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Abstract
Rationale—The characterization of the discriminative stimulus properties of naloxone has focused
primarily on its actions at the mu opioid receptor, although naloxone also displays an affinity for
delta and kappa receptor subtypes.

Objectives—The present study extends this characterization of the naloxone cue by investigating
if relatively specific antagonists for the mu (naltrexone: 0.10–0.56 mg/kg), delta (naltrindole: 1–18
mg/kg), and kappa (MR2266: 1.8–10 mg/kg) opioid receptor subtypes will substitute for naloxone
in animals trained to discriminate naloxone from its vehicle. The temporal nature of the naloxone
cue was examined by varying pretreatment time points (15, 30, 45, 60 min). Finally, various doses
of naltrexone methobromide (1–18 mg/kg) were assessed to determine peripheral mediation of the
cue.

Materials and methods—Female Long–Evans rats (N=30) received an injection of naloxone (1
mg/kg; i.p.) 15 min prior to a pairing of saccharin (20-min access) and the emetic LiCl (1.8 mEq;
i.p.; n=16, group NL) or vehicle (n=14, group NW); on other days, they were injected with saline
prior to saccharin alone. Substitution tests with compounds with various receptor affinities and
selective CNS and PNS actions were then assessed.

Results—Only naloxone and naltrexone produced dose-dependent decreases in saccharin
consumption. Naloxone administered at 15 and 30 min before saccharin produced decreases in
consumption similar to that displayed on training days. Naltrexone methobromide substituted only
at the highest dose tested (18 mg/kg).

Conclusions—Naloxone’s stimulus effects appear to be mediated centrally via activity at the mu
opioid receptor.
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Investigating the discriminative stimulus properties of the opioid antagonist naloxone has
proven difficult. Morphine-naïve animals find naloxone virtually indiscriminable from saline,
and when naloxone does serve as a discriminative cue, high doses and extensive training are
needed (Carter and Leander 1982; Lal et al. 1978; Overton and Batta 1979; Weissman 1978).
For example, Carter and Leander (1982) demonstrated that pigeons required a lengthy training
period (79 sessions, on average) to discriminate a high (30 mg/kg) dose of naloxone from
saline. It was hypothesized that failure to obtain this discrimination at lower doses stemmed
from the inability of this antagonist to affect operant behavior at low doses, even though low
doses of naloxone will successfully antagonize opioid agonist-induced behaviors (Bechara et
al. 1987; Chen and Pan 2006; Grabus et al. 1999; Negus 2006; White et al. 2005) and will
affect other behaviors thought to be mediated by endogenous opioid activity (Levine et al.
2003; Kirkham and Cooper 1988; Michaels and Holtzman 2007; Mucha and Herz 1985; Mucha
et al. 1985; Parker and Rennie 1992; Skoubis et al. 2001).

Interestingly, Kautz et al. (1989) reported that opiate-naïve rats readily acquired the
discrimination of a low 1 mg/kg dose of naloxone from saline when trained within the
conditioned taste aversion (CTA) baseline of drug discrimination learning (see Mastropaolo
et al. 1989; for a review, see Riley 1997). In this baseline, animals were given naloxone prior
to a pairing of saccharin with LiCl. On other days, they are given saline (e.g., the naloxone
vehicle) prior to saccharin alone. Under these conditions, animals rapidly came to avoid
consumption of saccharin when it was preceded by the injection of naloxone and to consume
the same saccharin solution when it was preceded by the naloxone vehicle. Control subjects
receiving the same naloxone injections, but not receiving the saccharin-LiCl pairings,
consumed saccharin following injection of both naloxone and its vehicle. Following acquisition
of discriminative control with naloxone, subjects displayed dose-dependent generalization to
naloxone. Moreover, tests with varying doses of naltrexone produced naloxone-appropriate
responding, suggesting that naloxone’s discriminative stimulus effects were mediated at the
mu opioid receptor. Smurthwaite et al. (1992) further investigated naloxone’s (1 mg/kg)
discriminative effects in this design with other opioid antagonists, including naltrexone,
diprenorphine, and nalorphine, all with some degree of affinity for the mu opioid receptor, and
reported full or partial substitution for the naloxone cue. Both of these studies demonstrated
the sensitivity of the CTA baseline of drug discrimination and suggested that naloxone’s
discriminative stimulus effects are mediated via the mu opioid receptor.

