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Taste quality and extinction of
a conditioned taste aversion in rats

RICK A. BEVINS, HEATHER C. JENSEN, TODDS. HINZE, and JOYCEBESHEER
University ofNebraska, Lincoin, Nebraska

Rats (Rattus norvegicus) that received a taste cue (saccharin, saline, quinine, or sucrose) paired
with a lithium chloride (LiCI) injection displayed a robust decrease in consumption of that taste, rela
tive to controls that had the taste unpaired with LiCI. Consumption of the paired taste increased with
each nonreinforced presentation (i.e., extinction). After asymptotic extinction, rats that had had a 0.1%
saccharin cue paired with LiCI consumed less of the saccharin solution than did controls. Asimilar data
pattern was observed with a lOOA! sucrose solution. These results are consistent with the view that some
aspect of the excitatory CS-US association remains after extinction. On the other hand, rats that had
a bitter (0.005% or 0.001% quinine) or salty (1% or 0.5% saline) solution paired with LiCI drank similar
amounts of the fluid as controls after asymptotic extinction treatment. Together, these experiments
suggest that a taste that is either sweet or preferred is required in order to demonstrate the chronic de
crease in fluid consumption after extinction treatment. The data suggest that the conditioning experi
ence prevents the later development of a preference for the sweet taste, rather than there being a re
tained aversion that suppresses fluid consumption.

Since Pavlov (1927), researchers have spent an enor
mous amount ofeffort elucidating the processes that mod
ulate the acquisition, maintenance, and subsequent ex
tinction ofPavlovian conditioning. There has been arecent
surge of interest in the processes governing extinction
(e.g., Bouton, 1991; Delamater, 1996; Rescorla, 1997;
Robbins, 1990). To demonstrate extinction, one first es
tablishes Pavlovian excitatory conditioning by pairing
a relatively neutral stimulus (conditioned stimulus, or
CS) with a somewhat more biologically relevant stimu
lus (unconditioned stimulus, or US). The CS comes to
elicit a conditioned response (CR). Elicitation ofa CR is
taken as evidence for an excitatory association between
the CS and the USo Extinction refers to the subsequent
presentation of this CS without the US and the observa
tion that the frequency or magnitude ofthe CR decreases
toward a preconditioning baseline (see Miller & Ober
ling, 1998, for an interesting discussion ofthe definition
of extinction).

There are numerous hypotheses concerning the pro
cess( es) governing the decrease in conditioned respond
ing with extinction. For example, Pavlov (1927) sug
gested that the excitatory association formed during
conditioning remained intact and that extinction involved
formation ofan inhibitory association that competed with
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the excitatory association. In contrast, Skinner (1938)
argued against Pavlov's notions ofan inhibitory association
and described extinction as a "reciprocal process" (p. 61).
That is, extinction reflected the loss ofthe excitatory as
sociation (see, also, Rescorla & Wagner, 1972). More re
cent research and theorizing tend to agree with Pavlov's
conclusion that the excitatory CS-US association re
mains, at least in part, intact after extinction. Such pro
cesses that account for loss ofthe CR while the excitatory
CS-US association is left intact include decreased atten
tion to the CS (Robbins, 1990), failure to retrieve memory
of the excitatory association as a result of acquiring an
independent memory for extinction (Bouton, 1991), and
acquisition of an inhibitory association between the CS
and the CR (Pavlov, 1927; Rescorla, 1993, 1997).

