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The gustatory neocortex of the rat

J. JAY BRAUN, PHILLIP S. LASITER, and STEPHEN W. KIEFER
Arizona State University, Tempe, Arizona

Research findings related to the functional significance of the gustatory neocortical system
of the rat are reviewed and interpreted. Studies of gustatory neocortex (GN) involvement in
taste-related cognitive processes are emphasized after briefly reviewing GN anatomy and phys-
iology. Evidence is presented supporting the conclusion that the GN contributes relatively little
to fundamental taste reactivity, but is deeply involved in cognitive (learning and memorial)
taste processes; that is, ‘‘reactive salience” to taste stimuli is preserved following GN ablation,
while “‘associative salience’’ is markedly degraded. Apparent functional similarities between
GN and other sensory neocortical areas are emphasized throughout the paper, and a hierarchi-
cal view of gustatory system functioning is addressed.

Patton began his 1950 review of the chemical senses
by pointing out that taste and smell essentially had
been neglected relative to the other sensory systems.
As a partial explanation for this neglect, he men-
tioned the technical difficulties in studying the chem-
ical senses, and added that sensory physiologists of
the era were perhaps inclined to view taste and smell
as “‘luxury senses, hedonically useful, but biochemi-
cally dispensable.”” Patton went on to identify the
studies of Adrian (1942) and Pfaffmann (1941) as sig-
naling a broach of the technical difficulties of study-
ing taste and smell physiology, and Richter’s (1942)
work on dietary self-selection in rats was noted as
having demonstrated a very important role of taste in
the bioeconomics of the rat. Modesty may have pre-
vented Patton from adding that his own research on
the gustatory system of the monkey was seminal in
defining the central neural systems associated with
gustatory behavior (e.g., Patton, Ruch, & Walker,
1944).

During the two decades following Patton’s review,
work associated largely with Pfaffmann’s labora-
tories (e.g., Pfaffmann, 1959, 1960, 1965, 1970) led
to substantial development of a basic understanding
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of sensory encoding in the taste system (see, also,
Beidler, 1954, 1962) and of behavioral taste processes
(see, also, Rozin & Kalat, 1971, and Young, 1966).
This work led also to important observations concern-
ing the anatomy and physiology of the central gusta-
tory system (see Burton & Benjamin, 1971), including
the delineation of the subject of this review, the
gustatory neocortex of the rat, by Benjamin and
Pfaffmann (1955).

By 1960, anatomical, electrophysiological, and be-
havioral evidence had converged to define the focus
of the ‘‘cortical taste nerve area’’ of the rat as, ap-
proximately, a 1 X3 mm region of cortex bridging
the middle cerebral artery adjacent to, but distinctly
above, the rhinal sulcus (Benjamin & Akert, 1959;
Benjamin & Pfaffmann, 1955). In addition, on the
basis of relationships established between this area
and the medial ventrobasal thalamic nucleus, a
classic neuroanatomical criterion of ‘‘sensory neo-
cortex’’ appeared to be fulfilled for the gustatory
area (Benjamin & Akert, 1959; Frommer, 1961).
However, confirmation of the rat’s gustatory cor-
tical area on the basis of electrophysiological re-
sponses to taste stimuli applied to the tongue awaited
the works of D. Ganchrow and Erickson (1972) and
Yamamoto and Kawamura (1972).

Early behavioral evidence linking GN to gustatory
function in the rat used Richter’s (1939) two-bottle
testing method to evaluate sensitivity to quinine hy-
drochloride solutions relative to water. Lesions cen-
tered on the ‘‘taste nerve area’’ appeared to produce
hypogeusia for quinine. However, ‘‘islet’’ prepara-
tions, in which all neocortex was ablated, leaving an
intact island of GN, did not abnormally influence
quinine sensitivity (Benjamin & Akert, 1959; Benjamin
& Pfaffmann, 1955). Assessments of sensitivity to
gustatory cues other than quinine in rats lacking GN
were not conducted in the early research, and, with
the exception of a brief report in which a taste avoid-
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ance conditioning procedure was employed using
electric shock as the aversive stimulus (Benjamin,
1960), likely involvement of the GN in taste learning
and memory processes had not been addressed. In
fact, prior to about 1970, there were essentially no
systematic studies of the role of forebrain gustatory
systems in the cognitive processing (learning and
memory) of taste stimuli. In this regard, the spirit of
Patton’s (1950) observation remained evident: Rela-
tive to the wealth of data collected on forebrain in-
volvement in the adaptive processing of visual, audi-
tory, and somatosensory information, there were no
similar data concerning cognitive gustatory processes.

Shortly after Patton’s (1950) review, flavor aver-
sion learning in rats was discovered (Garcia,
Kimmeldorf, & Koelling, 1955; Richter, 1953; Rzoska,
1953), and a paradigm was elaborated by which ani-
mals easily could be trained to avoid specific taste
stimuli by pairing a taste solution with an illness-
producing treatment. A virtual explosion of research
on taste aversion learning began about 15 years later
(see Barker, Best, & Domjan, 1977; Domjan, 1980),
and this undoubtedly contributed to the climate
which inspired the initial studies of the role of brain
mechanisms in associative taste processes. Probably
because of the apparent role played by the limbic
system in avoidance behaviors, olfaction, and vis-
ceral reactivity (MacLean, 1972; McCleary, 1966;
Papez, 1937), the search for brain systems critically
involved in taste aversion learning initially focused
on this system.These early studies explored the ef-
fects of septal lesions (McGowan, Garcia, Ervin, &
Schwartz, 1969), hippocampal lesions (C. R. Miller,
Elkins, & Peacock, 1971), hypothalamic lesions (Gold
& Proulx, 1972; Roth, Schwartz, & Teitelbaum,
1973), and amygdaloid lesions (Nachman & Ashe,
1974) on taste aversion learning. Other studies ex-
amined the effects of area postrema lesions (Berger,
Wise, & Stein, 1973), electroconvulsive shock (Kral,
1970), and cortical spreading depression (Best &
Zuckerman, 1971). The first study of GN involve-
ment in taste aversion learning appeared also at this
time (Braun, Slick, & Lorden, 1972).

The organizational structure of this review is as fol-
lows. It begins with a historical summary of neuro-
anatomical and neurophysiological investigations re-
garding gustatory neocortex in the light of the con-
temporary picture of the central gustatory pathways
(see also Pfaffmann, Frank, & Norgren, 1979). Next,
three major categories of research concerning changes
in behavioral dispositions toward taste stimuli fol-
lowing GN ablation are individually presented and
discussed—taste detection and reflexes, taste learn-
ing, and taste memory. A final discussion considers
the results of selected studies of other brain mecha-
nisms of taste sensibility as they may relate to gusta-
tory neocortex. Research developments over the past

decade are emphasized, and two literatures that have
overlapped little in the past, gustatory processes and
sensory neocortical function, are addressed.

CENTRAL GUSTATORY PATHWAYS

Peripheral gustatory fibers of the seventh (facial-
intermediate), ninth (glossopharyngeal), and tenth
(vagus) cranial nerves project directly to the solitary
nucleus (SOL). Early studies by Allen (1923), using
the Marchi method, suggested this, and subsequent
experiments by both Astrom (1953) and Torvik
(1956) supported such a conclusion. The course of
secondary gustatory fibers, however, remained un-
certain for many years, principally because of the
difficulty in producing small lesions within this re-
gion and/or verifying that experimental lesions in-
volved secondary gustatory neurons within the SOL.
Because of these methodological difficulties, the
course of secondary gustatory afferents remained open
to conjecture. For example, the close association be-
tween somatic (i.e., tactile) and gustatory fibers within
the lingual nerve (including chorda tympani) sug-
gested to some authors that first-order gustatory affer-
ents reached the trigeminal nucleus as well as the
SOL (see, for example, Crosby, Humphrey, & Lauer,
1962; Ruch, Patton, Woodbury, & Towe, 1966).
With these assumptions, it was easy to assume that
secondary gustatory projections either joined with,
or were members of, the lemniscal trigeminothalamic
pathways, and that gustatory fibers synapsed within
the ventrobasal thalamic complex. It was clear to
many investigators that gustatory afferents reached
VPM thalamus (Patton, 1950), because lesions of
cither VPM thalamus (Patton et al., 1944) or the
dorsal lemniscal tracts (Patton & Ruch, 1946) pro-
duced elevations in quinine detection thresholds
(see also Morest, 1967, for a discussion of possible
secondary gustatory pathways).

Pontine, Thalamic, and Amygdaloid Projections
Norgren and Leonard (1971, 1973) combined elec-
trophysiological recordings within the SOL and lesion-
degeneration analyses to evaluate the course and ex-
tent of gustatory projections within the medulla. These
experiments demonstrated that fibers of secondary
gustatory neurons within SOL synapse within the mar-
ginal parabrachial nucleus or ‘‘pontine taste area’’
(PTA). The same series of experiments also demon-
strated that fibers of the PTA ascend bilaterally and
synapse within the posterior ventromedial nucleus of
the thalamus (VPM). These results radically altered
contemporary assumptions concerning the trajectory
of gustatory afferents within the medulla and midbrain.
Because gustatory afferents reached the thalamus via
fibers of the reticular formation, and these fibers tra-
versed the central tegmental bundle rather than the me-



dial lemniscus, it was evident that gustatory afferents
were constituents of a reticulothalamic sensory path-
way (Norgren & Pfaffmann, 1975).

Anatomical tracer studies employing tritiated amino
acids and/or horseradish peroxidase (HRP) have im-
plicated a much more elaborate network of prosen-
cephalic projections from the SOL than did earlier
studies using the Fink and Heimer (1967) method
(e.g., Morest, 1967; Norgren & Leonard, 1971, 1973).
Axonal transport studies have shown that the SOL
contains somata and/or axons of passage which pro-
ject to the marginal parabrachial nuclei, central
nucleus of the amygdala (CE), the subthalamic nuclei
(CN), substantia innominata (SI), anterior hypothal-
amus (AH), and the bed nucleus of stria terminalis
(BST) (Norgren, 1976, 1978; Ricardo & Koh, 1978).
Such findings have served to implicate these projec-
tion pathways in gustatory function. However, ade-
quate verification of gustatory responses within these
areas has not yet been provided, and anatomical as
well as electrophysiological observations suggest that
these basal forebrain regions may be preferentially
involved in the relay of visceral (gastrointestinal) in-
formation rather than of taste information per se (see
Norgren, 1968; Ricardo & Koh, 1978; Voshort &
Van der Kooy, 1981).

Ricardo and Koh (1978) showed that injections of
tritiated amino acids into caudal portions of the SOL,
which are posterior to gustatory-responsive areas (see
Norgren, 1976, 1978), also result in labeling within
the CE, SI, BST, and AH. It seems likely, then, that
forebrain labeling within these areas following injec-
tions within the rostral SOL involves gustatory as
well as visceral projections (Norgren, 1978). It is
clear, however, based upon electrophysiological ob-
servations by many investigators, that gustatory
afferents do synapse within the PTA (e.g., Norgren,
1974; Norgren & Pfaffmann, 1975; Perrotto & Scott,
1976; Scott & Perrotto, 1980).

Emmers, Benjamin, and Blomquist (1962) showed
that neurons within VPM thalamus can be driven by di-
rect electrical stimulation of the chorda tympani and
glossopharyngeal nerves. Neurons located slightly
lateral to VPM thalamus are driven only by direct
stimulation of the lingual nerve. Such observations
indicate that third-order gustatory neurons are lo-
cated in close proximity to the ‘‘somatic facial re-
gion’’ of thalamus. Related experiments in monkey
(Blomquist, Benjamin, & Emmers, 1962) have es-
sentially verified the territories of gustatory and
somatic neurons within the ventrobasal complex (see
also D. Ganchrow & Erickson, 1972).

The central nucleus of the amygdala receives direct
projections from the PTA as well as the SOL (Voshart
& Van der Kooy, 1981). Neurons associated with
amygdaloid projections are located within areas of
the PTA which are also occupied by neurons that
project fibers to VPM thalamus (see Figures 1 and 3
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of Voshart & Van der Kooy, 1981). Although gusta-
tory responses have not yet been adequately docu-
mented within the CE, PTA projections to the CE
may provide gustatory input to either the neocortex
or the hypothalamus. Injections of tritiated amino
acids into the CE result in extensive labeling of the hy-
pothalamus (Krettek & Price, 1978). Norgren (1970a)
has demonstrated that regions of the hypothalamus
receive gustatory information. Thus, gustatory infor-
mation may reach the hypothalamus via projections
from the CE. The CE may also convey information
to the neocortex, but the data implicating such path-
ways are unresolved. The studies of Krettek and
Price (1974, 1977a, 1977b, 1977c, 1978) clearly indi-
cate that the lateral and/or basolateral amygdaloid
nuclei project axons to the insular cortex in rat and
cat. Lasiter, Glanzman, and Mensah (1982) have con-
firmed that the gustatory neocortical zonereceives pro-
jections from the lateral, but not the basolateral,
amygdaloid nucleus. Thus, gustatory regions of the
neocortex do receive amygdaloid fibers. The studies
of Krettek and Price do not, however, demonstrate
a projection pathway from the CE to the lateral nucleus
in the rat; the major input to the CE appears to arise
from the lateral and basolateral nucleus. It is pos-
sible, then, that gustatory afferents reach the neo-
cortex via projections of the amygdaloid complex,
but verification of such projection pathways awaits
further investigation.

Cortical Projections: Early Research

While the research of Benjamin and his colleagues
(e.g., Benjamin & Akert, 1959; Benjamin &
Pfaffmann, 1955) presented the strongest case for
localizing the cortical taste area within the somatic
facial region, these efforts were guided by a substan-
tial number of earlier investigations. Prior to the
1940s there was a tacit assumption that taste infor-
mation was processed within areas of the parahippo-
campus and allocortex. Early observations by Ferrier
(1886) had implicated the subiculum in taste-guided
behavior. Other authors (e.g., Ladd, 1887) agreed
that the temporal gyrus was largely related to feeding
behaviors. This notion persisted for some time, irre-
spective of experimental data. Thus, a long-standing
notion prevailed which suggested that gustatory and
olfactory information was integrated within areas of
the rhinencephalon. This assumption is evidenced
in classic neuroanatomical textbooks (e.g., Crosby
et al., 1962) by the conclusion that ‘‘olfactogusta-
tory”’ areas existed within the temporal allocortex.

In the early 1940s, Bornstein (1940a, 1940b, 1940c)
challenged the assumptions that gustatory informa-
tion was received and integrated within the temporal
allocortex. In a consideration of both clinical and ex-
perimental data, it appeared to Bornstein that a gus-
tatory region was located within the ventral postcen-
tral operculum or parainsular cortex, rather than
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within the temporal allocortex. This early rejection
of classic neuroanatomical doctrine was so contro-
versial at the time that later authors (e.g., Bagshaw
& Pribram, 1953; Patton, 1950), in reviewing the em-
pirical data, ‘‘vindicated’’ Bornstein’s abrogations.
Historically, then, it was the rejection of classic as-

sumptions concerning the rhinencephalic representa-

tion of taste that initiated empirical efforts toward
defining the cortical taste area more explicitly.

Shortly following Bornstein’s analysis, Patton and
colleagues began systematic studies of the gusta-
tory cortical region in both simian and feline species
(Patton, 1950, 1955; Patton & Amassian, 1952; Patton,
Ruch, & Fulton, 1946). These experiments employed
ablation techniques or electrophysiological methods
to localize the cortical taste area. In behavioral analy-
ses, it was generally found that pathological insult to
the insula, or to the parainsular cortices, produced
either transient or permanent increases in quinine re-
jection thresholds. The most critical cortical issue
appeared to lie in close proximity to the claustrum,
either deep within the insula or at the margin of the
ventral postcentral operculum. Injury to the superior
or paratemporal operculum did not induce similar
effects. Electrophysiological experiments in the cat
also implicated portions of this region. Direct electri-
cal stimulation of the chorda tympani elicited evoked
potentials slightly anterior to the ventral paracentral
cortical area. The discrepancy in results between be-
havioral and electrophysiological experiments was
reconciled by the observation that the chorda tympani
contained both tactile and gustatory fibers, and re-
cruitment of the tactile fibers was thought to produce
a more anterior cortical focus (Patton & Amassian,
1952; see also Ruderman, Morrison, & Hand, 1972).
Thus, within a period of 10 years, the gustatory cor-
tical area had been relocated from the temporal allo-
cortex to regions in or near the somatic facial region
(Patton & Ruch, 1946) in infrahuman species.

