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ABSTRACT

Rats with unilateral 6-hydroxydopamine (6-OHDA) lesions exhibit behavioral sensitization upon repeated
treatment with dopamine agonists, a phenomenon called ‘priming’. We examined the effectiveness of
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priming with D1 or D2 agonists on rotational behavior and striatal Fos expression following challenge with
D1 or D2 agonists. Twenty-one days post-lesion, rats received three priming injections, spaced 3-6 days

apart, with water, D1 agonist SKF38393 (10 mg/kg) or D2 agonist quinpirole (1 mg/kg). One week later, 6-
OHDA rats were challenged with water, SKF38393 (1 or 10 mg/kg) or quinpirole (0.25 mg/kg). 6-OHDA rats

giywords' challenged with SKF38393 (1 mg/kg) showed no contralateral rotational behavior, but robust striatal Fos
D2 expression in D1-primed animals. Challenge with SKF38393 (10 mg/kg) led to pronounced contralateral
Dopamine rotational behavior and striatal Fos expression in all priming groups — with the largest behavioral response
Quinpirole in D1- and D2-primed rats. Quinpirole challenge (0.25 mg/kg) led to robust contralateral rotational behavior
SKF38393 and striatal Fos expression in D1-primed animals, but only mild rotational behavior and baseline levels of
Striatum striatal Fos expression in D2-primed animals. These data suggest that D1- or D2-priming enhances rotational
Priming behavior following challenge with D1 or D2 agonist, but only D1-priming enhances D1- and D2-mediated
Sensitization . L.

Fos striatal Fos expression in 6-OHDA rats.

Rotational behavior

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Rats that have been unilaterally lesioned with 6-hydroxydopa-
mine (6-OHDA) to destroy the nigrostriatal dopamine pathway
exhibit contralateral rotational behavior following systemic adminis-
tration of levodopa (L-dopa) or dopamine agonists (Hudson et al.,
1993; Ungerstedt, 1971). This response is thought to reflect the
asymmetric action of dopamine agonist at supersensitive dopamine
receptors in the denervated striatum (Hudson et al., 1993; Ungerstedt,
1971). This rotational response shows sensitization upon repeated
treatment with dopamine agonists, a phenomenon called “priming”
(Carey, 1991). Priming of rotational behavior in 6-OHDA rats is long
lasting and dependent on the timing of the administration of the
priming drugs (Morelli et al., 1989; Pollack and Strauss, 1999).

Previously, we have used a three-injection priming paradigm to
examine the effect of pretreatment with D1, D2 or D1/D2 dopamine
agonists on subsequent D2-mediated responses in 6-OHDA rats
(Pollack et al., 1997; Pollack and Strauss, 1999; Pollack and Yates,
1999). Our results have shown that 6-OHDA rats primed with three
injections, spaced 3-6 days apart, with the D1/D2 agonist apomor-
phine (0.5 mg/kg) or the D1 agonist SKF38393 (10 mg/kg) demon-

* Corresponding author. Tel.: +1 617 287 6618; fax: +1 617 287 6650.
E-mail address: alexia.pollack@umb.edu (A.E. Pollack).

0091-3057/$ - see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.pbb.2009.09.016

strate robust contralateral rotational behavior and pronounced
expression of the immediate early gene (IEG) product c-Fos in the
ipsilateral striatum following a challenge one week later with a low
dose of the D2 agonist quinpirole (0.25 mg/kg) (Pollack et al., 1997;
Pollack and Yates, 1999). By contrast, 6-OHDA rats primed with water
and challenged with the same dose of quinpirole (0.25 mg/kg) do not
rotate and show only baseline levels of striatal Fos expression (Pollack
etal., 1997; Pollack and Yates, 1999). In addition, 6-OHDA rats primed
with quinpirole (1 mg/kg) and challenged with low dose quinpirole
(0.25 mg/kg) display enhanced contralateral rotational behavior
without induction of striatal Fos expression (Pollack and Yates,
1999). These observations suggest that priming with D1 and D2
subtype selective dopamine agonists alters subsequent D2-mediated
responses in dopamine-depleted rats, with prior D1 receptor
stimulation required for D2-mediated Fos expression in the striatum.

