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Abstract 

The present study examined whether reserpine-induced oral dyskinesia is mediated by release of residual endogenous dopamine. 
Amphetamine produced a dose-dependent change in reserpine-induced oral dyskinesia in which the response was exacerbated by 0.6 
mg/kg amphetamine and inhibited by 1 mg/kg. The latter dose also produced stereotypy that may have interfered with expression of 
reserpine-induced oral dyskinesia. Nigrostriatal 6-hydroxydopamine lesions attenuated expression of reserpine-induced oral dyskinesia. 
These lesions did not reduce locomotor activity, however, indicating that the attenuation of reserpine-induced oral dyskinesia was not due 
to a general depressant effect of the lesions on motor behavior. These results suggest that increasing dopamine release by administration 
of amphetamine exacerbates reserpine-induced oral dyskinesia, whereas decreasing the amount of releasable dopamine in the striatum by 
6-hydroxydopamine lesions attenuates reserpine-induced oral dyskinsia. These findings may have implications for understanding tardive 
dyskinesia and L-3,4-dihydroxyphenylalanine (L-DOPA)-induced dyskinesia. 

Keywords: Reserpine; Oral dyskinesia; Tongue protrusion; Dopamine; 6-Hydroxydopamine; Amphetamine; Tardive dyskinesia; Nigrostriatal; Caudate- 
putamen; (Rat) 

1. Introduct ion 

Tardive dyskinesia is defined as a motor disorder in- 
volving orofacial dyskinesia that develops as a result of 
long-term administration of neuroleptics (Baldessarini et 
al., 1980; Gerlach and Casey, 1988). We have previously 
reported that rats develop spontaneous oral dyskinesia 
following administration of reserpine, and have suggested 
that this response may offer a new animal model of tardive 
dyskinesia (Neisewander et al., 1991a,b, 1994). Although 
reserpine is not classified as a neuroleptic, it has been used 
as an antipsychotic agent and has been associated with the 
development of tardive dyskinesia (Shonecker, 1957; 
Uhrbrand and Faurbye, 1960). Reserpine-induced oral 
dyskinesia in rats is characterized by twitching of the 
facial musculature, jaw movements and tongue protru- 
sions, similar to some of the symptoms of tardive dyskine- 
sia. The response persists for at least 60 days following 
termination of reserpine treatment (Neisewander et al., 
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1991b), similar to the persistence of tardive dyskinesia in 
humans following termination of neuroleptic treatment 
(Gardos and Cole, 1983; Klawans et al., 1984; Smith and 
Baldessarini, 1980). The rate of development of the dyski- 
nesia is dose-dependent. At high doses (1 mg /kg )  the 
response appears within 3 days, whereas at low doses 
(0.05 mg /kg )  the response is not evident until approxi- 
mately 6 -8  weeks of treatment (Neisewander et al., 1994). 
The delayed development at low doses is similar to the 
protracted development of tardive dyskinesia in humans 
(Gerlach and Casey, 1988). Lastly, the response is dose 
dependently blocked by the dopamine D 2 receptor antago- 
nist spiroperidol (Neisewander et al., 1991a), consistent 
with reports indicating that the symptoms of tardive dyski- 
nesia are alleviated by dopamine receptor antagonists (Bal- 
dessarini et al., 1980; Jeste and Wyatt, 1982; Kazamatsuri 
et al., 1972; Klawans, 1973). 

The finding that reserpine-induced oral dyskinesia is 
reversed by administration of a dopamine D 2 receptor 
antagonist suggests that residual endogenous dopamine 
may be involved in this response. Furthermore, chronic 
administration of either reserpine or neuroleptics results in 
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altered dopaminergic functions, including increased behav- 
ioral sensitivity to direct dopamine receptor agonists (Arnt, 
1985; Hong et al., 1987; Quinton and Halliwell, 1963; 
Tarsy and Baldessarini, 1974), increased number of 
dopamine receptors (Burt et al., 1977; Joyce, 1991; Neise- 
wander et al., 1991a,b), and increased dopamine release 
and turnover (Callaway et al., 1989; Shannak and 
Hornykiewicz, 1980; See, 1991, 1993; See et al., 1992). 
Reserpine-treated animals exhibit an increase in firing rate 
of nigrostriatal dopamine neurons (German et al., 1981), as 
well as measurable levels of extracellular dopamine in the 
striatum that, in some cases, is actually increased relative 
to controls (Arbuthnott et al., 1991; Bean et al., 1989; 
Butcher et al., 1988; Cadoni et al., 1995; Callaway et al., 
1989; Florin et al., 1995). Furthermore, reserpine-treated 
animals exhibit an increase in dopamine release following 
an amphetamine challenge that, in some cases, is greater 
relative to controls (Cadoni et al., 1995; Dluzen and 
Kratko, 1992). 

