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(4) 573–584, 1999.—Relatively lit-
tle is known about the neurochemical and pharmacological mechanisms involved in flavor preference learning. The present
study examined the ability of the opioid antagonist, naltrexone to alter the acquisition and expression of flavor preferences
conditioned by the sweet taste of sucrose. This was accomplished by adding a novel flavor (the CS

 

1

 

) to a sucrose solution,
and a different flavor (the CS

 

2

 

) to a less-preferred saccharin solution. Rats were trained to drink these solutions with an
open gastric fistula (sham-feeding), which minimized postingestive actions. Food-restricted (Experiments 1 and 2A) and ad
lib-fed (Experiment 2B) rats were given either limited (Experiment 1) or unlimited (Experiment 2) access to the CS

 

1

 

 and
CS

 

2

 

 solutions during one-bottle training. Preferences were assessed in two-bottle tests (with the CS

 

1

 

 and CS

 

2

 

 flavors pre-
sented in mixed sucrose–saccharin solutions) following vehicle or naltrexone (0.1–10 mg/kg, SC) treatment. The rats dis-
played significant CS

 

1

 

 preferences following vehicle, particularly after unlimited access training. In four of five experiments,
naltrexone significantly reduced total intakes during the two-bottle, sham-feeding tests. Except for one instance, however, the
drug failed to block the preference for the CS

 

1

 

 flavor over the CS

 

2

 

 flavor. The effects of naltrexone (0.1 mg/kg) on the ac-
quisition of flavor preferences were studied in sham-feeding rats under limited (Experiment 3A) and unlimited (Experiment
3B) training access conditions. Rats treated with naltrexone during training displayed similar CS

 

1

 

 preferences as did saline-
treated rats, even though they consumed less CS

 

1

 

 during training. The naltrexone-trained rats also displayed smaller reduc-
tions in total or CS

 

1

 

 intakes than did saline-trained rats when all rats were treated with a 2.5 mg/kg dose of naltrexone during
testing. As in previous studies, these results show that naltrexone significantly reduces the intake of sweet solutions, yet it has
little or no effect on the acquisition or expression of flavor preferences conditioned by sucrose in sham-feeding rats. © 1999
Elsevier Science Inc.
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Expression studies

 

BEHAVIORAL studies demonstrate that learning plays a
major role in food preferences, although innate taste biases,
particularly for sweet taste, are an important factor [see re-
view, (34)]. The most common procedure used in the study of
acquired food preferences in animals is the conditioned fla-
vor-preference paradigm. In one version of this paradigm an
arbitrary flavor (the conditioned stimulus or CS

 

1

 

) is paired
with a nutritive source (e.g., sugar solution), and a second fla-
vor (the CS

 

2

 

) is paired with a nonnutritive source (e.g., sac-

charin solution) during one-bottle training sessions. Prefer-
ence learning is then assessed in a two-choice test with the
two flavors presented in a common base (e.g., water or a
sugar–saccharin mixture) to ensure that any differential in-
take can be attributed to a learned response to the two cue
flavors. A variety of nutrients are effective as unconditioned
stimuli in flavor-preference learning including glucose, su-
crose, maltodextrin, corn oil, and ethanol [see review; (34)].
With some nutrients, the palatable flavor of the nutrient (e.g.,
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sweet taste of sugar) as well as the postingestive actions of the
nutrients may serve as unconditioned stimuli. That a palatable
flavor alone is sufficient to condition flavor preferences (fla-
vor–flavor conditioning) is demonstrated by studies in which a
CS

 

1

 

 flavor is mixed into a preferred saccharin solution and a
CS

 

2

 

 flavor is mixed in a less preferred saccharin solution or
plain water (12,13). Other studies document that postinges-
tive nutrient actions are sufficient to condition flavor prefer-
ences (flavor–nutrient conditioning) by pairing the CS

 

1

 

 fla-
vor with intragastric (IG) nutrient infusions (34). Some data
suggest that different processes may mediate these two types
of flavor conditioning (12,28). For example, whereas flavor–
nutrient conditioning is possible with delays between the CS
and US of several minutes or more, the US flavor must be
closely associated with the CS flavor for flavor–flavor condi-
tioning (11,12,35).

Although conditioned flavor preferences have been char-
acterized in some detail on a behavioral level, relatively little
is known about the neurochemical and pharmacological
mechanisms involved in flavor preference learning. The en-
dogenous opioid system has emerged as one potential candi-
date to mediate conditioned flavor preferences. Mehiel (27)
reported that the opioid antagonist, naloxone (4 mg/kg) dis-
rupted both the expression and acquisition of a preference for
a CS

 

1

 

 flavor added to a nutrient solution of either glucose or
ethanol. Ramirez (31) found that naloxone (0.1–0.3 mg/kg) in-
terfered with increased flavor acceptance conditioned by in-
tragastric carbohydrate infusions. O’Hare ad co-workers (29)
found that naloxone failed to affect an operant discrimination
task in which different concentrations of sucrose were used to
gain food, indicating that naloxone’s effects upon sucrose
were not affecting taste. Finally, Shide and Blass (39) found
that naloxone (0.25 mg/kg) interfered with odor preferences
conditioned by intraoral sucrose or corn oil infusions in rat
pups. These findings are consistent with a much larger litera-
ture documenting the ability of general opioid receptor antag-
onists to reduce the intake of palatable foods and fluids [e.g.,
(9,20,25,26,36,40)].

Antidipsogenic effects of general opioid antagonists are
more potent in inhibiting sucrose and saccharin intake rela-
tive to water intake (23). In particular, opioid antagonists ap-
pear to reduce the hedonic qualities of the sweet substances
because they: (a) are more potent in inhibiting sucrose and
saccharin intake than water intake (23), (b) block that portion
of feeding driven by sweet taste during food restriction (24),
(c) reduce positive hedonic properties of sucrose in a taste–
reactivity paradigm (30), and (d) reduce sucrose intake in
sham-fed rats (14,17,18,32). Indeed, sucrose intake is reduced
in sham-fed rats in a manner that is behaviorally equivalent to
the reduction of palatability obtained by diluting the test solu-
tion (18). Also, naloxone’s effects can be reversed by increas-
ing sucrose concentration within a sham-feeding test (18). Se-
lective 

 

m

 

 and 

 

k

 

, but not 

 

d

 

, opioid receptor subtype antagonists
significantly reduced sucrose intake in sham-fed rats (22) to
the same degree and with similar potencies as real-fed rats
(4). Because both sham-fed and real-fed rats display identical
magnitudes and potencies of inhibition, these data suggest
that central 

 

m

 

 and 

 

k

 

 antagonists act on orosensory mecha-
nisms supporting sucrose intake.