The importance of dopamine agonist pretreatment (priming) on the
expression of D1-mediated contralateral rotational behavior in 6-OHDA
rats is a bit unclear as the outcome depends on the priming paradigm
used. Using a single-injection priming paradigm, prior treatment with D1
or D2 agonists have specific dose- and time-dependent effects on the
sensitization of subsequent D1-mediated responses (Morelli et al., 1989;
Morelli and Di Chiara, 1987). In contrast, several groups have reported that
multiple-injection priming paradigms led to tolerance of D1-mediated
responses rather than sensitization (Asin et al., 1995; Asin and Wirtsh-
after, 1993; Engber et al,, 1993; Rouillard et al., 1988). In addition, while
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administration of D1 agonists induces striatal Fos expression in 6-OHDA
rats (Robertson et al., 1989; 1992; Wirtshafter, 2007), it is unclear whether
sensitization of D1-mediated rotational behavior and striatal Fos
expression occur in parallel, suggesting a similar/same mechanism(s),
or in a disconnected manner, suggesting separate/distinct mechanisms.
Therefore, we have used our three-injection priming paradigm, which
leads to robust sensitization of D2-mediated responses (Pollack et al.,
1997; Pollack and Strauss, 1999; Pollack and Yates, 1999), to examine the
effects of D1 and D2 agonist priming on contralateral rotational behavior
and striatal Fos expression when 6-OHDA rats are challenged with the D1
agonist SKF38393 (1 or 10 mg/kg). In addition, we have run, in parallel,
separate groups of 6-OHDA rats primed with D1 or D2 agonists, and
challenged with the D2 agonist quinpirole (0.25 mg/kg) in order to permit
a direct comparison of the effects of priming on D1- and D2-mediated
responses.

2. Materials and methods

Male, Sprague-Dawley rats (270-300 g) were anesthetized with
ketamine (50 mg/kg) and xylazine (10 mg/kg), i.p., and pretreated
with desmethylimipramine (25 mg/kg, i.p.) prior to a stereotaxic
injection of 4 ul 6-OHDA (3 mg/ml) and ascorbic acid (2 mg/ml)
into the left medial forebrain bundle (coordinates from bregma: — 3.7
AP, + 1.6 ML, — 8.8 DV) as described previously (Paxinos and Watson,
1986; Pollack et al., 1997). All rats were treated in a manner con-
forming to the National Institute of Health Guide for Care and Use of
Laboratory Animals; the Animal Care Committee at the University of
Massachusetts-Boston approved of all procedures.

Three weeks after 6-OHDA injection, rats were given three priming
injections, i.p., at 3-6 day intervals, with either: water (N=23), the
D1 agonist SKF38393 (10 mg/kg) (N=32) or the D2 agonist quin-
pirole (1 mg/kg) (N=24). Contralateral rotational behavior was
measured for 30 min after each priming injection using an automated
rotometer (AccuScan Instruments, Columbus OH). Rotational behav-
ior during priming was used to assess the degree of dopamine-
depletion in order to assure that only sufficiently lesioned animals
were administered a subsequent challenge injection. Therefore, only
those 6-OHDA rats that demonstrated >100 contralateral rotations
during at least one of the three priming injections with SKF38393
or quinpirole were challenged 7-12 days later with either: water,
SKF38393 (1 or 10 mg/kg) or quinpirole (0.25 mg/kg). The twelve
experimental groups were (primed/challenged): water/water (N=6),
water/SKF38393 (1 mg/kg) (N=3), water/SKF38393 (10 mg/kg)
(N=6), water/quinpirole (N=38), SKF38393/water (N=15), SKF38393/
SKF38393 (1 mg/kg) (N=38), SKF38393/SKF38393 (10 mg/kg) (N=5),
SKF38393/quinpirole (N=14), quinpirole/water (N=15), quinpirole/
SKF38393 (1 mg/kg) (N=5), quinpirole/SKF38393 (10 mg/kg) (N=15),
and quinpirole/quinpirole (N=9).

