Learning & Behavior
2010, 38 (2), 103-110
doi-10.3758/LB.38.2.103

The role of injection cues in the production
of the morphine preexposure effect
in taste aversion learning

CATHERINE M. DAvIS
American University, Washington, D.C.

ISABEL DE BRUGADA
Universidad de Granada, Granada, Spain

AND

ANTHONY L. RILEY
American University, Washington, D.C.

The attenuation of an LiCl-induced conditioned taste aversion (CTA) by LiCl preexposure is mediated
primarily by associative blocking via injection-related cues. Given that preexposure to morphine attenuates
morphine-induced CTAs, it was of interest to determine whether injection cues also mediate this effect. Certain
morphine-induced behaviors such as analgesic tolerance are controlled associatively, via injection-related cues.
Accordingly, animals in the present experiments were preexposed to morphine (or vehicle) every other day for
five total exposures, followed by an extinction phase, in which the subjects were given saline injections (or no
treatment) for 8 (Experiment 1) or 16 (Experiment 2) consecutive days. All of the animals then received five
CTA trials with morphine (or vehicle). The morphine-preexposed animals in Experiment 1 displayed an attenu-
ation of the morphine CTA that was unaffected by extinction saline injections, suggesting that blocking by injec-
tion cues during morphine preexposure does not mediate this effect. All of the morphine-preexposed subjects
in Experiment 2 displayed a weakened preexposure effect, an effect inconsistent with a selective extinction of
drug-associated stimuli. The attenuating effects of morphine preexposure in aversion learning are most likely
controlled by nonassociative mechanisms, like drug tolerance.

Animals readily come to avoid solutions that have pre-
viously been paired with one of a number of compounds,
an avoidance based on the association of the solution
with the aversive effects of the drug (for a review, see
Freeman & Riley, 2008; see also Garcia & Ervin, 1968;
Revusky & Garcia, 1970; Rozin & Kalat, 1971; for an
alternative interpretation, see Grigson, 1997). Such avoid-
ance is rapidly acquired and produced by a wide variety
of compounds (e.g., LiCl, emetine, cocaine, morphine,
and alcohol; for a review, see Riley & Tuck, 1985). Inter-
estingly, animals receiving noncontingent exposures to
the drug prior to aversion learning typically display an
attenuation of the subsequent avoidance (for reviews, see
Braveman, 1977; Cappell & LeBlanc, 1975b; Randich &
LoLordo, 1979; Riley & Simpson, 2001). This attenua-
tion by previous drug exposures defines the preexposure
effect and has been examined with numerous compounds,
including LiCl and a host of abused substances, such as
morphine, amphetamine, cocaine, nicotine, and ethanol
(Barker & Johns, 1978; Berman & Cannon, 1974; Bien-
kowski, Piasecki, Koros, Stefanski, & Kostowski, 1998;

Braveman, 1979; Brown, Amit, Smith, & Rockman,
1979; Cappell & LeBlanc, 1975a, 1977; Cappell & Pou-
los, 1979; Dacanay & Riley, 1982; Davis & Riley, 2007;
DeBeun, Lohmann, Schneider, & de Vry, 1996; Ferrari
& Riley, 1994; Goudie, Taylor, & Atherton, 1975; Riley,
Dacanay, & Mastropaolo, 1984; Riley & Diamond, 1998;
Shoaib & Stolerman, 1996; Simpson & Riley, 2005; Ton
& Amit, 1983).