It should be noted, however, that naloxone is considered a general opioid antagonist with
affinity for all three (mu > kappa > delta) opiate receptor subtypes (Leslie 1987) and studies
fully characterizing naloxone’s discriminative stimulus effects relative to the other opiate
receptor subtypes are lacking. It is possible that activity at the delta and/or the kappa receptor
subtype mediates some component of naloxone’s discriminative effects. In this context, it is
interesting to note that naloxone not only antagonizes the discriminative effects of mu receptor
agonists such as morphine, fentanyl, and buprenorphine (Colpaert and Janssen 1984; Shannon
et al. 1984; Stevenson et al. 1991) but also blocks the discriminative effects of spiradoline, a
kappa receptor agonist (Holtzman and Steinfels 1994). Thus, given its binding affinity to all
receptor subtypes of the opiate receptor, in the absence of assessing generalization to
compounds acting at sites other than mu, it is difficult to conclude the nature of naloxone’s
discriminative effects.

Accordingly, the present study attempted to further characterize the naloxone cue by
investigating the relative contribution of each opioid receptor subtype using the subtype-
specific antagonists, naltrexone, naltrindole, and MR2266 in producing naloxone’s stimulus
effects in female Long–Evans rats. Female rats were employed here to allow comparisons
between the present work and earlier studies assessing naloxone discriminative control that
also used females (see Kautz et al. 1989; Smurthwaite et al. 1992). Specifically, in the present
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study, rats were trained to discriminate 1 mg/kg naloxone from vehicle using the CTA baseline
of drug discrimination learning. Once criterion for the discrimination was achieved, various
doses of naloxone, naltrexone, naltrindole, and MR2266 were administered to assess the ability
of these compounds to generalize to the naloxone cue. Moreover, a time-course analysis was
performed by varying the pretreatment time of the training dose to determine the temporal
component of naloxone’s stimulus effects. In addition to differential receptor activity possibly
mediating naloxone’s effects, opioid receptors residing in the central or peripheral nervous
systems could alone, or in combination, produce naloxone’s stimulus effects. In relation to this
idea, many behavioral effects of opioid peptides, as well as naloxone, are mediated in the central
nervous system. Quaternary derivatives (compounds unable to cross the blood–brain barrier)
of these peptides used to examine opioid activity often fail to affect behavior or block opioid-
induced effects (Bechara et al. 1987; Brown and Holtzman 1981; Koob et al. 1994; Locke and
Holtzman 1985; for a review, see Brown and Goldberg 1985). To test if the discriminative
effects of naloxone are mediated via central opioid receptors, animals trained to discriminate
naloxone from its vehicle were administered naltrexone methobromide (a quaternary
compound with limited ability to access the CNS) in subsequent generalization tests.

Materials and method
Subjects and apparatus

A total of 30 experimentally naïve, Long–Evans female rats approximately 200–290 g at the
beginning of the experiment served as subjects. They were housed in individual wire-mesh
cages and maintained on a 12:12 L/D cycle and at an ambient temperature of 23°C for the
duration of the experiment. Rat chow (Prolab Rat, Mouse, Hamster 3000) was available ad
libitum. All procedures were in compliance with US National Institutes of Health and National
Research Council guidelines (1996,2003) and approved by the Animal Care and Use
Committee at American University.

Drugs
Naloxone hydrochloride (generously supplied by DuPont Pharmaceuticals), naltrexone
hydrochloride, naltrindole, MR2266, and naltrexone methobromide (generously supplied by
the National Institute on Drug Abuse and the National Institute of Diabetes and Digestive and
Kidney Diseases) were dissolved in distilled water and injected intraperitoneally (i.p.). The
compounds were prepared at the following concentrations: naloxone (1 mg/ml), naltrexone (1
mg/ml), naltrindole (2 mg/ml), MR2266 (1 mg/ml), and naltrexone methobromide (1 mg/ml).
Lithium chloride (Sigma Pharmaceuticals) was prepared as a 6.4 mg/ml solution in distilled
water. Sodium saccharin (Sigma Pharmaceuticals) was prepared as a 1 g/l solution in standard
tap water.