Seven-twelve days following the third priming injection, 6-
OHDA rats were challenged with water, SKF38393 (1 or 10 mg/kg)
or quinpirole (0.25mg/kg) and 360° contralateral rotational
behavior was measured for 110 min using an automated rotometer.
Two hours following the challenge injection, 6-OHDA rats were
deeply anesthetized with pentobarbital (100 mg/kg) and perfused
transcardially with saline followed by 4% paraformaldehyde in
phosphate buffer. Sixty-micrometer coronal brain sections were
processed by immunohistochemistry using a c-Fos polyclonal
antibody (1:15,000; PC35 Oncogene Science) as described previ-
ously (Pollack et al., 1997; Pollack and Strauss, 1999; Pollack and
Yates, 1999). Fos-like immunoreactivity was visualized using a
biotinylated secondary antibody followed by incubation with
avidin/biotin-peroxidase (Elite ABC kit; Vector Labs), and devel-
oped with diaminobenzidine using nickel enhancement. To quan-
tify Fos immunostaining, sections from the rostral dorsal striatum
were analyzed under 10x magnification using a Scion Image
Analysis System by one observer (L.IT.) who was blind to the

treatment groups. Fos data are expressed as the number (mean+
SEM) of cells expressing Fos-like immunoreactivity in a 1.2 mm?
rectangular box placed over the dorsal striatum.

In water-primed groups, which did not display significant
contralateral rotational behavior during priming or following chal-
lenge with water, SKF38393 (1 mg/kg) or quinpirole, the extent of
dopamine-denervation was determined by assessing tyrosine hy-
droxylase (TH) immunostaining in 60-micron coronal sections as
described previously (Pollack and Yates, 1999). An individual blind to
the identity of the groups (L.L.T.) assessed TH staining in a qualitative
manner. Therefore, the number of rats (N) in each water-primed
group reflects only those 6-OHDA rats with sufficient loss of TH
staining in the ipsilateral striatum, which was equivalent to TH
staining in SKF38393-primed 6-OHDA rats, which were used as a
positive control.

Contralateral rotations across the three priming injections in each
priming group were analyzed using a repeated measure ANOVA
followed by Tukey-Kramer multiple comparisons test, with p<0.05
considered significant (Instat v. 3). A two-way ANOVA (SPSS, v. 12.0,
GLM) tested for effects of pretreatment (priming), challenge and
interaction (pretreatmentx challenge) on contralateral rotational
behavior and striatal Fos expression, with p<0.05 considered
significant.

3. Results

Across the three priming injections, 6-OHDA rats pretreated with
water did not show any contralateral rotational behavior (F(2,22) =
0.24, p=0.7863; Table 1). In contrast, 6-OHDA rats that received
three priming injections with the D1 agonist SKF38393 (10 mg/kg) or
the D2 agonist quinpirole (1 mg/kg) displayed a progressively higher
number of contralateral rotations following the second and the third
priming injections compared to the first priming injection in their
respective group (SKF38393: F(2,31) =34.89, p<0.0001; quinpirole:
F(2,23)=91.78, p<0.0001; Table 1).

The twelve treatment groups, which varied by priming drug and
challenge drug, allowed for a direct comparison of water-, D1-, and
D2-priming (pretreatment) on subsequent contralateral rotational
behavior and striatal Fos expression following a challenge with water,
D1 or D2 agonist. There was a significant effect of pretreatment
(priming) (F(2,78)=18.08, p<0.0001), challenge (F(3,78)=54.12,
p<0.0001), and interaction (pretreatmentx challenge) (F(6,78)=
4.81, p<0.0001) on contralateral rotational behavior. There was also a
significant effect of pretreatment (priming) (F(2,78)=12.33,
p<0.0001), challenge (F(3,78)=145.12, p<0.0001), and interaction
(pretreatment x challenge) (F(6,78)=7.2, p<0.0001) on striatal Fos
expression.

When 6-OHDA rats were challenged with water there was no
effect of priming group on the subsequent behavioral and cellular
responses. 6-OHDA rats challenged with water did not show any

Table 1
Contralateral rotational behavior after each priming injection.