A substantial proportion of anatomical and elec-
trophysiological data indirectly implicated the ven-
tral paracentral cortical area in gustation, based
upon established topographical territories of tha-
lamic (i.e., VPM) projections. The studies of Walker
(1934, 1938), using the Marchi method, established
that the ventrobasal complex contained cells which
project axons to the ventral paracentral operculum.
Blum, Ruch, and Walker (1943) subsequently pro-
vided experimental evidence which implicated the
ventrobasal complex of monkey in taste sensibility.
Because thalamocortical projections were known to
exist between the medial ventrobasal complex and the
paracentral operculum, and pathological insult to
this thalamic region produced hypogeusia, it was
accepted prima facie by many investigators that gus-
tatory information did reach the somatic facial areas
(Patton, Ruch, & Walker, 1944).

Prior to 1955, no studies of the gustatory cortical

region had been conducted on the rat. Selection of
the monkey as the preferred subject for behavioral
ablation experiments primarily reflected contempo-
rary research tactics, but the use of primates with
well-developed cortical convolutions presented a
number of methodological problems. For example,
it was recognized by Bagshaw and Pribram (1953)
that projections from thalamus to insula could be
damaged via aspiration of deep cortical tissue of the
superior temporal gyrus, and this factor could pos-
sibly complicate the localization of cortical gustatory
function. As suggested by Benjamin and Akert (1959),
the lissencephalic brain of the rat offered obvious
advantages in terms of producing precise cortical
lesions, or conducting surface cortical electro-
physiology. The use of this species did, however,
prevent detailed comparative analyses, since the in-
sular cortical areas are not topically defined.

The Gustatory Neocortex

The studies of Benjamin and colleagues (1955,
1959) represented a major synthesis of anatomical,
electrophysiological, and behavioral data which
localized more fully the gustatory cortex within the
somatic facial field and/or insula in rat. Initial ex-
periments by Benjamin and Pfaffmann (1955) em-
ployed direct electrical stimulation of both the chorda
tympani and glossopharyngeal nerves to define the
boundaries of the cortical taste nerve area. Stimula-
tion of these nerves produced a cortical focus within
adjacent, but overlapping, regions of the somatic fa-
cial region that had been previously described by
Woolsey and LeMessurier (1948). Ablation of the ven-
tral portion of this composite region produced eleva-
tions in the rejection threshold to quinine drinking so-
lutions. Finally, subsequent experiments (Benjamin &
Akert, 1959) evaluated retrograde cellular degeneration
within the diencephalon which was associated with
quinine detection deficits. Although the conclusions
afforded by degeneration analyses using the Nissl
method were tentative at the time (Benjamin & Akert,
1959), these authors concluded that degeneration of a
limited population of neurons within posterior ven-
tromedial thalamus were best correlated with quinine
detection deficits. Thus, the results obtained by
Benjamin and his associates suggested that the gus-
tatory cortical region in rat was located in or near
regions previously implicated in monkey and cat.

At least three major categories of neuroanatomical,
behavioral, and electrophysiological studies followed
as a result of the studies of Benjamin and his col-
leagues. First, gustatory thalamocortical projections
from VPM thalamus to somatic facial areas were func-
tionally defined. Wolf (1968) employed electrophysio-
logical recordings within the VPM thalamus to lo-
calize populations of gustatory neurons. Following
these procedures, small electrolytic lesions were pro-
duced within VPM and tissue was subsequently ana-



lyzed with the silver-degeneration method of Nauta
(1957). These results essentially corroborated the
findings of Benjamin and Akert (1959), in that fiber
degeneration was traced to the facial somatic region.
In later experiments, Norgren and Wolf (1975) em-
ployed similar techniques, but included sapid stimu-
lation of the tongue and the more sensitive argyro-
philic reaction of Fink and Heimer (1967). The re-
sults of this study also indicated that gustatory-
responsive neurons within the VPM thalamus pro-
ject fibers to analogous regions of the cortex, as de-
fined by Benjamin and his colleagues.

Second, restricted lesions of the VPM thalamus
were shown to elevate quinine detection thresholds
(Ables & Benjamin, 1960) in the rat. These data sug-
gested that, in the rat and monkey, the VPM thal-
amus is essential for the perception and/or appre-
ciation of gustatory stimuli.

Finally, electrophysiological recordings of both
single and multiple cortical units within the gustatory
area have been conducted (e.g., D. Ganchrow &
Erickson, 1972; Norgren & Wolf, 1975; Yamamoto
& Kawamura, 1972; Yamamoto, Matsou, &
Kawamura, 1980; Yamamoto, Yuyama, & Kawamura,
1981). These data indicate that lingual information
reaches the somatic facial region, but that somatic
as well as gustatory neurons are represented within
the same cortical area. Cortical neurons within the
‘‘chorda tympani area’’ respond to taste, touch, tem-
perature, and/or combinations of these stimuli, but
neurons responding specifically to the taste compo-
nent appear to be located at the more ventral and
posterior portion of the composite taste area defined
by Benjamin and Pfaffmann (1955). Figure 1 sum-
marizes the afferent gustatory pathways. Figure 2 de-
picts the composite gustatory cortical area in rat.

An Insular Gustatory Area?

The comment by Zotterman (1970) that ‘it is still
not certain where taste projects to the cortex’’ re-
mains at least partially justified, even though the
neocortex of the rat has been subjected to consider-
able insult since that time. Although many investi-
gators have suggested that the somatic facial region
(SS I) contains the gustatory cortex (e.g., Emmers,
1966; Norgren & Wolf, 1975), particular data also
implicates the insular cortex as an additional gusta-
tory cortical region in the rat.

Benjamin and Akert (1959) recognized that the
most crucial cortical area for taste sensibility ap-
peared to be that of the insular cortex. This conclu-
sion was based upon the observation that cortical
aspirations that encroached upon cortical tissue near
the claustum produced the most severe quinine hy-
pogeusia. Such observations by Benjamin and Akert
(1959) had important comparative implications at the
time, in that there was at least some indication that
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Figure 1. Summary of afferent gustatory pathways. Note that
only unilateral projections are depicted for ease of visualization.
Projection pathways to the central nucleus of amygdala have also
been included in this diagram, but it should be emphasized that
gustatory-responsive neurons within amygdaloid regions have not
been verified. Abbreviations are: CE, central nucleus of amygdala;
IC, insular cortex; MPN, medial parabrachial nucleus; RS, rhinal
sulcus; SOL, solitary nucleus; SSI, primary somatosensory neo-
cortex; VPM, posterior ventromedial nucleus of thalamus.

the cortical taste region in monkey and rat was lo-
cated in homologous cortical areas.

In a recent anatomical, electrophysiological, and
behavioral study, Yamamoto et al. (1980) described
at least three distinct cortical areas which receive gus-
tatory information. Electrical and/or chemical stim-
ulation of the tongue produced evoked potentials
within an anterior chorda tympani and lingual nerve
area (CT-LN), a dorsal glossopharyngeal nerve area,
and a ventral glossopharyngeal nerve area (see Fig-
ure 1 and Yamamoto et al., 1980, for the exact loca-
tions of these areas). In the same study, lesions of
the dorsal glossopharyngeal area did not produce
deficits in the retention of a preoperatively instated
conditioned taste aversion (CTA) (see subsequent
portions of this paper for a further discussion of
these behavioral effects), whereas lesions of the rhinal
bank produced CTA retention deficits. Thus, lesions
within the rhinal bank were sufficient to disrupt the
retention of CTA. Because the lesions in this study
were produced by aspiration, it is very likely that
neuronal pathology occurred to the insular cortices
as well as ventral SS I (see Figure 8 of Yamamoto
et al., 1980, and Figure 5 of Krettek & Price, 1977a).
Although these authors previously had recognized
that this area could be defined as the insula in rabbit
(Yamamoto & Kawamura, 1975), they did not re-
emphasize the role of the insular cortex in CTA re-
tention in their later study (Yamamoto et al., 1980,
see p. 450).
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Posteroventral gustatory areas that correspond to
the ‘‘glossopharyngeal area’’ of the Yamamoto et al.
(1980) study receive direct projections from the pon-
tine taste area (Lasiter, Glanzman, & Mensah, 1982).
In our initial anatomical report, applications of HRP
to the somatic gustatory region produced retrograde
labeling of PTA neurons only if gustatory cortical
areas posterior to the MCA were invaded. Subse-
quent anatomical experiments (Lasiter & Glanzman,
Note 1) have shown that the insular cortex surround-
ing the middle cerebral artery in the rat receives a sig-
nificant number of monosynaptic projections from
the PTA, and collateral axons of pontocortical pro-
jections also reach VPM thalamus. Combined ana-
tomical and behavioral experiments have also shown
that the somatic gustatory region does not obviously
contribute to conditioned taste aversion acquisition
(Lasiter & Glanzman, 1982), whereas lesions involv-
ing the insular cortices do consistently produce con-
ditioned taste aversion acquisition deficits.

As suggested by Yamamoto et al. (1980) and by
Burton and Benjamin (1971), at least two distinct
cortical gustatory areas may exist, and these cortical
areas may be located within both the ventral somato-
sensory field and the insula. On the other hand, the
results of Ruderman et al. (1972) may predict the
problems which may be encountered when attempt-
ing to localize the gustatory cortical area via stimu-
lation of either the chorda tympani or glossopharyn-

3 mm

Figure 2. Composite gustatory cortical region as delimited by
several previous studies. Circumscribed regions in A represent
the somatic gustatory cortical area defined by Benjamin and
Pfaffmann (1955). Region B approximates the location of antero-
grade degeneration following restricted lesions of gustatory-
responsive regions of the posterior ventromedial nucleus of thala-
mus (Norgren & Wolf, 1975). Filled circles are the combined elec-
trophysiological results of Yamamoto and Kawamura (1972) and
Yamamoto, Yayama, and Kawamura (1981). Note that the results
of Yamamoto and associates demonstrate that gustatory-
responsive neurons are located within both the somatic and in-
sular cortices. Abbreviations are: in, insular cortex (areas 13 and
14); MCA, middle cerebral artery; MS, motor cortex; PFC, pre-
frontal cortex; SSI, primary somatosensory neocortex.

geal nerves. Concerning the localization of the corti-
cal gustatory area in cat, Ruderman et al. (1972) con-
cluded that: ‘‘In view of the present work, the most
reasonable explanation for the past difficulties in
evoking cortical responses by natural (sapid) stimula-
tion in the cat is that the region explored by earlier
workers was not the appropriate one’’ (p. 533). It
should be emphasized that the anterior somatic gus-
tatory area (e.g., Benjamin & Akert, 1959; Yamamoto
et al., 1980) may be less involved in taste-guided be-
haviors than the insular cortex posterior to the MCA
(see also D. Ganchrow & Erickson, 1972). This pos-
sibility is supported by the locations of cortical neu-
rons responding to tactile, thermal, and taste stimuli
reported by Yamamoto et al. (1981): Units located
within the insula, posterior to the MCA, appear to
respond almost exclusively to taste stimuli.

TASTE DETECTION AND CONCENTRATION
RESPONSE FUNCTIONS

In 1975, we briefly reported the results of taste
sensitivity tests for rats lacking gustatory neocortex
(Braun & Kiefer, 1975). These studies were designed
to determine whether a case could be made for
taste reactivity differences between normal and GN-
ablated rats for any of the four basic taste qualities
(see Bartoshuk, 1971; McBurney, 1974). Because of
the increasing importance of this work as a founda-
tion for subsequent functional analyses of GN, we
present a summary of the data and our procedures,
below.

Method

Eighty-five male Long-Evans hooded rats were reared in indi-
vidual cages from weaning (30 days of age) with ad-lib food and
distilled water. At approximately 80 days of age, the rats were
matched by weight and randomly assigned to one of four groups.
An unoperated-control group was anesthetized but not surgically
treated. A lesion-control group was subjected to bilateral ablation
of approximately 25% (surface area) of neocortex dorsal to the
gustatory areas, involving, to some degree, both somatosensory
and visual neocortex but completely sparing the GN. The remain-
ing two groups were subjected to bilateral ablations of antero-
lateral neocortex centered on the GN, as classically defined by
Benjamin and Pfaffmann (1955). One group received ablations
defined as ‘‘small”’ (involving up to 15% of the surface of the neo-
cortex), and the other received ‘‘large’’ ablations (up to 25%)
which were intended to extend well beyond the gustatory area in
dorsal, anterior, and posterior planes (see Figure 3). Benjamin
and Akert (1959) had mentioned that while removal of almost all
neocortex except GN did not affect quinine sensitivity, complete
neocortical ablations that included GN caused elevated quinine
thresholds beyond those seen for rats with GN ablations only.
We thought that the ‘‘large”’ lesions might reveal such an ampli-
fied effect in our tests. In both sets of gustatory lesions, we at-
tempted to avoid extensive invasion of the lateral frontal area
because of the feeding and drinking deficiencies produced by abla-
tion of this area (Braun, 1975; Kolb & Nonneman, 1975).

After 30 days of postoperative recovery, with ad-lib food and dis-
tilled water, the rats were placed on a restricted drinking schedule.
The schedule involved presenting one bottle of distilled water for
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Figure 3. Camera drawings of the surface extent of representa-
tive ““large’’ (A) and ‘‘small’’ GN lesions (B and C). The lesion
depicted in C provides an example of spared cortical tissue along
the suprarhinal bank adjacent to the GN. OB =olfactory buib;
RS =rhinal sulcus; MCA = middle cerebral artery.

15 min at 8 a.m. and again for 30 min at 2 p.m. during adapta-
tion to the schedule (Days 1-7). This deprivation schedule was
mild, having little noticeable effect on weight regulation after the
first week of adjustment, but insured that the rats would drink
without hesitation in the morning. Throughout 122 days of ex-
periments using one-bottle tests, the morning period was used as
the ‘‘taste test session,’’ whereas only distilled water was presented
during the afternoon period. The duration of the morning session
represented a compromise between the objective of having a long
enough drinking period to optimize measurement of differences
in consumption of various taste stimuli and the objective of hav-
ing it short enough to minimize contributions of postingestional
factors (e.g., McCleary, 1953; Mook, 1963) to the amount con-
sumed during taste test sessions. The afternoon session allowed
the rats to compensate for excessive rejection or acceptance of
taste solutions during the morning test session; this helped min-
imize confounding the results of the taste tests with varying levels
of thirst.

Measurements were taken for 6 months according to the sched-
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ule outlined in Table 1. Aware of concerns regarding the sensi-
tivity of taste preference and threshold measures to the methods
employed (Stellar & McCleary, 1952; Young, 1966), we chose to
analyze concentration response functions over a wide range of
concentrations of stimuli from each of the basic taste categories
rather than use discrete definitions of threshold as had been done
in the original studies (e.g., Benjamin & Pfaffmann, 1955). In
addition, we used one-bottle tests because of their simplicity rel-
ative to two-bottle tests. This reduces the potential intrusion of
learning factors—such as memory for position of a preferred bot-
tle and learning to dilute relatively unpalatable taste solutions by
alternate sampling of two bottles, one containing water—which
could affect the measurements. In addition, it is possible that a
‘‘water taste’’ (Bartoshuk, 1968; Zotterman, 1956) could develop
during a test session after a number of licks of a taste bottle and
an immediate shift to the water bottle.

