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The Nociceptin/Orphanin FQ Receptor Agonist Ro 64-6198
Reduces Alcohol Self-Administration and Prevents

Relapse-Like Alcohol Drinking
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may have therapeutic value in the treatment of alcoholism.

INTRODUCTION

Several studies have demonstrated that the endogenous
nociceptin/opioid receptor-like 1 (ORL-1) receptor system
is involved in the rewarding effects of ethanol (Ciccocioppo
et al, 1999, 2000, 2004; Martin-Fardon et al, 2000; Kuzmin
et al, 2003). Thus, nociceptin injected intracerebroventri-
cularly (i.c.v.) modified ethanol intake and inhibited
ethanol-seeking behavior in rats trained for ethanol self-
administration (Ciccocioppo et al, 2000, 2004). This peptide
also reduced the effects of footshock stress on ethanol-
seeking behavior (Martin-Fardon et al, 2000). In place
conditioning experiments, nociceptin reduced alcohol-
induced conditioned place preference and reinstatement
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Effects of the opioid receptor like-1 (ORL-1) receptor agonist Ro 64-6198 (0.1, 0.3, and 1.0 mg/kg intraperitoneally (i.p.)) on operant
ethanol self-administration and activation of self-administration by ethanol deprivation were studied in male Wistar rats. Acute
administration of Ro 64-6198 caused a dose-dependent reduction of ethanol self-administration. In comparison, the opioid antagonist
naltrexone (0.1, 0.3, and 1.0 mg/kg i.p.) inhibited ethanol self-administration at all doses tested. Ethanol deprivation for |0 days significantly
increased ethanol self-administration during the first 2 days after deprivation. Daily pretreatment with Ro 64-6198 (0.3 mg/kg) or
naltrexone (0.3 mg/kg) during the last 3 days of ethanol deprivation abolished the deprivation-induced increase in ethanol intake. Thus,
stimulation of the ORL-1 receptors by Ro 64-6198 reduced the acute reinforcing effects of ethanol and prevented relapse-like behavior
in the ethanol-deprivation model in a similar manner as a blockade of opioid receptors by naltrexone. Ro 64-6198 at 0.1 and 0.3 mg/kg
doses did not alter self-administration of 0.2% saccharin solution, indicating an apparent selectivity of this compound in modification of
ethanol reward. These findings add further support to the idea that Ro 64-6198 and potentially other synthetic ORL-| receptor agonists
are as effective as naltrexone in blocking the actions of ethanol important for its addictive potential in animal experiments, and therefore
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of acquired place preference after extinction (Ciccocioppo
et al, 1999; Kuzmin et al, 2003). The peptide alone did not
affect place preference, suggesting that it is devoid of
‘motivational’ properties (Devine et al, 1996; Ciccocioppo
et al, 1999; Kuzmin et al, 2003). These effects were induced
after i.c.v. administration, assuming a limited potential of
nociceptin peptide for clinical applications.

Ro 64-6198 is a full non-peptide ORL-1 receptor agonist
with an affinity similar to that of endogenous nociceptin
(Jenck et al, 2000; Wichmann et al, 2000) and induces
central effects when given systemically (Jenck et al, 2000;
Wichmann et al, 2000). These effects are mediated through
the ORL-1 receptors as shown in experiments with ORL-1
receptor knockout mice (Higgins et al, 2001). Similar to
i.c.v. nociceptin, Ro 64-6198 administered intraperitoneally
(i.p.) reduces acquisition and reinstatement of alcohol-
induced place preference in place conditioning experiments
but when administered alone did not produce either place
preference or place aversion (Kuzmin et al, 2003; Shoblock
et al, 2005).

Non-selective opioid antagonists, that is, naloxone and
naltrexone, reduce alcohol consumption in several animal
models (Altshuler et al, 1980; Cichelli and Lewis, 2002;



Davidson and Amit, 1997; Pickering and Liljequist, 2003).
Clinical studies also demonstrate that treatment of detox-
ified alcoholics with naltrexone reduces both the frequency
of drinking and the relapse to heavy drinking (Volpicelli
et al, 1992; O’Malley et al, 1992, 1996, 2002). Also, in a
clinical laboratory setting, it was shown that non-treatment-
seeking alcoholics treated with naltrexone consume less
alcohol when presented in a laboratory setting than do
placebo treatment subjects. Non-peptide ORL-1 receptor
agonists may represent novel candidates for the develop-
ment of alternative pharmacotherapy to treat alcoholism
that may be effective in a different group of subjects.
Compared to naltrexone, ORL-1 receptor agonists do not
have apparent aversive effects as evaluated in animal
models (Devine et al, 1996; Kuzmin et al, 2003; Shoblock
et al, 2005). In addition, ORL-1 agonists have marked
anxiolytic and antistress actions (Jenck et al, 2000; Martin-
Fardon et al, 2000) and could have certain advantages
over opiate antagonists, which can be anxiogenic (Lee and
Rodgers, 1990).

