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Abstract

While the role of dextrorphan and dextromethorphan as N-methyl-D-aspartate (NMDA) receptor antagonists has received considerable research
attention, their effects on nicotinic acetylcholine receptors (nAChR) has been less well characterized. Recent in vitro and in vivo research has
suggested that these drugs noncompetitively block α3β4⁎, α4β2, and α7 nAChR subtypes and antagonize nicotine's antinociceptive and
reinforcing effects. Both drugs were most potent at blocking α3β4⁎ AChR. This study investigated the effects of dextrorphan and
dextromethorphan on nicotine's discriminative stimulus effects. Three groups of rats were trained in a two-lever drug discrimination procedure to
discriminate 0.4 mg/kg s.c. nicotine from saline. Nicotine dose-dependently substituted for itself in all three groups. In contrast, when dextrorphan
(group 1) or dextromethorphan (group 2) were injected i.p., neither substitution for nor antagonism of nicotine was observed for either drug. Since
i.p. administration allows substantial metabolism of dextromethorphan to its parent compound dextrorphan, the two drugs were also tested
following s.c. administration (group 3). Discrimination results were similar across both routes of administration, in that neither substitution nor
antagonism occurred, however, s.c. administration reduced response rates to a much greater extent than did i.p. administration. Previous work
suggests that β2 subunits are crucial for mediation of nicotine's discriminative stimulus effects and may play a role in its reinforcing effects, albeit
other research suggests a role for α3β4⁎ nicotinic receptors in the latter. Our results suggest that α3β4⁎ nicotinic receptors do not play a major
role in nicotine's discriminative stimulus effects. Further, they suggest that the role of cholinergic mediation of the behavioral effects of
dextrorphan and dextromethorphan related to the abuse properties of nicotine may be minimal.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Dextromethorphan and dextrorphan share a number of in
vivo pharmacological effects in rodents, including phencycli-
dine-like discriminative stimulus effects (Nicholson et al.,
1999), suppression of self-administration of abused substances
(Glick et al., 2001), antinociception (France et al., 1989),
neuroprotective properties (Steinberg et al., 1993), disruption of
prepulse inhibition of acoustic startle (Wiley et al., 2003), and
anticonvulsant effects (Tortella and Musacchio, 1986). The
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degree to which these similar effects are produced by a common
mechanism is uncertain, however, because the two drugs have
somewhat divergent profiles in receptor binding and functional
in vitro assays. For example, dextrorphan displays an affinity
for the phencyclidine binding site in the N-methyl-D-aspartate
(NMDA) receptor complex that is ten-fold greater than that of
dextromethorphan (Ebert et al., 1998; Franklin and Murray,
1992; Murray and Leid, 1984). In contrast, dextrorphan blocks
α3β4⁎ nicotinic receptors with only one-third the potency of
dextromethorphan (Hernandez et al., 2000). Both drugs also
bind with low affinity to sigma-2 (σ2) binding sites and with
high affinity to σ1 binding sites (Chou et al., 1999).

Several recent studies have concentrated on investigation of
dextromethorphan- and dextrorphan-induced antagonism of
nicotinic acetylcholine receptors and its associated effects on
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nicotine's in vivo pharmacology. Specifically, Damaj et al.
(2005) reported that both dextromethorphan and dextrorphan
blocked the antinociceptive effects of nicotine in acute thermal
pain assays via antagonism at nicotinic acetylcholine receptors,
with dextromethorphan exhibiting approximately 10-fold
greater potency than dextrorphan after i.p. administration.
Further, this study found that both drugs act as noncompetitive
antagonists at α3β4⁎, α4β2, and α7 nicotinic receptor subtypes
expressed in oocytes at micromolar concentrations (IC50 range
from 0.7 to 4.3 μM). Although potency for both drugs was
greater for α3β4⁎ nicotinic receptors than for the other two
nicotinic receptor subtypes, dextromethophan was almost twice
as potent as dextrorphan at this receptor subtype. In contrast,
potencies at the different nicotinic receptor subtypes were more
similar for dextrorphan. Other studies have examined the effects
of dextromethorphan and/or dextrorphan in nicotine self-
administration and drug discrimination procedures. In a nicotine
discrimination paradigm, dextromethorphan (30 mg/kg, s.c.)
did not substitute for nicotine nor did it antagonize nicotine's
discriminative stimulus properties (Zakharova et al., 2005). In
contrast, both drugs decreased self-administration of nicotine at
approximately equal potencies (Glick et al., 2001). Given the
aforementioned disparity in relative binding affinities at the
phencyclidine site of the NMDA receptor and at α3β4⁎
nicotinic receptors, it seems logical to suggest that if the impact
of dextromethorphan and dextrorphan on self-administration of
nicotine was mediated by antagonism at the NMDA receptor,
dextrorphan would reduce self-administration much more than
dextromethorphan (which did not occur). Although dextro-
methorphan and dextrorphan also differ in their affinities at
α3β4⁎ nicotinic receptors (as noted earlier), these disparities are
less profound than the differences observed at the NMDA
receptor. Hence, Glick et al. (2001) concluded that the similar
potency of dextromethorphan and dextrorphan to decrease self-
administration of several abused drugs was attributable to
antagonism of the α3β4⁎ nicotinic receptor. Unfortunately, a
similar comparison could not be made for nicotine discrimina-
tion, as Zakharova et al. (2005) performed a probe test with a
single dose of dextromethorphan only. In light of the gathering
evidence that dextromethorphan and dextrorphan exert a
physiologically significant influence on nicotinic acetylcholine
receptors, the present series of experiments were undertaken to
extend the work of Zakharova and colleagues by conducting a
more thorough evaluation of the effects of dextromethorphan
and dextrorphan on nicotine discrimination.

