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Abstract

A study was undertaken of the role of the external lateral parabrachial subnucleus (PBNLe) in flavor preferences induced by the
intragastric administration of predigested/cephalic food. These preferences were developed using two different learning procedures,
concurrent and sequential. In the concurrent procedure, two different-flavored stimuli were presented at the same time: one stimulus was
paired with the simultaneous intragastric administration of partially digested food and the other with physiological saline. In the sequential
learning procedure, the two stimuli were presented at alternate sessions. The results showed that PBNLe lesions blocked acquisition of
concurrent learning but had no effect on the sequential procedure. In the latter case, both lesioned and control animals showed a strong
preference for the gustatory stimulus paired with partially digested food. These results are interpreted in terms of a dual neurobiological
system involved in the rewarding effects of visceral signals.
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1. Introduction 4,39,41,58]. On the other hand, positive post-ingestional

effects of taste stimuli, such as the reduction of an energy
The rewarding or aversive qualities of food, together deficit or recovery from a vitamin deficiency, are key to

with other more immediate factors such as taste properties establishing taste preferences [6,9,23,50,51].

[17], frequently depend on the animal’s prior experience of Previous studies have demonstrated that the intragastric

the food, i.e., on an associative learning between the food administration of some nutrients usually leads to the

and the consequences of its ingestion [6,17,50,51]. Thus, if development of strong taste aversions [16,50,51]. This is

consumption of a substance is followed by distress, this not the case with predigested food from donor animals, and

product is avoided at subsequent presentations [2— this fact has been interpreted in terms of the cephalic phase

of digestion [42,49,72], which comprises a series of
digestive neuroendocrine secretions that result from stimu-
o _ lation by the food of the cephalic sensory systems,
Abbreviations: AP/NTS, area postrema/nucleus of the solitary tract iallv th I—oh | ity [7.27 35.45.471. A
region; FLI, Fos-like immunoreactivity; NTS, nucleus of the solitary espgua y gora —pharyngeal cavity [7,27,35,45,47]. Ac-
tract; PBN, parabrachial nucleus; PBNL, lateral parabrachial nucleus; €Ording to pioneer research by Pavlov and subsequent

PBNLe, external lateral parabrachial subnucleus studies, cephalic phase responses prepare the digestive
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239. [7,27,42,45,47,61]. Hence, nutrients that are administered
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As several studies have demonstrated, two-choice pre-
ference tests constitute a sensitive and reliable measure for
both the aversive [16,25] and rewarding properties
[50,51,58] of an intragastric stimulus. Previous studies
have used concurrent (short-term) [50,51,72] and sequen-
tial (long-term) learning procedures to establish taste
preferences [58]. In concurrent learning, two flavor stimuli
are offered at the same time for several minutes: the
ingestion of one flavor is paired with the simultaneous
intragastric administration of predigested food, whereas
ingestion of the other is associated with an innocuous
non-nutritive product, such as physiological saline
[50,51,72]. In the sequential learning procedure, two
different-flavored stimuli are presented on alternate days
[14,56-58]; one stimulus is associated with the intragastric
administration of a predigested nutrient and the other with
physiological saline [50,51,72].

One major difference between concurrent and sequential
learning is that in the former, and provided that the animals
alternate between both gustatory stimuli, the animal must
detect and process the visceral stimulus rapidly for it to be
associated with one of the two flavor stimuli. This feature
appears in turn to determine which neural structures are
involved in one or other learning modality. Recent studies
carried out by our group suggested that the vagus nerve
could constitute this rapid transmission pathway [72], as
was also reported in studies on taste aversion learning
[2—4]. On the other hand, this neural pathway does not
appear to play a major role in sequential flavor learning,
whether of a rewarding [72] or aversive nature [2—4,39].
Sequential learning appears to depend upon the blood
circulatory system and circumventricular structures, such
as the area postrema [21,22,54].

