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KLUG, J. M. AND A. B. NORMAN. Long-term sensitization of apomorphine-induced rotation behavior in rats with 
dopamine deafferentation or excitotoxin lesions of the striatum. PHARMACOL BIOCHEM BEHAV 46(2) 397-403, 
1993.--Following unilateral 6-hydroxydopamine (6-OHDA)-induced deafferentation or unilateral kainic acid (KA) lesions of 
the striatum, rats displayed rotation behavior in response to apomorphine (0.25 or 1 mg/kg, SC, for 6-OHDA- and KA- 
lesioned rats, respectively). Three days following the initial apomorphine injection, rats were challenged under identical 
conditions with the same dose of apomorphine received previously. A third trial with apomorphine was again repeated after 3 
days. Two more sets of behavioral data, each consisting of three trials, were collected under the same conditions as the first. 
Each set was separated by a period of 5-6 weeks. Following the second trial of the first set, rats showed a significant increase 
in the maximal number of rotations, demonstrating behavioral sensitization. Following the two 5-week intervals, rats were 
still sensitized to apomorphine, showing behavioral responses similar to the sensitized responses observed after the initial 
trials. Thus, the postsynaptically mediated sensitization of apomorphine-induced rotation behavior in 6-OHDA- or KA- 
lesioned rats is a long-lasting phenomenon. That lesions producing postsynaptic dopaminergic hypersensitivity and hyposensi- 
tivity can both show long-lasting sensitization may indicate multiple mechanisms underlying the sensitization. 

Reverse tolerance Supersensitivity Behavioral facifitation 6-Hydroxydopamine Kalnic acid 

EXPOSURE of animals to psychomotor stimulants such as 
amphetamine (25,28) and cocaine (24) induce an increase in 
the behavioral effects of these drugs upon subsequent expo- 
sure. This sensitization to the behavioral effects of these psy- 
chomotor stimulants has been suggested to be mediated by 
an increase in the release of dopamine in the basal ganglia 
(5,7,22,26). However, it has also been reported that sensitiza- 
tion of apomorphine or selective D~ or D2 dopamine receptor 
agonist-induced rotation behavior has been observed in rats 
with 6-hydroxydopamine (6-OHDA)-induced deafferentation 
of dopaminergic neurons to the striatum (1,14,15,19). As no 
dopamine is present in lesioned animals, these data indicate 
that a postsynaptic rather than a presynaptic mechanism is 
involved in the sensitization response. 

The relationship between the behavioral sensitization eric- 
ited by presynapticaily acting dopamimetic agents such as am- 
pbetamine and cocaine in uniesioned animals and the sensiti- 
zation elicited by directly acting dopamine receptor agonists 
in dopamine-deafferented rats is uncertain at present. The 
postsynaptically mediated sensitization response may be dis- 
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tinct from that produced by amphetamine and cocaine. Alter- 
natively, the mechanisms of the amphetamine- and cocaine- 
induced sensitization may be postsynaptic and similar to those 
mediating sensitization to dopamine receptor agonists. Psy- 
chomotor stimulant-induced sensitization is characterized as 
being long lasting in that a single administration will produce 
sensitization to a subsequent administration for many days or 
weeks following the first administration (9,25). We, therefore, 
examined the longevity of the sensitization response to apo- 
morphine in 6-OHDA-lesioned animals to determine whether 
it is also a short- or a long-term phenomenon. 

Unilateral excitotoxin lesions of the striatum produce a 
deficit in dopaminergic neurotransmission that results in rota- 
tion behavior in response to dopamine receptor agonists (6, 
18,19,27). The direction of apomorphine-induced rotation be- 
havior is dependent upon the location of the excitotoxin lesion 
in the basal ganglia (18). It has been previously shown that 
rats with anterior excitotoxin lesions rotate contralateral to 
the lesion and are sensitized to apomorphine upon repeated 
challenges (19). We, therefore, investigated whether rats with 
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posterior excitotoxin lesions, which rotate ipsilaterai to the 
lesion (18), also develop sensitization to apomorphine and 
whether this sensitization is a transient or long-lasting phe- 
nomenon. 