In the present study, two experiments were conducted 
to test the hypothesis that reserpine-induced oral dyskine- 
sia is mediated by residual endogenous dopamine. In the 
first experiment, we examined whether reserpine-induced 
oral dyskinesia is exacerbated by amphetamine-induced 
release of dopamine from the reserpine-resistant pool. In 
the second experiment, we examined whether reserpine-in- 
duced oral dyskinesia is attenuated by 6-hydroxydopamine 
lesions of nigrostriatal dopamine neurons that deplete the 
residual dopamine pool. 

2. Materials and methods 

2.1. Animals and reserpine administration 

Male Sprague-Dawley rats (Charles River) weighing 
250-300 g were housed in a climate-controlled animal 
colony with a 12 h l ight/dark cycle. They were acclimated 
to handling for 5 -7  days prior to the start of an experi- 
ment. Animals were randomly assigned to treatment groups 
that received either vehicle or 1.0 m g / k g  reserpine subcu- 
taneously every other day for 5 -9  days depending on the 
experiment. Reserpine (Sigma, St. Louis, MO, USA) was 
dissolved in glacial acetic acid, then diluted to the correct 
concentration with distilled water. Vehicle consisted of the 
same amount of acetic acid and water as in the reserpine 
solution. Both solutions were injected at a volume of 1 
ml /kg .  Some of the rats that received reserpine experi- 
enced severe weight loss initially and were given 6 -8  ml 
of a liquid diet consisting of 200 ml tap water, 100 ml 
sweetened condensed milk, 1 package of chocolate fla- 
vored instant breakfast mix, and 22.5 ml Kaopectate via 
intubation for the first 1-7 days. The reserpine-treated rats 
were also given access to ground Purina rat chow moist- 
ened with the liquid diet throughout the experiment in 
order to prevent dehydration and weight loss. We have not 

observed any relationship between consumption of the 
liquid diet and expression of oral dyskinesia. For instance, 
animals continue to exhibit reserpine-induced oral dyskine- 
sia at a maximal level for 20 days following termination of 
both reserpine treatment and access to the liquid diet 
(Neisewander et al., 1991b). 

2.2. Behavioral testing 

On each test day, rats were placed into a clear Plexiglas 
cage (44 X 24 × 20 cm high) that had a metal bar floor and 
a perforated metal lid. To quantify the occurrence of oral 
dyskinesia, the incidence of tongue protrusions was 
recorded continuously for 30 min. Tongue protrusions 
were operationally defined as a visible extension of the 
tongue outside of the mouth, and individual tongue protru- 
sions during a bout of oral dyskinsia were each preceded 
by visible retraction of the tongue. A mirror was placed 
behind the back wall of the cage to enable observation of 
tongue protrusions when the animal was faced away from 
the observer. Each cage was also equipped with two sets of 
photocells and light sources mounted onto a rack outside 
of the cage such that the emitted photobeams were located 
32 cm apart and 4 cm above the floor. A computer-auto- 
mated relay system recorded the number of times the 
animals broke the two photobeams consecutively by mov- 
ing from one end of the cage to the other. The latter 
measure is referred to as crosses. 