The specific mechanism(s) underlying the preexposure
effectin taste aversion learning remains unknown, although
numerous researchers have sought to determine how vari-
ous drugs produce this effect (Aragon, Abitbol, & Amit,
1986; Bienkowski et al., 1998; Braveman, 1975; Cannon,
Berman, Baker, & Atkinson, 1975; Cappell & LeBlanc,
1977; Cole, VanTilburg, Burch-Vernon, & Riccio, 1996;
Cunningham & Linakis, 1980; Dacanay & Riley, 1982;
Ford & Riley, 1984; Misanin, Hoefel, Riedy, Wilson, &
Hinderliter, 2000). The drug that has received the most
attention in this context is LiCl (Batson, 1983; Batson &
Best, 1979; Braveman, 1978; Cole et al., 1996; de Bru-
gada, Gonzalez, & Candido, 2003; de Brugada, Hall, &
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Symonds, 2004; Domjan & Best, 1980; Klein, Mikulka,
& Lucci, 1986; Revusky, Coombes, & Pohl, 1982; Riley,
Jacobs, & LoLordo, 1976; Rudy, Iwens, & Best, 1977,
Willner, 1978). Interestingly, most researchers assessing
the unconditioned stimulus (US) preexposure effect with
LiCl have argued that the attenuation is a function of as-
sociative blocking. Specifically, it has been argued that
cues present during LiCl preexposure become associated
with LiCl’s effects and subsequently block the association
between saccharin and LiCl-induced sickness when con-
ditioning is attempted in the presence of those cues. Al-
though blocking seems to account for the attenuating ef-
fects of LiCl preexposure, the specific feature responsible
for this effect (e.g., the preexposure environment itself,
handling cues, or the injection procedure) has been widely
debated (Batson & Best, 1979; Braveman, 1978; Dacanay
& Riley, 1982; de Brugada et al., 2004; Riley et al., 1976;
Rudy et al., 1977, for reviews, see Braveman, 1977; Riley
& Simpson, 2001).

More recently, de Brugada et al. (2003) argued that
the attenuation of a LiCl-induced taste aversion by LiCl
preexposure is primarily a consequence of blocking by
injection-related cues present throughout preexposure
and conditioning (see Batson & Best, 1979; Braveman,
1979; Dacanay & Riley, 1982; Willner, 1978). This po-
sition was based on the fact that animals receiving LiCl
preexposure and then given a series of saline injections
following this preexposure no longer displayed the US
preexposure effect; that is, they readily acquired the sub-
sequent saccharin—LiCl association. According to de Bru-
gada et al. (2003), the saline injections extinguished the
association of the injection cues with LiCl, allowing for
the subsequent association of the novel taste with LiCl’s
effects. Under these conditions, the injection cues no lon-
ger predicted the effects of LiCl, preventing them from
blocking subsequent taste aversion conditioning.

As was noted above, drugs other than LiCl also pro-
duce the preexposure effect; however, it is unknown what
role, if any, injection-related cues play in the production
of the preexposure effect with these drugs, including
drugs of abuse. For example, morphine is one drug of
abuse that has been extensively examined in the preexpo-
sure design, and preexposure to morphine has been found
to consistently attenuate morphine-induced aversions in
this preparation (Cappell & LeBlanc, 1977; Dacanay &
Riley, 1982; Domjan & Siegel, 1983; Gaiardi etal., 1991;
LeBlanc & Cappell, 1974; Riley et al., 1984; Simpson
& Riley, 2005). Interestingly, varying the environmental
cues from preexposure to conditioning does not disrupt
the morphine-induced preexposure effect (Dacanay &
Riley, 1982; Stewart & Eikelboom, 1978), suggesting
that this effect is not mediated by environmental cues
available to the animal during preexposure. However, it
is possible that the same injection-related cues that play
a primary role in the production of the LiCl preexposure
effect could be pivotal to the production of the morphine
preexposure effect as well. Note that injection-related
cues are important in the production of morphine anal-
gesic tolerance, and when these cues are extinguished,

tolerance is diminished (Cepeda-Benito & Tiffany, 1995;
Dafters & Bach, 1985). Indeed, it seems possible that
injection cues could play a role in the effects of other
morphine-induced behaviors after prior exposure to mor-
phine, such as the attenuating effects of morphine preex-
posure on aversion learning.

