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Abstract
The irreversible receptor antagonist N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ)
has been used to study the ontogeny of dopamine (DA) receptor functioning in the young and
adult rat. Most notably, systemic administration of EEDQ blocks the DA agonist-induced
behaviors of adult rats, while leaving the behavior of preweanling rats unaffected. The purpose of
the present study was to: (a) determine whether the age-dependent actions of EEDQ involve
receptors located in the dorsal caudate-putamen (CPu) and (b) confirm that EEDQ's behavioral
effects result from the inactivation of DA receptors rather than some other receptor type. In
Experiment 1, EEDQ or DMSO were bilaterally infused into the CPu on PD 17 or PD 84. After 24
h, rats were given bilateral microinjections of the full DA agonist R(–)-propylnorapomorphine
(NPA) or vehicle into the dorsal CPu and behavior was assessed for 40 min. In Experiment 2,
preweanling rats were treated as just described, except that DA receptors were protected from
EEDQ-induced alkylation by administering systemic injections of D1 (SCH23390) and D2
(sulpiride) receptor antagonists. As predicted, microinjecting EEDQ into the dorsal CPu attenuated
the NPA-induced locomotor activity and stereotypy of adult rats. In contrast, rats given bilateral
EEDQ infusions on PD 17 exhibited a potentiated locomotor response when treated with NPA.
Experiment 2 showed that DA receptor inactivation was responsible for NPA's actions. A likely
explanation for these results is that EEDQ inactivates a sizable percentage of DA receptors on PD
17, but leaves the remaining receptors in a supersensitive state. This receptor supersensitivity,
which probably involves alterations in G protein coupling, could account for NPA-induced
locomotor potentiation. Either adult rats do not show a similar EEDQ-induced change in receptor
dynamics or DA receptor inactivation was more complete in older animals and effectively
eliminated the expression of DA agonist-induced behaviors.
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INTRODUCTION
There is a growing understanding that dopamine (DA) agonists and antagonists affect the
developing and mature brain differently (Andersen, 2005). Support for this idea is abundant
and includes data showing that dopaminergic drugs frequently induce quantitatively
different behavioral effects across ontogeny (for a review, see Spear, 1979). In some cases,
the potency of DA-acting drugs changes linearly with age, but often the relationship
between age and drug responsiveness is nonmonotonic (Spear and Brick, 1979; Campbell
and Baldessarini, 1981). For example, Lepekhina and Tsitsurina (2007) reported that
apomorphine-induced stereotyped sniffing peaked at postnatal day (PD) 14 and
subsequently declined, whereas stereotyped licking increased progressively until 12 months
of age. DA agonists occasionally induce qualitatively different behavioral effects depending
on age, however these ontogenetic differences usually involve the emergence of age-specific
responses (Moody and Spear, 1992).

Most studies examining ontogenetic differences in drug responsiveness rely on systemic
administration procedures, however microinjection studies have provided important
information about age-dependent changes in the localization of DA-mediated brain function.
In most cases, infusing nonselective and selective DA agonists into the caudate-putamen
(CPu) affects preweanling and adult rats in a generally similar manner. For example,
microinjecting a selective D1 agonist into the CPu increases the locomotor activity of
preweanling and adult rats (Kreipke and Walker, 2004; Krolewski et al., 2005; Charntikov et
al., 2011). Both age groups also show an intensification of stereotypy when a D1 or D2
agonist is infused into the CPu (Bordi and Meller, 1989; Canales and Iversen, 1998;
Waszczak et al., 2002; Kreipke and Walker, 2004; Krolewski et al., 2005; Charntikov et al.,
2011). Some interesting age-dependent differences are apparent, however, because
selectively stimulating D2 receptors in the dorsal CPu triggers a pronounced locomotor
response in preweanling rats (Charntikov et al., 2011), while causing either a reduction
(Bordi and Meller, 1989; Canales and Iversen, 1998) or a subtle, biphasic increase in the
locomotor activity of adult rats (Van Hartesveldt et al., 1992). Perhaps most importantly, co-
activation of D1 and D2 receptors in the CPu of adult rats causes both an intensification of
stereotypy and a pronounced reduction in locomotor activity (Bordi and Meller, 1989; Bordi
et al., 1989; Waszczak et al., 2002); whereas, preweanling rats continue to exhibit a robust
locomotor response and show only a modest intensification of stereotyped behaviors
(Charntikov et al., 2008, 2011).

N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ), an alkylating agent that
inactivates DA receptors, has been used to study both the time-course of receptor recovery
and the behavioral relevance of D1 and D2 receptor stimulation (Hamblin and Creese, 1983;
Arnt et al., 1988; Cameron and Crocker, 1988; Meller et al., 1989). When assessed 24 hr
after systemic EEDQ (7.5 mg/kg, IP) administration, adult and preweanling rats show an
approximately 61- 86% reduction in D1 and D2 receptor densities in the CPu, with the
percent decline being somewhat greater in adult rats (Crawford et al., 1992; Gnanalingham
et al., 1994). Despite a substantial decline in DA receptors, systemically administered EEDQ
affects the behaviors of adult and preweanling rats differently. In adult rats, the behavior-
inducing properties of DA agonists are fully attenuated when measured 24 h after EEDQ
treatment (Arnt et al., 1988; Cameron and Crocker, 1988; Meller et al., 1989; McDougall et
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al., 1992); whereas, DA receptor inactivation leaves the behavior of preweanling rats
unaffected. More specifically, preweanling rats show normal levels of NPA-, quinpirole-,
and SKF38393-induced locomotor activity, grooming, and head-down sniffing when tested
24 h after systemic administration of EEDQ (McDougall et al., 1992, 1993; Mestlin and
McDougall, 1993). The reason for this age-dependent difference has not been determined.

In adult rats, EEDQ has been microinjected into various brain regions in order to examine
whether D1 and/or D2 receptor stimulation contributes to the mediation of muscle tone,
various unlearned behaviors, ipsilateral circling, and fixed-interval operant responding
(Hamblin and Creese, 1983; Bordi et al., 1989; Cameron and Crocker, 1989; Giorgi and
Biggio, 1990a, b; Lee et al., 1995; Neisewander et al., 1995; Hemsley et al., 2002; Cory-
Slechta et al., 2002). For example, Neisewander et al. (1995) have shown that infusing
EEDQ into the lateral CPu attenuates the SKF38393-induced grooming and oral movements
of adult rats. To determine the receptor type responsible for mediating a particular behavior,
DA receptors can be selectively protected from EEDQ-induced inactivation by pretreating
rats with D1 (e.g., SCH23390) or D2 (e.g., sulpiride or raclopride) reversible antagonists
(Meller et al., 1985). Using this technique, Cameron and Crocker (1989) reported that D2
receptors in the ventrolateral CPu are necessary for apomorphine-induced head-down
sniffing. Likewise, quinpirole stimulates ipsilateral circling in EEDQ-treated adult rats, but
not when D2 receptors were protected by a pretreatment injection of raclopride (Giorgi and
Biggio, 1990a). In sum, administering EEDQ either systemically or via intracerebral
infusion produces the same general pattern of effects in adult rats; namely, nonselective and
selective DA agonists have minimal behavioral impact if DA receptors are inactivated. It is
not known whether intrastriatal infusions of EEDQ affect the behavior of preweanling rats in
an adult-like manner.