Rosas and Bouton (1996, Experiment 4), using a con
ditioned taste aversion preparation, demonstrated a very
interesting effect that could be used to elucidate the pro
cesses underlying extinction of a taste aversion. In that
experiment, one set of rats (paired) received a novel sac
charin taste CS paired with an illness-inducing lithium
chloride (LiCI) injection. The LiCI US did not follow sub
sequent presentations of the saccharin CS (i.e., extinc
tion). As was expected, the paired rats showed a substan
tial decrease in saccharin intake on the first extinction
trial (i.e., conditioned saccharin aversion). Saccharin in
take increased across repeated extinction trials. Interest
ingly, even after eight extinction trials, the paired rats did
not drink as much as the control rats that had equal expo
sure to the saccharin CS and the LiCI US in an unpaired
fashion. Rosas and Bouton concluded that this between
group difference in saccharin intake was evidence that
the excitatory association conditioned by the saccharin
lithium pairing remained intact after extinction. For ease
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Table 1
Milliliter lntake (::':: 1 SEM) of Fluids Across the Four Experiments

Extinction Trial

Experiment Group Water (Day 5) Conditioning First Last

2A (I % salinc)

4 (10% sucrose)

28 (0.5% saline)

I (0.1% saccharin) 19.4 ± 1.00
14.8 ± 1.50*
16.6 ± .99
14.8 ± 1.32
13.4 ± .92
15.4 ± .91
11.9::'::.81
10.9 ± .90
14.2 ± .80
14.6 ± .87
21.4 ± .92
18.6 ± .98*

14.4 ± 1.28
2.2 ± .68*

14.3 ± 1.16
1.8 ± .79*

15.5 ± 1.0
6.9 ± 1.65*
6.8 ± 1.01
1.2 ± .20*
7.9 ± .60
4.8 ± .96*

16.1 ::':: 1.69
1.0 ± .41*

Unpaired 25.4 ::':: .94 14.9 ± .80
Paired 25.1 ± .96 15.8 ± .51
Unpaired 24.0 ± 1.23 17.6 ± .75
Paired 23.9 ± 1.21 15.9 ± .82
Unpaired 17.4 ± 1.28 14.6 ± .38
Paired 18.6 ± .93 16.6 ± .94

3A (0.005% quinine) Unpaired 24.7 ± .87 5.0 ± .61
Paired 25.8 ± 1.94 5.0 ::':: .58

38 (0.001% quinine) Unpaired 27.1 ± 1.14 11.0 ± .99
Paired 26.7 ± 1.20 12.3 ::':: 89
Unpaired 28.4 ± .84 17.3 ± .79
Paired 28.8 ± .68 18.0 ± .48

*Significant difference (p < .05) from the unpaired group.

of presentation, throughout the present report, we will
refer to this persistent decrease in taste consumption fol
lowing taste-illness pairing as conditioned hypodipsia.

EXPERIMENT 1

Rosas and Bouton's (1996) demonstration of condi
tioned hypodipsia was the first such example in the lit
erature (see Nolan et al., 1997). Thus, the main purpose
ofExperiment I was to replicate this phenomenon in our
laboratory. The procedural details ofthat experiment were
similar to those in Rosas and Bouton (1996, Experi
ment 4), except that we used male Sprague-Dawley rats
rather than female Wistar rats. A second purpose of Ex
periment 1 was to assess whether the conditioned hy
podipsia effect would transfer to a new taste after the ex
tinction phase. Todo so, we replaced the saccharin solution
with a saline solution on the day after the last extinction
trial.

Method
Subjects and Apparatus

The subjects were 24 male Sprague-Dawley rats (345-423 g)
that had previously served in an unrelated experiment that did not
involve water deprivation or novel tastes. The rats were housed in
dividually in plastic tubs lined with wood chips in a colony on a
12:12-h lightdark cycle. All the phases ofthe present experiment
were conducted during the light portion of this cycle. Food was
avai1ablecontinuously in the horne cage; fluid access was restricted
to I h/day (see below). Fluids were presented in 50-mi graduated
drinking tubes that allowed consumption to be measured to the
nearest milliliter. All the taste cues were mixed in distilled water.
LiCI, the emetic US, was mixed in distilled water. All the injections
were intraperitoneal (i.p.).

