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Abstract

In three experiments, rats received injections of lithium chloride (LiCl) before being exposed to a distinctive context. In a subsequent test,
rats given access to sucrose solution in this context consumed less than control subjects given sucrose in another context that had been paired
with a saline injection (Experiment 1), or was quite novel (Experiment 2). Experiment 3 demonstrated that a context that had been associated
with LiCl would serve to block the acquisition of a conditioned flavor aversion when it was presented immediately after the injection on a
flavor—LiCl trial. These results show that a procedure in which rats experience the adverse effects of a lithium injection in the presence of
contextual cues is effective in endowing those cues with aversive properties. It is argued that the context evokes a state of conditioned nausea,
and the parallel with the clinical phenomenon of anticipatory nausea and vomiting (ANV) in human patients is outlined. © 2000 Elsevier

Science Inc. All rights reserved.
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Anticipatory nausea and vomiting (ANV) can be a
distressing side effect of cancer chemotherapy — after a
few sessions of treatment (the infusion of cytotoxic drugs),
the patient may find that the cues that distinguish the clinic,
its sights, sounds, and smells, are capable of evoking nausea
and vomiting [1]. This effect has been interpreted as being
an instance of classical conditioning in which the set of cues
that constitutes the clinic functions as a conditioned stimu-
lus (CS), with the state evoked by the drug infusion serving
as the unconditioned stimulus (US). The clinic thus comes
to evoke the complex conditioned response (CR) that is
nausea and vomiting (e.g., Refs. [10,25]). This analysis has
prompted the suggestion that it might be possible to use the
procedures of the conditioning laboratory to develop a
useful animal model of ANV (e.g., Refs. [17,21]). Attention
has focused on the effects produced in rats by the admin-
istration of a nausea-inducing agent (usually an injection of
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lithium chloride (LiCl)) in association with a particular set
of contextual cues.

There is plentiful evidence to show that pairing contex-
tual cues with the effects of a lithium injection will endow
the context with conditioned properties. A variety of differ-
ent CRs have been assessed. They include suppressed
consumption of (otherwise palatable) fluids in the presence
of the contextual cues (e.g., Refs. [4,7,9]); blocking of the
acquisition of a conditioned flavor aversion by presentation
of the context in compound with the flavor on conditioning
trials (e.g., Refs. [7,26,27,29]); the tendency to avoid loca-
tions associated with LiCl on a place-preference test (e.g.,
Ref. [4,5]); and finally, it has been demonstrated that the
direct response to contextual cues is changed when the
context has been paired with a lithium injection — most
notably, general activity tends to be suppressed (e.g., Ref.
[20]). It remains to be established, however, that either the
training procedures or the response measures used in these
experiments provide an appropriate parallel to the phenom-
enon of ANV.

First, with respect to the response measure, the essence of
the conditioning account of ANV is that the contextual cues
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(the cues of the clinic) must be assumed to evoke a
conditioned state of nausea. Measurement of such a state
in animal subjects (especially for a species like the rat that
does not vomit) must necessarily be indirect, and there may
be debate over whether the CRs described in the previous
paragraph accurately reflect the presence of nausea condi-
tioned to contextual cues. Some authors (e.g., Ref. [4]) have
drawn attention to the complexity of the event used as the
US used in these experiments — in particular, an injection
of LiCl will be aversive in more than one way, producing
not only the state of sickness but also, in some cases,
somatic pain. It has also been suggested that associations
will be formed preferentially between exteroceptive (e.g.,
contextual cues) and pain, and will not form between these
cues and sickness (e.g., Refs. [14,15]). It is possible then
that the CRs evoked in the rat by a lithium-associated
context indicate the state evoked by a CS that has signaled
a painful US rather than the state of conditioned sickness. In
the case of the conditioned place avoidance test, there is
direct experimental evidence [4,18] that this response is
sensitive to the capacity of the injection to evoke pain rather
than to any sickness that the injection evokes.

Direct observations of the behavior shown in the context
do not strongly support the view that the context can come
to elicit a state of conditioned nausea. A suppression of
general activity is an aspect of the unconditioned response
(UR) to a lithium injection, and as we have already noted, is
also seen as a CR. However, the nature of this suppression
differs in the two cases [20] — the UR consists chiefly of
the pattern known as lying-on-belly (in which there is a loss
of muscle tone, and the animal lies with its head slumped to
the cage floor), whereas the CR consists of a freezing
response (in which the head and body are held rigid). The
UR has been taken to reflect a state of sickness, and
although they cannot prove the point (these different pat-
terns of behavior could reflect the animal’s response to
different degrees of the same state), these observations raise
doubts about the proposal that the CR evoked by a context
is a state similar to that evoked by the US itself. They are
consistent with the alternative possibility that contextual
cues, by virtue of the fact that they have signaled the
imminent occurrence of a distressing episode, acquire the
power to evoke a state of anxiety, which reveals itself in the
conditioned emotional response of freezing.