The present study further evaluated the role of the endog-
enous opioid system in food preference learning. Specifically,
three experiments examined whether naltrexone affected the
acquisition and expression of flavor preferences conditioned
by the sweet taste of sucrose. Although Mehiel (27) reported
that conditioned preferences for sugar are attenuated by opi-

oid antagonists, his study did not distinguish between the taste
and the postingestive reinforcing actions of sugar. Given the
many findings suggesting that opioid antagonists reduce the
palatability of sweet solutions, they may also reduce the flavor
preference conditioning effects of sweet taste. To test this hy-
pothesis, the rats in the present study were trained to sham-
feed flavored sucrose and saccharin solutions. In the sham-
feeding procedure, ingested fluid drains out an open gastric
fistula, and thus the postingestive actions of the solution are
minimized, although not completely eliminated (37). Conse-
quently, the ingestive response to solutions in sham-feeding
tests is controlled primarily by orosensory rather than post-
ingestive stimuli (43). A parallel study (3) investigated the ef-
fects of opioid antagonists on flavor preference conditioned
by the postingestive actions of sugar using the IG infusion
technique.

 

EXPERIMENT 1: FOOD-RESTRICTED RATS RECEIVING LIMITED 
ACCESS DURING TRAINING: NALTREXONE AND EXPRESSION OF 

CONDITIONED FLAVOR PREFERENCES

 

Prior work indicates that rats learn to prefer a flavor mixed
into concentrated sugar solutions over a flavor mixed into a
saccharin solution (27,35). The taste as well as the postinges-
tive nutritive effects of the sugar appear to reinforce this pref-
erence (35). Thus, although saccharin and sugar are both
sweet, rats prefer concentrated sugar solutions to saccharin
solutions in choice tests (8,49). Further, in sham-feeding tests,
rats drink considerably more of the concentrated sugar solu-
tions than they do of a 0.2% saccharin solution (38). Experi-
ment 1 utilized the sham-feeding technique to determine if
naltrexone alters the flavor preference conditioned by the
taste of sucrose. Rats were trained to sham-feed a sucrose
(16%) solution with one distinct novel flavor, and a saccharin
(0.2%) solution with a second distinct novel flavor in separate
daily one-bottle training sessions. Flavor preferences were
subsequently measured in sham-feeding choice tests with the
two flavors presented in mixed sucrose-saccharin solutions.
During training, the rats were given restricted access to the
training solutions (10 ml/30-min sessions) to limit differences
in the amounts of sucrose and saccharin solutions consumed
during sham-feeding training sessions. Intakes were unlimited
in the two-choice, sham-feeding tests during which the ani-
mals were treated with naltrexone or vehicle.

 

Method

Subjects. 

 

Twenty male albino Sprague–Dawley rats (350–
400 g, Charles River Laboratories, Wilmington, MA) were
housed individually in wire mesh cages and maintained on a
12-h light/12-h dark cycle, with Purina rat chow and water
available ad lib. Each rat was pretreated with chlorpromazine
(3 mg/kg, IP) and anesthetized with Ketamine HCl (100 mg/
kg, IM). Following a midline incision (4–7 cm) exposing the
stomach outside of the skin and muscle, a stainless steel gas-
tric fistula surrounded by mesh (Bard Marlex) was inserted
into the greater curvature of the stomach, and was held in
place by a pursestring series of sutures. The fistula was exter-
nalized through overlying skin and muscle, and an external
stainless steel screw closed the fistula to prevent leakage of
stomach contents. Two weeks of surgical recovery followed to
allow for drug clearance.

 

Test solutions. 

 

The training solutions consisted of either
16% sucrose (Domino Sugar) or 0.2% sodium saccharin
(Sigma Chemical Co., St. Louis, MO) flavored with 0.05% un-
sweetened grape or cherry Kool-Aid (General Foods, White
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Plains, NY). Half of the rats had a cherry flavor added to the
sucrose solutions (CS

 

1

 

) and a grape flavor added to the sac-
charin solution (CS

 

2

 

); the two flavors were reversed for the
remaining rats. In the two-choice preference tests, the CS

 

1

 

and CS

 

2

 

 flavors were each presented in a mixed 8% sucrose 

 

1

 

0.1% saccharin solution. For initial sham-feeding training, an
8% maltodextrin solution was used (BioServ, Frenchtown,
NH) which has a distinctive taste to rats (33).

 

Procedure

Initial training. 

 

The rats were placed on a food-restriction
schedule that maintained their body weights at 85–90% of
their ad lib level. They were initially trained to drink an 8%
maltodextrin solution from calibrated sipper tubes (100 ml, 1-ml
gradations) under initial water-deprivation and subsequent ad
lib conditions. Prior to each daily 30-min session, the rats’ gas-
tric fistulae were opened, and their stomachs emptied by re-
peatedly flushing warm water (10–20 ml). At the end of the
session, their stomachs were again flushed with warm water to
minimize nutrient absorption, and the fistulae were closed.
This sham-feeding procedure was repeated daily until all rats
approached the sipper tubes with short (

 

,

 

1 min) latency, typ-
ically within 5 days.

 

One-bottle training. 

 

The rats were given 10 one-bottle,
sham-feeding training sessions (30 min/day) with the CS train-
ing solutions; intake was limited to a maximum of 10-ml/ses-
sion. The CS

 

2

 

 was presented on odd-numbered days, and the
CS

 

1

 

 was presented on even-numbered days. Food was un-
available during all test times. On days 7–10, the rats received
vehicle treatment (1 ml normal saline/kg body weight, SC) 30
min prior to the training session during which they had access
to two sipper tubes, one containing the CS

 

2

 

 or CS

 

1

 

 solution,
and the other containing water. This acclimated the rats both
to the injection procedure and the presence of two sipper
tubes during the choice tests. Water intakes were negligible in
these training trials. The position of the CS and water sipper
tubes varied across days using a left–right–right–left pattern.

 

Two-bottle testing. 

 

Following training, the rats were given
eight two-bottle sham-feeding test sessions (30 min/day) with
unlimited access to the CS

 

1

 

 and CS

 

2

 

 flavors presented in
mixed sucrose (8%)–saccharin (0.1%) solutions. The posi-
tions of the two sipper tubes were counterbalanced as de-
scribed above. On day 1, subgroups of rats received vehicle (1
ml/kg, SC, 

 

n

 

 

 

5

 

 10) or naltrexone (Sigma Chemical Company,
St. Louis, MO) at doses of either 0.1 (

 

n

 

 

 

5

 

 5) or 1 (

 

n

 

 

 

5

 

 5) mg/
kg 30 min prior to the test sessions. This pattern of treatments
was systematically altered over the ensuing 3 days such that
all 20 rats received two vehicle injections, and naltrexone at
doses of 0.1 and 1 mg/kg. The pattern was then repeated on
days 5–8 so that all 20 rats received two more vehicle injec-
tions and naltrexone at doses of 2.5 and 5 mg/kg.