In the present study, we have continued an investigation
of the systemically active synthetic non-peptide compound,
Ro 64-6198, in two animal models of alcoholism. First, we
aimed to examine whether i.p. Ro 64-6198 would modulate
ethanol consumption under operant conditions. For this
purpose, drug effects on ethanol self-administration were
studied under fixed ratio 1 (FR1) schedule in Wistar rats
trained for operant ethanol self-administration. Second, we
wanted to investigate the effects of Ro 64-6198 on ethanol
deprivation-induced activation of ethanol self-administra-
tion, that is, a regimen proposed to be an animal model of
relapse behavior in humans (Spanagel and Holter, 2000).
The effects of Ro 64-6198 in both models were compared
with those of the non-selective opioid antagonist naltrex-
one. The actions of Ro 64-6198 have previously been
suggested to be similar to those induced by the endogenous
nociceptin (Jenck et al, 2000). To evaluate the selectivity of
effects of Ro 64-6198 and naltrexone, their influence on
0.2% saccharin self-administration under FR1 schedule of
reinforcement was also studied.

MATERIALS AND METHODS
Animals

All experiments were approved by the Ethical Committee
for Use of Animal Subjects at the Karolinska Institutet and
carried out in compliance with local animal care guidelines.
Male Wistar rats (Scanbur B&K, Sollentuna, Sweden)
weighing approximately 300g at the beginning of the
experiment were housed four per cage in a climate-
controlled (22°C, 50% humidity) animal facility with a
normal 12-h light/dark period (lights at 0700 hours). Food
and water were available ad libitum, except for the
situations described below.

Drugs

The following compounds were used: naltrexone HCI
(Sigma-Aldrich Sweden AB, Stockholm); Ro 64-6198
((18,3aS)-8-(2,3,3a,4,5,6-Hexahydro-1H-phenalen-1-yl)-1-phenyl-
1,3,8-triaza-spiro[4.5]decan-4-one  hydrochloride, MW
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438.017), a gift of Dr Juergen Wichmann (Hoffmann-La
Roche Ltd, Pharma Preclinical Research, Basel, Switzerland);
and naloxonebenzoylhydrazone (NBHZ, ([5x]-4,5-epoxy-
3,14-dihydroxy-17-[2-propenyl]-morphinan-6-ylidene)
hydrazide benzoic acid, Sigma-Aldrich Sweden AB, Stock-
holm). Naltrexone and NBHZ solutions in saline were
prepared before each experiment. Ro 64-6198 was dissolved
in 20% w/w saline solution of 2-hydroxypropyl-beta-
cyclodextrin (RBI, USA). All drugs were administered i.p.
at 5ml/kg. Doses of drugs were calculated as the salts.
Ethanol for self-administration was prepared from com-
mercial 95% solution (Kemetyl AB, Haninge, Sweden) and
tap water.

Apparatus

Ethanol self-administration training was conducted in
standard operant chambers (Med Associates Inc., St Albans,
VT, USA) that were located in sound-attenuated, ventilated
environmental cubicles. Each chamber was equipped with a
drinking reservoir and two retractable levers located 3 cm
(one to the right and the other to the left) of the drinking
receptacle. Two 35-ml syringes dispensed either ethanol
or water through plastic tubing into two stainless-steel
drinking cups (volume capacity: 0.2ml) mounted 4cm
above the grid floor and centered on the front panel of each
chamber. Each drinking cup could hold approximately two
reinforcer deliveries (0.2 ml). Fluid delivery and recording
of operant responses were controlled by microcomputers.
An infusion pump was activated by responses on the right/
left (active) lever, whereas responses on opposite (inactive)
lever were recorded but did not result in activation of the
pump. Activation of the pump resulted in a delivery of
0.1 ml fluid. During the infusion of fluid, a house light
located on the front panel was turned on for 1.0s (which
corresponded to the duration of the syringe-pump activa-
tion). Lever presses during this period were counted but did
not lead to further infusions. An IBM-compatible computer
controlled the delivery of fluids, presentation of visual
stimuli, and recording of the behavioral data.