2. Methods

2.1. Subjects

Adult, male Long–Evans rats (350–460 g), obtained from
Harlan (Dublin, VA), were individually housed in a tempera-
ture-controlled (20–22 °C) environment with a 12-h light–dark
cycle (lights on at 7 a.m.). All experiments were conducted
during the animals' light-cycle. Rats were maintained at 85% of
their free-feeding bodyweight by restricting post-session
feeding while allowing ad libitum access to water in their
home cages. The studies reported in this manuscript were
carried out in accordance with guidelines published in “AGuide
for the Care and Use of Laboratory Animals” (National
Research Council, 1996) and were approved by the Institutional
Animal Care and Use Committee at Virginia Commonwealth
University. All of the rats used in this study had been used in
previous nicotine discrimination studies in which putative
nicotine agonists and antagonists were evaluated (Damaj et al.,
2005).

2.2. Apparatus

Rats were trained and tested in standard operant conditioning
chambers (Lafayette Instruments Co., Lafayette, IN) housed in
sound-attenuated cubicles. Each chamber had two retractable
levers. Pellet dispensers delivered 45-mg BIO SERV (French-
town, NJ) food pellets to a food cup on the front wall of the
chamber between the two response levers. Fan motors provided
ventilation and masking noise for each chamber. House lights
located above the food cup were illuminated during training and
testing sessions. A personal computer with MED-PC software
and associated interface (MED Associates, Georgia, Vermont)
was used to control schedule contingencies and to record data.

2.3. Procedure

As mentioned above, all of the rats in this study had
undergone prior training and testing in a nicotine discrimination
study (Damaj et al., 2005). The original training regimen
employed in these experiments began with moderate food-
restriction and two or three 15-min sessions that featured the
non-contingent delivery of a food reinforcer every 30s. During
these “magazine training” sessions, all levers were retracted.
Lever-pressing was shaped by successive schedules of
reinforcement that began with a fixed-ratio 1 (FR1) schedule
and progressed through a fixed-ratio 5 (FR5) schedule to the
final fixed-ratio 10 (FR10) schedule. During the shaping period,
reinforcement schedules were advanced when response rates
reached 0.1 responses/s.

Using these procedures, three groups of rats were trained to
press one lever following administration of 0.4 mg/kg nicotine
and to press another lever after injection with saline, each
according to a fixed-ratio 10 schedule of food reinforcement.
Completion of 10 consecutive responses on the injection-
appropriate lever resulted in delivery of a food reinforcer. Each
response on the incorrect lever reset the ratio requirement on the
correct lever. The position of the drug lever was varied among
the group of rats. The daily injections for each rat were
administered in a double alternation sequence of 0.4 mg/kg
nicotine and saline. Rats were injected and returned to their
home cages until the start of the experimental session 5 min
later. Training occurred during sessions conducted five days a
week (Monday–Friday) until the rats had met three criteria
during eight of ten consecutive sessions: (1) first completed
fixed ratio 10 on the correct lever; (2) percentage of correct-
lever respondingN80% for the entire session; and (3) response
rateN0.1 response/s. Response rates were calculated using total
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number of responses emitted on both levers, not just responses
on the drug-appropriate lever.

