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EMERICH, D. F., M. D. ZANOL, A. B. NORMAN, B. J. McCONVILLE AND P. R. SANBERG. Nicotine potentiates halo-
peridol-induced catalepsy and locomotor hypoactivity. PHARMACOL BIOCHEM BEHAV 38(4) 875-880, 1991. —Nicotine was
found to potentiate the catalepsy and reduced locomotion following the administration of haloperidol. The ability of various doses
of nicotine (0.1, 0.2, or 0.3 mg/kg) to potentiate the catalepsy produced by haloperidol (0.1, 0.2, or 0.4 mg/kg) was investigated.
Nicotine potentiated the cataleptic effects of both the 0.2 and 0.4 mg/kg doses of haloperidol, but had no effect following the low-
est (0.1 mg/kg) dose of haloperidol. The nicotine potentiation of catalepsy produced by the highest dose of haloperidol was inde-
pendent of the dose of nicotine used. Nicotine alone did not produce catalepsy. A second experiment evaluated the ability of nicotine
to potentiate the decreases in spontaneous locomotor activity produced by haloperidol. Animals received nicotine (0.1 mg/kg) alone
or in conjunction with haloperidol (0.1 or 0.4 mg/kg) and were tested in Digiscan Animal Monitors. Haloperido! produced a dose-
related decrease in locomotion. Nicotine significantly potentiated the hypoactivity produced by both doses of haloperidol. These re-
sults indicated that: 1) nicotine produces a significant potentiation of both the catalepsy and locomotor decreases following haloperidol
and 2) the Digiscan Animal Activity Monitors may provide a more sensitive assessment of the interaction between nicotine and
haloperidol than the catalepsy bat test. These data suggest that adjunct treatment with nicotine may prove useful for treating neuro-
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leptic responsive disorders such as Tourette Syndrome, schizophrenia and Huntington’s disease.

Nicotine Haloperidol Catalepsy

Locomotor activity

NEUROLEPTICS comprise a class of drugs which are commonly
used for the treatment of a variety of psychiatric illnesses. Halo-
peridol has been used with varying degrees of success in treating
the behavioral sequelae of schizophrenia, psychosis and mania.
Tourette Syndrome (TS) is a complex disorder characterized by
motor tics and involuntary verbalizations (4,24). Although the
underlying pathology of TS is not well understood, current re-
search has focused on the role of altered extrapyramidal dopa-
mine neurotransmission in the production of the symptomatology
of TS (25). The clinical improvement on motor tics following
haloperidol and the occasional precipitation of TS following ad-
ministration of dopaminergic stimulants has suggested that exces-
sive dopamine neurotransmission may underlie the behavioral
consequences of TS.

Although treatments are limited, TS is most commonly treated
by neuroleptic medication, particularly hatoperidol (23). While
effective in approximately 70% of all TS cases, the utility of
haloperidol treatment is restricted by the occurrence of deleteri-
ous side effects including decreased concentration (23). In addi-
tion, there is considerable long-term risk of tardive dyskinesia
(9). In fact, Erenberg (8) reported that the majority of TS patients
discontinue neuroleptic medication because of dissatisfaction with

the side effects. A pharmacotherapeutic strategy which could po-
tentiate the therapeutic action of haloperidol or other neurolep-
tics, and possibly reduce the side effects, would, therefore, be
useful for individuals with TS or other psychiatric illnesses typi-
cally treated by neuroleptics.

Previous reports suggested that both systemic and intracaudate
injections of nicotine potentiated reserpine-induced catalepsy in
the rat (15). We recently reported that nicotine produced an al-
most 5-fold increase in haloperidol-induced catalepsy in rats (13,22).
In contrast, nicotine alone had no effect on catalepsy. Given these
results, we evaluated the possibility that nicotine might increase
the efficacy of neuroleptic treatment in hyperkinetic disorders such
as TS (21,22). Our results indicated that chewing nicotine gum,
when combined with ongoing haloperidol treatment, produced a
rapid and pronounced relief from motor and verbal tics and atten-
tional difficulties in the patients. These results suggested that nic-
otine might be a useful adjunct treatment for augmenting the
therapeutic effects of neuroleptics in patients with movement dis-
orders, such as TS.