Priming (N)  Priming injection Priming injection Priming injection
groups #1 #2 #3

Water (23) 0+0 0+0 0+0
SKF38393 (32) 59+15 192 428 259+27°
Quinpirole (24) 20+3 95+13* 1644+ 10°

Three weeks after injection of 6-OHDA, rats were treated with three priming injections
with water, SKF38393 (10 mg/kg) or quinpirole (1 mg/kg), spaced 3-6 days apart. Data
represent the number (mean 4 SEM) of 360° contralateral rotations recorded in 30 min
after each priming injection. N = number of animals in each group.

2 Different from priming injection #1 of the same priming group, p<0.05.

b Different from priming injection #1 and #2 of the same priming group, p<0.05.
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Table 2
Effect of priming with D1 or D2 agonist on the expression of D1- or D2-mediated
contralateral rotational behavior.

Challenge treatment ~ Water-primed  SKF38393-primed  Quinpirole-primed

Water 0+0 5+1 4+2
SKF38393 (1) 0+0 141490 137 +136
SKF38393 (10) 5224 67¢ 13384239 1090 4 109°
Quinpirole (0.25) 27415 746 4 81° 369+ 557

Rats were lesioned with 6-OHDA and three weeks later were primed with three
injections of water, SKF38393 (10 mg/kg) or quinpirole (1 mg/kg), spaced 3-6 days
apart. Seven-twelve days after the third priming injection, 6-OHDA rats were
challenged with water, SKF38393 (1 or 10 mg/kg) or quinpirole (0.25 mg/kg). Data
represent the number (mean-+SEM) of 360° contralateral rotations recorded in
110min after challenge injection.

2 Different from water-primed of the same challenge group, p<0.05.

b Different from water-primed and quinpirole-primed of the same challenge group,
p<0.05.

¢ Different from water-primed/water-challenged, p<0.05.

Table 3
Effect of priming with D1 or D2 agonist on D1- or D2-mediated striatal Fos expression.

Challenge treatment ~ Water-primed  SKF38393-primed  Quinpirole-primed

Water 4549 112 +£26 169 +32
SKF38393 (1) 109422 1078 +£157° 377 +£190
SKF38393 (10) 1767 £ 130° 1552+124 1705+70
Quinpirole (0.25) 4047 557+70% 4546

Rats were lesioned with 6-OHDA and three weeks later were primed with three injections of
water, SKF38393 (10 mg/kg) or quinpirole (1 mg/kg), spaced 3-6 days apart. Seven-twelve
days after the third priming injection, 6-OHDA rats were challenged with water, SKF38393 (1
or 10 mg/kg) or quinpirole (0.25 mg/kg). Data represent the number (mean 4= SEM) of Fos-
positive cells counted in 1.2 mm? of the ipsilateral dorsal striatum 2 h after challenge injection.

2 Different from water-primed and quinpirole-primed of the same challenge group,
p<0.05.

b Different from water-primed/water-challenged, p<0.05.

contralateral rotational behavior (Table 2) and expressed only base-
line levels of striatal Fos (Table 3; Fig. 1).

The behavioral and cellular responses in 6-OHDA rats following
a challenge with the D1 agonist SKF38393 were dose-dependent
and related to the priming group. There was no effect of priming on
contralateral rotational behavior when 6-OHDA rats were chal-
lenged with low dose SKF38393 (1 mg/kg); these animals did not
display any significant contralateral rotational behavior (Table 2).
However, while challenge with high dose SKF38393 (10 mg/kg)
led to significant contralateral rotational behavior in water-primed
6-OHDA rats, there was also an effect of priming since rotational
behavior following challenge with SKF38393 (10 mg/kg) was more
robust in D1- and D2-primed animals compared to water-primed 6-
OHDA rats (Table 2). For striatal Fos expression, there was an effect
of priming group when 6-OHDA rats were challenged with low dose
SKF38393 (1 mg/kg). Only D1-primed 6-OHDA rats exhibited
pronounced ipsilateral striatal Fos expression following challenge
with low dose SKF38393 (1 mg/kg), with baseline levels of striatal
Fos in water- and D2-primed animals (Table 3; Fig. 1). In contrast,
the magnitude of striatal Fos expression following challenge with
high dose SKF38393 (10 mg/kg) was independent of priming group;
there were equally high levels of striatal Fos expression in all
priming groups (Table 3; Fig. 1).