Following successful acquisition of the discrimination, stimu-
lus substitution tests with test compounds were conducted on
Tuesdays and Fridays during 15-min test sessions. Training
continued on Mondays, Wednesdays, and Thursdays. During test
sessions, responses on either lever delivered reinforcement
according to a fixed ratio 10 schedule. In order to be tested, rats
must have completed the first FR and made at least 80% of all
responses on the injection-appropriate lever on the preceding day's
training session. In addition, the rat must have met these same
criteria during at least one of the training sessionswith the alternate
training compound (nicotine or saline) earlier in the week.

In order to verify acquisition and provide reference data for
previous studies, a nicotine dose–effect curve determination
was performed in each group of rats after acquisition criteria
were met. Nicotine was injected s.c. 5 min before the beginning
of the session. In this study, substitution tests were conducted
with dextrorphan (Group 1) and dextromethorphan (Group 2).
Intraperitoneal (i.p.) injections were administered 15 or 30 min
prior to the start of the session. Pre-session injection time for
subcutaneous (s.c.) administration of each drug was 30 min. All
doses in dose–effect curves were administered in ascending
order. Combination tests with the training dose of nicotine and
dextromethorphan or dextrorphan (Groups 1 and 2, respective-
ly) followed. Test drugs were injected i.p. 30 min before the
session and nicotine (0.4 mg/kg) was injected s.c. 25 min later.
Similar antagonism tests (and associated control points) with
nicotine (0.4 mg/kg) and s.c. dextrorphan and dextromethor-
phan (30 min pre-session) were conducted in a third group of
rats. Throughout the study, control tests with saline and 0.4 mg/
kg nicotine were conducted during the week before the start of
each dose–effect curve determination.

Both s.c and i.p. routes of administration were used in these
experiments to control for pharmacokinetic differences. In rats,
metabolism of dextromethorphan to dextrorphan is facilitated
by an enzyme in the liver that is similar to CYP2D6, one of the
isoenzymes that also facilitates this metabolic conversion in
most humans (Di Marco et al., 2003). Hence, route of
administration (and associated degree of first pass metabolism)
is the main determinant of the degree to which dextromethor-
phan is metabolized to dextrorphan. In rats, three times as much
dextrorphan is formed from dextromethorphan after intraperi-
toneal injection than after s.c. injection (Wu et al., 1995).
Indeed, there is evidence that most of the observed effects of
dextromethorphan in behavioral paradigms that are sensitive to
NMDA receptor antagonism are mediated by dextrorphan
(Nicholson et al., 1999; Szekely et al., 1991), although there are
also contradictory findings (Holtzman, 1994).

2.4. Drugs

(−)-Nicotine (Aldrich Chemical Company, Inc., Milwaukee,
WI) was converted to the ditartrate salt as described by Aceto et
al. (1979). (−)-Nicotine ditartrate was dissolved in physiolog-
ical saline and pH-buffered (as needed) with 0.001 M NaOH.
Dextrorphan (Sigma/RBI, Natick, MA) and dextromethorphan
(Sigma/RBI) were dissolved in physiological saline and the pH
was adjusted to neutral levels. Test drug solutions were mixed
daily, as needed. Doses of all drugs are expressed as mg/kg of
the base. All drugs were injected at a volume of 1 ml/kg, with
the exception of 30 mg/kg of dextromethorphan and dextror-
phan were injected at a volume of 2 ml/kg. Doses of each drug
were chosen based upon our previous research with these drugs
(Wiley et al., 2003).

2.5. Statistical analysis

For each test session, the percentages of responses on the
drug lever and response rates (responses/s) were calculated for
the entire session. When appropriate, ED50s were calculated
separately for each drug using least-squares linear regression on
the linear part of the dose–effect curves (Tallarida and Murray,
1987) for percentage of drug-lever responding, plotted against
log10 transformation of the dose. Since rats that responded less
than 10 times during a test session did not press either lever a
sufficient number of times to earn a reinforcer, their lever
selection data only were excluded from data analysis. Separate
repeated measures ANOVA, followed by Tukey post hoc tests
as appropriate (α=0.05), were used to analyze differences in
response rates for each dose–effect or drug combination
experiment.

