD were
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preceded by BC-105 (3 mg/kg), quipazine-appropriate
responding was significantly reduced (P < 0.01). Also
shown in Table 1 are the effects of butaclamol, phentol-
amine, and BC-105, purported antagonists at dopa-
minergic, a-adrenergic, and serotonergic receptor sites,
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Fig. 1A and B. The effects of quipazine in rats trained with mescaline
(10 mg/kg) as a discriminative stimulus. Mescaline and quipazine
were injected 15 min before testing. Dotted lines indicate mean control
performance. Each quipazine point represents the mean of two
determinations in each four subjects. Ordinate: mean rate of
responding ( + SE) expressed as a percentage of the SP-rate. Abscissa:
doses of quipazine and mescaline plotted on a log scale. A Rats
trained with saline as S® and mescaline as S*. Closed squarc
represents experiments in which BC-105 (3 mg/kg) was injected
60min before testing with quipazine. B Rats were trained with
mescaline as S® and saline as $4
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respectively, upon quipazine-induced stimulus control.
Of the three drugs, only BC-105 produced significant
antagonmism of quipazine (P < 0.01).

The subjects of Group IV were trained with LSD
(100 pg/kg) in the two-lever choice task and then cross
tested with quipazine (Table 2). At a dose of 3mg/kg,
quipazine was followed by responding which was
indistinguishable from the LSD training condition (k
= 8), 1.e., quipazine substituted for LSD. When qui-
pazine was tested in the presence of either BC-105 or
butaclamol, only the former had an obvious effect in
that quipazine-induced LSD-appropriate responding
was significantly reduced (P < 0.01) by pretreatment
with BC-105.

Discussion

The present data indicate that quipazine only partially
mimics mescaline in rats trained in a single lever
response rate task (Fig. 1) but substitutes completely
for LSD in rats trained in a two-lever response choice
task (Table2). One possible explanation for this dis-
crepancy concerns the comparability of the stimulus
properties of mescaline and LSD. Although several
studies strongly suggest that they are quite similar
(Hirschhorn and Winter, 1971; Schechter and
Rosecrans, 1972; Winter, 1978b), subtle differences
might exist and become apparent when cross tests with
an appropriate drug are conducted. Alternatively, the
quipazine cross tests may be influenced by the nature of
the discrimination task. In an earlier investigation
{Winter, unpublished), it was found thatrats trained with
either LSD or d-amphetamine were much more likely 10
respond in a drug-appropriate fashion when tested with
p-methoxyamphetamine in a choice task than in a rate

Table 1. Effects of LSD, butaclamol, phentolamine, and BC-105 in rats trained with quipazine in a 2-lever choice task

Test drugs® Dose N® Quipazine control® Test® Saline control®
(mg/kg) (3mg/kg)
LSD 0.05 4 97 7 0
LSD 0.1 4 98 68 N
LSD 0.15 3 93 95 2
LSD + BC-105 (3 mg/kg) 0.1 4 98 10 4
0.15 3 96 9 6
Butaclamol + quipazine (3 mg/kg) 1 3 97 100 7
3 3 90 97 10
Phentolamine + quipazine (3 mg/kg) 10 3 92 77 0..
BC-105 + quipazine (3 mg/kg) 3 3 97 13 0

* LSD and quipazine administered i.p. 15 min before testing. All other drugs injected 60 min before testing

® Number of subjects
¢ Mean percentage of responses on the quipazine-appropriate lever
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Table 2. Effects of quipazine alone and in combination with butaclamol and BC-105 in LSD-trained rats®

Test drugs Dose quipazine Dose of antagonist NY LSD control Cross test Saline control
(mg/kg) (mg/kg) (100 pg/kg)

Quipazine 1 - 8 93 19 3

Quipazine ) 3 - 13 96 89 3

Quipazine + 3 0.3 4 94 96 2

Butaclamol 3 1.0 4 91 95 4

Quipazine + 3 3 4 | 8 0

BC-105

* Al details are as in Table |
® Number of subjects

task. Nonetheless, if we assume that intermediate
results indicate a partial similarity of the stimulus
propertics of a tested drug 1o those of the trained drug
(Frey and Winter, 1978; Winter, 19784), then all of the
present cross test data are compatible with the con-
clusion that quipazine shares a significant proportion
ofthestimulus properties of indoleamine and phenethyl-
amine hallucinogens. This conclusion is in substantial
agreement with that of White et al. (1977), who found in
a two-lever choice task that LSD (80 and 100 ug/kg)
completely mimicked quipazine in rats trained with
2.5mg/kg of the latter drug.