Four-taste tests. Because taste response tendencies might change
with age and experience over the 6-month testing period, we
sampled the rats’ responses to a moderately high intensity of each
taste quality several times throughout the testing period. This
allowed the detection of possible differences between groups in
taste reactivity over time. These assessments were called ‘‘four-
taste tests’’ and consisted of periodically presenting, according to a
balanced Latin square design, distilled water, sucrose (125 mM),
quinine hydrochloride (.1 mM), NaCl (205.2 mM), and HCI
(20 mM), one fluid per test session, for five test sessions. The first
test series was a four-taste test (Days 8-12) which served to famil-
iarize the rats with the taste qualities and provided preliminary
measures of taste reactivity when the rats were relatively naive.
To assess changes over time, additional four-taste tests were con-
ducted, as shown in Table 1.

Concentration response functions. Interspersed between the
four-taste tests were measures of concentration response functions
for sucrose, quinine hydrochloride (QHCI), NaCl, and HCl solu-
tions. Nine concentrations of each taste category were selected to

Table 1
Testing Sequence for Taste Reactivity Tests

Days Measure
1-7 Adaptation to drinking schedule. Distilled water
only.
8-12 Four-taste Test 1.
14-23 Sucrose concentration response functions.
25-34 Quinine hydrochloride concentration response
functions.
3640 Four-taste Test 2.
42-51 NaCl concentration response functions.
53-62 Hcl concentration response functions.
64-68 Four-taste Test 3.
70-79 Sucrose threshold test.
81-90 Quinine hydrochloride threshold test.
92-101 NacCl threshold test.
103-112 Hcl threshold test.
114-118 Four-taste Test 4.
120-129 Replication of original sucrose concentration re-
sponse function (Latin square).
131-138 Adaptation to two-bottle drinking schedule (one
30-min period/day).
139-158 Sucrose two-bottle tests.
161-180 Quinine hydrochloride two-bottle tests.

Note—See text for explanation of the various tests employed in
these experiments.
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represent a broad range of responses in normal rats (Pfaffmann,
1960) from near threshold to clear rejections for each taste (see
Table 2).! The presentation of each set of concentrations for a par-
ticular taste was such that all concentrations were presented to
each group of rats on any one day, two.rats per concentration per
group. From the first to the last day of testing, the concentrations
were presented in an ascending order for each rat until the highest
concentration was reached. On the next day, distilled water was
presented, and the taste concentrations were again increased over
days up to the concentration used prior to the one with which the
individual rat had begun the series. The mean of three presenta-
tions of distilled water, one on the day before beginning a concen-
tration series for a taste quality, one during the series, and one at
the end of the series, constituted the ‘‘baseline’’ of water drinking
for each rat.

A replication. Near the end of the study (Days 120-129), we
replicated the original sucrose concentration response tests, using a
balanced Latin square presentation (10x 10) of the nine sucrose
concentrations and distilled water. This was done to test the pos-
sibility that the ascending series of concentration presentations in
the original test may have been responsible for differences that we
had observed between normal and GN-ablated rats.

One-bottle threshold tests. After assessing the initial concentra-
tion response functions, each taste category was reassessed by select-
ing a series of concentrations that represented the weaker concen-
tration range of each taste quality. These concentrations are identi-
fied in Table 2. These tests were an attempt to find a concentration
point for any or all tastes at which rats lacking GN would clearly
drop to baseline, while the control groups would continue to show
clear discrimination from water at that concentration point. The
tests were conducted as before, using the new set of nine concen-
trations of each taste. In these tests, the lowest concentrations were
substantially lower than in the previous concentration response
series. In addition, as can be seen in Table 2, new concentrations
intermediate between those at the low end of the previous concen-
tration series were used to provide a more fine-grained assessment
of the rats’ responses to low concentrations.

Two-bottle tests. Finally, we conducted a series of two-bottle pref-
erence tests using sucrose and quinine taste stimuli and assessing

Table 2
Taste Concentrations (in Millimoles) Used
in Taste Reactivity Tests

Sucrose QHC! NaCl HCl1
1.2% .002% 4.9% 8+
2.5% .003% 9.9+ 1.6}
2.6% .004% 14.9% 2.5%f
5.0% .006% 19.9% 3.3t
5.2% .007¢ 24.9% 4.1%
7.7%% .008% 25.6* 5.0*%

10.31% .010*t+% 29.9% 5.8t

12.9% .013% 39.9*%f 6.61

15.5*% .017% 49.9¢ 7.5%%
20.0% .020*t1 51.3*% 10.0*

20.7% 026} 59.9% 20.0*

25.9t .034% 102.6* 30.0%

30.0% 040*t¢ 153.8* 40.0*

31.0%t .0603% 205.2* 50.0*

60.0% .070* 359.0* 60.0*

62.5*% .080% 461.6*

125.0*% .100*; 564.2*

250.0% .200*

500.0*% .400%*

750.0* .700*

1000.0*% 1.000*
*Concentrations used in initial one-bottle tests. TThreshold

one-bottle tests.  1Two-bottle tests.

each against distilled water. For these tests, the rats were adapted
for 1 week to a new schedule of fluid access consisting of one
30-min period per day and using two bottles of distilled water.
Then, after adaptation, they were presented with a series of two-
bottle tests, with one bottle containing a sucrose solution and the
other, distilled water. On each day, half of the rats received the
sucrose on the left, and the other half, on the right. The various
concentrations of sucrose were presented in a descending order
over 20 days. Each concentration was presented twice to each rat:
once on the left and once on the right, on consecutive days. The
two-bottle sucrose tests were followed by 2 days of distilled water
only. Then two-bottle tests of quinine were conducted, using the
same format as that used with sucrose. This procedure was some-
what similar to the two-bottle technique used by Benjamin and
Pfaffmann (1955) in their assessments of GN function, except that
our rats were tested under deprivation, over short drinking peri-
ods, and we sampled an entire range of concentrations rather than
stopping when a criterion *‘threshold’’ measure had been reached.

Results and Discussion

The results summarized in Figures 4 through 7 do
not support a case for taste detection changes asso-
ciated with GN ablation. However, although rats
lacking GN appeared normal in taste reactivity to low
concentrations, they tended to be hyperresponsive to
moderate and high concentrations of both NaCl and
sucrose. The hyperresponsiveness increased up to a
peak at which rejection processes appeared to be-
come dominant (Pfaffmann, 1969); the GN-lesion
functions then tended to converge with normal func-
tions. There were no intimations of such changes in
rats with control lesions, and ‘‘large’’ vs. ‘‘small”’
GN ablations could not be differentiated by these be-
havioral measures. For these reasons, the two control
groups were collapsed for presentation here, as were
the two GN-ablated groups. In addition, there were
no major differences in baseline water consumption
between control (e.g., Day 7, mean ml=13.4+ .4
SEM) and GN-ablated (12.5 +.6) groups.

The ‘“‘peak’ concentration responses to NaCl and
sucrose were calculated for each rat. These were ar-
bitrarily defined as the concentration for which con-
sumption was greatest (taking the mean concentra-
tion in cases of ties). A significant mean mM (+ SEM)
difference in peak concentrations was found between
control (salt, 163.8 +14.1; sucrose, 207.1+3.1) and
GN-ablated (salt, 240+ 14.1; sucrose, 323.2+8.5)
groups for both salt and sucrose. An upward shift
in the rejection threshold for NaCl stimuli had been
noted earlier in rats with GN lesions (Kawamura,
Kasahara, & Funakoshi, 1970), indicating that the ef-
fect is reliable across experiments using different
taste assessment procedures. Thus, the only clear
case for a ‘‘threshold”’ difference that can be made
on the basis of these data is for rejection thresholds
of sucrose and NaCl. But the data do not suggest
changes in detection thresholds for any of the taste
stimuli. In fact, from the responses to low concentra-
tions of NaCl summarized in Figure 4, it can be seen
that a definition of threshold could be arbitrarily
selected to support the unreasonable conclusion that
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Figure 4. Mean +SEM concentration response functions for rats lacking GN and for control groups (one-bottle tests),
The dotted line at 100% on the ordinate represents the point at which the consumption of a taste solution would be equiv-
alent to mean water consumption. The two control groups were combined, as were the two GN-ablated groups, for this

presentation.

there was a decrease in the detection threshold fol-
lowing GN ablations.

Figure 5 presents the results of the Latin square
replication of the sucrose functions and shows that
the relative responsiveness of the two groups to su-
crose is essentially the same, but with somewhat less
vigorous responses to moderate concentrations and
lower rejection thresholds than in the original series
of tests. Thus, the differences between groups were
not a product of peculiarities of the original design
used for assessing the responses to sucrose.

In view of the possibility, however, that we had not
captured the relevant concentration range for which
indications of detection differences might become ap-
parent, we repeated the study, as described, using a
larger number of low concentrations for each of the
four taste stimuli (see concentrations marked ‘1’
in Table 2), with the results portrayed in Figure 6.
For both sucrose and NaCl, mean consumption by
the control group became indiscriminable from base-
line at higher concentrations than did the mean con-
sumption by the GN-ablated group. In addition, no
taste reactivity differences were evident in the com-
parisons of the control and GN-ablated groups for

quinine and acid stimuli. It remains to be determined
whether this conclusion generalizes to the results of
other simple methods of testing reactive taste re-
sponses, methods with a low likelihood of confound-
ing associative factors with basic preference and
aversion responses.

The results of the two-bottle tests (see Figure 7),
which were conducted after the rats were highly ex-
perienced with the taste stimuli, generally supported
the conclusions obtained with one-bottle tests. Rats
lacking GN were hyperresponsive to higher concen-
trations of sucrose while being essentially no differ-
ent from control rats when tested at low concentra-
tions. And while there is a slight, but consistent,
tendency for rats lacking GN to show less avoidance
of quinine than control rats, in the direction that
would be expected from the original results with
quinine (Benjamin & Pfaffmann, 1955), the differ-
ence is not compelling. Perhaps, however, a greater
difference would have been observed if the rats had
been naive and/or undeprived (Benjamin, 1955b,
1959).

The “‘four-taste tests’’ were conducted to monitor
changes in responsiveness to suprathreshold sample
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Figure 5. Replication of the one-bottle concentration response
functions for sucrose using a balanced Latin-square design. This
experiment was conducted 3 months following the sucrose experi-
ment portrayed in Figure 4, using the same groups of rats (see
Table 1).

concentrations of each taste quality throughout the
testing period. The results (Figure 8) revealed inter-
esting similarities between the two groups of rats.
Initial preferences for the sucrose and the salt stim-
ulus in both groups diminished substantially on sub-
sequent tests. These changes may have been due to
learned adjustments of intake on the basis of experi-
ence with osmotic or metabolic postingestional stress
following excessive drinking of sucrose and salt solu-
tions (Jacobs, 1961; McCleary, 1953). For example,
excessive drinking of the initially highly palatable,
hypertonic NaCl and sucrose solutions is likely to
produce excessive thirst which would probably de-
velop after the 15-min test session and would not be
resolved until 6 h later during the afternoon watering

.OIOM

session. Rats lacking GN, having a higher initial re-
sponsiveness to the salt solution, have also a greater
adjustment to learn in this experimental situation
and, presumably, greater postingestional distress:
thus, the initial convergent tendency of the curves.
This interpretation therefore suggests that the simi-
larity of the two functions for sucrose and NacCl in-
dicates that normal and GN-ablated rats respond
similarly to previous experience with taste stimuli.
However, the slight rise in the functions between the
third and fourth presentations is difficult to interpret
except to note that a greater period of time inter-
vened between these trials than between any other
two successive presentations. Perhaps this change
with experience represents what could be called a
‘‘learned taste equilibrium’’: an adjustment of intake
against hedonic tendencies and thirst factors on the
basis of negative motivational consequences associ-
ated with prior osmotic stress.

The change in responsiveness to quinine exhibited
by control, but not GN-ablated, groups (Figure 8)
was observed previously over a 4-day period of con-
secutive familiarization presentations of .1 mM qui-
nine (Kiefer & Braun, 1977). Therefore, normal rats
display ‘‘neophobia’’ (Barnett, 1958; see, also, Corey,
1978) for initial presentations of quinine, which habit-
uates with experience, and rats lacking GN do not
display neophobia to this concentration of quinine.
We considered the possibility that the initial reactiv-
ity differences between normal and GN-ablated rats
to quinine was a factor in the apparent threshold dif-
ferences for quinine originally reported by Benjamin
and his colleagues. However, the data presented by
Benjamin and Pfaffmann (1955, Tables 1 and 2) over
a 4-month period of testing does not support this sug-
gestion because hypogeusia persisted with little ob-
vious decline. Apparently, however, the quinine reac-
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Figure 8. Four-taste tests, one-bottle, using the taste concentra-
tions identified on the figure. See text and Table 1 for further de-
scription. In panel B, the quinine hydrochloride concentration is
listed in micromolar units (mM x 1,000).

tivity difference between normal and GN-ablated
groups was observed, eventually, to dissipate (see
Burton & Benjamin, 1971).

Benjamin (1955a) had noted previously that qui-
nine reactivity differences were not evident between
normal and GN-ablated rats when one-bottle testing
procedures were used, and he was able to attribute
this to the water-deprivation conditions imposed for
the one-bottle, but not the two-bottle, tests (Benjamin,
1955b). He also found evidence of hypogeusia to dis-
appear under deprivation conditions for two-bottle
measures. However, the observation remains that
what appeared to be a less sensitive reaction to qui-
nine was specific to lesions of the GN area (Benjamin
& Pfaffmann, 1955), under conditions of no depriva-
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tion, regardless of the kind of testing procedure em-
ployed (Benjamin, 1955b). But the effect seemed to
eventually disappear with experience (see Burton &
Benjamin, 1971).

It is suggested that the appearance of hypogeusia
in rats lacking GN was based on subtle associative
or performance factors, with normal rats perhaps
being more facile at learning to anticipate mild post-
ingestional effects of quinine consumption (Kratz &
Levitsky, 1978) as, in Benjamin’s procedures, a con-
centration series was decreased. Such an interpreta-
tion is indirectly suggested by the results of other sen-
sory neocortex ablation studies. For example, what
would appear to be brightness threshold differences
between normal rats and rats lacking visual neocor-
tex (Lashley, 1930) diminishes with extensive training
(e.g., LeVere & Mills, 1977). Therefore, this effect
may be attributed to differences in associative or per-
formance capacities rather than to differences in basic
sensory abilities. As Lashley (1935/1960) observed
with regard to brightness discrimination perfor-
mances of rats lacking visual neocortex, ‘‘The animal
would make better than chance scores but could not
be brought to the criterion of errorless performance
required in the experiment . . . the majority [of the rats]
were very irregular in performance, suggesting fluctu-
ating attention rather than a genuine disturbance
in vision for brightness’’ (p. 296). Likewise, taste
criterion-threshold assessments were noted to be
highly variable in early work (e.g., Benjamin &
Pfaffmann, 1955), suggesting that rats were inclined
to be neglectful of the quinine stimuli, an inclination
that could be overcome by increased ‘‘vigilance”’
(Head & Holmes, 1911) under conditions of depri-
vation. This suggestion is supported by the apparent
loss of reactivity to the novelty dimension of a qui-
nine stimulus reported by Kiefer and Braun (1977),
a loss that appears to be overcome after a one-trial
pairing of the taste with toxicosis.