2.3. Experiment 1: effects o f  amphetamine on reserpine-in- 
duced behaviors 

Rats were injected subcutaneously with either vehicle 
(n = 39) or reserpine (1 mg/kg ;  n = 38) every other day 
for 9 days. On day 10, the rats in each treatment condition 
were randomly assigned to groups that were injected intra- 
peritoneally with either 0 (n = 8-11), 0.1 (n = 6-7),  0.3 
( n = 8 - 9 ) ,  0.6 ( n = 7 ) ,  or 1.0 ( n = 6 )  m g / k g  am- 
phetamine (Sigma, St. Louis, MO, USA). Amphetamine 
was dissolved in sterile saline and injected at a volume of 
1 ml /kg .  Immediately after the injection, the animals were 
placed into the test cages for a 30-min period, and tongue 
protrusions and locomotor activity were measured as de- 
scribed previously. Reserpine treatment produces stereo- 
typic walking in some rats that is characterized by abnor- 
mal 'robotic-like' movement. Stereotypic walking also 
appears purposeless since the animals typically engage in 
the behavior continuously, walking from one end of the 
cage to the other, and do not exhibit other exploratory-like 
behaviors such as sniffing or rearing. Animals engaged in 
stereotypic walking also display ptosis, hunched posture, 
and tongue protrusions. Amphetamine produces stereotypic 
sniffing, chewing and licking directed at the floor, walls, 
and ceiling that also appears purposeless and repetitive. 
The presence and intensity of these behaviors were mea- 
sured every 2.5 min based on a 10-s observation period. 



J.L. Neisewander et al. / European Journal of Pharmacology 305 (1996) 13-21 15 

Intensity was rated on a scale of 1-3 depending on the 
percentage of time the animal was engaged in the behavior 
as follows: 1 = < 25%, 2 = 25-75%, and 3 = > 75%. The 
sum of these ratings yielded an overall score for the 
behavior. The behaviors were recorded by an observer who 
was unaware of the animals' amphetamine dose. 

2.4. Experiment 2: effects of nigrostriatal 6-hydroxy- 
dopamine lesions on reserpine-induced behaviors 

The rats were deprived of food 24 h prior to surgery. 
They were anesthetized with pentobarbital (50 mg/kg ,  
i.p.) in combination with atropine (10 mg/kg ,  i.p.). They 
were then placed into a stereotaxic instrument with their 
head positioned with Bregma and Lambda horizontal. They 
were injected with desmethylimipramine (25 mg/kg ,  i.p.), 
and 15-30 rain later they received bilateral infusions of 
either vehicle (0.1% ascorbate, n = 2 7 )  or 6-hydroxy- 
dopamine (5 /~g/4 /~l/side, n = 37) into the substantia 
nigra using the following coordinates: - 5 . 0  mm AP and 
___ 2.0 mm ML with respect to Bregma, and - 7.4 DV with 
respect to the skull. The cannulae (30 gauge stainless steel) 
were connected to gastight Hamilton syringes by PE-20 
tubing and the syringes were placed into a pump (Harvard 
Apparatus) that delivered the infusion over a 195-s period. 
A minute air bubble was made in the tubing so that its 
movement could be measured in order to verify that the 
proper amount of fluid had been infused. Following a 
10-14 day recovery period, half of each group was in- 
jected with vehicle and half was injected with reserpine (1 
mg/kg ,  s.c.) every other day for six days. Twenty-four 
hours after their last injection, the animals were placed into 
the test cage, and tongue protrusions and locomotor activ- 
ity were recorded for 30 min as described previously. 
Within 2 h of behavioral testing, the rats were decapitated. 
The brains were rapidly removed, placed on an ice-cold 
plate, and cut coronally at the caudal border of the olfac- 
tory tubercle. The striata were dissected from the anterior 
portion of the brains. The tissue samples were weighed, 
frozen on dry ice, stored at -70°C,  and then later assayed 
for monoamine and metabolite levels. This experiment 
includes two replications due to the loss of tissue from the 
first experiment as a result of a power failure to our 
freezer. The tissue from the second experiment was pre- 
pared for the assay by homogenizing the samples in 0.05 N 
perchloric acid containing the internal standard dihydroxy- 
benzylamine (n per group is indicated in the results). 
Homogenates were centrifuged at 1500 × g for 4 rain and 
the filtered supernatant was assayed using high perfor- 
mance liquid chromatography with electrochemical detec- 
tion as described by Robinson et al. (1987). 

2.5. Data analysis 

Tongue protrusions, crosses, and neurochemical mea- 
sures were analyzed using analyses of variance (ANOVA) 

and Newman-Keuls tests were performed for pairwise 
comparisons. For Experiment 1, reserpine pretreatment 
(i.e., 0 vs. 1 mg /kg )  and dose of amphetamine were 
between subjects factors. For Experiment 2, surgical treat- 
ment (i.e., vehicle vs. 6-hydroxydopamine) and reserpine 
treatment (i.e., 0 vs. 1 m g / k g )  were between subjects 
factors. The behavior from the two replications of Experi- 
ment 2 were analyzed separately. The same findings were 
statistically significant in each separate experiment, and 
therefore, the data have been combined for presentation of 
the results. Stereotypy ratings from Experiment 1 were 
analyzed using nonparametric Kruskall-Wallis ANOVAs 
and Mann-Whitney U-test were used for pairwise compar- 
isons. 