METHOD 

Surgical Procedures 

Male Spragne-Dawley rats (200-250 g) were used for these 
studies. All animals were housed in pairs with food and water 
available ad lib and on a 12 L :  12 D cycle. All testing was 
during the light phase of  the cycle. One group of  rats was 
administered desipramine (25 mg/kg,  IP) and pargyline (40 
mg/kg,  IP) 30 rain prior to surgery. Rats were anesthetized 
with pentobarbitai (50-55 mg/kg,  IP) and mounted in a Kopf 
stereotaxic frame (Kopf, Topanga, CA). The rats received a 
unilateral injection of  8 ~g 6-OHDA (Sigma Chemical Co., 
St. Louis, MO) in 4 ~1 0.9070 saline containing 0.02070 ascor- 
bate. The solution was injected over 4 rain and the needle left 
in place an additional 5 rain before withdrawal. Stereotaxic 
coordinates were AP = 4.4 mm posterior and ML - 1.2 mm 
relative to bregma and DV = 8.0 mm from dura according to 
the atlas of  Paxinos and Watson (21) with bregma and lambda 
at the same height. A second group of  rats were unilaterally 
lesioned with kainic acid (KA; 5 nmol; Sigma) in 1 #1 0.9070 
saline. The solution was injected over 1 rain and the needle left 
in place an additional 2 min before withdrawal. Stereotaxic 
coordinates were AP = 0.3 mm anterior and ML = 2.3 mm 
relative to bregma and DV = 5.1 mm from dura. 

Behavioral Testing 

Behavioral testing began for 6-OHDA-lesioned rats 4-5 
weeks postsurgery and for KA-lesioned rats 4-6 weeks post- 
surgery. 

Animals were individuaily placed in an open-field environ- 
ment consisting of  a Plexiglas box (dimensions 40 x 40 cm) 
or a Rotoscan Rotometcr (Omnitech Electronics) and left to 
habituate for 20 rain. During the habituation period, rats were 
observed and any spontaneous rotation behavior recorded. 
Animals were then injected with apomorphine (Sigma) dis- 
solved in normal saline containing 0.0207o ascorbate. 6- 
OHDA-lesioned rats were administered 0.25 mg/kg apomor- 
phine SC; KA-lesioned rats were administered 1.0 mg/kg 
apomorphine SC. Rotations were continually counted in 5- 
min periods until all rotation behavior ceased. Rotations were 
defined as complete 360 ° turns and reported as the net differ- 
ence between the two directions. Rats were then returned to 
their home cage. 

For 6-OHDA-lesioned rats, 3 days following the first injec- 
tion with apomorphine (Trial 1) rats were returned to the same 
box or rotometer in which they were placed for Trial 1. After 
a 20-min habituation period, rats were administered apomor- 
phine (Trial 2) in the same dose as received in Trial 1 and 
rotations measured. Rats were again returned to their home 
cage. Three days later, the procedure was repeated (Trial 3) as 
in Trials 1 and 2. These three trials constituted the first set of 
trials (Set 1). Five to 6 weeks later, the procedures were re- 
peated with three trials separated by 3-day intervals as for Set 
1. This constituted Set 2. Five to 6 weeks after the completion 
of  Set 2, the procedures were repeated. This constituted Set 3. 
Three to 5 days following the last apomorphine challenge 
(Trial 3 of Set 3), rats were placed into the same boxes or 
rotometers as previously and after a 20-min habituation pe- 
riod administered vehicle solution (1 ml/kg,  SC) and any rota- 

tion behavior measured. For KA-lesioned rats, the behavioral 
testing procedure was as for 6-OHDA-lesioned rats but the 
period between the three trials in each set varied between 3 
and 5 days. 

Immunocytochemistry 

Three hours following the last injection, 6-OHDA-lesioned 
rats were intracardially pcrfused with isotonic saline for 2 rain 
followed by 30 rain of  ice-cold 407o paraformaidehyde under 
pentobarbital (65 mg/kg) anesthesia. Brains were postfixed 
overnight in 4070 paraformaidehyde and then stored in a 20070 
sucrose solution for 24 h. Brains were sectioned (60/~m) on a 
freezing microtome and placed in cold 0.1 M phosphate buffer 
with 0.207o Triton X-100 (PB with TX) overnight. 

Sections were processed for tyrosine hydroxylase (TH) im- 
munocytochemistry. The primary antibody used was mono- 
clonai mouse anti-TH (Incstar, Stillwater, MN) at a 1 : 2,000 
dilution. After a rinse in PB with TX containing 0.5070 hy- 
drogen peroxide, tissue was incubated for 48 h with primary 
antibody in PB with TX containing 1070 normal horse serum. 
After washing three times in PB with TX, sections were in- 
cubated for 1 h in biotinylated [horse antimouse immunoglob- 
ulin (Ig)G] secondary antibody (Vector Laboratories, Burlin- 
game, CA). After three rinses, sections were incubated for 1 h 
in avidin-biotin-horseradish peroxidase conjugate from ABC 
rabbit kits (Vector), washed, and incubated with 3,3 '-dia-  
minobenzidine tetrachloride and hydrogen peroxide. Sections 
were rinsed in PB and mounted onto slides. 

