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WOMER, D. E., B. C. JONES AND V. G. ERWIN. Characterization of dopamine transporter and locomotor effects
of cocaine, GBR 12909, epidepride, and SCH 23390 in C57BL and DBA mice. PHARMACOL BIOCHEM BEHAV 48(2)
327-335, 1994. — C57BL/6 and DBA/2 mice were used to examine genetic differences in locomotor activating effects of acute
cocaine administration and to determine whether differences were mediated by dopaminergic systems. C57BL/6 mice were
less activated than DBA/2 mice at 5 and 10 min after 10 and 15 mg/kg cocaine. HPLC analysis showed equivalent brain
cocaine concentrations in the two strains at 5 and 10 min after 10, 15, or 20 mg/kg doses. The selective dopamine uptake
inhibitor, GBR 12909, at 5 and 7.5 mg/kg, produced greater locomotor activation in DBA/2 mice than in C57BL/6 mice.
However, binding studies with the selective dopamine uptake ligand [*H]JGBR 12935, revealed no between-strain difference in
K4 or B,,, in caudate putamen (CP) or nucleus accambens (NA) membranes. Competition assays using unlabeled dopamine
to compete for P’H}GBR 12935 binding in CP or NA membranes showed no between-strain difference by brain region. The
specific D, or D, antagonists, SCH 23390 or epidepride, respectively, produced dose-dependent decreases in locomotor
activity but there were no between-strain differences. However, epidepride, at a dose of 0.003 mg/kg, completely reversed
cocaine-induced (15 mg/kg) activation in both strains. These findings show that C57BL/6 and DBA/2 mice differ in dopa-

mine-related behaviors and suggest that dopaminergic processes may mediate genetic differences in cocaine sensitivity.
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COCAINE is known to be a potent behavioral reinforcer (18)
as well as a psychomotor stimulant in mice acting, in part,
through mesocorticolimbic dopamine (DA) pathways (14,21).
Many studies have shown that cocaine induces locomotor acti-
vation at low to moderate doses (5-30 mg/kg) whereas, at
higher doses (> 40 mg/kg) stereotyped behaviors predominate
(19,23,27). Locomotor activation induced by an acute dose
of cocaine has been attributed to its inhibitory action at the
dopamine uptake transporter (DAUT) (22) as well as other
amine uptake transporters, i.e., serotonin and norepinephrine
(4). When selective serotonin or norepinephrine uptake block-
ers, fluoxetine or desipramine, respectively, are administered

to rodents, the resultant behaviors do not match those of an
acute dose of cocaine (6,24). However, in recent studies the
selective DAUT inhibitors, such as GBR 12909, have been
shown to elicit behavioral effects similar to cocaine (26). For
example, acute low doses of GBR 12909 cause dose-dependent
increases in locomotor activity in rats and at higher doses
cause intense stereotypy (10).

Pharmacological (28) and biochemical (3) studies have sug-
gested genetic differences in response to DA drugs and in
brain distribution of DA receptors in mice. Recent studies (15)
demonstrated genetic differences in cocaine-induced locomo-
tor activation and related motor behaviors in C57BL. and DBA
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mice. In those preliminary studies it was noted that differences
in behavioral response could be mediated by pharmacokinetic
or tissue sensitivity differences. Pharmacokinetic analysis of
cocaine distribution in inbred mice has been studied by several
groups (5,13), and Jones et al. (13) reported a significant be-
tween strain difference in brain cocaine levels with no signifi-
cant difference in locomotor activating effects at 15 mg/kg
cocaine. However, the latter studies did not compare C57BL
and DBA mice. In preliminary experiments, Jones et al. (15)
found only minimal differences in brain cocaine levels in
C57BL and DBA mice at 5 min after cocaine administration.

