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Conditioned flavor aversion learning is assumed to re-
sult from the association between a flavored solution and
an illness (see, e.g., Domjan, 1998; Garcia, Hankins, &
Rusiniak, 1974). In fact, early research evaluated associa-
tions between flavors and toxic agents with known emetic
properties exclusively (e.g., Garcia & Koelling, 1966).
According to Garcia (1989), the only change in physio-
logical state that produces an aversion to the flavor of a so-
lution is one that induces nausea—that is, one that acts on
the emetic system of the midbrain and brainstem. Al-
though rats are incapable of vomiting, they were observed
to display conditioneddisgust reactions (i.e., gaping, chin
rubbing) when exposed to a flavor previously paired with
drug-induced nausea. Conditioned disgust reactions are
established by the association between the flavor and acti-
vation of the emetic system (Garcia et al., 1974).

More recently, Grill and Norgren (1978), using a more
systematic test for the assessment of the palatabilityof flu-
ids, showed that rats, indeed, demonstrate disgust reactions
during an intraroal infusionof lithium-paired sucrose. The
taste reactivity (TR) test has revealed that rats display con-
ditioneddisgust (rejection) reactions to flavored solutions
that havebeen pairedwith low to high doses of lithiumchlo-
ride (Berridge, Grill, & Norgren, 1981; Grill & Norgren,
1978; Parker, 1982), with cyclophosphamide (Limebeer
& Parker, 1999; Parker, 1998), with high doses of nicotine
(Parker, 1993) and apomorphine (Parker & Brosseau,

1990), with naloxone-precipitated morphine withdrawal
(McDonald, Parker, & Siegel, 1997), and with full-body
rotation (Cordick, Parker, & Ossenkopp, 1999; Ossenkopp
et al., 2003). Each of these agents produces vomiting in
species that are capable of vomiting.

Taste Avoidance Is Not Always Motivated by
Taste Aversion in Rats

The typical measure of flavor–illness associations is the
amount of solution consumed from a bottle containing the
flavored solution—conditionedtaste avoidance.This mea-
sure requires the rat to approach the bottle in order to sam-
ple the flavored solution; therefore, it involves an appeti-
tive and a consummatory phase in responding (Konorski,
1967). An alternative measure of a flavor–illness associa-
tion is called the TR test (Grill & Norgren, 1978). This test
measures the orofacial and somatic reactions elicited by a
flavor infused directly into a rat’s mouth. The experimenter
controlsexposure to the conditionedstimulus (CS) f lavored
solution, and the rat reacts with only the consummatory
phase of responding. When infused with a flavored solu-
tion previouslypaired with nausea, rats display conditioned
disgust reactions—a direct measure of taste aversion.