As displayed in Figures 4-8, there were no differ-
ences between control and GN-ablated rats in acid
sensitivity. We were surprised at the lack of a neo-
phobic response to acid in normal rats because Kiefer
and Braun (1977), using a slightly greater concentra-
tion (25 mM as compared with 20 mM in the present
study), had observed neophobia. However, other dif-
ferences in procedure, beyond the stimulus intensity
difference, may have masked such an effect. We
note, in retrospect, that the insula ventral to the clas-
sically defined GN area (Lasiter & Glanzman, Note 1)
may be crucially involved in acid sensitivity but not
necessarily in sucrose or quinine sensitivity (Kiefer,
Leach, & Braun, Note 2). It was difficult to assess
the completeness of ablation of the insular cortex on
the basis of our histological material. However, in
10 of the lesions, a slender band of tissue along the
rhinal bank was clearly spared; this is an area which
others have emphasized as being important in taste
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aversion learning (Benjamin & Akert, 1959; Yamamoto
et al., 1980; Lasiter & Glanzman, Note 1) or taste
reactivity (Benjamin & Akert, 1959). However, we
were unable to discern differences between these 10
rats and the 19 rats with lesions that clearly included
the rhinal bank (but not necessarily the entire agran-
ular insular cortex). As indicated in the anatomical
discussion, the role of the insular cortex in taste sen-
sibility remains somewhat speculative at this time.

The results of this study add detail to what has
been apparent within the literature for many years.
Early observations by Macht (1951) indicated that
decerebrated cats rejected quinine-adulterated liver
by pushing it out of their mouths with their tongues
at about the same ‘‘threshold’’ as normal cats. Wolf,
DiCara, and Braun (1970) found that rats with mas-
sive ablations of anterolateral cortex centered on GN
continued to adjust NaCl intake appropriately in re-
sponse to sodium depletion. The idea that taste ac-
ceptance or the rejection of substances placed in the
mouth represents a reflex response at a most funda-
mental (midbrain or hindbrain) level (Grill & Norgren,
1978b; Nowlis, 1977; Pfaffmann, Norgren, & Grill,
1977), perhaps like the movements of the eyes in re-
sponse to a moving visual field, has considerable sup-
port. Tongue responses to varying concentrations of
sweet tastes in human neonates were shown to reflect
a concentration sensitivity essentially similar to that
displayed by adult humans using standard psycho-
physical measures (Nowlis, 1973; Nowlis & Kessen,
1976). This observation in taste-naive neonates sug-
gests a reflex basis for taste-preference responses.
The possibility that such reflexes are mediated prin-
cipally at the brainstorm level is supported by the ob-
servation of characteristic facial responses (the ‘‘gus-
tofacial response’’) to basic taste stimuli in anen-
cephalic human infants (Steiner, 1973). Most com-
pelling in this regard, Grill and Norgren (1978b) found
that decerebrated rats display discriminably charac-
teristic sequences of facial responses and gestures
(mimetic responses) to basic taste stimuli.

If the entire forebrain can be eliminated, leaving
an animal that remains differentially responsive to
basic taste stimuli as indicated by behavioral criteria,
then the gustatory neocortex obviously is not neces-
sary. However, it may nonetheless contribute to
modulating such responsiveness on the basis of ex-
perience, perhaps by recruiting fundamental accep-
tance and rejection reflexes in the service of changing
the intake of specific taste stimuli (Nowlis, 1977;
Pfaffmann et al., 1977). As pointed out by Pfaffmann
et al. (1977), this ‘‘reflexological’’ perspective is sup-
ported by the observation that when intact rats learn
a conditioned taste aversion to normally highly pal-
atable sucrose, their behavioral pattern of rejection
of the sucrose mimics the observed unlearned pattern
of rejection to unpalatable quinine solutions (Grill,
1975). Accordingly, the question addressed in the fol-

lowing section of this review concerns the involve-
ment of the GN in the rat’s capacity to adapt its re-
sponses to basic taste stimuli signaling imminent
malaise.

TASTE LEARNING

To establish the perspective of the following sec-
tions of this review, it is acknowledged that the major
research activitiés of the senior author have con-
cerned the role of the sensory neocortex in cognitive
processes. The dominant heuristic orientation to this
interest has been provided by classical hierarchical
theory (Jackson, 1884/1958; Pavlov, 1927/1960),
which views basic reflexes as adaptively modulated
via superimposed control from ‘‘higher level” (e.g.,
cortical) processes. Initial interest in gustatory neo-
cortical function developed from questions concern-
ing the degree to which generalizations derived from
behavioral studies of visual, auditory, and somato-
sensory neocortices might be applicable to gustatory
regions. The principal advantage of studying gusta-
tory processes from a hierarchical perspective is that
taste stimuli have a powerful and enduring impact
on relevant behavior without prior training (e.g.,
Young, 1966). Rats display characteristic concentra-
tion response functions to representative tastes from
each of the four major taste classifications, as dis-
cussed in the previous section. Therefore, assess-
ments of the abilities of rats to respond differentially
to a particular taste stimulus can be based upon solu-
tion consumption relative to water, although poten-
tial complications introduced by the influence of
postingestional factors (Pfaffmann, 1969) and con-
founded odor factors (e.g., Benjamin, 1960; S. D.
Miller & Erickson,.1966) must be addressed.

The pronounced and discriminable effects of tastes
on simple drinking behavior, as compared with re-
flexive behaviors that might be affected or provoked
by visual, auditory, or somatosensory stimulation,
identify a second advantage of studying brain mech-
anisms of gustatory processes. Whereas one may use
the same dependent measure (amount of a taste solu-
tion consumed) for assessments of both learned and
reflexive taste responses, this is relatively difficult to
do in studies of other sensory systems. The unlearned
responses elicited by other sensory modes typically
are not obvious or differential (e.g., the naive rat’s
responses to different pitches), or the responses quickly
habituate (e.g., startle responses). In addition, with
other sensory modes, a simple preference response
might be eliminated following ablation of relevant
sensory neocortex while the associative potential for
the same class of stimulus, though impaired, will be
spared (e.g., depth discrimination; Braun, Lundy,
& McCarthy, 1970). Taste stimuli, on the other hand,
retain a clear impact on simple drinking and choice
behavior when gustatory neocortex is ablated (see



previous discussion), and this provides a distinct
baseline against which to assess the influence of GN
ablation upon associative processes.

Classical assessments of the effects of sensory neo-
cortex ablation, from Munk (1890) through Lashley
(e.g., 1942), generally used specific training proce-
dures to obtain estimates of intramodal perceptual
capacities. Because of this, potentially separable re-
flexive, perceptual, and associative capacities tended
to be confounded in those studies. Thus, while
Lashley’s (1930) early data indicated that rats lacking
visual neocortex suffered basic sensory deficits in
perceiving brightness, the deficits appear to have
been related to associative or performance dimen-
sions of the learning task that was used by Lashley
to assess brightness discrimination (Cooper, Freeman,
& Pinel, 1967; LeVere & Mills, 1977). There were,
however, exceptions in the literature to this kind of
methodological confounding. For example, K. U.
Smith (1937) assessed optokinetic nystagmus re-
sponses in cats to revolving stripes following exten-
sive posterior cortical ablations and found that such
responses did not appear to be degraded relative to
those of normal animals. Thus, cats with such cor-
tical lesions appeared capable of responding to con-
tour information by this measure, despite profound
deficiencies in learning visual pattern/form discrim-
inations (K. U. Smith, 1938). These results indicated
that the associative or performance debility in the
learning situation was not based on blindness to vi-
sual edges (see Braun, 1978, and Spear, 1979, for a
more detailed analysis of this problem). Likewise,
as we shall discuss later, associative deficiencies for
taste stimuli in rats lacking GN are not based on
ageusia.?

The data on basic differential sensitivity to taste
stimuli, as reviewed previously, is consistent with a
fundamental generalization concerning sensory neo-
cortex function per se that is apparent from examin-
ing the literature on the effects of specific sensory
neocortex ablations in a number of mammalian spe-
cies: These preparations are not behaviorally insen-
sitive to fundamental stimuli in the sensory mode
relevant to the missing sensory neocortex. This is
where one must begin when attempting to determine
the nature of the involvement of sensory neocortex
in perceptual behavior. Rats lacking visual neocor-
tex, for example, display visual placing responses
(Braun, 1966) and readily learn brightness (Lashley,
1935) and, with difficulty, depth discriminations (Braun
et al., 1970); they can also learn some two-dimensional
pattern discrimination problems, and this general ob-
servation is true for number of species (see Spear,
1979). Likewise, rats lacking somatosensory neocor-
texlearnroughness discrimination habits (e.g., Finger,
Marshak, Cohen, Scheff, Trace, & Niemand, 1971;
Zubek, 1951) and rats lacking auditory neocortex re-
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main capable of learning associative responses to
tones (French, 1942).

This generalization concerning sensory neocortical
function does not imply that the relevant sensory cor-
tices are uninvolved in these habits; it indicates only
that the brain areas are not necessary for fundamen-
tal detection and discrimination of appropriate stim-
uli. Thus, rats lacking visual neocortex can acquire, or
reacquire, basic visual habits, but with reduced effi-
ciency relative to normal rats (e.g., Horel, Bettinger,
Royce, & Meyer, 1966). If deficits in learning spe-
cific to both a sensory mode and a neocortical subarea
are a general consequence of sensory neocortical
damage, then it is the nature of these deficiencies (the
experimental conditions under which they may be
magnified or decreased) that must be clarified.

Originally, we anticipated the possibility that dif-
ferent kinds of behavioral results might be associated
with GN ablation because of the unusual nature of
taste aversion learning, viz., the long CS-US delays
that are possible (Revusky & Garcia, 1970), the essen-
tially visceral nature of the US (Garcia & Ervin, 1968),
and the clear hedonic reactions exhibited by GN-
ablated rats to basic taste stimuli. In addition, at the
time we began our studies it was becoming increasingly
evident that taste aversion learning resisted interfer-
ence by various influences (e.g., anesthetization, cor-
tical spreading depression) which profoundly disrupt
other kinds of learning (e.g., Best & Zuckerman,
1971; Nachman, 1970; Roll & Smith, 1972). How-
ever, as we show below, the behavioral effects of GN
ablation proved to be essentially similar to what one
would expect on the basis of studies of other sensory
neocortical areas.

Initial Experiments

Our original studies were designed to encompass
a number of reasonable alternatives regarding pos-
sible relationships between GN and taste aversion
learning. We wished to differentiate nonspecific un-
conditioned stimulus (US) effects (e.g., sensitization)
from discriminatively specific taste-illness associa-
tions, to explore the associative salience of taste con-
ditional stimuli (CSs) representing both negative and
positive hedonic dimensions, and to distinguish learn-
ing deficiencies stemming from problems of US pro-
cessing from problems of CS processing. We also
controlled for the possibility of nonspecific deficien-
cies produced by cortical damage per se.

Quinine hydrochloride (.1 mM) and sodium sac-
charin (4.8 mM) were initially selected as conditional
stimuli because, in pilot studies using one-bottle
tests, they had been clearly detectable, relative to
water, by rats lacking GN. Cyclophosphamide injec-
tions served as the US because we had found, in pilot
work, that robust, one-trial, discriminatively specific
taste aversions could be produced with this US in nor-
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mal rats when it was paired with one of two hedon-
ically matched taste stimuli. Conditional taste stimuli
were introduced to rats that were on a drinking sched-
ule of 15 min of access to fluids (one-bottle) every
12 h, followed on the first presentation by injections
of cyclophosphamide (100 mg/kg, ip) within 1 min
of completion of the drinking period (Braun et al.,
1972).

Following the one-trial training procedure, the ef-
fectiveness of the conditioning procedure was mea-
sured over test trials in extinction using the following
procedure: The paired taste, the unpaired taste, and
water were presented to all rats in an order that was
balanced both within and between groups for any
triad of consecutive presentations (called a ‘‘cycle’’).
Three cycles of the tastes and water were presented in
extinction. There were two major groups of rats in
the study, normal and GN-ablated groups; within
each group were subgroups that had had solutions of
saccharin, quinine, or water paired with the drug on
the training trial. There was also a subgroup that re-
ceived water paired with control injections of physio-
logical saline. In addition, a group with dorsomedial
neocortex lesions equivalent in extent to the GN le-
sions received saccharin paired with cyclophospha-
mide injections.

With this design, we expected to characterize the
effects of the training trial within the GN-ablated
and normal groups, for both taste stimuli, according
to the kinds of outcomes portrayed ideally in Fig-
ure 9. As indicated in Table 3, outcome A charac-
terized the results for normal rats trained to avoid
either the quinine or saccharin stimulus: a discrim-
inatively specific learned aversion to the taste cue
that had been paired with the drug, plus a clear non-
specific drug effect (a generalized reduction of all
fluid consumption). This outcome also characterizes
the results for the lesion control group and for the
group lacking GN that had been trained to avoid
quinine. This latter group could not be differentiated
statistically from its normal counterpart; thus, we
concluded that the quinine CS and the US were clearly
effective in rats lacking GN. The conclusion regard-
ing the US was supported by the observation that all
drug-injected GN groups displayed significant and
equivalent nonspecific partial reductions of total
fluid intake relative to the nondrug control groups.
The nonspecific effect of the drug in groups lacking
GN was virtually the same magnitude as displayed by
the drug-injected normal groups.

The most interesting finding was that rats lacking
GN did not acquire an aversion to the 4.8-mM sac-
charin stimulus, but showed only a nonspecific drug
effect. The nondrugged control rats with GN lesions,
however, drank significantly more of the saccharin
solution than water; this confirmed that the sac-
charin solution was detectable by the brain-damaged
rats. Therefore, with this training paradigm, we had
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Figure 9. Some potential idealized outcomes for experiments
designed to assess the discriminative conditionability of taste-
solution CS paired with a malaise-inducing drug US. Portrayed are
relative amounts consumed of a specific taste solution (Y) by four
groups of rats after the following treatments: Group C—Control
group; water paired with saline injection. Group W;—Control
group for nonspecific drug effects; water paired with drug injec-
tion. Group X,—Taste X paired with drug injection. Group Yy—
Taste Y paired with drug injection. Panel A: Discriminatively
specific learned aversion to taste Y plus a nonspecific effect of the
drug US on fluid consumption. Panel B: Discriminatively specific
learned aversion to taste Y, plus significant generalization to taste
Y, by Group x4, plus a nonspecific drug effect. Panel C: Non-
specific aversion to taste Y produced by pairing either taste stim-
ulus with the drug, plus a nonspecific drug effect. Panel D: No
taste effect. Nonspecific drug effect. Note: Nonspecific drug ef-
fects were not always obtained in the experiments described in the
text, and a Group C was not included in all experiments. In addi-
tion, the statistical analyses of the summarized experiments con-
sidered both between-group comparisons, as above, for taste X,
taste Y, and water consumption following training, and within-
group comparisons. Consumption of each solution was measured
for every rat in each study for analyses of paired-taste, unpaired-
taste, and water consumption following training. The idealized
outcomes portrayed in this figure essentially characterize the out-
comes obtained in experiments summarized in Table 3 as deter-
mined by the statistical results of at least two convergent analyses.
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Table 3
Summary of Stimuli and Interpretations of Outcomes for Eight Conditioned Taste Aversion Experiments
Comparing Normal (N) and GN-Ablated (GN) Rats

CS Concentration  CS-US Group
Experiment o] (in Millimoles) Delay? N GN
Braun et al., 1972 3(1)3111111;11:3 %éfharm 4? :g 2 2
Lorden, 1976
Experiment 1 %‘;CCIIO se }gig gg 2 2
Experiment 2 ggilnine Hel 25:} gg : g
Experiment 3 Iqu;((::rlo % }gig \Y(::: 2 g?
Experiment 4 ggilnine HCl 25:} 2((:: : /j\A g
Experiment 5 (Szl:i;(:;z HCl 182(2) II:IJS g? g
Braun & Rosenthal, 1976 o oy i 48 o A
Kiefer & Braun, 1979} IS\;;%IIO s igg gg 11: ]};

Note—The interpretations listed under “‘Group” correspond to the idealized outcomes partially portrayed in Figure 9. This is intended
to be a general comparative summary of the results of the eight experiments for purposes of simplifying the present discussion.
Compared with the analysis in the original studies (identified under “Experiment,” in the first column), the present interpretations
are coarse, and two of them, labeled “?,” are somewhat uncertain. Although outcome “A” remained the best interpretation of nor-
mal performance under the CS-US delay condition, it should be noted that the taste aversions acquired under this condition were
generally weaker (less resistant to extinction) than those established under the no-delay conditions. The first seven experiments em-
ployed a one-trial training paradigm, with intraperitoneal injections of cyclophosphamide serving as the US. The Kiefer and Braun
(1979) experiment used repeated training trials, with apomorphine hydrochloride as the US. All of the experiments used a discrimin-
ation paradigm, as indicated, and in five of the experiments (Lorden, 1976, Experiments 14, and Kiefer & Braun, 1979), the two
taste stimuli were approximately matched by hedonic response criteria (e.g., see Figure 4). The original studies should be consulted
for more details of procedure and results. *6 h. TRepeated trials.

found a clear instance of a detectable taste cue that
was not conditionable for rats lacking GN. However,
the saccharin cue was readily conditionable for normal
rats and for rats with control lesions (Braun et al.,
1972).