A further problem for the proposed animal model of
ANV is that the training procedures typically employed in
the animal experiment map rather poorly onto the proce-
dures used for patients in the clinic. Patients are given the
therapeutic-drug infusion shortly after entering the clinic,
and the nausea it generates is experienced in the presence of
the contextual cues. With a few exceptions (e.g., Refs.
[2,6]), the majority of the animal studies have used a
standard forward-conditioning procedure in which the rats
are given an initial period of exposure to the context (the
CS) followed by an injection of LiCl (the US) that imme-
diately precedes return to the home cage. In order to develop

the animal model, therefore, it is important to determine if
rats can acquire context aversions when the injection occurs
prior to their being given exposure to the target context. It is
possible that the effective US with this procedure will be the
state of nausea produced by the injection, and this state will
take time to develop. Parker et al. [24] monitored the time
course of the behavioral effects produced in rats by a dose of
lithium. They noted that the behavior pattern lying-on-belly
showed a gradual increase reaching a peak 15 min after the
injection and then decreased, ceasing at about 30 min after
the injection. If the state indexed by this behavior is the
effective US, then a conditioning procedure in which the
injection is given prior to placement in the context should
ensure that the rat experiences the CS and the US concur-
rently if it is exposed to the context for 15-30 min
following the injection. Excitatory conditioning might thus
be expected to occur.

Evidence that excitatory conditioning can occur with this
training procedure comes from studies using the conditioned
place avoidance test (e.g., Ref. [22]) or from the direct
observations of the rat’s response to the context made by
Parker et al. [24]. Unfortunately for the attempt to establish
an animal model of ANV, it is just these CRs that were
identified in our earlier discussion as being untrustworthy as
measures of a state of conditioned sickness. What is needed
if the model is to be taken further is a clear demonstration
that this conditioning procedure is effective in producing
conditioning with a CR that can be identified more con-
fidently with the state of conditioned sickness. The experi-
ments reported here attempt to do this making use of the
suppression-of-consumption measure in Experiments 1 and
2 and a blocking test in Experiment 3.

1. Experiment 1

All animals in this experiment received training in
which they were exposed to two distinctive contexts (novel
cages, each different from the home cage). One context
(Context A) was experienced after the rats had been given
an injection of LiCl; an injection of saline preceded
experience of Context B. We assume that excitatory con-
ditioning will be best achieved with this training procedure
when the animals experience the full effects of the injec-
tion in the presence of the contextual cues. On the basis of
the observations made by Parker et al. [24] described
earlier, we decided to move the animals to the training
contexts immediately after the injection had been given
and to leave them there for 30 min before returning them
to their home cages.

The animals were divided into two groups for the test
phase (see Table 1). The experimental group received access
to a sucrose solution in Context A and the control group
received access to sucrose in Context B. If this procedure
generates the same effect as that in which the lithium
injection follows context exposure (e.g., Refs. [7-9]), we
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Table 1
Experimental designs and results

Experiment 1

Group Training

Test (ml sucrose consumed)

Li— A and Sal — B
Li— A and Sal - B

Experimental
Control

Experiment 2

A: 12.0 (0.70)
B: 16.2 (0.99)

Test (ml sucrose consumed)

Group Training Trial 1 Trial 2
Conditioned Li—A A: 129 (0.71) A:14.0 (0.83)
Novel Li—A B: 14.6 (1.14) B: 17.0 (0.95)

Experiment 3

Test (ml sucrose

Group Context conditioning Compound conditioning consumed in home cage)
Blocking Li— A and B Suc—Li—A 8.6 (1.73)
Control Li—Aand B Suc—Li—B 1.9 (0.45)

A and B refer to different distinctive contexts, Li and Sal refer to injections of LiCl and saline given just before the rats were put into the contexts, Suc refers
to access to a sucrose solution, and scores are group means (standard errors in parentheses).

may expect to find that the first group consumes less than
the second. It is known that one direct effect of an injection
of LiCl is to produce a suppression of consumption of
flavored solutions [12], and this behavior can be taken to be
one of the ways in which rats exhibit the state of nausea. To
this extent, a demonstration that conditioned contextual cues
can come to elicit the same sort of response would encou-
rage the conclusion that these cues evoke a state of condi-
tioned nausea.

An important feature of the procedure used in this
experiment is that the rats were not given access to food
or drink during the context-conditioning trials. In most
previous studies of context aversion learning, it has been
customary to allow access to a flavored fluid (e.g., Ref. [7])
or to plain water (e.g., Ref. [9]) during conditioning. A
possible consequence of this procedure is that the animals
might acquire an (context-specific) aversion to the fluid
consumed during training. Suppression of consumption in
the test phase might then represent not an aversion to the
context itself but generalization of the flavor aversion
formed during training (see Refs. [26,29]). Our present
procedure eliminates this possible confound.