Most investigatorsassume that the suppressed consump-
tion of a flavor previouslypaired with a psychoactivedrug
is due to the development of an association between some
aversive stimulus property of the drug and the taste of the
flavored solution; therefore, the phenomenon has been
called conditionedtaste aversion learning. However, it has
been argued that this term does not accurately define taste
avoidance produced by all treatments (Grigson, 1997;
Parker, 1982; Pelchat, Grill, Rozin, & Jacobs, 1983).
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The terms conditioned taste avoidance and conditioned taste aversion are often used interchange-
ably in the literature;however, considerableevidenceindicatesthat theymay representdifferentprocesses.
Conditioned tasteavoidance is measured by the amount that a rat consumes in a consumption test that
includes both appetitive phases and consummatory phases of responding. However, conditioned taste
aversion is more directly assessedwith the taste reactivitytest, which includes only the consummatory
phase of responding. Rats display a conditioned taste aversion as conditioned rejection reactions
(gapes, chin rubs, and paw treads) during an intraoral infusion of a nausea-paired flavored solution.
Treatments that produce nausea are not necessary for the establishment of taste avoidance, but they
are necessary for the establishment of taste aversion. Furthermore, treatments that alleviate nausea
modulate neither the establishment nor the expression of taste avoidance, but they interfere with both
the establishment and the expression of taste aversion. Considerable evidence exists indicating that
these two measures are independent of one another. Taste avoidance may be motivated by conditioned
fear rather than conditioned nausea, but taste aversion (as reflectedby rejection reactions)may be mo-
tivated by conditioned nausea.
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Rats not only avoid flavors paired with emetic drugs,
but also learn to avoid flavors that have been paired with
drugs that are not readily characterized as aversive, such
as amphetamine. Rats will avoid an amphetamine-paired
flavor while simultaneouslydemonstratingthat the drug is
rewarding. They prefer the amphetamine-paired place in
a place preference assessment (Reicher & Holman, 1977)
and self-administer the drug (Wise, Yokel, & DeWitt,
1976).Because Garcia et al. (1974) had developeda model
to account for taste aversion produced by emetic agents, it
was reasonable for early investigators to assume that the
reason rewarding drugs also produce taste avoidance in
rats is that they produce the side effect of nausea, which
becomes selectively associated with flavors (Reicher &
Holman, 1977). Recent findings, however, suggest that
this may not be the case (e.g., Parker, 1995). According to
Garcia et al.’s (1974; refined in Garcia, 1989)model, feed-
back from nausea produces conditioned disgust; there-
fore, a manipulation that produces nausea should estab-
lish conditioneddisgust reactions.However, taste avoidance
produced by rewarding drugs is not accompanied by con-
ditioned disgust (Parker, 1982, 1988, 1991, 1993, 1995),
indicating that avoidance produced by rewarding drugs is
not motivated by conditioned nausea.

Considerableevidence indicates that not all taste avoid-
ance is accompanied by conditioned aversion to the taste
when assessed with the TR test. Stimuli that produce taste
avoidance in the absence of nausea do not produce an
aversion to the taste. Lower intestinal discomfort (Pelchat
et al., 1983), footshock (Pelchat et al., 1983), and lesions
of the lateral hypothalamus(Cromwell & Berridge, 1993),
as well as reinforcing drugs (Parker, 1982; see Parker,
1995, for review), produce taste avoidance but do not pro-
duce rejection reactions in the TR test.

Of course, one might argue that the failure to detect re-
jection reactions in the TR test with corresponding taste
avoidancesimply reflects the differential sensitivityof the
measures. That is, if reinforcing drugs simply produce
weaker taste–drug associations, this associationmay be de-
tected in a sensitive intake test but may not be detected in a
less sensitiveTR test. We specifically addressed this issue
in our early work. When evaluatedover nine conditioning/
testing trials, rats displayed equivalent taste avoidance for
lithium (50 mg/kg, i.p.) and amphetamine (3 mg/kg, i.p.)
but dramatically displayed stronger rejection of lithium-
paired taste (Parker, 1984). Furthermore, Zalaquett and
Parker (1989) demonstrated that when the doses of am-
phetamine and lithium were adjusted to produce weaker
taste avoidance with lithium (12 mg/kg) than with am-
phetamine (3 mg/kg), only the lithium-pairedflavor elicited
rejection reactions.

We, and others, have evaluated the potential for a wide
range of doses of drugs that produce taste avoidance to
produce place preference learning (a measure of drug re-
ward) and conditioned rejection reactions in the TR test.
Table 1 presents four quadrants depicting whether a treat-
ment that produced taste avoidance also produced rejec-
tion reactions in the TR test or preference/avoidance in the
place-conditioning test. As can be seen in the upper left-
hand quadrant of the table, none of the treatments pro-
ducing taste avoidance produced both conditioned rejec-
tion reactions and place preference; that is, rewarding
drugs did not produce taste aversion. The lower left-hand
quadrant of Table 1 presents the treatments that produced
a place preference but did not produce rejection reactions,
even though they produced taste avoidance. These treat-
ments included cocaine (Mayer & Parker, 1993; Mucha,
van der Kooy, O’Shaughnessy, & Bucenieks,1982;Parker,