 

Statistics

 

CS intakes were recorded to the nearest ml. Intakes during
training were evaluated by a repeated-measures factorial
analysis of variance with the CS

 

2

 

 and CS

 

1

 

 conditions as one
variable, and the five days of exposure as the repeated vari-
able. Tukey corrected comparisons (

 

p

 

 

 

,

 

 0.05) detected signif-
icant effects. Separate randomized-blocks analyses of vari-
ance evaluated alterations in CS

 

1

 

 and CS

 

2

 

 intake as a
function of pooled vehicle and naltrexone dose treatments, al-
terations in total intake as a function of vehicle and naltrex-
one treatment, and alterations in CS

 

1

 

 preference as a func-

tion of vehicle and naltrexone treatment. CS

 

1

 

 preference was
defined as the percentage of CS

 

1

 

 intake/total intake.

 

Results

CS

 

1

 

 and CS

 

2

 

 intake during limited access training. 

 

Signif-
icant differences in sham intakes were observed across train-
ing days, 

 

F

 

(4, 76) 

 

5

 

 6.41, 

 

p

 

 

 

,

 

 0.0002, and between CS

 

1

 

 and
CS

 

2

 

 conditions, 

 

F

 

(1, 19) 

 

5

 

 87.50, 

 

p

 

 

 

,

 

 0.0001, but not for the
interaction between days and conditions. Overall, the rats
drank nearly twice as much CS

 

1

 

 than CS

 

2

 

 during training
(8.5 vs. 4.5 ml/30 min) (Fig. 1A).

 

Naltrexone and conditioned flavor preferences. 

 

Naltrexone
treatment significantly reduced total intakes during the two-
bottle sham-feeding tests relative to the vehicle treatment,

 

F

 

(4, 76) 

 

5

 

 5.01, 

 

p

 

 

 

,

 

 0.0012, but there were no significant dif-
ferences among the different naltrexone doses. Intakes were
suppressed by 20–41% (Fig. 1B). Overall, the rats consumed
more CS

 

1

 

 than CS

 

2

 

 solutions during these tests, 

 

F

 

(1, 19) 

 

5

 

8.86, 

 

p

 

 

 

,

 

 0.008 (Fig. 1C). Because there was no reliable inter-
action between naltrexone dose and CS solution, 

 

F

 

(4, 76) 

 

5

 

0.63, none of the naltrexone doses specifically reduced intake
of the CS

 

1

 

 relative to CS

 

2

 

 solution (Fig. 1C). Naltrexone
treatment did not significantly alter the percent CS

 

1

 

 intake,

 

F

 

(4, 76) 

 

5

 

 0.96, NS (Fig. 1D).

 

Discussion

 

This experiment revealed that rats develop a reliable pref-
erence for a flavor paired with sucrose over a flavor paired
with saccharin during one-bottle sham-feeding sessions. Be-
cause the sham-feeding procedure minimized the postinges-
tive actions of the sucrose solution, the CS

 

1

 

 preference is at-
tributed to flavor–flavor conditioning. Consistent with prior
reports (14,17,18,22,32), naltrexone significantly reduced
overall intakes of the sweet solution consumed during sham
feeding in the two-bottle tests. The degree of suppression
(20–41%) was smaller than that obtained in some prior stud-
ies [50–80%: (18)], which may be related to the animals’ state
of food restriction. Rockwood and Reid (32) reported that
naltrexone suppressed sham drinking less in fluid-deprived
rats relative to nondeprived animals (27 vs. 50%). While sup-
pressing total sham-fed intakes, naltrexone did not reliably al-
ter the preference for the CS

 

1

 

-flavored solution over the
CS

 

2

 

-flavored solution. Although higher naltrexone doses ap-
peared to reduce percent CS

 

1

 

 intake (55.3–59.7%) relative
to vehicle treatment (66%), this effect was not significant.

 

EXPERIMENT 2A: ROOD-RESTRICTED RATS RECEIVING 
UNLIMITED ACCESS DURING TRAINING: NALTREXONE AND 

EXPRESSION OF CONDITIONED FLAVOR PREFERENCES

 

Although significant, the percent CS

 

1

 

 intake (66%) ob-
tained in Experiment 1 was not very strong. One possible ex-
planation was that the CS flavors were presented in a palat-
able sucrose–saccharin mixture during the two-bottle choice
test. One approach to increase the percent CS

 

1

 

 intake would
be to use different concentrations of saccharin, and pair the
flavors with each concentration (12). A limitation of this ap-
proach, however, is that the intakes during the choice tests
would have been much lower because saccharin does not
stimulate much sham feeding, and hence, drug effects might
have been masked by low intakes. Thus, we chose not to use
this approach.

Another factor that may have limited percent CS

 

1

 

 intake
in the first experiment is that the CS intakes were limited dur-
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ing training. In particular, the rats presumably drank much
less of the CS

 

1

 

/sucrose solution than they would have if in-
takes were unlimited. This may have resulted in a “frustra-
tion” effect that reduced their attraction to the CS

 

1

 

 flavor
[e.g., (2)]. Experiment 2 avoided this potential problem by
providing sham-feeding rats unlimited access to the CS

 

1

 

 and
CS

 

2

 

 solutions during one-bottle training.

 

Methods

Subjects and initial training. 

 

Twenty naive male rats were
fitted with gastric cannulas as in Experiment 1. They were
food restricted and given initial sham feeding as previously
described.

 

CS

 

2

 

/CS

 

1

 

 training procedure. 

 

The rats were given 10 one-
bottle training sessions with the CS

 

1

 

/sucrose and CS

 

2

 

/sac-
charin solutions as in Experiment 1, except that unlimited
amounts (i.e., 80 ml) of the training solutions were available
during the 30-min sessions.

Following training, the rats were given two-bottle prefer-
ence tests with the CS

 

1

 

 and CS

 

2

 

 presented in a sucrose-sac-
charin mixture as in Experiment 1. Rats were exposed to four
vehicle tests and one test each following doses of 0.1, 1, 2.5,
and 5 mg/kg according to the identical regimen described in

Experiment 1. All rats were then subsequently tested follow-
ing either vehicle or naltrexone at a dose of 10 mg/kg.

 

Results

CS

 

1

 

 and CS

 

2

 

 intake during unlimited access training. 

 

Sig-
nificant differences in sham-feeding intakes were observed
across days, 

 

F

 

(4, 76) 

 

5

 

 59.76, 

 

p

 

 

 

,

 

 0.0001, between CS

 

1

 

 and
CS

 

2

 

 conditions, 

 

F

 

(1, 19) 

 

5

 

 359.70, p , 0.0001, and for the in-
teraction between days and conditions, F(4, 76) 5 48.18, p ,
0.0001. Overall, intakes of the CS1 solution (39.2 ml/30 min)
were five times higher than the CS2 solution (7.7 ml/30 min)
during one-bottle training (Fig. 2A).