Procedure
Water baseline. Water was removed 24 h before the start of the

experiment. On Days 1-5, each rat had 30-min access to distilled
water in a moming session and a similar 30-min access period in the
aftemoon. There were always two daily fluid presentations, sepa
rated by 8 h. Throughout the experiment, each presentation was
30 min, and the fluid in the afternoon session was always distilled
water.

Conditioning. Before conditioning, the rats were assigned to
one of two groups (paired or unpaired; 12 rats per group), with the
restriction that overall water consumption on Day 5 was statistically
similar and experimental history was comparably represented in
each group. In the morning session ofDay 6, the rats were given 30
min access to a 0.1% sodium saccharin solution (w/v). Following
access to the saccharin solution, the rats assigned to the paired
group were injected i.p. with LiCI (127.2 mg/kg); the rats in the un
paired control group received an injection of distilled water. On
Day 7, the rats were allowed 30-min access to water in the morning
session. The unpaired control rats were injected with LiCI immedi
ately after water access; the rats in the paired group were injected
with distilled water. Day 8 was a recovery day, in which water was
available in both sessions.

Extinction and transfer test. On Day 9, the saccharin solution
was presented in the morning session without a subsequent injec
tion ofLiCI (i.e., extinction). Throughout the present report, termi
nation ofthe extinction phase was determined by the following cri
teria: (I) There had to be a minimum of eight extinction trials (cf.
Rosas & Bouton, 1996, Experiment 4), and (2) the data pattern for
the paired group had to be statistically stable, relative to the control
condition, for at least 3 days. In the present experiment, these cri
teria were reached on the ninth extinction trial. The day after the last
extinction trial included a transfer test. A 1% sodium chloride (saline)
solution replaced the saccharin solution in the morning session.

Data analysis. Rosas and Bouton (1996) used a relative measure
of intake that divided the morning saccharin intake by the afternoon
water intake. A value greater than I was taken to indicate a prefer
ence for the saccharin solution. We could not use this proportion
measure, because morning intake (13.9 ± 0.45 ml) ofwater in our
laboratory is significantly greater than afternoon intake [11.4 ±
0.42 ml; t(23) = 4.40]. Thus, any proportion above I may simply re
flect the fact that more fluid is consumed in the morning session.
We used an alternative within-subjects measure in which saccharin
intake on a given extinction trial was converted to apercent change
from initial saccharin consumption, using the following formula:
(extinction intake - initial intake)/initial intake X 100. This rnea
sure was employed so that the magnitudes of change in fluid con
sumption could be readily compared. Similar results were found
with absolute intake offluid as the dependent measure (see Table I).
A repeated measure analysis ofvariance (ANOVA) was used to an
alyze the extinction data. Group (paired vs. unpaired) was the
between-groups factor, and percent change from initial saccharin
intake on each extinction trial was the repeated measure. For a pri
ori pairwise comparisons (e.g., milliliters ofwater intake on Day 5),
we used t tests. Post hoc comparisons prompted by a significant
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Figure 1. The mean percent change in consumption of a 0.1% sodium saccha
rin solution (:!: 1 SEM) across the nine extinction trials for the paired and unpaired
groups.

interaction employed pairwise t tests. Statistical significance was
declared with a two-tailed rejection region and an alpha of .05 for
all the tests.

Results and Discussion
Table I displays fluid consumption for the last day of

the water baseline phase, the conditioning trial, and the
first and last extinction trials for each experiment in the
present report. Water consumption for the paired and un
paired groups was similar on the day before conditioning
(t< I). Intake ofthe saccharin solution on the condition
ing day was also comparable between groups (t <:1).