1.1. Method

1.1.1. Subjects and apparatus

The subjects were 16 male hooded (Lister) rats with a
mean free-feeding body weight of 342 g (range: 360—320
g). They were housed singly in home cages made of
opaque white plastic measuring 35 x 22 x 19 cm. These
had a roof of wire mesh that held food and (when
available) a water bottle, and a layer of wood shavings
covered the floor. The home cages were kept in a colony
room that was brightly lit from 8:00 to 20:00 h each day.
The rats were maintained on a water-deprivation schedule

(described below) but were allowed continuous access to
food throughout the experiment.

Two further sets of cages, both different from the home
cages and located in separate parts of the laboratory, served
as the experimental contexts. One set of cages was located
in a small room dimly lit by a single 60-W red lamp. The
cages were made of transparent plastic, and measured
36 x 20 x 20 cm. The floors of these cages were covered
with commercially obtained cat litter, and the roof was made
of wire mesh with a hole through which a drinking spout
could be inserted. A speaker supplied a constant background
white noise with an intensity of 75 dB measured next to the
cages. The cages that constituted the other context were
larger, measuring 42 x 35 x 16 cm, and were located in a
brightly lit colony room. The walls and floor of the cage
were made of translucent white plastic, and the roof of wire
mesh. These two sets of cages are known to be discrimin-
ably different from each other having been used in our
previous studies of context conditioning (e.g., Ref. [26]).
Calibrated tubes equipped with stainless steel ball-bearing-
tipped spouts were used to present measured quantities of a
3.4% sucrose solution in these cages during the test phase.
Fluid consumption was measured by weighing the tubes
before and after fluid presentation and recording to the
nearest 0.5 g. The US for the conditioning trials was an
injection of 0.15-M LiCl administered intraperitoneally at
20 ml/kg of body weight.

1.1.2. Procedure

For the initial stage of water deprivation, the rats
remained in their home cages. During this period, they were
given access to water presented in the plastic drinking tubes,
for two daily 30-min sessions, initiated at 10:00 and 17:00
h. Presentations of water continued to be given at these
times throughout the conditioning phase. The subjects were



574 M. Rodriguez et al. / Physiology & Behavior 71 (2000) 571-579

assigned to two equal-sized groups approximately matched
in terms of the amount of water they consumed in this stage.

The next 8 days constituted the conditioning phase. On
Day 1, all subjects were removed from their home cages at
12:30 h, given an injection of LiCl, and then transferred to
Context A where they remained for 30 min before being
returned to their home cages. On Day 2, the same procedure
was followed except that the injection was of saline (0.15 M
at 20 ml/kg of body weight), and this preceded 30 min spent
in Context B. This 2-day cycle was repeated a further three
times. For half the animals in each group, the larger cages
served as Context A and the smaller as Context B; for the
remaining animals, the assignment was reversed. It was
noted that the amount of water consumed in the home cage
tended to decline over the 8 days of conditioning. Accord-
ingly, the conditioning phase was followed by a recovery
period of 4 days in which the subjects remained in their
home cages receiving the usual access to water for 30 min at
10:00 and 17:00 h.

On the next day, all animals received a presentation of 20
ml of the sucrose solution in the home cage at 12:30 h for 30
min in order to familiarize them with the flavor to be used
on test. Supplementary water was given to the subjects in
their home cages for 30 min at 17:00 h. The single test
session occurred on the following day. At 12:30 h, the
animals were transferred to one of the experimental con-
texts; Context A for the experimental group and Context B
for the control group. There they received access to the
sucrose solution for 15 min.

1.2. Results and discussion

No data were recorded during the conditioning phase of
the experiment. The groups did not differ in the amount of
sucrose solution they consumed on the familiarization
session: 13.5 ml for the experimental group and 14.3 ml
for the control group (F'<1). The data of central interest,
those for the test in which sucrose was presented in the
contexts, are given in Table 1. They show that the experi-
mental group (tested in Context A) consumed less than the
control group (tested in Context B). An analysis of var-
iance (ANOVA) showed the difference between the groups
to be statistically reliable, F(1,14)=12.26, P=.003. (The
rejection criterion adopted for this and all subsequent
analyses was P<.05.) Thus, just as has been previously
shown for the case in which the injection follows context
exposure, this experiment shows that consumption is sup-
pressed by a context experienced immediately after an
injection of LiCl. This result is consistent with the proposal
that the context has acquired aversive properties, and in
particular, can come to evoke a state of conditioned nausea.
The validity of this interpretation will be assessed in
Experiments 2 and 3.