Accordingly, Experiment 1 was designed to test the
role of injection cues in the morphine preexposure effect
in taste aversion learning. Briefly, animals were admin-
istered morphine or vehicle preexposure every other day
for 5 days in the home cage, after which half of the ani-
mals received vehicle injections (the other half were left
undisturbed) in order to extinguish injection-related cues
received during the preexposure phase. Following this, the
animals received morphine taste aversion conditioning in
the home cage.

EXPERIMENT 1

Method

Subjects

The subjects were 67 experimentally naive male Sprague Dawley
rats obtained from Harlan Sprague Dawley, Indianapolis. The aver-
age weight of the subjects at the initiation of the study was 315 g =
1.8 g.

Apparatus

The animals were individually housed in hanging wire-mesh
cages (24 X 19 X 18 cm) with ad libitum access to food. They were
maintained on a 12:12-h light:dark cycle (lights on at 0800 h) and at
an ambient temperature of 23°C for the duration of the experiment.
Graduated 50-ml Nalgene tubes were attached to the front of the
cages, providing either water or saccharin during the 20-min fluid-
access period.

Drugs and Solutions

Morphine sulfate (generously supplied by NIDA) was prepared as
a 5-mg/ml solution in physiological saline (drug vehicle). Saccharin
(0.1% sodium saccharin; Sigma) was prepared as a 1-g/l solution in
tap water. All doses of morphine are expressed as the salt.

Procedure

Phase 1: Habituation. After 23 h of water deprivation, rats were
given 20-min access to water daily, beginning at 1000 h, until they
were approaching and drinking from the tube within 2 sec of its
presentation. Once drinking was stable, defined as the amount con-
sumed not differing by more than 2 ml for 3 consecutive days for
each animal, drug preexposure began.

Phase 2: Preexposure. Water consumption was recorded and
averaged over the last 3 days of habituation for all subjects. The ani-
mals were ranked on average water consumption and were assigned
to a preexposure condition (morphine, Group M, n = 33; vehicle,
Group V, n = 34). Approximately 5 1/2 h after their regular 20-min
access to water, the animals were injected subcutaneously (SC) with
morphine (5 mg/kg) or equivolume saline (vehicle) every other day
for 10 days (five total morphine or vehicle injections). No injec-
tions were given on the intervening days. All preexposure injections
were given between 1550 h and 1650 h. Fluid intake was monitored
throughout the preexposure phase.

Phase 3: Extinction. Water consumption for Groups M and V
was recorded and averaged over the last 3 days of the preexposure
phase. The animals within each group (M or V) were ranked on av-
erage water consumption and assigned to an extinction condition
(extinction injections, Group ME, n = 17, and Group VE, n = 17; no
extinction injections, Group MN, n = 16, and Group VN, n = 17).
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Approximately 5 1/2 h after their regular 20-min access to water, the
animals in the extinction injections groups (ME and VE) received
an SC injection of saline equivolume to the preexposure injections,
once a day for 8 consecutive days. The animals in the no extinction
injections groups (MN and VN) were left undisturbed during this
time. Injections were given between 1550 h and1650 h. Fluid intake
was monitored throughout the extinction phase as well.

Phase 4: Conditioning. On the day following the last day of the
extinction phase, conditioning began. On Day 1 of this phase, all of
the animals were given 20-min access to a novel saccharin solution.
After saccharin access, the animals within each group were ranked
on saccharin consumption to enable matching of fluid consump-
tion within each group. These procedures yielded eight experimental
groups: Group MEM (n = 9), Group MNM (n = 8), Group VEM
(n =9), Group VNM (n = 8), Group MEV (n = 8), Group MNV
(n = 8), Group VEV (n = 8), and Group VNV (n = 9). The first
letter denotes the preexposure drug, the second letter denotes the ex-
tinction condition, and the third letter denotes the conditioning drug.
The subjects were then given SC injections of morphine (5 mg/kg)
or equivolume vehicle immediately following saccharin access. On
the following 3 days, the animals received water during their 20-min
fluid-access period. This 4-day cycle of a conditioning day followed
by 3 water-recovery days constituted one conditioning cycle, and
four of these cycles were run.