Figure 1 shows the percent change in saccharin con
sumption for each group across the nine extinction trials.
Recall that the change in intake is relative to saccharin
consumption on the conditioning day (i.e., first experi
ence). Thus, a negative value denotes a decrease in sac
charin intake, a zero indicates no change in consumption,
and a positive value reflects an increase in consumption.
There was an increase in saccharin consumption for the
unpaired group in the early extinction trials. This increase
appeared to be stable by Trial 2. As was expected, the
paired group showed a substantial decrease in saccharin
consumption on the first extinction trial. This saccharin
avoidance weakened across extinction trials. Although
the rats in the paired group appeared to be approaching
the intake level of the controls by Trial 6, this trend re
versed for the remaining extinction trials. The repeated
measure ANOVA and subsequent post hoc contrasts sup
ported these impressions. There were main effects of
group [F(l,22) = 22.41] and ofmeasure [F(8,176) =

22.59]. The group X measure interaction was also sig
nificant [F(8, 176) = 8.31]. Subsequent pairwise con
trasts revealed lower saccharin intake for the paired
group than for the unpaired group on Trials 1-4 and Tri-

als 7-9 [ts(22) ;:::: 2.14]. Table I shows saccharin con
sumption in milliliters for the first and the last extinction
trial. The paired group drank less saccharin than the un
paired group on the first and last extinction trials
[ts(22) ;:::: 2.59]. This result provides a replication ofthe
conditioned hypodipsia effect demonstrated by Rosas
and Bouton (1996) and extends the generality ofthe ef
fect to include male Sprague-Dawley rats.

In the saline transfer test, the paired group drank less
saline solution (18.2 ± 0.49 ml) than the unpaired con
trols [22 ± 1.34 ml; t(22) = 2.69]. Presumably, the resid
ual avoidance tendency of the saccharin solution seen in
the paired group transferred to the saline solution. Others
have reported generalization ofconditioned taste aversion
between saccharin and saline (e.g., Parker & Revusky,
1982). Indeed, each taste has a sodium component (sodium
saccharin vs. sodium chloride). In addition, saccharin also
has a sweet and a bitter component (see Dess, 1993, for
arecent review). Parker and Revusky also reported that
a sucrose (sweet) aversion and a quinine (bitter) aversion
both generalized to a saccharin solution. These observa
tions pose several interesting questions as to the role of
each taste quality in demonstrating the conditioned hy
podipsia effect. Is one component more important than
the other for expression? In the remaining experiments in
the present report, we examine whether each primary taste
component in saccharin (salty, bitter, and sweet), after
being paired with LiCl, will show the conditioned hy
podipsia effect.

EXPERIMENTS 2A AND 2B

In Experiments 2A and 2B, we examined whether a
I% saline solution (concentration in the transfer test of
Experiment I) or a 0.5% saline solution (a nonhypertonic



concentration), respectively, paired with LiCI, would re
sult in conditioned hypodipsia.

Method
Subjects and Apparatus

The subjects were 37 male Spraguc-Dawley rats similar to those
described previously. The apparatus was unchanged, and the rats
were housed in hanging stainless steel wire-mesh cages, rather than
in the plastic tubs used in Experiment I.

Procedure
Except where noted, the procedural details were identical to

those of Experiment I. The taste es was a 1% sodium chloride so
lution (w/v) in Experiment 2A and a 0.5% sodium chloride solution
in Experiment 28. The extinction criteria were met in 10 trials in
both experiments; the transfer test was not conducted after the last
extinction trial.

Results and Discussion

Experiment 2A (l% Saline)
Water intake on Day 5 did not differ between the

paired group (n = 10) and the unpaired group (n = 10;
t< I). Moreover, consumption ofthe 1% saline solution
was similar for each group on the conditioning day [t(18) =

1.53; see Table I]. The percent change in saline con
sumption for each group across the 10 extinction trials is
shown in Figure 2A. There was a main effect ofmeasure
[F(9,I62) = 11.14] and a group X measure interaction
[F(9, 162) = 10.11]. The main effect ofgroup was not sta
tistically significant [F(1, 18) = 3.17]. The paired group
drank less saline than the unpaired group on Trials 1 and
2 [ts (18) 2:: 3.68]. Consumption for each group was sim
ilar on the remaining extinction trials. Table I shows mil
liliters of saline consumed on the first and the last extinc
tion trials. The paired group drank less saline than the
unpaired group on the first extinction trial [te18) = 8.95];
there was no difference in saline consumption on the last
extinction trial [t(18) = 1.09]. Thus, al % saline solution
paired with LiCI did not induce conditioned hypodipsia;
group differences in intake were gone by the third extinc
tion trial.

