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CORRIGALL, W. A. AND K. M. COEN. Nicotine self-administration and locomotor activity are not modified by the
5-HT; antagonists ICS 205-930 and MDL 72222. PHARMACOL BIOCHEM BEHAV 49(1) 67-71, 1994. —The subtype-
selective serotonin 5-HT, antagonists MDL 72222 and ICS 205-930 were tested for their ability to modify nicotine self-
administration and locomotor activity in rats. In self-administration experiments, MDL 72222 produced no statistically
significant changes over a dose range of 1 to 30 ug/kg, nor at the considerably higher dose of 1 mg/kg. MDL 72222 was
similarly without effect in nicotine-produced locomotor activity, except at the 1 mg/kg dose, which reduced scores. In an
initial test on nicotine self-administration, ICS 205-930 produced a small decrease in drug-taking behavior at 1 and 3 pg/kg
which just reached statistical significance, but had no effects at higher doses. However, these low-dose effects could not be
replicated. In addition, ICS 205-930 was without effect on nicotine locomotor activity, even at the two low doses that had
reduced self-administration. We conclude that these 5-HT, antagonists do not modulate nicotine reinforcement or behavioral

arousal.
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AS FOR other drugs of abuse, research into the mechanisms
by which nicotine reinforces self-administration behavior has
focussed extensively on the mesolimbic dopamine system. To
this end, we have recently established that nicotine self-
administration is reduced a) following treatment with selective
D, and D, dopamine antagonists (9), b) after dopaminergic
lesions of the ascending projection from the ventral tegmental
area produced by neurotoxin infusions into the nucleus ac-
cumbens (11), and, ¢) by microinfusions of a nicotinic antago-
nist into the ventral tegmental region (10). These data provide
good evidence that nicotine reinforcement depends, in part,
on the interaction of the drug with the mesolimbic dopamine
system. In this aspect of its reinforcing action nicotine is simi-
lar to cocaine. Unlike cocaine, however, which acts at the level
of the synaptic terminals in the accumbens region [see review
in (19)], nicotine activates the mesolimbic system through the
ventral tegmental area and not via the accumbens (10).

Given the seemingly ubiquitous involvement of the meso-
limbic dopamine system in reinforcement processes, an impor-

tant research question has become the identification of neuro-
chemical systems which might selectively modulate the action
of the mesolimbic dopamine system. One candidate neuro-
chemical system is serotonin (5-HT). In particular, evidence
that manipulations of the 5-HT, receptor subsystem can alter
behaviors that are believed to result from elevated mesolimbic
dopamine (12), and also modify dopamine release in the nu-
cleus accumbens (4,18) has focussed attention on this subsys-
tem as a possible modulator of mesolimbic dopamine in drug
reinforcement. Furthermore, a report that S-HT, antagonists
attenuate the conditioned place preference produced by nico-
tine (3) adds to speculation that this receptor subtype may
play a role in some aspect of nicotine reinforcement. In con-
trast, studies have shown that 5-HT, antagonists have no ef-
fect on cocaine (20) or heroin (16) self-administration. How-
ever, because nicotine apparently targets the dopamine system
differently than these drugs (6), 5-HT, manipulations could be
differentially effective in nicotine self-administration. There-
fore, we have examined the effects of treatment with the 5-
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HT, antagonists ICS 205-930 and MDL 72222 on intravenous
nicotine self-administration in rats. As a comparison behav-
ioral test, we have also examined the effects of these antago-
nists on nicotine-produced locomotor activity, a behavioral
measure that also depends on a mesolimbic dopamine sub-
strate (5,23,25).

METHOD

Subjects were drug-naive male Long-Evans rats (Charles
River, Lachine, Quebec). Animals were housed in a reversed
light : dark cycle colony room (lights off between 0700 and
1900 h). Prior to the start of experimental procedures, animals
had ad lib access to food and water and weighed approxi-
mately 300 g. Separate groups of animals were used for each
of the following experiments:

1. two groups of eight animals each in which the effects of
ICS 205-930 and MDL 72222 were initially examined for
effect on nicotine self-administration;

2. agroup of 15 animals in which the same doses of the 5-HT,
antagonists were examined in nicotine locomotor activity;

3. a group of 17 animals in which a high dose of MDL 72222
was examined for effect on nicotine self-administration;

4. agroup of 16 animals in which the same high dose of MDL
72222 was examined in locomotor activity; and,

5. a group of 12 animals for replication of low dose treat-
ments with ICS 205-930 on nicotine self-administration.