Phase 5: Aversion test. On the day following the third water-
recovery day of the fourth conditioning cycle, all of the animals were
given a final one-bottle aversion test. During the 20-min fluid access
period, the animals were given the saccharin solution and consump-
tion was recorded. No injections followed this saccharin exposure.

Results

No differences in water consumption were found for
the various groups during the preexposure and extinction
phases of the experiment (data not shown). Mean sac-
charin consumption on Conditioning Trials 1-4 was ana-
lyzed using a 4 (trial) X 2 (preexposure) X 2 (extinction
condition) X 2 (conditioning drug) multifactor ANOVA,
with trial as the repeating factor. A significant within-
subjects main effect of trial [F(3,177) = 5.495, p < .05]
was found, along with significant trial X preexposure
[F(3,177) = 10.333, p < .05], trial X extinction condi-
tion [F(3,177) = 3.604, p < .05], trial X conditioning
drug [F(3,177) = 16.382, p < .05], and trial X extinction
injections X conditioning drug [F(3,177) = 3.299, p <
.05] interactions. The between-subjects main effects of
preexposure [F(1,59) = 7.393, p < .05], extinction con-
dition [F(1,59) = 4.620, p < .05], and conditioning drug
[F(1,59) = 49.403, p < .05] were significant. No other
effects were significant (all ps = .135).

For the aversion test, a 2 (preexposure drug) X 2 (ex-
tinction condition) X 2 (conditioning drug) univariate
ANOVA was performed on saccharin consumption for
all of the animals. The between-subjects main effects of
preexposure [F(1,66) = 15.718, p < .05] and condition-
ing drug [F(1,66) = 57.859, p < .05] were significant.
However, the main effect of extinction condition was
not significant (p = .311). The two-way interaction of
preexposure and conditioning drug [F(1,66) = 7.260,
p < .05] was significant. Tukey-corrected post hoc
tests revealed that, collapsed across extinction condi-
tion, the animals preexposed to vehicle and conditioned
with morphine consumed less saccharin relative to all
other groups, including the animals preexposed to mor-

phine and conditioned with morphine (all ps < .05; see
Figure 1). The two-way interaction of preexposure and
extinction condition and the three-way interaction of
preexposure drug, extinction condition, and condition-
ing drug were not significant, suggesting that the ex-
tinction manipulation had no effect on the attenuation
of the morphine-induced aversion seen in the subjects
preexposed to morphine. Interestingly, the extinction X
conditioning drug interaction approached significance
[F(1,66) = 3.983, p = .051], suggesting that although
the extinction manipulation did not affect the preexpo-
sure manipulation per se, it did have an effect on con-
ditioning (slightly decreasing saccharin consumption)
in groups receiving morphine during conditioning after
receiving vehicle injections during extinction.

EXPERIMENT 2

In Experiment 1, the animals receiving morphine pre-
exposure followed by saline injections in the extinction
phase did not display any decrease in saccharin consump-
tion relative to the animals receiving morphine preexpo-
sure that remained undisturbed during that time; that is,
the extinction manipulation did not alter the morphine
preexposure effect. The fact that the extinction injections
had no effect on saccharin consumption suggests that the
morphine preexposure effect is not mediated by injec-
tion cues associated with morphine’s effects during the
preexposure phase. It could be argued, however, that the
number of extinction injections administered in Experi-
ment 1 (one injection per day for 8 days) was not suffi-
cient to disrupt the association of the injection cues with
morphine’s effects, given that the rats received 5 preex-
posure injections of morphine. To address this possibility,
in Experiment 2, the number of extinction injections was
increased (from 8 to 16). If the preexposure effect with
morphine is mediated via the association of injection
cues with morphine, it would be expected that increas-
ing the number of extinction injections would weaken
this association, allowing for an association of saccharin
with morphine during aversion conditioning. Nonhan-
dled, morphine-preexposed subjects should still display
an attenuated aversion, given that no extinction would
be expected in this group. Interestingly, if the preexpo-
sure effect is mediated nonassociatively (via tolerance),
one would expect that all of the subjects preexposed to
morphine would display a weakened preexposure effect,
given the dissipation of tolerance over the extinction pe-
riod (see Cappell & LeBlanc, 1975a, 1977).