Subsequent work by Divac, Gade, and Wikmark
(1975) indirectly suggested the specificity of involve-
ment of the GN area in taste aversion learning by
showing no effect of orbital frontal lesions on such
learning. However, Hankins, Garcia, & Rusiniak
(1974) reported a disruption of taste aversion learn-
ing by frontal lesions that were considerably smaller
than those described by Divac et al. (1975). Through-
out our own studies, we have repeatedly found clear
dissociations between the effects of cortical lesions
centered on the GN area and the effects of lesions
outside of the GN area on taste learning and retention.

We speculated that the change in the ‘‘salience”
(Kalat & Rozin, 1970), or conditionability, of the sac-
charin cue, without concomitant changes in detect-
ability relative to water, might be a common effect
of GN lesions across taste qualities, an effect which
may not have been observed for the quinine stimulus
in this first study because of a floor effect (Braun
et al., 1972). As a basis for follow-up studies, it was

hypothesized that there were two kinds of relatively
independent thresholds to consider for taste stimuli:
a preference-aversion, or reactive, threshold, and a
conditionability, or associative salience, threshold.
This idea was based partly on reports showing that
the potential associative strength of taste CSs could
not readily be predicted from the relative preferences
normal rats displayed to several flavor or taste stim-
uli (Kalat & Rozin, 1970; Tapper & Halpern, 1968).
It was hypothesized further that GN ablation selec-
tively disrupts associative salience thresholds for
taste stimuli without necessarily disrupting detection
thresholds (Braun & Rosenthal, 1976); that is, the
systems underlying associability and detectability of
the same stimuli could be viewed as being dissociated
by the GN lesion.

Braun and Rosenthal (1976) found that a proce-
dure known to reduce the associative potential of
normal rats for tastes, the imposition of a very long
CS-US interval (e.g., Revusky & Garcia, 1970; J. C.
Smith & Roll, 1967), produced results for normal rats
that were essentially identical to those reported by
Braun et al. (1972) for rats lacking GN (see Table 3).
It was therefore concluded that the Braun et al. (1972)
finding of a salience difference between .1-mM-quinine
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and 4.8-mM-saccharin stimuli was probably due to
the unmasking, by GN ablation, of a normal salience
difference between these stimuli. In other words, the
effect did ‘‘not appear to represent a unique lesion-
produced change in the relative salience of the two
stimuli”’ (Braun & Rosenthal, 1976, p. 350). Further-
more, the finding by Hankins et al. (1974) that rats with
partial lesions of the GN could learn to avoid 4.8 mM
saccharin when repeated training trials were em-
ployed, using LiCl intubation as the US, suggested
that such rats were not absolutely deficient, but only
relatively deficient, for the saccharin CS. However,
the Hankins et al. (1974) results were difficult to in-
terpret, because no provision for assessing nonspe-
cific drug effects or discriminative specificity was in-
cluded in their analysis. In addition, their lesions
were considerably smaller than ours, often not en-
compassing the entire GN area (approximately 75%
of the total GN area; see Hankins et al., 1974).

In order to examine convincingly the hypothesis
concerning the role of GN in associative thresholds
for tastes, other hypotheses suggested by the Braun
et al. (1972) results first had to be considered: Per-
haps the associative deficit in rats lacking GN was
peculiar to saccharin stimuli, to sweet stimuli, or to
positively hedonic stimuli in general. We reasoned,
for example, that acquisition of an aversion to posi-
tively hedonic stimuli might require a more complex
underlying brain mechanism (reversal of a reflexive
preference) than acquisition of aversions to nega-
tively hedonic stimuli (facilitation of a reflexive aver-
sion).

A comprehensive study by Lorden (1976) revealed
that GN-ablated rats displayed clear associative defi-
ciencies, similar in magnitude to the saccharin defi-
ciency described by Braun et al. (1972), for clearly
detectable sucrose and quinine hydrochloride stimuli
(see Table 3; Lorden, 1976, Experiments 1 and 5). The
latter result indicated that, by lowering the concentra-
tion of quinine that had been used previously by Braun
et al. (1972), a concentration could be found at which
dissociation between detectability and associability of
quinine could be observed in rats lacking GN relative
to the performance of normal rats. Therefore, the
Braun et al. (1972) result was not specific to a par-
ticular class of taste stimuli.

Asindicated in Table 3, when hedonically equivalent
quinine and HCI stimuli were used in our discrimina-
tion paradigm (Lorden, 1976, Experiment 2), learned
aversions to these cues by GN-ablated rats were not
as discriminatively precise as those observed for nor-
mal rats. In addition, imposing a 6-h delay between
presentation of the taste CS and administration of
the US did not prevent normal rats from learning
discriminatively specific aversions to 145-mM-sucrose
or 155-mM-Na(Cl solutions, but this obliterated de-
velopment of a learned aversion to these stimuli in
GN-ablated rats (Lorden, 1976, Experiment 3):
Despite the training trial, these rats drank signifi-

cantly, and equivalently, more of the salt and sucrose
taste solutions than of water (see Lorden, 1976, Fig-
ure 4). Likewise, the discriminative specificity of a
learned aversion to 25 mM HCI was lost by rats lack-
ing GN under the CS-US delay condition (Lorden,
1976, Experiment 4). This disruption of the main-
tenance of a trace of a taste by GN lesions under
CS-US delay conditions was consistent with the re-
sults of a cortical spreading depression study re-
ported by BureSova and Bures (1973).

Despite the apparent generality of the disruption
of associative salience across the four basic taste
qualities following GN lesions, Lorden’s results also
suggested that some taste qualities might be disrupted
more than others. The overall pattern of results sug-
gested to Lorden that, while it was relatively difficult
to find specific conditions under which the associa-
tive potential of quinine stimuli might be disrupted,
no condition was found for sucrose which led to
equivalent results for normal and GN-ablated rats.
For example, although both groups displayed spe-
cific learned aversions to a very strong sucrose solu-
tion (1 M), when it was discriminatively assessed
against a mild quinine solution (see Table 3, Lorden,
1976, Experiment 5), there was a substantial differ-
ence between the two groups in the magnitude of the
aversion: normal rats drank virtually none of the
sucrose in extinction, whereas rats lacking GN drank
a mean of over 5 ml per test trial (see Lorden, 1976,
Figure 6). It is likely that evaluation of the associa-
tive salience of the strong sucrose solution against a
more similar stimulus (e.g., a highly preferred NaCl
solution) would have additionally revealed disrupted
discriminative specificity.

Discriminative Salience

Confirming Lorden’s general finding of disrupted
discriminability, Kiefer and Braun (1979) found that
while rats lacking GN would eventually learn to dis-
criminate 146 mM sucrose from 153 mM NaCl when
repeated training trials were used with apomorphine
hydrochloride as the US, these rats displayed ab-
norma! generalization between the two cues (Table 3).
On the basis of these and Lorden’s results, it was hy-
pothesized that the discrimination of highly similar
taste cues within a qualitative class of taste stimuli
should be very severely disrupted by GN lesions. A
thesis by Phillips (1977) tested this possibility using
equimolar NaCl and LiCl stimuli, with the US being
provided by the toxic consequences of ingesting the
LiCl solutions. These consequences become associ-
ated with the taste of LiCl in this paradigm (D. F.
Smith & Balagura, 1969) and generalize almost com-
pletely to equimolar NaCl (Nachman, 1963), but the
two salts can be discriminated eventually by normal
rats following extensive experience (e.g., Fregly,
1958; Kiefer, 1978).

Phillips trained extensively two groups of rats, 12
normal and 12 lacking GN, to avoid drinking 120 mM



LiCl. She then conducted a series of generalization
tests to NaCl stimuli in extinction. Following the
generalization testing, the rats were retrained to
avoid LiCl and then subjected to discrimination
training using 120 mM NaCl as the discriminative
stimulus and a one-bottle training procedure simi-
lar to that used by Braun et al. (1972). So, at the
time of discrimination training, the rats had received
extensive experience with both LiCl and NaCl, but
only the LiCl had been accompanied by toxicosis.
The results of the discrimination training test were
initially surprising (see Figure 10). It appeared that
the rats lacking GN learned the NaCl-LiCl discrim-
ination with more alacrity than did normal rats. Al-
though generalization was evident for both groups,
asymptotic performance was acquired more readily
by the GN-ablated group. Oddly, however, the GN
rats continued to drink 1 to 3 ml of LiCl every time
it was presented, reliably more so than normal rats.
This suggested discrimination between the solutions
on the basis of early-onset postingestional feedback.
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Figure 10. Discrimination training results for equimolar solu-
tions of NaCl and LiCl in two experiments for normal (Group N)
and GN-ablated (Group G) rats. Mean amounts consumed of
equimolar LiCl and NaCl solutions and distilled water as a func-
tion of training cycles. The rats in these experiments all had had
considerable experience with various concentrations of both taste
solutions in prior experimental manipulations. Experiment 1 em-
ployed 120 mM salt solutions and Experiment 2, 60 mM salt solu-
tions, for discriminative training. The top two panels summarize
the performance of the normasl groups, and the bottom two panels,
that of the GN-ablated groups. See the text for more details of
these experiments. (Redrawn from Phillips, 1977).
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That is, operated rats may have stopped drinking salty
solutions when they began to detect negative post-
ingestional consequences, but would continue if no
such consequences occurred. The normal rats, on the
other hand, appeared to have learned the discrimina-
tion on the basis of taste cues. We hypothesized,
therefore, that reducing the concentration of the salt
stimuli by half, to 60 mM, should result in a marked
increase of LiCl intake by rats lacking GN. However,
this occurred to us only after having sacrificed the
rats used in this experiment.

Phillips (1977) conducted a second study designed
to replicate certain selected features of the first. All
of the rats in this study were first exposed to exten-
sive avoidance training using 120 mM LiCl, and were
then presented with a series of NaCl generalization
tests during extinction. They were next trained to
avoid 60 mM LiCl presented alone, and finally sub-
jected to discrimination training using 60-mM LiCl
and NaCl solutions. The results of the discrimination
training were as predicted. Normal rats displayed
classic, diverging discrimination functions over three
cycles of training, with LiCl consumption dropping
to zero and NaCl consumption approaching the level
observed for water consumption. On the other hand,
the functions for rats lacking GN remained flat: these
rats drank approximately 10 ml of NaCl and 5 ml of
LiCl solutions on each of the three cycles of testing
(see Figure 10). This suggests that the extensive prior
experience with salt solutions, some of which resulted
in malaise, led to the two groups of rats’ using dif-
ferent strategies for discriminating the solutions. The
normal rats appeared to be using taste cues as a basis
for differentiation, because after a few licks of the
drinking tube they drank virtually none of the LiCl
by the third cycle. In contrast, rats lacking GN ap-
peared to have developed a strategy using postinges-
tional cues. This result is reminiscent of the ‘‘tricks’’
(Sperry, 1947) used by brain-damaged animals to cir-
cumvent neurological deficiencies in regaining ca-
pacities to perform specific tasks (e.g., Goldberger,
1974).

In Phillips’ experiments, taste differences between
LiCl and NaCl did not appear to be salient for rats
lacking GN, but postingestional consequences re-
mained discriminable and served as a basis for dis-
tinguishing between the two chemical stimuli. In this
regard, it is interesting to note that on the first trial
the normal rats stopped consuming the 60-mM-LiCl
solution after having drunk about 3 ml and rats lack-
ing GN continued to drink about 4 to 5 ml through-
out testing. It should be noted also that 60 mM NaCl
is well within the detectable range of concentrations
for rats lacking GN (see Figure 3).

Thus, at this point in the research program, two
major effects of GN lesions on the acquisition of
avoidance responses to taste stimuli could be dis-
cerned. Conditioning was less efficient than normal
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for all basic taste qualities, and the discriminative
grain of acquired taste aversions was less precise. The
degree of the observable deficiency in rats lacking
GN, relative to normal rats, could be manipulated by
(1) changing stimulus concentration, (2) using a re-
peated trials training paradigm instead of the single-
trial procedure with which we had begun, (3) increas-
ing the delay between exposures to the CS and US,
and (4) decreasing the discriminability of paired and
unpaired taste stimuli. These results, in conjunction
with the data summarized in the preceding section of
this paper, support the hypothesis that the GN nor-
mally contributes to the associative, discriminative
salience of taste stimuli.

We continue to believe that a parsimonious expla-
nation for these effects of GN ablation is that the le-
sion causes an increase in the associative taste thresh-
olds (salience) for otherwise detectable taste stimuli.
As observed by Lorden (1976), it seems that, in order
to be conditionable, taste stimuli have to be more in-
tense for rats lacking GN than for normal rats.

Taste Novelty and Stimulus Intensity Dynamism

Braun and Rosenthal (1976) observed that, in the
original acquisition studies (Braun et al., 1972; Lorden,
1976), the novelty and intensity dimensions of the
taste CSs had been confounded. ‘‘Novelty”’ is a be-
haviorally relevant dimension of a stimulus that can
have a significant impact on its conditionability (see
Corey, 1978). Rats tend to be suspicious of, or ‘‘neo-
phobic’’ toward, flavors that they have not experi-
enced (see Domjan, 1980). Revusky and Bedarf (1967)
found that when rats were given both a novel and a
familiar food prior to a malaise-inducing radiation
treatment, the rats subsequently rejected the novel
food even if the familiar food had been presented
closer in time to the radiation treatment. Kalat (1974)
demonstrated that the novelty of a taste cue could
override intensity as a potent determinant of asso-
ciative salience.

Because the effects of both novelty and intensity
increase as a function of increasing taste concentra-
tion, becoming increasingly different from ‘‘safe and
familiar’’ water (Kalat & Rozin, 1973), we wished to
selectively assess the role of ‘‘novelty’’ in the acqui-
sition impairments that we had observed in rats lack-
ing GN (Kiefer & Braun, 1977). Using a balanced
design, normal and operated rats were subjected to
a series of familiarization trials with either .1 mM
quinine hydrochloride or 25 mM HCI taste stimuli.
Subsequently, the familiarization groups were sub-
divided into groups that were trained, using a repeated
trials procedure with apomorphine hydrochloride as
the US, to avoid either the novel or the familiar taste
cue. The results were clear: Rats lacking GN did not
display neophobia toward the initial presentations of
the taste cues during familiarization, whereas normal
rats drank significantly less on the initial presentation

than on the fourth familiarization presentation. In
addition, while both normal and operated rats learned
discriminatively specific aversions to the taste cue
paired with the drug, rats lacking GN did not learn
to avoid the novel taste more rapidly than they did
the familiar one (see Figure 11). It therefore ap-
peared that the operated rats did not distinguish
novel from familiar taste cues, that, in fact, they
responded as though both tastes were familiar.