Experiment 2B (0.5% Saline)
Water intake for the paired group (n = 9) and the un

paired group (n = 8) did not differ on Day 5 (t < 1). In
take ofthe 0.5% saline solution was statistically similar
for each group on the conditioning day [t( 15) = 1.81; see
Table 1]. Figure 2B shows the percent change in saline
consumption for each group across the 10extinction trials.
The data pattern was very similar to that found in Experi
ment 2A with the higher concentration of saline. There
was a main effect ofgroup [F(1,15) = 10.71],a main effect
of measure [F(9,I35) = 4.62], and a group X measure
interaction [F(9,135) = 8.61]. The paired group drank
significantly less saline than the unpaired group on Tri
als 1,2, and 4 [ts(15) 2:: 2.43]. Consumption for each
group was similar on Trial 3 and on the last six extinction
trials. Table I shows milliliters ofsaline consumed on the
first and the last extinction trials. The paired group drank
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less saline than the unpaired group on the first extinc
tion trial [t( 15) = 4.32]; there was no difference in saline
consumption on the last extinction trial [t(15) = 1.59].

EXPERIMENTS 3A AND 3B

We did not find the conditioned hypodipsia effect with
a hypertonic (1%) and nonhypertonic (0.5%) concentra
tion of saline. These results suggest that the primary
taste of salt, unlike the more complex taste of saccharin,
is not capable of maintaining conditioned hypodipsia
under the present experimental conditions. However, one
might consider that a bitter taste is essential for the con
ditioned hypodipsia effect. Bitter tastes, which are asso
ciated with poisons in the evolutionary history ofthe rat,
readily e1icitavoidance tendencies without explicit train
ing. This unconditioned avoidance tendency may predis
pose rats to persistently avoid illness-paired bitter tastes,
even if that taste has later been experienced numerous
times without illness. Experiments 3A and 3B addressed
this issue by using a predominantly bitter taste (i.e., a
quinine solution). If our intuition is correct, rats that
have the quinine solution paired with LiCI should show
robust conditioned hypodipsia. As will be described later,
the rats initially consumed a small amount ofthe 0.005%
quinine solution in Experiment 3A. We decreased the
quinine concentration in Experiment 3B, in order to in
crease intake.

Method
Subjects and Apparatus

The subjects were 44 male Sprague-Dawley rats similar to those
described previously (Experiment 3A, n = 20; Experiment 38, n =

24). The apparatus was unchanged. The rats in Experiment 3A were
housed in hanging stainless steel wire-mesh cages; the rats in Ex
periment 38 were housed in plastic tubs.

Procedure
Except where noted, the procedural details of Experiments 3A

and 38 were identical to those of Experiment 2A. The taste es in
Experiment 3A was a 0.005% quinine sulfate solution (w/v), and in
Experiment 38, the taste was a 0.001% quinine solution. The ex
tinction criteria were met in 9 trials for Experiment 3A and in II tri
als for Experiment 38. In Experiment 38, there was no water re
covery day before the first extinction trial. I

Results and Discussion

Experiment 3A (0.005% Quinine)
Water intake for the paired and unpaired groups did

not differ on Day 5 (t < I). Intake ofthe 0.005% quinine
solution was similar for each group on the conditioning
day (t < 1; see Table 1). Figure 3A shows the percent
change in quinine consumption for each group across the
nine extinction trials. There was a main effect ofmeasure
[F(8,I44) = 14.70] and a significant group X measure
interaction [F(8,144) = 5.82]. The main effect ofgroup
was not significant [F(1, 18) = 2.46]. Quinine intake in
the paired group was lower than in the unpaired group
for the first three extinction trials [ts( 18) 2:: 2.48]. Con-



Figure 2. The mean percent change in consumption of a sodium chloride
(saline) solution across the extinction trials for the paired and unpaired groups
of Experiments 2A and 2B (panels A and B, respectively),

sumption was similar for the remaining six trials. Table 1
shows milliliters ofquinine consumed on the first and the
last extinction trials. The paired group drank less quinine
than the unpaired group on the first extinction trial [t(18) =

5.44]. There was no difference in quinine consumption by
the last extinction trial (t < 1).