Procedure

Drug and procedure, naive rats were deprived of water for
12h in order to initiate lever-pressing behavior. Rats were
subjected to a water deprivation schedule only during the
first 7 days of training. On day 1, 0.1 ml of tap water was
delivered every minute and response on either lever resulted
in water delivery. Starting from day 2, rats did not receive
the free water every minute but had to press a lever for
water delivery. Starting from day 4, tap water in the system
was substituted with a 0.2% (w/v) saccharin solution. Rats
were then trained to press the lever to obtain the saccharin
solution. Only responses on the active lever gave saccharin,
and the position of the active lever (left or right side) was
switched daily (left, right, left, right, etc) for the remainder
of the training. When rats learned this task (2-3 days),
water was again freely available in the home cages. After an
additional 5 days of 0.2% saccharin self-administration, rats
started to respond for 20 consecutive days of 5% (w/v)
ethanol +0.2% saccharin solution. The active lever gave
the ethanol/saccharin mixture and its position was again

Neuropsychopharmacology

903



‘Anti-alcohol’ effects of Ro 64-6198
A Kuzmin et al

904

switched daily to prevent side bias. The inactive lever
activated a cue light but no fluid was delivered. Finally, rats
were given a free choice between the ethanol/saccharin
solution (active lever) and water (inactive lever) 5 days a
week, until their active lever response was stable (<20%
variation over 3 consecutive days). Rats typically achieved
this stability in 2 months after the start of the free choice
period. Sessions lasted for 30 min each day. All testing and
training sessions were conducted between 1000 and 1400
hours.

For saccharin self-administration, the training procedures
were identical to that described for alcohol self-adminis-
tration, except that saccharin solution was not substituted
with saccharin + ethanol solution. Rats typically achieved
the stability of responding after 3-4 weeks of training.
Sessions lasted for 30 min each day.

Experiment 1: Alcohol Operant Self-Administration

Tested compounds or saline were administered for 30 min
before self-administration session (n =6 for each treatment
group). Mean value of operant activity obtained in two
previous self-administration sessions served as baseline.
Self-administration behavior was analyzed on each of 3 days
after drug administration (Figure la).

Experiment 2: Relapse-Like Activation of Alcohol Intake
after Deprivation

Rats were trained to self-administer alcohol using the 7-day
schedule consisting of 5-day training and 2-day deprivation
periods (Figure 1b). After 3 months of such training, rats
were alcohol-deprived for 10 days instead of 2 days, and
then alcohol was provided again. During the last 3 days of
alcohol deprivation period (from days 8 to 10), rats were

a Alcohol self-administration

injected daily with ORL-1 ligands, naltrexone, or saline
(n =6 per treatment group). No treatment was given to rats
on the day of re-initiation of alcohol self-administration and
on the following 4 days.

Estimation of Blood Alcohol Levels

Ten selected rats trained to self-administer alcohol were
individually moved to another room 45min after the
alcohol-drinking session and anesthetized with isofluran
(Forene, Abbott Scandinavia AB, Solna, Sweden). Blood
samples (approximately 1 ml) were collected from the tail
vein and stored with 301U heparin, until spectrophoto-
metric analysis using the Sigma’s enzymatic kit (Sigma-
Aldrich Sweden AB, Stockholm). Blood alcohol levels
(BALs) expressed as g/dl were then correlated to alcohol
deliveries to verify that rats really consumed the amount of
alcohol delivered to them.

Data Analyses

Statistical analyses were performed with the Statistica 6.0
package for Windows. Results of the operant procedure are
shown as the mean of the total number of bar presses for
ethanol/saccharine solutions or number of alcohol deliv-
eries. As baseline responses varied across animal groups,
data for the number of bar presses were normalized to the
levels observed in two sessions preceding the drug
administration session in each treatment group. Normalized
data were analyzed by a mixed factor analysis of variance
(ANOVA), with dose as a between-subjects factor and day of
testing (3 days) as a within-subjects repeated measurement
factor. Post hoc Newman-Keuls test was used when
appropriate. The significance level was set at P<0.05.

Experimental week

Days 1 2 3 5 6 7
CI I I C X 110 ]
PT1 PT2

T {l)

Daily 30 min session Treatment

Post-treatment (PT)
sessions

b Activation of alcohol intake after alcohol deprivation

3 months
>
5 days 2 days 5 days 10 days 5 days
--------- (1] T (17171
Experimental weeks Pre-deprivaton Deprivation Post-deprivation
s.a. sessions I I T s.a. sessions
Treatments

Figure |

Experimental design. Panel a shows the treatment protocol for testing the effects of drugs on alcohol self-administration. Rats were tested once

a week when they were given i.p. injections of drugs/vehicle before self-administration session. T: treatment day; PT| and PT2: second and third days after
treatment. Panel b shows the treatment protocol for testing the influence of drugs on alcohol deprivation-induced activation of alcohol self-administration.

s.a. self-administration.
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In the alcohol deprivation experiments, data were
analyzed by repeated measurement ANOVA with treatment
as between-group factor and five post-deprivation session
as repeated measurement factor, and followed by Newman-
Keuls post hoc tests to identify between-group differences.
Statistical significance was set at P<0.05. The baseline
levels were defined as those in the last 2 days in 5-day
ethanol exposure period preceding the 10-day deprivation
phase.