Various pharmacologic mechanisms have been in-
voked to explain the effects of quipazine. The bulk of
evidence suggests an interaction with serotonergic
receptors whether as a direct agonist (Jacoby et al.,
1976; Quock et al., 1976; Malick et al., 1977), as a
releaser of 5-HT (Hamon et al., 1976), or by blocking
reuptake of the amine (Medon et al., 1973). In the
present investigation, antagonism by BC-105 of
quipazine-induced stimulus control (Table 1) and the
diminution by BC-105 of the LSD and mescaline-like
actions of quipazine (Table 2, Fig. 1) likewise implicate
a serotonergic mechanism. Although a few workers
have suggested a dopaminergic action of quipazine
(Grabowska et al., 1974; Kruse, 1976; Medon et al.,
1973), the failure of cither phentolamine or butaclamol
to modify the stimulus effects of quipazine (Table 1)
indicates that neither adrenergic nor dopaminergic
factors are of primary importance with respect to these
effects. In contrast, a dose of 1 mg/kg butaclamol
completely blocks apomorphine-induced stimulus con-
trol (Winter, unpublished). Similar results were ob-
tained by White ct al. (1977), who blocked quipazinc-
induced stimulus control with three different S-HT
antagonists (methysergide, cyproheptadine, and me-
thiothepin) but found no cffects with dopaminergic
antagonists (haloperidol and fluphenazine).

As yet, no report of the effects of quipazine in
human subjects has been published. The implications of

the present findings and those of White et al. (1977) for
the clinical pharmacology of quipazine are obvious.
One would expect the drug to produce at least a portion
of the mescaline-LSD syndrome. In a preliminary
clinical investigation (H. Daumier, personal communi-
cation) normal human subjects reported ‘low dose
mescaline-like’ effects at a dose of 0.5 mg. The study of
higher doses was precluded by the onset of dysphoric
effects including nausea.

Acknowledgements. I thank Ms. Susan G. Regan for faithful technical
assistance and Mrs. Donna Gagliardo for preparation of the
manuscript. Drugs were kindly provided by NIDA, Sandoz
Pharmaceuticals, Miles Laboratories, CIBA, and Ayerst Research
Laboratories. I am particularly endebted to Professor James B. Appel
for providing me with pre-publication reports of the work of him and
his colleagues (White et al., 1977; Kuhn et al., 1978).

The present investigation was supported in part by Grant No.
15406 from the National Institute of Mental Health, by Grant No.
01439 from the National Institute on Drug Abuse, and by a Research
Grant from the Research Institute on Alcoholism, New York State
Department of Mental Hygiene.

References

Barry, H. Ill, Krimmer, E. C.: Pharmacology of discriminative
stimuli. In: Drug discrimination and state dependent learning. B.
T. Ho.D. W. Richards, D. L. Chute, eds., pp. 3—32. New York:
Academic 1978

Browne, R. G., Ho, B. T.: The role of serotonin in the discriminative
stimulus properties of mescaline. Pharmacol. Biochem. Behav. 3,
429 —435 (1975)

Conger.J. J.: The effects of alcohol on conflict behavior in the albino
rat. Qu. J. Stud. Alcohol. 12, 129 (1951)

Frey, L. G., Winter, J. C.: Current trends in the study of drugs as
discriminative stimuli. In: Drug discrimination and state depen-
dent learning. B. T. Ho, D. W. Richards, D. Chute, eds. New
York: Academic 1978

Grabowska, M., Antikiewicz, L., Michaluk, J.: A possible in-
teraction of quipazine with central dopamine structures. J.
Pharm. Pharmacol. 26, 74— 76 (1974)

Hamon, M., Bourgoin, S., Enjalbert, A., Bockaert, J., Hery, F.,
Ternaux, 1. P., Glowinski, J.: The effects of quipazine on 5-HT
metabolism in the rat brain. Naunyn-Schmiedeberg’s Arch.
Pharmacol. 294, 99— 108 (1976)