The conditioned hypodipsia effect seen with saccharin
in Experiment 1 was not found in the present experiment
with a 0.005% quinine solution. This result suggests that
the bitter component of saccharin may not be required for
conditioned hypodipsia to be demonstrated. The results of
Experiments 2A and 2B, moreover, suggest that the salt
component was not required. Perhaps the effect is depen
dent on the presence ofthe sweet component of saccharin
(i.e., the remaining primary taste quality in saccharin).
Before discussing this notion in more detail, we must as-

sess an alternative explanation for the quinine results. Ini
tial intake ofO.005% quinine (5 ml) was lowerthan that
for the 0.1% saccharin (16-ml), the 1% saline (16-ml), or
the 0.5% saline (l7-ml) solutions in the previous exper
iments. One could argue that the lower intake (decreased
exposure to the C'S) may have resulted in a weaker exci
tatory association between the taste es and the emetic
US (but see Bennett, Tremain, & MacKintosh, 1996). In
order to increase initial intake ofquinine, we lowered the
quinine concentration to 0.001 % in Experiment 3B.

Experiment 3D (0.001 % Quinine)
Water intake for the paired and unpaired groups was

similar on Day 5 (t < 1; see Table 1). Intake ofthe 0.001%
quinine solution on the conditioning day was also similar
for each group (t < 1). Importantly, initial intake of the
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Figure 3. The mean percent change in consumption of a quinine sulfate so
lution across the extinction trials for the paired and unpaired groups of Ex
periments 3A and 38 (panels A and 8, respectively).

0.001% quinine solution (11-12 ml) was more than dou
ble that for the 0.005% solution (5 ml), Figure 3B shows
the percent change in quinine consumption for each group
across the l l extinction trials. The data pattern was sim
ilar to that in the previous quinine experiment. There
were main effects ofgroup [F(l,22) = 5.96] and ofmea
sure [F(l0,220) = 35.52]. The group X measure inter
action was also significant [F(l0,220) = 4.79]. Quinine
intake in the paired group was lower than that in the un
paired group for the first 3 extinction trials and on Trial 8
[ts(22) 2: 2.30]. Consumption was sirnilar on the remain
ing trials, Table I shows milliliters of quinine consumed
on the first and the last extinction trials, The paired group
drank less quinine than the unpaired group on the first
extinction trial [t(22) = 2.78]. There was no difference in
quinine consumption on the last extinction trial (t < I).

The combined results of Experiments 3A and 3B
strongly suggest that the conditioned hypodipsia effect
does not occur with a bitter taste. We failed to find con
ditioned hypodipsia with two different concentrations of
quinine. An explanation based on a weak association re
sulting from Iow quinine intake seems unlikely for several
reasons. First, quinine intake was more than doubled in
Experiment 3B, and the overall data pattern did not differ
dramatically from that with the less-consumed concentra
tion ofExperiment 3A. Second, the importance ofamount
consumed seems to depend on the nature ofthe taste CS.
For example, the degree oftaste aversion tends to increase
with amount ofintake ifa complex taste (e.g., saccharin)
is used (Barker, 1976; Bennett et al., 1996; Bond & Di
Giusto, 1975). In contrast, Bennett et al. found that the
strength ofa conditioned taste aversion does not vary with
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Figure 4. The mean percent change in consumption of a 10% sucrose solu
tion (::':1 SEM) across the 10 extinction trials for the paired and unpaired
groups.

the amount of fluid consumed if the taste es is simple
(e.g., sucrose or hydrochloric acid). Although Bennett
et al. did not examine a quinine es, presumably quinine
would be considered a simple primary taste.