3. Results

Acquisition of the nicotine discrimination occurred prior to
the start of the present series of experiments (see Damaj et al.,
2005). Following acquisition, nicotine fully and dose-depen-
dently substituted for itself in all three groups of rats. In Group 1
[(n=7); Fig. 1, top left panel], the ED50 for nicotine was 0.08 mg/
kg [confidence interval (CI)=0.06–0.11]. At 0.8 mg/kg, nicotine
significantly decreased response rates [F (4, 24)=53.7, pb0.05;
Fig. 1, bottom left panel]. Dextrorphan, administered i.p. 15 or
30 min pre-session and at doses up to 30 mg/kg, did not
substitute for nicotine nor did it antagonize nicotine's discrim-
inative stimulus effects when injected i.p. 30 min pre-session
(Fig. 1, top right panel). Response rates were not affected by
dextrorphan alone or by combinations of dextrorphan and
0.4 mg/kg nicotine (Fig. 1, bottom right panel). Fig. 2 shows the
results of tests with nicotine and dextromethorphan in Group 2
[n=7]. Similar to Group 1, Group 2 showed full and dose-
dependent substitution for nicotine (Fig. 2, top left panel)
[ED50=0.10 mg/kg, CI: 0.07–0.14]. At 0.8 mg/kg, nicotine
significantly decreased response rates [F (4, 24)=10.868,
pb0.05; Fig. 2, bottom left panel). Dextromethorphan, admin-
istered i.p. 15 or 30 min pre-session and at doses up to 30 mg/kg,
did not substitute for nicotine nor did it significantly antagonize
nicotine's discriminative stimulus effects when injected i.p.
30 min pre-session (n=6; Fig. 2, top right panel). Response rates
were not significantly affected by dextromethorphan alone;
however, the combination of 10 mg/kg dextromethorphan and
0.4 mg/kg nicotine significantly decreased response rates
compared to saline or to nicotine alone [F(5,26)=4.7, pb0.05;
Fig. 2, bottom right panel].



Fig. 1. Effects of nicotine (s.c., 5 min pre-session, n=7) [left panels] and dextrorphan (i.p., 15 and 30 min pre-session, n=7) [right panels] on percentage of nicotine-
lever responding (upper panels) and response rates (lower panels) in rats trained to discriminate 0.4 mg/kg nicotine from saline. Also shown are results of antagonism
tests with dextrorphan (i.p., 30 min, n=7) and 0.4 mg/kg nicotine. Points above Sal and Nic represent the results of control tests with saline and 0.4 mg/kg nicotine
conducted before each dose–effect curve determination. For all response rate points, each value represents the mean (±SEM) of the number of rats indicated above for
each drug. Number of subjects with responses N10 is indicated in parentheses for nicotine-lever responding at higher drug doses. ⁎ indicates mean is significantly
different from saline (pb0.05) based upon Tukey post hoc test.
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As with Groups 1 and 2, nicotine fully and dose-dependently
substituted for itself in Group 3 (n=6; saline and nicotine
training dose data only shown at left of each panel in Fig. 3).
Fig. 2. Effects of nicotine (s.c., 5 min pre-session, n=7) [left panels] and dextromet
nicotine-lever responding (upper panels) and response rates (lower panels) in rats tr
antagonism tests with dextromethorphan (i.p., 30 min, n=7) and 0.4 mg/kg nicotine
0.4 mg/kg nicotine conducted before each dose–effect curve determination. For all re
indicated above for each drug. Number of subjects with responses N10 is indicated in
is significantly different from saline ( pb0.05) based upon Tukey post hoc test.
Dextrorphan and dextromethorphan failed to substitute for
nicotine when administered s.c. 30 min before the start of the
session (Fig. 3, top left and right panels, respectively). In
horphan (i.p., 15 and 30 min pre-session, n=6) [right panels] on percentage of
ained to discriminate 0.4 mg/kg nicotine from saline. Also shown are results of
. Points above Sal and Nic represent the results of control tests with saline and
sponse rate points, each value represents the mean (±SEM) of the number of rats
parentheses for nicotine-lever responding at higher drug doses. ⁎ indicates mean



