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MUSEO, E. AND R. A. WISE. Locomotion induced by ventral tegmental microinjections of a nicotinic agonist. PHARMACOL 
BIOCHEM BEHAV 35(3) 735-737, 1990.--Bilateral microinjections of the nicotinic agonist cytisine (0.1, 1 or 10 nanomoles per 
side) into the ventral tegmental area increased locomotor activity. This increase in locomotion was antagonized by mecamylamine (2 
mg/kg, IP), a nicotinic antagonist that readily crosses the blood-brain barrier, and by pimozide (0.3 mg/kg, IP), a central dopaminergic 
antagonist. Hexarnethonium (2 mg/kg, IP), a nicotinic antagonist that, unlike mecamylamine, does not cross the blood-brain barrier, 
had no effect; this suggests that mecamylamine's attenuation of cytisine-induced locomotor activity resulted from a blockade of central 
and not peripheral nicotinic receptors. The data support the notion that nicotinic and dopaminergic substrates interact at the level of 
the VTA to produce increases in locomotor activity. 
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THE mesolimbic dopamine (DA) system has been implicated in 
locomotor behavior (4). Axons originating in the ventral tegmental 
area (VTA) and terminating in the nucleus accumbens (NAS) 
appear to be involved (6). The administration of compounds that 
increase activity in the mesolimbic DA system augment locomotor 
activity (12); systemically administered amphetamine, for exam- 
ple, increases NAS DA release (5) and facilitates locomotion (14). 

The systemic administration of nicotine also enhances locomo- 
tor activity (1); the same effect has been reported following 
intra-VTA injections of cytisine, a potent nicotinic agonist (11). 
The effect on locomotion seems to result from the activation of the 
mesolimbic DA system; nicotinic binding sites have been localized 
in the VTA as well as the NAS (2,3), and the number of these 
binding sites is markedly reduced by 6-OHDA-induced degener- 
ation of the medial forebrain bundle DA fibers (3). In addition, 
dopaminergic neurons in the VTA increase their rate of firing 
following either the iontophoretic (8) or systemic (10) administra- 
tion of nicotine. Systemic nicotine also increases the release of DA 
in the NAS (5, 9, 13); this release is believed to be regulated by 
receptors located on cell bodies and terminals (2,15). 

The present experiments were designed to further investigate 
the preliminary finding of Pert and Chiueh (11) that ventral 

tegmental injections of the nicotinic agonist cytisine stimulate 
locomotor activity. The basic finding was replicated and three 
pharmacological challenges were used to further characterize the 
mechanism of cytisine's effect. 

METHOD 

Twenty-one male Long Evans hooded rats weighing 350-400 g 
were implanted bilaterally with 22-ga guide cannulae under 
pentobarbitol (60 mg/kg, IP) anaesthesia. The guide cannulae 
were aimed at the VTA with their tips located 1.5 mm above the 
final injection site. Guide cannulae were stereotaxically implanted 
at a 10 degree angle; with the incisor bar set 5 mm superior to the 
interaural line the coordinates were 2.5 mm posterior to bregma, 
2.0 mm lateral to the midsagittal suture and 7.1 mm ventral to the 
skull surface. Animals were allowed at least one week to recover 
from the surgical procedure. 

Twelve activity boxes were used to measure locomotor activ- 
ity. Each box (20 x 41 x 25 cm) was constructed of wood except 
for a Plexiglas front and a wire grid floor. Two photocells were 
positioned 4 cm above the floor, and separated the compartment 
along its longest side into three equal areas; the photocells were 
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connected via an electrical interface to a computer placed in an 
adjoining room. During habituation and test sessions the room was 
dark and white noise (60 dB) was continuously present. 

Bilateral VTA injections were made while animals were free to 
move in a plastic container (20 x40  x 16 cm). Drug or vehicle 
(sterile physiological saline) solutions were injected in a volume of 
0.5 Ixl per side over a period of 100 sec. Thirty-ga injector 
cannulae were connected to 1 p,l syringes via PE-20 tubing and 
were used to make the intracranial injections. In order to maximize 
drug diffusion the injector cannulae were left in place for 60 sec 
following the injections. Cytisine, hexamethonium bromide and 
mecamylamine (Sigma) were each dissolved in sterile physiolog- 
ical saline, whereas pimozide (Janssen Pharmaceutica) was dis- 
solved in a 0.1 molar solution of tartaric acid. 

All animals were tested with each of two doses of cytisine [1 
and 10 nanomoles (nmol)] and one vehicle injection in a random- 
ized repeated measures design. Following the testing of these 
doses two additional doses (0.01 and 0.1 nmol) were tested in an 
attempt to determine a threshold dose below which locomotion 
was not facilitated. One day prior to the beginning of the 
experiment animals were habituated to the apparatus for one hour. 
On test days animals were administered one of the five treatments 
following a 30-minute habituation period, and locomotor activity 
was recorded during a 60-minute session. 