When considered together, previous studies typically report that reversible DA agonists and
antagonists either affect preweanling and adult rats in a similar manner or they induce
quantitative differences in behavioral responsiveness (i.e., a particular drug causes more
intense behavioral effects at one age vs. another). One goal of the present study was to
determine whether microinjecting the irreversible DA receptor antagonist EEDQ into the
dorsal CPu would produce qualitatively different behavioral effects in preweanling and adult
rats. Qualitative differences are of particular interest because they may result from
significant ontogenetic changes in the neural mechanisms underlying behavior. To examine
this issue, EEDQ or vehicle were bilaterally infused into the dorsal CPu on PD 17 or PD 84
and the full DA agonist NPA (0–20 μg) was microinjected into the same structure 24 h later.
To ensure that NPA (0.5 μl per side) was not stimulating DA receptors outside the area of
EEDQ-induced alkylation, a relatively greater volume of EEDQ (0.75 μl per side) was
infused into the dorsal CPu of both age groups. A second purpose of this study was to
determine whether EEDQ's behavioral effects result from the inactivation of DA receptors
or some other receptor type. To accomplish this goal, separate groups of preweanling rats
were pretreated with SCH23390 and sulpiride in order to protect D1 and D2 receptors,
respectively, from EEDQ-induced alkylation. Homogenate ligand binding assays were used
to meaure D1 and D2 receptor concentrations in the CPu, while autoradiography was used to
examine the dispersal pattern of EEDQ after microinjection.

EXPERIMENTAL PROCEDURES
Animals

A total of 273 male and female Sprague-Dawley rats were used. Adult male rats (N = 65)
were purchased from Charles River (Hollister, CA, USA) and began testing on PD 83;
whereas, 208 male and female rats were born and bred at California State University, San
Bernardino (CSUSB) and underwent experimental procedures beginning on PD 16. Litters
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were culled to 10 pups on PD 3. Rat pups were kept with the dam and littermates in large
polycarbonate maternity cages (56 × 34 × 22 cm) with wire lids, while adult rats were group
housed in maternity cages until time of surgery. Food and water were freely available. The
colony room was maintained at 22−24°C and kept under a 12-h light/dark cycle. Testing
was done in a separate experimental room and was conducted during the light phase of the
cycle. Subjects were cared for in accordance with the National Institutes of Health Guide for
the Care and Use of Laboratory Animals (NIH Publications No. 80–23) under a research
protocol approved by the Institutional Animal Care and Use Committee of CSUSB.

Apparatus
Behavioral testing was done in commercially available (Coulbourn Instruments, Allentown,
PA, USA) activity monitoring chambers, consisting of acrylic walls, a plastic floor, and an
open top. Each chamber included an X–Y photobeam array, with 16 photocells and
detectors, that was used to determine distance traveled (locomotor activity). The position of
each rat was determined every 100 msec. To somewhat control for differences in body size,
preweanling rats were tested in smaller sized chambers (26 × 26 × 41 cm) than adult rats (41
× 41 × 41 cm). In all other regards, the different-sized chambers were identical to each
other.

Drugs
R(+)-SCH 23390 hydrochloride, (+)-butaclamol hydrochloride, and mianserin hydrochloride
were dissolved in saline. (−)-Sulpiride was dissolved in a minimal amount of glacial acetic
acid and diluted with saline; whereas, R(−)-propylnorapomorphine hydrochloride (NPA)
was dissolved in distilled water containing 0.1% metabisulfite (an antioxidant). N-
ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ) was dissolved in dimethyl sulfoxide
(DMSO). Systemically administered drugs were injected intraperitoneally (IP) at a volume
of 5 ml/kg for preweanling rats and 1 ml/kg for adult rats. EEDQ was microinjected at a
volume of 0.75 μl per side, while NPA was infused at a volume of 0.5 μl per side.
Nonlabeled ligands were purchased from Sigma (St. Louis, MO, USA), whereas [3H]-SCH
23390 (84.9 Ci/mmol) and [3H]-spiperone (83.9 Ci/mmol) were purchased from
PerkinElmer (Boston, MA, USA).

Surgery
On PD 16 and PD 83, anesthesia was induced by isoflurane (2.5–5%) mixed with oxygen. A
topical lidocaine solution (1%) was applied to the scalp and ibuprofen (2 mg/kg IP) was
administered. A standard Kopf stereotaxic apparatus was used, with preweanling rats
requiring a Cunningham Neonatal Rat Adapter for proper positioning. For the behavioral
experiments, two craniotomies were performed and a stainless steel double guide cannula
(22 gauge; Plastics One, Roanoke, VA, USA) was implanted in the dorsal CPu of
preweanling rats (A/P +6.5, M/L ±2.4, D/V −5.6 mm from the interaural line; Sherwood and
Timiras, 1970), whereas two single guide cannulae (22 gauge; Plastics One) were implanted
in the dorsal CPu of adult rats (A/P −0.26, M/L ±3.0, D/V −5.8 mm from bregma; Paxinos
and Watson, 1998). At both ages, guide cannulae were implanted 1 mm above the target
location and were fixed in place using cyanoacrylate gel followed by dental cement and two
stainless steel screws (adults only). Stainless steel stylets (Plastics One) were used to seal
guide cannulae until time of testing. For the homogenate ligand binding experiments, two
craniotomies were performed and needles attached to Hamilton microsyringes (2 μl) were
bilaterally lowered into the dorsal striatum. EEDQ (100 μg) or DMSO were infused (0.75 μl
per side) over a 2 min period. Needles were left in place for an additional 2 min before being
retracted. After surgery, rats were allowed to recover in a temperature-controlled chamber
(30°C). When fully responsive, preweanling rats were returned to the home cage with the
dam and littermates, while adult rats were housed singly. The differential housing
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procedures were a consequence of preweanling rats needing to suckle for nourishment.
Although the possibility cannot be excluded, we do not believe that the age-specific housing
arrangements were responsible for ontogenetic differences in drug responsiveness.

Behavioral procedures
Experiment 1. Effects of EEDQ on the NPA-induced behaviors of adult and
preweanling rats—On PD 17 or PD 84 (24 h after surgery), rats were taken to a separate
room and the stainless steel stylets were replaced by infusion cannulae (Plastics One) which
extended 1 mm below the guide cannulae. Hamilton microsyringes (10 μl) attached to a dual
infusion pump were used to bilaterally microinject DMSO or EEDQ (100 μg) at a volume of
0.75 μl per side. Similar doses of EEDQ have been microinjected into various basal ganglia
and limbic structures (Cameron and Crocker, 1989; Cory-Slechta et al., 1998, 2002;
Hemsley and Crocker, 2001). Drugs were delivered at a constant rate over a 60 s period and
the infusion cannulae were subsequently left in place for an additional 2 min.