Method

Subjects and Procedure

The subjects were 68 experimentally naive male Sprague Dawley
rats, with an average weight of 321 g *= 1.7 g. The subjects were
maintained and run under conditions identical to those of Ex-
periment 1. The only exception was that the number of extinction
sessions was increased from 8 to 16. Specifically, approximately
5 1/2 h after their regular 20-min access to water during the extinc-
tion phase, the animals in the extinction injections groups (Group
ME, n = 18, and Group VE, n = 16) received an SC injection of
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Figure 1. Mean saccharin consumption on Conditioning Trials 1-4 and on the aversion test for all animals conditioned with mor-
phine (black; Groups MEM, VEM, MNM, and VNM) or vehicle (white; Groups MEYV, VEV, MNV, and VNV). All animals receiving
morphine preexposure and conditioned with morphine, regardless of extinction injections, displayed an attenuated morphine-induced
aversion relative to animals that received vehicle during the preexposure period and were conditioned with morphine, regardless of
extinction condition. Morphine preexposure attenuated the morphine-induced aversion, and the extinction injections had no influence

on this attenuation. Error bars represent =SEM.

saline, equivolume to the preexposure injections, once a day for 16
consecutive days. The animals in the no extinction injections groups
(Group MN, n = 16, and Group VN, n = 18) were left undisturbed
during this time.

Results

Similar to that of Experiment 1, water consumption
for all of the animals during the preexposure and extinc-
tion phases did not differ (data not shown). A 4 (trial) X
2 (preexposure) X 2 (extinction condition) X 2 (condi-
tioning drug) repeated measures ANOVA was performed
on the mean saccharin consumption for Conditioning
Trials 1-4. A significant within-subjects main effect of
trial [F(3,180) = 14.219, p < .05] and significant within-
subjects interactions of trial and preexposure [F(3,180) =
11.215, p < .05], trial and conditioning drug [F(3,180) =
53.357, p < .05], and trial, preexposure, and conditioning
drug [F(3,180) = 3.162, p < .05] were found. Signifi-

cant between-subjects effects of preexposure [F(1,60) =
6.543, p < .05] and conditioning drug [F(1,60) = 63.945,
p < .05] were also found. No other effects were signifi-
cant (all ps = .156).

A 2 (preexposure drug) X 2 (extinction condition) X
2 (conditioning drug) univariate ANOVA was performed
on saccharin consumption for all of the animals on the
aversion test. The between-subjects main effects of preex-
posure [F(1,67) = 6.367, p < .05] and conditioning drug
[F(1,67) = 65.285, p < .05] were significant. However,
the main effect of extinction condition was not signifi-
cant (p = .848). The two-way interaction of preexposure
and conditioning drug [F(1,67) = 1.590, p = .212] was
not significant, meaning that morphine induced signifi-
cant aversions in all of the animals, regardless of what
they received during the preexposure phase (morphine
or vehicle; see Figure 2). The two-way interactions of
preexposure and extinction condition and of condition-
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Figure 2. Mean saccharin consumption on Conditioning Trials 1-4 and on the aversion test for all animals conditioned with mor-
phine (black; Groups MEM, VEM, MNM, and VNM) or vehicle (white; Groups MEV, VEV, MNYV, and VNV). Morphine conditioned a
significant aversion in all subjects, regardless of preexposure drug (morphine, Groups MNM and MEM, or vehicle, Groups VEM and
VNM) or extinction condition (extinction injections, Groups MEM and VEM, or no extinction injections, Groups MNM and VNM).

