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Taste-Potentiated Odor Aversion Learning in Rats with Lesions of
the Insular Cortex

Jian-You Lin, Christopher Roman, and Steve Reilly
Department of Psychology, University of Illinois at Chicago, 1007 West Harrison Street, Chicago,
IL 60607, USA

Abstract
The current study assessed the influence of excitotoxic lesions of the insular cortex (IC) on taste-
potentiated odor aversion (TPOA) learning. Water-deprived rats initially received a single odor-
toxicosis or odor/taste-toxicosis pairing and were subsequently tested, in separate trials, with the odor
and the taste stimulus. Indicating TPOA, neurologically intact rats conditioned with the odor/taste
compound stimulus acquired significantly stronger odor aversions than normal rats conditioned with
the odor stimulus. IC lesions disrupted TPOA, conditioned taste aversion and taste neophobia. The
finding that taste did not potentiate odor aversion learning in the IC lesioned rats provides support
for the “within-compound association” analysis but is inconsistent with the “sensory and-gate”
account of TPOA learning.
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1. Introduction
Overshadowing refers to the finding that a low salience stimulus acquires less associative
strength when it is conditioned with a high salience cue relative to when it is conditioned alone
(D'Amato and Fazzaro, 1966; Kamin, 1969; Mackintosh, 1971; Miles and Jenkins, 1973;
Pavlov, 1927). This phenomenon is not observed in every case, however. An exception has
been found when olfactory and taste cues are conditioned together in a conditioned odor
aversion (COA) procedure using gastrointestinal malaise as the unconditioned stimulus (US).
Contrary to overshadowing, if an odor and taste (i.e., an OT compound) are presented together
during conditioning, a stronger odor aversion can be obtained compared to the COA found in
the odor-alone (O) control group. This phenomenon is termed taste-potentiated odor aversion
(TPOA) learning (e.g., Bouton, Jones, McPhillips and Swartzentruber, 1986; Palmerino,
Rusiniak and Garcia, 1980; Rusiniak, Hankins, Garcia and Brett, 1979; Westbrook,
Homewood, Horn and Clarke, 1983; for reviews see Batsell and Blankenship, 2002; LoLordo
and Droungas, 1989).
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Two prominent interpretations of TPOA have emerged. The first, the “sensory and-gate”
account, is derived from a proposed dichotomy between the external (or skin) and internal (or
gut) defense systems (Garcia, Lasiter, Bermudez-Rattoni and Deems, 1985). Based on the
neuroanatomy of the tiger salamander and extrapolated to mammals, it was proposed that
convergence between the somatosensory and auditory pathways provides the neural substrate
for skin defense whereas convergence of gustatory and viscerosensory pathways underlie gut
defense. According to this account, olfactory and visual pathways belong to neither skin
defense nor gut defense but have access to each system. A sensory gate between the two defense
systems, normally closed to prevent access to gut defense, ensures that odor and visual stimuli
are treated as exteroceptive cues and utilized within the skin defense system. However, the
gate can be switched open to gut defense by the presence of feeding cues. By this analysis,
then, the presence of a taste stimulus “gates” the odor into the gut defense system where it can
be processed like a taste. In this circumstance, a stronger odor aversion, the TPOA, is found
than otherwise occurs when the odor is not gated into gut defense and is conditioned alone with
the aversive US. It is important to note that according to this anatomical account of TPOA the
strength of the aversion to the taste stimulus is not a factor that governs the occurrence of
TPOA. Rather, the taste stimulus functions to gate the odor into the gut defense system where
it can be associated with other feeding stimuli such as gastrointestinal malaise.

The second, “within-compound association” account, based on general principles of learning,
explicitly states that the strength of the aversion to the accompanying taste stimulus is the
determinant of TPOA learning (Durlach and Rescorla, 1980). Specifically, during compound
(OT) conditioning associations develop not only between each element of the compound and
the aversive US but also between the two elements (i.e., an odor-taste association is acquired).
Thus, the manifest aversion expressed to the odor on the test trial is derived from two sources:
the odor-illness association and the taste-illness association, which is activated by the odor-
taste association. According to this account, then, the strength of the acquired aversion to the
taste stimulus is critical for the occurrence of TPOA: the stronger the taste aversion the larger
the potentiated odor aversion. In comparison, the strength of the COA in the O control group
is dependent upon a single association, the odor-illness association.