In a second experiment animals were randomly assigned to one 
of three groups. The first group (n = 6) received an injection of the 
nicotinic antagonist mecamylamine (2 mg/kg, IP) 20 minutes prior 
to an intra-VTA injection of cytisine (10 nmol); a second group 
(n = 7) was administered the nicotinic antagonist hexamethonium 
(2 mg/kg, IP) 20 minutes prior to an intra-VTA cytisine injection; 
and a third group (n = 7) received an injection of pimozide (0.3 
mg/kg, IP) five hours prior to intra-VTA cytisine. 

Following the experiments animals were anaesthetized (chloral 
hydrate: 400 mg/kg) and perfused transcardially with 50 ml of 
saline followed by 50 ml of 10% formalin. A thionin solution was 
then injected intracranially in a volume of 0.5 gl in order to help 
locate the injection site. 

R E S U L T S  

Only animals with both injector tips located in the VTA were 
included in the data analyses. Of the 21 animals implanted with 
guide cannulae three were not included in the statistical analyses; 
one died following surgery and two had at least one injector tip 
located outside the VTA. 

A dose-dependent effect on locomotion was revealed by an 
analysis of variance conducted on the mean locomotor counts for 
each of the treatments, F(4,68) = 4.32, p<0.003;  each of the three 
highest doses was found to produce statistically reliable (Tukey 
test, p<0.01)  increases in locomotion (Fig. 1). Animals adminis- 
tered the nicotinic antagonist mecamylamine prior to receiving 
intra-VTA cytisine locomoted less than when they were adminis- 
tered cytisine alone, t (4)=2.8,  p<0.05  (Fig. 2A). Hexametho- 
nium, a nicotinic antagonist that does not have easy access to the 
CNS, did not attenuate cytisine-induced locomotion, t (5)=0.6,  
p>0.05 (Fig. 2B). The DA antagonist pimozide blocked the 
increase in locomotion seen following intra-VTA cytisine, t(6)= 
6.8, p<0.01 (Fig. 2C). 

In order to ensure that the attenuation of cytisine-induced 
locomotion by mecamylamine and pimozide was not due to a 
general inhibitory effect these antagonists may have on locomo- 
tion, an additional experiment was conducted wherein 32 naive 
animals were randomly assigned to one of four treatments; in this 
way the effects of the three antagonists on spontaneous locomotor 
activity were compared to those of saline. While mecamylamine 
appeared to increase locomotion in comparison to saline, and 
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FIG. 1. Mean number of photocell interruptions for each of five intra-VTA 
treatments plotted in 10-min intervals. The inset figure shows mean total 
photocell interruptions for the 60-minute test sessions. **p<0.01. 

pimozide appeared to decrease locomotion, an analysis of variance 
conducted on the locomotor counts for each of the treatments 
revealed that these trends were not statistically significant, F(3,28) = 
2.46, p>0.05.  

D I S C U S S I O N  

The systemic administration of nicotine is known to increase 
locomotor activity in rats (1). The present study confirms an 
earlier report that intra-VTA injections of the nicotinic agonist 
cytisine can have this behavioral effect (11). These data are in 
agreement with the notion that the mesolimbic DA system plays a 
role in mediating increases in locomotion produced by systemic 
nicotine. The behavioral activation by intra-VTA cytisine fits with 
autoradiographic and electrophysiological reports showing, re- 
spectively, the presence of nicotinic receptors in the VTA (2,3) 
and increased DA cell firing following the iontophoretic applica- 
tion of nicotine (8). In addition, evidence based on the use of the 
in vivo microdialysis technique shows that systemic nicotine 
increases the release of DA in the NAS (5,9) and that the release 
of DA in the NAS correlates with locomotor activity (7). Since the 
iontophoresis of nicotine onto DA cells in the VTA increases the 
firing of these cells, and since increased activity of the mesolimbic 
DA system is associated with hyperactivity, it would be predicted 
that the administration of a nicotinic agonist in the VTA would 
produce hyperactivity. We confirm that the administration of the 
nicotinic agonist cytisine into the VTA increases locomotor 
activity and that this effect on locomotion is seen across a large 
range of doses. 

In addition, we report that the nicotinic antagonist mecamyl- 
amine antagonized intra-VTA cytisine's facilitation of locomo- 
tion, whereas the nicotinic antagonist hexamethonium did not. 
Although these results are preliminary, they suggest that mecamyl- 
amine's attenuation of cytisine-induced locomotion was centrally 
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FIG. 2. Effects of (A) mecamylamine (MEC: 2 mg/kg), (B) hexamethonium (HEX: 2 mg/kg) and (C) pimozide (PIM: 0.3 mg/kg) on the mean number 
of photocell interruptions produced by bilateral intra-VTA injections of cytisine (CYT: 10 nmol). *p<0.05; **p<0.01. 

mediated: both mecamylamine and hexamethonium block periph- 
eral nicotinic receptors, but only mecamylamine has easy access to 
the CNS. On the basis of the tests with these drugs alone, the 
decrease in cytisine-induced locomotor activity seen in animals 
pretreated with mecamylamine or pimozide is interpreted as 
reflecting the attenuation by these drugs of cytisine's excitatory 

effect, and is not likely to be due to a general inhibitory effect on 
locomotion, especially in the case of mecamylamine. Taken 
together, the data reported here support the notion that nicotinic 
and dopaminergic substrates interact at the level of the VTA to 
influence locomotor activity. 
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