Suppression of sucrose consumption was obtained in this
experiment in the experimental group in spite of the fact that
fluid consumption was not possible during the conditioning

trials. In a previous study (Experiment 1 in Ref. [29]), we
found evidence of a suppression of consumption on test
only in animals that were given a fluid to drink in the
context during the conditioning phase. This result led us to
the conclusion that generalization of a flavor aversion
formed during conditioning might make an important con-
tribution to the outcome of a consumption test. Clearly, such
generalization cannot be responsible for the result observed
here. It remains to explain, however, why the consumption
test proved sensitive to the effects of context conditioning in
this experiment but failed to show an effect for animals
trained under approximately equivalent conditions in the
experiment by Symonds et al. [29]. The chief difference
between the experiments was that Symonds et al. [29] used
a forward-conditioning procedure in which exposure to the
context was followed by the injection of LiCl. This prompts
the speculation that perhaps the present procedure (in which
the effects of the injection are likely to be experienced in the
presence of the contextual cues) produces a more powerful
context aversion than does the standard procedure in which
exposure to the context occurs prior to the LiCl injection. If
so, then it may be possible to obtain a result on a consump-
tion test even in the absence of any contribution from the
generalization of an aversion formed to the fluid consumed
during conditioning.

Our success, in this experiment, in obtaining evidence of
a context aversion in animals that were not permitted to eat
or drink in the context during the conditioning phase
prompts two further observations. First, it provides a further
reason to reject the suggestion (e.g., Ref. [13]) that inges-
tion is necessary for a context—illness association to be
formed (see also Ref. [29]). In this respect at least, the
conditions governing the formation of such associations
appear to be no different from those governing classical
conditioning generally. Second, it lends support to the
proposal that context conditioning might provide a useful
animal model of ANV. There is no reason to suppose that
ANV will develop only in patients who are allowed to eat
or drink in the clinic during treatment, and it is thus
important to be sure that context aversion learning in the
rat is not constrained by such a requirement.

2. Experiment 2

As we have already noted, Parker et al. (Experiment 4 in
Ref. [24]) recorded the behavior displayed by rats in the
30-min period following an injection of LiCl. The chief
effect of the injection was to induce the behavior patterns
referred to as lying-on-belly and body drag (the rat
stretches out and drags its belly along the cage floor) and
to produce a suppression of the behaviors usually seen in a
novel context — locomotion, rearing, and grooming. A rat
that experiences a novel context in these conditions does
not conduct, in full measure, the exploratory behavior by
which a rat normally familiarizes itself with the context. In
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the experiment just reported, therefore, it is possible that,
by the end of training, the rats were differentially familiar
with the two contexts — although they had spent the same
amount of time in Contexts A and B, the state evoked by
the injection given prior to exposure to Context A might
have reduced the extent to which they explored that
context. This, in itself, could be enough to explain the
results obtained. Animals tested in Context A may have
experienced a set of cues that were still, to some extent,
novel. This could produce a suppression of consumption,
perhaps because neophobia to the test fluid is enhanced in a
novel context, or simply as a result of response competition
— a tendency to explore the context could use up time that
would otherwise be spent drinking. In either case, there
would be no need to assume that an association had been
formed between the context and a state of nausea induced
by the lithium injection.

The present experiment was designed to evaluate the
possibility that the suppressed consumption observed in the
conditioned context is a consequence of the rat’s reaction to
the novelty of the context. There were two groups of
subjects (conditioned and novel groups). During the training
phase, both groups experienced Context A under the effects
of LiCl; Context B was not used in this stage. In the test, the
conditioned group was given access to sucrose in Context
A, whereas the novel group was given sucrose in Context B
(see Table 1, center panel). If suppression of consumption is
determined solely by the novelty of the test context, then the
effect should be particularly marked in the novel group. But
if the suppression shown by the conditioned group is as
great or greater than that shown by the novel group, we may
conclude that some other factor (the conditioned properties
of the test context) plays a role.

2.1. Method

The subjects were 32 male hooded (Lister) rats with a
mean free-feeding weight of 379 g (range: 460-325 g).
They had previously served as subjects in an experiment
using an appetitive-conditioning procedure, but were naive
to all aspects of the current stimuli and procedures. Except
where otherwise stated, apparatus, experimental contexts,
and other procedural details were the same as those in
Experiment 1.

As in the previous experiment, conditioning began just
after the water-deprivation schedule had been established.
All animals received four conditioning trials in which they
were injected with the LiCl just before being put into
Context A. Each conditioning trial was followed by a rest
day on which the animals remained in their home cages.
Thus, as in Experiment 1, the conditioning phase lasted 8
days. On Day 9, the sucrose familiarization session was
given. There were two test sessions given on Days 10 and
11. On each session, the sucrose solution was made avail-
able for 30 min in Context A for the conditioned group and
in Context B for the novel group.

2.2. Results and discussion

On the sucrose familiarization session, the conditioned
group drank 14.1 ml and the novel group drank 14.4 ml
(F<1). Table 1 shows group mean sucrose consumption for
the two test sessions. Levels of consumption were some-
what higher on Test 2 than on Test 1, but on both, the novel
group drank more than the conditioned group. An ANOVA
with group and test session as the variables was conducted
on the data summarized in Table 1. This analysis revealed a
significant effect of group, F(1,30)=4.27, P=.047, and a
significant effect of session, F(1,30)=9.77, P=.003. The
interaction between these two variables was not significant,
F(1,30)=1.36.