Attempts to evaluate the merits of these two accounts of TPOA learning have tended to focus
on the predictions that each make concerning the strength of the aversion to the potentiating
taste stimulus. As noted above, the strength of the conditioned taste aversion (CTA) is irrelevant
for the sensory and-gate account but it is fundamental for the within-compound association
account. The most frequently used experimental manipulation to test this prediction involves
postconditioning extinction of the CTA that was acquired during OT conditioning trial. A
number of studies report that this manipulation eliminates TPOA thereby providing support
for the within-compound association account (Durlach and Rescorla, 1980; Miller, McCoy,
Kelly and Bardo, 1986; Trost and Batsell, 2004; von Kluge, Perkey and Peregord, 1996;
Westbrook et al., 1983). On the other hand, some studies have found that postconditioning
extinction of the taste conditioned stimulus (CS) has little or no influence on the magnitude of
the TPOA, results that favor the sensory-and gate account (Droungas and LoLordo, 1991; Lett,
1984).

With the same end in mind, an alternative strategy is to prevent the acquisition of the taste
aversion on the OT conditioning trial which, according to the within-compound association
account, is essential for TPOA learning. This approach usually involves giving nonreinforced
exposures to the taste stimulus prior to the TPOA conditioning trial. Nonreinforced
preexposures render the taste stimulus familiar and safe which consequently retards the
development of a CTA when the taste is subsequently paired with the illness US, a phenomenon
known as latent inhibition (e.g., Lubow, 1989, 2009). Using this manipulation, Durlach and
Rescorla (1980) found that the magnitude of the TPOA effect was significantly diminished in
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rats familiarized with the taste prior to the OT-toxicosis pairing. Although this result would
seem to favor the within-compound association account, confidence in this conclusion is
undermined by the procedures employed during the preexposure phase. That is, the rats
preexposed to the taste stimulus were also preexposed to the OT compound stimulus, which,
as noted by Lett (1984), would have encouraged the development of within-compound
associations. Subsequently, Holder, Leon, Yirmiya and Garcia (1987; Experiment 3) also found
that taste preexposure eliminated TPOA learning. But, the pattern of results was not consistent
with the within-compound association account. First, it should be noted that a TPOA effect
was obtained in rats that were given no taste preexposure. However, in the groups preexposed
to the taste stimulus, no TPOA was obtained (the odor alone rats showed comparable COAs
as the OT rats). Interestingly, the level of COA in the two taste preexposed groups was as
strong as that acquired by the non-preexposure OT group. This strong COA is not consistent
with the within-compound association account, which predicts that taste preexposure should
significantly diminish if not eliminate TPOA and requires that the odor aversion in both groups
of taste preexposed rats should be as weak as the COA acquired by the rats in the non-
preexposed odor alone group. In explanation of their results, Holder et al. speculated that taste
preexposure enhances the rat's capacity to learn odor aversions. If this analysis is correct, then
taste preexposure has limited utility as a method to evaluate the relative merits of the two
competing accounts of TPOA learning.