Possible genetic differences in tissue sensitivity to cocaine
were suggested by Jones et al. (13), and Erwin et al. (8) exam-
ined whether differences in cocaine sensitivity in C57BL and
DBA mice might be mediated by differences in DA and seroto-
nin transporter or D, and D, receptors. In this initial report
we found no major difference in PHJCFT, a cocaine analog,
or [*HISCH 23390, ligand binding; but a difference was ob-
served in ['*I]epidepride and [*H]sulpiride B,,, values in cau-
date putamen (CP) from C57BL and DBA mice. These results
were consistent with those of Boehme and Ciaranello (3).
Studies to date have not compared locomotor effects for selec-
tive DAUT inhibitors or D, or D, antagonists in C57BL and
DBA mice. Therefore, the purpose of this study was to further
elucidate the underlying mechanisms mediating genetic differ-
ences in cocaine-induced locomotor activation between
C57BL and DBA mice by comparing the effects of cocaine,
GBR 12909, SCH 23390, and epidepride in these inbred
strains. The studies included characterization of the DAUT
in NA and CP from these strains using the selective ligand,
['HIGBR 12935,

METHOD

Animals and Materials

Male and female C57BL/6lbg (C57BL) and DBA/2Ibg
(DBA) mice were obtained from the Institute for Behavioral
Genetics, University of Colorado, Boulder, CO, and housed
in a controlled environment with temperature and humidity
maintained at 22°C and 20%, respectively, with light cycle at
0600 L : 1800 D. [C57BL and DBA males and females were
compared for locomotor activation at various cocaine doses
and there was no significant (p > 0.05) gender difference
within strain (data not shown); thus, male and female data
were combined.] Cocaine and tropacocaine were obtained
from Sigma Inc. and GBR 12909 and SCH 23390 were ob-
tained from Research Biochemicals Inc. Epidepride was a gen-
erous gift of Dr. Chester Mathis, Pittsburg, PA. All reagents
were of the highest purity available from commercial sources.
PH]GBR 12935 was obtained from New England Nuclear.

Locomotor Activity Determinations

C57BL and DBA mice were randomly assigned to either a
saline group or one of six cocaine dose groups for activity
testing. Following the experimental procedure outlined pre-
viously (13,14) with modifications, all mice were activity
tested on day 1 with saline and on day 2 with either saline
(control) or cocaine. All comparisons were between day 2 con-
trol (saline) values and day 2 cocaine values. This method of
activity testing is superior to comparing day 1 control values
to day 2 cocaine data because it provides some familiarization
with the test apparatus rather than testing drug effects in a
completely novel environment. Cocaine was dissolved in phys-
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iological saline at doses of 2.5, 5, 10, 15, 20, or 30 mg/kg, in
an injection volume of 0.01 ml/g given intraperitoneally (IP).
Locomotor activity was monitored between 0900 and 1200 h
for 15 min, with data collected every 5 min using an auto-
mated open field (Omnitech, Inc. Columbus, OH) activity
monitor. The activity monitor is a 40 x 40 X 30.5 ¢cm acrylic
cage with horizontal infrared sensors.

The effects of GBR 12909, a selective DA uptake inhibitor
(10), on locomotor activity were tested in the same manner as
outlined for cocaine. Doses of GBR 12909, dissolved in saline
(1) were 2.5, 5, 7.5, 10, and 15 mg/kg, IP. Locomotor activity
(distance traveled in cm) was monitored for 40 min, with data
being summed every 10 min because of slower absorption and
elimination rates for GBR 12909.

Epidepride or SCH 23390 were given, IP, in doses of 0.003,
0.01, 0.03, or 0.1 mg/kg, and activity monitored for 30 or
60 min, respectively, with data collected every 5 min. Stock
epidepride solution stored in 100% ethanol was diluted greater
than 100-fold in physiological saline to make the necessary
concentrations for injection; thus, the ethanol concentration
was less than 1%. SCH 23390 was dissolved in saline for IP
injection.

Brain Cocaine Levels

Brain cocaine levels were determined by the method of
Jatlow et al. (12). C57BL and DBA mice were injected with
various doses of cocaine, IP, and after S, 10, or 15 min were
sacrificed and the brains removed and weighed and quickly
homogenized in 5 ml 0.5 M NaF. Internal standard, tropaco-
caine (1 mg/20 pl) and 1 ml 1 N H,80, were added to the
homogenate; the homogenates were shaken with 15 ml of an-
hydrous ethyl ether in 50 ml stoppered tubes for 10 min. After
shaking, samples were centrifuged for 10 min at 1000 rpm
and the ether layer was removed and discarded. The pH of
the remaining samples were adjusted to 9.5 by addition of
200 mg of a dry carbonate buffer (Na,CO,: NaHCO, in a
17.5 : 20 ratio). Fifteen milliters of chloroform : absolute etha-
nol (4 : 1) were added and the mixture shaken for 10 min. The
chloroform layer was removed and placed in a clean conical
centrifuge tube and evaporated to dryness under a stream of
N, gas at 30-40°C. Extracted cocaine and tropacocaine were
dissolved in 100 m! absolute ethanol by shaking every 15 min
for 2 h. After centrifuging samples for 10 min at 2500 rpm to
pellet particulates, aliquots were loaded onto a uBondapak
C18 HPLC column and separated with an isocratic mobile
phase consisting of 50 mM KH,PO, and 25% acetonitrile, pH
2.7 at a flow rate of 2 ml/min. Cocaine and tropacocaine were
quantified by absorbance at 235 nm by a ISCO V4 UV detec-
tor and Hewlett Packard 3392A integrator.