Techniques for drug self-administration studies were simi-
lar to those we have used previously (7,8). Animals were de-
prived of food for a short period (24 h), and trained to press a
lever on a continuous reinforcement (CRF) schedule for food
pellets (45 mg). Once trained, each animal was surgically pre-
pared with a chronic intravenous catheter implanted in the
jugular vein; the catheters exited between the scapulae. Sur-
gery was performed under anesthesia induced by acepromaz-
ine maleate (10 mg/kg IP) and ketamine hydrochloride (100
mg/kg IM). A single dose of penicillin (30,000 units IM) was
administered at the completion of surgical procedures. Ani-
mals were allowed to recover for a period of 1 week before
drug self-administration sessions were begun.

Drug self-administration was initiated on a CRF schedule
with a 1-min signalled time-out (TO) period following each
drug infusion. Over an approximate 3-week period the re-
sponse requirements were increased to the final value of fixed-
ratio 5 (FRS5); the TO remained at 1 min. During the TO,
responding was recorded but did not lead to drug delivery.
For both acquisition and maintenance of self-administration,
the unit dose of nicotine was 0.03 mg/kg/infusion. This is a
midrange dose (7,8).

Self-administration sessions were carried out in operant
chambers equipped with two levers. Responding on one of the
levers resulted in drug delivery when schedule requirements
were met, while responding on the other lever was recorded
but was never reinforced. Self-administration sessions were 60
min. in duration and occurred once daily Monday through
Friday.

For locomotor activity studies, animals were habituated to
activity boxes equipped with infrared sensors, as previously
described (9). Boxes were housed in sound-attenuating cubi-
cles in a quiet room. During habituation, each animal received
a SC (SC) injection of saline (1 ml/kg), and was placed in a
separate activity box for a 1-h period; cumulative locomotor
scores were measured during habituation to provide a baseline
against which nicotine-produced locomotor activity could be
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judged. Following habituation, daily nicotine treatments were
begun. Nicotine was administered SC at a dose of 0.3 mg/kg;
each animal was placed in a separate activity box immediately
following nicotine treatment, and cumulative locomotor
scores were again measured over a 1-h period. Nicotine treat-
ment continued once per day for 4 weeks. After this time
nicotine injections were continued once daily, preceded on
occasion by antagonist treatments, as described below.

Treatments with the serotonin antagonists were carried out
not more than twice each week, typically on Tuesday and
Friday. Antagonists were injected subcutaneously 60 min
prior to the start of self-administration or locomotor activity
sessions. Control injections were made in each case with the
vehicle used to dissolve the particular 5-HT, antagonist (de-
scribed below). A nonordered sequence of administration was
used for the various doses.

The following drugs were used: [—]-nicotine bitartrate
(Sigma Chemical Co., St. Louis, MO), and ICS 205-930 and
MDL 72222 (both from RBI Inc., Natick, MA). Nicotine solu-
tions were prepared in saline and the pH adjusted to 7.0 =+
0.1 with sodium hydroxide. Solutions for 1V self-administra-
tion were passed through a 0.22 um filter to sterilize them
prior to use. For nicotine self-administration, the solution
concentration was 0.3 mg/ml (delivered in a volume of 0.1
ml/kg over an infusion time of approximately 1 s). Serotonin
antagonists were dissolved in dilute organic acids; MDL 72222
was dissolved in 0.1 ml of 0.4% lactic acid and made up to
volume with isotonic saline, and ICS 205-930 was dissolved in
0.1 ml of 0.1 N tartaric acid and similarly made up to the
required volume. Values for doses and concentrations for all
compounds (except anesthetics) refer to the base.

Data consisted of the number of nicotine infusions that
were self-administered, or the number of locomotor counts,
on treatment sessions. These data were analyzed with analysis
of variance for a repeated measures design, or ¢-tests, as ap-
propriate. Post hoc analyses were done with Duncan’s multi-
ple range test.