There is, however, an alternative way to manipulate taste familiarity that avoids
preconditioning exposures to the taste element of the OT compound stimulus. Building on
previous research (e.g., Kiefer and Braun, 1977), we have shown that the retardation of CTA
acquisition found in rats with excitotoxic lesions of the insular cortex is a secondary
consequence of a lesion-induced disruption in the perception of taste novelty (Roman, Lin and
Reilly, 2009; Roman and Reilly, 2007). That is, rats with IC lesions treat novel taste stimuli
as if they are familiar (Lin, Roman, St. Andre and Reilly, 2009) and CTA acquisition is delayed
because of a latent inhibition-like effect. It might also be noted that the same IC lesion that
disrupts CTA acquisition has no influence on COA acquisition (Roman, Nebieridze, Sastre
and Reilly, 2006; see also Bertrand, Yannick, Mathilde, Frederic, Nadine and Guillaume,
2009). To investigate whether a taste-illness association is a pre-requisite for the potentiation
of an odor aversion, in the present study we examined TPOA in rats with excitotoxic lesions
of the IC. If the within-compound association account is correct, we would expect IC lesions
to attenuate TPOA. On the other hand, if TPOA is independent of the CTA to the potentiating
taste stimulus, as predicted by the sensory and-gate account, we would expect rats with IC
lesions to show normal TPOA. Furthermore, irrespective of either theory, we expect that IC
lesions will attenuate CTA and taste neophobia while having no influence on COA learning.

Four experimental design issues merit brief discussion. First, neurologically intact rats show
significantly stronger neophobic reactions to the OT compound stimulus relative to the odor
alone. Moreover, as noted above, rats with IC lesions show significantly weaker neophobic
reactions to taste stimuli than do normal rats. Thus, to prevent these effects from confounding
interpretation of the results, intake on the single conditioning trial was limited to a maximum
of 5 ml. in the present study. Second, TPOA is defined at test by a within-experiment
comparison between odor intake of the OT group with the intake of the odor stimulus in the O
control group, a fact that has not always been appreciated in studies employing neurological
manipulations. Third, the practice of assaying the strength of an acquired association by
examining performance over multiple CS-only (i.e., extinction) trials is problematic for the
simple reason that extinction does not involve, as is tacitly assumed in such studies, unlearning
of the original association. Rather, a growing literature indicates that in extinction a new
association is acquired that competes with and masks the original association (e.g., Calton,
Mitchell and Schachtman, 1996; Rosas and Bouton, 1997; Schachtman, Threlkeld and Meyer,
2000; for reviews see Bouton, 2004; Bouton and Nelson, 1998; Miller, Kasprow and
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Schachtman, 1986). Thus, if a lesion influences performance after the first extinction trial it is
not clear if the underlying deficit involves the original learning or learning of the new
association. Finally, in order to draw confident conclusions about the attribution of function
to structure, it is necessary to employ brain manipulations that selectively target intrinsic cell
bodies while sparing fibers of passage. Thus, in lesion studies, excitatory neurotoxic agents
(e.g., ibotenic acid or NMDA) are nowadays favored over electrolytic or other types of
mechanical lesions (for discussion see, for example, Jarrard, 1989, 2002). Given these
considerations, neurologically intact (SHAM) subjects and IC lesioned (ICX) rats received
either a single (5 ml) odor (O) alone or odor/taste (OT) compound conditioning trial followed,
48 hr later, by a single odor test trial. TPOA is defined as significantly lower odor intake at
test in the OT versus the O rats. To verify the expected lesion-induced deficits in CTA and
taste neophobia, a taste test trial was administered 48 hr after the odor test trial. Of course, only
the rats conditioned with the OT compound stimulus could show a CTA; for the rats conditioned
with the O stimulus, the test trial assessed taste neophobia.

TPOA can be an elusive, difficult to obtain phenomenon (e.g., Bouton et al., 1986; Bouton and
Whiting, 1982; Lashley and Rosellini, 1986; Mikulka, Pitts and Philput, 1982; Reilly, Grigson
and Norgren, 1993; Rosellini and Lashley, 1986). Indeed, in our laboratory we have tried many
different combinations of odor (almond, isoamyl acetate, orange, and vanilla) and taste
(alanine, denatonium saccharide, quinine hydrochloride, sodium chloride, sucrose and sodium
saccharin) stimuli with the odor presented either on an “odor disk” (Palmerino et al., 1980) or
in the taste solution in order to obtain a TPOA effect. A solution of orange/quinine, the most
effective OT combination that we have found, was used in the present study.