These results confirm those of Experiment 1 in showing
that consumption is suppressed in a context that has been
associated with a lithium injection compared with the level
shown in a control context that has not been associated with
lithium. The new finding is that this difference is evident
when the control context is novel. That the difference was
not as marked in this experiment as in the previous studies
may well reflect the fact that a novel test context is likely to
evoke exploratory responses that would compete with
drinking behavior. But that a difference is nonetheless found
rules out the suggestion that the suppression shown in the
conditioned group is solely an artifact of their response to
novel aspects of that context — even if exposure to the
context under the influence of a lithium injection restricts
exploration, the test context for the conditioned group will
still be somewhat more familiar than the test context used
for the novel group. We conclude that the performance of
the conditioned group depends on the conditioned aversive
properties of the context.

What remains to be established, however, is the exact
nature of the CR that comes to be evoked by this con-
ditioning procedure. Our results are consistent with the
suggestion that contextual cues evoke a state of conditioned
nausea; but there is, as we have already acknowledged, an
alternative possibility. If the contextual cues acquire the
power to evoke a state of anxiety (because they have been
associated with an aversive event), the consequent condi-
tioned emotional response could be enough to interfere with
fluid consumption. To demonstrate that the context evokes
nausea requires a different test procedure. This issue is
taken up in Experiment 3.

3. Experiment 3

It is generally accepted that the avoidance of a flavor
that has previously been paired with illness reflects the
acquisition, in some measure, of nausea-inducing proper-
ties by the flavor. One line of evidence to support this
view comes from studies of the effects of drugs used as
anti-emetics in humans, showing that these drugs can
attenuate the expression of a conditioned taste aversion
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(e.g., Refs. [3,11,16]). There is, as yet, little comparable
evidence for the case of context aversion learning
(although a recent study by Symonds and Hall [28] has
shown that the anti-emetic ondansetron can prevent the
acquisition of a context aversion).

A second line of evidence applied to the case of flavor
aversion learning depends on making a comparison between
the response evoked as a UR by the illness-inducing
procedure (e.g., a lithium injection) and that evoked as a
CS by the flavor (e.g., Ref. [20,23]). The similarity of the
UR and the CR supports the proposal that both reflect the
same state. Thus, Meachum and Bernstein [19] gave rats
intraoral presentations of flavors that previously had been
paired with LiCl, and observed that the same patterns of
behavior (e.g., lying-on-belly) were produced by the flavors
as were elicited by the administration of LiCl itself. We have
already argued for the case of context conditioning, that the
suppression of consumption evoked by a lithium-associated
context might be taken to indicate the presence of a state of
(conditioned) nausea, as this same reaction is seen after an
injection of LiCl itself (i.e., forms part of the UR). Other
features of the comparison between the UR and the CR
evoked by a context CS are less encouraging for this
conclusion. As we noted earlier, Meachum and Bernstein
[20] found that the CR of immobility in the presence of
context cues consisted of a freezing response and not the
lying-on-belly pattern. Such freezing is consistent with the
suggestion that the conditioning procedure has endowed the
context with the ability to evoke a state of anxiety. Suppres-
sion of fluid consumption could thus be a consequence of
the presence of this state rather than of a state of nausea.

In order to address this issue, Experiment 3 made use of a
two-stage conditioning design to assess the extent to which
conditioned contextual cues might block the acquisition of a
flavor aversion trained in their presence (see Table 1). After
a context-conditioning phase similar to that used in Experi-
ment 1, the animals received a compound-conditioning trial
in which both contextual cues and a novel flavor were
associated with a lithium injection. On this trial, consump-
tion of a sucrose solution (presented in the home cage) was
followed by an injection of LiCl after which the animals
were transferred to one of the experimental contexts. For
half of the subjects (blocking group), this was Context A
(the context previously paired with LiCl); for the remainder
(control group), Context B was used. We anticipated (see
Ref. [26]) that the presence of the previously conditioned,
Context A, cues would block acquisition of an aversion by
sucrose so that subjects in the blocking group would
consume this flavor relatively readily on a subsequent test
trial. This result would provide evidence that pairing a
context with a lithium injection can endow that context
with nausea-evoking properties.

The argument to support this interpretation runs as
follows. We may suppose that blocking occurs when a
US representation, that is normally effective in forming an
association with the target CS, is unable to do so if this

representation has been associatively activated by the pre-
sence of the pretrained CS. According to this analysis, in
order to produce blocking, the pretrained CS needs to
activate those aspects of the US representation that would
otherwise enter into association with the target CS. Thus, if
a context that has previously been associated with a lithium
injection blocks the development of a flavor aversion with
lithium as the US, we may conclude that the context is able
to activate that aspect of the US that is responsible for
flavor aversion learning. And if it is accepted that flavor
aversion depends on an association between the flavor and
nausea, blocking by context would constitute evidence that
the initial phase of training had established a context—
nausea association. If the contextual cues merely evoke a
state of anxiety, there is no reason to think that they will
block the formation of an association between the flavor
and that aspect of the US representation that produces the
state of nausea.

