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Abstract

Separate lines of evidence suggest that neuroadaptations associated with ethanol (EtOH) reinforcement can be initiated by chronic EtOH

preexposure and a signaling pathway activated by dopamine (DA) D1 receptor stimulation. We have previously shown that rewarding and

locomotor effects of EtOH alone [Pharmacol. Biochem. Behav. 72 (2002) 787] are enhanced after chronic exposure to self-administered

EtOH/cocaine combinations. To determine the importance of chronic EtOH exposure, dopamine D1 receptor activation and mode of drug

administration in EtOH reward, animals were given daily intravenous infusions of experimenter-administered saline, EtOH (2.0 g/kg), the

DA D1 receptor agonist, SKF81297 (0.2 mg/kg), or EtOH+SKF81297 over a 4-week period. Compared to other groups, animals preexposed

to EtOH+SKF81297 self-administered significantly greater amounts of intravenous EtOH and showed greater enhancement and less

suppression of locomotor activity in response to a range of intravenous EtOH dosages (0.125, 0.25, 0.5, 1.0 and 1.5 g/kg). Since chronic

treatment with EtOH alone did not enhance EtOH-induced reinforcement or locomotor activity, it is unlikely that these effects were due to

EtOH tolerance. These findings suggest that chronic D1 receptor activation combined with EtOH administration alters neural responsiveness

to EtOH and support the notion that D1 activation is important to EtOH reward.
D 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Similar to other drugs of abuse, neural changes that

promote the rewarding qualities of EtOH are thought to

involve themesoaccumbal dopaminergic (DA) system (Wise,

1987; Koob, 1992; Samson et al., 1992). In addition to reports

showing that nucleus accumbens (NAcc) DA levels increase

after systemic administration of EtOH (Yoshimoto et al.,

1992; Yim et al., 1998; Yim and Gonzales, 2000), there is

also a positive correlation between NAcc DA activation and

behaviors indicative of EtOH reinforcement. For instance,

NAcc DA increases during oral EtOH self-administration

(Weiss et al., 1993; Gonzales and Weiss, 1998) and NAcc-

applied DA receptor agonists and antagonists alter EtOH
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intake (Hodge et al., 1992, 1997; Samson et al., 1993). In

addition, coadministered intravenous EtOH significantly

enhances cocaine self-administration (Ikegami et al., 2002).

The signaling pathway by which DA stimulates the

phosphorylation of the DA and cyclic adenosine 3V,5Vmono-

phosphate-regulated phosphoprotein 32 kDa (DARPP-32)

has become the topic of an increasing number of reports

(Lewis et al., 1990; Snyder et al., 1998; Calabresi et al.,

2000; Flores-Hernandez et al., 2000; Gurden et al., 2000;

Dunah and Standaet, 2001; Risinger et al., 2001; Edwards et

al., 2002). This biochemical cascade of events is initiated by

dopamine D1 receptor activation and is hypothesized to

encompass critical components of EtOH reinforcement

(Risinger et al., 2001; Maldve et al., 2002). For instance,

since DARPP-32 knockout mice show a lack of EtOH-

induced drinking and conditioned reward (Risinger et al.,

2001), it is conceivable that, under natural circumstances,

DA D1 receptor activation sets off the process by which

DARPP-32 phosphoprotein becomes a crucial component of

EtOH reward.
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Behavioral studies indicate that chronic EtOH exposure

produces a myriad of changes within the brain that may

be associated with increased EtOH reward. For instance,

a direct relationship between EtOH pretreatment and

EtOH self-administration has been shown in mice

(Camarini et al., 2000). In addition, chronic injections

of EtOH facilitate place preference in laboratory animals

(Holloway et al., 1992; Bienkowski et al., 1995; Biala

and Kotlinska, 1999) and EtOH drinking is increased

after prolonged access to EtOH/sucrose mixtures (Sam-

son, 1986). Work carried out in our laboratory has

demonstrated enhanced reinforcing and locomotor effects

of intravenous EtOH alone when cocaine and EtOH

combinations had been previously self-administered, but

not when cocaine had been self-administered without the

EtOH component (Ikegami et al., 2002). Taken together,

these findings suggest a link between certain conditions

of EtOH preexposure and ensuing behaviors demonstrat-

ing rewarding EtOH effects.