2. Results
2.1 Anatomical

Figure 1 presents the results of the histological analysis. The gustatory portion of the IC is
located on the dorsal bank of the rhinal fissure and extends anteriorly ∼2 mm from the bregma
(Roman et al., 2009;Roman and Reilly, 2007). The presence of gliosis and the absence or
shriveling of cell bodies served as evidence of neurotoxic lesions. The histological examination
indicated that the lesions were well placed in the IC with minimal encroachment into the
somatosensory cortex, claustrum, and piriform cortex. The lesions in the present experiment
were comparable in size and location to those in our previous studies (e.g., Kosar, Grill and
Norgren, 1986a;Nakashima, Uemura, Yasui, Ozaki, Tabata and Taen, 2000). Rats with
unilateral or small lesions were excluded from the behavioral analysis, leaving the final group
sizes as follows: 20 SHAM (OT: n = 10, O: n = 10) and 13 ICX (OT: n = 7, O: n = 6).

2.2 Behavioral
On the day before the conditioning trial, the mean water intake (±SE) for each group was:
SHAM-O, 16.70 ml (±0.90); SHAM-OT, 16.72 ml (±1.12); ICX-O, 18.00 ml (±0.97); ICX-
OT, 17.00 ml (±0.89). A two-way analysis of variance conducted on these data revealed no
significant main effects or interaction (Fs < 1). During the conditioning trial, each group
(SHAM, ICX) drank 5 ml of their respective CS type (O, OT) within the given 15 min period
(Fs < 1).

2.2.1. Odor Test—Depicted in Figure 2 are the odor intake results according to CS Condition
(O vs. OT) and Lesion (SHAM vs. ICX). Demonstrating a substantial TPOA, SHAM-OT rats
drank ∼10 ml less of the aqueous odor than SHAM-O rats. The ICX-OT rats drank nearly 3
times as much aqueous odor than the SHAM-OT rats suggesting that the presence of the taste
stimulus during the conditioning trials failed to potentiate the odor aversion in rats with IC
lesions. These observations were supported by statistical analyses which found a significant
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main effects of Condition, F(1,28) = 37.18, p < .05, a significant main effect of Lesion, F(1,28)
= 16.14, p < .05, and, more importantly, a significant condition ×lesion interaction, F(1,28) =
8.43, p < .05. Post hoc analysis indicated that while SHAM and ICX rats in the O condition
consumed comparable amount of odor solution (p > .05), ICX rats consumed significantly
more of the odor solution than SHAM rats in the OT condition, F(1,28) = 24.54, p < .05. These
results indicate that IC lesions attenuated the ability of a taste cue to potentiate odor aversion
learning.

2.2.2. Taste Test—The data shown in Figure 3 represent a CTA for the rats conditioned with
the OT compound stimulus during the acquisition trial. Because the O rats were receiving the
taste stimulus for the first time during the taste test, the data shown in Figure 3 for these rats
represents taste neophobia to the novel quinine solution. Accordingly, the data from each
condition (OT and O) were separately analyzed with student t tests. These analyses confirmed
the impressions derived from inspection of the figure. That is, ICX-OT rats acquired
significantly weaker CTAs than the SHAM-OT subjects, t(14) = 3.44, p < 0.01. Similarly, the
ICX-O rats displayed a significantly less pronounced neophobic reaction to the novel quinine
taste solution relative to the SHAM-O subjects, t(14) = 2.49, p < .05.

3. Discussion
TPOA was found in the neurologically intact subjects in the present study. Specifically, the
SHAM-OT subjects drank significantly less odor solution on the odor test trial than did the
SHAM-O animals. This difference (∼10 ml) constitutes a substantial TPOA effect that was
obtained using a procedure which ensured that the subjects in each of the four groups drank
the same amount of fluid on the conditioning trial. In so doing, differences on the test trials
can confidently be ascribed to the stimulus processing/learning capacities of the subjects.
Excitotoxic lesions of the IC not only impaired TPOA acquisition but, as expected, they also
disrupted CTA acquisition and attenuated taste neophobia.