EXPERIMENT 4

A saccharin taste supported conditioned hypodipsia.
Saccharin is a complex taste cue that contains the primary
taste qualities of salty, bitter, and sweet. Predominately
salty tastes (Experiments 2A and 2B) and predominately
bitter tastes do not appear to be necessary for the condi
tioned hypodipsia effect. In Experiment 4, we assessed
whether the sweet quality was sufficient to demonstrate
conditioned hypodipsia. To do so, we used a 10% sucrose
solution as the taste es.

Method
The subjects were 24 male Sprague-Dawley rats similar to those

described previously. The apparatus was unchanged, and the rats
were housed in wire-mesh cages. The procedural details resembled
those ofExperiment 2A, except that a 10% sucrose solution (w/v)
was employed as the taste es. The extinction criteria were reached
after 10 extinction trials.

Results and Discussion

Water intake for the paired and unpaired groups was
statistically similar on the day before conditioning (t < I;
Table I). Also, there was no difference in sucrose intake
on the subsequent conditioning day (t < I). Figure 4 shows
the percent change in sucrose consumption for each
group across the 10 extinction trials. For the unpaired
group, sucrose intake increased in the early portion of
the extinction phase, and that increase was maintained
throughout. The paired group showed a robust sucrose

aversion on the first extinction test. Sucrose intake in
creased across extinction trials. However, intake of the
sucrose solution for the paired group never reached the
level ofthat for the control group. There were main effects
of group [F(1,22) = 48.25] and ofmeasure [F(9,198) =

59.13] and a group X measure interaction [F(9, 198) =

20.88]. Subsequent comparisons revealed that sucrose
intake for the paired group was lower than that for the
unpaired group at each extinction trial [ts(22) ~ 2.10].
Table I shows milliliters of sucrose consumed on the
first and the last extinction trials. The paired group
drank less sucrose than the unpaired group on the first
and last extinction trials [ts(22) ~ 2.11]. It appears that
a sweet taste is sufficient to demonstrate conditioned
hypodipsia.

GENERAL DISCUSSION

The rats that received a novel taste CS (saccharin,
saline, quinine, or sucrose) paired with an emetic US
(LiCl) showed a substantial decrease in consumption of
that taste CS, relative to their initial consumption and to
controls that had the taste explicitly unpaired with LiCI.
Initially, consumption of the paired taste increased with
each nonreinforced presentation (i.e., extinction). Even
after nine extinction trials, the rats that had had the sac
charin CS paired with LiCI consumed less ofthe saccha
rin solution than did controls (i.e., conditioned hypodip
sia). A similar data pattern was observed with a sucrose
taste CS (Experiment 4). Rosas and Bouton (1996) were
the first to report the conditioned hypodipsia effect with
saccharin as the taste CS. They concluded that extinction
does not completely destroy the excitatory association be
tween the saccharin CS and the lithium USo Our demon
stration ofthis effect with saccharin, extended to sucrose,



is consistent with this retained aversion interpretation.
These results, in fact, challenge accounts of extinction
based on the complete loss or unlearning ofthe excitatory
CS-US association (Rescorla & Wagner, 1972; Skinner,
1938).

On the other hand, we did not find conditioned hy
podipsia with two different concentrations ofsaline (I %
or 0.5%) or with two different concentrations of quinine
(0.005% or 0.00 I%). After extinction, LiCI-paired rats
drank these tastes at a level comparable with that ofcon
trols. These results suggest that a bitter taste and a salty
taste quality were neither necessary nor sufficient for the
expression of conditioned hypodipsia in the present ex
perimental situation. The results ofExperiments land 4,
in contrast, argue that a sweet (or preferred) taste quality
may be sufficient to demonstrate conditioned hypodipsia.
Why should a conditioned aversion be retained with a
sweet taste but not with a bitter or salty taste?