Without interference from orosensory factors, such as

aversive taste or smell, the study of EtOH reinforcement is

facilitated by the use of intravenous EtOH self-administra-

tion techniques. Indeed, intravenous EtOH self-administra-

tion in our prior study (Ikegami et al., 2002) resulted in

higher blood alcohol levels than has been reported after

voluntary intake through any route of administration. How-

ever, the high intake of self-administered intravenous EtOH

and EtOH-induced hyperlocomotion we previously ob-

served may be attributed to several factors, including

chronic EtOH exposure, DA D1 receptor activation, self-

administration and environmental conditioning. The present

experiment was performed to determine the relative impor-

tance of these factors. In this study, animals were given

daily intravenous injections of saline (Control), the D1 full

agonist, SKF81297, EtOH (10%) or a combination of

EtOH+SKF81297 over a 4-week period. Preexposure treat-

ments were experimenter-administered in a home cage

environment. These conditions were selected for a number

of reasons. First, our earlier study indicated that EtOH alone

would not be self-administered in EtOH-naive animals, thus,

experimenter-administered treatment would be the only way

to ensure consistent preexposure to EtOH alone. Also, using

this mode of administration, it could be determined whether

drug pretreatment is needed to be self-administered for

EtOH reward and/or locomotor enhancement to occur.

Finally, daily injections given in a home cage environment

can rule out environmental conditioning as a factor contrib-

uting to reward-associated behaviors.

The effects of the drug pretreatments on EtOH reinforce-

ment were subsequently determined by assessing operant

responding during intravenous EtOH self-administration

sessions. After 1 week of behavioral extinction sessions

(intravenous saline availability) in the operant chambers,

animals underwent an additional week of preexposure

treatment (same groups as described above) in their home

cages. Baseline and EtOH-induced locomotor activity
assessments across the different pretreatment groups were

then performed over the next 12 days.
2. Materials and methods

2.1. Animals

Thirty-two Sprague–Dawley rats weighing 250–300 g

were started in the experiment. The rats were housed

individually in polypropylene cages in a temperature and

humidity controlled vivarium on a reversed 12-h light/dark

cycle (off 7 a.m./on 7 p.m.). Animals were handled daily for

10 days prior to the start of the experiment. Food and water

were available ad libitum except during operant condition-

ing sessions. All training and experimental sessions were

conducted during the dark phase. The experimental protocol

for this study was approved by the University of Texas

Institutional Animal Care and Use Review Committee.

2.2. Apparatus

Operant and locomotor activity sessions were conducted

in one-lever operant chambers (28� 22� 21 cm) made of

Plexiglas and metal (Med-Associates, St. Albans, VT). The

operant chambers had a single retractable lever located on

the right wall with a stimulus light located above the

retractable lever and a house light located on the opposite

wall. The operant chambers were located within sound

attenuating boxes (63� 44� 58 cm) with a front-opening

door and peephole to enable viewing of the animal during

the test session. Three pairs of photocells to record the

locomotor activity were located in the center and 5 cm from

each sidewall of the chamber. Self-administered solutions

were infused through a single swivel, mounted on a counter-

balanced arm, at the top of each chamber. One end of the

swivel was connected via polyethylene tubing to a syringe

(10 ml), mounted on a syringe pump (Razel Scientific

Instruments, Model A) that delivered the drug over a

programmed time period. Self-administering animals were

on a FR1 schedule of reinforcement. There was a 20-s

timeout after each infusion, during which time the house-

lights remained off and the lever was retracted. Self-admin-

istration sessions were conducted 5 days/week (drug-free

weekends) and continued for a total of 2 weeks (1 week of

EtOH availability and 1 week saline/extinction). Subsequent

locomotor activity assessment was performed over a total of

12 sessions (two sessions to determine baseline activity

levels and two sessions for each of five EtOH dosages). The

number of lever responses and locomotor activity units was

recorded with using MED-PC software.

