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Abstract

The objective of this study was to determine whether functional differences exist in amphetamine-induced locomotor activity between
alcohol-naive alcohol-preferring (P) and -nonpreferring (NP) rats during postnatal development and during adulthood. Using a between-
subjects design, 20- and 28-day-old P and NP rats (male and female counterbalanced, n=11-16/line) were habituated for 30 min in a
photocell activity field. Each rat received subcutaneous injections of saline or 0.3, 0.6 or 1.2 mg/kg d-amphetamine (AMPH) and were then
tested for an additional 30 min. Because of age and line differences in basal locomotor activity, total activity counts during the 30-min
postdrug period were standardized using Z-score transformations. In the 20- and 28-day-old rats, dose-dependent locomotor activity increases
after AMPH injections were obtained at both ages, although activity levels were greater in the 20-day-old pups. The 20-day-old female NP
rats showed greater AMPH-induced increases in locomotor activity than P rats, whereas at 28 days of age, male NP rats showed greater
activity levels than P rats to AMPH. For the adult P and NP rats (n=_8/line/gender), a within-subject design was used. In the adults, the NP
line had higher locomotor activity than the P line following AMPH injection, and male rats were activated more by AMPH than female rats.
The results suggest that functioning of the DA system in the adult P line is reduced compared to the adult NP line, and this line difference is

also observed to some degree at an early postweaning developmental period. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

There is evidence for an association between low con-
tents of dopamine (DA) in the mesolimbic system and high
alcohol-drinking (HAD) behavior in selectively bred lines
of rats (see McBride and Li, 1998 for review). In the
alcohol-preferring (P) line, 25-30% lower contents of
DA were observed in the nucleus accumbens (Murphy
et al., 1987) and olfactory tubercles (McBride et al.,
1993b), whereas no line difference was found in the
striatum (Murphy et al., 1982, 1987), when compared with
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the alcohol-nonpreferring (NP) line. A similar difference in
DA content was found in the nucleus accumbens of the
HAD than the low alcohol-drinking (LAD) line of rats
(Gongwer et al., 1989). In agreement with these results,
adult male rats with high alcohol intakes in the F2 genera-
tion derived from P x NP intercrosses were shown to have
a 25% lower content of DA in the nucleus accumbens when
compared with low alcohol drinkers (McBride et al., 1995).
The lower contents of DA in the nucleus accumbens of the
P compared to the NP line may be a result of reduced DA
innervation, as indicated by immunocytochemical data
(Zhou et al., 1995). However, it is not known if the lower
contents of DA in mesolimbic regions of the P rat results in
an alteration in the functional activity of the mesolimbic
DA system. One way to assess differences in the functional
activity of the DA system, between the P and NP lines,
would be with the aid of pharmacological agents which
stimulate this system.

0091-3057/01/$ — see front matter © 2002 Elsevier Science Inc. All rights reserved.
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The increased locomotor activity produced in rats by
low dose d-amphetamine (AMPH) is considered to reflect,
to a large extent, a behavioral manifestation of increased
DA activity in the mesolimbic DA system (Le Moal and
Simon, 1991; Zetterstrom et al., 1983). Destruction of DA
terminals in the nucleus accumbens with local injections of
6-OHDA prevented the increased locomotor activity
observed following treatment with AMPH (Kelly et al.,
1975). On the other hand, local infusions of AMPH into the
nucleus accumbens produce behavioral activation (Pijnen-
burg et al., 1976). Moreover, motor activation produced by
infusions of AMPH into the nucleus accumbens differenti-
ally affects rats that are sensitive to other dopaminergic
agents (West et al., 1999).