Naltrexone and conditioned flavor preference. Overall, the
rats consumed more CS1 than CS2 during the two-bottle
tests, F(1, 19) 5 36.56, p , 0.0001 (Fig. 2C). Naltrexone treat-
ment produced only small (8–12%), nonsignificant reductions
in total intakes during these sham-feeding tests over the 100-
fold dose range, F(5, 95) 5 1.73, NS; (Fig. 2B). Because there
was also no reliable interaction between CS solution and the
naltrexone dose, F(5, 95) 5 1.59, NS, none of the naltrexone
doses specifically reduced intakes of the CS1 relative to CS2
solution (Fig. 2C). The rats displayed slightly lower percent
CS1 intakes following the three higher naltrexone doses (66–

FIG. 1. Food-restricted rats receiving limited access during training: naltrex-
one and expression of conditioned flavor preferences. (A) Alternations in
sham-feeding intakes (mean 6 SEM) over 30 min of either a saccharin (0.2%)
solution paired with a novel grape or cherry (0.05%) flavor (CS2) available on
odd-numbered days or a sucrose (16%) solution paired with a novel cherry or
grape flavor (CS1) available on even-numbered days in rats food-restricted to
85–90% of their normal body weight. Limited (10 ml) amounts of the solutions
were available during training. The asterisks denote significant increases in
sham-feeding intake relative to the first day of training, while the number signs
denote significant differences between CS1 and CS2 sham-feeding intake on
paired days. (B) Alterations in sham-feeding total intakes (mean 6 SEM) over
30 min of a combined saccharin (0.1%) and sucrose (8%) solution offered in
two bottles with the CS1 and CS2 flavor, respectively, following pretreatment
(30 min) with either vehicle (mean of four tests) or naltrexone at doses of 0.1, 1,
2.5, or 5 mg/kg. (C) Alterations in sham-feeding intakes of the CS1-flavored
and CS2-flavored solutions following pretreatment with either vehicle or nal-
trexone. (D) Alterations in the percentage of CS1 intake over total intake fol-
lowing pretreatment with either vehicle or naltrexone.
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72%) relative to the vehicle test (77%), but these differences
were not significant, F(5, 95) 5 2.07, p , 0.077 (Fig. 2D).

Discussion

As expected, unlimited access to the solutions during
one-bottle training resulted in markedly higher CS1/sucrose
intake than CS2/saccharin intake relative to corresponding
values observed in Experiment 1. Also, a stronger CS1 pref-
erence (77%) was obtained in this experiment under vehicle
conditions than in the first experiment (66%). Increased ex-
posure to the CS1 flavor during training may have contrib-
uted to the stronger CS1 preference obtained in this experi-
ment. However, prior work indicates that flavor exposure per
se does not completely account for preferences resulting from
flavor–flavor conditioning (12).

Data from the first experiment suggested potential CS1
preference reductions following naltrexone (55–60%) relative
to vehicle (66%) treatment following limited-access training,
and that the failure to observe significant reductions could be
attributed to the relatively low preference. Despite the higher
conditioned flavor preference (77%) following unlimited-ac-
cess training in the present experiment, naltrexone persisted
in producing small and nonsignificant reductions in the CS1
preference (66–72%). These data suggest that opioid recep-
tors are not strongly involved in the expression of a condi-

tioned flavor preference regardless of the type of training (lim-
ited or unlimited access) or the magnitude of the preference.

However, naltrexone did not significantly reduce total in-
takes during the two-bottle preference tests. The minor (8–
12%) reductions in sham intakes contrast with the 20–41%
reductions observed in Experiment 1 as well as with the
marked reductions in sucrose intake in sham-fed and mildly
(6 h) deprived rats reported in other studies [50–80%:
(17,22,32)]. Thus, the amount of solution consumed during
training emerged as an important variable in naltrexone’s an-
orectic potency. Indeed, there was a 4.6-fold increase in the
amount of CS1 consumption in limited (8.5 ml) and unlim-
ited (39.2 ml) access conditions, relative to only a 1.7-fold in-
crease in the amount of CS2 consumption in limited (4.5 ml)
and unlimited (7.7 ml) access conditions. Hence, this suggests
that extensive preexposure to the flavored solutions during
training in food-restricted rats retard naltrexone’s ability to
reduce sucrose/saccharin intakes in sham-feeding conditions.
Chronic food restriction, similar in duration and magnitude to
that observed in the present studies, alters m and k opioid
binding in both forebrain and parabrachial sites involved in
ingestion (44,45), and also produces site-specific changes in
levels of prodynorphin-derived peptides (6). Moreover, a
number of diencephalic and limbic structures, including the
bed nucleus of the stria terminalis and the central nucleus of
the amygdala, display c-fos activity following naltrexone ad-

FIG. 2. Food-restricted rats receiving unlimited access during training: naltrexone
and expression of conditioned flavor preferences. (A) Alternations in sham-feeding
intakes (mean 6 SEM) over 30 min of either a saccharin solution paired with a novel
flavor (CS2) available on odd-number days or a sucrose solution paired with a novel
flavor (CS1) available on even-numbered days in rats food-restricted to 85–90% of
their normal body weight. Unlimited (80 ml) amounts of the solutions were available
during training. The asterisks denote significant increases in sham-feeding intake rel-
ative to the first day of training and between CS1 and CS2 sham-feeding intake on
paired days. (B) Alterations in sham-feeding total intakes (mean 6 SEM) over 30
min of a combined saccharin and sucrose solution offered in two bottles with the
CS1 and CS2 flavor, respectively, following pretreatment with either vehicle or nal-
trexone. (C) Alterations in sham-feeding intakes of the CS1-flavored and CS2-fla-
vored solutions following pretreatment with either vehicle or naltrexone. (D)
Alterations in the percentage of CS1 intake over total intake following pretreatment
with either vehicle or naltrexone.
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ministration in food-restricted rats, suggesting opioid-medi-
ated inhibitory control (7). Because naltrexone is more sensi-
tive in reducing intakes under ad lib conditions (23–26), the
second phase of this experiment evaluated the ability of nal-
trexone to inhibit sucrose/saccharin intake and the expression
of conditioned flavor preferences during unlimited training
access in sham-fed, but ad lib-fed weight rats.

EXPERIMENT 2B: AD LIB-FED RATS RECEIVING UNLIMITED 
ACCESS DURING TRAINING: NALTREXONE AND EXPRESSION OF 

CONDITIONED FLAVOR PREFERENCES

Method

At the end of Experiment 2A, the rats were given ad lib
access to food and water for 2 weeks. They were then given
four retraining sessions with unlimited access to the CS1/
sucrose and the CS2/saccharin solutions; water bottles were
also available during these sessions. Following retraining, the
rats were given two-bottle preference tests with the CS1 and
CS2 flavors presented in the sucrose–saccharin mixture.
They received four vehicle injections, and one injection each
of the 0.1, 1, 2.5 and 5 mg/kg dose of naltrexone according to
the regimen described previously.