Table 1
Place Conditioning and Rejection Reactions

Reactions Place Preference Place Avoidance

Rejection and taste avoidance none alcohol (novel; 1–2 g/kg, i.p.)
amphetamine (10 mg/kg, i.p.)*
apomorphine (15 mg/kg, i.p.)*
chlordiazepoxide (5–20 mg/kg, i.p.)
cyclophosphamide (10–40 mg/kg, i.p.)
fenfluramine (2.5–10 mg/kg, i.p.)
lithium chloride (12–127 mg/kg, i.p.)
naloxone-precipitated morphine withdrawal
nicotine (1.2–2 mg/kg, s.c.)*
D9-THC (1.5–2.5 mg/kg, i.p.)*

No rejection and taste avoidance alcohol (familiar; 1–2 g/kg, i.p.) footshock
amphetamine (1–5 mg/kg, i.p.)* naltrexone (1–10 mg/kg, i.p.)
apomorphine (1–7.5 mg/kg, i.p.)* pentobarbital (1–20 mg/kg, i.p.)†
cocaine (5–20 mg/kg, i.p.) phencylidine (2–20 mg/kg, i.p.)*
LSD (0.025–0.02 mg/kg, i.p.)
methylphenidate (5–30 mg/kg, i.p.)
morphine (2–80 mg/kg, i.p.)
nicotine (0.2–0.8 mg/kg, 1 mg/kg, i.p.)
phencyclidine (0.5 mg/kg, i.p.)*
penobarbital (1–20 mg/kg, i.p.)†
1D-9-THC (0.25–1.0 mg/kg, i.p.)†

*Biphasic drug effects across dose range. †Conflicting reports.



TASTE AVOIDANCE AND TASTE AVERSION 167

1993), LSD (Parker, 1996), methamphetamine (Cunning-
ham & Noble, 1992; Parker, 1993), methylphenidate
(Martin-Iverson, Ortmann, & Fibiger, 1985;Parker, 1991),
morphine (Beach, 1957;Mucha et al., 1982;Parker, 1991),
and alcohol to which the rats had been familiarized
(Davies & Parker, 1990;Reid,Hunter, Beaman, & Hubbel,
1985). With each of these drugs, at doses that produce
taste avoidance equivalent to that produced by lithium,
none has been shown to produce rejection reactions in the
TR test. On the other hand, as is depicted in the upper
right-hand quadrant of Table 1, across a wide range of
doses, a number of drugs that produced place and taste
avoidance also produced rejection reactions, including
novel alcohol (Cunningham,1979; B. T. Davies & Parker,
1990), chlordiazepoxide (Parker, Limebeer, & Simpson,
1998), cyclophosphamide (Parker, 1998), fenfluramine
(A. M. Davies & Parker, 1993; Parker, 1988), lithium
chloride (Berridge et al., 1981; Grill & Norgren, 1978;
Muchaet al., 1982;Parker, 1982,1992;Pelchat et al., 1983),
and naloxone-precipitated morphine withdrawal (Mc-
Donald et al., 1997; Parker & Joshi, 1998). In fact, the
only drugs that produced conditioned rejection reactions
also produced conditioned place avoidance in rats.

Not all treatments that produce conditioned place and
taste avoidance also produce conditioned rejection reac-
tions. As can be seen in the lower quadrant of Table 1,
footshock (Pelchat et al., 1983), naltrexone (Parker &
Rennie, 1992), and higher doses of phencyclidine (Barr,
Paredes, & Bridger, 1985) produced place avoidance but
did not produce rejection reactions, presumably because
they do not produce nausea. Furthermore, as is indicated
by asterisks (*) in Table 1, some drugs produced biphasic
hedonic effects; that is, at low doses, they produced a
place preference, and at high doses, they produced place
avoidance. Interestingly, the same doses of amphetamine
(10 mg/kg, i.p.; Costello,Carlson, Glick, & Bryda, 1989),
apomorphine(15 mg/kg, i.p.; Best, Best, & Mickley, 1973;
Parker & Brosseau, 1990;R. Smith & Parker, 1985), nico-
tine (1.2–2 mg/kg, s.c.; Jorenby, Steinpreis, Sherman, &
Baker, 1990;Parker, 1991), and D-9-THC (1.5–2.5 mg/kg,
i.p.; Mallet & Beninger, 1998;Parker & Gillies, 1995) that
produced place avoidance also produced conditioned re-
jection in the TR test. Finally, although the data conflict
(indicated by 1 in Table 1) regarding the potential of pen-
tobarbitalto producea placepreference (Bossert& Franklin,
2001) or a place avoidance (Lew & Parker, 1998; Mucha
et al., 1982), pentobarbital does not produce conditioned
rejection reactions.