Several anatomical and functional studies have demon-
strated that vagal afferents from the digestive system
terminate in parts of the nucleus of the solitary tract (NTS)
[1,48,59,65,73,74]. In turn, these subnuclei, in addition to
some area postrema [20,31] and splanchnic afferents
[10,11,71], mostly project to the lateral division of the
parabrachial complex (PBNL) and especially to the exter-
nal lateral subnucleus (PBNLe) [20,31]. This anatomical
organization is consistent with findings that showed the
activity of this subnucleus to be modified both after
electric stimulation of the vagal nerve and after visceral
manipulations [28,32,36,56,64,66—70]. Likewise, PBNLe
exhibits Fos-like immunoreactivity to both the in-
traduodenal administration of glucose [64] and the in-
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demonstrated that PBNLe lesions block taste aversion

learning in concurrent paradigms when the visceral noxi-
ous stimulation is induced by substances such as hy-

pertonic NaCl [41], whose processing through the vagus

nerve seems to be well established [5,12,13,29]. In con-
trast, this subnucleus appears to play no role in sequential
taste aversion learning [41].

The PBNLe, in common with most of the parabrachial
complex, participates in many regulatory and learning
processes, including those involved in food intake
[8,33,34,38,52,53,63]. This subnucleus has been impli-
cated, together with the vagal nerve, in feeding behavior
elicited by agents such as 2,5-avimydnmitol (2,5-

AM) or mercaptoacetate (MA) [8,33,34,37,52,53]. This
feeding response can be blocked both by vagotomy or
perivagal capsaicin treatments [8,37,52] and by electrolytic

lesions of the PBNLe [8]. In addition, the peripheral

administration of either agent (2,5-AM or MA) induces
expression of Fos-like immunoreactivity in the PBNLe
[8,33,34,52,53], whereas this activity and its effect on
feeding is virtually abolished by subdiaphragmatic vag-
otomy [8,52,53].

Considered together, the above data suggest that some

of the visceral information from the digestive system may
be transmitted through the vagal nerve to the external
subnucleus of the lateral parabrachial nucleus after its
anatomical connection in the NTS. This neural pathway,
defined either anatomically or behaviorally, appears im-
portant in processes linked to eating behavior and perhaps
also in processes related to the development of flavor
preferences induced through the intragastric administration
of rewarding predigested nutrients [50,51]. Thus, the
objective of the present experiment was to examine the
effect of lesions in the PBNLe in preference gustatory
learning, induced by the intragastric administration of
predigested foods as visceral stimulus. We hypothesized
that PBNLe lesions might interrupt the acquisition of
gustatory preferences induced by rewarding foods in tasks
of concurrent learning, as occurs after vagotomy in flavor
preference studies [72] and after lesions of the vagal nerve
or PBNLe in taste aversion learning [2—4,40].

2. Experiment 1

2 1. Materials and methods

tragastric administration of noxious substances such asZ2.1.1. Subjects

ethanol or lithium chloride [56,66,68] or nutrients such as
lactose, sucrose, glucose, maltose or polycose [66,67]. On
the other hand, the total number of c-FLI neurons ex-
pressed in PBNLe decreases after sucrose infusion and
vagotomy [66].

Given these anatomical connections, it can be hypoth-
esized that the PBNLe may play a role in the concurrent
learning of flavor preferences. Indeed, it has recently been

Nineteén naive male Wistar rats (260—300 g each at the

beginning of the experiment) from the breeding colony at
the University of Granada were used in this study. They

were randomly assigned to one of two groups: 10 were

included in the lesioned group and nine in the control

group. Ten neurologically intact donor rats from previous
experiments were additionally used to provide the pre-
digested nutrients. Subjects were individually housed in
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methacrylate cages (3A5x30 cm), which also served as
training chambers during the experiment. The sides of the
cages were black and opaque; the front and back sides
were transparent. The front side had two 1.6-cm holes at
the same distance from the center and edges and at the
same height above the floor of the cage. Through those
orifices, the animal had access to spouts attached to
cylindrical graduated burettes, through which the flavors,
liquid diet, and water were administered.