The present set of studies evaluated the effects of a series of
doses of nicotine on catalepsy and locomotor activity following
various doses of haloperidol. These experiments should help to
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determine if a moderate to high dose of nicotine, in combination
with a low dose of neuroleptic, can produce a behavioral effect
equivalent to that produced by a high dose of neuroleptic alone.
If so, then the use of nicotine as an adjunct treatment may allow
the reduction of the dose of neuroleptic required clinically and
reduce or eliminate the occurrence of both the short- and long-
term effects produced by high dose neuroleptic treatment.

EXPERIMENT ONE

This study evaluated the effects of various doses of nicotine
on the catalepsy elicited by haloperidol. If nicotine, in conjunc-
tion with a low to moderate dose of haloperidol, does indeed
produce a behavioral effect (i.e., catalepsy times) which is simi-
lar in magnitude to that produced by a high dose of neuroleptic
alone, then nicotine cotreatment may obviate the negative side
effects associated with high dose neuroleptic treatment.

METHOD
Subjects and Experimental Design

Twenty-five male Sprague-Dawley rats obtained from Zivic-
Miller breeders (PA) and weighing 25-350 grams were housed in
pairs and provided with food and water ad lib. Throughout the
experiment the animals were on a reverse 12-hour light/dark cy-
cle with lights on at 1100 hours.

Prior to testing animals received an IP injection of either halo-
peridol or 0.9% saline. One hour later, these same animals re-
ceived a second IP injection of either nicotine or saline. This
procedure resulted in the formation of 4 experimental groups: sa-
line plus saline, saline plus nicotine, haloperidol plus saline, or
haloperidol plus nicotine. The doses of haloperidol were 0.1, 0.2,
and 0.4 mg/kg and the doses of nicotine were 0.1, 0.2 and 0.3
mg/kg. All animals received each possible drug combination ac-
cording to a cross over design. Drugs or vehicle were adminis-
tered with an interval of 3 days between each test day.

Catalepsy

Hypokinesia (catalepsy) was measured using the bar test as
previously described (20). Briefly, the rear feet of the animals
were placed on a platform and their front feet were placed on a
horizontal bar (0.6 cm in diameter) suspended 9.0 cm above the
platform. The degree of catalepsy produced in the animals was
measured by how long it took for each animal to remove itself
from the bar. A maximum of 900 seconds was allowed. Bar tests
were conducted 4 hours after administration of drug and/or con-
trol vehicle.

Statistical Analysis

Overall treatment effects were assessed with a two-way anal-
ysis of variance (ANOVA). Appropriate pair-wise comparisons
were performed with a Fisher’s Least Significant Difference
(LSD) test. Acceptable statistical significance was established as
p<0.05.

RESULTS

Figure 1 demonstrates that haloperidol produced a dose-re-
lated increase in catalepsy. While the lowest dose haloperidol
(0.1 mg/kg) did not elicit a significant catalepsy the 0.2 and 0.4
mg/kg doses produced a marked catalepsy relative to saline-in-
jected controls. A two-way repeated ANOVA revealed significant
effects of haloperidol, F(3,101)=72.0, p<0.0001, and nicotine
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FIG. 1. The effects of nicotine (0.1, 0.2, or 0.3 mg/kg) on haloperidol-
induced (0.1, 0.2, or 0.4 mg/kg) catalepsy. This figure presents the
mean + SEM catalepsy (bar times) produced by haloperidol alone or in
combination with nicotine 4 hours following injection of nicotine. Figures
in parentheses indicate dose of drug (mg/kg). *p<<0.05 vs. haloperidol
plus saline-treated animals.

treatment, F(3,101)=4.28, p<<0.05, as well as a significant in-
teraction between haloperidol and nicotine, F(9,101)=3.0,
p<0.05. Post hoc analysis further revealed that nicotine potenti-
ated the haloperidol-induced catalepsy. None of the doses of nic-
otine tested potentiated the effects of the lowest dose of haloperidol
(0.1 mg/kg). The 0.2 mg/kg, but not the 0.1 or 0.3 mg/kg doses
of nicotine, produced a significant potentiation in the catalepsy
produced by the 0.2 dose of haloperidol. All doses of nicotine
tested produced a significant and equivalent potentiation of the
catalepsy produced by 0.4 mg/kg of haloperidol. Moreover, the
extent of nicotine’s potentiation was dependent on the dose of
haloperidol used; those animals receiving the 0.4 mg/kg dose of
haloperidol plus nicotine exhibited significantly greater potentia-
tion of catalepsy than did the group receiving 0.2 mg/kg of halo-
peridol and the same dose of nicotine. Nicotine alone did not
elicit any significant cataleptic effect at any of the doses used.