Effects of Antiemetic Agents on the
Establishment and/or the Expression
of Taste Avoidance and Taste Aversion

Garcia’s claim that nausea is a necessary stimulus for
taste avoidance learning has been evaluated using anti-
nausea treatments. The results have been mixed. Although
Coil, Hankins, Jenden, and Garcia (1978) reported that
various antinausea agents interfered with the expression
of previously established taste avoidance produced by

lithium chloride, others have not replicated this finding,
using similar antinausea treatments (Goudie, Stolerman,
Demellweek, & D’Mello, 1982; Parker & McLeod, 1991;
Rabin & Hunt, 1983) and different antinausea treatments
(Gadusek & Kalat, 1975; Levy, Carroll, Smith, & Hofer,
1974; Limebeer & Parker, 2000; Parker, Mechoulam, &
Schlievert, 2002). Furthermore, there is considerable evi-
dence that antinausea agents also do not interfere with the
establishment of conditioned taste avoidance learning
(Limebeer & Parker, 2000; Parker, Mechoulam, & Schlie-
vert, 2002;Rabin& Hunt, 1983;Rudd,Ngan, & Wai, 1998).

Serotonergic antagonists. Althoughconditionedtaste
avoidancemay not be attenuatedby antinausea treatments,
conditionedtaste aversion (as reflected by conditionedre-
jection of the taste) is consistently attenuated by such
treatments. One of the most effective antinausea treat-
ments used by human chemotherapy patients is the sero-
tonin [5-HT3] antagonist, ondansetron, which also inter-
feres with toxin-induced vomiting in ferrets (Higgins,
Kilpatrick, Bunce, Jones, & Tyers, 1989). Limebeer and
Parker (2000) found that ondansetron interfered with the
establishment of lithium-induced conditioned rejection
reactions, presumably by interfering with nausea during
conditioning, and with the expression of conditioned re-
jection reactions, presumably by interfering with condi-
tioned nausea during testing (Limebeer & Parker, 2000).
Pretreatment with ondansetron did not modify rejection
reactions elicited by unpalatable quinine solution, sug-
gesting that it did not merely modify the palatabilityof the
CS solution.Furthermore, the suppression of conditioned
rejection reactions by pretreatment with ondansetron was
not merely a state-dependent effect, because even when
rats were administered ondansetron prior to conditioning
and prior to testing, suppression of rejection reactions oc-
curred (Limebeer & Parker, 2000).

Although ondansetron interfered with the aversive af-
fective reactions of gapingand chin rubbing in rats, Lime-
beer and Parker (2000) reported that it did not interfere
with either the establishment or the expression of condi-
tioned taste avoidance, when assessed with either a one-
bottle or a two-bottle test. In fact, ondansetron suppressed
rejection reactions among rats during a consumption test,
but it did not modify the amount consumed.Therefore, the
dissociationbetween the antinausea effects on taste avoid-
ance and taste aversion cannot be attributed to differences
in the delivery of the taste CS; conditionedrejection reac-
tions were suppressed by the antinausea treatment whether
the taste was presented by bottle or by infusion. This is
important because of recent reports (Cubero, Thiele, &
Bernstein, 1999; Schafe, Thiele, & Bernstein, 1998) that
the neural structures critical for taste avoidance learning
may differ on the basis of the method of CS solution de-
livery (intraoral or bottle).

