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Buprenorphine Reduces Alcohol Drinking Through
Activation of the Nociceptin/Orphanin FQ-NOP
Receptor System

Roberto Ciccocioppo, Daina Economidou, Roberto Rimondini, Wolfgang Sommer, Maurizio Massi,
and Markus Heilig

Background: Activation of the NOP receptor by its endogenous ligand nociceptin/orphanin FQ reduces ethanol intake in genetically
selected alcobol preferring Marchigian Sardinian alcobol preferring (msP) rats. Here we evaluated whether buprenorphine, a partial
agonist at w-opioid and NOP receptors, would reduce ethanol consumption in msP rats via activation of NOP receptors.

Methods: Marchigian Sardinian alcobol preferring rats trained to drink 10% alcobol 2 hours/day were injected with buprenorphine
(.03, .3, 3.0, or 6.0 mg/kg intraperitoneally [IP]) 90 min before access to ethanol.

Results: Similar to prototypical w-agonists, the two lowest doses of buprenorphine significantly increased ethanol consumption (p <
.01); in contrast, the two highest doses reduced it (p < .05). Pretreatment with naltrexone (.25 mg/kg IP) prevented the increase of
ethanol intake induced by .03 mg/kg of buprenorphine (p < .001) but did not affect the inhibition of ethanol drinking induced by
3.0 mg/kg of buprenorphine. Conversely, pretreatment with the selective NOP receptor antagonist UFP-101 (10.0 or 20.0 ng/rat)
abolished the suppression of ethanol drinking by 3.0 mg/kg of buprenorphine.

Conclusions: Buprenorphine bas dualistic effects on ethanol drinking; low doses increase alcobol intake via stimulation of classic
opioid receptors, whereas higher doses reduce it via activation of NOP receptors. We suggest that NOP agonistic properties of

buprenorphine might be useful in the treatment of alcobolism.
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of moderate-to-severe pain (Finco et al 1995; Gundersen

et al 1986; Hayes et al 1979; Maunuksela et al 1998;
Murphy and MacEvilly 1984; Picard et al 1997; Vanacker et al
1986). More recently, evidence has accumulated in support of its
efficacy for maintenance treatment of heroin dependence (John-
son and McCagh 2000; Kakko et al 2003; Ling et al 1996, 1998;
Litten and Allen 1999; Mello et al 1993), and the drug has been
approved for this indication in numerous countries, including the
United States, Australia, Sweden, and France. Observational data
from France, where it has been in widespread use, suggest an
advantageous safety profile of buprenorphine compared with meth-
adone (Auriacombe et al 2001), whereas its efficacy seems to be
comparable when used in an optimal manner (Mattick et al 2003).
An attractive safety profile of buprenorphine, including re-
duced risk for overdose death due to respiratory suppression and
lower street value leading to diminished risk for diversion, is
predicted by its complex preclinical pharmacology. Thus buprenor-
phine has long been known to be a partial agonist at p-opioid
receptors (Cowan et al 1977; Lattanzi et al 2001; Magnan et al 1982;
Martin et al 1976; Rosenbaum et al 1985; Sadee et al 1982)
but has also antagonistic or agonistic properties at k- and d-opioid
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receptors (Cowan et al 1977; Leader 1987; Negus et al 2002; Pick
et al 1997; Rovati et al 1987; Sadee et al 1982; Tyers 1980). In an
unexpected development, it has recently been realized that
buprenorphine is also agonist/partial agonist at the NOP noci-
ceptin/orphanin FQ (N/OFQ) receptors (Bloms-Funke et al 2000;
Lutfy et al 2003; Wnendt et al 1999, Huang et al 2001).

As a result of the aforementioned agonist/antagonist opioi-
dergic properties, and principally owing to the partial stimulation
of the p-opioid receptor, buprenorphine induces most of the
known opioid effects like pain relief, feelings of wellbeing and
pleasure, respiratory depression, and so forth, but with less
intensity than heroin, morphine, methadone, and other opiates
that fully stimulate the receptor (Johnson and Strain 1999).
Consequently, unlike other opiates, buprenorphine produces
modest physical dependence (Fudala et al 1990; Kosten et al
1990; San et al 1992) or respiratory depression (Walsh et al 1994),
has a lower addiction potential (Kawamoto et al 1999), and gives
only mild withdrawal symptoms even after prolonged treatment
and abrupt withdrawal (Fudala et al 1990; Jasinski et al 1978).
The lack of pronounced withdrawal symptoms is also likely
related to the very slow kinetics of the drug. In addition to a long
half-life, buprenorphine penetrates rapidly into the brain and
binds to p-receptors but dissociates from these only at a slow rate
(Lewis 1985).

The role of opioids in modulating the reinforcing properties
of ethanol has been well documented. First of all, an altered
opioidergic system has been described in animals genetically
selected for high ethanol preference (De Waele et al 1995; Fadda
et al 1999; Gianoulakis et al 1992; Jamensky and Gianoulakis
1997; Marinelli et al 2000; Weiss et al, 1990). In addition, low
doses of opioid agonists (e.g., morphine, methadone) increase
ethanol consumption (Hubbell et al 1986, 1993; Zhang and
Kelley 2002), whereas higher doses decrease it (Sinclair 1974;
Sinclair et al 1973; Vacca et al 2002). This latter effect is not
specific, and it is associated with sedation, hypomotility, and
simultaneous suppression of food intake (Vacca et al 2002).