Procedure
Phase I: Acquisition—At the outset of training, 23.5-h water-deprived subjects were given
20-min access to water once a day until consumption stabilized (days 1–14). On days 15–17
(Saccharin Habituation), a novel saccharin solution replaced water during the daily 20-min
fluid-access period and was preceded on the last day of Saccharin Habituation by an i.p.
injection of distilled water (1 ml/kg). On day 18, conditioning began. On this day, all subjects
were injected with 1 mg/kg of naloxone 15 min prior to 20-min access to saccharin.
Immediately following saccharin access, subjects were ranked according to saccharin
consumption and assigned to one of two groups such that consumption was comparable
between groups. Specifically, subjects in group NL (naloxone/LiCl, n=16) were injected with
1.8 mEq, 0.15 M LiCl (76.8 mg/kg), while subjects in group NW (naloxone/water, n=14) were
given an equivolume injection of distilled water (i.e., the LiCl vehicle) immediately following
saccharin access. On the following three recovery days, subjects in both groups were injected
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with distilled water 15 min prior to 20-min access to the same saccharin solution. No injections
followed saccharin on these recovery days. This alternating procedure of conditioning and
recovery was repeated until discriminative control had been established for all experimental
subjects (i.e., each subject in group NL had consumed at least 50% less than the mean of group
NW on two consecutive conditioning trials).

Phase II: Generalization—The procedure during this phase was identical to that of phase
I with the following exception. On the second day following conditioning (the second recovery
day within phase I, but a probe day in this phase), subjects were administered one of a range
of doses of naloxone (0.1–1 mg/kg), naltrexone (0.1–0.56 mg/kg), naltrindole (1–18 mg/kg),
MR2266 (1.8–10 mg/kg), and naltrexone methobromide (1–18 mg/kg) 15 min prior to
saccharin access. No injections followed saccharin access on these probe days.

Phase III: Naloxone time course—The procedure during this phase was identical to phase
II with the following exception. On the second day following conditioning (the second recovery
day within phase I, but a probe day in this phase), subjects were administered the training dose
of naloxone (1 mg/kg) 15, 30, 45, and 60 min prior to 20-min saccharin access. No injections
followed saccharin on these days.

Data analysis
All consumption data for groups NL and NW were analyzed separately by drug or time course
using two-factor (Group×Trial or Group×Dose) ANOVAs, with the repeated factor being Trial
or Dose. Tukey-corrected post hocs or paired samples and independent-samples t tests were
used to examine specific within- and between-subject differences.

Results
Naloxone characterization

Acquisition of naloxone discrimination—The two-factor ANOVA revealed significant
effects of Group [F(1, 29)= 86.581, p<0.05] and Trial [F(9, 261)=17.042, p<0.05] and a
significant Group×Trial interaction [F(9, 261)=6.342, p< 0.05]. No differences were found in
the amount of saccharin consumed on the first conditioning day between groups NL and NW.
However, on the second conditioning day, group NL consumed significantly less saccharin
than group NW. This difference in consumption continued throughout acquisition. On the
eighth conditioning trial, group NL consumed, on average, 50% less than group NW (4.6 and
9.9 ml, respectively), meeting the criterion of acquisition of the discrimination (see Fig. 1,
panel a). At this time, generalization and time-course tests began. Consumption on the
Recovery Days during acquisition did not differ between groups NL and NW (data not shown).