RESULTS

As in our previous studies, nicotine maintained reliable
self-administration behavior. Acquisition typically required 3

TABLE 1
DEVELOPMENT OF NICOTINE LOCOMOTOR ACTIVITY
Saline Saline
Habituation Nicotine Substitution
Group 1 256 + 30 889 + 75* 455 + 501
(n =15
Group 2 220 + 21 818 + 72% 440 + 26§

(n = 16)

Values are group means + standard errors of the mean
for three phases in the development of nicotine locomotor
activity, specifically, a) habituation to the activity boxes
accompanied by saline injections, b) locomotor activity
produced by nicotine after 4-weeks of treatment, and c)
locomotor activity following saline substitution after nico-
tine-produced activity has developed.

*Significantly different from saline habituation; #(14)
= 9.92, p < 0.001. tSignificantly different from nicotine;
t(14) = 7.88, p < 0.001. iSignificantly different from sa-
line habituation; #(15) = 8.33, p < 0.001. §Significantly
different from nicotine; #(15) = 5.61, p < 0.001
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FIG. 1. (A) Effects of the 5-HT; antagonist MDL 72222 on nicotine
self-administration. Sample sizes are 8 in the left-hand panel and 17
in the right. Note that the dose axis is in milligrams in the right-hand
panel. In this and subsequent figures, the zero-dose points represent
treatment with the vehicles used to inject the antagonists. Data are
shown as the mean + standard error of the mean in this and all other
graphs. (B) Effects of MDL 72222 on nicotine-produced locomotor
activity. Sample sizes are 15 in the left-hand panel and 16 in the right.

weeks; at this time responding was stable in most subjects.
Only animals in which there was no sustained trend, over a
1-week period, to increase or decrease self-administration
after acquisition were used in these experiments. Responding
of the animals was focussed on the active rather than the
inactive lever (the average ratio of inactive-to-active lever re-
sponding in these animals at the time testing was begun was
0.16, with a standard error of 0.02).

Following the 4-week treatment period with nicotine, loco-
motor scores after nicotine injection were substantially and
significantly increased compared to habituation (Table 1). In
addition, single-session substitution of saline for nicotine pro-
duced a significant decrease in locomotor activity scores (Ta-
ble 1). To reduce locomotor scores to values comparable to
those observed in habituation, extinction with multiple saline
trials is necessary. Reduction in nicotine-produced locomotor
activity by serotonin antagonists would, therefore, be ex-
pected to result in scores between those for nicotine alone and
those after single-session saline substitution.

The effects of treatment with the 5-HT; antagonist MDL
72222 on nicotine self-administration and locomotor activity
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are shown in Fig. 1. In self-administration experiments (Fig.
1A), MDL 72222 produced no statistically significant changes
over a dose range of 1 to 30 ug/kg, F(4, 28) = 0.65, NS.
Because of the difference in potencies between MDL 72222
and ICS 205-930, an additional much higher dose of MDL
72222 was tested later in a separate group of animals. This
dose (1 mg/kg) was also without effect on nicotine self-
administration, #(16) = 0.77, NS. In locomotor activity ex-
periments (Fig. 1B) MDL 72222 was similarly without effect
over the original dose range tested, F(4, 56) = 0.62, NS, but
did reduce activity in a highly significant way at the 1 mg/kg
dose, #(15) = 6.06, p < 0.001.

The effects of ICS 205-930 are shown in Fig. 2. ICS 205-
930 produced a small decrease in nicotine self-administration
at the lowest doses tested, but had no effects at higher doses
(Fig. 2A). These effects of ICS 205-930 just reached statistical
significance, F(4, 28) = 3.28, p < 0.03. Post hoc tests indi-
cated that, for doses of 1 and 3 ug/kg, the number of infu-
sions differed from saline treatment values at the p = 0.05
level. In addition, at each of these two doses seven of the eight
subjects showed a decrease after ICS 205-930. However, in a
replicate test of the effects of the two lowest doses of the
ICS compound on nicotine self-administration, there was no
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FIG. 2. (A) Effects of the 5-HT; antagonist ICS 205-930 on nicotine
self-administration. Sample sizes are 8 in the left-hand panel and 12 in
the right. (B) Effects of 1CS 205-930 on nicotine-produced locomotor
activity. Sample size is 15.
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apparent or statistically significant effect [Fig. 2A, right-hand
panel; F(2, 22) = 1.49, NS]. ICS 205-930 was without effect
on nicotine-produced locomotor activity (Fig. 2B), even at the
two low doses that had reduced nicotine self-administration,
F(4, 56) = 2.13, NS.