RESULTS
Self-Administration of 5% Ethanol Solution

Rats trained to discriminate the 5% ethanol/0.2% saccharin
solution from water drank preferentially ethanol during
the training period. Rats had the BALs between 0.69 and
1.28 g/dl with the average level of 1.14+0.16 g/dl. There was
a strong positive correlation between the alcohol solution
delivered to the drinking cup and the animal’s subsequent
BAL (r=0.89, P<0.0001). The analysis revealed that the
correlation curve was almost the same as described before
(Pickering and Liljequist, 2003) and has an equation BAL
(g/dl) =0.01646AD (where AD is alcohol deliveries).

Effect of Ro 64-6198 on Ethanol Self-Administration
(Figure 2)

Ro 64-6198 inhibited alcohol self-administration in a dose-
related manner (Figure 2a). ANOVA (Figure 2b; percentage
data) revealed dose effect: F(3,16) = 3.6, P<0.05; time effect:
F(2,32) =32.7, P<0.01; and time x dose interaction:
F(6, 32) =4.3, P<0.01. Subsequent post hoc test revealed
that Ro 64-6198 decreased alcohol-associated responses by
43% (P<0.05), 48% (P<0.001), and 67% (P<0.01) at 0.1,
0.3, and 1mg/kg doses, respectively. Alcohol-associated
responses were inhibited by 40% (P<0.01), 23% (P<0.05),
and 30% (P<0.01) of the basal level 24h after the
administration of 0.1, 0.3, and 1 mg/kg doses of the drug,
respectively. The inhibition was selective as pressing on the
‘dummy’ lever was affected only at the 1 mg/kg dose (from
7.3+1.1 to 3.2+ 1.1; P<0.05). At the doses 0.1 and 0.3 mg/
kg, no significant effects on the ‘dummy’ lever presses were
found (from 5.5+1.3 to 5.3+1.2 and from 8.342.0 to
7.7+ 1.3 for 0.1 and 0.3 mg/kg, respectively).

Effect of Naltrexone on Ethanol Self-Administration
(Figure 3)

Rats treated with naltrexone self-administered less alcohol
than rats given saline (Figure 2a). ANOVA (Figure 4b;
percentage data) revealed dose effect: F(3,16) =7.2, P<0.01;
time effect: F(2,32) =45, P<0.01; and time x dose interac-
tion: F(6,32)=7.5, P<0.01. Subsequent post hoc test
revealed that naltrexone decreased alcohol-associated
responses by 22% (P<0.05), 74% (P<0.001), and 92%
(P<0.01) at 0.1, 0.3, and 1 mg/kg doses, respectively. This
inhibition was selective for active lever as pressing on the
‘dummy’ lever was not virtually affected (10.2+1.9,
9.4+1.8, 8.8+2.2, and 5.2+ 1.7 lever pressings for saline
and naltrexone at 0.1, 0.3, and 1 mg/kg doses, respectively;
F(3,16) =0.52, P=0.5).
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Figure 2 Effects of Ro 64-6198 on alcohol self-administration. (a)
Alcohol deliveries (0.1 ml 5% solution) expressed as the mean+SEM
values of deliveries during a 30 min session (n = 6). (b) Percentage data for
active lever pressing during 30 min session. Mean + SEM values expressed
as percent of the baseline levels defined as a mean in two sessions
preceding the treatment session (n=6). *P<0.05—significant effect with
regard to initial level of responding. T: treatment day; PT| and PT2: second
and third days after treatment.

Effect of NBHZ on Ethanol Self-Administration
(Figure 4)

To assess the modulation of ethanol-drinking behavior by
the endogenous nociceptin, NBHZ, which has been shown
to be an ORL-1 receptor antagonist, when injected
systemically, was included into analysis (Bigoni et al,
2002; Noda et al, 1998; Cox et al, 2005). NBHZ failed to
affect alcohol self-administration behavior at all doses
tested (Figure 3a). ANOVA (percentage data, Figure 3b)
revealed neither significant dose effect (F(3,16)=0.4,
P=0.7) nor time x dose interaction (F(6,32)=0.2,
P=0.9). At all tested doses, NBHZ failed to influence
significantly the ‘dummy’ lever presses (from 8.8 +1.6 to
6.3+1.2, from 8.2+1.0 to 6.7 +1.0, and from 8.8+1.5 to
7.7+ 1.1 for 1, 0.3, and 0.1 mg/kg, respectively).