The room temperature was maintained between 21 and
23°C and the light—dark periods were 12 h each. All
handling was done during the light phase. The animals
were allowed a 2—3-day adaptation period, during which
time they remained in their cages and had free access to
food (Panlab, Barcelona) and water. All behavioral pro-
cedures and surgical techniques were conducted in accord-
ance with the animal care guidelines established by the
Spanish Royal Law, 223/1988.
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recovery with free access to food and water. After this

time, the lesioned and control subjects underwent a 4-day
pre-training period. During each pre-training session, all
animals were water-deprived and were allowed to daily
drink tap water from graduated burettes offered simul-
taneously (to avoid positional preferences) through the
frontal orifices in the cages. Water was provided to the
subjects for 10 min on the first 2 days and for 7 min on the
last 2 days. Thirty minutes after removal of the water, the
animals were provided with 15 g of food (Panlab). All
food that had not been consumed was removed in the
evening of the fourth day. The donor rats were placed in a
different room and were trained for 5 days to ingest a
liquid diet (ldeal Evaporated whole milk, 50% diluted;
Nestle, Barcelona); 100 ml of this liquid diet contained
5.75 g of carbohydrates, 3.93 g of fat, and 3.93 g of protein
(total energy, 74.37 kcal). The diet was offered for several

hours both in the morning and afternoon. During the first 2

days of the pre-training period, this diet was combined

2.1.2. Surgical procedure

with approximately 7 g of solid food. During the three

remaining days, the subjects were only provided with a

2.1.2.1. Electrolytic lesions of the external lateral parab-
rachial subnucleus (PBNLe). Surgery was carried out
under general anesthesia with sodium pentothal (50 mg/
kg, Lab. Abbot, Spain). Once the animals were anes-
thetized, they were placed in a stereotaxic device (Stoelt-
ing Stereotaxic 51.600). Cathodic electric current (0.3 mA)
was bilaterally applied for 10 s, using a DCML-5 lesion-
maker (Grass Instruments, Quincy, MA, USA) that sup-
plied current through a stainless steel monopolar electrode
approximately 20Qum in diameter and insulated through-
out its length, except for the last 0.5 mm. The anatomical
coordinates for the PBNLe were obtained (interaural
references) from the Paxinos and Watson stereotaxic atlas
[46]: anterior/posterior (APF—0.16 mm; lateral (L
+2.5 mm; and ventral (\Vis+3.0 mm. All of the steps
described above were followed for the sham lesion control
group except that a vertical coordinate #.0 mm was
used and no current was applied.

liquid diet. Water was offered for 10 min during the
evening of each day, although the animals did not general-

ly consume it.
The experiment began after the 4-day pre-training
period, when the lesioned and control animals had learned
to drink alternating between the two burettes. The rats
were given a choice in each trial of two gustatory stimuli
offered at the same time (0.5% strawberry (S) and 0.5%
coconut (C), McCormick, San Francisco, CA) for 7 min.
Ingestion from one 0.1-cc-graduated burette was paired
with the simultaneous intragastric injection of a partially
digested liquid diet pumped out from the stomach of the
donor rats (the food remained in the stomach of the donor

rats at least 30 min before being extracted) [42]. The
ingestion from the other burette was paired with physiolog-

ical saline (PS, Apiroserum Lab., YBIS, Madrid) and

simultaneously administered via the second catheter (see

Table 1). The liquid diet and PS were intragastrically and

simultaneously injected each time the rats drank from the

2.1.2.2. Intragastric catheters. Two intragastric catheters

were implanted using a modified version of the procedure
developed by Deutsch and Koopmans [15]. In brief, two
silastic tubes (Silastic, Silastic-Medical Grade Tubing,

associated burette, at a rate of 1 ml/1 ml of ingested flavor

stimulus. In order to control any flavor preferences, the

Table 1

Dow Corning, MI, USA) were implanted into the cardiac piagram showing the balanced experimental conditions in the concurrent
portion of the stomach and were routed through the behavioral procedure (Experiment 1)

abdominal muscle wall and placed under the skin, one on

each side of the animal, at the back of the neck. Stitching

was performed as needed to help close the wounds, and thef

rats received an intramuscular 0.1-cc dose of penicillin 4509 controls)

(Penilevel Retard. Lab., Level, Barcelona) as a prophylaxis

against infection. This same procedure was used for the sog |esioned
+50% controls)

non-lesioned (control) and donor rats.