Challenge with the D2 agonist quinpirole led to behavioral and
cellular responses in 6-OHDA rats that were dependent on the priming
group. Following challenge with quinpirole (0.25 mg/kg) there was no
rotational behavior in the water-primed group, moderate rotational

behavior in the D2-primed group, and robust rotational behavior in the
D1-primed group (Table 2). In addition, challenge with quinpirole led to
D2-mediated striatal Fos expression in D1-primed animals only
(Table 3; Fig. 1), with baseline levels of striatal Fos expression in
water- and D2-primed 6-OHDA rats.

4. Discussion

The effects of priming on D1-mediated motor responses and
striatal IEG expression varied according to the priming agent and the
dose of SKF38393 used for the challenge injection. While 6-OHDA rats
challenged with low dose SKF38393 (1 mg/kg) failed to display
contralateral rotational behavior in any priming group, challenge with
high dose SKF38393 (10 mg/kg) led to rotational behavior in all
priming groups — with a moderate response in water-primed rats and
a larger response, of equal magnitude, in D1- and D2-primed rats.
Challenge with low dose SKF38393 (1 mg/kg) led to robust striatal Fos
expression in D1-primed animals, but not in water- or D2-primed rats,
while challenge with high dose SKF38393 (10 mg/kg) produced
equally robust striatal Fos expression in all priming groups. Lastly, 6-
OHDA rats challenged with the D2 agonist quinpirole (0.25 mg/kg)
displayed enhanced contralateral rotational behavior and significant
striatal Fos expression in D1-primed animals, while D2-primed rats
showed only enhanced rotational behavior and baseline levels of
striatal Fos expression — results that are consistent with our previous
findings (Pollack and Yates, 1999).

The effects of the D1 agonist SKF38393 on rotational behavior
were dose-dependent, and related to the time post-6-OHDA lesion
when the drug was first administered. For example, 6-OHDA rats,
which received the first priming injection with SKF38393 (10 mg/kg)
at three weeks post-lesion, demonstrated only mild rotational
behavior (~60 contralateral rotations/30 min; Table 1). In contrast,
challenge of water-primed 6-OHDA rats with the same dose of
SKF38393 (10 mg/kg), corresponding to six weeks post-lesion,
produced significant contralateral rotational behavior (over 500
contralateral rotations/110 min; Table 2). While these rotational
responses were measured for different durations of time (priming
30 min, challenge 110 min), another contributing factor is likely the
duration of time post-6-OHDA lesion prior to the first administration
SKF38393. Consistent with our results, Morelli et al. (1989) observed a
significant role of time post-lesion on the behavioral effects of
SKF38393 such that treatment of drug-naive 6-OHDA rats with
SKF38393 (2 mg/kg) led to rotational behavior at 60 and 90 days post-
lesion, but not at 17 or 24 days post-lesion. These observations
indicate that the time post-6-OHDA lesion plays a significant role on
the development of dopamine receptor supersensitivity and its
behavioral manifestations — an effect that is believed to be expedited
by priming, but not dependent on it for its expression (Nadjar et al.,
2009).

D1- and D2-priming had equivalent effects on enhancing D1-
mediated rotational behavior when 6-OHDA rats were challenged
with high dose SKF38393 (10 mg/kg), but had no effect on rotational
behavior following challenge with low dose SKF38393 (1 mg/kg).
These data are consistent with results using a single-injection
priming paradigm in 6-OHDA rats, in which D1 and D2 agonists
displayed both ‘homologous’ as well as ‘heterologous’ sensitization
(Morelli et al.,, 1989; Morelli and Di Chiara, 1987). However, our
data, together with past studies, create a fuller picture of this effect.
Using a single-injection priming paradigm, challenge with SKF38393
(2 mg/kg) led to rotational behavior in D1- or D2-primed 6-OHDA
rats (Morelli et al., 1989; Morelli and Di Chiara, 1987), whereas using