Naloxone dose substitution—The 2×7 repeated-measures ANOVA revealed a significant
effect of Group [F(1, 9)= 20.572, p<0.05] and Dose [F(6, 54)=10.855, p<0.05] and a significant
Group×Dose interaction [F(6, 54)=6.119, p< 0.05]. On the Conditioning Day, group NL drank
significantly less saccharin than group NW [t(10)=10.393, p< 0.05; denoted by *; see Fig. 1,
panel b] and drank significantly less than its consumption on the Recovery Day [t(6)=13.984,
p<0.05, denoted by +], showing that group NL was discriminating the naloxone cue from saline.
Animals in groups NL and NW drank equivalent amounts of saccharin on the Recovery Day.
This discrimination was maintained throughout all testing (significant differences are noted on
individual figures for each test; see below). Group NW’s consumption on the Conditioning
Day was similar to its consumption on the Recovery Day (p>0.05). At the two lowest doses of
naloxone (0.10 and 0.18 mg/kg), group NL’s consumption never differed from that of group
NW’s. However, at the remaining three doses (0.32, 0.56, and 1.0 mg/kg), group NL’s
consumption was significantly less than that of group NW’s [t(10)=2.841, p<0.05; t(10)=
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4.383, p<0.05; t(9)=4.453, p<0.05, respectively; denoted by **]. At no point during dose-
substitution tests did group NW’s consumption differ from its Conditioning Day consumption.
Group NL’s consumption at 0.32 mg/kg was significantly less than its own consumption on
the Recovery Day [t(6)=3.606, p<0.05; denoted by +] but significantly more than its
consumption on the Conditioning Day [t(6)=3.694, p<0.05; denoted by #], suggesting that this
dose was partially substituting for the 1.0 mg/kg training dose of naloxone. At the 0.56 and 1.0
mg/kg doses of naloxone, group NL’s consumption did not differ from its Conditioning Day
{but was significantly lower than Recovery Day consumption [t(6)=7.199, p<0.05; t(5)= 8.453,
p<0.05; respectively; denoted by +]}, suggesting that these two doses were substituting for the
training dose of naloxone (1 mg/kg). These differential patterns of consumption for groups NL
and NW are illustrated in Fig. 1, panel b.

Naloxone time course—A 2×6 repeated-measures ANOVA revealed a significant effect
of Group [F(1, 15)=32.329, p<0.05] and Dose [F(5, 75)=22.389, p<0.05] as well as a significant
Group×Dose interaction [F(5, 75)=11.696, p< 0.05]. Saccharin consumption between these
groups differed depending on the pretreatment time of naloxone administration. Group NL
drank significantly less saccharin at the 15 and 30 min pretreatment times compared to group
NW [t(15)=7.941, p<0.05; t(15)=4.357, p<0.05, respectively; denoted by **]. There were no
differences between these groups at 45 and 60 min. Consumption at the 15-min time point for
group NL was significantly less than this group’s consumption on the Conditioning Day [t(7)
=4.934, p<0.05, denoted by #] and on the Recovery Day [t(7)= 26.896, p<0.05; denoted by +].
Naloxone administered 30 min before saccharin access produced consumption similar to its
consumption on the Conditioning Day but significantly lower than its consumption on the
Recovery Day [t(7)=4.762, p<0.05, denoted by +]. At the 45-min pretreatment time, group
NL’s saccharin consumption was significantly more than its Conditioning Day consumption
[t(7)=4.376, p<0.05; denoted by #] but significantly less than its Recovery Day consumption
[t(7)=2.573, p<0.05, denoted by +]. Group NL’s consumption at the 60-min pretreatment time
was significantly greater than consumption on the Conditioning Day [t(7)=5.612, p<05] but
was not different from that on the Recovery Day. Group NW’s consumption at the 60-min
pretreatment time was similar to its Conditioning Day consumption but significantly less than
its Recovery Day consumption [t(8)=5.121, p<0.05]. These differential patterns of
consumption for groups NL and NW are illustrated in Fig. 1, panel c.