Nonselective opioid antagonists such as naloxone and nal-
trexone, instead, dose dependently decrease alcohol intake
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(Samson and Doyle 1985; Volpicelli et al 1992, 1995; Weiss et al
1990). Most importantly, despite some negative results (Krystal et
al 2001), a meta-analysis of available studies unequivocally
supports an efficacy of naltrexone for treatment of alcohol
dependence (Bouza et al 2004).

An important drawback in the use of full opioid agonists such
as methadone in the treatment of opioid dependence is the
increase in ethanol intake often reported during maintenance
treatment programs with these compounds (Backmund et al
2003; Bickel et al 1987; Ottomanelli 1999). This effect is attributed
to the agonistic activity of these drugs at the w-opioid receptors.
Buprenorphine, in contrast, only partially activates the p-opioid
receptor. Furthermore, during our studies of buprenorphine for
heroin dependence (Kakko et al 2003), we repeatedly encoun-
tered patient reports that motivation to consume ethanol was
reduced, as were consumption frequencies and quantities. A
review of the preclinical literature did not provide a clear basis
for evaluating these observations. Buprenorphine has been found
to reduce intravenous and oral ethanol self-administration in rats
under some conditions, but reported effects have been complex
and not easy to interpret (June et al 1998; Martin et al 1983).

Recent data might shed new light on the complex actions of
buprenorphine in relation to alcohol intake. It has been recently
found that, in addition to its activity at classical opiate receptors,
buprenorphine also acts as agonist/partial agonist at N/OFQ
NOP receptors (Bloms-Funke et al 2000; Huang et al 2001; Lutfy
et al 2003; Wnendt et al 1999). Interestingly, activation of the
NOP receptor system results in a marked functional anti-opioid
action (Ciccocioppo et al 2000b; Mogil and Pasternak 2001; Mogil
et al 1996) and, as shown in previous studies by our group,
administration of N/OFQ reduces ethanol consumption in the
genetically selected Marchigian Sardinian alcohol-preferring (msP)
rats (Ciccocioppo et al 1999). This effect is mimicked by other
NOP receptor agonists and is abolished by pretreatment with the
selective NOP antagonists (Ciccocioppo et al 2002).

Taken together, these data led us to hypothesize that NOP
agonism might provide a component of buprenorphine’s actions
on ethanol motivational properties that confers suppression of
alcohol drinking and thus counteracts classical opioid actions of
this drug, normally expected to increase drinking. Furthermore,
because we had observed clinically that suppression of alcohol
drinking by buprenorphine was most pronounced at high doses
of the drug (16-32 mg daily), we postulated that this component
might be preferentially expressed at the higher end of the
dose-response range. Here, we therefore investigated the effect
of buprenorphine on voluntary 10% w/v ethanol intake in
genetically selected alcohol-preferring msP rats across a wide
range of doses. We then used the nonselective opioid receptor
antagonist naltrexone and the selective NOP receptor agonist
UFP-101 (Cald et al 2005; McDonald et al 2003) to pharmacolog-
ically dissect the complex actions of buprenorphine and reveal
the respective postulated component of its actions. Finally, to
evaluate whether the effect of buprenorphine at the higher doses
used in our experiments is selective to ethanol consumption and
not due to unspecific actions (i.e., suppression of locomotor
activity), the effect of this drug alone or in combination with
UFP-101 was analyzed in the open-field test.

Methods and Materials

Animals
Male, genetically selected, alcohol-preferring rats were used.
They were bred at the Department of Pharmacological Sciences
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and Experimental Medicine of the University of Camerino
(Marche, Ttaly) for 53 generations from Sardinian alcohol-prefer-
ring rats of the 13th generation, provided by the Department of
Neurosciences of the University of Cagliari, Italy (Agabio et al
1996; Lobina et al 1997). These animals are referred to as
Marchigian Sardinian alcohol-preferring (msP) rats. At the time of
the experiments their body weight ranged between 350 and
400 g. They were housed in a room on a reverse 12-hour
light/dark cycle (lights off at 9:00 am), temperature of 20°~22°C,
and humidity of 45%—55%. Rats were offered free access to tap
water and food pellets (4RF18, Mucedola, Settimo Milanese,
Italy). Experiments took place at 9:30 am, at the beginning of the
dark phase of the light/dark cycle. Separate groups of animals were
used in each experiment. All the procedures were conducted in
adherence with the European Community Council Directive for
Care and Use of Laboratory Animals and the National Institutes of
Health Guide for the Care and Use of Laboratory Animals.