DISCUSSION

The 5-HT, antagonist MDL 72222 was without effect on
nicotine self-administration over a dose range from 1 ug/kg to
1 mg/kg. Similarly, there was no effect of the compound on
nicotine-produced locomotor activity, except at the highest
dose. Obviously, the reduction in locomotor activity at 1 mg/
kg is not due to a generalized impairment of the subjects’
ability to respond; if it were, a parallel reduction in operant
responding would be anticipated. In addition, it seems un-
likely that the reduction is due to an effect on mesolimbic
dopamine, because parallel effects on self-administration did
not occur. The effect of MDL 72222 on locomotor activity at
1 mg/kg is more likely due to an effect on mechanisms specific
to spontaneous activity which do not play a role in incentive
motivational behavior, or to a nonspecific effect of the com-
pound.

ICS 205-930 produced no alteration of nicotine locomotor
activity over the dose range tested. However, the effects of
ICS 205-930 on nicotine self-administration were not as clearly
negative as those of MDL 72222, In the original test of ICS
205-930, small reductions in self-administration occurred at
the two lowest doses of the antagonist. However, the small
magnitude of these effects and the curious dose-effect rela-
tionship (loss of the effect at higher doses) led us to attempt to
replicate the findings. In a retest of the two lowest doses of
ICS 205-930, we did not observe any tendency toward a reduc-
tion in nicotine self-administration.

It should be noted that biphasic effects of 5-HT; antago-
nists, observed here with ICS 205-930 in one of two self-
administration tests, have been reported in previous research
with this compound [e.g., (2,13,21,26)], and also with other
5-HT; antagonists (21). It is possible, therefore, that the doses
of 1 and 3 pug represent maximal doses for a specific effect of
ICS 205-930 on nicotine self-administration. That is, perhaps
at doses of ICS 205-930 lower than 1 ug, more replicable
effects would have been observed. On the other hand, tests
with a full dose range of MDL 72222 showed no effects on
nicotine self-administration. As a result of this observation
and the lack of replicability of the original ICS 205-930 effect,
we did not pursue the effect of ICS 205-930 at lower doses.

Previous research has produced a mixed picture of 5-HT,
antagonist effects. For example, the 5-HT, antagonist zatose-
tron has been shown to decrease the number of spontaneously
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active dopamine cells after acute or chronic administration
(24), but different effects on dopamine cells were observed
with MDL 73,147EF (27) and granisetron (1). In a similar
vein, the discriminative stimulus effects of ethanol were atten-
uated by ICS 205-930 and MDL 72222, but not by zacopride
(14). Specifically for drug reinforcement and related pro-
cesses, the 5-HT, antagonist MDL 72222 has been reported to
block the conditioned place preference produced by morphine
(3,15) and nicotine (3) but is without effect on heroin (16),
cocaine (20), or nicotine (this study) self-administration. ICS
205-930 has been shown to reduce ethanol self-administration
by rodents (17) but in the present study was without effect
on nicotine self-administration. Ondansetron reduces alcohol
consumption in humans (28) but is without effect on cigarette
smoking (29). In general, therefore, it may be that the pres-
ence or absence of a 5-HT; antagonist effect depends on the
particular antagonist chosen, the dose range employed, and
the particular test being used, amongst other factors.

As for the interaction between 5-HT; antagonists and nico-
tine, there has been little work, and that which has been done
may be compromised in part by the above conclusion. The
original suggestion that nicotine reward might be under the
control of 5-HT; systems, based on observations of condi-
tioned place preference (3), has not been substantiated here
using the same antagonists but tested in a self-administration
paradigm. Also, cigarette smoking by humans is unaffected
by treatment with a 5-HT, antagonist (29). A recent report
showed that ondansetron did not facilitate brain stimulation
reward (BSR), nor did it modify nicotine’s facilitation of BSR
(22). To the extent that facilitation of BSR is related to the
rewarding properties of nicotine, this lack of effect is consis-
tent with our observations for nicotine self-administration. In
the same BSR study, ondansetron’s ability to attenuate the
depressant effects of nicotine was interpreted with a hypothe-
sized neuronal network in which a serotonergic neuron was
assumed to be interposed between the midbrain dopamine
neurons and the nicotinic cholinergic input to them. However,
this scheme does not fit with our recent observations with
respect to the site at which exogenously self-administered nico-
tine targets mesolimbic dopamine cells (10) nor with the lack
of effect of 5S-HT, antagonists on nicotine self-administration.
At present, we conclude that nicotine self-administration is
not under the control of a 5-HT; system, at least not one
sensitive to ICS 205-930 or MDL 72222.