Mu receptor assessment
Naltrexone generalization—A 2×6 repeated-measures ANOVA revealed significant
effects of Group [F(1, 7)= 16.230, p<0.05] and Dose [F(5, 35)=14.993, p<0.05] as well as a
significant Group×Dose interaction [F(5, 35)= 5.804, p<0.05]. Differences between the groups
emerged during the generalization tests with varying doses of naltrexone (see Fig. 2, panel a).
Group NL drank significantly less saccharin than group NW at 0.32 and 0.56 mg/kg naltrexone
[t(9)=2.944, p<0.05; t(10)=3.745, p<0.05; respectively; denoted by **]. Group NL’s
consumption after 0.18 mg/kg naltrexone relative to group NW’s consumption at this dose
approached significance (p=0.052). Consumption by group NL after 0.18, 0.32, and 0.56 mg/
kg naltrexone did not differ from its consumption on the Conditioning Day but was significantly
less than that on the Recovery Day (all p’s<0.05; denoted by +), suggesting that all three of
these doses generalized to the training drug. Group NW’s consumption at each dose of
naltrexone was similar to its consumption on the Conditioning Day, showing no overall
impairment on consumption (relative to the Conditioning Day only).

Naltrexone methobromide generalization—A 2×5 repeated-measures ANOVA
revealed a significant effect of Group [F (1, 13)=19.657, p<0.05] and Dose [F(4, 13)=65. 964,
p< 05] as well as a significant Group×Dose interaction [F(4, 13)=20.460, p<0.05]. Saccharin
consumption did not differ between groups NL and NW when it was preceded by 1 or 10 mg/
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kg naltrexone methobromide (all p’s≥0.130). Interestingly, the highest dose of naltrexone
methobromide used, 18 mg/kg, produced a significant decrease in saccharin consumption in
group NL relative to group NW [t(15)= 7.502, p<0.05, denoted by **]. Moreover, consumption
following the 18 mg/kg dose of naltrexone methobromide in group NL was similar to that on
Conditioning Day but lower than that on the Recovery Day [t(6)=12.949, p< 0.05, denoted by
+], suggesting that the highest dose of naltrexone methobromide generalized to the naloxone
cue. Also, at the high dose, group NW’s consumption was significantly less than its Recovery
Day consumption [t(8)= 2.672, p<0.05] but significantly more than its Conditioning Day
consumption [t(8)=3.805, p<0.05]. These differential patterns of consumption for groups NL
and NW are illustrated in Fig. 2, panel b.

Delta and kappa receptor assessment
Naltrindole generalization—A 2×7 repeated-measures ANOVA revealed a significant
effect of Group [F(1, 9)= 7.281, p<0.05] and Dose [F(6, 54)=43.681, p<0.05] as well as a
significant Group×Dose interaction[F(6, 54)= 11.710, p<0.05]. At the varying doses of
naltrindole, only the 5.6 mg/kg dose produced a significant decrease in group NL’s
consumption relative to group NW’s consumption [t(10)=2.893, p<0.05; denoted by **].
However, consumption by group NL at this dose did not differ from its own Recovery Day
consumption and was significantly greater than its consumption on the Conditioning Day
(p<0.05; denoted by #), suggesting that animals in group NL were not generalizing the 5.6 mg/
kg dose of naltrindole to the training dose of naloxone. At the 18 mg/kg dose of naltrindole,
both groups NL and group NW decreased consumption relative to the amount consumed on
Recovery Day (all p’s<0.05), suggesting that naltrindole produced an unconditioned
suppression of consumption (see Fig. 3, panel a).

MR2266 generalization—A 2×6 repeated-measures ANOVA revealed a significant effect
of Dose [F(5, 65)=45.460, p< 0.05] and a significant Group×Dose interaction [F(5, 65)=
18.397, p<0.05]. No other differences emerged in saccharin consumption between groups NL
and NW, suggesting that MR2266 in the dose range used did not generalize to the training dose
of naloxone and had no overall impairments on saccharin consumption (see Fig. 3, panel b).