Days 1-4
Half the animals S(h-PD(i.g.)
50% lesioned CHPS(i.g.)
Half the animals S(h-PS(i.g.)
C(RPD(i.g)

S(I), strawberry on the left; C(r), coconut on the right; PD(i.g.),

2.1.3. Behavioral procedure

predigested diet intragastrically administered; PS(i.g.), physiological

A period of 13-14 days was allowed for postoperative saline intragastrically administered.
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paired liquid diet was balanced so that half of the animals E -
received the liquid diet when they drank S and received PS (@)
when they drank C. The other half received the liquid diet 5
paired with C, and the PS paired with S. A graphic
illustration of this procedure was previously published 4
[40]. After 60 min, the experimental and control subjects T
were provided 10 g of food; later that evening, any E 7
remaining food was removed. The experimental procedure '.:‘3
was repeated over the course of four trials. =
2.1.4. Histology &
After concluding the behavioral procedures, the animals
in the lesioned group were deeply anesthetized with a 0 ' ' ' ' '
sodium pentothal overdose and were intracardially per- I 1 Z 3 4
fused with isotonic saline followed by 10% formaldehyde days
(Formaldehyde, Probus, Badalona). The brains were then
extracted and stored in formaldehyde for at least 1 week. -
They were then sectioned in the coronal plane apd0on (b)
a vibratome. Slides were set and stained with cresyl violet g .
and examined through a microscope to determine the /I
location and extent of the lesions. 4 L P
= -~
E
2.2. Results %3
£ ’
2.2.1. Behavioral results I\\“
Two animals from the lesioned group and one from the 14
control group were excluded during the experimental I“‘*-h__i
procedure because one of the catheters became detached. 0 : : : : .
The total amounts consumed by the lesioned graup8) 0 i 3 3 4

and the control groupn&8) in four sessions were ana-
lyzed using a three-way ANOVA (groxgdayxsubstance).
The results showed that the effects of the nutrient —i— predgested det —— physiologicalsaline
(F(1,14)=5.97; .P<.Q'02) and day K(3,42)=4.88; P< Fig. 1. Mean intake of gustatory stimuli paired with predigested liquid
0.005) were significant. The ANOVA also revealed a diet and physiological saline in PBNLe-lesioned (A) and control (B) rats
non-significant group effecH(1,14)=2.41; P<0.14), i.e., of Experiment 1.

that the total consumption was similar for all lesioned and
control animals. This suggests that was no impairment in
motor and/or motivational functions among the lesioned
animals. The stimulus ingestion by each group was ana-
lyzed using a two-way ANOVA (dayssubstance). The
result of this analysis revealed that the lesioned animals
were unable to learn the task (Fig. 1A). In fact, only the
effect of the day was significanE(3,21)=3.39; P<0.03).

The effects of the substanc&((,7)=0.57; P<0.47) or
interaction of days and substan¢€3,21)=0.49; P<0.69)
were not significant. In contrast, the sham-lesioned control
group learned the discriminatory task correctly (Fig. 1B),
because the animals consumed significantly more of the
gustatory stimulus paired with the liquid dieE(Q,7)=

days

trolytic lesions were centered on the PBNLe in all cases
(Fig. 2).

2.3. Discussion

The present data show that PBNLe lesions impair the
acquisition of concurrent flavor learning induced by the
intragastric administration of partially digested nutrients.
Lesioned animals are unable to discriminate which of the
offered gustatory stimuli is simultaneously associated with
intragastrically administered nutrient (Fig. 1A). However,

8.91;P<0.02). intact subjects correctly complete this task and develop a
clear preference for the gustatory stimulus paired with
2.2.2. Higtological results injected foods (Fig. 1B). This result is consistent with
The microscopic analysis of the coronal sections taken previously reported data [50,51,72]. The failure of lesioned

from the PBNLe-lesioned animals revealed that the elec- rats to acquire a flavor preference does not appear to be the
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Fig. 2. Representative photomicrographs of coronal sections showing electrolytic lesions of the external lateral parabrachial nucleus (iREBNLe)e w
effective in blocking concurrent taste learning and ineffective in sequential taste learning. The schematic illustration was adapted froranBaxinos
Watson’s Atlas [46] and represent the largest (shown by black area) and the smallest PBNLe lesions (central white area).