Strain differences have been reported for the locomotor
stimulating and rewarding effects of AMPH (Stohr et al.,
1998). In this study, AMPH-induced activity was higher in
the Fischer 344 inbred strain than in the Lewis strain.
Moreover, there appeared to be a positive relationship
between AMPH-induced locomotor stimulation and the
rewarding effects of AMPH, as measured with conditioned
place preference, in the Fischer 344 and Lewis rats (Stohr
et al., 1998). In addition, there were gender differences in
response to AMPH in the Fischer 344 rats with females
being more responsive than males to the locomotor stimu-
lating effects of AMPH (Stohr et al., 1998). Several other
studies also reported that female rats were more responsive
than males to the acute effects of AMPH (Becker et al.,
1982; Camp et al., 1986; Forgie and Stewart, 1993).

The mesolimbic DA system appears to play an import-
ant role in regulating alcohol-drinking behavior (Koob
et al., 1998; McBride and Li, 1998). Thus, information
on the relationship between alterations in the neurobiolog-
ical functioning of this system in rats with divergent
alcohol-drinking characteristics would be important toward
understanding factors that contribute to high alcohol seek-
ing behavior. For example, AMPH-induced hyperactivity
has been examined in Wistar rats screened for high and
low alcohol preference (Fahlke et al., 1995). These inves-
tigators reported that AMPH-induced locomotor activity
was higher in the high alcohol preferring group (male
Wistar rats with >70% of total fluid intake consumed as
alcohol) than in the low alcohol preferring group (male
Wistar rats with <20% of total fluid intake consumed as
alcohol). However, in this study, prior exposure to chronic
alcohol may have influenced the effects of AMPH. There-
fore, one objective of the present study was to test the
hypothesis that there is a reduced functioning of the
mesolimbic DA system in the alcohol-naive P than alco-
hol-naive NP rat. Furthermore, because the divergent
alcohol-drinking behaviors of the P and NP rats can be
observed shortly after weaning (McKinzie et al., 1998), a
second objective was to determine if reduced functioning
of the mesolimbic DA system was evident in the P line
around the time of onset of alcohol drinking. Two ages of
young rats were tested: preweaning 20-day-old and juven-

ile 28-day old rats. These ages were chosen because high
alcohol drinking begins to develop between these two ages
in P rats (McKinzie et al., 1998), and previous studies
using nonselected rat pups had demonstrated differences in
catecholamine sensitivity between these ages (Shalaby and
Spear, 1980; Spear and Blake, 1983).

2. Method
2.1. Subjects for Experiment 1

Subjects were ethanol-naive, adult male and female
alcohol-P and -NP rats from the S-42nd generation which
originated from a randomly bred Wistar colony (Wrm:WRC
(WDBR) at the Walter Reed Army Institute of Research. The
P and NP rats were bred in facilities at Indiana University
School of Medicine. A total of 32 rats (N=28/line/gender)
were used in a within-subjects design. Rats were between
120 and 150 days of age at the beginning of the experiment.
Animals were housed two per 18 x 24 x 45 cm plastic tub
with wire grid top in a temperature (21 °C) and humidity
(50%) controlled vivarium maintained on a 12:12 light/dark
cycle (lights on 07:00 h). Because the breeding colonies are
maintained on a normal light—dark cycle, it was not possible
to acclimate the pups to a reverse cycle. Therefore, all
experiments were conducted during the light portion of the
cycle (between 12:00 and 15:00 h). Harlan rat chow (Teklad
Diet #7001, Harlan Industries, Indianapolis, IN) and tap
water were available ad libitum in the home cages through-
out the experiment.

2.2. Apparatus for Experiments 1 and 2

Locomotor activity was tested in one of two rectangular
40 x 42 cm clear Plexiglas arenas placed within a 12 x 12
photobeam array used to record ambulatory activity
(Columbus Instruments OptoVarimex Minor, Columbus,
OH). The floor of the chamber was covered with fresh
bedding of the type used in the home tubs (Sani-Chips, P.J.
Murphy Forest Products, Montville, NJ). For adults, shav-
ings were replaced following each pair; for the preweaning
and juvenile groups, shavings were replaced after each litter
was tested. Each interruption of a photobeam was recorded
as a single activity count. Cumulative activity counts per test
interval were printed out on a Columbus Instruments 800
printing counter in the next room.