As noted in the Introduction, a number of experimental design issues undermine, to varying
degrees, previous attempts to examine TPOA in rats with IC lesions. For instance, Inui,
Shimura and Yamamoto (2006) employed a design that involved, for all rats, an OT compound
conditioning trial followed by four odor alone test trials interspersed with four taste alone test
trials. On the basis of group differences (ICX rats drinking more than SHAM subjects) on odor
test trials 3 and 4, Inui et al. claimed that the IC has a role in TPOA learning. However, this
experiment did not include an odor-alone control group. As discussed earlier, the occurrence
of TPOA is defined by the difference in the strength of the odor aversion in the OT experimental
group with that of the odor-alone control group. Furthermore, the relevance of the
demonstration in an additional experiment that IC lesions did not influence COA acquisition
when the odor was paired with lithium toxicosis is diminished because in this latter experiment
the US was administered immediately after the odor presentation but was given 30 min after
the OT presentation in the “TPOA” experiment. Thus, it is difficult to draw firm conclusions
about the role of the IC in TPOA learning from the Inui et al. study. Lasiter, Deems and Garcia
(1985), using electrolytic lesions (a technique that was appropriate for the time but which non-
selectively destroys all tissue at the lesion site and therefore constrains the attribution of
function to structure) in a design that limited fluid access on all trials to 5 min, reported that
IC lesions impaired TPOA and CTA; the short duration of the taste test prevents assessment
of the influence of IC lesions on taste neophobia because of a ceiling effect on the amount
consumed. Nonetheless, this study does provide the best indication that the IC has a role in
TPOA leaning. But, what is the nature of the IC involvement?

Although olfactory information is known to ascend to the IC (Shipley, McLean and Ennis,
1995), IC lesions do not influence COA acquisition as shown by the performance of the ICX-
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O rats in the odor test of the present study. Indeed, using the same odor stimulus (0.02% aqueous
orange) as well as the same US (0.15 M lithium chloride) as employed in the present study,
Roman et al. (2006) found normal COA acquisition in ICX rats that showed impaired CTA
acquisition (see also Bertrand et al., 2009). Incidentally, this pattern of results also excludes
the possibility that delayed CTA acquisition in ICX rats can be attributed to an impairment in
the detection of, or responsivity to, the US (lithium-induced toxicosis). Overall, then, the
disruption of TPOA acquisition in the ICX-OT rats cannot be reduced to a deficit in odor
aversion learning per se.

The IC receives ascending taste information from the thalamus (Cechetto and Saper, 1987;
Kosar et al., 1986b; Krettek and Price, 1977; Norgren and Wolf; 1975; Wolf, 1968) as well as
the amygdala (Krettek and Price, 1974; Norgren, 1976; Shi and Cassell, 1998) and is the cortical
component of the central gustatory system (for reviews see Lundy and Norgren, 2004; Travers,
1993). It has, however, long been recognized that the disruption of CTA acquisition consequent
to IC lesions cannot be attributed to a failure to detect or recognize taste stimuli since ICX rats
show normal taste detection thresholds and normal concentration-dependent intake curves for
the four basic taste types (e.g., Braun, 1999; Braun, Lasiter and Kiefer, 1982). Furthermore,
the retardation of CTA acquisition occurs only when the taste is novel; no deficit is found when
the taste is familiar (Kiefer and Braun, 1977; Roman et al., 2009; Roman and Reilly, 2007).
We have argued that this CTA deficit is a secondary consequence of an IC lesion-induced
disruption in the perception of taste novelty (Lin et al., 2009). That is, the ICX rat treats the
genuinely novel taste stimulus as if it is familiar and CTA acquisition is retarded because of a
latent inhibition-like effect (for a review see Reilly, 2009).