3.1. Method

The subjects were 16 male hooded (Lister) rats with a
mean free-feeding weight of 366 g (range: 425-330 g). They
had a similar experimental history and were maintained in
the same way as the subjects in Experiment 2. They were
naive with respect to the current stimuli and procedures.

The subjects were water-deprived, divided into equal-
sized blocking and control groups, and then given a context-
conditioning treatment similar to that described for the
subjects in Experiment 1. Thus, over the course of 8 days,
they experienced Context A four times and Context B four
times; an injection of LiCl preceded each experience of
Context A. The saline injection prior to experience of
Context B was not used in this study — unpublished
experiments from our laboratory have shown that the con-
text-conditioning effect of Experiment 1 can be obtained
whether such injections are given or not.

On the single compound-conditioning trial, all subjects
received access to 20 ml of sucrose in their home cages for
30 min, followed immediately by an injection of LiCl.
Subjects in the blocking group were then transferred to
Context A for 30 min; subjects in the control group spent 30
min in Context B. After a recovery day on which the
subjects received two 30-min sessions of free access to
water in the home cages (at 10:00 and 17:00 h), a single test
trial was given in which subjects were given a 30-min
presentation of sucrose in the home cages at 12:30 h. Other
procedural details were identical to those described for the
previous experiments.

3.2. Results and discussion

On the compound-conditioning trial, in which sucrose
was presented in the home cage, the blocking group
consumed somewhat more than did the control group (the
group mean scores were 16.7 and 13.7 ml, respectively).
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These scores did not differ reliably, F(1,14)=3.09. Con-
sumption in both groups was reduced on the test trial (see
the lower panel of Table 1), and on this trial, the blocking
group drank significantly more than the control group,
F(1,14)=13.9, P=.002. This outcome suggests that Context
A had acquired aversive properties in the first stage of
training, and was thus able to block the acquisition of an
aversion to the sucrose. This general result is not, in itself,
novel — blocking of flavor aversion learning by contextual
cues has been demonstrated several times before (e.g., Refs.
[7,26,30,31]). In these earlier experiments, however, the
initial context aversion was established by the standard
forward-pairing procedure in which exposure to the context
preceded the injection. It was thus necessary for us to
demonstrate that the blocking effect could be obtained with
the particular, backward-pairing, procedure employed in our
other experiments.

We have argued that blocking occurs when different cues
are in competition for association with a given US repre-
sentation. If it is accepted that flavor aversion depends on a
flavor—nausea association, then, since a pretrained context
can block this learning, it follows that the pretraining must
have established a context—nausea association. Best et al.
[6] have advanced an analogous argument with respect to
second-order conditioning in an investigation of the proper-
ties acquired by contextual cues that had been associated
with an injection producing gastric malaise. They demon-
strated that rats given access to a novel flavor and then
placed in the conditioned context would develop an aver-
sion to the flavor, and concluded that the contextual cues
had become capable of evoking “learned sickness” (Ref.
[6], p. 256). It is true that the nausea-inducing agent
employed by Best et al. [6] was an injection of apomor-
phine, but similar second-order conditioning effects have
been reported by Archer and Sjodén [2] in a study that used
a lithium injection as in the present experiments.

4. General discussion

In all the experiments reported here, rats were given an
injection of LiCl before being put into a distinctive context.
At an operational level, this procedure can be construed as
involving backward conditioning in that the US (the injec-
tion) occurs before the putative CS (the context) is experi-
enced. It takes several minutes, however, for the effects of
an injection of LiCl to become fully evident, which means
that this procedure should ensure that any nausea produced
by the injection would be preceded by and experienced in
the presence of the contextual cues. If the state of nausea is
the effective US, then excitatory conditioning might be
expected to occur, with the context acquiring conditioned
aversive properties. Our results showed evidence of such
conditioning. Consumption of an otherwise readily
accepted substance was suppressed in the presence of
conditioned contextual cues (comparison being made both

with the level of consumption shown in a familiar but
unconditioned context, and with that shown in a novel
context). More critically, for the argument that contextual
cues can come to evoke a state of conditioned nausea, it
was also shown that such cues were effective in blocking
the acquisition of a flavor aversion when flavor and context
were trained in compound.