3. Results 

3.1. Experiment 1: effects of amphetamine on reserpine-in- 
duced behaviors 

Amphetamine produced an increase in reserpine-in- 
duced tongue protrusions at a dose of 0.6 m g / k g  and a 
decrease at a dose of 1.0 m g / k g  (see Fig. la). The overall 
ANOVA indicated a significant interaction between reser- 
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Fig. 1. Effects of amphetamine on tongue protrusions (panel a) and 
locomotor activity (panel b) in animals pretreated with vehicle or reser- 
pine every other day for 9 days. Values represent the means +_ S.E.M. 
Asterisks (*)  represent a significant difference between the reserpine- 
treated group and respective vehicle-pretreated group challenged with a 
given dose of amphetamine, P < 0.01, Newman-Keuls test. Plus sign 
( + )  represents a significant difference between groups challenged with 
amphetamine and the group challenged with 0 m g / k g  amphetamine 
within respective vehicle or reserpine pretreatment conditions, P < 0.05, 
Newman-Keuls test. 
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pine and amphetamine treatments, [F(4,67) = 14.4, P < 
0.0001]. Subsequent pairwise comparisons indicated that 
reserpine-treated animals exhibited more tongue protru- 
sions relative to their respective vehicle-treated control 
group at each dose of amphetamine tested (Newman-Keuls 
test, P < 0.05), except the dose of 1 mg/kg.  In addition, 
reserpine-treated animals tested at the dose of 0.6 mg/kg  
amphetamine exhibited more tongue protrusions relative to 
reserpine-treated controls tested at the dose of 0 mg/kg  
amphetamine (Newman-Keuls test, P < 0.05), whereas re- 
serpine-treated animals tested at the dose of 1.0 mg/kg  
amphetamine exhibited fewer tongue protrusions relative 
to reserpine-treated controls (Newman-Keuls test, P < 
0.05). Amphetamine did not alter tongue protrusions in 
vehicle-treated animals at any dose. 

Both of the doses of amphetamine that altered reser- 
pine-induced tongue protrusions also produced an increase 
in locomotor activity that was more robust in reserpine- 
treated animals relative to vehicle-treated animals (see Fig. 
lb). The overall ANOVA indicated a significant interac- 
tion between reserpine and amphetamine treatments, 
[F(4,67) = 25.9, P < 0.0001]. Subsequent pairwise com- 
parisons indicated that animals receiving 0.6-1.0 mg/kg  
amphetamine exhibited more crosses relative to their re- 
spective control group receiving 0 mg/kg  (Newman-Keuls 
test, P < 0.05). In addition, reserpine-treated animals tested 
at these doses exhibited more crosses relative to their 
respective vehicle-treated control groups (Newman-Keuls 
test, P < 0.05). 

The effects of reserpine and/or  amphetamine on stereo- 
typic behaviors are summarized in Table 1. Amphetamine 
increased stereotypic walking in reserpine-treated animals, 
but not in vehicle-treated animals. The Kruskall-Wallis 
ANOVA indicated a significant group effect [H = 42.1, 
P < 0.001]. Reserpine-treated animals receiving 0.1 and 
0.6 mg /kg  amphetamine exhibited an increase in stereo- 
typic walking relative to both respective vehicle-treated 
controls and reserpine-treated animals receiving 0 mg/kg  
amphetamine (Mann-Whitney U-tests, P < 0.05). Am- 
phetamine increased sniffing behavior and this effect was 
evident at a lower dose of amphetamine in animals treated 
with reserpine. The Kruskall-Wallis ANOVA indicated a 