Intracranial Surgery

For intracranial surgery, msP rats were anesthetized by intra-
muscular injection of 100-150 wL/rat of a solution containing
tiletamine hydrocloridrate (58.17 mg/mL) and zolazepam clo-
ridrate (57.5 mg/mL). A guide cannula for intracerebroventricular
(ICV) injections into the lateral cerebroventricle was stereotaxi-
cally implanted and cemented to the skull. The following coor-
dinates, taken from the atlas of Paxinos and Watson (19806), were
used: AP = 1 mm behind the bregma, L = 1.8 mm from the
sagittal suture, and V = 2 mm from the surface of the skull.

Drug Injections

Buprenorphine and naltrexone were purchased from Tocris
(Ellisville, Missouri), and UFP-101 ([Nphe(1),Arg(14),Lys(15)IN/
OFQ NHI[2]) was a generous gift of Dr. R. Guerrini, Department
of Pharmaceutical Sciences of the University of Ferrara, Italy.
Naltrexone and UFP-101 were dissolved in sterile isotonic saline.
Naltrexone was given by intraperitoneal (IP) injection, whereas
UFP-101 was injected ICV in a volume of 1 pL/rat by means of a
stainless-steel injector 2.5 mm longer than the guide cannula, so
that its tip protruded into the ventricle. Buprenorphine was
diluted with distilled water and given by IP injection.

Histology

At completion of the experiments, to evaluate the correct
cannula placement, immediately before the rat was killed, 1 pl of
black India ink was injected ICV and ink diffusion into the
ventricles was evaluated.

Experimental Procedures

Ethanol Intake. At the age of 3 months msP rats were
selected for their preference for 10% ethanol solution (w/v),
offering them free choice between water and 10% ethanol 24
hours/day for 10 days. Water and 10% ethanol were offered in
graduated drinking tubes equipped with metallic drinking
spouts. The rats used in the following experiments had a 24-hour
ethanol intake of 6-7 g/kg with a percent of ethanol preference
[mL of ethanol solution/mL of total fluids (water + 10% ethanol)
ingested in 24 X 100] higher than 90.

Starting on day 11, while maintained with food and water
available during the entire day, rats received 10% ethanol for
only 2 hours/day, at the beginning of the dark phase (9:30 am).
Before experiments, rats were acclimated to the limited 2-hour
ethanol access for 7 days.

All the experiments were carried out according to a within-
subject design, in which each animal received, in a counterbal-
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anced order, all doses and compound tested in that specific
experiment (see following experiment descriptions). Before the
experiments rats received at least three mock IP and/or ICV
injections to familiarize them with the injection procedure.

Water and ethanol intakes were measured by reading the
volume consumed from the graduated burettes and were always
recorded 30, 60, 90, and 120 min after ethanol was offered to the
animals. Food intake was measured by weighing the food contain-
ers and taking into account spillage and was measured only at 30,
60, and 120 min. Ethanol, water, and food intakes are expressed as
g/kg to reduce the influence of differences in body weight.

Open-Field Behavior. The open-field (66 cm X 66 cm X 20
cm) arena was used to analyze the locomotor effects of bu-
prenorphine (3.0 mg/kg) and UFP-101 (20.0 p.g/rat given twice)
or their combination. Rats were gently placed in the center of the
open-field apparatus and left to explore the arena for 30 min for
two consecutive days (habituation trials). Immediately after
arena exploration, the animals were taken back to their home
cages. On day 3 animals received the respective treatments (see
also Experiment 7) and were subjected again to an open-field
session (test trial). The numbers of beam brakes at the center and
at the periphery of the arena were automatically recorded for a
total testing time of 30 min. The floor of the open field was
completely cleaned and dried after each trial.

Experiment 1: Effect of Acute IP Injections of Buprenorphine
on Voluntary Alcohol Intake

To evaluate the effect of buprenorphine on voluntary 10%
ethanol intake, msP rats (n = 10) were injected IP with different
doses of buprenorphine (.03, .3, 3.0, and 6.0 mg/kg) or its vehicle
(control subjects) at intervals of 3—4 days, 90 min before access
to alcohol. Baseline ethanol drinking was re-established between
different dose-treatments.

Experiment 2: Effect of Acute IP Injections of Naltrexone on
Voluntary Alcohol Intake

To evaluate the effect of naltrexone on voluntary 10% ethanol
intake, according to a within-subject design, msP rats (7 = 10)
received naltrexone (.25, 1.0, and 2.5 mg/kg, IP) or vehicle
(control subjects) at intervals of 3—4 days, 95 min before access
to ethanol. Baseline ethanol drinking was re-established between
different dose-treatments.

Experiment 3: Effect of Acute ICV Injections of UFP-101 on
Voluntary Alcohol Intake

To evaluate the effect of the selective N/OFQ receptor
antagonist UFP-101 on voluntary 10% ethanol intake, msP rats
(n = 7) were injected ICV with 5.0, 10.0, and 20.0 pg/rat or its
vehicle, given twice at 95 and 15 min before access to ethanol
(10% w/v). In a Latin square design rats received all drug doses
or its vehicle. An interval of 3—4 days was imposed between drug
treatments, and baseline ethanol drinking was re-established
during these periods.