On PD 18 or PD 85, preweanling (N = 48) and adult (N = 33) rats were habituated to the
testing chambers for 20 min. Rats were then injected (IP) with saline and returned to the
testing chambers for another 20 min habituation period [this procedure replicates the
methods from previous studies (Charntikov et al., 2008, 2011)]. NPA (0 or 20 μg) was
bilaterally infused into the dorsal CPu at a volume of 0.5 μl per side. After drug infusion,
rats were returned to the testing chambers for 40 min. Distance traveled (a measure of
horizontal locomotor activity) and repetitive motor movements (a measure of stereotypy)
were assessed continuously across the 80-min session. Repetitive motor movements were
defined as the total number of repetitive coordinate changes on the X–Y axes that occurred
within 2 s (three back and forth movements were required before the behavior qualified as a
repetitive motor movement). Rats were videotaped and various discrete behaviors (e.g.,
head-down sniffing and grooming) were quantified using the fixed interval momentary time
sampling method described by Cameron et al. (1988). Using this technique, the presence or
absence of a particular behavior was determined at 20 s intervals during each 5-min time
block.

Experiment 2. Impact of dopamine receptor protection on the NPA-induced
behaviors of preweanling rats—On PD 17 (24 h after surgery), rats (N = 96) were
randomly divided into a nonprotected or D1/D2 protected condition. In the D1/D2 protected
condition, preweanling rats were given an initial injection of sulpiride (100 mg/kg IP)
followed, 30 min later, by an injection of SCH23390 (1 mg/kg IP). In the nonprotected
condition, rats received two saline injections. Thirty min after the second injection, the
stainless steel stylets were removed and DMSO or EEDQ (100 μg) were microinjected into
the CPu at a volume of 0.75 μl per side.

On PD 18, rats were placed in the testing chambers and habituated as described in
Experiment 1. After 40 min, rats were removed from the chambers and NPA (0, 10, or 20
μg) was bilaterally infused into the dorsal CPu at a volume of 0.5 μl per side. Rats were
immediately returned to the testing chambers where distance traveled, repetitive motor
movements, and head-down sniffing were recorded for 40 min.

D1 and D2 homogenate ligand binding assays
On PD 18 or PD 85 (48 h after surgery and 24 h after EEDQ or DMSO infusions), rats (N =
32 adults; N = 64 preweanling rats) were rapidly decapitated and CPu sections were
dissected bilaterally and stored at −80°C. On the day of assay, tissue was thawed on ice and
crude membrane homogenates were made using the following protocol. Tissue was
homogenized in 100 volumes of 50 mM Tris-HCl buffer (pH 7.4) for approximately 20 s
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using a Brinkmann Polytron. Homogenates were then centrifuged at 20,000 × g for 30 min.
The pellet was resuspended in 100 volumes of the same buffer and centrifuged again at
20,000 × g for 30 min. The final pellet was suspended in approximately 30 volumes of
buffer (pH 7.4). Procedures for the two age groups were identical, with the exception that
homogenates from PD 18 rats consisted of two pooled tissue samples. Protein concentrations
for the final pellet were determined using the Bio-Rad Protein Assay.

For both the D1 and D2 receptor binding assays, tissue suspensions (50–100 μg/protein)
were added to duplicate tubes containing 50 mM Tris, 2 mM NaCl2, 5 mM KCl, 1 mM
MgSO4, and 2 mM CaCl2 (pH 7.4) at a final volume of 1 ml. For the D1 assay, tubes
included [3H]-SCH23390 in concentrations ranging from 0.1 to 5 nM. Nonspecific binding
was determined in the presence of 10 μM (+)-butaclamol. To prevent binding of [3H]-
SCH23390 to serotonin receptors 100 nM mianserin was added to all tubes. For the D2
assay, tubes included [3H]-spiperone in concentrations ranging from 0.05 to 0.8 nM.
Nonspecific binding was determined in the presence of 10 μM (−)-sulpiride. Due to the
specificity of sulpiride, mianserin was not used in the D2 assay (Boyson et al., 1986).
Incubation time for both assays was 30 min at 37°C. Incubation was terminated by vacuum
filtration over glass fiber filters (Whatman GF/B, pretreated with 0.1% polyethylenimine).
Filters were washed twice with ice-cold Tris-HCl buffer and radioactivity was measured by
liquid scintillation spectrometry.

Histology
After behavioral testing, rats were given an overdose of sodium pentobarbital and brains
were fixed in 4% paraformaldehyde. Brains were cryoprotected in a 20% sucrose solution,
sectioned coronally (70 μm) using a cryostat, and then stained with thionin. Histological
assessment of cannula placements was done by observers blind to drug treatment conditions.
Overall, 92.9% of rats (210 out of 226) had proper cannula placements in the dorsal CPu.
Data from animals with inappropriate guide cannula placements were not included in the
statistical analyses. Replacement rats were added as needed, thus experiments had 8–9
subjects per group.

Individual preweanling and adult rats received bilateral microinjections of EEDQ or DMSO
(0.75 μl per side) and D1 and D2 receptor autoradiography was used to determine
dispersion. Briefly, 20 μM slices from DMSO- and EEDQ-treated rats were assayed for D1
and D2 binding sites with [3H]-SCH23390 and [3H]-spiperone, respectively, and apposed to
x-ray film for 10 weeks (Crawford et al., 2011). EEDQ spread in a concentric pattern that
encompassed the medial and most of the lateral portion of the dorsal CPu (Fig. 1). To
determine dispersion of NPA, additional preweanling and adult rats received bilateral
microinjections (0.5 μl per side) of crystal violet and brains were removed 5 or 30 min later.
Examination of coronal sections indicated that dye was restricted within the dorsal CPu.
Cannula placements of rats included in the statistical analyses are shown in Fig. 2.

Data analysis
Repeated measures (5-min time blocks) analyses of variance (ANOVAs) were used for
statistical analysis of distance traveled, repetitive motor movement, and head-down sniffing
data. Because of ongoing experimental manipulations, separate ANOVAs were used to
analyze time blocks 1–4 (chamber habituation), 5–8 (saline habituation), and 9–16 (drug
testing). When required, significant higher order interactions were further analyzed using
one-way ANOVAs, while Tukey tests (P<0.05) were used for making post hoc comparisons.
When the assumption of sphericity was violated, as determined by Mauchly's test of
sphericity, the Huynh-Feldt epsilon statistic was used to adjust the degrees of freedom
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(Huynh and Feldt, 1976). Corrected degrees of freedom were rounded to the nearest whole
number and are indicated by a superscripted “a”.

Separate 2 × 2 (drug × age) ANOVAs were used to analyze D1 and D2 binding site (Bmax)
and affinity (KD) data from the homogenate ligand binding assays. Bmax and KD values
were determined using nonlinear regression with Prism (GraphPad Software, San Diego,
CA, USA). Post hoc analysis of receptor binding data was done using Tukey tests (P<0.05).

Litter effects were minimized by assigning one subject from each litter to a particular group
(for a discussion of litter effects, see Zorrilla, 1997). In situations where this procedure was
not possible (i.e., during the habituation phases), a single litter mean was calculated from
multiple littermates assigned to the same group (Holson and Pearce, 1992; Zorrilla, 1997).
Preliminary analyses indicated that DA agonist-induced behaviors did not differ according
to sex, so subsequent analyses examining NPA's effects did not include sex as a factor.
Interestingly, EEDQ differentially affected the baseline locomotor activity of male and
female preweanling rats, so data from the EEDQ-treated control groups were assessed using
a separate set of statistical analyses.