2.3. Food training

After the handling phase, the animals were food restrict-

ed and trained in operant chambers to lever press for food
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on a FR1 schedule of reinforcement. After lever press

acquisition, they had daily 10-min food reinforced operant

sessions (FR1) for 6 days. During these sessions, the

animals received a food pellet (45 mg) each time they

pressed the extended lever. To maintain this operant behav-

ior during the preexposure phase, animals participated in

10-min food reinforced sessions once a week (e.g., total of

four sessions).

2.4. Surgery

After the initial food-reinforced operant training, animals

underwent jugular catheterization surgery. Sodium pento-

barbital (50 mg/kg ip) supplemented with chloral hydrate

(80 mg/kg ip) were utilized as surgical anesthetics. Atropine

sulfate (250 Ag/rat sc) was administered prophylactically to

reduce respiratory secretions. A Silastic catheter (0.625 mm

od) was inserted into the right external jugular vein. The free

end of the catheter, fused with a modified cannula termina-

tion (C313G, Plastics One), was run subcutaneously along

the side of the neck and out an incision in the skin at the top

of the skull. Details of surgery have been previously

reported (Duvauchelle et al., 1998). Animals were allowed

to recover from surgery for 1 week before drug preexposure

treatments. After surgery, the catheters were flushed with

0.1 ml of 1.0 mg streptokinase plus 100 mg Timentin in 2.5

ml of heparinized saline for 1 week. Thereafter, catheters

were flushed with 0.1 ml of streptokinase solution (1.0 mg

streptokinase/2.5 ml heparinized saline) every day until the

end of the experiment.

2.5. Drug preexposure treatment

2.5.1. Groups

One week after the surgery the animals were divided into

four groups that received one of the following intravenous

treatments daily for the next 4 weeks: (1) EtOH: 2.0 g/kg of

10% EtOH; (2) saline: 0.9% physiological saline; (3) the D1

agonist, SKF81297: 0.2 mg/kg; or (4) EtOH+SKF81297:

2.0 g/kg 10% EtOH+ 0.2 mg/kg SKF81297. The EtOH

concentration of 10% was held constant and volume of

infusion was calculated based on the weight of the animal

(e.g., for a 400 g rat, 1.0 g/kg EtOH= 2.0 ml 10% EtOH).

Saline injections were equal in volume to EtOH infusions.

Daily drug infusions were performed two times per day

separated by an interval of 45 min (e.g., 1/2 of total drug

treatment at each infusion). To maintain comparable levels

of infusion volumes across groups, the SKF81297 alone

group was given the D1 agonist in addition to a saline

injection of equal volume to the EtOH infusion of the

EtOH+SKF81297 group.

2.5.2. Drugs

SKF81297 (Sigma, St Louis, MO), a D1 full agonist was

dissolved in sterile physiological saline and injected intra-

venously at a dose of 0.1 mg/kg just before each infusion of
EtOH or saline (total dose of 0.2 mg/kg/day of SKF81297).

The 10% EtOH solution was made by diluting 95% EtOH

(AAPER Alcohol and Chemical, Shelbyville, KY) with

physiological saline and adding NaCl to the mixture to

produce an isotonic solution.

2.5.3. Preexposure procedure

The animals were transported from the animal colony

into the lab in home cage environments (45� 23.75� 20

cm polypropylene cages). After flushing the catheters with

the streptokinase solution (see Surgery above) and weight

determination, they were returned to their transport cage and

infused with the first of their injections through the use of an

infusion pump (Razel Scientific Instruments, Model A).

Solutions were delivered at a fixed rate of 1.1 ml/min.

Depending upon the animal’s weight, infusion durations

ranged from approximately 2 min 20 s to 4 min. Forty-five

min later, animals received an identical infusion. This

procedure was carried out for 5 days/week for the next 4

weeks. Preexposure treatment conditions were repeated for

an additional 5 days after saline extinction trials, just prior to

EtOH locomotor activity testing.