Ondansetron altered the affective significance of su-
crose, resulting in suppressed conditionedrejection in the
TR test. Using an outcome devaluation task, Balleine,
Garner, and Dickinson (1995) similarly reported that on-
dansetron changed the affective significance of a lithium-
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paired sucrose. Thirsty rats were trained to leverpress and
chain-pull for sucrose and saline solutions concurrently,
before being injected with lithium chloride. They were
then reexposed to both solutions in the absence of the
lever and chain, one after injectionsof the vehicle and the
other after injections of ondansetron. In a subsequent ex-
tinction choice test on the levers and chains, the rats per-
formed more of the action whose training outcome was
reexposed under ondansetron than of the other action.On-
dansetron attenuated the outcome devaluationeffect, pre-
sumably by modifying the conditionedaffective change in
the significance of the lithium-paired taste on reexposure.

Cannabinoids. The therapeutic potential of cannabi-
noids (CBs) in the treatment of nausea resulting from
chemotherapy has been the subject of considerable inter-
est. Anecdotal accounts and early clinical trials have indi-
cated that marijuana reduces nausea in such treatment. In
collaboration with Raphael Mechoulam of the Hebrew
University of Jerusalem, we evaluated the role of CBs in
the control of nausea. Marijuana contains approximately
60 cannabinoids, including the psychoactive component,
D-9-tetrahydrocannabinol(THC). A low dose (0.5 mg/kg)
of THC eliminated the establishment of conditioned re-
jection, as well as the expression of previously established
conditioned rejection elicited by a cyclophophamide-
paired flavor (Limebeer & Parker, 1999). Cyclophos-
phamide is an agent used in chemotherapy treatment in
humans.

Another major CB found in marijuana is cannabidiol
(CBD); however, unlike THC, cannabidiol does not pro-
duce psychoactive effects (Mechoulam, 1970). CBD, un-
like THC, does not bind to cannabinoid receptors; it may
act by blocking the reuptake of anandamide, an endoge-
nous CB (Bisogno et al., 2001). CBD and a more potent
synthetic version, cannabidiol-dimethylheptyl, interfered
with both the establishment and the expression of condi-
tioned rejection reactions, but not with taste avoidance
(Parker, Mechoulam, & Schlievert, 2002). The effective
dose of CBD (5 mg/kg, i.p.) was also the most effective
dose to alleviate arthritic pain in an animal model (Malfait
et al., 2000). Furthermore, the potent syntheticCB agonist
HU-210 interfered with conditionedrejection reactions in
rats, and the CB1 receptor antagonistSR-141716Ablocked
this effect . Most interesting, the antagonist actually po-
tentiated lithium-induced conditioned rejection, suggest-
ing that the endogenous CBs may play a role in the regu-
lation of nausea (Parker et al., 2003).

Two-Process Model: Avoidance and Aversion
Rats avoid consumption of flavors paired with most

changes in physiological state, be they emetic changes or
pleasurable changes (Hunt & Amit, 1987; see Parker,
1995, for a review). On the other hand, rats display condi-
tioned rejection reactions only during exposure to a flavor
previously paired with drugs that produce emesis in other
species (Parker, 1982; Pelchat et al., 1983; see Parker,
1998, for a review). Antiemetic agents consistently inter-
fere with the establishment of conditioned rejection, pre-

sumably by interfering with lithium-induced nausea dur-
ing conditioning, and with the expression of conditioned
rejection, presumablyby interfering with conditionednau-
sea during testing (Limebeer & Parker, 1999,2000;Parker,
Mechoulam, & Schlievert, 2002). However, antiemetic
agents modify neither the establishment nor the expres-
sion of conditioned taste avoidance (Goudie et al., 1982;
Limebeer & Parker, 2000; Parker, Mechoulam, & Schlie-
vert, 2002; Rabin & Hunt, 1983; Rudd et al., 1998; how-
ever, see Coil et al., 1978). That is, drugs that should re-
duce lithium-inducednausea do not interfere with lithium-
induced taste avoidance.