RESULTS
Experiment 1. Effects of EEDQ on NPA-induced behaviors

Adult rats—During the habituation phases (i.e., time blocks 1–4 and 5–8), EEDQ-treated
adult rats had significantly smaller distance traveled scores than DMSO controls (Fig. 3,
upper graph, left panel) [Pretreatment main effects, F(1, 31)=21.02, P<0.001; F(1,
31)=19.90, P<0.001]. Distance traveled scores declined across the second habituation phase
and achieved a stable level of performance by time block 7 [aTime block main effect, F(3,
93)=38.68, P<0.001 and Tukey tests].

During the testing phase (i.e., time blocks 9–16), NPA significantly enhanced distance
traveled scores [Agonist main effect, F(1, 29)=7.35, P<0.05], but only in adult rats
pretreated with DMSO (Fig. 3, upper graph, right panel) [Pretreatment × Agonist
interaction, F(1, 29)=5.73, P<0.05 and Tukey tests]. In other words, EEDQ-treated adults
infused with 20 μg NPA performed no differently than rats given 0 μg NPA on the test day.
Curiously, NPA reduced distance traveled scores on time block 10, but the DA agonist
produced a subsequent increase in locomotion that was apparent on time blocks 14–16
[aAgonist × Time Block interaction, F(5, 152)=10.91, P<0.001 and Tukey tests].

During the initial component of the habituation phase (i.e., time blocks 1–4), the repetitive
motor movements of the EEDQ- and DMSO-treated rats did not differ (Fig. 3, lower graph,
left panel); however, rats given EEDQ exhibited a significant reduction in repetitive motor
movements, relative to control rats, on time blocks 5–8 [Pretreatment main effect, F(1,
31)=8.74, P<0.05]. Repetitive motor movements declined across both components of the
habituation phase until stabilizing on time block 7 [Time Block main effects, F(3, 93)=9.72,
P<0.001; F(3, 93)=11.45, P<0.001 and Tukey tests].

During the testing phase, DMSO-treated rats given bilateral infusions of NPA (20 μg) had
significantly more repetitive motor movements than all other groups (Fig. 3, lower graph,
right panel) [Pretreatment × Agonist interaction, F(1, 29)=5.44, P<0.05 and Tukey tests].
EEDQ fully attenuated NPA-induced repetitive motor movements, because EEDQ-treated
rats given NPA did not differ from vehicle controls. Overall, NPA-treated rats exhibited
more repetitive motor movements than controls on time blocks 11 and 13–16 [Agonist ×
Time Block interaction, F(7, 203)=8.61, P<0.001 and Tukey tests].
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Head-down sniffing (i.e., stereotyped sniffing) was infrequently observed during the
habituation phases (< 1 occurrence per 5 min time block). Bilaterally infusing NPA (20 μg)
into the dorsal CPu significantly increased head-down sniffing relative to vehicle controls
(Table 1) [Agonist main effect, F(1, 29)=121.20, P<0.001], while EEDQ pretreatment
reduced head-down sniffing [Pretreatment main effect, F(1, 29)=22.40, P<0.001]. NPA-
induced head-down sniffing was partially blocked by EEDQ [Pretreatment × Agonist
interaction, F(1, 29)=19.24, P<0.001]. More specifically, EEDQ-treated rats infused with
NPA had fewer head-down sniffing counts than DMSO-treated rats infused with NPA, but
more sniffing counts than the vehicle control group [Tukey tests].

Preweanling rats—During the habituation phase, EEDQ-treated preweanling rats had
greater distance traveled scores than DMSO controls (Fig. 4, upper graph, left panel)
[Pretreatment main effect, F(1, 46)=15.41, P<0.001], with the differences between groups
being statistically significant on time blocks 6–8 [aAgonist × Time Block interaction, F(2,
90)=5.36, P<0.001 and Tukey tests]. During the testing phase, EEDQ-treated preweanling
rats infused with 10 or 20 μg NPA had significantly greater distance traveled scores than all
other groups, including DMSO-treated rats injected with the identical dose of NPA (Fig. 4,
upper graph, right panel) [Pretreatment × Agonist interaction, F(2 ,42)=6.69, P<0.01 and
Tukey tests]. Thus, EEDQ potentiated NPA's locomotor activating effects in preweanling
rats. DMSO- and EEDQ-treated rats infused with 0 μg NPA did not differ. Additional
analyses showed that among the DMSO groups, preweanling rats infused with 10 or 20 μg
NPA had greater distance traveled scores than rats given 0 μg NPA [Dose main effect, F(2,
21)=28.45, P<0.001 and Tukey tests]. The Pretreatment × Agonist × Time Block interaction
was not statistically significant, but EEDQ-treated preweanling rats exhibited significantly
more locomotor activity than DMSO controls on time blocks 9–16 [aPretreatment × Time
Block interaction, F(4, 187)=8.52, P<0.001 and Tukey tests]. Separate statistical analyses
showed that NPA-induced locomotor activity did not vary according to sex (data not
shown), although EEDQ infusions did produce significantly greater distance traveled scores
in male rats (M = 917 cm per time block, SEM = 192) than female rats (M = 179 cm per
time block, SEM = 37) when collapsed across the testing session [Sex main effect, F(1,
12)=11.42, P<0.01; Sex × Pretreatment interaction, F(1, 12)=14.31, P<0.01]. The distance
traveled scores of DMSO-treated male (M = 196 cm per time block, SEM = 42) and female
(M = 238 cm per time block, SEM = 51) rats did not differ.

Repetitive motor movements of the DMSO- and EEDQ-treated preweanling rats did not
vary during the first four time blocks of the habituation phase (Fig. 4, lower graph, left
panel). During the second component of the habituation phase (i.e., time blocks 5–8),
EEDQ-treated rats had significantly more repetitive motor movements than DMSO controls
[Pretreatment main effect, F(1, 46)=9.24, P<0.01], with the differences between groups
being apparent on time blocks 7–8 [Pretreatment × Time Block interaction, F(3, 138)=7.42,
P<0.001 and Tukey tests]. Infusing NPA into the dorsal CPu did not affect the repetitive
motor movements of EEDQ-treated preweanling rats (Fig. 4, lower graph, right panel);
whereas, NPA (10 or 20 μg) significantly increased the repetitive motor movements of rats
pretreated with DMSO [Pretreatment × Agonist interaction, F(2, 42)=33.38, P<0.001 and
Tukey tests]. More specifically, DMSO-treated rats given bilateral infusions of 10 or 20 μg
NPA had significantly more repetitive motor movements than all other groups on time
blocks 10–16 [aPretreatment × Agonist × Time Block interaction, F(11, 225)=3.86, P<0.001
and Tukey tests]. The various groups of rats infused with 0 μg NPA did not differ. The
repetitive motor movements of male and female preweanling rats were not differentially
affected by EEDQ (P>0.05).
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Experiment 2. Impact of dopamine receptor protection on the NPA-induced behaviors of
preweanling rats

Distance Traveled—During both components of the habituation phase, distance traveled
scores were elevated if rats had been treated with EEDQ or SCH23390/sulpiride, either
alone or in combination, on PD 17 (compare the left panels of Fig. 5) [Pretreatment ×
Condition interactions, F(1, 92)=5.51, P<0.05; F(1, 92)=8.95, P<0.01 and Tukey tests].
Thus, reversibly or irreversibly antagonizing D1 and D2 receptors increased basal distance
traveled scores when assessed 24 h later. The Pretreatment × Condition × Time Block
interaction was nonsignificant, but EEDQ-treated rats had significantly greater distance
traveled scores than DMSO controls on time blocks 6–8 [aPretreatment × Time Block
interaction, F(2, 178)=20.98, P<0.001 and Tukey tests].