2.3. Procedure for Experiment 1

Rats were acclimated to the housing conditions for at
least 2 weeks. Prior to the first activity test, rats were
handled daily over a 5-day period with subcutaneous saline
injections being administered on the last 2 days. Testing was
conducted in a quiet, dimly illuminated room. Following the
habituation to handling and injection procedure, rats were
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placed in the activity arena for a 30-min baseline assess-
ment. At the end of this time, rats received a subcutaneous
injection of saline or 0.3, 0.6 or 1.2 mg/kg d-amphetamine
sulfate (Sigma, St. Louis, MO); activity was recorded for an
additional 30 min. Drug solutions were freshly prepared
each day in sterile 0.9% saline and administered in an
injection volume of 1 ml/kg. Following the activity test,
rats were returned to their home tubs and tested every 2
weeks until each of the four dose conditions were tested.
Each test was conducted in the same manner and dose order
was counterbalanced among subjects.

2.4. Subjects for Experiment 2

A total of 289 juvenile, male and female, P and NP rats
were tested once at either 20 or 28 days of age (N=6-9/
age/line/gender/dose). Pups were maintained under identical
vivarium conditions as the adults described in Experiment 1.
Twenty-day-olds were housed with the dam and littermates.
Rats to be tested at 28 days of age were weaned on postnatal
day 21 and housed with same-sex littermates in standard
plastic tubs. To avoid any potential variance artifacts asso-
ciated with genetic history (i.e., litter effects), only one pup
per litter per gender was tested under any particular treat-
ment condition. The activity apparatus and testing condi-
tions were identical to those of Experiment 1.

2.5. Procedure for Experiment 2

All rats received 5 handling days and two saline injec-
tions prior to testing. Separate groups of rats at the two ages
received a single test session in which they were first
habituated for 30 min in a photocell activity field. Following
habituation, rats received subcutaneous injections of saline
or amphetamine (0.3, 0.6 or 1.2 mg/kg) and were tested for
activity for an additional 30 min. Total activity during both
the habituation and test phase were recorded.

2.6. Data analysis for Experiments 1 and 2

Because baseline activity differences existed as a func-
tion of line and gender, Z-score transformations were first
conducted to standardize the data. Z-scores were calculated
by taking the total number of activity counts in the 30-min
following amphetamine administration, for each dose, and
subtracting the activity of the control group from each
postamphetamine activity and dividing this value by the
standard deviation of the control group activity. Because
adults in Experiment 1 were tested in a repeated measures
design, the control group was the testing session in which
the rat received saline administration. Thus, Z-scores fol-
lowing amphetamine administration were calculated based
on each rat’s own saline activity levels. The estrous cycle
was not checked in these experiments and is considered to
be a random variable distributed across treatments. A
between-groups design was used for the juvenile rats. In

this case, the control group was a separate group of rats that
received saline administration. Multifactorial ANOVAs
were conducted on the Z-scores and simple effects or simple
interaction analyses were used to follow-up any significant
main effects or interactions (Keppel, 1991). Significance
was set at the a=.05 level.

3. Results
3.1. Experiment 1 with adult P and NP rats

During the first 30 min when adult P and NP rats were
placed in the activity chambers prior to saline or AMPH
injection, total locomotor activity was analyzed in a mixed 4
(Day) x 2 (Line) x (Gender) ANOVA, with day as a within
factor and line and gender as between factors. Only main
effects of line [F(1,28)=43.62, P<.0001] and gender
[F(1,28)=31.36, P<.0001] were observed. All other values
were not significant (£ values <2.26 and P values >0.15).
Activity during this 30-min period did not differ with
repeated testing. Adult P rats exhibited significantly more
spontaneous locomotor activity during this initial 30-min
period than did NP rats (707+66 vs. 423 +£42 activity
counts for P vs. NP male rats and 13244175 vs. 680+45
counts for P vs. NP female rats). Collapsing across Line, the
locomotor activity during this initial 30-min activity period
for female rats was 35% greater than male rats.