significant group effect [H = 47.7, P < 0.001]. Subsequent 
pairwise comparisons indicated that in vehicle-treated ani- 
mals, sniffing was decreased in animals receiving 0.1 
mg /kg  amphetamine, and increased in animals receiving 
1.0 mg/kg  amphetamine, relative to controls receiving 0 
mg/kg  amphetamine (Mann-Whitney U-tests, P < 0.05). 
In reserpine-treated animals, sniffing was increased in 
animals receiving 0.6-1.0 mg/kg  amphetamine relative to 
controls receiving 0 mg/kg  amphetamine (Mann-Whitney 
U-tests, P < 0.05). Baseline sniffing was decreased by 
reserpine treatment alone since animals receiving reserpine 
alone exhibited less sniffing relative to animals receiving 
vehicle treatment alone (Mann-Whitney U-tests, P < 0.05). 
Amphetamine did not produce a significant amount of oral 
stereotypy in any of the treatment groups [H = 14.1, P < 
0.12], although there was a trend for an increase in oral 
stereotypy in reserpine-treated animals receiving 1.0 
mg/kg  amphetamine. 

3.2. Experiment 2: effects of nigrostriatal 6-hydroxy- 
dopamine lesions on reserpine-induced behavioral and 
neurochemical changes 

6-Hydroxydopamine lesions of the nigrostriatal pathway 
did not alter tongue protrusions or locomotion in vehicle- 
treated animals, but attenuated tongue protrusions and 
increased locomotion in reserpine-treated animals (see Fig. 
2). The overall ANOVA indicated a significant interaction 
between surgical and reserpine treatments both for tongue 
protrusions, [F(1,60)= 13.1, P<0.001]  and locomotor 
activity, [F(1,60) = 5.8, P < 0.05]. Subsequent pairwise 
comparisons indicated that in both cases reserpine-treated 
animals given sham lesions were significantly different 
from all other groups (P  < 0.05, Newman-Keuls tests). 
Vehicle-treated groups did not differ from each other on 
either behavioral measure. The incidence of tongue protru- 
sions in reserpine-treated animals given 6-hydroxydopa- 
mine lesions did not differ from the vehicle-treated ani- 
mals given 6-hydroxydopamine lesions, but was signifi- 
cantly greater relative to vehicle-treated animals given 
sham lesions (P  < 0.05, Newman-Keuls test). These find- 
ings indicate that reserpine-induced tongue protrusions 

Table 1 
Stereotypic behaviors following amphetamine administration in animals pretreated with vehicle or reserpine every other day for 9 days 

Dose (mg/kg)  of Walking Sniffing Oral 

amphetamine Vehicle Reserpine Vehicle Reserpine Vechicle Reserpine 

0 0.64 + 0.64 0.13 _ 0.13 12.6 + 2.4 3.0 + 1.5 b 0.27 4- 0.27 
0.1 1.12 + 0.83 6.29 -i- 1.70 a,b 5.2 + 2.1 a 3.7 + 1.9 0.83 ± 0.40 
0.3 0.12 + 0.12 1.56 + 0.85 21.5 _ 3.5 8.6 + 3.2 b 0.38 + 0.26 
0.6 2.00 4- 0.58 14.70 + 3.21 a,b 19.0 + 2.9 14.1 4- 2.1 a 0.43 4- 0.30 
1.0 0.17 4- 0.17 0.50 + 0.50 34.3 + 1.4 ~ 26.5 4- 3.2 a 0 4-0 

0 + 0  
0 + 0  
0 + 0  

0.57 _+ 0.43 
2.67 + 2.12 

Values represent mean overall scores ( +  S.E.M.) computed by summating time-sampled ratings as 
difference from respective control group receiving 0 mg/kg  amphetamine, P < 0.05, Mann-Whitney 
respective vehicle-treated control group, P < 0.05, Mann-Whitney U-test 

described in Methods. a Represents a significant 
U-test. b Represents a significant difference from 
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Fig. 2. Effects of 6-hydroxydopamine lesions and/or reserpine treatment 
on tongue protrusions (panel a) and locomotor activity (panel b). Values 
represent the means _+ S.E.M. Asterisks ( * ) represent a significant differ- 
ence from control group (i.e., vehicle/vehicle), P < 0.05, Newman- 
Keuls test. Plus sign ( + ) represents a significant difference from all other 
groups, P < 0.01, Newman-Keuls test. 

were attenuated by the 6-hydroxydopamine lesions. Loco- 
motor activity in reserpine-treated animals given 6-hy- 
droxydopamine lesions was significantly greater relative to 
animals receiving reserpine alone, but did not differ from 
either of the vehicle-treated groups. These findings indi- 
cate that the lesion increased locomotor activity in reser- 
pine-treated animals. 