When collapsed across time blocks 9–16 (i.e., the testing phase), EEDQ-treated rats
continued to have greater distance traveled scores than DMSO controls (compare the right
panels of Fig. 5) [Pretreatment main effect, F(1, 84)=28.68, P<0.001]. The locomotor
enhancing effects of EEDQ were only apparent if D1 and D2 receptors were left unprotected
(i.e., if DA receptors were inactivated). Specifically, EEDQ-treated rats in the nonprotected
condition had significantly greater distance traveled scores than the various DMSO groups
as well as rats given SCH23390/sulpiride protection prior to EEDQ infusions [Pretreatment
× Condition interaction, F(1, 84)=25.40, P<0.001 and Tukey tests].

Overall, microinjecting NPA (10 or 20 μg) into the dorsal CPu increased distance traveled
scores [Agonist main effect, F(2, 84)=32.09, P<0.001 and Tukey tests], with this effect
varying according to treatment condition [Agonist × Condition interaction, F(2, 84)=5.07,
P<0.01]. Separate statistical analyses showed that NPA (10 or 20 μg) induced significantly
more locomotor activity in EEDQ-treated rats from the nonprotected condition (Fig. 5,
lower left graph) when compared to either DMSO controls (Fig. 5, upper graphs) or EEDQ-
treated rats given SCH23390/sulpiride protection (Fig. 5, lower right graph) [Pretreatment ×
Condition interaction, F(6, 84)=2.32, P<0.05 and Tukey tests]. The various groups of rats
infused with 0 μg NPA exhibited similar amounts of locomotor activity. Most of the
interactions involving time block were nonsignificant; however, the pretreatment variable
(i.e., EEDQ vs DMSO) did interact with time block to affect distance traveled scores
[aPretreatment × Time Block interaction, F(3, 288)=8.51, P<0.001]. In summary, NPA (10
or 20 μg) caused a potentiated locomotor response on PD 18, but only if EEDQ inactivated
D1 and D2 receptors.

Similar to what occurred in Experiment 1, EEDQ infusions produced significantly more
locomotor activity in male rats, as compared to females, when assessed across the 80-min
testing session (Fig. 6, right panel) [Sex main effect, F(1, 24)=8.97, P<0.01; Sex ×
Pretreatment interaction, F(1, 24)=7.81, P<0.01]. The latter effect was apparent regardless of
protection condition.

Repetitive Motor Movements—On time blocks 1–4 of the habituation phase, repetitive
motor movements of the various groups did not differ (left panels, Fig. 7); however, on time
blocks 5–8 the repetitive motor movements of control rats (i.e., the DMSO-nonprotected
group) declined across the habituation phase, whereas rats treated with EEDQ or
SCH23390/sulpiride maintained a stable level of performance across time blocks 5–8
[Pretreatment × Condition interaction, F(1, 92)=12.55, P<0.001; Pretreatment × Condition ×
Time Block, F(3, 257)=6.46, P<0.001]. The end result, is that the DMSO-nonprotected
group exhibited significantly fewer repetitive motor movements than all other groups on
time blocks 7 and 8 [Tukey tests].
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During the testing phase, EEDQ did not affect repetitive motor movements in the same
manner as distance traveled scores (see right panels, Fig. 7). Specifically, EEDQ
significantly reduced, rather than potentiated, the repetitive motor movements of
preweanling rats [Pretreatment main effect, F(1, 84)=5.49, P<0.05]. D1/D2 receptor
inactivation was responsible for this effect [Condition main effect, F(1, 84)=33.26,
P<0.001], because the EEDQ-induced reduction in repetitive motor movements was only
apparent in the nonprotected condition (Fig. 7, lower left graph) [Pretreatment × Condition
interaction, F(3, 96)=5.09, P<0.01 and Tukey tests]. Interestingly, basal levels of repetitive
motor movements were not affected by EEDQ (i.e., rats infused with 0 μg NPA did not
show depressed levels of repetitive motor movements relative to controls). Instead, EEDQ
fully attenuated the repetitive motor movements of rats infused with 10 or 20 μg NPA, but
only when D1 and D2 receptors were left unprotected [Pretreatment × Condition × Agonist
interaction, F(2, 84)=11.17, P<0.001 and Tukey tests]. In other words, rats given SCH23390
and sulpiride prior to EEDQ infusions showed a normal pattern of responsiveness after NPA
treatment (i.e., if DA receptors were intact), whereas NPA did not increase the repetitive
motor movements of EEDQ-treated rats in the nonprotected condition (i.e., if DA receptors
were inactivated). The four-way interaction involving time block (i.e., the Pretreatment ×
Condition × Agonist × Time Block interaction) was nonsignificant, although NPA did
induce a slight increase in locomotor activity across the testing session [aAgonist × Time
Block interaction, F(9, 397)=2.38, P<0.05 and Tukey tests], but only in DMSO-treated rats
[aPretreatment × Agonist × Time Block interaction, F(9, 397)=2.85, P<0.01 and Tukey
tests]. Separate analyses showed that EEDQ-treated male rats exhibited more repetitive
motor movements than EEDQ-treated female rats, but only when rats were infused with 0 or
20 μg NPA on the test day [Pretreatment × Agonist × Sex interaction, F(2, 72)=3.80, P<0.05
and Tukey tests].

Head-Down Sniffing—Head-down sniffing was infrequently observed during the
habituation phases (< 1 occurrence per 5 min time block). During the testing phase, the
head-down sniffing and repetitive motor movement data produced a generally similar
pattern of results (Table 2). Overall, NPA caused a robust dose-dependent increase in head-
down sniffing [Agonist main effect, F(2, 84)=383.18, P<0.001 and Tukey tests] that was
particularly evident in DMSO-treated rats and EEDQ-treated rats given SCH23390/sulpiride
protection [Pretreatment × Condition × Agonist interaction, F(2, 84)=21.86, P<0.001].
Preweanling rats in the EEDQ-nonprotected condition exhibited significantly fewer NPA
(10 and 20 ug) induced sniffing counts than rats from the other treatment conditions
[Pretreatment × Condition × Agonist interaction, F(2, 84)=21.86, P<0.001 and Tukey tests].
Thus, DA receptor inactivation significantly reduced both the NPA-induced head-down
sniffing and repetitive motor movements of preweanling rats. Rats infused with 0 ug NPA
had few sniffing counts and were not affected by EEDQ or SCH23390/sulpiride protection.
Head-down sniffing did not vary according to sex.