Analysis of 30-min locomotor activity, following saline
injection, indicated a significant effect of line [ #(1,28) 7.07,
P<.01], but no gender effect [ F(1,28)=0.13, P>.13] nor a
Line x Gender interaction [ F(1,28)=0.35, P>.55]. P rats
were more active than NP rats (203 £52 vs. 99 £26 activity
counts for P vs. NP male rats and 251 +77 vs. 87 +29 counts
for P vs. NP female rats).

A Dose (0.3, 0.6 and 1.2 mg/kg) x Line x Gender mixed
factorial ANOVA was conducted on 30-min Z-score values
of locomotor activity following amphetamine administra-
tion. Main effects of each of the independent variables were
observed: line [F(1,28)=12.18, P<.002], gender
[F(1,28)=6.76, P<.02] and dose [F(2,56)=5.71,
P<.006]. There were no significant interactions with line,
dose or gender [all F' values <1.05, P>.19]. The main
effect of line was that, at each of the three doses of
amphetamine, NP rats were consistently more activated by
amphetamine than were P rats (Fig. 1, top panel shows
activity of NP and P rats collapsed across gender). The main
effect of gender was a result of male rats generally being
more stimulated by amphetamine administration than were
their female counterparts (Fig. 1, middle panel shows
activity for male and female P and NP rats collapsed
across Line). The main effect of dose in the adult rats
was attributed to a linear increase in activity levels with
increasing doses of amphetamine administration in both
lines and in both genders. The bottom panel of Fig. 1
shows activity levels as a function of line, dose and gender.
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Fig. 1. Dose—response effects on locomotor activity (Z-scores) for
subcutaneous injection of 0.3, 0.6 and 1.2 mg/kg d-amphetamine into
adult P and NP rats. Top panel shows the overall effect of dose collapsed
across gender. NP rats were stimulated more than P rats, F(1,28)=12.2,
P<.002. Middle panel shows the overall effect of dose on gender collapsed
across lines. Male rats were stimulated more than female rats,
F(1,28)=6.76, P<.02. Bottom panel shows the dose—response effects
with line and gender separated. There was a linear increase in Z-score
values with increasing amphetamine doses in both lines and in both
genders, F(2,56)=5.71, P<.006.

In summary, NP rats were more activated by amphetamine
than were P rats, males were more activated than females,
and activity levels were positively correlated with dose
of amphetamine.

3.2. Experiment 2 with juvenile P and NP rats

For the 20- and 28-day-old pups, a 2 (Age)x2
(Line) x 2 (Gender) between-groups ANOVA was con-
ducted on the spontaneous locomotor activity recorded
during the first 30 min of exposure to the activity chamber.
Only a main effect of gender was found [ F(1,223)=3.93,
P<.05]. No other factor approached significance [all
F values <2.72, P>.10]. Female rats generally had higher
locomotor activity than male rats during this initial 30-min

segment (761 +43 vs. 805+46 activity counts for male
vs. female P 20-day-old rats; 767 +33 vs. 720+ 38 counts
for male vs. female NP 20-day-old rats; 753+£40 vs.
834 +47 activity counts for male vs. female P 28-day-old
rats; 768 £40 vs. 888 +29 counts for male vs. female NP
28-day-old rats).

Analysis of the 30-min period following saline injection
revealed a main effect of age [ #(1,60)=29.0, P<.001]. The
20-day-old pups maintained nearly the same high level of
locomotor activity observed in the first 30-min period
(788+82 and 713474 counts for male P and NP rats,
respectively; 7544178 and 560+56 counts for female P
and NP rats, respectively, after the saline injection). How-
ever, the 28-day-old rats exhibited a significant reduction in
locomotor activity during the 30-min following saline injec-
tion (336+89 and 286+ 62 counts for male P and NP rats,
respectively; 160457 and 406 £+ 88 counts for female P and
NP rats, respectively, after the saline injection). The differ-
ence in activity between 20- and 28-day-old rats was inde-
pendent of line or gender (all other F' values <2.36, P>.13).