Histology 

At the end of the behavioral studies, KA-lesioned rats were 
intracardially perfused as before. Brains were removed and 
placed in 20°70 sucrose for 24-48 h and then sectioned and 
stained with cresyl violet. 

Statistics 

Differences in the magnitude of  rotation behavior were 
assessed using a one-way repeated-measures analysis of  vari- 
ance (ANOVA) with preplanned comparisons. 

RESULTS 

6-OHDA-Lesioned Rats 

Rotation behavior. Following all injections of  apomor- 
phine (0.25 mg/kg,  SC), rats displayed rotations contraiatcral 
to the lesioned side. As shown in Fig. 1, there was a significant 
increase (p < 0.01) in the total mean number of  rotations in 
Trial 2 of Set 1 (339 + 58 rotations) compared to Trial 1 of 
Set 1 (176 + 50 rotations). 

There was a significant increase (p < 0.01) in the total 
mean number of  rotations in Trial 1 of  Set 2 (358 + 45 rota- 
tions) and Trial 1 of  Set 3 (377 + 101 rotations) compared to 
Trial 1 of  Set 1. 

Time course. The increase in the total number of  rotations 
in all trials following the first challenge with apomorphine 
(Trial 1 of Set 1) were characterized by changes in the time 
course and maximal responses. An example of these changes 
is shown in Fig. 2. Following the first challenge with apomor- 
phine, the maximal rate of  rotation was observed during the 
second 5-min postinjection period. In Trial 3 of Set 3, the 
maximal rate of  rotation was observed during the first 5-rain 
postinjection period. 
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FIG. I. Long-term sensitization of apomorphine-induced rotation 
behavior in animals with unilateral 6-hydroxydopamine lesions. Rats 
received apomorphine (0.25 mg/kg, SC) and rotation behavior was 
measured until animals stopped rotating. Three days later, rats re- 
ceived the same dose of apomorphine in the same box or rotometer 
and using the same procedure as previously. A third injection with 
apomorphine was repeated after 3 days. These three trials with apo- 
morphine constituted Set 1. Two more sets of behavioral data, each 
consisting of three trials separated by 3 days, were collected under the 
same conditions as Set 1. Each set was separated by a period of 5-6 
weeks. Values represent the mean ± SEM total number of rotations 
contralateral to the lesion. The data is from nine individual rats. 
*Significantly different from Trial 1 of Set 1, p < 0.01, analysis of 
variance. 

There was a significant increase (p < 0.05) in the peak 
number of apomorphine-induced rotations for Trial 3 of Set 
3 (50 + 11 rotations) compared to that observed for Trial 1 
of Set 1 (32 + 11 rotations). There was a significantly greater 
(/7 < 0.001) number of rotations at 60-min postinjection at 
Trial 3 of Set 3 compared to Trial 1 of Set 1, indicating that 
the duration of the apomorphine-induced behavioral response 
was increased between Trial 3 of Set 3 (80-85 rain) and Trial 1 
of Set 1 (50-55 rain). 

Spontaneous rotation. No spontaneous rotation behavior 
was observed for any of the rats during the 20-min habituation 
period during the three trials of Set 1 (Table 1). However, 
spontaneous rotation contralateral to the lesion was observed 
in six of nine rats during Trial 1 of Set 2. This spontaneous 
rotation behavior occurred during the first 1-3 min of the 
20-rain habituation period and then ceased. After rats stopped 
rotating spontaneously, they did not rotate again until after 
receiving the apomorphine injection. Spontaneous rotation 
was also observed in the same six rats in Trial I of Set 3 (Table 
1). No spontaneous rotation was seen in any of the rats in 
Trials 2 and 3 of Sets 2 and 3 (Table 1). 

Three to 5 days after Trial 3 of Set 3, when all rats were 
placed back into the boxes in which they were previously 
tested no spontaneous rotation behavior was observed and the 
injection of the same volume of vehicle produced no injection- 
induced rotation behavior in any of the rats. 