Effects of ORL-1 Ligands and Naltrexone on Saccharin
Self-Administration

Both Ro 64-6198 and naltrexone did not modify saccharin-
associated responses at 0.1 and 0.3 mg/kg, but inhibited this
behavior at 1 mg/kg (Table 1) probably owing to nonspecific
reduction of motor behavior (Kuzmin et al, 2004). NBHZ
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Figure 3 Effects of naltrexone on alcohol self-administration. (a) Alcohol
deliveries (0.1 ml 5% solution) expressed as the mean+SEM values of
deliveries during a 30 min session (n=6). (b) Percentage data for active
lever pressing during 30min session. Mean+SEM values expressed as
percent of the baseline levels defined as a mean in two sessions preceding
the treatment session (n=6). T: treatment day; PT| and PT2: second and
third days after treatment. *P < 0.05—significant effect with regard to initial
level of responding.

failed to influence sucrose self-administration at all doses
tested.

Effects of ORL-1 Ligands and Naltrexone on Alcohol
Deprivation-Induced Activation of Alcohol
Self-Administration (Figure 5)

The ANOVA for the number of bar presses for ethanol
self-administration revealed a significant effect of day
(F(4,80) =6.6; P<0.01) and day x treatment (F(12,80)
=2.9; P<0.01) interactions. For saline-treated animals,
the mean baseline ethanol intake determined at 3 days
preceding the 10-day deprivation period was 0.84+0.09 g/
kg, and mean post-deprivation day 1 intake 1.2940.12 g/kg
(Figure 5a). Separate ANOVAs for the day-related data
revealed time effects in both saline- and NBHZ-treated
groups (F(4,25)=3.3, P<0.05 and F(4,25) =3.2, P<0.05,
respectively) but not for naltrexone- (0.3 mg/kg i.p.) and Ro
64-6198- (0.3 mg/kg i.p.) treated animals (F(4,25)=0.36,
P=0.83 and F(4,25)=1.1, P=0.37, respectively). Rats
treated with saline exhibited higher level of lever pressing
on day 1 (P<0.01, compared to basal level). Rats treated
with NBHZ (1mg/kg ip.) exhibited elevated level of
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Figure 4 Effects of NBHZ on alcohol self-administration. (a) Alcohol
deliveries (0.1 ml 5% solution) expressed as the mean+SEM values of
deliveries during a 30 min session (n=6). (b) Percentage data for active
lever pressing during 30 min session. Mean+ SEM values expressed as
percent of the baseline levels defined as a mean in two sessions preceding
the treatment session (n=6). T: treatment day; PT| and PT2: second and
third days after treatment.

responding on days 1, 2, and 3 after alcohol deprivation
(P<0.01, compared to basal level). Responding for ethanol
returned to the baseline levels on the second and fourth
post-deprivation days in the saline- and NBHZ-treated
group, respectively. No significant elevations of alcohol-
related responding were found in groups treated with
naltrexone and Ro 64-6198.

ANOVA revealed significant differences between groups
on post-deprivation day 1 and day 2 (F(3,20) =4.4 and 3.8,
both P<0.05), when data were normalized by recalculating
the level of responding as the percentage of baseline level.
Post hoc test revealed that saline- and NBHZ-treated groups
exhibited higher level of responding on day 1 (P<0.05)
when compared to naltrexone- and Ro 64-6198-treated
groups. On day 2, the NBHZ but not saline group exhibited
higher level of responding (P <0.05) compared to naltrex-
one- and Ro 64-6198-treated groups. Responding on day 3
in the NBHZ group was nonsignificantly higher than in
naltrexone- and Ro 64-6198-treated groups (P=0.17). The
effects of Ro 64-6198 and naltrexone were selective for
ethanol, as no significant alterations in responding on
alternative lever were observed (data not shown).

To test whether the effects of Ro 64-6198 and naltrexone
on the activation of drinking behavior are owing to the
inhibition of the alcohol deprivation effect (ADE) or



Table | Effects of Ro 64-6198, NBHZ, and Naltrexone on
Self-Administration of Saccharin

Treatment Dose Basal level Treatment level
group (mglkg) (active lever pressings) (active lever presses)
Saline 554453 65.6+13.2
Ro 64-6198 0.1 715+4.1 88.6+6.6

03 80.449.3 878453

1.0 67.6+87 178+43.0*
Naltrexone 0.1 83.8+7.7 88.5+6.1

03* 609475 556478

1.0 622467 4.6 +3.6%
NBHZ 0.1 56.8+4.5 62.6+109

03 783438 81.2+10.8

1.0 627443 593448

NBHZ, naloxonebenzoylhydrazone.