Fig. 3. Effects of dextrorphan (s.c., 30 min pre-session) [left panels] and dextromethorphan (s.c., 30 min pre-session) [right panels] on percentage of nicotine-lever
responding (upper panels) and response rates (lower panels) in rats trained to discriminate 0.4 mg/kg nicotine from saline. Also shown are results of antagonism tests
with 0.4 mg/kg nicotine and dextrorphan (s.c., 30 min) [left panels] or dextromethorphan (s.c., 30 min) [right panels]. Points above S/S and S/N represent the results of
control tests with two injections of saline and an injection of saline followed by 0.4 mg/kg nicotine, respectively. For all points, each value represents the mean (±SEM)
of 5–7 rats, except data for nicotine-lever responding at higher drug doses (where number of subjects with responses N10 is indicated in parentheses). ⁎ indicates mean
is significantly different from saline/saline for drug alone points or is significantly different from saline/nicotine for drug and nicotine combinations ( pb0.05 for all
comparisons).
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contrast with the results for i.p. administration, however,
significant dose-dependent decreases in response rates follow-
ing s.c. injection were observed [F(3, 18)=3.128, p=0.05;
Fig. 3, bottom left panel and F(3,15)=6.072, pb0.05; Fig. 3,
bottom right panel] . Dextrorphan (s.c., 30 min), co-adminis-
tered with 0.4 mg/kg nicotine, did not alter nicotine's
discriminative stimulus effects (Fig. 3, top left panel), but the
combination decreased response rates compared to either drug
alone [F(2, 8)=13.946, pb0.05; Fig. 3, bottom left panel]. The
10 mg/kg dose of dextromethorphan (s.c., 30 min) also did not
attenuate the discriminative stimulus effects of the nicotine
training dose (Fig. 3, top right panel). Although dextromethor-
phan (30 mg/kg, s.c.) decreased nicotine-lever responding when
co-administered with nicotine, this decrease was associated with
substantial variability and was not statistically significant
(Fig. 3, top right panel). Response rates of the combination
tests were similar to those obtained with dextromethorphan
alone (Fig. 3, bottom right panel).

4. Discussion

As expected from the results of numerous studies (for a
review, see Wiley et al., 1996), nicotine served as an effective
discriminative stimulus in this study, as it fully and dose-
dependently substituted for itself in all groups of rats tested.
Further, ED50s for nicotine substitution in the dextrorphan- and
dextromethorphan-associated groups were similar (0.08 and
0.10 mg/kg, respectively, with overlapping 95% confidence
limits). Previous research has shown that nicotine's discrimi-
native stimulus effects are mediated by its actions as an agonist
at nicotinic acetylcholine (ACh) receptors (Mariathasan and
Stolerman, 1993; Shoaib et al., 2000).

Neither dextrorphan nor dextromethorphan substituted for
nicotine, regardless of whether the route of administration was
i.p. or s.c. These results are consistent with and extend the results
of a recently published study in which a 30 mg/kg dose of
dextromethorphan (s.c.) did not substitute for nicotine and did
not antagonize nicotine's discriminative stimulus effects
(Zakharova et al., 2005). Other research has shown that
dextromethorphan and dextrorphan, both administered i.p.,
fully and dose-dependently substituted for the noncompetitive
NMDA open channel blocker phencyclidine in rats (Nicholson
et al., 1999). With s.c. administration, however, only dextror-
phan substituted fully for phencyclidine, with dextromethorphan
producing only partial substitution (Nicholson et al., 1999).
These results suggest that NMDA antagonism cannot fully
account for the stimulus properties of dextromethorphan when
metabolism to dextrorphan is attenuated. In rats trained to
discriminate dextromethorphan from vehicle, conflicting find-
ings are reported. Gavend et al. (1995) found that cyclazocine,
an agonist at σ binding sites, fully substituted for dextromethor-
phan and that the NMDA antagonist, dizocilpine, substituted
only at very high doses that also decreased overall responding. In
contrast, Holtzman (1994) reported the opposite results:
phencyclidine-like NMDA antagonists substituted for dextro-
methorphan, but agonists at σ binding sites did not. Hence,
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mechanism of action for dextromethorphan's discriminative
stimulus effects is uncertain. Nevertheless, they do not appear to
be mediated by the same receptors as nicotine (present study;
Zakharova et al., 2005).

As mentioned above, neither dextrorphan nor dextromethor-
phan substituted for nicotine, regardless of route of administra-
tion. Interestingly, however, substantial response rate decreases
were produced by both dextrorphan and dextromethorphan
following s.c. administration. These effects were absent when
either drug was injected i.p.; rather, response rates were not
significantly different from baseline levels across the entire dose
range tested i.p., suggesting significant first-pass metabolism of
at least some proportion of each drug to inactive (or less active)
metabolites with this route of administration. With s.c.
administration, dextromethorphan and dextrorphan reduced
response rates with equal potencies, suggesting that the
mechanism(s) for this effect are not related to action on receptors
at which these two drugs demonstrate differential activities.