One possibility to consider is that the rats in our exper
imental situation may have developed over trials (with
out LiCI) a preference for the sweet tastes, but not for the
salty or the bitter tastes. If this notion is true, rats that re
ceive a sweet solution in the control condition should show
a preference over water for that solution in a two-bottle
test; controls that receive quinine or saline should not show
a preference. In just such a pilot study, we found that
sucrose-exposed controls preferred the 10% sucrose so
lution to water (proportion ofsucrose intake = .79 ± .10).
Controls that received the 0.001% quinine taste avoided
that solution in the two-bottle test (proportion ofquinine
intake = .27 ± .12). Controls also avoided the I% saline
solution (proportion ofsaline intake = .20 ± .10). In con
trast, controls that received the 0.5% saline solution drank
comparable amounts of water and saline (proportion of
saline intake = .56 ± .06).

The above discussion suggests that the development
ofa preference in the control group may be necessary for
demonstrating conditioned hypodipsia. Thus, rather than
attributing group differences to the expression of a re
tained aversion, this alternative account argues that the
conditioning experience prevents the later development of
a preference in paired rats. There are several interesting
implications of this preference hypothesis. First, it sug
gests a partial dissociation between acquisition ofa pref
erence and acquisition ofan aversion. That is, the expres
sion of an aversion is more susceptible to extinction, but
the process(es) that prevents the development of a pref
erence is not. Rosas and Bouton (1996) found that saccha
rin consumption in lithium-paired rats went to a neutral
point after extensive extinction. Although our measure
ofintake does not presume a neutral point (see the Data
Analysis section of Experiment I), consumption of sac
charin and sucrose returned to initial consumption levels
after extinction.

This preference hypothesis makes cIear apriori pre
dictions as to when the conditioned hypodipsia effect will
be obtained-that is, any time the taste CS is demonstra
bly preferred to water under the conditions ofthe exper-
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iment. Future experimentation, however, will have to de
termine whether conditioned hypodipsia is specific to
preferred sweet tastes, or whether other preferred tastes
also maintain a conditioned hypodipsia. Indeed, in pilot
experiments, we were hoping to find a saline concentra
tion that would be preferred by the unpaired contro!. Pre
vious research using vastly different fluid access proce
dures (one 15-min access period per 24 h) found that a
0.3% concentration of saline was preferred over water in
the control condition (Bevins, Delzer, & Bardo, 1997).
However,the rats that received the control procedures used
in the present report consumed similar amounts ofa 0.3%
saline solution and water in a two-bottle test (proportion
ofsaline intake = .50 ± .13; cf. to 0.5% saline).

The preference hypothesis of conditioned hypodipsia
is compatible with the view that the excitatory CS-US
association remains, at least in part, intact after extinction.
Indeed, a critical assumption of this hypothesis is that
some aspect ofthe conditioned taste aversion experience
must remain intact. It is this retained experience that pre
vents the development of a preference. From our per
spective, it is of interest to determine the nature of this
retained experience and to examine the conditions under
which this experience is altered. For example, how per
manent is the conditioned hypodipsia effect? Would fur
ther taste-alone trials result in the paired group returning
to control levels? It may be that conditioned aversions to
sweet/preferred tastes extinguish slower than those to
bitter and salty tastes in our situation (i.e., extinction was
incomplete). Also, what effect would taste preexposure
have on the conditioned hypodipsia effect? Preexposure
may weaken the aversive conditioning; however, preex
posure mayaIso allow a preference to develop. It is not
cIear whether a preference would redevelop to a preex
posed taste that was conditioned, then extinguished.
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NOTE

I. Exclusion ofthis water recovery day did not affect the major results
of interest. In subsequent research not reported here, the water recovery
day was included in the experiment, and no difference between the
paired and unpaired groups was found in quinine consumption after
extinction.
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