Experiment 4: Effect of IP Injections of Naltrexone on
Buprenorphine-Induced Increase of Ethanol Intake

To evaluate the effect of naltrexone on buprenorphine-
induced increased ethanol intake, a group of msP rats (7 = 10)
was treated IP with naltrexone (.25 mg/kg) or its vehicle. Five
minutes later, animals received an IP injection of .03 mg/kg of
buprenorphine or its vehicle. Drug doses were chosen on the
basis of the results obtained in Experiment 1 and Experiment 2.
Specifically, the dose of buprenorphine was chosen that selec-
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tively increased ethanol intake, and the dose of naltrexone was
chosen that was ineffective per se.

Ethanol was given to the animals 90 min after buprenorphine
injection, and alcohol, water, and food intake were measured for
2 hours. Tests were carried out at intervals of 3—4 days, and in a
Latin square design rats received all drug treatments. Baseline
ethanol drinking was re-established between different dose-
treatments.

Experiment 5: Effect of IP Injections of Naltrexone on
Buprenorphine-Induced Decrease of Ethanol Intake

To evaluate the effect of naltrexone on the reduction of
ethanol drinking induced by high doses of buprenorphine, msP
rats (n = 8) were injected IP with .25 mg/kg of naltrexone or its
vehicle. After 5 min, rats received an IP injection of 3.0 mg/kg of
buprenorphine or its vehicle. Drug doses were chosen on the
basis of the results obtained in Experiment 1 and Experiment 2.
Specifically, the dose of buprenorphine that selectively de-
creased ethanol intake and the dose of naltrexone that was
ineffective per se were chosen.

Rats were offered access to 10% ethanol 90 min after bu-
prenorphine injection. Tests were carried out at intervals of 3—4
days, and in a Latin square design rats received all drug treat-
ments. Baseline ethanol drinking was re-established between
different dose-treatments.

Experiment 6: Effect of ICV Injections of UFP-101 on
Buprenorphine-Induced Decrease of Ethanol Intake

To evaluate the effect of UFP-101 on the reduction of ethanol
drinking induced by high doses of buprenorphine, according to
a within-subject design, a group of msP rats (#z = 10) was
injected ICV with UFP-101 or its vehicle at the doses of 10.0 and
20.0 pg/rat, 95 and 15 min before access to 10% ethanol.
Buprenorphine (3.0 mg/kg) or its vehicle was given 90 min
before access to ethanol. Two injections of UFP-101, a peptider-
gic NOP receptor antagonist, were given in an attempt to better
antagonize the effects of buprenorphine, a non-peptidic, long
lasting opioidergic agent. Drug doses were chosen on the basis
of the results obtained in Experiment 1 and Experiment 3.
Specifically, the dose of buprenorphine that selectively de-
creased ethanol intake and the doses of UFP-101 that were
ineffective per se were chosen.

Tests were carried out at intervals of 3—4 days, and in a Latin
square design rats received all drug treatments. Baseline ethanol
drinking was re-established between different dose-treatments.

Experiment 7: Effect of Buprenorphine and UFP-101 on
Open-Field Behavior

In this experiment, we evaluated the locomotor effects of 3.0
mg/kg of buprenorphine (IP), the selective NOP receptor antag-
onist UFP-101 (20.0 pg/rat, ICV), or their combination. According
to a between-subject design, four groups (12 = 6/group) of msP
rats were injected ICV with UFP-101 (20.0 pg/rat or its vehicle) 95
and 15 min before exposure to the open field. Buprenorphine
(3.0 mg/kg) or its vehicle was given 90 min before exposure to
the open field. Drug doses were chosen on the basis of the
results obtained in Experiment 6.

Statistical Analysis

Statistical analysis of data for ethanol, food, and water intake
was performed by means of two-way analysis of variance
(ANOVA) with repeated measures, one factor for treatment and
one factor for time. Statistical analysis for the open-field experi-
ment was performed by means of two-way ANOVA with be-
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Oveh Post-hoc comparisons were carried out by Newman—Keuls Test.
M Bup 0.03 Statistical significance was set at p < .05.
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Figure 1. Effect of intraperitoneal injection of buprenorphine (Bup) (0, .03,
.3, 3.0, and 6.0 mg/kg) on ethanol intake in Marchigian Sardinian alcohol-
preferring rats. The drug was given 90 min before ethanol access, and

drinking throughout the 2-hour observation, whereas injection of
6.0 mg/kg of buprenorphine resulted in a significant decrease
of drinking at all time points recorded. Similarly, administration
of 3.0 mg/kg of the drug induced a significant inhibition of

alcohol consumption was monitored at 30, 60, 90, and 120 min. Values
represent the mean (= SEM) of 10 subjects. Difference from control subjects:
*p <.05; **p <.01. Veh, vehicle.

drinking at 30, 60, and 120 min. Difference from control subjects
was barely above statistical significance at 60 min. Buprenor-
phine treatment elicited a significant decrease of food intake
[F(4,9) = 5.15, p < .001]. Post-hoc test revealed a significant
decrease only at the highest dose (6.0 mg/kg) tested (Table 1).
Water intake was not modified by drug treatment (Table 1).

tween-subject comparisons for drug treatment and within-subject
comparisons for time (habituation vs. test trial). The distance
travelled and the time spent resting were analyzed separately.