EXPERIMENT TWO

The results of Experiment One indicated that nicotine pro-
duced a marked and stable potentiation of haloperidol-induced
catalepsy. However, this potentiation was not observed at the
lowest dose of haloperidol used. Since low doses of haloperidol
do not reliably elicit a pronounced catalepsy, the bar test may
underestimate the interaction between nicotine and haloperidol
(20). Lower doses of haloperidol may more closely approximate
the doses of haloperidol used clinically. Accordingly, a more sen-
sitive measure might be appropriate for evaluating the effects of
a low dose of haloperidol in conjunction with nicotine. The fol-
lowing studies used the Digiscan Animal Activity Monitor for
assessing locomotion. This instrument allows for the simultaneous
collection of multiple indices of movement and permits a more
precise analysis of motoric function than is possible with other
methods (19). We have previously shown that low doses of halo-
peridol which do not produce a cataleptic effect in the bar test,
significantly decreased locomotion as evaluated by the Digiscan
system (4). The following studies evaluated the ability of nicotine
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to potentiate the locomotor effects of haloperidol.

Subjects and Experimental Design

Sixty male Sprague-Dawley rats (250-350 grams) housed un-
der identical conditions as those in Experiment One were used in
the following study.

Animals were randomly assigned to one of 6 treatment groups:
High dose haloperidol (0.4 mg/kg) plus nicotine (0.1 mg/kg), low
dose haloperidol (0.1 mg/kg) plus nicotine (0.1 mg/kg), nicotine
alone, high dose haloperidol alone, low dose haloperidol alone or
vehicle control.

Spontaneous Locomotor Activity

Each animal was placed individually into one of eight open-
field boxes (40 X 40 X 35 c¢cm) in an automated Digiscan-16 Ani-
mal Activity Monitor System (Omnitech Electronics, Columbus,
OH) for a 1-hour habituation period immediately prior to the
6-hour nocturnal testing period (1500-2100). Each box permitted
free access to water and contained 35 grams of food pellets and
approximately 50 grams of chip bedding. Data for the following
14 variables of locomotor activity detected by the digiscan Activ-
ity Monitors were collected by an IBM PB/XT compatible com-
puter system: 1) horizontal activity (HA), the total number of
interruptions of the horizontal sensors; 2) total distance (TD), the
distance travelled by the animal in inches; 3) movement time
(MT), the time in seconds that the animal spent in motion; 4)
number of movements (NM), this parameter increased by one
each time a movement was registered by the breaking of a beam
separated by at least 1 second from the last interruption; 5) rest
time (RT), the difference between total time and movement time;
6) average speed (SP), the average speed of the animals move-
ment in cm/second; 7) average distance (AD), the average dis-
tance the animal moved in inches during a movement bout; 8)
vertical activity (VA), the total number of beam interruptions in
the vertical sensor; 9) vertical time (VT), this parameter increased
while an animal was breaking the beam of a vertical sensor; 10)
number of vertical movements (VM), this increased with vertical
sensor beam interruptions that were separated by at least 1 sec-
ond; 11) number of stereotypic movements (NS), this parameter
increased when the same beams were broken repeatedly with 1
second in between; 12) stereotypy time (ST), the accumulated
time spent in stereotypy; 13) clockwise rotations (CL), reported
in number; 14) anticlockwise revolutions (AC), reported in num-
ber. The vertical beam level was set at 16.5 cm and the monitor
interval was set at 1 hour.

Statistical Analysis

Data for each of the 14 locomotor variables was collapsed
over the 6-hour test period and expressed as a percentage of con-
trol values. Treatment effects were assessed using a two-way fac-
torial ANOVA. A two-way ANOVA, rather than a multiple
factorial ANOVA, was used in order to evaluate each locomotor
variable on an individual basis and obtain a detailed profile of
activity or an ‘‘activity print’’ following haloperidol and/or nico-
tine (4, 18, 19). Appropriate pair-wise comparisons were per-
formed using the Bonferroni multiple comparison method in order
to control for experiment-wise error rate. Acceptable statistical
significance was p<<0.05.