[PHIGBR 12935 Binding

Mice were sacrificed by cervical dislocation and brains rap-
idly removed and placed in ice-cold 0.32 M sucrose. Nucleus
accumbens and caudate nucleus, punched from brain slices
using anatomical guidelines of Slotnick and Leonard (30),
were homogenized in 0.32 M sucrose and centrifuged at 1000
rpm for 10 min. The resulting pellet was resuspended in 0.32
M sucrose and centrifuged as described above. The combined
supernatant fluids were centrifuged for 30 min at 10,000 rpm.
The P, pellet containing synaptosomes was then resuspended
in ice-cold 50 mM Na,HPO, buffer with a 120 mM final con-
centration of NaCl and 10 uM ZnCl and centrifuged for 30
min at 3000 rpm. This buffer has been shown to give the
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FIG. 1. Effects of cocaine on locomotor activity as a function of
dose and time. (a) Shows the effects of cocaine on locomotor activity
5 min after IP administration in C57BL and DBA mice. (b) and (c)
show the effects of the same doses of cocaine on locomotor activity
at 10 and 15 min postinjection, respectively, in C57BL and DBA mice.
Mice were given saline (0.01 ml/g) IP on day 1 and tested for 15 min
in an automated open field (Omnitech Inc.). For day 2 testing, mice
were given either saline or cocaine IP and activity monitored for 15
min. The results shown here are the means + SEM for day 2 values
with 10 to 24 animals/dose. Two-factor ANOVA, with tests for sim-
ple effects, revealed no significant difference between strains for sa-
line, 2.5 or 30 mg/kg cocaine. There was a significant difference
between strains (*p < 0.05) at the 20 mg/kg dose at 5 min and the §
mg/kg dose at 10 min. There was a significant difference between
strains in locomotor activity at the 10 mg/kg dose across all time (*p
< 0.05). The 15 mg/kg dose produced a significant (**p < 0.01)
between-strain difference in locomotor activity.
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highest B,,, for "HIGBR 12935 binding (25) and, thus, it was
used for all binding assays. Brain protein was diluted to a
concentration of 1-3 mg/ml for each brain region. Final con-
centrations of [PH]JGBR 12935 ranged from 0.1 to 100 nM,
and 10 uM cocaine was used to define nonspecific binding.
Final volume for each assay tube was 100 ul. Samples were
allowed to incubate for 1 h at room temperature (22-25°C)
and filtered through Whatman GF/B filters presoaked in
0.2% PEI using a Brandel Cell Harvester. Analysis of binding
parameters was performed by the program Accufit.

In competitive displacement studies with dopamine, tissues
were homogenized in 0.32 M sucrose containing 1 xM pargy-
line and the P, fraction was isolated as described above. Bind-
ing buffer was 50 mM sodium phosphate plus 120 mM NacCl
and 0.1% BSA containing 1 uM ascorbate and 10 yuM ZnCl,
and nonspecific binding was determined with 10 uM cocaine.
IC,, values were calculated from pseudo-Hill plots of the com-
petitive displacement data, and these values were entered into
Cheng-Prusoff equation to calculate a X; for DA at the
DAUT.

Statistical Analysis

One-factor or two-factor ANOVA with tests for simple
main effects were performed where appropriate using the sta-
tistical package Crunch 4, with a at 0.05.