Fig. 1. Photomicrographs of Fos-like immunoreactivity in the ipsilateral striatum of 6-OHDA rats 2h following challenge injection with water, SKF38393 or quinpirole. Each
photomicrograph is labeled as ‘priming treatment/challenge treatment’. Groups were primed with water (left column), SKF38393 (middle column) or quinpirole (right column), and
challenged with water (first row), SKF38393 (1 mg/kg, second row), SKF38393 (10 mg/kg, third row) or quinpirole (0.25 mg/kg, fourth row). Scale bar =0.1 mm.
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our three-injection priming paradigm, challenge with half this
dose of SKF38393 (1 mg/kg) proved too low to elicit any rotational
behavior in D1- or D2-primed 6-OHDA rats (Table 2). Taken to-
gether, these observations suggest that three priming injections
do not give rise to any more pronounced degree of behavioral
sensitization than a single priming injection. Therefore, a single
injection with an efficacious dose of dopamine agonist is both
adequate and sufficient to trigger the mechanism(s) responsible for
D1-mediated behavioral sensitization in dopamine-depleted rats. In
contrast, other groups have reported that longer, repeated treat-
ments with D1 agonists can give rise to behavioral tolerance rather
than sensitization (Asin et al., 1995; Asin and Wirtshafter, 1993;
Engber et al., 1993). This effect could be due, in part, to the nature
of the dopamine agonist used — the partial D1 agonist SKF38393
versus full D1 agonist A-77636 (Asin and Wirtshafter, 1993). How-
ever, behavioral tolerance was also related to the timing of the
priming injections since daily, repeated treatment with the partial
D1 agonist SKF38393 led to behavioral tolerance following pro-
longed treatment (Engber et al., 1993), even when behavioral
sensitization was noted in the first few days of treatment (Rouillard
et al., 1988).

The effects of SKF38393 on striatal Fos expression were dose-
dependent, and sensitive to prior drug exposure (priming). While
administration of SKF38393 (10 mg/kg) to water-primed 6-OHDA
rats led to robust striatal Fos expression — an effect independent of
D1- or D2-priming, this response was also dose-dependent since
administration of low dose SKF38393 (1 mg/kg) to water-primed
6-OHDA rats did not induce striatal Fos expression (Table 3; Fig. 1).
These data suggest that D1 receptor stimulation alone, administered
at a sufficient dose, can induce striatal IEG expression in dopamine-
depleted animals, an observation supported by others (Nadjar et al.,
2009; Robertson et al., 1992; Wirtshafter, 2007). However, we also
observed an effect of priming since D1-primed 6-OHDA rats
challenged with low dose SKF38393 (1 mg/kg) displayed robust
striatal Fos expression compared to rats primed with water or D2
agonist (Table 3, Fig. 1). These data suggest that prior D1 receptor
stimulation can sensitize subsequent D1-mediated striatal IEG
induction. A similar effect of D1-priming on subsequent striatal
Fos expression was also observed in 6-OHDA rats challenged with
the D2 agonist quinpirole (0.25 mg/kg) (Table 3; Fig. 1; Pollack and
Yates, 1999). It is unclear whether the same mechanism(s) is
involved in D1-priming of D1- and D2-mediated IEG responses. D1-
mediated Fos induction occurs primarily in striatonigral neurons
(Robertson et al., 1990), which comprise the ‘direct pathway’, which
links the striatum to the basal ganglia output structures: substantia
nigra pars reticulata (SNr) and globus pallidus pars interna (GPi)
(termed entopeduncular nucleus in rodents) (Obeso et al., 2008).
Interestingly, we reported that ‘direct pathway’ neurons also show
robust Fos expression when 6-OHDA rats are primed with the D1/D2
agonist apomorphine (0.5 mg/kg) and challenged with quinpirole
(Pollack et al., 1997), suggesting that similar priming mechanism(s)
may be involved. However, this is probably not the case for several
reasons. First, D1 and D2 receptors are localized to separate popu-
lations of striatal output neurons — with D1 receptors expressed
primarily on ‘direct pathway’ striatonigral neurons, while D2
receptors are expressed primarily on striatopallidal neurons
(Gerfen et al.,, 1990; Le Moine and Bloch, 1995); these neurons
comprise the ‘indirect pathway’, which links the striatum to the
SNr/GPi through synaptic connections in the globus pallidus pars
externa and subthalamic nucleus (Obeso et al., 2008). Second, we
found that the pattern of striatal Fos expression in D1-primed rats
was slightly different following challenge with quinpirole and
SKF38393 (data not shown); our results were consistent with
prior studies, which reported that D2-mediated Fos expression was
more concentrated in the dorsolateral striatum (Pollack and Yates,
1999), while D1-mediated Fos expression was more uniformly