Table 2 illustrates the effect of 6-hydroxydopamine 
lesions and /or  reserpine treatment on levels of striatal 
dopamine, dopamine metabolites, and the ratio of metabo- 
lite to dopamine. The ANOVAs indicated significant dif- 
ferences among the groups for each measure ( P  < 0.001). 
6-Hydroxydopamine lesions alone significantly depleted 
dopamine, 3,4-dihydroxyphenylacetic acid (DOPAC), and 
homovanillic acid (HVA) to 69%, 52%, and 43% of 
sham/vehicle control levels, respectively (Newman-Keuls 
test, P < 0.05). Reserpine treatment alone significantly 
depleted dopamine, DOPAC, and HVA to 96%, 48%, and 
40% of sham/vehicle control levels, respectively (New- 
man-Keuls test, P < 0.05). The combined treatment with 
6-hydroxydopamine and reserpine significantly potentiated 
the decrease in DOPAC levels produced by reserpine 
treatment alone (i.e., 77% vs. 48% of sham/vehicle con- 
trol levels, respectively; Newman-Keuls test, P < 0.05). 
The combined treatment of 6-hydroxydopamine and reser- 
pine also produced greater depletion of dopamine (98%) 
and HVA (60%) than reserpine treatment alone, although 

these differences were not significant. However, a planned 
t-test comparison of dopamine levels in these groups indi- 
cated a trend toward greater depletion in the combined 
treatment group [t(14) = 1.43, P < 0.09]. 6-Hydroxy- 
dopamine lesions alone produced a nonsignificant increase 
in DOPAC/dopamine ratios (164%) and a significant 
increase in HVA/dopamine ratios (225%) relative to 
sham/vehicle controls (Newman-Keuls test, P < 0.05). 
Reserpine treatment alone produced a significant increase 
in DOPAC/dopamine (1850% relative to sham/vehicle 
controls) and HVA/dopamine  (1362% relative to 
sham/vehicle controls) ratios relative to both sham/  
vehicle and 6-hydroxydopamine/vehicle groups (New- 
man-Keuls test, P < 0.05). The combined treatment of 
6-hydroxydopamine and reserpine attenuated significantly 
the increase in DOPAC/dopamine ratios produced by 
reserpine treatment alone (814% vs. 1850% relative to 
sham/vehicle controls, respectively; Newman-Keuis test, 
P < 0.05). 