RESULTS

Dose-response relationships for the effects of acute doses
of cocaine on locomotor activity in C57BL and DBA mice are
shown in Fig. 1a, b, and c, representing activity summed at 5
min intervals, as cm traveled at 5, 10, and 15 min after injec-
tion. It is important to note that on day 2, locomotor activity
following saline administration were similar for C57 and DBA
mice, indicating comparable acclimatization to the open field
arena. Cocaine produced a dose-dependent increase in activity
in both strains. ANOVA with tests for simple main effects
showed no significant between-strain difference in locomotor
activity for saline or low cocaine doses (2.5 and 5 mg/kg) or
for high doses (30 mg/kg). There was a significant difference
between strains for locomotor activity at 10 mg/kg, F(1, 28)
= 12.1, p < 0.05 and at 15 mg/kg, F(1, 54) = 32.7, p <
0.01, across all time points. At 20 mg/kg cocaine there was a
significant difference, F(1, 51) = 5.2, p < 0.05, in activity
only at the 5 min time point. It is of interest that the cocaine
dose-response function in C57BL, but not in DBA mice was
distinctly biphasic.

In order to determine whether the strain differences in co-

TABLE 1

BRAIN COCAINE LEVELS IN C57 AND
DBA MICE FOLLOWING 10, 15, OR 20 mg/kg IP INJECTION

10 mg/kg 15 mg/kg 20 mg/kg

C57 292 + 0.194)
DBA 2.89 £ 030 (4

533 £ 0.15(5)
5.74 £ 0.17 (5)

6.12 + 0.18 (5)
5.96 + 0.38 (3)

Time of sacrifice for each animal was 5 min postinjection. Values
in each cell are mean + SEM, with the number of mice used in paren-
theses. Values are ug cocaine/g wet brain weight. Two factor ANOVA
showed no significant between strain differences at any cocaine dose
with no strain by dose interaction.
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caine-induced locomotor activation might be mediated by dif-
ferences in cocaine distribution, brain cocaine concentrations
were determined for each strain at 5 min (a time when there
was a significant strain difference in activation) after 10, 15,
or 20 mg/kg cocaine, IP. There was no significant between-
strain difference at these doses (Table 1). Two-factor ANOVA
of data in Fig. 2 showed no significant between-strain differ-
ence in brain cocaine levels over time following a 15 mg/kg
dose; however, there was an apparent decrease in brain co-
caine concentrations over time which tended (nonsignificant)
to be faster in C57BL than in DBA mice.

Locomotor activity induced by acute doses of GBR 12909
in C57BL and DBA mice are shown in Fig. 3a, b, and ¢. There
was a significant within-strain locomotor activation by GBR
12909 over time (p < 0.05) for each dose. DBA mice showed
significantly greater activation than CS57BL mice at 5, F(l,
18) = 13.2, p < 0.05, 7.5, F(1, 16) = 4.4, p < 0.05, and 10
mg/kg, F(1, 18) = 5.9, p < 0.05, doses for time points after
the first 10 min. There was no significant difference between
strains at the 2.5 mg/kg dose. Locomotor activation peaked
at 15 mg/kg and declined at higher doses, perhaps due to
marked increases in stereotyped movements (data not shown)
(10). The GBR 12909 dose-response functions in both C57BL
and DBA mice were biphasic.

Because GBR 12909, a selective inhibitor of DA uptake,
produces differential locomotor activation in DBA and
C57BL mice, it was of interest to determine whether there are
differences in binding characteristics of the DAUT. Data in
Fig. 4 show that binding parameters for "H}JGBR 12935 were
similar in both strains by region. PHJGBR 12935 binding was
linear, indicating only one affinity site; caudate membranes
showed a K, of 2.86 + 0.31 nM and 3.34 + 0.2]1 nM for
C57BL and DBA, respectively, with corresponding B, values
of 12.36 + 0.71 and 13.98 + 0.56 pmol/mg protein. Nucleus
accumbens membranes revealed no between-strain difference
in K, values; K3=2.30 + 0.35vs. 1.93 + 0.27 nM for C57BL
and DBA mice, respectively. B,,, values for C57BL and DBA
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FIG. 2. Brain cocaine concentrations in C57BL and DBA mice after
15 mg/Kg IP injection as a function of time. Brain cocaine levels were
determined by the method of Jatlow et al. (12) (see the Method sec-
tion). Each point is the mean + SEM for 5-6 animals/time point.
One-factor ANOVA revealed a significant difference (p < 0.05) be-
tween strains over time (p < 0.05) with no time or strain x time
interaction.
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FIG. 3. Effects of GBR 12909 on locomotor activity in C57BL. and
DBA mice as a function of dose and time. Mice were injected with
saline (0.01 ml/g) on day 1 and activity monitored for 40 min in an
automated open field (Omnitech Inc.). Values shown are the mean
+ SEM (n = 8-12 animals/dose). On day 2, mice were given GBR
12909 and activity monitored as described. ANOVA with tests for
simple main effects showed a significant difference for saline treat-
ment at the 10 (data not shown) and 20 min time periods (*p < 0.05).
At 20 min (a), there was a significant difference at 5§ mg/kg (**p <
0.01) and at the 10 mg/kg dose (*p < 0.05). At 30 min (b), there was
a significant difference (**p < 0.01) for the 5 and 7.5 mg/kg dose;
additionally, there was a significant (*p < 0.05) between-strain activ-
ity difference at 10 mg/kg. (c) Shows a significant (*p < 0.05) differ-
ence in activity at the 7.5 and 10 mg/kg doses and (**p < 0.01) at §
mg/kg at 40 min after injection.
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FIG. 4. Representative Scatchard plots of [PH]GBR 12935 binding in
C57BL and DBA caudate putamen membranes. Caudate nuclei were
dissected, a P, fraction prepared, and saturation binding with
PHJGBR 12935 performed as described in the Method section.
ANOVA revealed no significant between-strain difference in X, or
B