2.6. Blood alcohol levels (BAL)

Blood was collected for BAL analyses during the

preexposure phase to determine BAL levels in animals

receiving EtOH during preexposure treatments (e.g., EtOH

alone and EtOH+SKF81297 groups). Blood was collected

from each animal on two separate occasions, with an

interval of 1 day between the two samplings. The first set

of BALs was determined after animals had received 1.0 g/

kg of the intravenous EtOH dosage. The next set of BALs

was determined after the second daily infusion of 1.0 g/kg

EtOH (45 min after the first 1.0 g/kg infusion; total of 2.0

g/kg). Blood samples were collected in the following

manner: After the intravenous EtOH infusion, intravenous

catheters were flushed with heparinized saline (0.1 ml = 3

times the catheter volume). Two minutes elapsed prior to

blood withdrawal, and the first 0.1 ml of blood withdrawn

was discarded. The next 0.1 ml was collected in chroma-

tography vials and analyzed using gas chromatography as

previously described (Crippens et al., 1999). Samples were

compared to EtOH blood standards ranging from 0 to 80

mM EtOH.

2.7. Self-administration phase

After the 4-week preexposure period, animals were

placed in operant chambers and had the opportunity to

self-administer intravenous 10% EtOH (0.25 g/kg/injec-

tion) during 1-h operant sessions. Intravenous EtOH was

available during these sessions for the next 5 days. To

extinguish responding in the operant chamber, intravenous

saline was substituted for EtOH during five subsequent

operant sessions.



Fig. 1. BALs during preexposure: Blood sampled immediately after first

and second daily intravenous infusion for individual rats in the EtOH alone

(.; n= 5) and EtOH+SKF81297 (q; n= 5) pretreatment groups. Blood

Fig. 2. Lever presses for intravenous EtOH after preexposure: meanF
S.E.M. Reinforced responses/session: control rats (5; n= 4), EtOH alone

( ; n= 7), SKF81297 alone (x; n= 5) and EtOH+ SKF81297 (.; n= 7).
Post hoc tests (Fisher LSD) revealed that during Sessions 1, 3 and 4, rats

preexposed to EtOH+ SKF81297 self-administered significantly more

intravenous EtOH compared to other groups. In addition, animals pretreated

with SKF81297 alone showed higher response rates than Control and EtOH

alone pretreated animals on Days 3 and 4. Total Responses: The total

number of responses from the EtOH+SKF81297 group were significantly

greater than the control and EtOH alone groups. Cumulative responses of

animals pretreated with SKF81297 alone did not significantly differ from

any other group. ^, ^^; *, ** and + depicts significant difference at P < .05

and .01 compared to Control, EtOH alone and SKF81297 alone groups,

respectively.
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2.8. Locomotor activity assessment

After saline extinction, animals were once again given

the same drug treatment received during the preexposure

phase for an additional 5 days. Locomotor activity was then

assessed after various doses of experimenter-administered

intravenous EtOH (0.0, 0.125, 0.25, 0.5, 1.0, and 1.5 g/kg)

over the next 2 weeks. Animals received EtOH treatments in

their transport cages and were then immediately placed into

the operant chambers. Locomotor activity was measured for

1 h. During this session, operant chambers remained com-

pletely dark and the lever was retracted. Dosages were given

in random order, and each dose was given on two separate

occasions. Animals were tested at one dosage/day.

2.9. Statistical analyses

A two-way ANOVA (Group� Session Day) were used

to determine treatment effects on the number of EtOH-

reinforced responses made across the five 1-h self-adminis-

tration sessions. The total number of responses during the

five sessions across groups was also compared using a one-

way ANOVA. A two-way ANOVA (Group�Dose) was

used to assess the effects of EtOH on locomotor activity.

Locomotor activity for each dose was determined as the

average of the two treatments. Saline level locomotor

activity differed across pretreatment groups (see Results).

Therefore, EtOH-induced changes in activity were also

calculated as the percent of baseline within each group.

Least Significant Differences tests (Fishers LSD) were

performed to determine specific group differences when

ANOVA results were significant. Due to the development

of leakages in implanted catheters during the preexposure or

self-administration phase, self-administration data could not

be collected from nine animals. Locomotor activity data

from an additional animal in the saline control group could

not be collected due to ill health.

sampling for 1.0 and 2.0 g/kg tests occurred on separate occasions.
3. Results

3.1. Effects of preexposure condition

3.1.1. Blood alcohol levels (BALs)

During preexposure blood alcohol levels in the EtOH

alone and EtOH+SKF81297 groups after 1.0 g/kg and 2.0

g/kg of 10% EtOH preexposure were comparable (see Fig.