distributed in the striatum (Paul et al., 1995). Taken together, a
more likely explanation is that D1-priming of D2-mediated striatal
Fos expression occurs via a trans-synaptic mechanism, such as
recurrent axon collaterals in the striatum (Taverna et al., 2008),
rather than through direct effects within the same population of
striatal output neurons (Gerfen et al., 1990; Le Moine and Bloch,
1995).

While the effects of the D1 agonist SKF38393 on behavioral and
cellular responses in 6-OHDA rats are clearly dose-dependent, there
appears to be a disconnection between the effective dose of
SKF38393 required to stimulate significant rotational behavior and
to induce striatal Fos expression. For example, while D1-priming
could permit a challenge with low dose SKF38393 (1 mg/kg) to
induce robust striatal Fos expression, the same dose of SKF3839
(1 mg/kg) did not produce any rotational behavior in D1-primed
animals. A similar dosage disconnection was also observed in water-
primed 6-OHDA rats challenged with high dose SKF38393 (10 mg/
kg), which led to only moderate rotational behavior, but pronounced
striatal Fos expression. And while D1- and D2-priming was able to
potentiate SKF38393 (10 mg/kg)-mediated contralateral rotational
behavior, D1- and D2-priming had no effect on SKF38393 (10 mg/
kg)-mediated striatal Fos induction, which was already at maximal
levels in water-primed 6-OHDA rats (Table 3; Fig. 1). Therefore, D1-
mediated striatal Fos expression is able to occur independently of D1-
mediated rotational behavior, and the level of striatal Fos expression
is not necessarily related to the amount of rotational behavior. These
data suggest that the priming of D1-mediated rotational behavioral
and striatal Fos expression is likely mediated by separate mechan-
isms, and that Fos protein expression itself is not required for the
expression of D1-mediated rotational behavior —observations
consistent with other studies using single-injection priming para-
digms (Paul et al., 1995; Robertson et al., 1989). However, other IEGs,
most notably FosB and JunD proteins, appear to play a significant role
in D1 receptor priming (Crocker et al., 1998; Vallone et al., 1997). In
fact, dopamine-depletion combined with D1 receptor stimulation
leads to numerous changes in striatal cell signaling including
activation of ERK1/2/MAP kinase (Gerfen et al., 2002), DARPP-32
phosphorylation (Barone et al., 1994) as well as increased activator
protein 1 (AP-1) binding (Huang and Walters, 1996; Kashihara et al.,
1996). In addition, D1 receptor stimulation may underlie activation
of ERK, which is thought to play a key role in cocaine-mediated
behavioral sensitization (Lu et al., 2006). As such, these intracellular
signals could ultimately affect the expression of genes, whose
products may underlie the persistence of behavioral sensitization
once it has been established (Pollack and Strauss, 1999). However, it
is important to note that the number and timing of D1 agonist
injections determines the nature of the subsequent response —
sensitization versus tolerance in dopamine-depleted rats (Asin et al.,
1995; Asin and Wirtshafter, 1993; Engber et al., 1993; Morelli et al.,
1989; Morelli and Di Chiara, 1987; Rouillard et al., 1988). Recent
studies suggest that intracellular trafficking and localization of D1
receptors (Berthet et al., 2009; Guigoni et al., 2007) and/or its
heterodimer partner N-methyl-p-aspartate glutamate receptors
(Fiorentini et al., 2006) may be related to subsequent behavioral
responsiveness in animal models of L-dopa-induced dyskinesias.
Therefore, future experiments should utilize treatment specific
paradigms, run in parallel, which lead to sensitization or tolerance
in dopamine-depleted rats, in order to determine which signaling
molecules and intracellular processes underlie the opposing effects
on D1-mediated plasticity.
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