nucleus accumbens membranes were 4.50 + 0.42 vs. 4.12 +
0.29 pmol/mg protein, respectively. ANOVA showed a signif-
icant difference [C57, F(1, 8) = 16.3, p < 0.01 and DBA,
F(1, 10) = 14.6, p < 0.01] within-strain by region for B,
values.

Competition assays for "H]JGBR 12935 binding revealed
no significant difference between strain by region in X; values
for DA (Fig. 5). Competition curves were monophasic in na-
ture, suggesting a single affinity for binding of DA. X values
for DA in caudate membranes were 105.4 + 22.6 vs. 108.2
+ 19.8 mM, for C57BL and DBA mice, respectively. Like-
wise, K, values for nucleus accumbens membranes showed no
between-strain difference with 149.0 + 24.2vs. 120.3 + 12.5
mM, for C57BL and DBA membranes, respectively.

Behavioral studies clearly suggest a role of DA in locomo-
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FIG. 5. Dopamine competitive displacement of PHJGBR 12935
binding in caudate membranes from C57BL and DBA mice. Mem-
branes were prepared as described and competitive binding experi-
ments with PHJGBR 12935 (~5 nM) and increasing concentrations
of DA were conducted as described in the Method section. ICs, and
K, values were calculated as described in the Method section. ANOVA
showed no significant between-strain difference for X; values in cau-
date or nucleus accumbens membranes.
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tor activation in CS7BL and DBA mice, but biochemical stud-
ies suggest similarities in the DAUT. Because cocaine and
GBR 12909 may produce differential activation via DA recep-
tors, the effects of the selective D, and D, antagonist, SCH
23390 and epidepride, respectively, on locomotor activity in
C57 and DBA mice were determined. Dose-response relation-
ships for various doses of epidepride are shown in Fig. 6.
Two-factor ANOVA with tests for simple main effects show
that there was a significant decrease in locomotor activity at
0.1 mg/kg epidepride, F(1, 6) = 25.3, p < 0.05, and a con-
comitant time effect within strain at this dose [C57, F(5, 30)
= 58.3, p < 0.01, and DBA, F(5, 30) = 223.9, p < 0.01].
For all other doses of epidepride there were significant within-
strain effects by time with no significant strain difference by
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FIG. 6. Effects of epidepride, a selective D, antagonist, on locomo-
tor activity are shown in C57BL (a) and DBA (b) mice. Saline was
injected IP on day 1 and the mice placed in the automated open field
(Omnitech Inc.) for 30 min and data collected every 5 min. On day 2,
epidepride was injected IP in the doses indicated, and locomotor ac-
tivity was monitored for 30 min with data being collected every 5 min.
Data shown are the mean + SEM of 10-15 animals/dose. There was
a significant decrease (*» < 0.05) in locomotor activity at the 0.1
mg/kg dose and a significant time effect within strain at this dose.
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epidepride dose. Similar results were obtained with SCH
23390 (Fig. 8), which shows dose-response relationships for
locomotor inhibition in C57BL and DBA mice. There were
significant within-strain but no between-strain differences.