The experimental design was the same as that in alcohol self-administration
experiments (see Figure |a). Saccharine solution (0.2% w/v) was used to
reinforce active lever presses. Presses on the dummy lever resufted in the
delivery of 0.1 ml of tap water. Shown are numbers of active lever presses for
0.29% saccharine solution (mean+ SEM, n = 6). Basal level was defined as a mean
of responding in two pretreatment sessions.

#P<0.05, compared to basal level.

‘n=12.

inhibition of the combination of ADE and saccharin
deprivation effect (SDE), the following two experiments
were performed.

In the first experiment, 12 rats trained to drink 5%
ethanol +0.2% saccharin solution were subjected to the
‘Samson substitution’ regimen (Samson, 1986). They were
retrained to press the lever for 5% alcohol solution without
saccharin. After 3 weeks of training, the rats were deprived
of alcohol as described for the alcohol-saccharin solution.
Then, the effect of saline (n=4), Ro 646198 (0.3 mg/kg,
n=4), and naltrexone (0.3 mg/kg, n=4) was tested using
the treatment scheme described in Figure 1b. Repeated
measurement ANOVA (data from post-deprivation ses-
sions) revealed a significant treatment effect (F(2,9=4.6,
P<0.05), time effect (F(4,36) =14.1, P<0.01), and treat-
ment X time interaction (F(8,36) =16.5, P<0.05). All three
groups displayed similar alcohol consumption (44+4,
4344, and 37+3 alcohol deliveries/30 min for saline, Ro
64-6198, and naltrexone treatment groups, respectively) in
the last pre-deprivation drinking session. Following 10 days
of deprivation, the consumption in the first post-depriva-
tion session was 73+6, 42+ 6, and 33+ 2 and on the second
day 59 +4, 38 +4, and 37+ 2, for the corresponding groups,
respectively. Only the saline-treated group displayed a
significant (both P<0.05) elevation of the consumption
level on the first and second post-deprivation self-admin-
istration sessions with regard to the pre-deprivation level.

In the second experiment, eight rats after training with
5% ethanol+0.2% saccharin solution were deprived of
alcohol only; they received only saccharin solution for the
10 daily sessions. Five rats were treated with Ro 64-6198
(0.3 mg/kg) and others with saline. Repeated measurement
ANOVA (data from post-deprivation sessions) revealed a
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Figure 5 Effects of repeated treatment with Ro 64-6198 (0.3 mg/kg i.p.),
NBHZ (1.0mg/kg ip.), and naltrexone (0.3 mg/kg i.p.) on deprivation-
induced activation of alcohol self-administration. (a) Alcohol deliveries
(0.1 ml 5% solution) during 30 min session. Data expressed as mean +SEM
values of deliveries in five daily post-deprivation experimental sessions
(n=6). *P<0.05, comparison with the basal level of responding (basal,
defined as a mean in two sessions preceding the deprivation period). (b)
Active lever pressings during 30min sessions. Data expressed as
mean +SEM (n = 6) of active lever pressings in five daily post-deprivation
experimental sessions. *P<0.05, comparison with the basal level of
responding (basal, defined as a mean in two sessions preceding the
deprivation period).

significant treatment effect (F(1,6=6.5, P<0.05), time
effect (F(4,24) =3.6, P<0.02), and treatment x time inter-
action (F(4,24)=2.8, P<0.05). Both treatment groups
displayed similar levels of alcohol consumption on the last
day of ethanol/saccharin self-administration (121+10 and
106 415 ethanol deliveries/30 min for saline and Ro 64-6198
treatment groups, respectively). On the first day of ethanol
deprivation, both groups significantly reduced operant
responding to 70+6 and 49+4, respectively. On the last
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day of alcohol deprivation, the response rate was 50+4 and
44410 saccharin deliveries, respectively. During the first
post-deprivation session, rats treated with saline increased
their consumption dramatically to 180+23 (P<0.05 as
compared with pre-deprivation level) alcohol deliveries in
30 min. The burst in responding was reduced on the second
post-deprivation day to 124+ 10 deliveries with consequent
stabilization on the level 120-130 deliveries/session. In
contrast, rats treated with Ro 64-6198 showed much smaller
increase in lever pressing (87412, 86415, 77+12, 93423,
and 82 + 12, for five post-deprivation sessions, respectively).
Statistical analysis failed to detect differences in alcohol
consumption in post-deprivation sessions compared to the
pre-deprivation level in rats treated with Ro 64-6198.