Table 1. Effects of Buprenorphine, Naltrexone, UFP-101, or Their Combinations on Food and Water Intake in Marchigian Sardinian Alcohol-Preferring Rats

Food Intake (min) Water Intake (min)

Treatment 30 60 120 30 60 90 120
Buprenorphine (mg/kg, IP)
Veh 29+ 5 4+ 6 59+t .9 10 1*0 x4 d1+x4
Bup .03 25+ 6 29* 6 86 *+.9 — — — —
Bup .3 135 3.8 1.1 6.6 = 1.7 — — — 10
Bup 3 1+.3 3*+6 75+1.1 — — — —
Bup 6 5+ .29 1.1 + 49 21 +.79 — — — 10
Naltrexone (mg/kg, IP)
Veh 1.1x5 16=*.5 43 + 1.1 4+ 3 5+3 5+.3 8+.3
Nltx .25 14+ .8 19+.8 3.1+ 09 1*x0 — 7*x3 13+ 4
Nltx 1 7=x5 8*x5 339 4+ 4 54 5+ 4 6+ .4
Nltx 2.5 1.5%1 3.1 1.2 45*1.2 2+.2 4+ 4 7.6 8*+.7
UFP-101 (pg/rat, ICV)
Veh 27*+09 381 82+ 9 9*+09 9*9 14+14 14+14
UFP-1015 5+1.2 55=*.7 73*+1.1 23*+15 23+14 24+ 14 32*+19
UFP-101 10 22+ .8 3x.7 56 1.5 1.1+.8 1.3+.8 24 1.7 24 *+1.7
UFP-101 20 43 +1.2 59 68 = 1.5 — 4+ 4 4+ 4 1.5+15
Naltrexone (mg/kg, IP) + Buprenorphine .03 (mg/kg, IP)
Veh + Veh 14+ .8 2813 1.7+ .8 — — — —
Veh + Bup .03 24 *+1 5%£1.1 27 *+1 — — — 0x.2
Nltx .25 + Bup .03 27+ 1.1 48 +1.3 28+ 1.1 — — — 1+0
Nltx .25 + Veh 21*+17 23 .7 2+.7 — — 1.0 3+
Naltrexone (mg/kg, IP) + Buprenorphine 3 (mg/kg, IP)
Veh + Veh 3513 38+13 47 = 1.1 2+t.2 4+ 4 6+ 4 6+ .4
Veh + Bup 3 2*.2 7*.6 1.9+ 1.1 10 2=*.1 4+ 2 S5+3
Nitx .25 + Bup 3 7=*5 1.2+.9 28 1.7 2+ 3*.1 7 x.2 8.2
Nltx .25 + Veh 24+ 1.1 26+ 1.1 45+ 14 — — 1x0 d1*+0
UFP-101 (pg/rat, ICV) + Buprenorphine 3 (mg/kg, IP)
Veh + Veh 23+ 09 338 550* 1.5 1*x0 1*+0 1x0 1T+
Veh + Bup 3 8+ .4 1.5+.9 286+ 1.5 2+0 3+3 3+3 4+ 4
UFP 10 + Bup 3 34=+.7 53*1.2 734+ 1.6 8*+.7 9+ .8 1.9 1.1 1
UFP 20 + Bup 3 26+ .5 42 *+1.1 6.84 16 1x0 2*.2 2*.2 33

IP, intraperitoneal; Veh, vehicle; Bup, buprenorphine; Nltx, naltrexone; UFP, UFP-101; ICV, intracerebroventricular. Treatments were conducted as
described above for the respective experiments. Each value represents the mean (£ SEM) of intake corrected for body weight (g/kg).
9p < .01, difference from vehicle.

www.sobp.org/journal



8 BIOL PSYCHIATRY 2007;61:4—12

3.0, OVeh
Mtx 0.25
MW rtx1.0
[ ntx 2.5
g
o 204
Q
g
s
=
o 1.04
=
(1
=
w
0o b . -
30 60 a0 120
Titne (min)

Figure 2. Effect of intraperitoneal injection of naltrexone (Ntx) (0, .25, 1.0, and
2.5 mg/kg) on ethanol intake in Marchigian Sardinian alcohol-preferring rats.
Drug injections were given 95 min before ethanol access, and alcohol con-
sumption was monitored at 30, 60, 90, and 120 min. Values represent the mean
(= SEM) of 10 subjects. Difference from control subjects: *p < .05. Veh, vehicle.

Experiment 2: Effect of Acute IP Injections of Naltrexone on
Voluntary Alcohol Intake

The overall ANOVA demonstrated a significant effect of
naltrexone [F(3,9) = 4.257, p < .05]. As shown in Figure 2,
post-hoc comparisons revealed a significant inhibition of ethanol
intake after administration of 1.0 or 2.5 mg/kg of naltrexone,
whereas injection of .25 mg/kg of the drug did not significantly
modify alcohol consumption. Neither food intake nor water
intake were modified by naltrexone (Table 1).