These results prompt a number of conclusions. First, it is
worth noting that the procedure used in the present set of
experiments appears to provide a more sensitive measure of
contextual conditioning than those previously employed.
There is a substantial body of evidence in the literature,
which, in contrast to the procedure used in the present
studies, demonstrates contextual conditioning by means of a
training procedure in which subjects are given exposure to
the target context prior to receiving an injection of LiCl
(e.g., Refs. [9,21,30]). As with the present procedure,
evidence for an aversion to the context is then revealed in
a subsequent test in which the subjects decline to consume
an otherwise palatable flavor when placed in the target
context. One problem inherent in this procedure, however,
comes from the observation that the conditioning effect is
sometimes enhanced in subjects who have had an opportu-
nity to consume a flavor on the conditioning trials (e.g.,
Refs. [9,21]), and in some cases, is not evident at all if a
fluid is not made available during pretraining [29]. This has
led to the proposal that context aversion learning does not
obey the same rules that govern other instances of classical
conditioning, since its development is aided by the presence
of another cue at the time of conditioning. It is likely,
however (see Ref. [27] for a discussion), that the use of a
consumption test to measure contextual aversions is con-
taminated, to some extent, by generalization to the test
flavor of any aversion formed to the fluids presented during
the conditioning phase. No such problem arises in the
present study — subjects receive no access to fluids of
any sort during the conditioning phase, and so we can
assume in this case that the consumption test used in
Experiments 1 and 2 provides a valid measure of contextual
conditioning. That an aversion can be demonstrated under
these conditions implies that the procedure must have been
particularly effective in endowing the contextual cues with
associative strength.

The second issue to arise from these findings, and the
one which forms the main focus of the present paper, is
whether the procedure developed in these experiments can
be regarded as a good candidate for an animal model of the
conditioned side effects experienced by cancer patients
undergoing chemotherapy. The present procedure has two
main properties, which give it rather more practical validity
than previous techniques used to measure context aversions.
First, as with patients given therapeutic drugs in the clinic,
our procedure should ensure that the effective US is
experienced in the presence of the relevant cues. And
secondly, as we have noted above, the present procedure
arranges that no fluids are made available during the
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context-conditioning trials (there is no suggestion that
patients are required to consume a fluid prior to drug
treatment in order to develop the anticipatory nausea
response). Our observations, from both consumption and
blocking tests establish that conditioning occurs with this
procedure — what is now needed, if the clinical relevance
of our procedure is to be taken further, is to determine the
exact form of the CR.

As Meachum and Bernstein [20] have noted, chemothe-
rapy patients who have experienced drug-induced nausea in
the presence of a certain set of contextual cues report that
these cues themselves become capable of evoking nausea.
Do rats that have experienced the effects of a lithium
injection in a given context similarly develop a CR of
nausea to the contextual cues? An alternative view might
be to suppose that animals decline to consume the test fluid
in the target context not because it evokes a state of nausea,
but because it simply predicts the onset of illness. Evidence
relevant to this question comes from comparing the form of
the CR with that of the UR elicited by the lithium injection
itself. In some respects, these differ — the characteristic
lying-on-belly component of the UR is not seen in the CR;
but, as we have already said, this difference may simply
indicate a difference in the intensity of the nausea evoked by
the CS and the US. In other respects, the CR and the UR
appear to be similar — pilot work conducted in this
laboratory, using the same stimuli and procedures as those
employed in the present experiment, has confirmed that one
UR to an injection of LiCl is a refusal to consume otherwise
palatable fluids, and this same response is shown in the
presence of conditioned contextual cues (Experiments 1 and
2). Such cues will also block the acquisition of a condi-
tioned flavor aversion (Experiment 3), implying that they
are capable of eliciting the state of nausea that is generally
assumed to be the effective US in such learning. And more
recently, we have conducted a further study in this labora-
tory using the present experimental paradigm, which shows
that the administration of an anti-emetic prior to testing will
reduce the magnitude of the CR that is displayed in the
conditioned context. The balance of the evidence is thus
probably enough to merit the conclusion that for the rats in
our experiments, as for the patients in the chemotherapy
clinic, contextual cues can acquire the power to elicit a CR
of nausea. This encourages us to pursue the present experi-
mental paradigm as a possible starting point in the devel-
opment of an animal model of ANV with the intention of
exploring procedures that might restrict the acquisition of
context aversions and that might be capable of transfer to
the clinic as interventions for the alleviation of such condi-
tioned side effects.

Acknowledgments

This work was supported by grants from the Well-
come Trust and the British—Spanish Joint Research

Programme, Acciones Integradas (Grant HB-97-0206).
We thank C. Bonardi, C. Mitchell, and J. Ward-Robinson
for helpful discussion.

References

[1] Andrykowski MA, Redd WH. Longitudinal analysis of the develop-
ment of anticipatory nausea. J Consult Clin Psychol 1987;55:36—41.

[2] Archer T, Sjédén P-O. Higher-order conditioning and sensory precon-
ditioning of a taste aversion with an exteroceptive CS1. Q J Exp
Psychol 1982;34B:1-17.

[3] Balleine B, Garner C, Dickinson A. Instrumental outcome devaluation
is attenuated by the anti-emetic ondansetron. Q J Exp Psychol
1995;48B:235-51.

[4] Berk AM, Miller RR. LiCl-induced aversions to audiovisual cues as a

function of response measure and CS—US interval. Behav Biol

1978;24:185-208.

Best PJ, Best MR, Henggeler S. The contribution of environmental

non-ingestive cues in conditioning with aversive internal conse-

quences. In: Barker LM, Best MR, Domjan M, editors. Learning

mechanisms in food selection. Waco, TX: Baylor Univ. Press, 1977.

pp. 371-93.