4. Discuss ion 

The results from both experiments are consistent with 
our hypothesis that reserpine-induced tongue protrusions 
are mediated, at least in part, by residual endogenous 
dopamine. The results from Experiment 1 indicate that 
amphetamine exacerbates expression of reserpine-induced 
tongue protrusions. Amphetamine produced an inverted 
U-shaped dose-dependent change in reserpine-induced 
tongue protrusions, with an increase observed at a dose of 
0.6 mg/kg ,  and decrease observed at a dose of 1.0 mg/kg .  
Amphetamine also produced an increase in locomotor 
activity at doses of 0.6 and 1.0 m g / k g  that was more 
robust in reserpine-treated animals relative to vehicle- 
treated controls. The nature of the locomotor activity ob- 
served at the dose of 0.6 m g / k g  appeared to differ depend- 
ing on the animals' pretreatment. Reserpine-pretreated ani- 
mals were predominantly engaged in stereotypic walking 
characterized by 'robotic-like' movement without sniffing, 
whereas vehicle-pretreated animals were engaged in low 
intensity stereotypy in which they exhibited simultaneous 
head-down sniffing and rapid locomotion. At the dose of 
1.0 m g / k g  amphetamine, the locomotion was of the latter 
nature in both groups. Stereotypic walking also occurs 
spontaneously in reserpine-treated animals, however, it is 
idiosynchratic since it is not reliably observed in all ani- 
mals, nor is it reliably observed within an animal across 
test days during the course of chronic reserpine treatment 
(unpublished observation). Thus, it is difficult to examine 
the mechanism of this behavior. However, the results from 
the present study suggest that amphetamine may increase 
the probability of observing this behavior in reserpine- 
treated animals since a significant increase in this behavior 
was observed at doses of 0.1 and 0.6 m g / k g  am- 
phetamine. 
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Collectively, the results from Experiment 1 indicate that 
the dose of 0.6 mg /kg  amphetamine increases reserpine- 
induced stereotypic walking and tongue protrusions, 
whereas the dose of 1.0 mg /kg  amphetamine produces 
stereotypic sniffing and locomotion that may interfere with 
expression of reserpine-induced tongue protrusions. Am- 
phetamine causes release of dopamine from a reserpine-re- 
sistant extravesicular pool (Arnold et al., 1977; Fisher and 
Cho, 1979; Langer and Arbilla, 1984; Niddam et al., 1985; 
Parker and Cubeddu, 1986; Raiteri et al., 1979; Sulzer et 
al., 1993). This pharmacologic action is thought to mediate 
amphetamine-induced locomotion and stereotypy (Costall 
and Naylor, 1977; Creese and Iversen, 1974; Moore, 1978; 
Scheel-KriJger, 1971), although other neurotransmitters 
may also play a role (Cadoni et al., 1995; Callaway et al., 
1989; Florin et al., 1995). The finding that amphetamine- 
induced locomotion was enhanced in reserpine-pretreated 
animals relative to vehicle-pretreated animals is consistent 
with previous research demonstrating behavioral supersen- 
sitivity to amphetamine (Hong et al., 1987; Quinton and 
Halliwell, 1963; Scheel-Kriiger, 1971; Smith, 1963; Stolk 
and Rech, 1967; Van Rossum et al., 1962), as well as 
direct dopamine receptor agonists (Arnt, 1985; LaHoste 
and Marshall, 1992; Neisewander et al., 1991a; Ross et al., 
1988; Starr et al., 1987) in reserpine-pretreated animals. 
The latter findings suggest that enhanced sensitivity of 
postsynaptic dopamine receptors may be involved in the 
behavioral supersensitivity. This enhanced sensitivity of 
postsynaptic dopamine receptors may also be involved in 
reserpine-induced tongue protrusions. Consistent with this 
idea, reserpine-induced tongue protrusions are reversed by 
the dopamine D 2 receptor antagonist spiroperidol (Neise- 
wander et al., 1991a). Amphetamine also causes release of 
norepinephrine, however, this effect is dependent on vesic- 
ular stores since it is absent in reserpine-treated animals 
(Florin et al., 1994, 1995; Kuczenski and Segal, 1992). 
Therefore, it is unlikely that the increase in reserpine-in- 
duced tongue protrusions by amphetamine is mediated by 
norepinephrine. 

More direct support for our hypothesis was obtained in 
Experiment 2, which demonstrated that expression of re- 
serpine-induced tongue protrusions is attenuated by lesions 
of nigrostriatal dopamine neurons. Reserpine alone pro- 
duced a 96% depletion of dopamine and 48% and 40% 
depletions of DOPAC and HVA, respectively. 6-Hydroxy- 
dopamine lesions in combination with reserpine produced 
further depletion of dopamine to 98% and of DOPAC and 
HVA to 77% and 60%, respectively. Only the further 
reduction of DOPAC produced by the combined treat- 
ments relative to reserpine treatment alone reached signifi- 
cance. However, the lack of a significant difference in 
dopamine levels between these treatment groups is likely 
due to limitations in the sensitivity of the tissue assay for 
detecting changes in the small residual pool of dopamine. 
Indeed, studies have revealed discrepancies between mea- 
sures of tissue and dialysate levels of dopamine following 

either reserpine or 6-hydroxydopamine administration, and 
the latter measure reflects synaptic levels (Callaway et al., 
1989; Castafieda et al., 1990). Thus, the significant reduc- 
tion of DOPAC and the nonsignificant trend toward reduc- 
tion of dopamine produced by 6-hydroxydopamine in re- 
serpine-treated animals likely reflect a decrease in the 
releasable and synaptic pools of dopamine. We further 
suggest that this 6-hydroxydopamine-induced reduction of 
residual dopamine attenuated expression of reserpine-in- 
duced tongue protrusions. 