Results

CS1 and CS2 intake during unlimited access training. Sig-
nificant differences in sham-feeding intake were observed be-
tween CS1 and CS2 conditions, F(1, 18) 5 77.22, p , 0.0001.
There was also a significant interaction between days and con-
ditions, F(1, 18) 5 4.82, p , 0.042, but total intake did not dif-
fer across days, F(1, 18) 5 0.34, NS. Intakes of the CS1 solu-
tion (31.4 ml/30 min) were approximately threefold higher
than the CS2 solution (10.6 ml/30 min), and remained stable
over the 2 days (Fig. 3A).

Naltrexone and conditioned flavor preferences. Overall,
the rats consumed more CS1 than CS2 during the two-bottle
tests, F(1, 18) 5 17.54, p , 0.0006 (Fig. 3C). Naltrexone sig-
nificantly reduced total intakes, F(4, 72) 5 12.09, p , 0.0001,
by 28–43% relative to vehicle treatment; no significant differ-
ences were observed among the naltrexone doses (Fig. 3B).
There was also a significant CS by dose interaction, F(4, 72) 5
2.94, p , 0.026. CS1 intake was significantly reduced by each
of the naltrexone doses, whereas CS2 intake was only signifi-
cantly reduced following the 1 mg/kg dose of naltrexone (Fig.
3C). It should be noted, however, that CS1 intake was signif-
icantly higher than CS2 intake following vehicle and all, but
the 5 mg/kg naltrexone conditions. However, naltrexone did
not significantly alter percent CS1 intake, F(4, 72) 5 1.45,
NS. Thus, the reductions in CS1 preference from 66.4% fol-
lowing saline treatment to 55.7% following the 5 mg/kg dose
of naltrexone were not significant (Fig. 3D).

Discussion

The present experiment confirmed that the use of ad lib
feeding conditions was more sensitive in detecting naltrex-
one’s ability to reduce sucrose/saccharin intakes in sham-fed
rats. Like previous studies (23–26), all naltrexone doses re-
duced total intake of a combined sucrose/saccharin solution
in sham-fed and ad lib weight rats.

The data appeared suggestive that a high (5 mg/kg) dose of
naltrexone affected the expression of the conditioned flavor
preference. When evaluating absolute intake (Fig. 3C), the in-
takes of the CS1 (8.4 ml) and the CS2 (8.4 ml) were equiva-
lent following the 5 mg/kg dose, indicating a loss of prefer-

ence. However, CS1 preference, calculated as the mean of
preferences of individual animals in each treatment group in-
dicated a 55% CS1 preference (Fig. 3D), which did not differ
significantly from saline treatment. It should be noted, how-
ever, that the three lower (0.1, 1, and 2.5 mg/kg) naltrexone
doses failed to alter the proportion between CS1 and CS2
intakes either in absolute terms or in terms of CS1 prefer-
ence. Therefore, these data suggest that opioid receptors play
a limited role at best in the expression of a conditioned flavor
preference, and may only do so when the animals are at nor-
mal body weight under ad lib feeding conditions.

EXPERIMENT 3A: FOOD-RESTRICTED RATS RECEIVING LIMITED 
ACCESS DURING TRAINING: NALTREXONE AND ACQUISITION OF 

CONDITIONED FLAVOR PREFERENCES

Given the relatively limited role of naltrexone in modulat-
ing the expression of conditioned flavor preferences, the third
experiment was designed to evaluate whether daily naltrexone
administration during training would affect the acquisition of a
conditioned flavor preference compared to rats receiving daily
saline treatment during training. Further, the impact of naltrex-
one on the expression of flavor preferences was evaluated in
rats trained under naltrexone or saline treatment. The rats
were food restricted and received limited access to the CS solu-
tions during training to reduce the intake differences expected
between the naltrexone- and saline-treated groups.

Method

Subjects and initial training. Thirteen naive male rats, pre-
pared with gastric fistulas and housed individually and main-
tained as described previously, were food restricted and un-
derwent the same sham-feeding training regimen with a
maltodextrin (8%) solution.

CS2/CS1 training procedure. The rats were trained in a
minor modification of the sham-feeding procedure described
in Experiment 1 over a 14-day period. Rats received either
vehicle (1 ml 0.9% normal saline/kg, SC, n 5 6) or naltrexone
(0.1 mg/kg, SC, n 5 7) 30 min prior to each training session.
This dose of naltrexone was chosen because preliminary stud-
ies demonstrated that a higher (1 mg/kg) dose eliminated in-
takes during training (data not shown). On the first four train-
ing days, only 4 ml of the CS1 and CS2 solutions were
available during the 30-min sessions, whereas on the remain-
ing 10 days of training, 6 ml of the CS1 and CS2 solutions
were available. Saccharin (0.2%, CS2) was paired with a
cherry flavor in one-half of the rats in each group, and with a
grape flavor in the remaining rats on odd-numbered days. Su-
crose (16%, CS1) was paired with a grape flavor in the first
group, and with a cherry flavor in the second group on even-
numbered days. The use of a second sipper tube filled with
water on days 7–14 proceeded as described previously. Sham-
feeding intakes (61 ml) were recorded on each of the seven
CS2 and CS1 training days.

Conditioned preference testing procedure. The two groups
of rats then underwent a 6-day testing period under sham-
feeding conditions in the absence of food during the 30-min
testing trial in a manner identical to that described previously.
Sham-fed rats were exposed to two sipper tubes (80 ml) con-
taining a combined saccharin (0.1%) and sucrose (8%) solu-
tion paired with either the CS1 or the CS2 flavor. Each rat
received two injections each of either vehicle, naltrexone at a
dose of 0.1 mg/kg, and naltrexone at a dose of 2.5 mg/kg in
counterbalanced order.
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Results

CS1 and CS2 intake during limited access training. Signif-
icant differences in sham-feeding intakes were observed
across days, F(6, 42) 5 17.71, p , 0.0001, and between CS1
and CS2 conditions, F(1, 7) 5 6.60, p , 0.37). The interaction
between days and conditions was also significant, F(6, 42) 5
3.66, p , 0.005. The main effect of training condition (vehicle
or naltrexone) approached but was not significant, F(1, 7) 5
4.91, p , 0.062. Overall, intakes during training were slightly
higher in rats receiving the saline vehicle during training (3.7
ml/30 min) relative to rats receiving naltrexone during train-
ing (3.3 ml/30 min). Intakes of the CS1 solution (3.9 ml/30
min) were significantly higher than that of the CS2 solution
(3.1 ml/30 min) during training, and both forms of intakes re-
mained stable over days (Fig. 4A).