Experiment 3: Effect of Acute ICV Injections of UFP-101 on
Voluntary Alcohol Intake

The overall ANOVA showed that treatment with UFP-101 (5.0,
10.0, or 20.0 pg/rat) given twice at 95 and 15 min before access
to ethanol (Figure 3) did not modify ethanol drinking in msP rats
[F(3,6) = 2.264, p = ns]. Neither food intake nor water intake
were modified by UFP-101 treatment (Table 1). This is in line
with previous studies in which other selective NOP antagonists
were used (Ciccocioppo et al 2002).

30, OVeh
B UFP-101 5.0
B UFP-101 100
= 1 MUFP-101 200
=
2204
[=h)
&
=
=
r=1
c 1.0 .
1+
=] §F'
i N
N
N
o0l L& N
30 60 90 120
Time (min)

Figure 3. Effect of UFP-101 (0, 5.0, 10.0, and 20.0 j.g/rat) on ethanol intake in
Marchigian Sardinian alcohol-preferring rats. The drug was given intracere-
broventricular twice at 95 and 15 min before ethanol access, and alcohol
consumption was monitored at 30,60, 90, and 120 min. Values represent the
mean (= SEM) of seven subjects. Difference from control subjects was not
statistically significant. Veh, vehicle.
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Figure 4. Effect of intraperitoneal (IP) injection of naltrexone (Ntx), at a dose
ineffective perse (.25 mg/kg), on buprenorphine-induced increased ethanol
intake (.03 mg/kg) in Marchigian Sardinian alcohol-preferring rats. Bu-
prenorphine (Bup) was injected IP 5 min after Ntx administration, and etha-
nol was given to the animals 90 min after Bup. Alcohol consumption was
monitored at 30, 60, 90, and 120 min. Values represent the mean (* SEM) of
10 subjects. Difference from control subjects: *p < .05. Veh, vehicle.

Experiment 4: Effect of IP Injections of Naltrexone on
Buprenorphine-Induced Increased Ethanol Intake

The overall ANOVA revealed a highly significant treatment
effect [F(3,9) = 9.50, p < .01]. Confirming the results of Experi-
ment 1, the dose of .03 mg/kg buprenorphine significantly
increased ethanol drinking (p < .01). This effect was abolished
by pretreatment with .25 mg/kg of naltrexone. Consistent with
the data obtained in Experiment 2, administration of .25 mg/kg of
naltrexone alone did not significantly affect ethanol drinking
(Figure 4). Water and food intake were not influenced by drug
treatments (Table D).

Experiment 5: Effect of IP Injections of Naltrexone on
Buprenorphine-Induced Decreased Ethanol Intake

The overall ANOVA showed a significant effect of treatment
[F(3,7) =5.90, p < .01]. As shown in Figure 5 and consistent with
the result of Experiment 1, administration of 3.0 mg/kg of
buprenorphine significantly reduced ethanol drinking (p < .05).
Pretreatment with naltrexone (0.25 mg/kg, IP) did not block
high-dose buprenorphine-induced decrease of ethanol intake,
which remained significantly lower compared with control sub-
jects (p < .01). Administration of naltrexone alone reduced
ethanol drinking slightly but not significantly. Water and food
intake were not modified by drug treatments (Table 1).

Experiment 6: Effect of ICV Injections of UFP-101 on
Buprenorphine-Induced Decreased Ethanol Intake

The overall ANOVA showed a significant effect of treatment
[F(3,9) = 9.16, p < .001]. As in previous experiments, adminis-
tration of buprenorphine at the dose of 3.0 mg/kg significantly
reduced alcohol intake (p < .05). Pretreatment with UFP-101 at
the dose of 10.0 wg/rat (given twice) completely blocked this
effect of buprenorphine. Administration of 20.0 pg/rat of the
N/OFQ antagonist (given twice) not only blocked buprenor-
phine-induced reduction of ethanol drinking but resulted in a
significant increase of drinking, compared with control subjects
(p < .05). As shown in Figure 6, significant differences from
control subjects were observed throughout the observation
period. Water and food intake were never modified by drug
treatments (Table 1).
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Figure 5. Effect of intraperitoneal (IP) injection of naltrexone (Ntx), at a dose
ineffective per se (.25 mg/kg), on buprenorphine-induced decreased etha-
nol intake (3.0 mg/kg) in Marchigian Sardinian alcohol-preferring rats. Five
minutes after Ntx administration animals received an IP injection of bu-
prenorphine (Bup), and ethanol was given to the animals 90 min after Bup.
Alcohol consumption was monitored at 30, 60, 90, and 120 min. Values
represent the mean (* SEM) of eight subjects. Difference from control
subjects: *p < .05. Veh, vehicle.

Experiment 7: Effect of Buprenorphine and UFP-101 on
Open-Field Behavior

The general locomotor activity of the animals was not influ-
enced by drug treatments. The overall ANOVA showed nonsig-
nificant differences on time spent resting [F(3,20) = .11, p = ns]
and distance traveled [F(3,120) = .14, p = ns] (Table 2).
Comparisons between pretreatment and treatment provided
further within-subject evidence of the absence of locomotor
effects due to drug injections.