For AMPH injection, an Age x Line x Gender x Dose
between-groups ANOVA was conducted on the Z-score
values obtained during the 30-min postdrug period. Main
effects of age [ F(1,189)=31.32, P<.0001], line [ F(1,189)=
24.86, P<.0001] and dose [ F(3,189)=3.18, P<.02] were
found. Additionally, Age x Line [F(1,189)=13.02,
P<.0001] and Age x Line x Gender [ F(1,189)=20.55,
P<.0001] interactions were obtained. In determining the
nature of the Age x Line x Gender interaction, a simple
interaction analysis strategy was employed (Keppel, 1991).

Because dose did not interact with any of the other
variables, Z-score values were collapsed across line and
gender for each age (Fig. 2, top panel). Rats 20 days of age
were similarly and highly activated by amphetamine across
the dose range, whereas an orderly dose—response effect of
amphetamine was observed in the 28-day-old pups. When
examining the 20-day-old pups, female NP rats generally
had higher AMPH-induced activity levels (collapsed across
dose) than did male and female P rats; moreover, female P
rats exhibited less stimulated locomotor activity than any of
the other 20-day-old groups (Fig. 2, top panel). With the
exception of female P pups, 28-day-old rats were generally
less responsive to amphetamine than were rats 20 days of
age (Fig. 2, top panel). Analysis of the 28-day-old pups
indicated that the male NP rats were relatively more
activated by amphetamine than female NP or male P rats.

Further analysis of the individual AMPH doses at each
age revealed that at 20 days of age, only the female rats
showed a line difference (Fig. 2, middle panel). At each of
the doses, female NP rats had higher activity levels follow-
ing AMPH administration than did female P rats. There
were no line differences between male P and NP 20-day-old
pups at any dose. On the other hand, there was a difference
following AMPH administration between 28-day-old male
P and NP rats, whereas no line difference was observed at
this age for the female pups (Fig. 2, bottom panel). At the
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Fig. 2. Dose—response effects on locomotor activity (Z-scores) for
subcutaneous injection of 0.3, 0.6 and 1.2 mg/kg d-amphetamine into
20- and 28-day-old P and NP pups. Top panel shows the effects of
amphetamine on male and female P and NP pups at 20 and 28 days of age
collapsed across dose because dose did not interact with any of the other
variables. There was a significant Age x Line x Gender interaction,
F(1,189)=20.5, P<.001. For 20-day-old rats (top panel): * P<.05
NP-female higher than other three groups; * P<.05 P-male greater than
P-female; © P<.05 P-female lower than other three groups. For 28-day-old
rats (top panel): * P<.05 NP-male greater than NP-female and P-male.
Middle panel shows the effects of individual doses of amphetamine on
20-day-old male and female P and NP pups (* P <.05 P vs NP line). Bottom
panel shows the effects of individual doses of amphetamine on 28-day-old
male and female P and NP pups (* P<.05).

lowest and highest doses, 28-day-old male NP pups had
higher AMPH-stimulated activity than did the male P pups.

4. Discussion
The major findings of this study are that adult NP rats are

more responsive than adult P rats to the locomotor activ-
ating effects of AMPH and that this difference is also

observed to some degree in preweaning and juvenile rats,
depending upon age and gender (Figs. 1 and 2). Evidence
suggests that the locomotor activating effects of AMPH are
mediated in large part through its effect on the mesolimbic
DA system (Kelly et al., 1975; Le Moal and Simon, 1991;
Parkinson et al., 1999; Pijneburg et al., 1976; West et al.,
1999; Zetterstrom et al., 1983). Neurochemical and neuro-
anatomical data indicate that the P rat may have reduced DA
innervation in the nucleus accumbens compared to the NP
rat (McBride et al., 1995; Murphy et al., 1987; Zhou et al.,
1995). The present findings suggest that the lower DA
innervation in P rats results in reduced neurotranmission
of the DA system in the nucleus accumbens of the P
compared to the NP line, as measured by the effects of
challenge doses of AMPH on locomotor activity. This is an
important finding in light of the critical role the mesolimbic
DA system may play in mediating alcohol-drinking behav-
ior (Koob et al., 1998; McBride and Li, 1998) and the
rewarding actions of alcohol (Gatto et al., 1994; Rodd-
Henricks et al., 2000).