1). After infusion of 1.0 g/kg of 10% EtOH, BALs in the

EtOH alone and EtOH+SKF81297 groups were 128.8 +

10.33 and 121.8 + 8.8 mg%, respectively. After exposure to

2.0 g/kg of EtOH, BALs in the EtOH and EtOH +

SKF81297 group were 229 + 8.8 and 224.1 + 17.6 mg%,

respectively.

3.1.2. Intravenous EtOH self-administration

A two-way ANOVA (Group� Session Day) showed

significant group effects on the number of reinforced

responses for EtOH [F(3,19) = 3.13; P=.04] and significant

session effects [F(4,76) = 8.3; P < 0.0001], but no signifi-

cant interaction effects [F(12,76) = 0.86; ns]. As can be seen

in Fig. 2. Control (saline preexposed) animals and those

chronically exposed to EtOH alone self-administered ap-

proximately equal amounts of EtOH throughout the five

sessions, while the EtOH+SKF81297 group had the most
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instances of significantly greater response rates. A one-way

ANOVA performed on the 5-day response totals confirmed

significant group effects [F(3,19) = 3.69; P=.03], with post

hoc tests revealing that the EtOH + SKF81297 animals

responded significantly more than animals in the saline and

EtOH groups (P=.05).

3.1.3. Locomotor activity during intravenous EtOH sessions

A two-way ANOVA (Group� Session Day) was per-

formed on locomotor activity occurring during EtOH self-

administration sessions to determine whether the motor

response of lever pressing for EtOH might have been

facilitated by EtOH-mediated increases in activity. No

significant group [F(3, 19) = 0.8; ns], session [F(4,76) =

0.84; ns] or interaction effects [F(12,76) = 0.86; ns] were

detected.
 

Fig. 3. (A) Baseline locomotor activity after preexposure: meanF S.E.M.

Animals chronically treated with EtOH+SKF81297 showed significantly

less locomotor activity after saline treatment compared to control and EtOH

alone pretreated groups. *, ^ Significantly less than control and EtOH alone

groups, respectively, at P=.05. (B) EtOH-induced changes in locomotor

activity after preexposure: data shown as percent of baseline locomotor

activity. Rats pretreated with EtOH+SKF81297 (.) showed the most

instances of EtOH-induced locomotor activity enhancement or least

suppression. ^, ^^; *, **; + , + + + depicts significant difference at P < .05

and .01 compared to control (5), EtOH alone( ) and SKF81297 alone (x)
groups, respectively.
3.1.4. Basal and ethanol-induced locomotor activity

A two-way ANOVA performed on locomotor activity

(Group�Dose) at three dosage levels (0.0, 0.5 and 1.5 g/kg)

showed significant effects of Dose [ F(2,38) = 22.13;

PV.001] and a Group�Dose interaction effect [F(6,38) =

2.9; P=.019], but no overall Group effects [F(3,19) = 1.56;

ns]. Post hoc analyses showed that basal level (saline-

treated) locomotor activity in the EtOH+SKF81297 group

was significantly less than observed in the Control and EtOH

alone groups (P=.05). Within-group comparisons revealed at

the highest dose (1.5 g/kg), locomotor activity was signifi-

cantly suppressed in all but the EtOH+SKF81297 group.

The EtOH alone group also showed significant suppression

of locomotor activity from saline levels at the 0.5 g/kg dose.