Discussion
The present study demonstrated that naloxone can serve as a discriminative stimulus in the
CTA baseline of drug discrimination learning and that the stimulus effects of naloxone are
mediated via mu opioid receptors located within the central nervous system. As described,
animals quickly acquired the naloxone discrimination, consuming 50% or less saccharin
relative to control animals within eight conditioning trials. During dose-substitution tests with
naloxone, subjects discriminating naloxone from saline displayed dose-dependent decreases
in saccharin consumption as the dose of naloxone increased, suggesting naloxone-appropriate
responding. Partial generalization to the naloxone stimulus occurred at a dose of 0.32 mg/kg,
with full generalization to the training dose occurring at both 0.56 and 1.0 mg/kg naloxone.
These results are consistent with those of Kautz et al. (1989) who demonstrated that these three
doses of naloxone generalize to the 1 mg/kg naloxone cue in the CTA baseline of DDL.
Naloxone administration at 15 and 30 min prior to saccharin occasioned drug-appropriate
responding. Consumption at both of these time points (15 and 30 min) was significantly less
than that of group NW, indicating that the suppression of consumption was not due to an
unconditioned effect of naloxone but instead was a function of naloxone’s stimulus control.
This control was no longer evident at the 45- and 60-min periods. These results parallel those
of Carter and Leander (1982) who reported that the stimulus effects of naloxone (30 mg/kg
given with a 15-min pretreatment time) had a rapid onset (within 5 min) and were of short
duration, occasioning 75% naloxone-appropriate responding at 30 min but only 50% naloxone-
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appropriate responding at 60 min (the 45-min time point was not tested). Naloxone can clearly
serve as a discriminative stimulus in opioid-naïve animals in the CTA baseline of drug
discrimination learning, and its stimulus effects are dose dependent and of relatively short
duration (Kautz et al. 1989; Smurthwaite et al. 1992).

Consistent with prior work assessing the generalization of compounds with relative selectivity
at the mu receptor (see Smurthwaite et al. 1992), naltrexone occasioned naloxone-appropriate
responding. This generalization was evident at 0.32 and 0.56 mg/kg (0.18 mg/kg partially
generalized). Interestingly, naltrexone methobromide, a peripherally acting antagonist, only
generalized to the naloxone cue at a dose (18 mg/kg) roughly 50 times greater than that required
for generalization by naltrexone. The fact that doses of naltrexone methobromide comparable
to those of naltrexone failed to generalize to naloxone suggests that the naloxone cue is centrally
mediated, especially given that naltrexone methobromide has been shown to be as effective as
naloxone and naltrexone in other preparations when administered i.c.v. (Katovich et al.
1986; Locke and Holtzman 1985). That this relatively high dose of 18 mg/kg naltrexone
methobromide engendered naloxone-appropriate responding is consistent with the position that
quaternary derivatives might slowly diffuse across the blood–brain barrier, and when given in
high doses, this diffusion may be enough to cause central nervous system receptor binding
(Brown and Goldberg 1985). For example, a high dose of naloxone methobromide
administered systemically is able to lower rectal temperatures (hypothesized to be a centrally
mediated thermoregulatory response) but to a lesser degree than systemic naloxone, suggesting
that some of this compound might diffuse into the brain (Katovich et al. 1986). Although the
mu antagonist naltrexone generalized to naloxone, the delta receptor-selective antagonist
naltrindole did not. In fact, naltrindole engendered saline-appropriate responding at all doses
tested. Only one dose, 5.6 mg/kg, produced a significant decrease in saccharin consumption
in group NL relative to group NW; however, consumption at this point was not different from
group NL’s Recovery Day consumption, suggesting that this difference was not due to any
generalization to the naloxone cue. Similarly, the relatively selective kappa antagonist MR2266
failed to generalize to naloxone at any dose tested. These failures to generalize were not a
function of the specific doses of naltrindole and MR2286 being behaviorally inactive. As noted,
the highest dose of naltrindole suppressed consumption relative to that on recovery days (in
both groups NL and NW); there was simply no additional suppression produced by
discriminative control of consumption. Further, although MR2266 did not produce significant
decreases in consumption in groups NL and NW, these doses have been shown to affect
behavior in other preparations (Bechara and van der Kooy 1987; Fanselow et al. 1989;
Pournagash and Riley 1993; 1995). These selective generalization patterns indicate that
naloxone’s stimulus effects are centrally mediated at the mu receptor subtype with minimal (if
any) mediation via the delta and kappa receptors.