Data presented in Fig. 7 show that 0.003 mg/kg epidepride,
a dose that had no effect on locomotor activity (Fig. 6), com-
pletely blocked cocaine-induced (15 mg/kg) locomotor activa-
tion in both C57BL and DBA mice. Higher epidepride doses
produced locomotor inhibition even in the presence of co-
caine. At the 0.03 mg/kg dose of epidepride followed by co-
caine (15 mg/kg) there was a significant, F(1, 20) = 30.2,
p < 0.05, between-strain difference in locomotor inhibition.
These data show that DBA were more sensitive than C57BL
mice to epidepride inhibition in the presence of cocaine.
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FIG. 7. Effects of epidepride on cocaine-induced locomotor activity.
Results are shown for C57BL (a) and DBA (b) mice, respectively.
Mice were injected with various doses of epidepride 15 min prior to
injection with 15 mg/kg cocaine. The mice were then placed in activity
monitors (Omnitech Inc.) and data collected every 5 min for 15 min.
The values expressed are the mean + SEM for 5-15 animals/dose of
epidepride. The only significant between-strain difference (*p <
0.05) was noted at the 0.03 mg/kg dose of epidepride where DBA
mice were more inhibited than C57BL mice.
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The doses of SCH 23390 caused small decreases in locomo-
tor activity in both strains, with no between-strain differences
(Fig. 8) when administered alone; however, doses of 0.01 or
0.03 mg/kg given 20 min prior to cocaine injection completely
reversed cocaine-induced locomotor activation in DBA mice
(Fig. 9b), with little effect on C57BL mice (Fig. 9a). DBA mice
were significantly, F(1, 54) = 32.7, p < 0.01, more activated
than C57BL mice following saline/cocaine treatment.

DISCUSSION

The results show a significant difference in locomotor acti-
vation between C57BL and DBA mice at 10 and 15 mg/kg
cocaine over the 15 min test period, with DBA mice more
activated than CS57BL. These findings are consistent with
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FIG. 8. Effects of SCH 23390, a selective D, antagonist on locomo-
tor activity in C57BL (a) and DBA (b) mice. Saline was injected IP
(0.01 ml/g) on day 1 and on day 2, SCH 23390 was administered in
the doses indicated with activity monitored for 60 min and data col-
lected every 10 min. Values shown are the mean + SEM of 6-10
animals/dose. Two-factor ANOVA with tests for simple main effects
revealed no significant between-strain differences at each dose of SCH
23390. There were significant (» < 0.05) within-strain effects of dose
across time.
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FIG. 9. Effects of SCH 23390 on cocaine-induced locomotor activity
in C57BL (a) and DBA (b) mice. Mice were injected with indicated
doses of SCH 23390 20 min prior to cocaine (15 mg/kg) administra-
tion. Locomotor activity was monitored for 15 min in an automated
open field (Omnitech Inc.) and the values reported are the mean
+ SEM for 4-10 animals/treatment. There were no between strain
differences in activity following SCH 23390 administration, although
there was a significant (**p < 0.01) difference for saline/cocaine ac-
tivity between strains.

those previously reported (8). At higher doses (30 mg/kg),
both strains are equally activated. The dose-response curve
(Fig. 1) for cocaine activation in C57BL mice is clearly bipha-
sic indication more than one mechanism is responsible for
activation in this strain. It was hypothesized that differences
at the DAUT and not other amine-uptake complexes (4,17)
mediates activation by cocaine, and this hypothesis was sup-
ported by results with a selective DAUT inhibitor, GBR
12909, which produces greater increases in locomotor activity
in DBA mice than in C57BL mice (Figs. 1a-c and 3a-c). Heik-
kila and Manzino (10) have shown that GBR analogs, which
are selective for the DAUT, produce locomotor activation,
but this is the first report that the extent of activation is geno-
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type dependent. It is of interest that the dose-response curves
for GBR 12909 activation were biphasic in both inbred strains
of mice, again suggesting multiple mechanisms associated with
DA mediated locomotor activation.