Surprisingly, the results from Experiment 2 also indi- 
cate that 6-hydroxydopamine lesions increased locomotor 
activity in reserpine-treated animals. One explanation for 
this finding is that more of the animals receiving both 
6-hydroxydopamine and reserpine exhibited stereotypic 
walking than animals treated with reserpine alone. Al- 
though we did not include time-sampled ratings of stereo- 
typic walking in this experiment, we did note whether or 
not animals exhibited this behavior during the test session. 
In animals treated with reserpine alone, 36% exhibited 
stereotypic walking, whereas 58% of the animals treated 
with both reserpine and 6-hydroxydopamine exhibited this 
behavior. This finding suggests that stereotypic walking is 
not dopamine-mediated, and may actually be inhibited by 
dopamine. It is possible that this behavior involves changes 
in norepinephrine or serotonin neurotransmission, since 
reserpine also depletes vesicular stores of these transmit- 
ters. Alternatively, stressors in general, including an am- 
phetamine challenge or 6-hydroxydopamine lesion, may 
increase the incidence of stereotypic walking. Consistent 
with this idea, 6-hydroxydopamine-lesioned animals ex- 
hibit behavioral activation in response to stressors that is 
not blocked by dopamine receptor antagonists (Keefe et 
al., 1989). In any case, the finding that locomotor activity 
in animals receiving both 6-hydroxydopamine and reser- 
pine did not differ from vehicle-treated controls suggests 
that the attenuation of reserpine-induced tongue protru- 
sions by the 6-hydroxydopamine lesion was not due to a 
general depressant effect of the lesion. 

In conclusion, the findings that reserpine-induced tongue 
protrusions are exacerbated by amphetamine and attenu- 
ated by nigrostriatal 6-hydroxydopamine lesions support 
the hypothesis that this behavior is mediated, at least in 
part, by residual endogenous dopamine. However, an in- 
crease in dopamine release alone is not sufficient to pro- 
duce oral dyskinesia, since normal animals treated with 
amphetamine do not exhibit this behavior. Dopamine de- 
pletion may cause changes in postsynaptic receptors result- 
ing in altered responses to residual endogenous dopamine, 
including oral dyskinesia. Consistent with this idea, oral 
dyskinesia develops in Parkinson's disease patients follow- 
ing repletion of endogenous dopamine by L-3,4-dihydroxy- 
phenylalanine (L-DOPA) treatment. A change in dopamine 
receptor sensitivity has also been suggested as a mecha- 
nism of neuroleptic-induced oral dyskinesia, an animal 
model of tardive dyskinesia (Klawans, 1973; Baldessarini 



20 J.L. Neisewander et al. / European Journal of Pharmacology 305 (1996) 13-21 

et al., 1980; Tarsy,  1983). M o r e  recent ly,  however ,  changes  

in neurot ransmit ter  sys tems efferent  to nigrostriatal  

dopamine  neurons,  such as "y-amino-butyric acid and 

acetylchol ine ,  have  been impl ica ted  in neuro lep t ic - induced  

oral dyskines ia  (F ib iger  and Lloyd,  1984; Gunne  and 

H~iggstriSm, 1983; Gunne  et al., 1984; Jenner  and Marsden,  

1988; Schee l -Kr i iger  and Arnt,  1985). Thus,  it is possible  

that abnormal  act ivi ty  in neurot ransmit ter  systems efferent  

to the nigrostr iatal  dopamine  pa thway is ini t iated by resid- 

ual endogenous  dopamine  in reserpine- t reated animals,  

resul t ing in oral dyskinesia.  

W e  have  previous ly  demonst ra ted  that reserpine- in-  

duced  oral dyskinesia  is decreased  by the dopamine  D 2 

receptor  antagonist  spiroperidol .  This  f inding suggests  that 

reserp ine- induced  oral dyskinesia  is mediated,  at least in 

part, by endogenous  dopamine  s t imulat ing D2-1ike 

dopamine  receptors.  Future research is needed to deter- 

mine  whether  s t imulat ion o f  Dl - l ike  dopamine  receptors  

also plays a role in reserp ine- induced oral dyskinesia,  as 

has been  demonst ra ted  for  neuro lep t ic - induced  oral  dyski-  

nesia  (El l ison et al., 1988; Lubl in  and Gerlach,  1988; 

Lubl in  et al., 1992; Peacock  et al., 1990; Stoessl  et al., 

1989). Elucidat ing  the mechan i sm of  reserp ine- induced 

oral dyskines ia  may  have  important  impl icat ions  for under-  

standing tardive dyskinesia  and L-DOPA- induced  dyskine-  

sia, and for deve lop ing  safe and e f fec t ive  t reatments  for 

these disorders.  
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