Although the present study has characterized naloxone’s stimulus effects as due to its
antagonism of central mu opioid receptors, the basis for its effects remains unknown. One
possibility is that naloxone produces its stimulus effects in opiate-naïve animals by an
interaction with the endogenous opioid system, specifically by its blocking of endogenous
opiate tone. It is instructive in this context to turn to other investigations of naloxone in drug
discrimination learning. As noted earlier, although there is little evidence outside the taste
aversion baseline of drug discrimination learning that naloxone is an effective cue in opiate-
naive animals (see Carter and Leander 1982; Lal et al. 1978; Overton and Batta 1979;
Weissman 1978), naloxone, as well as other opiate antagonists, readily serves a discriminative
function in opiate-dependent subjects. In these instances, it is likely that naloxone’s stimulus
effects are a function of precipitated withdrawal (Holtzman 1985; McMahon et al. 2004;
Medvedev et al. 1998; Sell et al. 2003; although see Miksic et al. 1981). Although the stimulus
effects of naloxone in opiate-naïve and opiate-dependent animals stem from its ability to block
endogenous and exogenous opioid activity at opioid receptors (Carter and Leander 1982;
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Holtzman 1985; McMahon et al. 2004), it is not known if the stimulus effects are the same in
animals with and without an opiate history (see Valentino et al. 1983). Naloxone-precipitated
withdrawal is assumed to be aversive (see McDonald et al. 1997; Parker et al. 2002), an effect
thought to mediate its stimulus effects in dependent animals. It is not clear if the stimulus effects
in opiate-naïve animals are due to any dysphoria produced by blocking endogenous tone.
Interestingly, naloxone can induce conditioned taste and place aversions in opiate-naive
subjects, suggesting that it does have aversive effects, even in such rats (Mucha and Herz
1985; Mucha et al. 1985; Mucha and Walker 1987; Parker and Rennie 1992; Stolerman et al.
1978; for a review, see Stolerman and D’Mello 1981). Whether the subjective effects produced
by naloxone across these different conditions reflect qualitative differences or variations in
affective states as a function of changes in opioid activity has yet to be determined.

Independent of the nature of the naloxone cue, it is clear that its subjective effects can be used
to control behavior. Further, the fact that these effects can be reliably demonstrated in the taste
aversion baseline of drug discrimination learning allows this subjective effect to be
characterized (receptor mediation, temporal duration). Demonstrating the specific nature of
this effect may require systematic comparisons of the effects of various manipulations in
opiate-naïve and opiate-experienced animals to determine any parallels in changes of these
discriminative effects with pharmacological challenges or manipulations known to impact
endogenous opiate activity.
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Fig. 1.
Naloxone characterization. a Mean saccharin consumption on b Conditioning Days for group
NL (closed circles) and group NW (open circled). * denote significant between-groups
difference. † denotes first conditioning day when group NL met criterion of a 50% decrease
in saccharin consumption relative to group NW. b Mean saccharin consumption for groups NL
and NW receiving varying doses of naloxone during dose-substitution tests. R Recovery Day
average consumption, C Conditioning Day average consumption. * denotes group NL’s
Conditioning Day consumption significantly less than group NW’s Conditioning Day
consumption. ** denotes significant decrease in group NL’s consumption compared to group
NW at the same dose. # denotes significantly more saccharin consumed compared to group
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NL’s Conditioning Day consumption. † denotes significantly less saccharin consumed than
group NL’s Conditioning Day consumption. + denotes significant decrease from group NL’s
Recovery Day consumption. ̂  denotes a significant decrease in group NW’s Conditioning Day
consumption relative to its Recovery Day consumption. c Mean saccharin consumption for
groups NL and NW receiving naloxone at different pretreatment time points. See b for
definition of symbols
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Fig. 2.
Mu receptor assessment. a Mean saccharin consumption for groups NL and NW receiving
varying doses of naltrexone. b Mean saccharin consumption for groups NL and NW receiving
varying doses of naltrexone methobromide. See Fig. 1b for definition of symbols
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Fig. 3.
Kappa and delta receptor assessment. a Mean saccharin consumption by groups NL and NW
after varying doses of naltrindole. b Mean saccharin consumption for groups NL and NW after
varying doses of MR2266. See Fig. 1b for definition of symbols
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