RESULTS

Figure 2 demonstrates the topography of the animal’s locomo-
tion following haloperidol and/or nicotine as a percentage of con-
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trol (i.e., saline/saline-treated animals). Haloperidol produced a
dose-related decrease in locomotion. While the lowest dose of
haloperidol (0.1 mg/kg) decreased only total distance and the
number of stereotypic movements, 0.4 mg/kg of haloperidol sig-
nificantly decreased all variables with the exception of rest time
and average speed. Statistical analysis using two-way ANOVA’s
revealed significant effects of haloperidol as well as significant
interactions between haloperidol and nicotine on the following
locomotor variables: HA, F(5,54)=13.27, p<0.01; F(25,54)=
24.54, p<0.01, TD, F(5,54)=13.76, p<0.01; F(25,54)=31.23,
p<0.01, MT, F(5,54)=5.44, p<0.05; F(25,54)=17.97, p<0.01,
NM, F(5,54)=15.83, p<0.01; F(25,54)=12.53, p<0.05, AD,
F(5,54)=4.09, p<0.05; F(25,54) =9.34, p<0.05, VA, F(5,54) =
25.12, p<0.01; F(25,54)=35.79, p<0.01, VT, F(5,54)=123.32,
p<0.01; F(25,54)=28.75, p<0.01, VM, F(5,54)=15.47, p<<0.01;
F(25,54)=30.10, p<0.01, ST, F(5,54)=10.69, p<0.01;
F(25,54)=34.51, p<0.01, NS, F(5,54)=13.00, p<0.01;
F(25,54)=35.43, p<0.01, CL, F(5,54)=6.00, p<0.05;
F(25,54)=21.58, p<0.01, and AC, F(5,54)=4.11, p<0.05;
F(25,54)=18.95, p<<0.01. No significant effects were found for
nicotine alone on any of the locomotor indices (p’s>0.5).

Post hoc analyses demonstrated that nicotine significantly po-
tentiated the hypoactivity produced by haloperidol. Following 0.1
mg/kg of haloperidol, nicotine potentiated the haloperidol-induced
decreases in TD, NM, AD, VA, VT, VM, ST, and CL. Follow-
ing 0.4 mg/kg of haloperidol, nicotine significantly potentiated
the decreases in HA, MN, and VM. Therefore, these data indi-
cate that nicotine is able to potentiate the locomotor effects of a
dose of haloperidol (shown in the previous experiment) to be sub-
cataleptic. These analysis also revealed that nicotine in conjunc-
tion with a low dose of haloperidol (0.1 mg/kg) produced de-
creases in locomotion equivalent to those produced by a high (0.4
mg/kg) dose of haloperidol alone. The dose of nicotine used in
these studies did not produce any significant locomotor alterations
when given alone. The dose-effect function for nicotine on loco-
motor activity has been previously reported (11).

DISCUSSION

Nicotine significantly potentiated the catalepsy and locomotor
hypoactivity produced by haloperidol. While the observation that
nicotine cotreatment significantly increased catalepsy times is
consistent with our previous reports (21,22), these data further
indicated that nicotine is without effect following doses of halo-
peridol which are themselves subcataleptic. However, using the
Digiscan Animal Activity Monitor, nicotine was observed to
markedly potentiate the hypoactivity produced by the same sub-
cataleptic dose of haloperidol. It appeared then, that the bar test
for catalepsy may actually underestimate the behavioral interac-
tion between nicotine and haloperidol. Using the activity moni-
tors, it was apparent that nicotine, in conjunction with a low dose
of haloperidol, produced a behavioral effect which closely resem-
bled that obtained using a high dose of haloperidol alone. It should
be pointed out, however, that the two present experiments do not
provide direct statistical comparisons of the sensitivity of the cat-
alepsy and locomotor testing situations. Regardless, given that
the use of neuroleptics is often precluded by the occurrence of
both short- and long-term deleterious side effects, nicotine
cotreatment may prove useful ameliorating these negative side
effects.

Although it has been suggested that nicotine has little or no
therapeutic value (1), recent reports indicated that nicotine may
ameliorate panic attacks (3), reduce pain anxiety (17), reduce ap-
nea (10), improve Alzheimer’s disease (16) and relieve hemidys-
tonia (12). While these studies have examined the effects of
nicotine alone, comparatively few studies have examined the in-



878

PERCENT CHANGE FROM CONTROL PERCENT CHANGE FROM CONTROL

PERCENT CHANGE FROM CONTROL

SALINE/NICOTINE (0.1)