DISCUSSION

The novel findings in the present study are that (1) systemic
administration of the ORL-1 receptor agonist Ro 64-6198
reduces alcohol self-administration, and that (2) treatment
with Ro 64-6198 following a period of alcohol deprivation
prevents the deprivation-induced activation of alcohol self-
administration. The latter observation suggests that Ro 64-
6198 injected before the new exposure to alcohol induces
sustained neurochemical changes in brain circuits involved
in the mediation of the relapse to alcohol-taking behavior.
The effects of Ro 64-6198 on alcohol drinking behavior were
apparently specific, as this compound at the dose that
reduces alcohol-self-administration and prevents relapse
did not alter the self-administration of a 0.2% saccharin
solution.

In the present study, only groups of rats trained with
ethanol/saccharin solution reached the level of more than
100 pressings in 30 min. Neither substitution of alcohol with
glucose (data not shown) nor only saccharine solutions
produce operant response level comparable with that seen
in the combination alcohol + saccharin. This corresponds to
the earlier observations that addition of sweeteners to the
ethanol solution increases the volume consumed, and larger
ethanol intakes occur than are later seen with ethanol alone.
This increase in intake is maintained as long as saccharine
remains in the solution (Samson, 1986; Samson et al, 1996;
Slawecki et al, 1997) and results in higher blood ethanol
levels that directly correspond with the increased ethanol
intakes (Czachowski et al, 1999).

The effects of Ro 64-6198 appear to be similar to those of
naltrexone with regard to effects on both alcohol reinforce-
ment and relapse-like activation of ethanol-taking behavior.
The effects of naltrexone in the present study were
consistent with those observed previously in other experi-
mental settings including operant self-administration para-
digms (see Ulm et al, 1995 for a review) and alcohol
deprivation-induced activation of alcohol self-administra-
tion (Holter and Spanagel, 1999; Spanagel and Hélter, 2000).
These findings are also in line with our previous observa-
tions demonstrating the ability of Ro 64-6198 to inhibit
expression and reinstatement of the conditioned reinforcing
effects of ethanol (Kuzmin et al, 2003). The conditioned
positive motivational responses are thought to underlie
‘craving’ in humans and therefore possibly contribute to
relapse to drinking in abstinent alcoholics (Stewart, 1983).
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The, perhaps, most simple explanation of our results is
that Ro 64-6198 treatment blocks the positive reinforcement
induced by alcohol. Consistently, Ro 64-6198 inhibited the
acquisition, expression, and ethanol-induced reinstatement
of conditioned place preference (Kuzmin et al, 2003).
Another possibility is that alcohol may acquire aversive
properties after pretreatment with Ro 64-6198; as a result,
rats are less likely to self-administer ethanol under such
conditions. Indeed, the combined treatment of a high dose
of Ro 64-6198 together with ethanol induced conditioned
place aversion in mice (Kuzmin et al, 2003). Ro 64-6198
may also block the formation of association between the
effects of ethanol and operant behavior, or may prevent
memory retrieval induced by a priming dose of ethanol or
ethanol-associated cues in the alcohol deprivation-induced
reinstatement experiments. This is in line with the
observations that nociceptin and synthetic ORL-1 agonists
when given at high doses impair memory performance
(Noda et al, 2000; Higgins et al, 2002). However, at a lower,
0.3mg/kg dose effective in ethanol self-administration
experiments, Ro 64-6198 facilitated memory in the passive
avoidance task (our unpublished data). This observation
does not support the notion that the effects of Ro 64-6198
are mediated through inhibition of cognitive functions.
However, additional experiments are required to completely
rule out this possibility.

Along with the inhibition of both alcohol self-adminis-
tration and alcohol deprivation-induced activation of
alcohol self-administration, Ro 64-6198 and nociceptin also
block the expression of alcohol- (Kuzmin et al, 2003),
cocaine- (Kotlinska et al, 2002), and morphine- (Shoblock
et al, 2005) induced conditioned place preference. Similarity
of these effects raises the possibility that ORL-1 agonists
interfere with the intake of addictive substances through a
general mechanism. As suggested for alcohol, this mechan-
ism may be owing to the inhibition of the positive
reinforcing properties of these drugs.