If rats learn to avoid a flavor paired with lithium in the
absence of nausea, what might be responsible for avoid-
ance of the taste? An early theory, which attempted to ex-
plain paradoxical reports that reinforcing drugs produce
taste avoidance, suggested that any novel change in state
signals danger to the rat, a species that cannot vomit (e.g.,
Gamzu, 1977; Hunt & Amit, 1987). A flavor paired with
this change in state comes to signal danger (e.g., Pelchat
et al., 1983), resulting in subsequent avoidance of that
taste. Since antinausea treatments do not interfere with the
establishmentor the expressionof conditionedtaste avoid-
ance produced by emetic drugs, it appears that such a
mechanism may account not only for taste avoidancebased
on reinforcing drugs, but also for taste avoidance pro-
duced by emetic drugs. Nausea produces conditioned re-
jection of the taste, but it appears to be independent of
avoidance of the taste.

Taste avoidance in rats may result from any novel
change in state (be it hedonic or aversive) that follows in-
take of a novel taste. This suggestion is fortified by a re-
cent findingwith an animal that vomits in response to toxin
exposure. Parker, Corrick, Limebeer, and Kwiatkowska
(2002) reported that the Suncus murinus (house musk
shrew) develops taste preference, rather than taste avoid-
ance, when a novel saccharin flavor is paired with high
doses of amphetamine or morphine, which also produce a
place preference in this species. Yet the shrew avoids sac-
charin that is paired with lithium chloride (J. E. Smith,
Friedman, & Andrews, 2001). Since rats, unlike shrews,
are incapable of vomiting, it has been suggested that they
have evolveda highly sensitive first line of defense (Davis,
Harding, Leslie, & Andrews, 1986) that signals danger
any time a novel food is tasted that is followed by a change
in physiological state. This first line of defense results in
avoidanceof that novel food in the future. Davis et al. sug-
gested that the defense against toxins is organized into a
tiered system that is designed to protect the organism
against increasing penetration by toxins. The first line of
defense is external to the gastrointestinal tract and is me-
diated by smell and taste receptors that can produce the
effects of nausea and avoidance of the toxin. The second
level of defense is intragastric and is mediated by gastric
chemoreceptors, and the third line of defense lies within
the vascular system and is mediated by the chemorecep-
tor trigger zone within the central nervous system. The
second and third lines of defense may produce the effects
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of nausea, decreased gastric motility,vomiting, and avoid-
ance of the toxin.

Although laboratory rats do not vomit, they do avoid
tastes previously paired with wide-ranging stimuli. Davis
et al. (1986) proposed that the first line of defense in the
rat (i.e., smell, taste) is extremely highly developed and
that therefore, perhaps as a result, the second and third
lines have become redundant and are now nonfunctional.
In the laboratory rat, it is known that gastric afferents re-
spond to physical and chemical (intragastric copper sul-
fate and cisplatin) stimulation that precedes vomiting in
emetic species, such as the ferret (Blackshaw & Grundy,
1993; Davis et al., 1986; Grundy, 1998). Furthermore, 5-
HT3 antagonists that block vomiting in ferrets disrupt this
neural afferent reaction in both ferrets and rats. In the rat,
the detection mechanism is present, but the vomiting re-
sponse is absent (Davis et al., 1986). Because the primary
defense mechanism is so highly tuned, the animal no
longer needs to rely on the other two lines of defense
downstream, so that, in this animal, the latter are no longer
effective (Davis et al., 1986).

But in the laboratory, we trick our experimental sub-
jects by injecting them with a drug that produces an effect
not normally encountered during food consumption. For
instance, we inject the rat with a significant dose of am-
phetamine after its consumption of a saccharin solution.
In this animal, which has evolved a highly tuned first line
of defense, it is not surprising that the rat responds to this
change in physiological state by avoidance of the saccha-
rin that preceded the insult. On the other hand, the shrew,
which vomits in response to gastrointestinal and blood-
borne toxins, does not avoid saccharin or sucrose solution
paired with amphetamine; in fact, it developsa preference
for the drug-paired taste. Taste avoidance in the rat may be
the result of conditionedfear, rather than conditionednau-
sea, even when produced by nausea-inducing treatments.