Figure 11 shows that the first training trial (Trial 0)
appears to have had no obvious effect on consump-
tion of the paired taste as measured on the second
trial for normal rats trained to a familiar CS. Sim-
ilarly, consumption of neither the novel nor the fa-
miliar tastes was reduced following the first CS-US
pairing in rats lacking GN. In contrast, consump-
tion of the novel taste by normal rats was signifi-
cantly reduced after the first training trial. It is as if
the first training trial sensitizes a rat to a taste that has
been rendered ‘‘safe’” as a function of prior inconse-
quential exposure to it, and, although salient, the
taste is initially neglected (Kalat & Rozin, 1973). But,
once the potential biological importance of the cue is
established (first trial), significant reduction of con-
sumption occurs during the second trial. It would
appear that the mechanism for producing stimulus-
specific neglect of a taste cue on the basis of incon-
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Figdre 11. Median milliliters consumed of taste solutions that
were either familiar or novel by two groups of normal rats (left
panel) and by two groups of GN-ablated rats (right panel) as a
function of repeated training trials. Each function represents a
group of 12 rats; half of each group was trained to avoid .1 mM
quinine hydrochloride, and the other half, to avoid 25 mM HCI.
These two taste solutions are approximately hedonically equiva-
lent (see Figure 4). Each ‘‘familiar’’ group had experienced the
taste to be paired four times before the conditioning trials began.
Each ‘“‘novel’’ group had experienced the other taste prior to con-
ditioning using a novel (unexperienced) CS. Cycle ‘‘O’’ represents
consumption during the initial training trial prior to experiencing
the US (ip injection of apomorphine hydrochloride) for the first
time. The only group showing significantly decreased consumption
of the conditional taste solution on the first training cycle after
the initial training trial was the normal group for which the taste
stimulus was novel. (Redrawn for the top panels in Figure 2 of
Kiefer & Braun, 1977).



sequential exposures is missing in rats that lack GN:
these rats appear to be initially neglectful of both
familiar and novel taste stimuli at a potential asso-
ciative level. On the basis of this lack of differential
reactivity to familiar and novel tastes, Kiefer and
Braun (1977) proposed a tonic inhibition hypothesis
to partially explain gustatory neocortical function.
According to this view, the GN contributes to ‘‘a
selective, stimulus-specific diminution of tonic in-
hibition of central processes that modulate food and
fluid intake’’ and ablation of GN produces “‘a con-
specific decrease of inhibition which results in the be-
havioral observation that operated rats respond asso-
ciatively to novel taste stimuli as if the stimuli were
familiar’’ (p. 505).

If ““novelty’’ is viewed as a function of stimulus
concentration, one would predict that, in rats lacking
GN, clear associative deficiencies should be obvious
for higher concentrations of basic taste stimuli. That
is, if the ability to appreciate the difference between
experienced and novel tastes is absent in these rats,
it might be predicted that an associative deficiency
would become more, not less, obvious as CS concen-
tration was increased. However, Lorden (1976) found
that the relative deficiency became more obvious as
a function of decreased CS concentration. This sug-
gests that a second factor, in addition to novelty, is
operating in the determination of associative taste
salience. Nowlis (1974) demonstrated a ‘‘stimulus in-
tensity dynamism”’ effect (Hull, 1949), which in-
fluenced both instatement and performance of a taste
aversion learning habit in normal rats. Such a factor
may normally add to the novelty factor in producing
associative salience in taste-naive rats. If associative
salience is viewed as normally an additive function
of a novelty factor and a dynamism factor, as spec-
ulatively portrayed in Figure 12, then loss of the abil-
ity to respond differentially to tastes on the basis of
novelty in rats lacking GN would increase the taste
concentration necessary to reach an associative thresh-
old for the taste. This would occur also in normal
rats by reduction of the novelty component through
familiarization with taste stimuli prior to training.

This ‘‘two-factor’’ hypothesis of associative sal-
ience assumes that the dynamism factor is not dis-
rupted by the GN ablations. This assumption is based
on the results of Phillips’ (1977) thesis, which ex-
amined, in extinction, stimulus generalization to a
series of NaCl concentrations in rats that had been
trained extensively to avoid 120 mM LiCl. As ex-
plained above, rats do not distinguish readily be-
tween equimolar NaCl and LiCl stimuli. Phillips
avoided the possible problem of the differential ef-
fect of taste familiarity on training in normal and
GN-lesioned rats (Kiefer & Braun, 1977) by famil-
iarizing the rats, before training, with the NaCl con-
centrations to be used in the generalization tests. Fig-
ure 13 displays the familiarization results in panel A
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Figure 12. Hypothetical curves portraying possible influence of
taste novelty (N) and stimulus intensity dynamism (D), indepen-
dently, on the associative salience of a particular taste quality as
a function of taste concentration. In terms of the potential asso-
ciative impact of a specific taste quality on the behavior of a rat,
these two functions are assumed to be additive (D + N) because,
while a ‘‘novelty”’ factor may be eliminated by extensive famil-
iarization with a taste quality, or by GN ablation, a dynamism
factor would appear to persist under these conditions. The point
at which line t intersects the associative salience functions repre-
sents a potential concentration threshold for the effectiveness of
a taste quality. The t value presumably would vary as a function
of experimental parameters such as US intensity, number of train-
ing trials, and variations of the CS-US time (delay) interval. The
““d’’ on the abscissa represents the change in threshold concen-
tration value of associative salience, for a standard set of param-
eters, that might occur when the novelty factor is eliminated either
by GN ablation or by familiarizing normal rats with the to-be-
conditional taste quslity prior to conditioning. In such cases, as-
sociative salience would be determined by the dynamism factor
operating alone. These speculative relationships, presented graph-
ically here for illustrative and possible heuristic value, borrowed
conceptually, though not in detail, from models of the classical
conditioning process (e.g., Rescorla & Wagner, 1972).

and the generalization results, after training, in
panel B. Rats lacking GN were hyperresponsive dur-
ing familiarization to the two higher concentrations
of NaCl, as expected from previous work (see Fig-
ure 4); they also displayed an obvious diminution of
intake as a function of increasing stimulus intensity
in the generalization tests to NaCl following training
with 120 mM LiCl. It may be concluded, therefore,
that rats lacking GN respond to changes in stimulus
intensity during generalization tests in a manner that
implies the operation of a stimulus-intensity dyna-
mism factor.

In panel B of Figure 13, it can be noted that rats
lacking GN responded to the high test concentration
of NaCl (360 mM) as though it represented a more
highly concentrated example of the toxic 120 mM
LiCl. However, they responded to the low, but de-
tectable, 40 mM concentration as though it was not
noticeably similar to the training taste: they appeared
to neglect it, showing no evidence of a generalization
decrement. Normal rats, on the other hand, dis-
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Figure 13. Panel A: Amounts consumed (percent of baseline
water intake) of each of three concentrations of NaCl by normal
(Group N) and GN-ablated (Group G) rats during familiarization
prior to conditioning. Panel B: Amounts consumed of the same
NaCl concentrations by the same rats in extinction after extensive
conditioning to avoid a 120-mM LiCl solution (generalization
test). (Redrawn from Phillips, 1977).

played significant decrements in their responses to
the 40 mM salt concentration relative to the famil-
iarization result. This difference between normal and
GN-ablated rats is strikingly apparent in Figure 14,
which shows the results of a ‘‘threshold generaliza-
tion test”’ conducted on the same groups of rats after
extensive training to avoid 120 mM LiCl. The gen-
eralization-test concentrations of NaCl used here
were quite low, but normal rats nonetheless showed
decreased intake with increasing concentration, the
apparent tail of a generalization gradient presumably
extending down from a peak at 120 mM NaCl. Rats
lacking GN, however, failed to show generalization
to these low concentrations of salt. In fact, they
drank significantly more of the 12 and 36 mM NaCl
concentrations than they did water, an observation
which simultaneously indicates (1) that these NaCl
concentrations were detectable, and (2) that they
were below a salience threshold for generalized asso-
ciation with LiCl-induced toxicosis.

The generalization data reported above supports
the hypothesis that GN ablation increases associative
thresholds for taste stimuli independent of simple
reactive thresholds, and the Kiefer and Braun (1977)
experiment indicates that one important factor in this
change is the reduction or elimination of differential
responses to novel vs. familiar tastes. However, other
factors remain to be evaluated in the light of this hy-

pothesis. It is possible that postoperative acquisition
becomes based on relatively subtle nongustatory cues
associated with tastes. Olfactory (Benjamin, 1960)
and trigeminally mediated cues are both possibilities
in this regard (Kiefer, Leach, & Braun, Note 2), as
are the postingestional factors suggested by the analy-
sis of the data for the ‘‘four taste tests’’ presented
in the previous section of this paper. These normally
less salient cues, mediated by spared neural systems,
may become a foundation for the apparent associ-
ability and discriminability of operationally defined
‘““taste’’ stimuli following GN ablation according to
principles suggested by LeVere (1980).

Summary and Conclusions

The analysis presented above suggests that GN ab-
lation most effectively degrades the most subtle taste
discriminations, and it is hypothesized that this is
due to reduced associative salience of taste stimuli.
Rats lacking GN required more intense taste stimuli,
greater temporal contiguity between CS and US pre-
sentations, greater stimulus dissimilarity, and/or a
greater number of training trials to approach or match
the efficiencies of normal rats in the acquisition of
discriminatively specific learned taste aversions.
While GN ablation most effectively interferes with
the acquisition of the most subtle taste discrimina-
tions (Lorden, 1976; Phillips, 1977), it does not ap-
pear to interfere with basic taste reactivity (Braun &
Kiefer, 1975) which may be integrated principally at
the brainstem level (Grill & Norgren, 1978b). In addi-
tion, GN ablation interferes with the novelty-familiarity
dimensions of tastes (Kiefer & Braun, 1977), possibly
through disruption of memorial taste processes (Kiefer
et al., Note 2), with the result that rats lacking GN
tend to respond to both familiar and novel tastes as
normal rats respond to familiar tastes.
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Figure 14. ‘“Threshold’’ generalization test for three low con-
centrations of NaCl in normal rats (Group N) and rats lacking GN
(Group G) following extensive training to avoid 120 mM LiCl.
(Redrawn from Phillips, 1977).



The apparent lack of differential responsivity to,
or initial ‘‘neglect”’ of, novel taste stimuli probably
contributes in some degree to the reduced associative
salience of novel tastes. However, two observations
indicate that this does not entirely account for the
degradation of associative salience in rats lacking
GN. First, while the novelty of a taste stimulus rel-
ative to ‘‘safe-familiar’’ water can be said to be a di-
rect function of increasing taste concentration (Kalat,
1974), diminished associative salience would appear
to be an inverse function of taste concentration
(Lorden, 1976). In addition, a disruption of discrim-
inative salience in GN-ablated rats is apparent for
closely similar stimuli even after extensive familiar-
ization with various concentrations of the stimuli
(Phillips, 1977).

The generality of the idea that associative salience
may be disrupted, leaving fundamental detectability
intact, following sensory neocortex ablation is sup-
ported by the observations of Eichenbaum, Shedlack,
and Eckmann (1980) in their behavioral study of the
olfactory cortex. This important work provided the
first clear functional evidence of the existence of a
neocortical area that could be labeled ‘‘olfactory”’
in rats. The area had been implicated in possible ol-
factory function by the anatomical work of Leonard
(1969, 1972) and Krettek and Price (1977b), which
showed that the orbital frontal cortex adjacent to
the rhinal sulcus, immediately anterior to the GN,
received projections from the mediodorsal thalamic
nucleus. Eichenbaum et al. (1980) reported the selec-
tive ablation of this area of the neocortex did not
impair olfactory thresholds and detectability but
markedly impaired learned odor discrimination abil-
ity. Furthermore, ‘‘the learned deficit [was found to
be] most apparent when the associative difficulty of
the task [was] maximized by various parameters in-
cluding stimulus similarity, novelty, or reversal of
association’’ (Eichenbaum et al., 1980). They con-
cluded that the orbital-frontal area mediated cogni-
tive aspects of odor-guided behavior, leaving basic
sensory aspects essentially intact.

The results of studies of visual neocortex ablation
in rats can be similarly interpreted. Although the
analogy is strained somewhat by the quite different
training and testing procedures required for the study
of visual as opposed to gustatory learning processes,
the comparisons nonetheless suggest some concep-
tual commonality of function between the visual and
gustatory neocortex. Rats lacking the visual neocor-
tex (VN) tend not to be as initially wary of the lighter
side of a dark-light open field as normal rats (e.g.,
Altman, 1962). Thus, as rats lacking GN are not ini-
tially suspicious of novel taste stimuli, rats lacking
VN display diminished suspiciousness of brightness.
This analogy holds, of course, only to the degree that
what can be called ‘‘photophobia’’ can be construed
as a form of ‘“‘neophobia.”’” Much more compelling
for the generality of the associative salience hypothe-
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sis are the following observations. Rats lacking VN
readily learn brightness discrimination habits (Lashley,
1935), but with reduced efficiency (Horel et al., 1966),
which can be modulated somewhat by varying the
brightness intensity differences between the discrim-
inative stimuli (Spear & Braun, 1969). This suggests
reduced associative salience of brightness stimuli for
rats lacking VN, although detection thresholds for
a brightness cue ultimately appear to be the same in
normal and VN-ablated rats (Cooper et al., 1967,
LeVere & Mills, 1977).

Finally, we note that ablation of GN results in a
loss of preoperatively instated taste habits (Braun,
Kiefer, & Ouellet, 1981; Braun, Leach, & Kiefer,
1978; Yamamoto et al., 1980; Kiefer et al., Note 2),
just as ablation of the visual neocortex results in an
apparent loss of preoperatively instated visual habits
in rats (e.g., Lashley, 1935; Meyer & Meyer, 1977).
This observation is the subject of the following sum-
mary and discussion of the third category of behav-
ioral changes that we have observed following GN
ablation.

TASTE AGNOSIA

In 1975, we reported that rats failed to retain a
learned taste aversion to 150 mM sucrose after GN
ablation (Ouellet, Kower, & Braun, Note 3.). In this
pilot study, it first had been determined that normal
rats could retain such an aversion for a period of
1 month, which was the intended duration of the
postoperative recovery period. The same rats then
were subjected to additional training, following which
half of them received GN ablations. After the re-
covery period, it was found that the GN-ablated rats
responded to the sucrose solution as though they
had not been trained, whereas unoperated control rats
displayed perfect retention. Thus, despite two preop-
erative training regimens, separated by 1 month, the
preoperatively instated habit appeared to be lost fol-
lowing GN ablation. This finding was reminiscent of
Lashley’s results with a brightness discrimination habit
when he found that, despite more than 1,000 trials of
overtraining, visual neocortex ablation resulted in
complete agnosia for the visual habit (Lashley, 1921).

We later reported more comprehensive observa-
tions concerning the taste agnosia effect (Braun,
Leach, & Kiefer, 1978) and finally published a com-
plete account (Braun, Kiefer, & Ouellet, 1981). The
latter study appeared after a report of the same ef-
fect by Yamamoto et al. (1980), in which the taste
aversion habits had been preoperatively instated
using a one-trial training procedure pairing 100 mM
NacCl with LiCl injections: Postoperative agnosia for
the NaCl conditional stimulus was evident for rats
with GN lesions.

The study by Braun et al. (1981) used 150 mM
sucrose and 150 mM NaCl as conditional stimuli and
employed a repeated-trials training procedure with
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Figure 15. Effects of GN ablations on the retention of preoperatively learned aversions to either sucrose (A) or NaCl (B):
the mean and SEM are portrayed for each group. Normal and control lesion rats displayed complete retention of the aversions,
while GN ablation resulted in complete loss of the aversions. However, as shown in panel C, rats lacking GN relearned a discrimi-
natively specific aversion to the sucrose stimulus. Panel D shows lateral views of the rat’s brain depicting the area of the GN
(dotted line) relative to the areas encompassed by the three kinds of cortical lesions (solid lines) employed in this study.
Lesions of the right and left hemispheres are portrayed on one side to illustrate their relative symmetry. The two control lesion
subgroups behaved as normal rats in these tests and were combined into one “control lesion” group for presentation in panels
A and B. Abbreviations: C = cerebellum, MCA = middle cerebral artery, OB = olfactory bulb, RS = rhinal sulcus. (From Brown

et al., 1981).