Error bars represent =SEM.

ing drug and extinction condition and the three-way in-
teraction of preexposure drug, extinction condition, and
conditioning drug were not significant (all ps = .770),
suggesting that the extinction manipulation had no effect
on consumption in any of the animals.

DISCUSSION

The present experiments were conducted to determine
the role of injection-related cues in the morphine preexpo-
sure effect in taste aversion learning (Cappell & LeBlanc,
1977; Dacanay & Riley, 1982; Domjan & Siegel, 1983;
Hunt, Spivak, & Amit, 1985; Miller, Kelly, Neiswander,
McCoy, & Bardo, 1990; Riley et al., 1984; Simpson &
Riley, 2005). In both experiments, subjects received mor-
phine during preexposure, followed by a series of saline
injections (to extinguish the association of the injection
cues with the effects of morphine) prior to aversion condi-
tioning with morphine. As was reported in Experiment 1,

the animals preexposed to morphine displayed an attenu-
ated aversion to the morphine-associated solution relative
to conditioned subjects preexposed to vehicle. The degree
of attenuation was unaffected by the extinction manipu-
lation, a finding consistent with a nonassociative inter-
pretation of the morphine-induced preexposure effect.
However, it was possible that an association had formed
between the injection cues and morphine and that the
extinction manipulation was insufficient to affect the es-
tablished association; that is, given that only 8 extinction
trials were administered in Experiment 1, it was possible
that more extinction injections might be necessary to de-
grade the morphine-injection cue association. In Experi-
ment 2, we tested the effects of increasing the number of
extinction injections (from 8 to 16). As was described, the
preexposure effect was generally attenuated in all of the
animals on the aversion test. The lack of effect of extinc-
tion injections and the degradation of the preexposure ef-
fect following the extended time between preexposure and
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conditioning are again consistent with a nonassociative
interpretation of the morphine preexposure effect (dissi-
pation of the preexposure effect over time was previously
reported by Cappell & LeBlanc, 1977).

Interestingly, although the extinction manipulation
itself did not appear to impact the attenuating effects of
morphine preexposure on morphine-induced aversions, it
did appear to impact aversion learning in general in Ex-
periment 1. Specifically, the animals receiving saline in-
jections during extinction displayed slightly stronger aver-
sions to the saccharin solution (p = .051) than the animals
not receiving these injections. This was evident in both the
preexposed and the nonpreexposed subjects. The basis for
this effect is not known (and was not directly addressed in
the present study), but it is possible that exposure to the
injection cues themselves (during the extinction phase)
may have latently inhibited these cues, weakening their
association with morphine during the conditioning phase
(see De la Casa & Lubow, 2000, 2002; Hall & Channell,
1986; Lubow & De la Casa, 2005). Consequently, saccha-
rin acquired greater associative strength with morphine,
resulting in stronger taste aversions. If this were true, it
would suggest that such cues can go into association with
morphine and that a greater number of injections would
enhance this effect. However, the increased number of ex-
tinction injections did not influence conditioning in Exper-
iment 2 (see the Results section). It is unknown why these
injection cues did not become associated with morphine
during the preexposure phase in Experiment 2 (or, if they
did, why they did not appear to be involved in the effects
of morphine preexposure). This lack of an effect makes it
difficult to conclude that latently inhibited injected cues
are the cause of the slightly stronger saccharin—-morphine
association in animals receiving these extinction injec-
tions (see Experiment 1).