NBHZ injected systemically may antagonize the effects of
the endogenous nociceptin mediated through the ORL-1
receptors (Bigoni et al, 2002; Noda et al, 1998; Cox et al,
2005). In our experiments, NBHZ did not produce any
effects on alcohol self-administration, suggesting that
endogenous nociceptin is not involved in the tonic
regulation of brain reward systems. However, NBHZ
prolonged the period of alcohol deprivation-induced
activation of alcohol self-administration, suggesting that
endogenous nociceptin may be involved in the mechanism
of relapse to alcohol intake after alcohol deprivation. We
have previously reported that this compound inhibited the
effects of nociceptin but failed to block the behavioral
effects of Ro 64-6198 in mice (Kuzmin et al, 2004). Limited
antagonistic potential did not allow using NBHZ to
antagonize effects of Ro 64-6198 in the present study.

In the present work, the assessment of the ADE may be
confounded with the simultaneous SDE. However, the
experimental model used in the study failed to produce
stable and significant SDE; after 10 days of deprivation,
several rats even reduced saccharin consumption. To
discriminate the effects of Ro 64-6198 on the ADE and
SDE, we (a) used the Samson substitution procedure
(Samson, 1986), and (b) analyzed the effects of alcohol
deprivation without saccharin deprivation. Both approaches



demonstrated that the effects of Ro 646198 are selective for
the ADE.

The effects of nociceptin (Ciccocioppo et al, 1999, 2000,
2004; Martin-Fardon et al, 2000; Kuzmin et al, 2003) and Ro
64-6198 (present study) on alcohol intake may be mediated
through several neurotransmitter systems. The dopamine
(DA) and opioid systems regulating ethanol-related beha-
viors may be involved. Nociceptin has been found to reduce
DA release in the nucleus accumbens by acting on
GABAergic interneurons in the ventral tegmental area
(VTA) (Murphy and Maidment, 1999; Murphy et al,
1996). This may occur through modulation of the enke-
phalinergic fibers projecting to the VTA and synapsing with
GABA neurons (Sesack and Pickel, 1995; Zheng et al, 2002).
The possible influence of Ro 64-6198 on dopaminergic
neurotransmission has not yet been experimentally tested.
The effects of nociceptin and Ro 64-6198 may also be
mediated through the glutamate system (Marti et al, 2002;
Albin et al, 1989; Alexander and Crutcher, 1990) and/or
through the GABAergic system in the central nucleus of the
amygdala that plays a major role in the reinforcing effects of
ethanol and anxiogenic response to ethanol withdrawal
(Roberto et al, 2005). Nociceptin decreased the amplitude
and prevented the ethanol-induced increase of GABA
receptor-mediated inhibitory currents in amygdala neurons.
The nociceptin-induced inhibition was increased in neurons
of rats chronically treated with ethanol, indicating an
enhanced sensitivity to nociceptin (Roberto et al, 2005).

Effects of Ro 64-6198 administered i.p. and nociceptin
injected i.c.v. on alcohol self-administration and other
alcohol-taking behaviors may be mediated through similar
receptor mechanisms. Thus, Ro 64-6198 and nociceptin
have similar potency and efficacy in interactions with ORL-
1 receptors expressed in recombinant cell lines (Jenck et al,
2000; Wichmann et al, 2000), and Ro 64-6198 administered
systemically does not induce any effects in the ORL-1
receptor-deficient mice (Higgins et al, 2001). However, the
possibility that Ro 64-6198 and nociceptin may differently
activate subsets of the ORL-1 receptors cannot be ruled out.
Indeed, Ro 64-6198 and nociceptin that are equally potent at
the ORL-1 receptors in the rat vas deferens produce
different effects in the mouse vas deferens and guinea-pig
ileum assays (Calo et al, 2000; Rizzi et al, 2001). Ro 64-6198
administered i.c.v. produced some but not all effects of
nociceptin (Jenck et al, 2000; Higgins et al, 2001; Kuzmin
et al, 2004). These observations could be owing to the fact
that two subsets of the ORL-1 receptors have been suggested
to exist in the central nervous system with one of them
being sensitive to both nociceptin and Ro 64-6198, whereas
the other is sensitive to nociceptin only (Chiou et al, 2004).
However, no clear molecular or genetic evidence for
different subtypes of ORL-1 receptors has yet been
provided. A more likely explanation is that different brain
regions with different synaptic connections and networks
may be differently affected by the peptide and synthetic
ligands.

In conclusion, the agonist of ORL-1 receptors Ro 64-6198
was found to inhibit acute alcohol reinforcement and
relapse-like activation of ethanol-taking behavior after
alcohol deprivation. This property together with the lack
of reinforcing and aversive properties further supports the
notion that this class of compounds may have therapeutic
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potential in the treatment of alcoholism. Agents activating
ORL-1 receptors may thus represent a novel pharmacother-
apy for alcohol abuse and relapse to alcohol drinking that
may be complementary to existing medications including
naltrexone.
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