U G U S G U GH U U VI G S S

HA TOMTATSPNMADVAVYVMSTNS CLAC

LOCOMOTOR VARIABLE

HALOPERIDOL (0.1)/SALINE

U G W P S S S G S U

HA TDMT RTSPNMADYAVTVYMSTNS CLAC

LOCOMOTOR VARIABLE

HALOPERIDOL (0.4)/SALINE

Q
HA TOMT ATSPNMADVAVTIVMSTNS CLAC

LOCOMOTOR VARIABLE

PERCENT CHANGE FROM CONTROL

PERCENT CHANGE FROM CONTROL

EMERICH ET AL

HALOPERIDOL (0.1)/NICOTINE (0.1)

PR I WS S G G S G S S S

70
HATOMTAYSPNMADYAVTVMSTNS CLAC

LOCOMOTOR VARIABLE

HALOPERIDOL (0.4)/NICOTINE (0.1)

HA TOMTRTSPNMADVAVTIVMSTNS CLAC

LOCOMOTOR VARIABLE

FIG. 2. The effects of nicotine (0.1 mg/kg) on the decreases in locomotion produced by haloperidol (0.1 or 0.4 mg/kg)
as assessed using Digiscan 16 Animal Activity Monitors. Data are presented as mean percentages of control values (sa-
line/saline-treated animals) for the 6-hour period. HA, horizontal activity; TD, total distance; MT, movement time; NM,
number of movements; RT, rest time; AS, average speed; AD, average distance; VA, vertical activity; VT, vertical time;
NV, number of vertical movements; NS, number of stereotypic movements; ST, stereotypy time; CL clockwise rotations;
AC, anticlockwise revolutions. *p<(0.05 vs.controls; tp<<0.05 vs. animals treated with same dose of haloperidol plus

saline.
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teraction of nicotine with other psychotherapeutic drugs. Given
the powerful potentiation of neuroleptic catalepsy in animals by
nicotine, we examined the ability of nicotine to increase the effi-
cacy of neuroleptic treatment in hyperkinetic motor disorders,
such as TS. We reported that chewing nicotine gum, when com-
bined with continuing haloperidol treatment, produced a rapid and
pronounced relief from tics and attentional problems in TS pa-
tients (21,22). After 15-20 minutes, the severity and intensity of
motor and verbal tics were decreased and an increase in concen-
tration and attention was noted by both the patients and their par-
ents in 80% of the cases. Moreover, in a pilot placebo trial, two
patients who were administered regular nonnicotine gum showed
no change in TS symptoms. In our open trials completed so far,
the results showed a highly significant decrease in the frequency
and severity of tics, both during the gum chewing period and for
a subsequent one-hour period. Together, the animal and human
studies suggested that nicotine is only of value when combined
with a neuroleptic. Interesting, previous reports have suggested
that nicotine alone may reduce the severity of the symptoms of
TS (6). We are currently conducting a series of clinical studies to
more carefully evaluate the possibility that nicotine alone is of
some benefit in the treatment of the behavioral consequences
of TS.

The mechanism by which nicotine can markedly potentiate the
effects of haloperidol is unclear. Because nicotine induces dopa-
mine release in the nucleus accumbens and striatum (2,5) we
investigated the effects of nicotine on striatal HVA and DOPAC
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concentrations 120 minutes postinjection. Haloperidol produced a
marked increase in dopamine turnover which has previously been
shown to be the result of compensatory neuronal activity of do-
pamine neurons following blockade of postsynaptic dopamine re-
ceptors. However, the combination of nicotine and haloperidol
did not produce any significantly greater effect on dopamine turn-
over even though these animals showed a synergistic potentiation
in the cataleptic response (7). Thus it was unlikely that the behav-
ioral effects of nicotine and haloperidol cotreatment were due to
any change at the level of dopamine release. We are currently in
the process of investigating neurochemical alterations and recep-
tor changes at the intrinsic cholinergic synapse and the efferent
GABAergic output from the striatum. Nicotine is a potent agonist
of nicotinic cholinergic receptors. The blockade of striatal dopa-
mine receptors by haloperidol increases striatal cholinergic activ-
ity. It is possible that the combined increase cholinergic activity
by dopamine inhibition and nicotine activation may stimulate the
efferent inhibitory influence of the striatum (presumably
GABAergic) on motor activity.

In conclusion, these data indicated that nicotine, in conjunc-
tion with haloperidol, markedly potentiates the haloperidol-
induced catalepsy and locomotor decreases. These data also indi-
cated that the Digiscan Animal Activity Monitors provide a more
sensitive assessment of the interaction between nicotine and halo-
peridol than the bar test. Nicotine may prove useful for the treat-
ment of neuroleptic responsive disorders such as TS, schizophrenia
and Huntington’s disease.
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