Naltrexone training and naltrexone testing effects upon total
intake. Significant differences in sham-feeding intakes during
the two-bottle tests were observed among naltrexone testing
conditions, F(2, 12) 5 15.28, p , 0.0005, and for the interaction
between training and testing conditions, F(2, 12) 5 4.38, p ,
0.037, but not between saline and naltrexone training conditions,
F(1, 6) 5 0.13, NS. Whereas rats receiving saline during training
displayed significant reductions in total intake following the 2.5
mg/kg dose of naltrexone during testing (29%), rats receiving
naltrexone during training failed to display significant reductions
in total intake following naltrexone during testing (Fig. 4B).

Naltrexone training and conditioned flavor preferences. Al-
though rats consumed more of the CS1 (19.5 mg/30 min)
than the CS2 (12.8 ml/30 min) solution, this variable was not
significant, F(1, 6) 5 1.09, NS. Neither naltrexone during
training nor naltrexone during testing significantly affected
CS1 or CS2 intakes (Fig. 4C). Significant differences in per-
cent CS1 intake were observed between training conditions,
F(1, 6) 5 8.80, p , 0.025, but not among testing conditions,
F(2, 12) 5 1.76, NS. The interaction between training and
testing conditions was also not significant, F(2, 12) 5 0.06, NS.
Rats receiving naltrexone during training (75.7%) displayed
significantly higher percent CS1 intakes than rats receiving
vehicle during training (56.5%) (Fig. 4D).

Discussion

Any interpretations concerning the data in this experiment
are compromised by the failure of vehicle-trained rats to dis-
play a reliable conditioned flavor preference (56.5%), an ef-
fect similar to that observed in Experiment 1. The small mag-
nitude of conditioned flavor preferences in vehicle-trained
rats may reflect frustration [see (2)] by these food restricted
and sham feeding receiving very limited (4–6 ml) access to the
CS1 sucrose solution. In contrast, naltrexone administered
during training failed to prevent the acquisition of a condi-
tioned flavor preference in sham-fed rats given the potent
preference (75.7%) for the CS1 (23.8 ml/30 min) relative to

FIG. 3. Ad lib-fed rats receiving unlimited access during training: naltrexone
and expression of conditioned flavor preferences. (A) Alterations in sham-
feeding intakes (mean 6 SEM) over 30 min of either a saccharin solution paired
with a novel flavor (CS2) available on odd-number days or a sucrose solution
paired with a novel flavor (CS1) available on even-number days in rats fed ad
lib. Unlimited (80 ml) amounts of the solutions were available during training.
(B) Alterations in sham-feeding total intakes (mean 6 SEM) over 30 min of a
combined saccharin and sucrose solution offered in two bottles with the CS1
and CS2 flavor, respectively, following pretreatment with either vehicle or nal-
trexone. (C) Alterations in sham-feeding intakes of the CS1-flavored and
CS2-flavored solutions following pretreatment with either vehicle or naltrex-
one. The asterisks in B and C denote significant decreases in the particular form
of sham-feeding intake following naltrexone relative to corresponding vehicle
values. (D) Alterations in the percentage of CS1 intake over total intake fol-
lowing pretreatment with either vehicle or naltrexone.
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the CS2 (5.9 ml/30 min). Therefore, any comparisons made
about the ability or inability of these manipulations to alter
naltrexone’s effects during testing must be done with the ca-
veat that interactions may have occurred between the training
treatment and frustration induced by limited access. Our ear-
lier expression experiments demonstrating greater prefer-
ences following unlimited access during training (Experiment
2A) relative to limited access during training (Experiment 1)
in food-restricted and sham-feeding animals indicate the abil-
ity of unlimited access during training to produce greater
preferences. Therefore, the last phase of this experiment ex-
amined both training (acquisition) and testing (expression)
effects of naltrexone upon conditioned flavor preferences in
sham-fed rats with unlimited access to the CS1 and CS2 fla-
vors during training.

EXPERIMENT 3B: FOOD-RESTRICTED RATS RECEIVING 
UNLIMITED ACCESS DURING TRAINING: NALTREXONE AND 

ACQUISITION OF CONDITIONED FLAVOR PREFERENCES

Method

Subjects and initial training. Twelve of the male rats used
in Experiment 3A were used in this phase of the study. They

were housed individually and maintained as described previ-
ously, and were food restricted (85%).

CS2/CS1 training procedure. The rats were trained in a
manner similar to the sham-feeding procedure described in
Experiment 2A in which 80 ml of the solution was available to
the animals during the 30 min training trial on each of the 10
training days. Rats received either vehicle (1 ml 0.9% normal
saline/kg, SC, n 5 5) or naltrexone (0.1 mg/kg, SC, n 5 7) 30
min prior to each training session. Saccharin (0.2%, CS2) was
paired with a novel unsweetened orange-pineapple (0.05%)
flavor in one-half of the rats, and a novel unsweetened kiwi-
lime (0.05%) flavor in the remaining rats on odd-numbered
days. Sucrose (16%, CS1) was paired with the kiwi-lime fla-
vor in the first group, and with the orange-pineapple flavor in
the second group on even-numbered days. All other proce-
dures were identical to those described previously.

Conditioned preference testing procedure. The two groups
of rats then underwent a 6-day testing period under sham-
feeding conditions in the absence of food during the 30-min
testing trial in a manner identical to that described previously.
Sham-fed rats were exposed to two sipper tubes (80 ml) con-
taining a combined saccharin (0.1%) and sucrose (8%) solu-
tion paired with either the CS1 or the CS2 flavor. Each rat
received two injections each of either vehicle, naltrexone at a

FIG. 4. Food-restricted rats receiving limited access during training: naltrexone
and acquisition of conditioned flavor preferences. (A) Alternations in sham-feed-
ing intakes (mean 6 SEM) over 30 min of either a saccharin solution paired with a
novel flavor (CS2, squares) available on odd-numbered days or a sucrose solution
paired with a novel flavor (CS1, circles) available on even-numbered days in two
groups of food-restricted rats receiving either daily injections of saline (open sym-
bols) or naltrexone (0.1 mg/kg, closed symbols) 30 min prior to training. Limited
amounts of the solutions were available during the first two pairs of days (4 ml)
and the last five pairs of days (6 ml) of training. (B) Alterations in sham-feeding
total intakes (mean 6 SEM) over 30 min of a combined saccharin and sucrose
solution offered in two bottles with the CS1 and CS2 flavor, respectively, in
saline-trained and naltrexone-trained rats following pretreatment with either vehi-
cle or naltrexone during testing. The asterisk in B denotes a significant decrease in
sham-feeding intake following naltrexone testing in saline-trained rats. (C) Alter-
ations in sham-feeding intakes of the CS1-flavored and CS2-flavored solutions in
saline-trained and naltrexone-trained rats following pretreatment with either vehi-
cle or naltrexone during testing. (D) Alterations in the percentage of CS1 intake
over total intake in saline-trained and naltrexone-trained rats following pretreat-
ment with either vehicle or naltrexone during testing.
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dose of 0.1 mg/kg, and naltrexone at a dose of 2.5 mg/kg in
counterbalanced order.