Immunocytochemistry. Immunocytochemical staining of 
rat striatum using anti-TH primary antibody showed intense 
immunoreactivity in the striatum contralateral to the lesion 
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FIG. 2. Time course of apomorphine-induced rotation behavior in 
unilateral 6-hydroxydopamine-lesioned rats. Rats were administered 
apomorphine (0.25 mg/kg, SC) and rotation behavior was measured. 
Rats were rechaUenged with apomorphine as described for Fig. 1. 
Values represent the mean + SEM number of rotations from nine 
rats observed in each 5-rain period. Data from Trial 1 of Set 1 (O) 
and Trial 3 of Set 3 (0). *Significantly different from Trial I of Set 
1, at leastp < 0.05, analysis of variance. 

(Fig. 3). Ipsilateral to the lesion, there was little, if any, immu- 
noreactivity present. 

KA-LESIONED RATS 

Rotation behavior. Following all injections of apomor- 
phine (1.0 mg/kg, SC), rats displayed rotations ipsilateral to 
the lesioned side. As shown in Fig. 4, there was a significant 
increase (p < 0.005) in the total mean number of rotations 

TABLE 1 
SPONTANEOUS R O T A T I O N  

BEHAVIOR IN U N I L A T E R A L  
6-HYDROXYDOPAMINE-LESIONED RATS 

Spontaneous 
Set Trial Rotation 

1 1 No  
1 2 No 
1 3 No  
2 1 Yes, n = 6 
2 2 No 
2 3 No 
3 1 Yes, n = 6 
3 2 No 
3 3 No 

Before receiving apomorphine, rats were 
placed into Plexiglas boxes or a Rotometer and 
allowed to habituate for 20 rain. Values represent 
the number of rats demonstrating spontaneous 
rotation behavior for the first 1-3 min of the 
habituation period. After rats stopped rotating 
spontaneously, they did not rotate again until 
receiving the apomorphine injection. 
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FIG. 3. Tyrosine hydroxylase immunocytochemistry in a unilateral 
6-hydroxydopamine-lesioned rat brain. Dense tyrosine hydroxylase 
immunoreactivity was observed in the striatum contralaterai to the 
lesion. Ipsilateral to the lesion, there was little, if any, tyrosine hy- 
droxylase immunoreactivity present. 

between Trial 1 of Set 1 (93 =l: 13 rotations) and Trial 2 of 
Set 1 (299 + 44 rotations). 

There was a significant increase (p < 0.005) in the total 
mean number of rotations between Trial 1 of Set 1 and Trial 
1 of Set 2 (680 =t= 128 rotations). 

There was a significant increase (p < 0.005) for the total 
mean number of rotations between Trial 1 of Set 1 and Trial 
1 of Set 3 (572 + 88 rotations). 
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FIG. 4. Long-term sensitization of apomorphine-induced rotation 
behavior in animals with unilateral kainic acid lesions. Rats received 
apomorphine (1.0 mg/kg, SC) and rotation behavior was measured 
until animals stopped rotating. Three days later, rats received the 
same dose of apomorphine in the same box and using the same proce- 
dure as previously. A third injection with apomorphine was repeated 
after 3 days. These three trials constituted Set 1. Two more sets of 
behavioral data, each consisting of three trials separated by 3-5 days, 
were collected under the same conditions as Set 1. Each set was sepa- 
rated by a period of 5-6 weeks. Values represent the mean :t: SEM 
total number of rotations ipsilateral to the lesion. The data is from 
eight individual rats. *Significantly different from Trial 1 of Set 1, 
p < 0.005, analysis of variance. 

Spontaneous rotation. No spontaneous rotation behavior 
was observed during the 20-min habituation period in any of 
the rats in any of the trials. 

Three to 5 days following Trial 3 of Set 3, when all rats 
were placed back into the boxes in which they were previously 
tested, injections of the same volume of vehicle produced no 
spontaneous rotation or induced rotation behavior in any of 
the rats. 

Histology. Histological analysis revealed that the extent of 
the KA-lesioned damage in a rat was detectable from + 1.2 
mm to -2 .12  mm from bregma according to the atlas of 
Paxinos and Watson. A representative section is shown in Fig. 
5. The neurodegeneration was restricted to the lesioned side of 
the brain and was characterized by a shrinkage of the striatal 
parenchyma with a concomitant enlargement of the lateral 
ventricle. All rats turned ipsilateral to the lesioned side of the 
brain. 