J. C. Winter: Quipazine-Induced Stimulus Control

Heffter, A.: Uber Cacteenalkaloide. Ber. Dtsch. Chem. Ges. 29,
216233 (1896)

Hirschhorn, 1. D., Winter, J. C.: Mescaline and lysergic acid
diethylamide (LSD) as discriminative stimuli. Psychophar-
macologia 22, 6471 (1971)

Hong, E., Pardo, E. G.: On the pharmacology of 2-(i-
piperazinyl)quinoline. J. Pharmacol. Exp. Ther. 153, 259 — 265
(1966)

Jacoby, J. H.,, Howd, R. A., Levin, M. S., Wurtman, R. J.:
Mechanisms by which quipazine, a putative serotonin receptor
agonist, alters brain S-hydroxyindole metabolism. Neuro-
pharmacology 15, 529— 534 (1976)

Kelleher, R. T., Morse, W. H.: Determinents of the specificity of
behavioral effects of drugs. In: Reviews of physiology, biochem-
istry and experimental pharmacology, Vol. 60, pp. 2— 56. Berlin-
Heidelberg-New York: Springer 1968

Kruse, H.: Thyrotropin releasing hormone: Restoration of oxotre-
morine tremor in mice. Naunyn-Schmiedeberg’'s Arch.
Pharmacol. 294, 39 —45 (1976)

Kuhn, D. M., White, F. J., Appel, I. B.: The discriminative stimulus
properties of LSD: Mechanisms of action. Neuropharmacology
(in press, 1978)

~ Malick,J. B., Doren, E., Barnett, A.: Quipazine-induced head-twitch

in mice. Pharmacol. Biochem. Behav. 6, 325—329 (1977)

Medon, P.J., Leeling, J. L., Phillips, B. M.: Influence of quipazine, a
potential antiparkinsonian agent on the uptake of *H-dopamine
and *H-serotonin into rat striatal tissue in vitro. Life Sci. 13,
685691 (1973)

Quock, R. M., Beal, G. A., Chan, E. L. F.: Quipazine: a serotonergic
hyperthermic agent in the rabbit. J. Pharm, Pharmacol. 28, 170 —
172 (1976)

269

Rodriguez, R., Rojas-Rameriz, J. A., Druker-Colin, R, R.:
Serotonin-like actions of quipazine on the central nervous
system. Eur. J. Pharmacol. 24, 164171 (1973)

Schechter, M. D, Rosecrans, J. A.: Lysergic acid diethylamide (LSD)
as a discriminative cue: Drugs with similar stimulus properties.
Psychopharmacologia 26, 313316 (1972)

Stoll, A., Hofmann, A.: Partial-Synthese von Alkaloiden vom Typus
des Ergobasins (6. Mitteilung tiber Mutterkorn-Alkaloide).
Helv. Chim. Acta 26, 944—957 (1943)

Terrace, H. S.: Stimulus control. In: Operant behavior: Areas of
research and application, W. K. Honig, ed., pp. 271 — 344. New
York: Appleton-Century-Crofts 1966

White, F. J., Kuhn, D. M., Appel, J. B.: Discriminative stimulus
properties of quipazine. Neuropharmacology 16, 827—832
(1977)

Winer, B. J.: Statistical principles in experimental design, 2nd ed.
New York: McGraw-Hill 1971

Winter, J. C.: A comparison of the stimulus properties of mescaline
and 2.3 4-trimethoxyphenylethylamine. J. Pharmacol. Exp.
Ther. 188, 101 —-107 (1973)

Winter, J. C.: Blockade of the stimulus properties of mescaline by a
serotonin antagonist. Arch. Int. Pharmacodyn. Ther. 214, 250 —
253 (1975)

Winter, J. C.: Drug-induced stimulus control. In: Contemporary
research in behavioral pharmacology, D. E. Blackman and D. J.
Sanger, eds., pp. 209 —245. New York: Plenum Press 1978a

Winter, J. C.: Stimulus properties of phencthylamine hallucinogens
and LSD: The role of 5-hydroxytryptamine. J. Pharmacol. Exp.
Ther. 204, 416 —423 (1978b)

Received February 27, 1978; Final Version August 1, 1978