Due to group differences in saline level activity, locomotor

activity was also analyzed using percentages of baseline

activity within groups. A two-way ANOVA using these data

showed significant Group [F(3,19) = 6.76; P=.0027] and

Dose differences [F(4,76) = 16.752; P < .0001], but no sig-

nificant interaction effects [F(12,76) = 1.44; ns]. Post hoc

analyses showed that locomotor activity in the EtOH +

SKF81297 group was significantly greater than saline- and

EtOH-pretreated groups for the 0.125, 0.250, 0.5 and 1.5 g/

kg dosages (P < .01), and saline at the 1.0 g/kg dose

(P < .05). The EtOH+SKF81297 group was significantly

different from the SKF81297 group at 0.5 (P < .01) and 1.5

g/kg (P < .05) doses (see Fig. 3B).
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4. Discussion

In the present study, animals preexposed to EtOH +

SKF81297 showed enhancement of behaviors associated

with EtOH reinforcement. Animals preexposed to EtOH+

SKF81297 self-administered significantly greater amounts

of EtOH and showed locomotor responses to EtOH injec-

tions that were strikingly different than other treatment

groups. For example, intravenous EtOH injections did not

increase activity from baseline levels in the control (saline

pretreated) and EtOH alone groups at any EtOH dose tested.

However, at low to moderate EtOH doses (0.125, 0.25 and

0.5 g/kg), the EtOH+SKF81297 group showed significant

activity enhancement compared to other groups. In addition,

at the highest EtOH dose tested (1.5 g/kg), locomotor

activity was suppressed below saline activity levels in all

but the EtOH+SKF81297 group.

Higher response rates for intravenous EtOH reinforce-

ment in the EtOH+SKF81297 group was not due to general

activity enhancement during self-administration sessions.

An examination of locomotor activity during self-adminis-

tration sessions revealed no overall differences in activity

between groups. Additional post hoc comparisons con-

firmed no instance of significantly higher activity levels

between the EtOH+SKF81297 group and any other group

on any given session day. Also unlikely is the attribution of

these effects to EtOH tolerance. Chronic treatment with
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EtOH alone did not enhance EtOH-induced reinforcement

or locomotor activity. Also, animals that did not receive

EtOH during the preexposure period responded for intrave-

nous EtOH at higher response rates than the control or EtOH

alone during two self-administration sessions.

By definition, self-administration behavior requires motor

output to demonstrate reinforcing effects of administered

substances.While self-administration procedures are the only

means to assess drug reward through voluntary intake, the

motor requirements of this task make observed results subject

to interpretation. As noted above, in the present study,

locomotor activity measures taken during EtOH self-admin-

istration sessions reveal that the EtOH+SKF81297-treated

group did not show enhanced levels of nonspecific locomotor

activity in the presence of higher lever response rates. Though

these data support the notion that EtOH+SKF81297 preex-

posure did not increase nonspecific motor activity in general,

the possibility of effects on other broad-spectrum behaviors

cannot be entirely ruled out. For example, goal-directed

activities, as a general class of behaviors, may have been

affected by EtOH+SKF81297 treatments. In this scenario,

the higher intake of intravenous EtOH shown in these animals

may have been due to a common increase in reward-seeking

behaviors, rather than the specific enhancement of EtOH

reward. This alternate explanation of our findings cannot be

excluded using our current reported methods. However,

future studies may address such potential confounds by

employing additional measures of reward. For example, the

use of a two-lever choice procedure for different kinds of

reinforcement could indicate specific effects on ethanol

reinforcement vs. general effects on various rewarding sub-

stances. Also, place conditioning procedures as an adjunct

reward measure can determine the presence of rewarding

drug effects and circumvent the problems of motor output

requirements during the test session.

EtOH-stimulated locomotor activity is thought to reflect

rewarding effects of EtOH (Wise and Bozarth, 1987; Phil-

lips and Shen, 1996; Colombo et al., 1998), though the

exact mechanism for EtOH-induced locomotor activity is

not clearly understood. However, it is widely believed that

EtOH produces locomotor activity by activating the dopa-

minergic system (Friedman et al., 1980; Liljequist et al.,

1981; Cohen et al., 1997; Itzhak and Martin, 1999). Inves-

tigations into the behavioral functions of D1 and D2

dopamine receptors revealed both receptor subtypes may

play a role in mediating EtOH-stimulated motor activity

(Cohen et al., 1997; Lê et al., 1997; Souza-Formigoni et al.,

1999). Therefore, it may seem curious that, in the present

study, the EtOH preexposed group did not exhibit EtOH-

mediated locomotor activity enhancement or increased re-

sponse rates for intravenous EtOH reinforcement, yet the

EtOH+SKF81297 group did. The most parsimonious ex-

planation is that the daily dosage of 2.0 g/kg EtOH alone

was not enough to induce observable behavioral changes.