Experiments 1 and 2. Effects of EEDQ on body weight
Overall, preweanling rats weighed significantly less than adult rats (Table 3) [Age main
effect, F(1, 173)=19517.32, P<0.001], with separate analyses showing that the body weights
of preweanling rats did not differ according to sex and were not affected by SCH23390/
sulpiride pretreatment (data not shown). Although the Pretreatment × Age interaction was
not statistically significant (P>0.05), it was evident that infusing EEDQ into the dorsal CPu
caused a significant reduction in body weight when measured 24 h later (i.e., immediately
prior to behavioral testing) [Pretreatment main effect, F(1, 173)=4.90, P<0.05]. The
behavioral ramifications of these EEDQ-induced reductions in body weight are uncertain;
however, they probably did not influence the overall pattern of results, since EEDQ
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decreased the body weights of both age groups, yet differentially affected the locomotor
activity of young and adult rats.

Effects of EEDQ on D1 and D2 binding sites
PD 85 rats had significantly more D1 and D2 binding sites (Bmax) in the CPu than PD 18
rats (Table 4) [Age main effects, F(1, 19)=5.82, P<0.05; F(1, 20)=5.06, P<0.05,
respectively]. Infusing EEDQ into the CPu caused a significant reduction in both D1 and D2
binding sites [Pretreatment main effects, F(1, 19)=70.17, P<0.001; F(1, 20)=9.78, P<0.01,
respectively], with EEDQ having a relatively greater impact on D1 receptors. Although a
nonsignificant trend was apparent, the percentage of D1 (PD 18, 22%; PD 85, 29%) and D2
(PD 18, 46%; PD 85, 65%) receptors remaining after EEDQ infusions did not differ
according to age (P>0.05). The affinity (KD) of D1 binding sites was marginally elevated
after EEDQ treatment (Table 4) [Pretreatment main effect, F(1, 19)=4.12, P=.057]. In terms
of D2 receptors, EEDQ did not affect the KD values of homogenates from preweanling rats;
however, EEDQ did significantly increase the affinity of D2 binding sites in adult rats [Age
× Pretreatment interaction, F(1, 20)=5.88, P<0.05 and Tukey tests]. The D1 and D2 binding
of preweanling rats did not differ according to sex (data not shown), although the small
number of male (n = 3) and female (n = 3) rats per treatment group may have precluded the
ability to detect sex differences.

DISCUSSION
In adult rats, administering the full DA agonist NPA into the dorsal CPu caused a substantial
increase in both stereotypy and locomotor activity. The latter result was somewhat
surprising because nonselective DA agonists often cause intense stereotypies and a
concomitant reduction in locomotion (Bordi and Meller, 1989; Bordi et al., 1989; Waszczak
et al., 2002). The CPu is not a homogeneous structure (Kelley et al., 1982; Gerfen, 1992),
thus it is appears that selectively stimulating DA receptors in the dorsal portion of the CPu
produces both locomotor activity and moderately intense stereotypy in adult rats (see also
Dickson et al., 1994; Carrera et al., 1998; Dias et al., 2006). Infusing EEDQ into the dorsal
CPu of adult rats caused a significant reduction in D1 and D2 receptors, while decreasing
basal and NPA-induced locomotor activity, repetitive motor movements, and head-down
sniffing. Therefore, inactivating a substantial complement of DA receptors in adult rats was
able to attenuate the behavior-inducing properties of a full DA agonist. Similar results have
been reported many times before (Arnt et al., 1988; Double and Crocker, 1990; Giorgi and
Biggio, 1990a, 1990b; Neisewander et al., 1995; Hemsley and Crocker, 2001), with
researchers often attributing the absence of agonist-induced behavioral effects to an
insufficient number of functional DA receptors. In a few cases, the DA-mediated behaviors
of adult rats (e.g., repetitive jaw movements) were unaffected by EEDQ pretreatment,
presumably because the underlying neuroanatomical structure had a sufficient receptor
reserve to compensate for the loss of DA receptors (Rosengarten et al., 1989, 1993; see also
Arnt et al., 1988).

Microinjecting NPA into the dorsal CPu of preweanling rats also increased locomotor
activity, repetitive motor movements, and head-down sniffing on PD 18 (see also
Charntikov et al., 2008, 2011). Similar to what was observed in adult rats, DA receptor
inactivation almost completely eliminated the stereotyped responding of NPA-treated
preweanling rats. More specifically, infusing EEDQ into the CPu fully attenuated NPA-
induced repetitive motor movements on PD 18 and partially attenuated NPA-induced head-
down sniffing. In striking contrast, EEDQ caused a significant potentiation of NPA's
locomotor activating effects on PD 18. Therefore, inactivating DA receptors in the CPu
affected the locomotor activity of preweanling and adult rats in a qualitatively different
manner: EEDQ blocked NPA-induced locomotor activity in adult rats, while potentiating
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locomotion in preweanling rats. EEDQ alkylates a variety of different receptor types,
including muscarinic M1 and M2, α2-adrenergic, GABAA, 5-HT1A and 5-HT2A receptors
(Norman et al., 1989; Miller et al., 1991; Sallés et al., 1993; Ribas et al., 1998; Kettle et al.,
1999; Vinod et al., 2001); however, the protection experiment clearly showed that EEDQ's
ability to enhance NPA-induced locomotor activity was due to the inactivation of DA
receptors. More specifically, behavioral potentiation was not evident if D1 and D2 receptors
were protected by SCH23390/sulpiride pretreatment. Only when D1 and D2 receptors were
inactivated by EEDQ did NPA produce a potentiated locomotor response.

Three central questions arise when considering these results: (1) Why did EEDQ
differentially affect the locomotor activity and stereotyped behaviors of preweanling rats; (2)
why did EEDQ potentiate the locomotor activity of preweanling rats; and (3) why did
preweanling and adult rats exhibit different patterns of NPA-induced locomotor activity
after EEDQ treatment? One of the most interesting features of these data is that EEDQ
increased the NPA-induced locomotor activity of preweanling rats, while attenuating NPA-
induced stereotypy. A possible explanation is that locomotor activity and stereotypy may
rely on identical populations of D1/D2 receptors, but the relative amount of receptor
stimulation determines which class of behavior will be expressed (Bordi et al., 1989).
According to this view, stimulating progressively more receptors would cause behavioral
expression to move through a continuum from nonstereotyped behaviors (e.g., locomotor
activity) to low, then moderate, and finally intense stereotypies (Bordi et al., 1989). In terms
of the preweanling rat, EEDQ may have inactivated enough receptors in the dorsal CPu so
that NPA produced an attenuated stereotypic response; however, a sufficient number of
receptors remained to produce a largely unimpeded locomotor response. In other words, a
potentiated locomotor response may have been evident because the behavioral competition
from stereotypic responding was reduced relative to the control (normosensitive) condition.

Another explanation for the dichotomy between NPA-induced locomotor activity and
stereotypy is that these two classes of behavior may be mediated by distinct subpopulations
of receptors within the dorsal CPu. If true, EEDQ may inactivate receptor subpopulations at
different rates (Arnt et al., 1988; Rosengarten et al., 1993) or the receptors mediating
locomotor activity (as compared to stereotypy) may have a larger receptor reserve. In terms
of the latter suggestion, the size of individual receptor reserves differs not only according to
receptor type (e.g., D1 vs. D2; Arnt et al., 1988), but also according to the response being
measured (Meller et al., 1988; Yokoo et al., 1988; see also Meller et al., 1989). Thus, there
is ancillary evidence suggesting that locomotor activity and head-down sniffing may be
mediated by distinct populations of DA receptors, and these receptor subpopulations are
differentially affected by EEDQ.