Reduced neurotranmission of the mesolimbic DA system
in alcohol-preferring P rats, as indicated by the lower
AMPH-induced locomotor activity, appears on the surface
to be somewhat paradoxical because (a) increased activity of
this DA system is considered to be associated with reward-
ing effects (Koob et al., 1998; McBride et al., 1999; Wise,
1989; Wise and Rompre, 1989), (b) systemic ethanol is
known to enhance accumbens DA release (Imperato and
DiChiara, 1986) and (c) oral self-administration of ethanol
by P rats has been reported to increase the extracellular
levels of DA in the accumbens (Weiss et al., 1993). One
possibility to account for this paradox is that P rats consume
alcohol to increase the functional activity of the mesolimbic
DA system toward normal levels (Koob and Le Moal,
1997); continued alcohol intake is then needed to maintain
a normal functioning of this system. Evidence from two
studies support this interpretation. In one study, it was
demonstrated that, in alcohol-dependent rats undergoing
withdrawal, the extracellular levels of DA in the accumbens
decreased to approximately 25% of control; when these rats
were offered ethanol again, their alcohol intakes increased
and the extracellular levels of DA in the accumbens returned
to normal levels (Weiss et al., 1996). A second microdialysis
study indicated that exposure to 1 g/kg ethanol for 5
consecutive days resulted in an increase in the basal levels
of DA in the accumbens on the sixth day when no injections
were given (Smith and Weiss, 1999).

Contrary to the above interpretation, the study using the
no-net-flux microdialysis technique (Smith and Weiss,
1999) demonstrated that there was no difference between
alcohol-naive P and NP rats in the basal extracellular levels
of DA in the accumbens, suggesting that the basal activity
of the accumbens DA system is approximately the same for
both lines. The observation that the basal DA activity within
the accumbens was similar in both lines may reflect the
higher burst-firing activity observed for VTA DA neurons in
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the P rat (Morzorati, 1998). AMPH is a DA releaser and the
line difference in response to AMPH observed between
adult P and NP rats may indicate a smaller pool of DA
available for release in the P line. A difference in the
functionally active pool of DA may not be seen under basal
conditions but instead may be seen under conditions when
there is a high demand for DA, such as following a
challenge dose of AMPH. In addition, if the lower densities
of DA D2 receptors observed in the nucleus accumbens of
the P than NP line (McBride et al., 1993a) are postsynaptic,
then the response of DA at the D2 receptors could be
reduced and this may contribute to the to the lower
AMPH-induced locomotor activity in the P line.

Strain differences in the locomotor activating and
rewarding effects of AMPH have been reported for Fischer
344 and Lewis rats (Stohr et al., 1998). There appeared to
be a relationship between the motor activating and reward-
ing effects of AMPH because both effects were more
pronounced in the Fischer 344 strain than in the Lewis
strain. Furthermore, there appeared to be a relationship
between alcohol preference and the motor stimulating
effects of AMPH (Fahlke et al., 1995), with greater loco-
motor activation being produced in the high alcohol pre-
ferring group than in the low alcohol drinkers of Wistar rats.
The present findings with ethanol-naive animals (Fig. 1) do
not agree with these latter studies because the high alcohol-
preferring P line had a significantly lower response to
AMPH than did the NP line. A major reason for this
disagreement likely lies in the fact that the rats used in
the present study were selectively bred for divergent alcohol
drinking. Instead, the present results suggest that innate
high alcohol preference is not necessarily associated with a
high locomotor stimulating response to AMPH. However, it
is possible that the locomotor activating and rewarding
effects of AMPH are mediated by different mechanisms.
Results from lesion studies suggest that the reinforcing and
locomotor activity effects of AMPH can be dissociated
(Parkinson et al., 1999).