DISCUSSION 

The sensitization of apomorphine-induced rotation behav- 
ior that has previously been characterized in 6-OHDA- and 
KA-lesioned rats (19) was found in tbe present study to persist 
for at least 20 weeks (the approximate time between Trial 1 
of Set 1 and Trial 3 of Set 3). This long-term aspect of the 
sensitization response is similar to that demonstrated for psy- 
chomotor stimulants, such as amphetamine and cocaine in 
unlesioned (24,25) and in 6-OHDA-lesioned (9) animals. The 
magnitude of the sensitization response appears to reach a 
plateau, indicating a maximal response, after three or four 
injections of apomorphine. The sensitized behavioral response 
to apomorphine appears to persist for a significant portion of 
the animal's lifetime. 

We previously demonstrated that the 3-day interval be- 
tween injections provides a marked and reproducible sensitiza- 
tion response (19). We also previously reported that there was 
no significant difference in the total number of rotations be- 
tween the third and fourth injections of apomorphine (18). 
However, in the present study the maximal response was not 
reached by the third injection, and four or five challenges with 
apomorphine were required to produce the maximal response. 

FIG. 5. Nissl stain of a coronal section through the striatum of an 
animal receiving a kainic acid lesion. Section is located at approxi- 
mately 1.0 mm posterior to bregma according to the atlas of Paxinos 
and Watson. 



SENSITIZATION OF ROTATION BEHAVIOR 401 

Interestingly, after rats in the present study had received nine 
injections of apomorphine there was no evidence of a desensi- 
tization of the behavioral response. It has previously been 
reported that sensitization to apomorphine and other psycho- 
motor stimulants appears to be related to the time intervals 
between administrations of the drug, with continuous admin- 
istration more likely to produce desensitization and intermit- 
tent administration producing sensitization (23). Although tol- 
erance to the behavioral effects of apomorphine analogs have 
been reported following repeated administration (32), the in- 
termittent administration used in the present studies was not 
conducive to producing tolerance to the behavioral effects of 
apomorphine. The sensitization to apomorphine observed in 
our studies was consistent with the sensitization to apomor- 
phine observed in unlesioned animals (10,11,13). 

The mechanism for the sensitization response is unknown 
at present. The sensitization to the behavioral effects of co- 
caine and amphetamine has been correlated with an increase 
in the release of dopamine in the basal ganglia following re- 
peated administration (5,7,22,26). Although the characteris- 
tics of the apomorphine-induced sensitization response with 
respect to the permanence of the effect are similar to those of 
amphetamine, an increase in the release of dopamine follow- 
ing repeated administration is unlikely to provide a mecha- 
nism for the apomorphine-induced sensitization response. The 
ipsilateral striata of 6-OHDA-lesioned animals are essentially 
devoid of dopaminergic terminals. Even if the 6-OHDA lesion 
is not complete, apomorphine has been demonstrated to in- 
hibit (16,31,32) rather than enhance dopamine release. These 
data, therefore, indicate that a postsynaptic mechanism may 
mediate the apomorphine-induced sensitization of rotation be- 
havior. 

Other investigators reported that a conditioned learning 
behavior can produce an increase in apomorphine-induced ro- 
tations (2-4) or produce spontaneous rotations (29,30) in rats 
with unilateral 6-OHDA lesions. This is unlikely to account 
for the sensitization phenomenon observed in our experi- 
ments. Injection of saline following long-term intermittent ex- 
posure to apomorphine did not produce any rotation behavior 
in any of the animals. Therefore, a conditioned learning re- 
sponse to the injection itself cannot be responsible for the 
increases in rotation behavior produced by apomorphine. 

It was reported that rats with unilateral 6-OHDA lesions 
exhibit spontaneous rotation when placed back into the envi- 
ronment in which they previously displayed apomorphine- 
induced rotation behavior (29,30). This spontaneous rotation 
behavior has been assumed to represent a conditioned re- 
sponse to the environment. This demonstrates that environ- 
mental contextual cues can induce rotation behavior and also 
demonstrates a long-term learning response. In the current 
experiments, we also observed this spontaneous rotation phe- 
nomenon. Interestingly, to observe this response required a 
long time period (5 or 6 weeks) following the initial set of 
apomorphine injections. The response was transient and oc- 
curred only for 2-3 rain immediately after the animal was 
placed in the testing chamber. The behavior was not observed 
3 days later, when rats were placed back into the same envi- 
ronment. Not every animal exhibited spontaneous rotation 
behavior, although all animals exhibited rotation behavior in 
response to apomorphine. Importantly, when rats were in- 
jected with apomorphine they were no longer displaying spon- 
taneous rotations. Further, in Trials 2 and 3 of Sets 1, 2, 
and 3, when rats were sensitized to the behavioral effects of 
apomorphine compared to Trial 1 of Set 1, no spontaneous 