Data showing brain levels of cocaine as a function of dose
and time after cocaine administration indicate that differential
activation observed between C57BL and DBA mice cannot be
attributed in large measure to differences in brain cocaine
levels (Fig. 2, Table 1). As noted by Benuck et al. (2) peak
brain levels of cocaine are reached within 5§ min after IP injec-
tion and correlate well with locomotor activation in mice. Our
data showed no significant between-strain differences in brain
cocaine levels at times (5 and 10 min) and doses (10 and 15
mg/kg) where maximal differences in locomotor activation
was observed. Because the differences in locomotor activation
between C57BL and DBA mice at 15 mg/kg cocaine are not
due to differences in brain cocaine levels, it is likely that
C57BL and DBA mice differ in cocaine receptors or in DA
receptors that mediate cocaine and GBR 12909 effects through
increased synaptic DA levels.

Equilibrium binding studies were conducted to determine
whether the DAUT differs in membranes isolated from spe-
cific brain regions of C57BL and DBA mice. Binding charac-
teristics, affinity, and binding capacity values for HJGBR
12935 to the DAUT from nucleus accumbens and caudate
putamen from these inbred strains did not differ (Fig. 4),
suggesting no difference in structure or expression of the
DAUT in these brain regions. Competition assays showed that
there was no strain difference in K; values for DA for the
DAUT (Fig. 5). These results confirm previous observations
showing similar K; and B, values for PH]CFT, a cocaine
analog, binding in brain membranes from C57BL and DBA
mice (8). These data are consistent with studies of DAUT
function (PH]DA uptake) using P, synaptosomal fractions
from brains of C57BL and DBA mice (4). These investigators
reported no significant difference in PH)DA accumulation or
IC,, values for cocaine inhibition of PH]DA uptake in synap-
tosomes isolated from C57BL and DBA brains.

Originally, DA receptors were divided into two distinct
classes, D, and D,, shown to differ in ability to stimulate
or inhibit adenylate cyclase activity, respectively (16). More
recently, DA receptors have been classified as the D, family,
comprised of D, and D; receptors and the D, family, contain-
ing D, short, D, long, D,, and D, receptors (29). Given the
mechanism(s) of cocaine’s action, it is reasonable to assume
that increased synaptic DA has an effect at all DA receptors.
Some evidence for behavioral effects of agents acting on these
receptors has been obtained. Locomotor activation and ste-
reotypy can be induced by a selective D, agonist, quinpirole,
whereas blocking the D, receptor with a selective antagonist,
raclopride (31), causes dose-dependent decreases in spontane-
ous locomotor activity. Higher doses of a D, antagonist cause
catalepsy for extended periods and markedly attenuate am-
phetamine (31)- and cocaine (9)- induced locomotor activa-
tion. A D, agonist, SKF 38393, elicits very little effect (32).
Darney et al. (7) have shown that with a new selective D,
agonist, dihydrexidine, locomotor activation can be elicited
but only at relatively high doses where the compound has
some affinity for D, receptors. Hoffman and Beninger (11)
have shown that acute doses of the D, antagonist, SCH 23390,
have little effect on locomotor activity in rats. Others have
shown that mixed D,/D, agonist (apomorphine) causes loco-
motor activation (20).

The present results show no major genetic differences in
locomotor effects of relatively selective D, and D, antagonists
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when administered separately and in the absence of cocaine.
However, there was a significant difference in the ability of
cocaine to reverse epidepride (0.03 mg/kg) locomotor inhibi-
tion. This difference is more apparent in DBA mice than in
C57 mice (Fig. 7) and might be accounted for by differences
in the D, receptor or regulation of receptor-coupled processes.
For example, DA D, receptors from these strains may differ
genetically in their ability to regulate DA release from presyn-
aptic terminals or in D, coupling to postsynaptic effector sys-
tems. Behavioral results obtained with the D, antagonist SCH
23390 on cocaine-induced locomotor activation (Fig. 9), were
similar to D, antagonist pretreatment; that is, SCH 23390 pre-
vented cocaine-induced activation in DBA mice.

Previous biochemical studies (8) have shown that there is

WOMER, JONES AND ERWIN

no significant between strain difference in D, receptor binding
characteristics using ["HJSCH 23390 in brain regions from
C57BL and DBA and only modest genetic differences in B,
values for D, selective ligands, [*H]sulpiride and ['*Ilepide-
pride. These results lead us to speculate that the mechanism
for differential inhibition of cocaine activation may be due to
efficiency of receptor coupling to effector molecules, differen-
tial synaptic DA release mechanisms, or crosstalk between
second messenger systems.
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