Results

CS1 and CS2 intake during unlimited access training. Sig-
nificant differences in sham-feeding intakes were observed be-
tween saline and naltrexone training, F(1, 11) 5 174.48, p ,
0.0001, across days, F(4, 44) 5 81.13, p , 0.0001, between CS1
and CS2 conditions, F(1, 11) 5 436.98, p , 0.0001. All interac-
tions between and among the main effects were also significant.
Overall, intake of the solutions during training was significantly
higher in rats receiving the saline vehicle (25.6 ml/30 min) rela-
tive to rats receiving naltrexone (10.9 ml/30 min). Intakes of the
CS1 solution (29.8 ml/30 min) were significantly higher than
that of the CS2 solution (6.7 ml/30 min) (Fig. 5A). Whereas
rats receiving naltrexone during training consumed similar
quantities of the CS2 solution as rats receiving saline during
training, rats receiving naltrexone during training consumed sig-
nificantly less of the CS1 solution during the first, second, third,
and fifth days relative to rats receiving saline during training.

Naltrexone training and naltrexone testing effects upon total
intake. Significant differences in sham-feeding intakes during
two-bottle tests were observed among naltrexone testing
doses, F(2, 22) 5 118.70, p , 0.0001, and for the interaction
between training and testing conditions, F(2, 22) 5 40.10, p ,
0.0001, but not between saline and naltrexone training, F(1,
11) 5 0.43, NS. Whereas rats receiving saline during training
displayed significant reductions in total intake following the
2.5, but not the 0.1 mg/kg testing doses of naltrexone, rats re-
ceiving naltrexone during training displayed significant reduc-
tions in total intake following both naltrexone doses during
testing (Fig. 5B). The ability of naltrexone at a testing dose of
2.5 mg/kg to reduce total intake was significantly impaired in
animals receiving naltrexone during training relative to ani-
mals receiving saline during training.

Naltrexone training and conditioned flavor preferences.
Overall, rats consumed significantly more of the CS1 (32.2
ml/30 min) than the CS2 (5.9 ml/30 min) solution, F(1, 11) 5
425.49, p , 0.0001. Significant differences were also observed
for interactions between the CS1 and CS2 conditions and
naltrexone testing, F(2, 22) 5 65.35, p , 0.0001, and between

FIG. 5. Food-restricted rats receiving unlimited access during training: naltrex-
one and acquisition of conditioned flavor preferences. (A) Alterations in sham-
feeding intakes (mean 6 SEM) over 30 min of either a saccharin solution paired
with a novel flavor (CS2, squares) available on odd-number days or a sucrose
solution paired with a novel flavor (CS1, circles) available on even-numbered
days in two groups of food-restricted rats receiving either daily injections of saline
or naltrexone (0.1 mg/kg) 30 min prior to training. Unlimited (80 ml) amounts of
the solutions were available during training. The triangles in this and subsequent
panels denote significant differences between saline-trained and naltrexone-
trained rats on that given response. (B) Alterations in sham-feeding total intakes
(mean 6 SEM) over 30 min of a combined saccharin and sucrose solution offered
in two bottles with the CS1 and CS2 flavor, respectively, in saline-trained and
naltrexone-trained rats following pretreatment with either vehicle or naltrexone
during testing. The asterisk in B denotes a significant decrease in sham-feeding
intake following naltrexone testing in saline-trained rats. (C) Alterations in sham-
feeding intakes of the CS1-flavored and CS2-flavored solutions in saline-trained
and naltrexone-trained rats following pretreatment with either vehicle or naltrex-
one during testing. (D) Alterations in the percentage of CS1 intake over total
intake in saline-trained and naltrexone-trained rats following pretreatment with
either vehicle or naltrexone during testing.
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naltrexone testing conditions and naltrexone training condi-
tions, F(2, 22) 5 10.09, p , 0.0008. CS1 intakes during vehi-
cle testing were similar in both saline-trained (45 ml/30 min)
and naltrexone-trained (40.5 ml/30 min) rats. Likewise, CS2
intakes during vehicle testing were similar in saline-trained
(5.3 ml/30 min) and naltrexone-trained (6.2 ml/30 min) rats.
Both the 0.1 and 2.5 mg/kg doses of naltrexone administered
during testing significantly and selectively reduced CS1, but
not CS2 intake in both saline-trained and naltrexone-trained
rats relative to their corresponding responses following vehi-
cle (Fig. 5C). However, naltrexone-trained rats displayed sig-
nificantly smaller magnitudes in the inhibition of CS1 intakes
than saline-trained rats following the 2.5 mg/kg dose of nal-
trexone administered during testing (Fig. 5C). The percent
CS1 intake was quite pronounced during vehicle treatment in
both saline-trained (88.7%) and naltrexone-trained (86.0%)
rats, and naltrexone treatment during testing did not signifi-
cantly alter percent CS1 intake in either saline-trained or nal-
trexone-trained rats (Fig. 5D).

Discussion

The present experiment clearly demonstrated that naltrex-
one administered daily during training failed to block the ac-
quisition of a conditioned flavor preference in sham-feeding
and food-restricted rats. Naltrexone-trained rats displayed a
very strong preference, despite the fact that they drank signif-
icantly less of the CS1 solution than their saline-trained coun-
terparts on 4 of the 5 training days, and despite the fact that
they drank similar quantities of the CS2 solution over all
training days. Thus, although the dose of naltrexone adminis-
tered daily during training was relatively low (0.1 mg/kg), it
was producing expected inhibition of sucrose intake as de-
scribed previously (23). Use of a higher (1 mg/kg) naltrexone
dose in preliminary studies abolished intake, and use of such a
higher dose would make it impossible to determine whether
any subsequent effect upon acquisition of a conditioned flavor
preference would be due to its pharmacological action or the
failure to make discriminations between flavors due to low or
nonexistent intake.

Chronic naltrexone exposure upregulates brain opioid re-
ceptors (19,42,46,47), and increases analgesic potencies of opiate
agonists and both opioid-mediated and nonopioid-mediated
stressors (1,41,42,46–48). Therefore, one might have expected
increased sensitivity to opioid antagonists during testing.
However, the present experiment also demonstrated that nal-
trexone treatment during training produced minor effects
upon either naltrexone’s inhibitory effects upon total intake
during two-bottle testing, and naltrexone’s effects upon the
expression of a conditioned flavor preference during testing.
Naltrexone administered during testing suppressed total sham-
feeding intake in both saline-trained and naltrexone-trained
rats, with the latter group displaying a smaller degree of inhi-
bition following the 2.5 mg/kg test dose. Further, naltrexone-
trained rats displayed a smaller degree of inhibition of CS1
intake following the 2.5 mg/kg test dose. However, the per-
cent CS1 intake was similar in saline-trained and naltrexone-
trained rats, both in the absence and presence of naltrexone
during testing.