[6] Best PJ, Best MR, Mickley AG. Conditioned aversion to distinct
environmental stimuli resulting from gastrointestinal distress. J] Comp
Physiol Psychol 1973;85:250—7.

[7] Best MR, Brown ER, Sowell MK. Taste-mediated potentiation of non-
ingestional stimuli in rats. Learn Motiv 1984;15:244-58.

[8] Best MR, Meachum CL. The effects of stimulus preexposure on taste-
mediated environmental conditioning: potentiation and overshadow-
ing. Anim Learn Behav 1986;14:1-5.

[9] Boakes RA, Westbrook RF, Barnes BW. Potentiation by a taste of
toxicosis-based context conditioning: effects of varying the test fluid.
Q J Exp Psychol 1992;45B:303-25.

[10] Carey MP, Burish TG. Etiology and treatment of the psychological
side effects associated with cancer chemotherapy: a critical review and
discussion. Psychol Bull 1988;104:307—-25.

[11] Coil JD, Hankins WG, Jenden DJ, Garcia J. The attenuation of a
specific cue-to-consequence association by antiemetic agents. Psycho-
pharmacology (Berlin) 1978;56:21-5.

[12] Domjan M. Selective suppression of drinking during a limited period
following aversive drug treatment in rats. J Exp Psychol, Anim Behav
Process 1977;3:66-76.

[13] Garcia J. Food for Tolman: cognition and cathexis in concert. In:
Archer T, Nilsson L-G, editors. Aversion, avoidance and anxiety.
Hillsdale, NJ: Erlbaum, 1989. pp. 45-85.

[14] Garcia J, Koelling RA. The relation of cue to consequence in avoi-
dance learning. Psychon Sci 1996;4:123—4.

[15] Garcia J, McGowan BK, Ervin FR, Koelling RA. Cues: their relative
effectiveness as a function of the reinforcer. Science 1968;160:794—5.

[16] Goudie AJ, Stolerman IP, Demellweek C, D’Mello GD. Does condi-
tioned nausea mediate drug-induced conditioned taste aversion? Psy-
chopharmacology (Berlin) 1982;78:277-81.

[17] Hall G. Context aversion, Pavlovian conditioning, and the psycholo-
gical side effects of chemotherapy. Eur Psychol 1997;2:118—-24.

[18] Lett BT. The painlike effect of gallamine and naloxone differs from
sickness induced by lithium chloride. Behav Neurosci 1985;99:
145-50.

[19] Meachum C, Bernstein I. Conditioned responses to a taste conditioned
stimulus paired with lithium chloride administration. Behav Neurosci
1990;104:711-5.

[20] Meachum C, Bernstein 1. Behavioral conditioned responses to con-
textual and odor stimuli paired with LiCl administration. Physiol Be-
hav 1992;52:895-9.

[21] Mitchell C, Heyes C. Simultaneous overshadowing and potentiation

[5

[}



M. Rodriguez et al. / Physiology & Behavior 71 (2000) 571-579 579

of taste and contextual cues by a second taste in toxicosis conditio-
ning. Learn Motiv 1996;27:58—72.

[22] Oberling P, Rocha B, Di Scala G, Sandner G. Evidence for state-
dependent retrieval in conditioned place aversion. Behav Neural Biol
1993;60:27-32.

[23] Parker LA. Emetic drugs produce conditioned rejection reactions in
the taste reactivity test. J Psychophysiol 1998;12(Suppl 1):3—13.

[24] Parker LA, Hills K, Jensen K. Behavioral CRs elicited by a lithium- or

an amphetamine-paired contextual test chamber. Anim Learn Behav

1984;12:307-15.

Stockhorst U, Klosterhalfen S, Steingriiber H—J. Conditioned nausea

and further side-effects in cancer chemotherapy: a review. J Psycho-

physiol 1998;12(Suppl 1):14-33.

Symonds M, Hall G. Contextual conditioning with lithium-induced

nausea as the US: evidence from a blocking procedure. Learn Motiv

1997;28:200—15.

[25

=

[26

)

[27] Symonds M, Hall G. Overshadowing not potentiation of illness-based
contextual conditioning by a novel taste. Anim Learn Behav
1999;27:379-90.

[28] Symonds M, Hall G. Contextual conditioning with an illness US is
attenuated by the anti-emetic ondansetron. Psychobiology, in press.

[29] Symonds M, Hall G, Lopez M, Loy I, Ramos A, Rodriguez M. Is fluid
consumption necessary for the formation of context—illness associa-
tions? An evaluation using consumption and blocking tests. Learn
Motiv 1998;29:168—83.

[30] Westbrook RF, Brookes N. Potentiation and blocking of conditioned
flavor and context aversions. Q J Exp Psychol 1998;40B:3—-30.

[31] Willner JA. Blocking of a taste aversion by prior pairings of exte-
roceptive stimuli with illness. Learn Motiv 1978;9:125—40.