These data (relative to those reported with LiCl) sug-
gest that the basis for the US preexposure effect in taste
aversion learning is drug dependent (at least for morphine
and LiCl). Because the basis for aversion learning in gen-
eral (or for any specific drug in particular) is unknown, it
is difficult to speculate on exactly what characteristic of
the drug is important in this respect. Recent work address-
ing the basis for associative and nonassociative tolerance
of morphine-induced analgesia may provide some insight
into the effects reported with morphine and LiCl in the US
preexposure effect in taste aversion learning. Specifically,
it has been argued that the likelihood of demonstrating as-
sociative or nonassociative tolerance in morphine-induced
analgesia may be a function of the onset of drug action
(Greeley & Ryan, 1995; Kim, Siegel, & Patenall, 1999;
Siegel, 2008; Siegel, Baptista, Kim, McDonald, & Weise-
Kelly, 2000). If animals are administered morphine via
an intraperitoneal injection, there is a rapid onset of drug
action. Any contextual stimulus paired with this effect
comes to control morphine analgesia; that is, tolerance
to morphine is associative in this scenario. If animals are
administered morphine via an SC injection, there is a de-
layed and slow onset of drug action. The initial morphine-
induced effects are perceived and precede the maximal

effects of the drug. These initial drug effects actually mask
or overshadow any contextual stimuli that are present. In
this scenario, the contextual stimuli have no control over
morphine tolerance and any waning of morphine analge-
sia (i.e., tolerance) is nonassociative in nature.

Although these arguments were developed to account
for changes in the analgesic responses to morphine (Daf-
ters & Bach, 1985; Grisel, Wiertelak, Watkins, & Maier,
1994; Kim et al., 1999; Walter & Riccio, 1983), they may
apply to the present results as well. Specifically, morphine
was administered subcutaneously in the present studies
and is assumed to have a gradual, slow onset of effect,
which would overshadow the drug injection cues, subse-
quently producing the preexposure effect via a pharma-
cological mechanism (i.e., see Kim et al., 1999; Siegel
et al., 2000). If this is the case, degrading the association
of the injection cues with morphine’s effects by adminis-
tering extinction injections would not be expected to alter
the preexposure effect. The associative control of the LiCl
preexposure effect could be a result of how quickly the full
effects of the drug are experienced after injection, allowing
for control by contextual cues paired with LiCl’s effects.
Indeed, de Brugada et al. (2003; de Brugada, Gonzales,
Gil, & Hall, 2005) administered LiCl intraperitoneally,
a route of administration that would be associated with
a faster onset of the full effects of a drug, relative to that
of subcutaneous administration. This quicker onset could
lead to the reported associative control of the LiCl preex-
posure effect by the injection-related cues.

On the basis of this logic, it might be predicted that
under different parametric conditions, the mechanism
underlying the US preexposure effect for morphine (and
for LiCl) might be different. For example, if during pre-
exposure, morphine was administered intraperitoneally,
intravenously, or with an injection over a shorter duration
of time, the resulting attenuation might be more associa-
tive in nature. Although such parameters may impact the
likelihood of tolerance in other behavioral preparations, it
is unclear to what extent the basis of the US preexposure
effect in aversion learning would be affected. For instance,
Domjan and Siegel (1983) reported that parametrically
identical preexposure regimens produced associative con-
trol of morphine analgesic tolerance but nonassociative
control of the morphine preexposure effect on aversion
learning. What remains to be determined is why the un-
derlying mechanisms responsible for tolerance to mor-
phine’s analgesic effects differ from those responsible
for the attenuation of morphine’s aversive effects after
prior exposure. Nonetheless, it remains to be determined
whether other procedural variations such as the number of
preexposures and conditioning trials (as well as other pa-
rameters) impact the mechanism(s) mediating this effect.

The fact that the US preexposure effect in taste aver-
sion learning is drug dependent encourages investigations
into the specific nature of aversion learning and how such
an effect is impacted by drug history. Furthermore, that
under different behavioral preparations, associative and
nonassociative mechanisms can control morphine- and
LiCl-induced behaviors encourages investigations into
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how the specific characteristics of each drug interact with
specific behavioral preparations to ultimately impact the
mechanism(s) mediating these different behaviors and to
produce drug-dependent effects.
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