The results of antagonism tests with dextromethorphan and
dextrorphan may be best appreciated by comparing the effects
of these drugs to those of mecamylamine. Mecamylamine, the
prototypic noncompetitive nicotinic antagonist, blocks several
subtypes of nicotinic receptors, including α7, α4β2 and α3β4,
although preferential activity at α3β4⁎ receptors has been noted
(Papke et al., 2001). Mecamylamine also dose-dependently
antagonizes the discriminative stimulus effects of nicotine
without affecting response rates (Mariathasan and Stolerman,
1993), blocks the reinforcing effects of nicotine in i.v. self-
administration procedures in rats (Denoble and Mele, 2006),
and consistently reverses a number of nicotine’s other
pharmacological effects (Damaj et al., 1999, 2005; Grabus et
al., 2006). In contrast, mixed results have been reported with
dextromethorphan and dextrorphan. While neither drug atten-
uated the discriminative stimulus effects of nicotine in rats
(present study, Zakharova et al., 2005), recent studies have
shown that dextromethorphan and dextrorphan decreased self-
administration of i.v. nicotine in rats (Glick et al., 2001, 2002)
and reversed the antinociceptive effects of nicotine in mice
(Damaj et al., 2005). Potency differences between dextro-
methorphan and dextrorphan in each of these studies, although
sometimes statistically significant, were relatively minimal as
compared to the 10-fold potency difference noted for their
effects as noncompetitive phencyclidine-like NMDA antago-
nists, suggesting that mediation of their antagonistic effects in
these assays does not occur via action at NMDA receptors. A
maximum of only about 3-fold difference in potency has been
reported for dextromethorphan and dextrorphan as noncompet-
itive antagonists at α3β4⁎ nicotine receptor subtypes expressed
in oocytes (Damaj et al., 2005) and in human embryonic kidney
cells (Hernandez et al., 2000); hence, some scientists have
suggested that this mechanism may mediate the action of these
drugs on nicotine's reinforcing and antinociceptive effects.

A parsimonious explanation for the variable impact of
dextromethorphan and dextrorphan on nicotine pharmacology
is variability in the degree to which different nicotinic receptor
subtypes contribute to each specific effect of nicotine. The
difference in potency of dextromethorphan and dextrorphan for
noncompetitive blockade of α3β4⁎ and other nicotinic receptor
subtypes is far less than the potency difference between these
two drugs at the PCP site of the NMDA receptor complex
(Damaj et al., 2005; Hernandez et al., 2000). Consequently,
when tested in in vivo pharmacological tests designed to
characterize nicotinic agonists and antagonists, the magnitude
of their potency differences is dramatically lower than is
typically observed in tests designed to characterize in vivo
pharmacological action at NMDA receptors.

Shoaib et al. (2002) have reported that the β2 nicotinic
receptor subunit is essential for the discriminative stimulus
properties of nicotine, as mice that lack this receptor subunit
cannot be readily trained to discriminate nicotine. Damaj et al.
(2005) found that dextrorphan and dextromethorphan blocked
α4β2 nicotinic receptors, but did so only at potencies that were
approximately 3 times lower than their potencies for blocking
α3β4⁎ nicotinic receptors. Additional work with knockout mice
supports the idea that dopamine release and subsequent the
reinforcing effects of nicotine, are dependent upon both the α4
and β2 subunits (Picciotto et al., 1998; Tapper et al., 2004;
Maskos et al., 2005), although Glick et al. (2001) also
hypothesized involvement of α3β4⁎ nicotinic receptor action
in the reinforcing actions of dextrorphan and dextromethorphan
in a nicotine self-administration procedure. It should be noted,
however, that while the reinforcing properties of a drug are
related to self-administration, they may not be related to the
subjective responses to a drug and the resulting discriminative
stimulus properties (Le Foll and Goldberg, 2006).

In summary, the absence of any effect of the noncompetitive
α3β4⁎ nicotine receptor antagonists, dextromethorphan and
dextrorphan, on nicotine's discriminative stimulus effects
suggests that this receptor subtype plays a minor role in
nicotine discrimination. Rather, previous work has implicated a
primary role of nicotinic receptors with β2 subunits in
nicotine's discriminative stimulus effects (Shoaib et al., 2002)
and for both α4 and β2 subunits in its reinforcing properties,
albeit at least one study also posits a role for α3β4⁎ nicotinic
receptors (Glick et al., 2001). Together, these results suggest
that the role of cholinergic mediation of the behavioral effects of
dextrorphan and dextromethorphan related to the abuse
properties of nicotine may be minimal.
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