ACKNOWLEDGEMENTS

We are grateful to Paul Goldbach for conducting some of the
locomotor activity experiments in this report. This study was sup-
ported by the Addiction Research Foundation of Ontario.

REFERENCES

1. Ashby, C. R., Jr.; Jiang, L. H.; Wang, R. Y. Chronic BRL
43694, a selective 5-HT; receptor antagonist, fails to alter the
number of spontaneously active midbrain dopamine neurons.
Eur. J. Pharmacol. 175:347-350; 1990.

2. Bill, D. J.; Fletcher, A.; Glenn, B. D.; Knight, M. Behavioural
studies on WAY 100289, a novel 5-HT, receptor antagonist, in two
animal models of anxiety. Eur. J. Pharmacol. 218:327-334; 1992,

3. Carboni, E.; Acquas, E.; Leone, P.; Di Chiara, G. 5-HT, receptor
antagonists block morphine- and nicotine- but not amphetamine-
induced reward. Psychopharmacology (Berlin) 97:175-178; 1989.

4. Chen, J.; van Praag, H. M.; Gardner, E. L. Activation of 5-HT;
receptor by 1-phenylbiguanide increases dopamine release in the
rat nucleus accumbens. Brain Res. 543:354-357; 1991.

5. Clarke, P. B. S.; Fu, D. S.; Jakubovic, A.; Fibiger, H. C. Evi-
dence that mesolimbic dopaminergic activation underlies the loco-
motor stimulant action of nicotine in rats. J. Pharmacol. Exp.
Ther. 246:701-708; 1988.

6. Corrigall, W. A. Regulation of intravenous nicotine self-
administration — Dopamine mechanisms. In: Adlkofer, F.; Th-
urau, K., eds. Effects of nicotine on biological systems. Basel,
Switzerland: Birkhauser Verlag; 1991:423-432.

7. Corrigall, W. A. A rodent model for nicotine self-administration.
In: Boulton, A. A.; Baker, G. B.; Wu, P. H., eds. Animal models
of drug addiction, Neuromethods, vol. 24. Clifton, NJ; Humana
Press; 1992:315-344.

8. Corrigall, W. A.; Coen, K. M. Nicotine maintains robust self-



5-HT; ANTAGONISTS AND NICOTINE

11.

12.

13.

14.

15.

16.

17.

18.

administration in rats on a limited-access schedule. Psychophar-
macology (Berlin) 99:473-478; 1989.

. Corrigall, W. A.; Coen, K. M. Selective dopamine antagonists

reduce nicotine self-administration. Psychopharmacology (Ber-
lin) 104:171-176; 1991.

. Corrigall, W. A.; Coen, K. M. Self-administered nicotine acti-

vates the mesolimbic dopamine system through the ventral teg-
mental area. Brain Res. (in press).

Corrigall, W. A.; Franklin, K. B. J.; Coen, K. M.; Clarke, P. B.
S. The mesolimbic dopamine system is implicated in the reinforc-
ing effects of nicotine. Psychopharmacology (Berlin) 107:285-
289; 1992.

Costall, B.; Domeney, A. M.; Naylor, R. J.; Tyers, M. B. Effects
of the 5-HT, antagonist, GR30032F, on raised dopaminergic ac-
tivity in the mesolimbic system of the rat and marmoset brain. Br.
J. Pharmacol. 92:881-894; 1987.

Ferrari, M. D.; Wilkinson, M.; Hirt, D.; Lataste, X.; Notter, M.;
ICS 205-930 Migraine Study Group. Efficacy of ICS 205-930, a
novel 5-hydroxytryptamine; (5-HT;) receptor antagonist, in the
prevention of migraine attacks. A complex answer to a simple
question. Pain 45:283-291; 1991.