The foregoing pattern of spared and impaired innate/acquired taste functions in rats with
excitotoxic lesions of the IC has important implications for the analysis of TPOA learning in
neurologically intact subjects. As detailed in the Introduction, the two prominent interpretations
of TPOA hold opposite positions concerning the concomitant acquisition of a CTA on the
TPOA acquisition trial. For the sensory and-gate account, the aversion acquired by the taste
element of the OT compound is irrelevant; the sole function of the taste stimulus is to gate the
odor into the gut defense system where it can acquire a stronger aversion than otherwise would
develop when it is conditioned via the skin defense system (Garcia et al., 1985). On the other
hand, the within-compound association account is predicated on the acquisition of a CTA to
the taste element of the compound CS (Durlach and Rescorla, 1980). It will be evident, then,
that the IC lesion-induced disruption of CTA and the consequent attenuation of TPOA in the
present study supports the within-compound association analysis but are inconsistent with the
sensory and-gate account of TPOA learning. Indeed, the present results provide clear evidence
of the sequence of events that underlie the disruption of TPOA learning in ICX rats. First, it is
important to note that, in the absence of a taste stimulus, COA acquisition was normal in rats
with IC lesions. The ICX rats did, however, show attenuated taste neophobia, a deficit which,
as noted above, we have argued underlies the retarded acquisition of taste aversions in these
rats. The ICX-OT rats showed attenuated CTA acquisition, a deficit that occurs because of the
occurrence of a latent inhibition-like effect when the taste stimulus is novel. Finally, the failure
of the ICX-OT rats to acquire a CTA to the taste element of the OT compound on the single
conditioning trial negates the acquisition of a taste-potentiated odor aversion. More simply
stated, IC lesions impair taste neophobia which, in turn, retards taste aversion learning and,
consequently, attenuates TPOA acquisition.

In summary, a series of experiments from our laboratory have provided evidence that lesions
of the IC disrupt the perception/recognition of taste novelty such that ICX rats treat novel taste
stimuli as if they are familiar (e.g., Lin et al., 2009; Roman et al., 2006, 2009; Roman and
Reilly, 2007). Building on this foundation, the present study investigated the behavioral
mechanisms underpinning TPOA by examining the performance of ICX rats in this task. By
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showing that the acquisition of a CTA on the OT compound trial is critical for the potentiation
of the odor aversion, the results support the within-compound association model of TPOA
(Durlach and Rescorla, 1980). The IC modulates the neural representation of one of the sensory
inputs into the associative mechanism that governs TPOA acquisition. Whether the same brain
structure(s) is/are responsible for the associative learning necessary for COA and TPOA
remains an open question, as does the identity of the neural substrate.

4. Experimental procedures
4.1 Subjects

Forty-one male Sprague-Dawley rats were purchased from Harlan (Indianapolis, IN) and
housed individually in hanging stainless-steel cages. These rats had previously served as
subjects in an experiment concerning morphine-induced suppression of saccharin intake, but
they were naïve with respect to all the stimuli (orange odor, quinine, and lithium chloride) used
in the present study. The vivarium was set with 12-hr light-dark cycles (light on at 0700) and
all the experimental procedures were conducted during the light phase. The rats weighed 280
- 320 g at the time of surgery. Food and water were available ad libitum except during
behavioral testing when the rats were water deprived. All the animals were treated according
the guidelines established by the National Institutes of Health (1986) and the American
Psychological Association (1996) and the experimental methods were approved by the
University of Illinois at Chicago Institutional Animal Care and Use Committee.

4.2 Surgery
The rats (n = 21) assigned to Group ICX received bilateral N-methyl-D-aspartate (NMDA)
lesions of the IC. In preparation for surgery, they were first anesthetized with an intraperitoneal
injection of sodium pentobarbital (50 mg/kg) and then fixed into stereotaxic apparatus (ASI,
Warren, MI) using blunt ear bars. Body temperature was monitored with a rectal thermometer
that provided feedback to a heating pad to maintain 37°C (Harvard Apparatus, Holliston, MA).
The skull was exposed by an incision along the midline and the head was leveled between
bregma and lambda by adjusting the position of the bite bar. Trephine holes were drilled in the
skull above the IC and a glass pipette (tip diameter ∼75 μm) filled with 0.15 M NMDA (Sigma-
Aldrich, St. Louis, MO) was lowered into the brain. Using the coordinates of Roman and Reilly
(2007), two iontophoretic infusions were made in each hemisphere using a Midgard Precision
Current Source (Stoelting, Wood Dale, IL) as follows. Site 1: AP +1.2, ML ±5.2, DV -5.0 (10
min infusion); Site 2: AP +1.2, ML ±5.2, DV -4.3 (6 min infusion). Following the final infusion,
the scalp incision was closed with wound clips and the rat was allowed to recover from the
anesthesia before being returned to the home cage. Rats in the non-lesion control group (Group
SHAM) received either the same surgical procedures as the in ICX rats except the pipette was
filled with saline and no infusions were made (n = 10) or they received anesthesia with no
additional surgical treatment (n = 10).