GENERAL DISCUSSION

The present results confirm and extend prior reports that
rats acquire preferences for a sugar-paired flavor over a sac-

charin-paired flavor. The novel finding is that the sugar-con-
ditioned preference was obtained in sham-feeding rats in
which the ingested solutions drained out of an open gastric
fistula. Thus, the US was primarily the sweet taste of the su-
crose. However, sham feeding does not completely eliminate
nutrient absorption (37), and thus some minimal amount of
postgastric feedback may also have contributed to the CS1
preference. The present data also confirm prior reports that
rats consume considerably more of sugar solutions (at moder-
ate to high concentrations) than they do of saccharin solu-
tions (at low to high concentrations) (33,38,43) under sham-
feeding conditions.

In three of the five experiments, naltrexone reliably reduced
the sham-feeding of combined sucrose and saccharin solu-
tions, which is consistent with prior results (14,17,18,22,32).
Naltrexone did not typically block the expression of the su-
crose-conditioned CS1 preference in Experiments 1 or 3A in
food-restricted rats. In Experiment 2B, ad lib-fed rats re-
ceived unlimited access to the solutions during training. The
sucrose-conditioned CS1 preference was blocked only by the
high (5 mg/kg) dose of naltrexone when evaluating absolute
intakes, but not when evaluating the data expressed as CS1
preference, which was the mean of preferences of individual
animals in the group. In Experiment 3B, the sucrose-condi-
tioned CS1 preference was selectively reduced by a test dose
of naltrexone in saline-trained and naltrexone-trained animals
when evaluating absolute intakes as the statistical measure.
Again, however, the CS1 preference did not change signifi-
cantly. This limited ability of naltrexone to alter expression of
these preferences is in stark contrast to the ability of selective
D1 (SCH23390) and D2 (raclopride) antagonists to potently
block this identical flavor preference in sham-fed rats (50).
Further, the third experiment showed that naltrexone failed
to block the acquisition of the preference when the drug was
given daily prior to each training session.

These data contrast with recent reports of naloxone sup-
pressing flavor conditioning in adult rats (27,31), although the
procedures of these earlier studies differ in important respects
from the present work. In particular, Ramirez (31) examined
flavor–postingestive nutrient conditioning because the nutri-
ent US was delivered by IG infusions. Furthermore, flavor ac-
ceptance rather than preference was measured. Mehiel (27)
also examined flavor–postingestive nutrient conditioning be-
cause the rats actually consumed the nutrient solutions of ei-
ther glucose or ethanol. Thus, the failure of naltrexone to
block flavor–flavor conditioning in the present experiment
does not directly contradict the findings of Mehiel (27) and
Ramirez (31), but suggests that minimization of postingestive
consequences by sham feeding may be changing opioid antag-
onist effects. However, a parallel study conducted by our lab-
oratories (3) demonstrated that naltrexone has minimal ef-
fects on flavor–nutrient conditioning postingestive using an
IG training paradigm. Our findings also appear to agree with
the failure of naloxone to alter sucrose-mediated operant dis-
criminations for food reinforcers (29).

Shide and Blass (39) observed that naloxone blocked odor
preference conditioning by intraoral sucrose and oil infusions
in rat pups. Given the small amount of nutrients infused, it
was presumed that the oral rather than the postingestive ef-
fects of the nutrients served as the US in the experiment. The
sucrose and corn oil infusions also reduced isolation stress
and elevated pain thresholds in rat pups. Therefore, it is pos-
sible that odor preference conditioned by these nutrients,
which was measured by a place-preference technique rather
than by intake per se, may represent a form of learned safety



NALTREXONE AND FLAVOR PREFERENCE CONDITIONING 583

rather than flavor–flavor conditioning, as typically measured
in adult rats. Alternatively, it may be that flavor preference
conditioning is more opioid dependent in neonatal rats than
in adult animals. Further comparisons of neonatal and adult
animals are needed to resolve this issue.

Although the present results do not directly contradict
prior conditioning studies, they do appear inconsistent with
the notion (10) that opioid antagonists reduce the hedonic re-
sponse to sweet taste. One possible explanation is that once
one establishes a CS1 preference by pairing a novel flavor
with a sweet taste, the expression of that preference does not
involve the opioid system. Thus, naltrexone treatment in Ex-
periments 1 and 2 may have reduced the intakes of sucrose–
saccharin solutions by reducing the attractiveness of their
sweet taste, but left the CS1 preference intact. This model re-
ceives support from the observations that naltrexone alters
the maintenance, but not the initiation of sucrose intake un-
der both real-feeding (15,16) and sham-feeding (22) condi-
tions. Furthermore, sham-feeding rats display a pattern of
naltrexone-induced inhibition of sucrose intake that is behav-
iorally equivalent to diluting the sucrose concentration (18).
More difficult to explain is why naltrexone treatment during
initial training did not attenuate CS1 preference conditioning
if it is assumed that the effective US was the palatable taste of
sucrose, and naltrexone treatment reduced sucrose intakes
during training. One possible explanation is that the naltrex-
one treatment attenuated the attractiveness of both the su-
crose and saccharin solutions such that the difference in taste
between the two solutions was still sufficient to condition the
CS1 preference. It should be noted that the potencies of cen-
trally administered naltrexone to reduce intakes by 40% were
somewhat comparable when rats were exposed to either su-
crose (6 nmol) or saccharin (29 nmol) (4,5). According to this
interpretation, one should block conditioning by using a

higher naltrexone dose during training. Pilot work revealed
that rats treated with a 1.0 mg/kg dose of naltrexone during
initial training drank very little of flavored saccharin solu-
tions. Thus, a failure to obtain a subsequent CS1 preference
would be difficult to interpret. It is important to note that the
rats in the present study continued to drink substantial
amounts under sham-feeding conditions even at with naltrex-
one doses up to 10 mg/kg. However, these rats were highly ex-
perienced with the flavors and were tested with a sucrose–sac-
charin mixture, which was presumably preferred to a plain
saccharin solution. An alternative approach to study opioid
involvement in flavor–flavor conditioning is to pair the CS1
and CS2 flavors with qualitatively different US flavors such
as a sweet flavor vs. a maltodextrin flavor. Naltrexone is also
capable of blocking intake of a maltodextrin solution under
both real-feeding (5) and sham-feeding (21) conditions, and it
would be of interest to determine whether the opioid system
is differentially involved in the flavor preferences conditioned
by the tastes of sugar and maltodextrins.

In conclusion, the present study demonstrated that CS1
preferences can be obtained in sham-feeding rats either under
food restricted or ad lib conditions, and thereby suggests that
a sufficient US is the sweet taste per se, and not necessarily its
postingestive consequences. Although naltrexone was effec-
tive in reducing overall intakes in sham-feeding animals, con-
firming its modulation of orosensory signals, it had no or lim-
ited effects on the acquisition or expression of conditioned
flavor preferences.
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