20-mg/kg ip injections of apomorphine hydrochlo-
ride serving as the US. Complete agnosia was found
for both of the taste stimuli following GN ablation,
whereas normal rats clearly retained discriminatively
specific aversions to each of the stimuli (Figure 15).
It was found also that the taste agnosia was specific
to ablation of GN because control lesions of somato-
sensory cortex adjacent to GN, often overlapping
the dorsal portion of the classically defined gustatory
area (Benjamin & Pfaffmann, 1955), had no observ-
able effect on the postoperative retention of the taste
habits. Furthermore, it was shown that discrimina-
tively specific taste aversion habits could be relearned,
as expected from the prior observations of original
learning in rats lacking GN (e.g., Kiefer & Braun, 1977,
1979), but there was no indication of savings as a re-
sult of the preoperative training. Therefore, while the

preoperatively instated taste engram appeared to be
lost, taste memory capacity per se was intact.
Subsequent studies were designed to test whether the
agnosia was specific to taste stimuli and whether it
was a general effect across the four basic taste qualities
(Kiefer et al., Note 2). Since only taste retention had
been evaluated up to this point, it remained possible
that the effect was a general one for habits established
using the taste aversion learning paradigm—that the
retention deficit might be based on agnosia for the vis-
ceral US. Cortical representation of visceral afferents
ventral to gustatory areas was clearly implied by
Woolsey’s somatic sensory maps of the neocortex,
which consistently displayed the tongue protruding
backward from the mouth; this intimated represen-
tation of the visceral surfaces of the body, ventrally
on the cortex, as the gastrointestinal tract would



be descended from the back of the tongue (Woolsey,
1958). Furthermore, Hankins et al. (1974) reported
evidence of disrupted ‘‘buzzer-shock’’ conditioning
following small anterolateral cortical lesions, and
this suggested the possibility that behavioral disrup-
tions produced by anterolateral lesions might have
little to do with taste per se. Kiefer et al. (Note 2)
found that rats lacking GN retained a preoperatively
learned odor aversion to benzyl acetate but lost a
learned taste aversion to 290 mM sucrose. We viewed
this as especially convincing evidence of the taste
specificity of the agnosic effect following GN abla-
tion because both taste and odor habits had been pre-
operatively instated in the same rats using the same
training procedure, and the odor and taste stimuli
had been compounded during one phase of the pre-
operative training regimen. The dissociation between
taste and odor following GN ablation has been re-
cently confirmed by Kiefer, Rusiniak, and Garcia
(in press).

Since only positively hedonic sucrose and NaCl
CSs had been employed in the original experiments
demonstrating the agnosic effect (e.g., Braun et al.,
1981; Yamamoto et al., 1980), it remained possible
that the effect would not be apparent for negatively
hedonic acid and quinine CSs. Kiefer et al. (Note 2)
tested this possibility and found that taste agnosia
was apparent for preoperatively acquired aversions
to quinine hydrochloride (.1 mM) and hydrochloride
acid (10 mM) solutions following GN ablations.
However, more extensive lesions were necessary to
obliterate the acid habit. Lesions that consistently
eliminated quinine and sucrose aversion were not
necessarily also effective in eliminating a learned acid
aversion. The GN lesion effective for acid extended
more deeply into the insula, adjacent to the claus-
trum, and were more extensive anteriorly. We ex-
tended GN lesions dorsally into somatosensory neo-
cortex to test the hypothesis that acid retention was
maintained by tactile cues which accompany the acid
CS, but these lesions did not produce an effect greater
than that of lesions relatively restricted to the GN
area. Therefore, we were unable to satisfactorily de-
termine why acid aversion retention was more resis-
tant to agnosia than either sucrose or quinine aver-
sion retention. Either acid has a different, perhaps
more extensive, cortical representation in the taste
area or retention may be maintained by olfactory or
visceral cues that accompany the acid stimulus. The
more extensive invasion of the ‘‘olfactory’’ cortex
(Eichenbaum et al., 1980; Leonard, 1969, 1972) ad-
jacent to GN in the lesions that effectively eliminated
acid CS retention suggests the former alternative. The
obvious subjective postingestional sensory conse-
quences of consuming small amounts of 10 to 50 mM
HCI by one of the present experimenters (J.J.B.)
suggests the possibility of distinctive visceral cues.

Regardless of the ultimate resolution of the anom-
aly found when an acid stimulus is used as a CS,
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this difficulty should not obscure the general obser-
vation that lesions centered on the GN produce ag-
nosia for basic tastes, and that the agnosia is specific
both to taste stimuli and to the anterolateral place-
ment of the cortical lesions. Gustatory neocortex
appears to be normally involved in the memorial
representations of the adaptive significance of taste
stimuli. The additional observation of reduced or
eliminated neophobia for tastes in rats lacking GN
(Kiefer & Braun, 1977) supports this generalization
by indicating that the operated rats no longer dis-
criminate familiar from novel tastes: The recognition
of what is ‘‘new’’ obviously must be based on the abil-
ity to recognize what already has been experienced.

Kiefer et al. (Note 2) offered the suggestion that
agnosia for the learned significance of taste stimuli
following GN ablation might be restricted to learned
behaviors that are specifically cued by a taste. We
based this suggestion partially on the observation
that rats do not appear to lose the learned ability to
find NaCl solutions in response to sodium depletion
when the GN is ablated (Wirsig & Grill, in press); this
learned response presumably is triggered by the phys-
iological consequences of sodium deprivation rather
than by the taste of NaCl (Krieckhaus, 1970; Wolf,
1969). Likewise, the potentiated salience of odor-
conditional stimuli when they are presented in con-
junction with a taste cue (e.g., Braun & Ryugo, 1974;
Garcia & Rusiniak, 1980) is not greatly degraded by
GN ablation, but these lesions clearly degrade the
associative salience of the taste cue itself (Kiefer
et al., in press). The memorial and acquisition dis-
ruptions observed following GN ablation therefore
may be highly specific to learned behaviors that are
directly prompted by conditional raste stimuli.

‘Whether this is true also in other kinds of taste learn-

ing paradigms, or is specific to taste aversion learn-
ing, remains to be determined.

A Hierarchical View

The generality of the finding of specific sensory
agnosia following ablation of relevant sensory neo-
cortex has been mentioned elsewhere (Braun et al.,
1981; Kiefer et al., Note 2), and the paradox posed
by this effect has been most thoroughly discussed
with regard to the visual neocortex of the rat by
Meyer and Meyer (1977). While it is tempting (and
easiest) to interpret the agnosia as representing a dis-
tinct loss of a preoperatively instated engram, to do
so would be a step backward (see LeVere, 1980,
Meyer, 1972, and Meyer & Beattie, 1977, for thought-
ful discussions of this general problem). Taste agno-
sia is, however, a crisp and distinct effect following
GN ablation, and its ubiquity suggests a key to a con-
ceptual understanding of the gustatory system from a
hierarchical perspective (Jackson, 1890/1958;
Pavlov,1927/1960).

In the Jacksonian view, the loss of objective evi-
dence of the normal associative link between a taste
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CS and its consequence (the US) probably would be
interpreted as a dominant ‘‘symptom’’ of GN abla-
tion; the task would be to understand the basis of this
symptom, which, as we have shown, is neither an in-
ability to respond differentially to tastes nor an in-
ability to appreciate or utilize the US. However, as
reviewed in a previous section of this paper, learning
following GN ablation is degraded relative to normal
in a direction that implies reduced associative sa-
lience for taste stimuli: Low concentrations of taste
solutions often are not readily conditionable (Braun
et al., 1972; Lorden, 1976), the discriminative grain is
less precise (Kiefer & Braun, 1979; Lorden, 1976),
there is less tolerance for long CS-US delays (Lorden,
1976), generalization decrement effects to low (al-
beit detectable) concentrations of a taste stimulus
may not be evident (Phillips, 1977), and neophobic
tendencies are greatly reduced or eliminated (Kiefer
& Braun, 1977).

Viewed individually, the changes, or ‘‘symptoms,”’
listed above may seem ‘‘minor’’ (e.g., Scott &
Perrotto, 1980); taken collectively in the context of
their implications for the adaptive flexibility of taste-
guided behavior in the rat, however, these effects of
GN ablation are far from trivial. They are all in the
direction of reduced precision and efficiency of taste
learning, and from a hierarchical point of view, they
imply a greatly changed central representation, or re-
representation (Jackson, 1890/1958), or specifically
associative neural patterns for taste stimuli. Thus one
may speculate that the afferent representation of a
specific taste has become, for the rat, a markedly
altered conditional stimulus, and that a change in the
neural pattern of representation is the foundation of
agnosic taste effects following GN and/or other
(amygdala, Nachman & Ashe, 1974) forebrain le-
sions (see the concluding remarks for elaborations of
this point of view from a neurophysiological per-
spective).

Presumably, as the neuraxis is descended and por-
tions of ‘‘higher level’’ components of the central
gustatory system are progressively eliminated, taste-
related behavior should become more stereotyped
and less flexible. In this regard, it is instructive to
compare the kinds of behavioral changes that fol-
low GN ablation with the kinds of changes observed
following decerebration. Grill and Norgren (1978a,
1978b, 1978c) found that while reflexive hedonic re-
sponses (mimetic responses) to taste stimuli appeared
essentially normal in decerebrated rats, such prepara-
tions failed to learn an aversion to sucrose after as
many as 12 pairings of a sucrose CS with LiCl injec-
tions. Thus, while reactive salience to taste stimuli
was preserved in decerebrated rats, associative sa-
lience appears to have been eliminated.

In conclusion, with regard to the Jacksonian per-
spective (Jackson, 1890/1958), the studies reviewed
here move toward making more explicit the kinds of
capacities that are diminished when at least one

supraordinate level of the hierarchy, the GN, is elimi-
nated from the taste system. This begins to address a
valid and friendly criticism of such theorizing that
was offered by Grill and Norgren (1978b), whose
own work has contributed greatly to the revitaliza-
tion of a hierarchical point of view.

FILLING IN THE GAPS: A VIEW
FROM THE TOP

We have emphasized what we believe to be a pro-
ductive kind of analysis of brain-lesion effects. It is
essentially an empirical ‘‘syndrome’’ analysis, in the
spirit of views offered by Jackson (1890/1958) and
Luria (1966). Traditionally, with regard to any
specific area of the neocortex, if one asks whether it
is necessary for a particular behavioral capacity, the
answer seems always to be ‘“no’’ (e.g., Lashley,
1950). This was the fundamental observation that led
Jackson to emphasize the ‘‘vertical’’ arrangement of
the nervous system and was the focus of contention
leading away from the classical functional localization
perspective (see Luria, 1966). On the other hand, if
one asks whether a specific neocortical area is in-
volved in a particular behavioral capacity, the answer
seems invariably to be ‘‘yes.”’ This is true even for
behaviors that appear to be fundamental ‘‘brain-
stem’’ reflexes. For example, the results of K. U.
Smith’s studies of eye movement suggested that opto-
kinetic nystagmus responses in cats were not affected
by visual cortex ablations (e.g., K. U. Smith, 1937):
Later work revealed, however, that under monocular
viewing conditions nystagmus responses were se-
verely degraded relative to normal when a visual field
was rotated in a nasal-to-temporal direction with re-
spect to the viewing eye (Wood, Spear, & Braun, 1973;
see, also, Braun, 1978). Thus, specific experimental
conditions were found by which clear involvement of
the visual cortex in this simple behavior became evi-
dent. Likewise, fundamental reactivity to taste stim-
uli is affected by GN ablation, but in a manner sug-
gesting altered, rather than diminished, taste reac-
tivity. Overall, we have failed to identify a category
of taste-guided behavior that is unaffected by GN
ablation.

To be sure, in the early 1970s it seemed possible
that the taste system might differ from every other
sensory system with regard to involvement of the
neocortex in sensory-specific cognitive processes.
The cortical spreading depression (CSD) literature
contributed to this view when it was demonstrated
that rats trained to avoid a taste cue under unilateral
CSD showed clear transfer of the learning to the de-
pressed hemisphere (Best & Zuckerman, 1971). It was
concluded from this observation that the taste aver-
sion learning engram, or trace, was principally a sub-
cortical phenomenon. However, BureSova and Bures
(1973) paired .1% saccharin with LiCl injections and
reported that taste aversion learning was not evident



if both CS and US were presented while the rats
were under bilateral CSD. On the other hand, if the
taste CS was presented 15 min prior to CSD and the
LiCl US was injected during spreading depression,
taste aversion learning was essentially unimpaired
relative to control groups. However, they noted that,
asthe CS-US delay was increased, ‘‘the gustatory trace
decayed under bilateral CSD more extensively than in
normal animals’’ (p. 695). As we have noted, this con-
forms to our results with rats lacking GN: a .1% sac-
charin cue was not readily conditionable (Braun
et al., 1972), and taste performances were degraded
more rapidly than normal under CS-US delay condi-
tions (Lorden, 1976).

Buresova and Bures (1973) suggested that Best and
Zuckerman’s (1971) rats were not completely de-
pressed during the eight training trials that had been
used to instate the learned aversion to saccharin. This
suggestion was reinforced by behavioral and electro-
physiological observations of increased difficulty in
producing effective CSD as a function of repeated
treatments (Nadal, 1971; Petrinovich, 1976). The
suggestion that Best and Zuckerman’s (1971) conclu-
sions were in error was also reinforced by the results
of a thoughtfully designed CSD study by Lehr and
Nachman (1973), who, using a one-tool training pro-
cedure, found clear lateralization of a learned LiCl
aversion and concluded that ‘‘single trial learned
taste aversions are normally cortically mediated’’
(p. 82). This interpretation was then obfuscated by the
demonstration that CSD can ifself serve as a US in
taste aversion learning (Winn, Kent, & Libkuman,
1975). Furthermore, Winn et al. interpreted their
data to support the conclusion that taste aversion
learning might be subcortically mediated.

There are undoubtedly several reasons for the con-
trasting conclusions provided by the CSD literature
concerning subcortical vs. cortical mediation of taste
aversion learning, reasons that may be related to fun-
damental differences in design and implementation of
the various studies, but resolution of the controversy
can be suggested from the work reviewed here.
Everybody was right. The neocortex is clearly in-
volved, but not essential, in the establishment and re-
tention of a taste aversion learning engram.

The symptoms of GN lesions summarized in this
review are not conspicuously apparent: The GN does
not appear to be the sine qua non of any particular
class of psychological taste processes. Taste reactivity,
learning, and memory functions are present in rats
lacking GN. In view of this, the question to answer
becomes: How is the gustatory neocortex involved?
This question invokes the continuing problem of
brain lesion studies: How does one understand the
function of a part of a system by analyzing the
functions expressed by the interactions of the parts
remaining after ablation? As discussed in an earlier
paper (Braun, 1978), inferences of function based
on brain lesion studies necessarily require a thor-
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ough analysis of a range of manifest symptoms
of the brain damage, and an analytical comparison
of the profile of these symptoms with the profiles of
symptoms provoked by damage to other parts of the
system. The work reviewed here provides a step in
this direction.

The kinds of influences on taste-guided behavior
that may be inferred for the GN most obviously seem
to be in the ‘‘cognitive-discriminative’’ (Pfaffmann
et al., 1977) realm: Taste stimuli to which rats lack-
ing the entire forebrain can differentially react (Grill
& Norgren, 1978b) are greatly reduced in their effec-
tiveness as associative cues in learning and memory
tasks in rats lacking GN. In other words, an apparent
dissociation between what we have called ‘‘reactive
salience’’ and ‘‘associative salience’’ seems evident
from the studies summarized above. However, it is
important to stress that we do not view this as a dis-
sociation of ‘‘kind,’”’ but a dissociation of relative
emphasis of involvement of various portions of the
central gustatory system in taste-guided behavior.