4.3 Procedure
Rats in each lesion group (SHAM, ICX) were divided into one of two CS Conditions according
to whether they received an odor (O) or an odor-taste (OT) compound stimulus on the
conditioning trial. The O stimulus was an aqueous solution of 0.02% (volume/volume) orange
extract (Flavorganics, Newark, NJ); OT was 0.02% orange plus 0.00006 M quinine
hydrochloride (Sigma-Aldrich) in water. After acclimating to a schedule that permitted 15 min
water access each day, all rats were given a single conditioning trial. To prevent lesion- or CS-
induced differences in fluid intake on the conditioning trial, all rats were given 15 min to drink
5 ml of the designated CS. Thirty minutes after initial placement of the CS bottle the rats
received an intraperitoneal injection of 0.15 M lithium chloride (1.33 ml/100g body weight;
Sigma-Aldrich). Two days after the conditioning trial, all rats were given a 10-min test trial
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with the odor solution and, two days later, a 10-min taste test trial. Fifteen min water access
was scheduled on the intervening days. Additionally, to maintain proper hydration, all rats
were given 15 min access to water 4 h after the conditioning trial and the odor test trial; the
rats were returned to ad libitum water access after the taste test trial.

4.4 Apparatus
All behavioral testing occurred in the home cages. The fluids were presented in inverted
graduated cylinders with silicone stoppers and steel drinking tubes. Fluid intake was measured
to the nearest 0.5 ml.

4.5 Histology
After all behavioral testing, the rats were given a lethal injection of sodium pentobarbital and
then perfused intracardinally with physiological saline followed by 10% formalin. The brain
was extracted and stored in 4% formalin at least two days and then in the 20% sucrose for
another two days. Subsequently, the brain was blocked and sectioned coronally at 50 μm using
a cryostat. Consecutive sections through the IC were mounted and stained for cell bodies with
cresyl violet. Reconstructions of the lesions were made with the aid of a microscope (Zeiss
Axioskop 40) connected to a computer with Q-capture software (Quantitative Imaging
Corporation, Burnaby, British Columbia, Canada).
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Fig. 1.
Digitalized photomicrographs of the insular cortex (IC) from a neurologically intact animal
(A) and from a rat with a representative NMDA lesion of the IC (B). The extent of the lesion
is outlined with a dashed line. Serial reconstructions (C) of the largest (gray) and smallest
(diagonal lines) IC lesions at three coronal levels (+2.28, +1.20, 0.00 mm) anterior to bregma.
CPu, caudate putamen; rf, rhinal fissure; S2, secondary somatosensory cortex. The diagrams
were modified with permission from Paxinos and Watson (2005).
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Fig. 2.
Mean (+SE) intake of the odor stimulus (0.02% orange extract) for the neurologically intact
(SHAM) subjects and insular cortex-lesioned (ICX) rats during the odor test trial that followed
conditioning with either the odor (O) stimulus or the odor/taste (orange/quinine; OT)
compound stimulus.
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Fig. 3.
Mean (+SE) intake of the taste stimulus (0.00006 M quinine hydrochloride) for the
neurologically intact (SHAM) subjects and insular cortex-lesioned (ICX) rats during the taste
test trial conducted after the odor test trial in rats that were conditioned with either the odor
(O) stimulus or the odor/taste (orange/quinine; OT) compound stimulus.
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