Both of these explanations leave unclear why DA receptor inactivation caused a potentiated
locomotor response in preweanling rats. One possibility is that a sufficient number of
functional receptors remained after EEDQ treatment to mediate locomotor activity and these
receptors were supersensitive. A related idea is that DA receptors repopulate at a faster rate
in EEDQ-treated preweanling rats than adults (Leff et al., 1984; Kula et al., 1992) and these
newly synthesized receptors may be supersensitive. In either case, it is likely that a transient
receptor supersensitivity is responsible for the potentiated response to NPA. In a somewhat
analogous situation, reserpine and 6-OHDA treatment dramatically reduce dopaminergic
tone in preweanling and adult rats, thereby causing both receptor supersensitivity and a
potentiated behavioral response to DA-acting drugs (Arnt and Hyttel, 1984; Jaber et al.,
1992; Farley et al., 2006; Harrison and LaHoste, 2006). In fact, manipulations that produce
DA supersensitivity are almost always associated with increased levels of the D2High

receptor (Seeman et al., 2005). All of this being said, there is little pre-existing evidence to
suggest that EEDQ supersensitizes DA receptors. In one study, treating adult rats with very
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low doses of EEDQ (0.8 mg/kg) caused D1 receptor supersensitivity in the prefrontal cortex,
but this effect became undetectable when higher doses of EEDQ were administered
(Trovero et al., 1992). EEDQ has also been reported to potentiate the NPA-induced head-
down sniffing of adult rats, but Meller et al. (1989) concluded that this effect was due to the
lack of behaviors competing with the sniffing response rather than a “rebound
supersensitivity.” Finally, EEDQ significantly reduces DA levels in the CPu (Crawford et
al., 1992, 1994), thus receptor inactivation produces a state often associated with the
induction of receptor supersensitivity.

Data from the habituation phase are relevant to the issue of supersensitivity, because both
EEDQ infusions and systemic SCH23390/sulpiride injections enhanced the basal locomotor
activity and repetitive motor movements of preweanling rats, but not adults. Curiously, the
locomotor enhancing effects of EEDQ, but not SCH23390/sulpiride, were more prominent
in male rats than female rats. Regardless, the most obvious explanation is that both of these
pharmacological manipulations caused a receptor supersensitivity that was expressed as an
increase in the baseline levels of these behaviors. Age-dependent differences in the absolute
amount of receptor inactivation (Crawford et al., 1992, 1994) or receptor plasticity (e.g., the
rate of receptor synthesis; Leff et al., 1984; Kula et al., 1992) may explain why only EEDQ-
treated preweanling rats showed an increase in behavioral responsiveness during the
habituation phase. Although less likely, it is possible that the irreversible and reversible DA
antagonists caused a failure to habituate. Whatever the precise reason, EEDQ increased the
basal motoric responding of preweanling rats and, when combined with later NPA
administration, was responsible for a potentiated locomotor response.

Lastly, it is difficult to explain why infusing EEDQ into the dorsal CPu blocked the NPA-
induced locomotor activity of adult rats, while potentiating the locomotion of preweanling
rats. When administered systemically, EEDQ (7.5 mg/kg) reduced D1 and D2 receptors in
the CPu of preweanling rats by 69% and 61%; whereas, the D1 and D2 receptors of adult
rats were reduced by 86% and 80% (Crawford et al., 1992, 1994). Thus, it is possible that
preweanling rats exhibit a full locomotor response because, unlike adult rats, they have a
sufficient number of functional DA receptors remaining after EEDQ treatment. On first
analysis, the homogenate binding data from the present study are not consistent with this
interpretation, since EEDQ infusions left fewer functional D1 and D2 binding sites in
preweanling rats than adults (Table 3). These data may be somewhat misleading, however,
because the same volume of EEDQ was microinjected into both age groups. Diffusion
characteristics and the physical size of neuroanatomical structures varies across ontogeny, so
by keeping injection volume constant it is almost certain that EEDQ affected a larger
proportion of the CPu in the younger animal. In other words, it is likely that adult rats had
more functional DA receptors than preweanling rats because EEDQ infusions left more of
the CPu intact in older animals. To ensure that the DA agonist did not diffuse outside of
EEDQ-affected regions, EEDQ (0.75 μl) was administered at a relatively greater volume
than NPA (0.5 μl). By infusing a large volume of EEDQ it is possible, especially in
preweanling rats, that brain structures adjacent to the CPu were affected by the irreversible
DA antagonist. D1 and D2 receptor autoradiography showed that EEDQ did not diffuse to
ventral regions of the CPu or the nucleus accumbens (Fig. 1), but this methodology cannot
exclude the possibility that EEDQ affected nondopaminergic cortical structures overlying
the CPu. Thus, it is not known whether cortical damage might have contributed to the age-
dependent behavioral differences observed in the present study.

In adult rats, DA agonists often have pronounced sex-dependent effects, with female rats
evidencing more locomotor activity than male rats (Schindler and Carmona, 2002; Festa et
al., 2004; Milesi-Hallé et al., 2007). In contrast, prepubescent rats do not typically exhibit
sex differences after treatment with DA agonist compounds (e.g., Bowman et al., 1997;
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Snyder et al., 1998; McDougall et al., 2007). Consistent with this general result, we found
that the NPA-induced locomotor activity of preweanling rats, as well as repetitive motor
movements, stereotyped sniffing, and Bmax values, did not vary according to sex on PD 18.
Some sex differences were apparent, however, since EEDQ enhanced the baseline
locomotor activity of male preweanling rats to a greater extent than female rats. This EEDQ-
induced effect was not mediated by DA receptors because it was evident in both the
nonprotection and protection conditions. For this reason, it is uncertain why EEDQ's
locomotor enhancing effects varied according to sex. Importantly, these experiments were
not designed to assess sex differences (n = 3–4 of each sex per group), thus these particular
results need to be confirmed by studies employing more male and female rats.

In conclusion, when given systemically or intracerebrally DA-acting drugs often affect
preweanling and adult rats in a quantitatively different manner (Moody and Spear, 1982;
Charntikov et al., 2011). In the present study, we report that EEDQ caused qualitative
behavioral differences in preweanling and adult rats. Specifically, infusing EEDQ into the
dorsal CPu blocked the NPA-induced locomotor activity of adult rats, while causing a
potentiated locomotor response in preweanling rats. The neuropharmacological bases for
this ontogenetic difference have not been determined, but they may involve age-dependent
changes in the effectiveness of EEDQ alkylation. In addition, much of the behavioral data
from the preweanling rat are consistent with the hypothesis that DA receptors remaining
after EEDQ treatment are supersensitive.
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Abbreviations

ANOVA Analysis of variance

CPu caudate-putamen

DA dopamine

DMSO dimethyl sulfoxide

EEDQ N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline

IP intraperitoneal

NPA R-propylnorapomorphine

PD postnatal day
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Research Highlights

> Age-dependent behavioral effects of depleting DA receptors in the CPu were
assessed.