Discussion

We report a dualistic action of buprenorphine on ethanol
consumption. At low doses (.03 and .3 mg/kg), this drug
increased ethanol consumption, whereas at the dose of 3.0
mg/kg, it markedly and selectively decreased it. Food and water
consumption as well as motor behavior as assessed in the open
field were not influenced in these animals after treatment with
3.0 mg/kg of buprenorphine. If the drug is given at higher doses
(6.0 mg/kg), it further reduces ethanol consumption but food
intake is also decreased concomitantly, indicating that nonspe-
cific inhibition of ingestive behavior might occur at this highest
dose.

The increase of ethanol drinking observed after administra-
tion of low doses of buprenorphine can be explained on the
basis of the ability of this drug to activate the p-opioid receptor
subtype. In fact, previously published studies have demonstrated
that treatment with low doses of morphine or the selective
p—agonist DAMGO increases ethanol consumption in rats (Hub-
bell et al 1986, 1993, Zhang and Kelley 2002). Consistent with this
notion, in the present study we have shown that pretreatment
with naltrexone, at a dose that does not modify ethanol drinking
per se, completely abolishes the increase of alcohol consumption
evoked by low doses of buprenorphine. Surprisingly, however,
naltrexone was unable to block the reduction of ethanol con-
sumption induced by higher doses of buprenorphine. This
demonstrates that the inhibition of ethanol drinking observed
after administration of higher doses of buprenorphine is not
mediated by classical opioidergic mechanisms.
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Searching for a mechanism that might mediate the high-dose
suppressive effects of buprenorphine on alcohol intake, we
tested the hypothesis that these could be mediated by its ability
to activate the NOP receptors (Bloms-Funke et al 2000; Wnendt
et al 1999). Therefore, we tested the effect of the highly selective
NOP receptor antagonist UFP-101 on high-dose buprenorphine-
induced reduction of ethanol drinking. The results of this exper-
iment seem to confirm our hypothesis. Central administration of
the NOP antagonist at doses that did not influence ethanol
drinking per se fully blocked the inhibitory effect of buprenor-
phine. In addition, at the highest dose of UFP-101, the NOP
antagonist inverted the high-dose action of buprenorphine (i.e.,
whereas animals receiving 3.0 mg buprenorphine alone drank
less than vehicle-treated control subjects, animals receiving the
same dose of buprenorphine after UFP-101 pretreatment para-
doxically drank more than control subjects receiving neither of
the drugs). This seemingly paradoxical effect likely reflects that a
complete blockade by UFP-101 of NOP receptors unmasks
opposite buprenorphine effects mediated through activation of
p-opioid receptors. Under these circumstances, the activation of
p-opioid receptors and the subsequent increase of ethanol
consumption are not longer counterbalanced by the concomitant
stimulation of the NOP receptors.

In a number of other studies, biphasic or even triphasic
dose-related effects have been described for buprenorphine
(Dum and Herz 1981; Pick et al 1997; Rance et al 1979; Tyers
1980). In a detailed investigation by Huang et al (2001), it was
shown that buprenorphine binds at nanomolar concentration to
p-, 8-, and k-receptors and at micromolar concentration to the
NOP receptors. At functional level it acts as a partial agonist at p-,
k-, or NOP receptors and as an antagonist at d-receptors. In
contrast, its major metabolite, norbuprenorphine, is a full agonist
at 8- and NOP receptors, and partial agonist at p- and k-recep-
tors. This complex pharmacology might account for the fact that
at low doses (1.0 mg/kg, IP) buprenorphine is an effective
analgesic but at higher doses its antinociceptive effects are
diminished (Dum and Herz 1981; Lizasoain et al 1991; Lutfy et al
2003). In general, researchers attributed both the safety and the
biphasic actions of buprenorphine to its partial agonist activity at
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Figure 6. Effect of intracerebroventricular (ICV) injection of UFP-101, at
doses ineffective per se (10.0, 20.0 p.g/rat), on buprenorphine-induced de-
creased ethanol intake (3.0 mg/kg) in Marchigian Sardinian alcohol-prefer-
ring rats. The UFP-101 was ICV injected 95 and 15 min before access to
ethanol. Buprenorphine (Bup) was given 90 min before access to ethanol.
Alcohol consumption was monitored at 30, 60, 90, and 120 min. Values
represent the mean (= SEM) of 10 subjects. Difference from control subjects:
*p < .05. Veh, vehicle.

www.sobp.org/journal



10 BIOL PSYCHIATRY 2007;61:4-12

R. Ciccocioppo et al

Table 2. Locomotor Activity in Naive Marchigian Sardinian Alcohol-Preferring Rats Treated With Buprenorphine, UFP-101, or Their Combination

Time Resting (min)

Distance Traveled (cm)

Treatment Pretreatment Treatment Pretreatment Treatment
Veh + Veh 23614 23*+14 3717.6 + 12325 3859.6 = 972
UFP + Veh 229 *+1.2 237 *+13 3618.6 * 615.5 30503 = 715
Veh + Bup 236+ 1 242+ 7 3575 = 709.1 2997.6 + 393.2
UFP + Bup 246 =15 219+ .2 3415 *= 1008.3 3961 = 706.3

UFP-101 (20.0 pg/rat, intracerebroventricular was injected twice, 95 and 15 min before placing the animal into the open-field chambers. Buprenorphine
(3.0mg/kg, intraperitoneal) was given 90 min before placing the animal into the open-field chambers. Each value represents the mean (= SEM) of six subjects.