A clear view of the gustatory system from any re-
search perspective obviously necessitates convergent
data from a number of approaches. With this in
mind, we conclude with a brief discussion of relevant
selected studies of gustatory neurophysiology and
consider the results of some studies of lesions to
parts of the gustatory system other than the GN.

Gustatory Neurophysiology and Associative Salience

Although most of the electrophysiological data on
gustatory responses have been collected from the pri-
mary afferent taste nerves and from within the brain-
stem, these data are nonetheless highly relevant to
a theoretical understanding of GN processes. The
most interesting work in this regard stems from the
original analyses of across-fiber firing patterns rela-
tive to the neural coding of taste (Erickson, 1963)
and the accompanying theoretical perspective (pat-
terning theory) that developed from Pfaffmann’s
original observations (Pfaffmann, 1941). We will
briefly consider (and take liberties with) the theory
as it might apply to a conception of GN function
in taste encoding.

The following comments focus on the inference
that GN ablation degrades the associative salience of
taste stimuli. It may be proposed that diminished
associative salience corresponds to degradation of
normal patterns of neural activity following GN
ablation. If one assumes that taste-elicited neural
activity ascending through successive synaptic junc-
tions in the taste pathway reflects increasing ampli-
fication, resolution, and/or redundancy that is ini-
tiated by an adequate sapid stimulus (J. R. Ganchrow
& Erickson, 1970; Scott & Erickson, 1971), then deg-
radation of the activity should be associated with
concomitant decreases in the behavioral impact and
resolution of that stimulus.

However, there is the problem of accounting from
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this perspective for the relative lack of effect of GN
lesions on preference/detection response functions
for intensities of taste stimuli close to the reactive
thresholds. These functions should also be degraded
by GN lesions. Because they are not, and because of
the clear influences of GN lesions on the associative
utility of taste cues, our heuristic assumption has
been that there is a dissociation between reflexive

and associative subsystems within the gustatory sys-

tem. The integrative emphasis of the reflexive system
appears to be primarily at the level of the lower
brainstem, whereas the associative functions are be-
lieved to be increasingly represented as the gustatory
system is ascended (see the hierarchical perspective
presented under ‘‘Taste Agnosia’’).

This idea of hierarchical separation of reactive
from associative functions in the taste system is not
new in principle (e.g., Nowlis, 1977; Pfaffmann
et al., 1977), and it is supported by many published
observations described throughout this paper. An
anatomical/electrophysiological corollary of this dis-
sociation may be reflected also in the results of a
recent neurophysiological study: Scott and Perrotto
(1980) contrasted the correlation between neural re-
sponses in the pons and medullary taste areas (.98) to
sapid stimulation of the tongue, over a wide range of
concentrations of four taste stimuli, with the correla-
tion obtained between the pons and the gustatory
thalamus (.55) to the same stimuli. They concluded
that ‘‘a major dichotomy exists between brain stem
and forebrain coding for taste’’ (p. 739) and suggested
that the dichotomy might reflect a thalamic conflu-
ence of ascending and descending processes relevant
to the modulation of brainstem taste reflexes. To the
degree that the modulatory processes include asocia-
tive taste processes, the dichotomy can be said to re-
flect dissociation between these processes and basic
taste reactivity.

The following observations suggest a more direct
congruence between behavioral and electrophysio-
logical measures with regard to interpreting GN abla-
tion effects. With respect to taste discriminability
(“‘discriminative salience’’), the high degree of be-
havioral generalization between LiCl and NacCl (e.g.,
Nachman, 1963) corresponds to the high degree of
similarity of neural responses in the chorda tympani
(Beidler, 1953), solitary nucleus (Doetsch & Erickson,
1970), and the pons (Perrotto & Scott, 1976) in re-
sponse to the application of these two salts to the
tongue. The discriminability of these two stimuli by
normal rats may depend on the amplification or
other elaboration by forebrain systems of subtle dif-
ferences between the stimuli. Rats lacking GN failed
to discriminate equimolar LiCl and NaCl stimuli on
the basis of taste when the stimuli were presented at
clearly suprathreshold detection levels. They also did
not generalize a learned LiCl aversion to concentra-
tions of NaCl near the reactive threshold, and in fact
displayed evidence of actually preferring these

stimuli to water (see Figures 10 and 14 plus accom-
panying discussion; Phillips, 1977). These behavioral
observations correspond well with the suggestion
generated (admittedly post hoc) by the electrophysio-
logical observations.

As stated by Scott (1974), ‘“A basic tenet of the
[patterning] theory is that the degree to which two taste
stimuli are behaviorally discriminable is inversely
proportional to the correlation coefficient between
their neural patterns’’ (p. 413). Scott selected taste
stimulus pairs graded on the basis of similarity (from
“‘similar’’ to ‘‘very distinct’’), as determined from
neural discharge rates to each of the stimuli at the
levels of the solitary nucleus (NTS) and gustatory
thalamus. He then associated one stimulus of each
pair with x-radiation treatment (a malaise-inducing
US) in different groups of rats. In subsequent tests,
he measured the duration of licking that was required
for the rats to discriminate between the two taste
stimuli. Close correspondence was found between the
licking measure and the neural measures of correla-
tion between the taste pairs: Longer licking times
were required to discriminate two tastes that had a
relatively high correlation between their neural pat-
terns. We would predict that the behavioral-electro-
physiological (NTS) correspondence should be even
closer when the gustatory neocortex is removed; this
should occur in proportion to the degree that resolu-
tion of a specific taste signal is degraded in the oper-
ated rats. Residual discriminative capacities of rats
lacking GN, as measured in learning tasks, may be-
come based more directly on lower order patterns of
taste representation.

Gustatory Thalamus and Amygdala

The GN appears to be a principle terminus for
three major forebrain taste pathways from the pon-
tine taste area: a ventral pathway via the amygdala,
a dorsal pathway via the gustatory thalamus (see
Norgren & Pfaffmann, 1975, and Pfaffmann et al.,
1979), and a direct projection via the internal capsule
(Lasiter et al., 1982). Thus, the relative contributions
of these three projection pathways to taste-guided be-
havior relate most directly to considerations of GN
functioning. Here we will discuss two of these—
thalamic and amygdaloid.

Thalamus. While ablation of taste thalamus re-
sults, according to consummatory measures, in al-
most complete elimination of taste reactivity in rats
across all four taste modalities (Ables & Benjamin,
1960; Oakley & Pfaffmann, 1962), decerebration
leaves hedonic (mimetic) responses intact (Grill &
Norgren, 1978b). The latter observation indicates that
the taste thalamus cannot be regarded as a ‘‘center”’
for differential taste reactivity. Rather, biased modu-
latory processes that may be released and/or per-
turbed by a thalamic lesion appear to sharply attenu-
ate the expression of intact reflexive taste sensitivity.

The reported behavioral results of gustatory thala-



mus damage are difficult to fit into a broad scheme
that systematically relates components of the taste
system to influences on taste-guided behavior. Ana-
tomical and electrophysiological observations of re-
lationships between the gustatory thalamus and the
GN, the somatosensory system (Burton & Benjamin,
1971; Scott & Erickson, 1971), the olfactory system
(Giachetti & MacLeod, 1977; Powell, Cowan, &
Raisman, 1965), the hypothalamus (Emmers, 1977;
Norgren, 1976), and pontine taste area (see Norgren,
1977) suggest the thalamus as a focus for the expres-
sion of taste behavior symptoms following other
forebrain lesions. However, the apparent neutraliza-
tion of hedonic preferences and aversions to taste stim-
uli following thalamic lesions (Ables & Benjamin,
1960; Oakley & Pfaffmann, 1962), an effect that is
not at all apparent following either GN ablation or
decerebration, suggests the presence of a second fo-
cus in addition to the ventrobasal thalamus.

Hedonic taste responses, as operationally defined,
are lost following gustatory thalamus lesions. As
suggested in the introduction to this section of the
paper, this implies that other descending influences
are released which actively neutralize the intact be-
havioral hedonic response capacities of the rat. That
these speculated descending influences may originate
in the forebrain is implied by Grill and Norgren’s
(1978b) findings with ‘‘thalamic’’ preparations (fore-
brain removed): In these rats, removal of the telen-
cephalon appeared to release a general reflexive aver-
sion response to all taste stimuli, like that seen for
quinine both in normal and in decerebrated rats
(Grill & Norgren, 1978a, 1978b). Congruent with
this, stereotyped aversion responses dominate when
the gustatory thalamus is stimulated (Norgren,
1970b). Thus, when the thalamus is intact, but bereft
of telencephalic influences, generalized taste rejec-
tion is observed. On the other hand, elimination of
the gustatory thalamus, leaving the rest of the fore-
brain intact, results in neutralization of hedonic re-
sponses to taste stimuli (rats with thalamic lesions re-
spond to the different tastes as they respond to water).

The observations cited above imply that normal
modulation of a reflexive preference and aversion
functions, which are fully realized at the brainstem
level, is based on an interaction between at least
two different sets of descending forebrain influences
on brainstem taste-response areas: One originates in
the thalamus, and the other remains to be specified.
This suggestion is somewhat speculative, however,
because different procedures were used to measure
the phenomena summarized above. Grill and
Norgren (1978b) based their conclusions with tha-
lamic and decerebrate preparations on measurements
of mimetic responses to tastes, and the other studies
employed consumatory measures. A fundamental
dissociation of these two kinds of responses is clearly
possible.

The excellent summary and discussion of thalamic
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processes by Scott and Perrotto (1980, p. 748) indi-
cates the possibility that taste rejection processes via
the thalamus represent the tonic basis upon which ex-
perientially based modulatory processes are orches-
trated in consumatory behavior. Bitter (quinine) is
the only taste quality that produces thalamic re-
sponses that correlate highly (+.96) with brainstem
responses, according to Scott and Perrotto’s electro-
physiological criteria. Corresponding to this, the ac-
quisition of learned taste aversions to quinine may
be least perturbed by GN ablations as compared with
sucrose, NaCl, and HCI acquisition (Lorden, 1976).
Thus, the gustatory thalamus seems to be a likely
focus for stimulus-specific modulation of learned
taste aversions. The degree to which this may also be
true for the modulation of learned taste preferences
(e.g., Garcia, Ervin, Yorke, & Koelling, 1967; Rozin
& Kalat, 1971) remains to be determined.

Loullis, Wayner, and Jolicoeur (1978) reported
that some capacity to acquire a taste aversion habit
appeared to be present in rats with gustatory thala-
mus lesions, although severe attenuation of learning
was found. However, the experiment did not include
controls for sensitization effects or for assessing the
discriminative specificity of the taste aversion. In ad-
dition, the reconstruction of one representative tha-
lamic lesion that was presented (Figure 1, Loullis
et al., 1978) suggests, in our judgment, that ventral,
posterior portions of the gustatory thalamus may
have been spared in some of the preparations upon
which the behavioral analysis was based. It is there-
fore difficult to interpret these findings. In an earlier
study by Oakley (1965), an operant conditioning para-
digm was employed in an attempt to assess the rein-
forcing properties of taste stimuli in rats with gusta-
tory thalamic lesions. The generalized effects of the
lesions on performance capabilities, as compared
with those of normal control rats, severely limited the
conclusions that could be drawn from the results of
Oakley’s (1965) study. This suggests a special impor-
tance of having adequate controls, for generalized
performance deficiencies, in studies of the effects of
thalamic lesions on associative taste processes.

Amygdala. Kiefer and Braun (1979) noted that
most of the major symptoms of GN ablation have also
been described following lesions of the basolateral
amygdala (See Aggleton, Petrides, & Iversen, 1981;
Nachman & Ashe, 1974). These effects include taste
agnosia, diminished neophobia, disrupted taste aver-
sion acquisition (Nachman & Ashe, 1974), and
hyperresponsiveness to suprathreshold sucrose solu-
tions (Rolls & Rolls, 1973). Nachman and Ashe
(1974) interpreted their findings as suggesting that
rats with amygdala lesions ‘‘have deficits in recogniz-
ing the significance of stimuli’’ (p. 622). Their oper-
ated rats had failed to respond differentially to the
novelty of the taste stimuli and had failed to retain a
preoperatively instated sucrose aversion habit, yet
basic taste reactivity was clearly present.
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The essential similarity between the patterns of
taste-behavior symptoms produced by GN and amyg-
daloid lesions suggests that the ventral pathway from
the pontine taste area collectively emphasizes the
capacities implied by the symptoms. However, there
are also important differences between the effects of
GN and amygdaloid lesions. The symptoms of GN
lesions appear to be fairly specific to taste stimuli
per se (Kiefer et al., Note 2), and natrorectic adjust-
ments to sodium depletion seem to be relatively un-
affected (Wirsig & Grill, in press; Wolf et al., 1970).
On the other hand, as pointed out by Nachman and
Ashe, amygdaloid lesions result in a wide variety of
learning deficiencies (e.g., McGowan, Hankins, &
Garcia, 1972; Pellegrino, 1968) and clear disruptions
of behavioral sodium homeostasis are observed
(Nachman & Ashe, 1974).

As suggested above for amygdala lesions, while the
effects of lesions to brain areas other than the GN
may be clearly evident in measures of taste-guided
behavior, such effects may be evident for many other
kinds of behaviors as well. Rats with lateral hypo-
thalamic lesions, for example, were found to retain
a preoperatively learned taste aversion, but appeared
unable to acquire a new taste aversion habit
(Schwartz & Teitelbaum, 1974). This indicates a dis-
sociation of systems involved in taste retention from
those involved in learning, just as the opposite result,
apparent loss of preoperatively acquired taste habits
but sparing of the capacity to learn new ones follow-
ing GN lesions (e.g., Braun et al., 1981), indicates
such a dissociation. However, as Schwartz and
Teitelbaum (1974) point out, the effects of hypo-
thalamic lesions appear to be generalizable to many
kinds of learning. Thus, compared with lesions of
other prosencephalic brain areas, a relative speci-
ficity of symptoms to the cognitive processing of
taste stimuli may prove to be a distinctive feature of
GN ablation.

Especially interesting to consider in interpreting the
similarities of taste-related symptoms of amygdala
and GN lesions are the following anatomical path-
ways: (1) direct pontocortical projections from the
pontine taste area (PTA) to the insula, (2) direct pro-
jections from PTA to central amygdala, and (3) di-
rect projections from lateral amygdala to insular cor-
tex (see Figures 1 and 2 plus the associated narrative).
Amygdaloid lesions would leave “‘1°”’ intact, and GN
ablation would leave ‘2’ intact, either of which
might serve as a structural foundation for the resid-
ual learning or relearning capacities displayed by rats
with either amygdaloid or GN lesions. It is likely that
the normal interaction of these two brain areas con-
tributes greatly to the associative salience of taste
stimuli, and damage to both areas might be found to
eliminate discriminative taste aversion learning alto-
gether.

Reprise. Neocortical projections from the amyg-
dala and ventrobasal thalamus appear to be segre-

gated in the gustatory neocortical zone: The thalamic
gustatory projections are principally focused sur-
rounding the middle cerebral artery, distinctly above
the rhinal sulcus; the pontocortical and amygdalo-
cortical projections appear to be focused more on the
insular area. The relatively large lesions employed in
our original studies included both of these areas.
Yamamoto et al. (1980) found that lesions restricted
to within the rhinal bank produced agnosia for a
learned taste aversion, whereas lesions confined to
more dorsal areas had little effect. In addition, Lasiter
and Glanzman (1982) recently found that selective
insular lesions produced by electrocoagulation re-
sulted in disruption of LiCl aversion learning, but
similar localized lesions of the ‘‘somatic’’ gustatory
area were essentially without effect on the acquisition
of the taste habit. Thus, these initial data begin to
provide indications of structural dissociation of func-
tional contributions with subareas which we have
collectively called the ‘‘gustatory neocortex.”’’
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NOTES

1. The identification of taste-chemical concentrations has been
converted to millimolar units (mM) for ease of presentation and
for consistency throughout this paper.

2. The word ‘‘ageusia’’ is used operationally to mean behavioral
evidence of an inability to taste.
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