If a difference between P and NP rats in response to an
AMPH challenge is related to their divergent alcohol-
drinking characteristics then a similar difference in response
might also be seen at the time of development of alcohol
drinking. However, the data for the young rat pups are not
as clear as those observed for the adults because there was
no line difference between male P and NP rats at 20 days of
age, nor between female P and NP rats at 28 days of age
(Fig. 2). At 20 days of age, AMPH-induced locomotor
activity for the male P rats was higher than the values for
the female P rats, and similar to the values for the male and
female NP rats (Fig. 2). This difference in AMPH response
between the male and female P rats may be related to a
difference in development of the catecholaminergic system.
It is possible that the development of this system in the
male P rats lags behind that for the female P rats. At 28
days of age, there appears to a general relative insensitivity
to the motor stimulating effects of AMPH (Fig. 2). This

relative insensitivity in response to AMPH is in agreement
with a previous report of a catecholaminergic hyposensi-
tivity in periadolescent rats (Shalaby and Spear, 1980;
Spear and Blake, 1983). Therefore, because there is con-
tinued postnatal development of the DA system taking
place during the 20 —28 day-old period (Bruinink et al.,
1983; Deskin et al., 1981; Detering et al., 1980; Rathbun
and Druse, 1985; Srivastava et al., 1992), which may be
different for the P and NP lines, as well as for males and
females, it is not possible to confirm at the present time a
relationship with the development of divergent alcohol-
drinking behavior.

Several studies have indicated that female rats are more
responsive to the effects of AMPH than are male rats
(Becker et al., 1982; Camp et al., 1986; Forgie and Stewart,
1993). These gender differences have been attributed in part
to differences in the levels of gonadal hormones circulating
at the time of testing (Becker et al., 1982; Camp et al.,
1986). Contrary to these findings, the results of the present
study indicate that both the adult male P and NP rats have
higher AMPH-stimulated locomotor activity than do female
P and NP rats (Fig. 1). The reasons for this apparent
disagreement with previously published findings are not
known, but may be due to the fact that selectively bred lines
of rats were used in the present study.

The lower response of the adult P than NP rat to the
effects of AMPH may also be due in part to the actions of
AMPH on enhancing the extracellular levels of serotonin
(Kankaanpaa et al., 1998), although this effect may be
minimal because the low doses employed in the present
study are below doses of AMPH which have been reported
to increase 5-HT release in stock rats (Kankaanpaa et al.,
1998). The P line compared to the NP line has lower
contents of serotonin in several limbic regions, reduced
serotonin innervation in several limbic regions and fewer
serotonin neurons in the dorsal and median raphe (reviewed
in McBride and Li, 1998). Therefore, because selected lines
were used in the present study, it is possible that line
differences observed with the low doses of AMPH may
also partly reflect a difference in the function of the
serotonin system.

The gender and line differences observed for the adult P
and NP rats in the present study were similar to data
previously reported in which saline injections were given
prior to placing the animals in the activity monitor (Waller
etal., 1986). In this study, during the first 30-min period, adult
female P rats had higher locomotor activity than male P rats
and female NP rats. This gender difference with females
showing higher locomotor activity than males was also
observed in 20- and 28-day-old pups. However, there was
no line difference at either age, suggesting that the differences
in mechanisms regulating behavioral response to a novel
environment between P and NP rats have not yet developed.

In conclusion, the present pharmacological data on
AMPH-induced locomotor activity, in conjunction with
previous neurobiological findings on lower DA tissue levels
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and innervation in the nucleus accumbens of adult P rats
compared to NP rats, suggest that the activity of the
mesolimbic DA system is reduced in the P line of rats. This
reduced functional activity of the mesolimbic DA system
may underlie the high alcohol drinking characteristics of the
P line of rats. The data from the present study also suggest
there may be differences in the development of the meso-
limbic DA system between the P and NP lines, which is
influenced by gender.
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