Grant, K. A.; Barrett, J. E. Blockade of the discriminative stimu-
tus effects of ethanol with 5-HT, receptor antagonists. Psycho-
pharmacology (Berlin) 104:451-456; 1991.

Higgins, G. A.; Joharchi, N.; Nguyen, P.; Sellers, E. M. Effect
of the 5-HT; antagonists, MDL 72222 and ondensetron on mor-
phine place conditioning. Psychopharmacology (Berlin) 106:315-
320; 1992.

Higgins, G. A.; Wang, Y.; Corrigall, W. A.; Sellers, E. M. Influ-
ence of 5-HT, receptor antagonists and the indirect 5-HT agonist,
dexfenfluramine on heroin self-administration in rats. Psycho-
pharmacology (Berlin) (in press).

Hodge, C. W.; Samson, H. H.; Lewis, R. S.; Erickson, H. L.
Specific dereases in ethanol- but not water-reinforced responding
produced by the 5-HT; antagonist ICS 205 930. Alcohol 10:191-
196; 1993,

Jiang, L. H.; Ashby, C. R.; Kasser, R. J.; Wang, R. Y. The
effect of intraventricular administration of the 5-HT; receptor
agonist 2-methylserotonin on the release of dopamine in the nu-
cleus accumbens: An in vivo chronocoulometric study. Brain Res.
513:156-160; 1990.

19.
20.

21.

22.

23.

24,

25.

26.

27.

28.

29,

71

Johanson, C. E.; Fischman, M. W. The pharmacology of cocaine
related to its abuse. Pharmacol. Rev. 41:3-52; 1989.

Lacosta, S.; Roberts, D. C. S. MDL 72222, ketanserin, and meth-
ysergide pretreatments fail to alter breaking points on a progres-
sive ratio schedule reinforced by intravenous cocaine. Pharmacol.
Biochem. Behav. 44:161-165; 1993.

Martin, P.; Gozlan, H.; Puech, A. J. 5-HT; receptor antagonists
reverse helpless behaviour in rats. Eur. J. Pharmacol. 212:73-78;
1992.

Montgomery, A. M. J.; Rose, 1. C.; Herberg, L. J. The effect of
a 5-HT, receptor antagonist, ondensetron, on brain stimulation
reward, and its interaction with direct and indirect stimulants of
central dopaminergic transmission. J. Neural Transm. 91:1-11;
1993.

O’Neill, M. F.; Dourish, C. T.; Iversen, S. D. Evidence for an
involvement of D, and D, dopamine receptors in mediating nico-
tine-induced hyperactivity in rats. Psychopharmacology (Berlin)
104:343-350; 1991.

Rasmussen, K.; Stockton, M. E.; Czachura, J. F. The 5-HT,
receptor antagonist zatosetron decreases the number of spontane-
ously active A10 dopamine cells. Eur. J. Pharmacol. 205:113-
116; 1991.

Reavill, C.; Stolerman, I. P. Locomotor activity in rats after
administration of nicotinic agonists intracerebrally. Br. J. Phar-
macol. 99:273-278; 1990.

Rodgers, R. J.; Shepherd, J. K. Attenuation of defensive analge-
sia in male mice by 5-HT, receptor antagonists, ICS 205-930,
MDL 72222, MDL 73147EF and MDL 72699. Neuropharmacol-
ogy 31:553-560; 1992.

Sorensen, S. M.; Humphreys, T. M.; Palfreyman, M. G. Effect
of acute and chronic MDL 73,147EF, a 5-HT, receptor antago-
nist, on A9 and A10 dopamine neurons. Eur. J. Pharmacol. 163:
115-118; 1989.

Toneatto, T.; Romach, M. K.; Sobell, L. C.; Sobell, M. B.;
Somer, G. R.; Sellers, E. M. Ondansetron, a 5-HT, antagonist,
reduces alcohol consumption in alcohol abusers. Alcohol.: Clin.
Exp. Res. 15:382 (abstr. no. 425); 1991.

Zacny, J. P.; Apfelbaum, J. L.; Lichtor, J. L.; Zaragoza, J.
G. Effects of 5-hydroxytryptamine; antagonist, ondansetron, on
cigarette smoking, smoke exposure, and mood in humans. Phar-
macol. Biochem. Behav. 44:387-391; 1993.