> DA receptor depletion paradoxically increased the locomotor activity of
young rats.

> Receptor inactivation may cause prolonged receptor supersensitivity in
young rats.
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Fig. 1.
Representative autoradiograms of [3H]-SCH23390 and [3H]-spiperone binding after bilateral
infusions of EEDQ into the dorsal CPu on PD 17 or PD 84. A, Adult–[3H]-SCH23390; B,
Pup–[3H]-SCH23390; C, Adult–[3H]-spiperone; D, Pup–[3H]-spiperone.
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Fig. 2.
Schematic representations of cannula placements in the dorsal CPu of preweanling and adult
rats from Experiments 1 and 2. In all cases, numbers on the right indicate distance (mm)
from Bregma using coordinates from the rat brain atlas of Paxinos and Watson (1998).
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Fig. 3.
Mean distance traveled (±SEM) and repetitive motor movements (±SEM) during the 80-min
behavioral testing session on PD 85 (n = 8–9 per group). At the conclusion of time block 8
(indicated by the second dashed line), EEDQ- and DMSO-treated adult rats received
bilateral infusions of NPA (0 or 20 μg).
† Significantly different from DMSO-treated rats (collapsed across time blocks 5–8).
* Significantly different from all other groups (collapsed across time blocks 9–16).
‡ Significantly different from DMSO-treated rats infused with 0 μg NPA.
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Fig. 4.
Mean distance traveled (±SEM) and repetitive motor movements (±SEM) during the 80-min
behavioral testing session on PD 18 (n = 8 per group). At the conclusion of time block 8
(indicated by the second dashed line), EEDQ- and DMSO-treated preweanling rats received
bilateral infusions of NPA (0, 10, or 20 μg). (◯) DMSO / 0 μg NPA; (▵) DMSO / 10 μg
NPA; (◻) DMSO / 20 μg NPA; (●) EEDQ / 0 μg NPA; (▴) EEDQ / 10 μg NPA; (∎)
EEDQ / 20 μg NPA.
† Significantly different from DMSO-treated rats (collapsed across time blocks 5–8).
‡ Significantly different from DMSO-treated rats.
* Significantly different from DMSO- or EEDQ-treated rats infused with 0 μg NPA
(collapsed across time blocks 9–16).
^ Significantly different from DMSO-treated rats infused with the identical dose of NPA
(collapsed across time blocks 9–16).
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Fig. 5.
Mean distance traveled (±SEM) during the 80-min behavioral testing session on PD 18 (n =
8 per group). Rats were given IP injections of SCH23390/sulpiride (D1/D2 protected) or
saline/saline (nonprotected) prior to EEDQ or DMSO infusions. At the conclusion of time
block 8 (indicated by the second dashed line), EEDQ- and DMSO-treated preweanling rats
received bilateral infusions of NPA (0, 10, or 20 μg).
† Significantly different from rats in the DMSO-nonprotected group (collapsed across time
blocks).
‡ Significantly different from DMSO-treated rats.
* Significantly different from rats in the same treatment conditions infused with 0 μg NPA
(collapsed across time blocks 9–16).
^ Significantly different from rats in the other treatment conditions infused with 10 or 20 μg
NPA (collapsed across time blocks 9–16).
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Fig. 6.
Mean distance traveled (±SEM) per 5-min time block during the behavioral testing session
on PD 18 (these are a subset of the rats shown in Fig. 5). The male and female rats (n = 4 per
group) included on this figure were injected with 0 μg NPA on the test day. On PD 17, rats
were given IP injections of SCH23390/sulpiride (D1/D2 protected) or saline/saline
(nonprotected) prior to EEDQ or DMSO infusions.
† Significantly different from EEDQ-treated female rats.
* Significantly different from DMSO-treated male or female rats.
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Fig. 7.
Mean repetitive motor movements (±SEM) during the 80-min behavioral testing session on
PD 18 (n = 8 per group). Rats were given IP injections of SCH23390/sulpiride (D1/D2
protected) or saline/saline (nonprotected) prior to EEDQ or DMSO infusions. At the
conclusion of time block 8 (indicated by the second dashed line), EEDQ- and DMSO-treated
preweanling rats received bilateral infusions of NPA (0, 10, or 20 μg).
‡ Significantly different from rats in the DMSO-nonprotected group.
* Significantly different from rats in the same treatment conditions infused with 0 μg NPA
(collapsed across time blocks 9–16).
^ Significantly different from rats in the other treatment conditions infused with 10 or 20 μg
NPA (collapsed across time blocks 9–16).
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Table 1

Mean (±SEM) head-down sniffing counts of DMSO- and EEDQ-treated adult rats (n = 8–9 per group) on time
blocks 9–16 (Experiment 1)

Treatment Condition Head-Down Sniffing

DMSO / 0 μg NPA 0.64 (±0.19)

DMSO / 20 μg NPA 10.38 (±0.86)*†

EEDQ / 0 μg NPA 0.42 (±0.07)

EEDQ / 20 μg NPA 4.61 (±0.84)*

Head-down sniffing values represent mean scores per 5-min time block during the final 40-min testing phase.

*
Significantly different from the DMSO / 0 μg NPA vehicle group;

†
Significantly different from EEDQ-treated rats infused with 20 μg NPA (i.e., the EEDQ / 20 μg NPA group)
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Table 2

Mean (±SEM) head-down sniffing counts of DMSO- and EEDQ-treated preweanling rats (n = 8 per group) on
time blocks 9–16 (Experiment 2)

DMSO Condition

Nonprotected SCH/Sul Protection

 0 μg NPA 0.39 (±0.20) 0 μg NPA 0.72 (±0.31)

 10 μg NPA 9.17 (±0.55)*‡ 10 μg NPA 11.03 (±0.64)*‡

 20 μg NPA 11.76 (±0.66)*†‡ 20 μg NPA 13.45 (±0.46)*†‡

EEDQ Condition

Nonprotected SCH/Sul Protection

 0 μg NPA 0.95 (±0.39) 0 μg NPA 1.03 (±0.46)

 10 μg NPA 4.17 (±0.59)* 10 μg NPA 11.05 (±0.41)*‡

 20 μg NPA 2.17 (±0.88) 20 μg NPA 13.33 (±0.28)*†‡

Head-down sniffing values represent mean scores per 5-min time block during the final 40-min testing phase.

*
Significantly different from the 0 μg NPA group in the same treatment condition;

†
Significantly different from the 10 μg NPA group in the same treatment condition;

‡
Significantly different from rats in the EEDQ-nonprotected condition receiving the identical dose of NPA.
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Table 3

Mean (+SEM) body weights (g) measured 24 h after infusing DMSO or EEDQ into the dorsal CPu of
preweanling (n = 72 per group) and adult rats (n = 16–17 per group).

Postnatal Day (PD) Pretreatment Group

DMSO EEDQ

PD 18 44.7 g (+0.65) 39.98 g (+0.62)*

PD 85 401.0 g (+6.81) 394.1 g (+7.42)*

*
Significantly different from DMSO-treated rats of the same age (P < 0.05).
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