rotation behavior was observed. Although conditioned re- 
sponses can occur as previously described (29,30), they do not 
appear to be relevant to the sensitization of rotation behavior 
produced by repeated treatments with apomorphine. It is, 
however, important to habituate rats to their environment 
prior to drug injection so that the spontaneous rotation behav- 
ior is not a confounding factor in the measured sensitization 
response. It has also been demonstrated that the behavioral 
sensitization to apomorphine in unlesioned rats develops with 
repeated challenges in the absence of drug-associated contex- 
tual environmental stimuli (12). Therefore, the sensitization 
response to apomorphine is distinct from the contextual envi- 
ronmental conditioning in both lesioned and unlesioned ani- 
mals. 

It is unlikely that the long-lasting sensitization observed in 
the current experiments could be produced by modifications 
of receptors or second messenger systems as the proteins con- 
stituting these systems are constantly degraded and resynthe- 
sized (17). As dopamine receptors have a half life on the order 
of days (17), any receptors modified during the initial apomor- 
phine challenge would eventually be degraded and replaced 
by newly synthesized receptors. Therefore, the sensitization 
response, if it was related to modified receptors, would be 
relatively short lived. It may be speculated that newly synthe- 
sized receptors may have been modified in some manner and 
that the mechanism for this posttranslational modification 
could be permanent. It might also be speculated that a novel 
gene may have been induced and it is a new gene product 
that alters the sensitivity of cells to dopaminergic stimulation. 
Indeed, there are preliminary reports that protooncogene ex- 
pression may be altered following repeated treatments with 
apomorphine (20) and amphetamine (8). However, it is un- 
clear at present whether these neurochemical changes are re- 
lated to the behavioral sensitization. 

Rats with unilateral kainic acid lesions of the striatum also 
display a sensitization of the apomorphine-induced rotation 
behavior. The characteristics of the sensitized responses were 
similar to those observed in 6-OHDA-lesioned rats. The pla- 
teau in the magnitude of the sensitized response was observed 
following the third or fourth injection. The sensitized response 
was also present for a protracted period. We previously re- 
ported that rats with KA lesions of the striatum can turn 
contralateral to the lesion depending upon the anterior/poste- 
rior placement of the lesion (18). Rats with anterior KA lesions 
displayed sensitization of contralateral rotation behavior in 
response to apomorphine (19). In our present studies, we 
found that rats with posterior KA lesions rotate ipsilateral to 
the lesion and also display a sensitization of the ipsilateral 
rotation behavior. The rotation behavior ipsilateral to the le- 
sion (6,18,27) is generally assumed to represent a hyposensitiv- 
ity of dopamine receptor-mediated responses on the lesioned 
side of the brain with normosensitive dopamine receptor- 
mediated responses on the uniesioned side of the brain (27). 

It is clear from previous studies and the present data that 
in normal rats amphetamine, cocaine, and apomorphine can 
produce sensitization of various behaviors. In rats with unilat- 
eral 6-OHDA lesions, the sensitization of apomorphine- 
induced rotation behavior indicates a postsynaptically medi- 
ated sensitization of an already supersensitive dopaminergic 
system. Amphetamine sensitization of rotation behavior ob- 
served in unilateral 6-OHDA-lesioned animals may be due to 
a sensitization of the normosensitive dopaminergic system, 
presumably by a mechanism similar to that observed in unle- 
sioned animals. In rats with unilateral KA lesions of the stria- 
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turn turning ipsilateral in response to apomorphine, the sensi- 
tization of apomorphine-induced rotation may also represent 
a sensitization of the normosensitive striatum similar to that 
in unlesioned animals. In rats with unilateral KA lesions of 
the striatum turning contralateral in response to apomor- 
phine, this sensitization of apomorphine-induced rotations 
may represent a sensitization of a perturbed neuronal circuitry 
within the basal ganglia. The sensitization response to amphet- 
amine, cocaine, and directly acting dopamine receptor ago- 
nists such as apomorphine may be mediated by multiple mech- 
anisms. These may include an increase in the release of 
dopamine in addition to a sensitization of the postsynaptic 
component of dopaminergic neurotransmission within the 

striatum. However, it is clear that, regardless of its functional 
status, the dopaminerglc system within the basal ganglia dis- 
plays a fundamental tendency to become sensitized in response 
to repeated challenges with psychomotor stimulants and di- 
rectly acting dopamine receptor agonists. 
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