Conclusion
Although rats do not vomit, they do display conditioned

rejection reactions upon reexposure to a flavor previously

paired with treatments that produce vomiting in emetic
species (see Parker, 1998). Treatments that do not produce
nausea do not produce these conditioned rejection reac-
tions when paired with a flavored solution, even at doses
that are titrated to produce taste avoidance equivalent to
that produced by lithium chloride (Parker, 1982, 1995;
Pelchat et al., 1983). Since they are exclusivelyelicited by
emetic treatments (such as rotation; Cordick et al., 1999),
we have argued that these conditioned rejection reactions
reflect conditioned nausea in rats.

The strongest evidence for the hypothesis that condi-
tioned nausea is the primary elicitor of conditioned rejec-
tion reactions is selective reduction in conditionedaversive
reactionsby antinausea treatments. However, these data are
also compatible with the possibility that nausea might act
by modulating the perception of taste palatability, making
the taste itself aversive, rather than directly eliciting nau-
sea. Indeed, it is possible that both conditionednausea and
an aversive affective change in the palatability of the taste
itself are produced by treatments that produce nausea. Cer-
tainly, unconditionallyaversive taste stimuli (such as bitter
quinine)also elicit rejection reactions in the TR test. How-
ever, if nausea-inducedconditionedrejection reactions are
simply a shift in palatability, antinausea treatments should
also attenuateunconditionedpalatabilityshifts, but they do
not. Unconditioned rejection of bitter quinine was not
modulated by pretreatment with the antinausea treatments
(Limebeer & Parker, 2000; Parker & McLeod, 1991).

It is interesting to note that when a flavor is paired with
a chemotherapeutic drug, hedonic ratings of liking of the
flavor are more predictiveof nausea in human chemother-
apy patients than is consumption of the flavored solution
(Schwartz, Jacobsen, & Bjovberg, 1996). Furthermore,
humans who report nausea as a symptom of food allergies
not only avoid the food, but also report a conditional dis-
taste for the food (Pelchat & Rozin, 1982). On the other
hand, when the allergic symptoms are mouth sores or
hives, the subjects avoid the food but do not dislike its
taste. Nausea appears to be a necessary condition for the
establishment of conditioned dislike for a taste.

Rat Gape Shrew Retch

Figure 1. The orofacial characteristics of the rat gape are very similar to those of the shrew retch. Un-
like the rat, the shrew vomits in response to emetic stimulation.
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According to Balleine et al. (1995), two processes may
be involvedin taste aversion learning.The first is a Pavlov-
ian process in which the taste becomes a danger signal,
and the second is an evaluative or incentive process in
which the affective significance of the taste changes. It is
likely that the signal process accounts for taste avoidance
and that the change in affective significance accounts for
rejection reactions. These processes are apparently inde-
pendent, because avoidance can occur without condi-
tioned rejection (Parker, 1995) and conditioned rejection
can be attenuated by antiemetic treatments that do not af-
fect conditioned avoidance (Limebeer & Parker, 2000;
Parker, Mechoulam, & Schlievert, 2002).

The TR test measures the affective value of the drug-
paired flavor independently of approach responses. It
measures consummatory responding independently of
preparatory responding (Konorski, 1967), incentive value
independently of signal properties (Balleine et al., 1995;
Garcia, 1989), and/or liking independently of wanting
(Robinson& Berridge, 1993).Nausea appears to selectively
modify conditioned rejection reactions in the TR test, but
not consumption in a standard taste avoidance test, be-
cause antinausea treatments attenuate the former, but not
the latter. As has been suggested by many authors (e.g.,
Berger, 1972; Grant, 1987), nausea is neither necessary
nor sufficient for the establishment of taste avoidance
learning. Our results suggest that nausea may, in fact, be
irrelevant to taste avoidance learning, although it is nec-
essary for the establishment of a conditioned dislike for
the taste.

Among the conditionedrejection reactions elicited by a
flavor paired with an emetic treatment, gaping is the most
prevalent. Indeed, the orofacial topographies of the rat
gape and the shrew retch are very similar, as is depicted in
Figure 1. Indeed,Travers and Norgren (1986) reported that
the muscular movements involved in gaping mimic those
seen in species capable of emetic reactions. It is conceiv-
able that the gaping response in the rat represents a vesti-
gial precursor to vomiting in this animal, which no longer
displays the full vomiting response.
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