Veh, vehicle; UFP, UFP-101; Bup, Buprenorphine.

p-opioid receptors and to its agonistic/antagonistic properties at
k-opioid receptors (Kamei et al 1995; Lattanzi et al 2001).

Our present data, however, prompt a reanalysis of buprenor-
phine’s pharmacological profile and an examination of whether
activation of NOP receptors plays a major role in shaping it (Lutfy
et al 2003; Wnendt et al 1999). That this might be the case is
suggested by the fact that co-administration of UFP-101 (see
present results) and J-113397 (Lutfy et al 2003), two selective
NOP receptor antagonists (Kawamoto et al 1999; McDonald et al
2003), completely eliminates the biphasic effect of buprenor-
phine on ethanol intake (present data) and on analgesia (Lutfy et
al 2003), respectively.

It is known that activation of brain NOP receptors by the
endogenous ligand N/OFQ results in an anti-opioid action
(Ciccocioppo et al 2000a, 2000b). For example, N/OFQ injected
intracranially blocks the analgesic effects of morphine (King et al
1998; Mogil and Pasternak 2001; Mogil et al 1996), prevents the
development of morphine-induced conditioned place prefer-
ence (Ciccocioppo et al 2000b; Murphy et al 1999), and inhibits
morphine-induced dopamine release in the nucleus accumbens
(Di Giannuario and Pieretti 2000). In addition, it has been
demonstrated that activation of NOP receptors by N/OFQ results
in a marked inhibition of ethanol self-administration and ethanol-
seeking in rodents (Ciccocioppo et al 1999, 2004). On the basis
of these data it is conceivable to hypothesize (see also Wnendt et
al 1999) that the low abuse liability, the relatively safe profile of
buprenorphine, and its efficacy in reducing alcohol drinking
might be due to the activation of NOP receptors induced by this
drug.

The results of the present study suggest a potential new
application of buprenorphine in pharmacological treatment of
alcohol dependence. We propose that a combination of bu-
prenorphine with naltrexone could be particularly beneficial in
this regard. First, on the basis of the documented efficacy of
naltrexone for this indication (Bouza et al 2004), simultaneous
blockade of the p-opioid and activation of the NOP receptors
should result in a synergistic inhibition of alcohol drinking.
Second, co-administration of naltrexone and buprenorphine
would eliminate concerns of giving an opioid agonist to subjects
without opioid dependence. In particular, co-administration of
buprenorphine with a novel depot naltrexone preparation (Kran-
zler et al 2004) seems attractive in this regard, because it would
ensure compliance with naltrexone treatment before administra-
tion of buprenorphine.

A second potential application is prompted by the observa-
tion that concomitant use of different drugs of abuse is on the rise
and increases the likelihood of overdose and suicide (Risser and
Schneider 1994; Roy et al 1990; Ruttenber and Luke 1984) and
participation in HIV risk behaviors (Petry 1999) and reduces the
treatment outcomes (Rounsaville et al 1987; Schuckit 1985).
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Alcohol is the drug most frequently co-abused with illicit sub-
stances (Helzer and Pryzbeck 1988; Hesselbrock et al 1985). In
the United States, approximately 50% of heroin addicts applying
to methadone programs are also regular users of alcohol (Ball
and Ross 1991). Alcohol consumption further increases under
methadone-maintenance therapy, and this represents a serious
limitation in the long term clinical use of this compound (Back-
mund et al 2003; Hunt et al 1986; Stastny and Potter 1991). The
agonistic activity of methadone at p-opioid receptors could be at
the origin of this effect. In this respect, buprenorphine might
offer important advantages over methadone, because owing to
its ability to simultaneously activate the NOP receptors, it should
reduce rather than increase alcohol consumption. Clinical studies
are urgently needed to evaluate the efficacy of buprenorphine to
control ethanol abuse in alcoholic patients, possibly in associa-
tion with naltrexone, and to systematically evaluate its efficacy in
the treatment of concomitant opiate and alcohol dependence.

Finally, the present observations raise an intriguing possibility
in relation to the therapeutic efficacy of buprenorphine in heroin
dependence. As reviewed by Mattick et al (2004), clinical studies
of buprenorphine that have used high doses of buprenorphine
have consistently shown superior outcomes to those where low
doses have been used. Clinical experience indicates further
improvements beyond the doses studied systematically. Yet a
recent study with positron emission tomography and carfentanyl
displacement indicates that there is virtually no increase in
p-opioid occupancy by buprenorphine between the maximal
clinically used dose, 32 mg daily, and one-half of that dose. This
prompts the question of whether some of the additional efficacy
of high buprenorphine doses might also be mediated through an
activation of NOP receptors. If this proves to be the case, it would
demonstrate a novel treatment principle for this disorder that
lacks addictive properties (Lewis and Walter 1992).
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