However, in combination with chronic D1 receptor stimu-

lation, the continued perturbation of multiple neural systems
was sufficient to alter the responsiveness to EtOH. Another

possibility is that, since many studies administer EtOH via

intraperitoneal injections, the physiological effects associat-

ed with this mode of administration vary from those present

during intravenous injections (e.g., as utilized in this study).

For instance, drug treatments via surgically implanted

intravenous catheters circumvent stressful effects of restraint

and needle puncture inherent to intraperitoneal injections.

Since drugs of abuse and stress invoke similar changes in

dopamine neuronal activity (Saal et al., 2003), it is reason-

able to consider that the stressful event of an intraperitoneal

injection might potentiate the DA response to EtOH. Thus,

the chronic absence of the stress component during intra-

venous injections may lead to different long-term physio-

logical effects compared to the intraperitoneal route of

administration.

Though significantly greater than previous studies of

intravenous EtOH administration (Hyytia et al., 1996; Kuz-

min et al., 1999), EtOH self-administration in EtOH +

SKF81297 pretreated groups in the present report was not

as robust as our prior report when animals self-administered

EtOH+ cocaine prior to EtOH-reinforced sessions (Ikegami

et al., 2002). An obvious difference in these studies is that,

through enhanced extracellular concentrations of DA, co-

caine administration results in stimulation of all available

DA receptors, while SKF81297 is a specific agonist of the

D1 receptor. Since D2 receptor stimulation has been shown

to potentiate the rewarding effects of cocaine (Caine et al.,

1999), the involvement of D2 activation during cocaine

treatment may account for discrepancies between the previ-

ous and present studies. In addition, intentional methodo-

logical differences utilized in this experiment may also

account for disparities. Aside from different coadministered

agents (e.g., cocaine vs. SKF81297), the present study used a

different mode and context of pretreatment drug delivery.

For example, preexposure treatment (e.g., cocaine/EtOH

combinations) in the previous study was self-administered

rather than delivered by the experimenter. Therefore, due to

‘‘practicing’’ self-administration responding daily over a

lengthy preexposure period, animals were very facile in

lever-pressing behavior. Conversely, animals in the present

study engaged in food-reinforced sessions only once per

week during the preexposure phase to maintain the learned

response. In either case, it reasonable to imagine that differ-

ences in operant task skills could directly impact upon EtOH

intake levels independent of the rewarding valence of the

self-administered EtOH. Also, in the present study, since

preexposure treatments were received in a home cage envi-

ronment, there was no possibility of conditioning-induced

reward enhancement in the operant chamber. Nonetheless, as

measured by voluntary EtOH intake, the findings shown here

indicate that chronic preexposure to EtOH + SKF81297

increase the rewarding value of intravenous EtOH.

DA D1 receptors have been shown to be involved in the

rewarding effects of brain stimulation (Renaldi and

Beninger, 1994) and the reinforcing effects of drugs of
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abuse, including EtOH (Dyr et al., 1993; Ng and George,

1994; Hodge et al., 1997; Matsuzawa et al., 1999). In

addition, disruption of D1 receptor gene expression has

shown to attenuate EtOH-seeking behavior (El-Ghundi et

al., 1998). Recently, it has been suggested that D1 activation

may help in EtOH reinforcement by decreasing EtOH-

mediated NMDA receptor inhibition via DARPP-32 protein

(Maldve et al., 2002). In the present study, rats chronically

exposed to EtOH alone did not show enhanced intravenous

self-administration of EtOH, but animals preexposed to

EtOH +SKF81297 did. Though the acute effects of D1

receptor stimulation were not tested here, EtOH reward

enhancement in the present study may be due to D1 receptor

sensitization acquired through chronic D1 activation. In any

case, this study provides evidence that a history of D1

activation in combination with EtOH can subsequently

result in neural changes that engender enhanced EtOH

reinforcement. Understanding mechanisms by which EtOH

can elicit enhanced reward and locomotor activation will

assist efforts to target and treat alcohol abuse and addiction.
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