result of a general behavioral impairment because their aversion learning is found when the visceral stimulation is

total intake was comparable to that of controls. generated through the intragastric administration of re-
warding predigested nutrients, a procedure which estab-
lishes learned flavor preferences. This dissociation was

3. Experiment 2 observed in the latter context following the interruption of
the vagal pathway [72]. Thus, the present experiment was

Studies performed in the taste aversion learning field designed to examine the role played by the PBNLe nucleus

have demonstrated that this type of learning can be in sequential flavor preference learning induced by the

established through two different procedures: the concur- intragastric administration of predigested nutrients.

rent procedure described in experiment 1 [2—4,16,40,41]

and the seqqentlal procedurg [2—4,21,?2,39—41,56,57,70].3_1_ Materials and methods

The anatomical structures involved in each of these

learning modalities seem to be different. For example,

whereas the PBNLe appears to be a crucial nucleus in3.1.1. Subjects

concurrent taste aversion learning, it is considered to have Subjects were 19 male Wistar rats from the breeding

no role in sequential learning (the contrary to that observed colony of the University of Granada. These animals,

when considering other nuclei such as the area postrema) weighing between 265 and 300 g at the beginning of the

[3,18,21,22,41,54]. experiment, were randomly assigned to one of two groups,
Parallel to the research mentioned above, the present a PBNLe-lesioned gre@f) (and a sham-lesioned

study was intended to verify whether the anatomical and control groa@), Twelve donor rats, all neurologically

functional dissociation established for sequential taste intact from other studies, were also used and provided the
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predigested nutrients. The animals were housed in the

same conditions as described in experiment 1.

3.1.2. Surgical procedure
Identical to the procedure described in experiment 1.

3.1.3. Behavioral procedure
After surgery, all of the animals were allowed a
recovery period of 8-11 days, with food and water

available ad libitum. They then underwent a 4-day adapta-

tion period during which they were water-deprived. During

M.A. Zafra et al. / Brain Research 950 (2002) 155-164

volume of each product (liquid diet or physiological saline)
was of 1 ml/1 ml of flavor stimulus ingested. After the
four-session period (two learning trials), a choice test was
performed in which both gustatory stimuli were simul-
taneously presented for 7 min (S and C), each in its
respective position (Table 2). Each day at 60 min after the
drinking period, the experimental and control subjects
were provided with 10 g of food and the experiment
proceeded as described for experiment 1. This two-trial
cycle, in addition to the final test, was repeated a second
time for a total of four learning trials.

days 1-3, the animals had access to only one burette
containing tap water, whose position was varied appro-
priately in order to avoid the development of positional

preferences. On the last day, day 4, both burettes were
simultaneously presented. On days 1 and 2, the water wasz » 7 Behavioral results
offered for 10 min, while on days 3 and 4, the water was
offered for only 7 min. Each day, 30 min after removal of

3.2. Results

Two animals from the lesioned group and one from the
) e control group were excluded during the experimental
the water, 15 g of solid food (Panlab) were administered ,,cequre because the catheters became detached. Data
and the experiment proceeded as described for experimen?rom the choice tests were analyzed using a two-way
1, except that on the day of the test, the donor animals onoya (groupxsubstance). This ANOVA revealed that
were offered liquid food to satiation for several hours o effects of the groupF(1,14)=2.59: P<0.12), sub-
during the morning and afternoon. On the test day, nNo giance k(1,14)=0.03; P<0.85), and group and substance
extractions were carried out, because the choice betweeniaraction E(1,14)=0.007; P<0.93) were not significant
the two gustatory stimuli was carried out without intragas- i, the first choice test (after two learning trials). In
tric injections. . , _ contrast, the ANOVA of the second choice test showed a

After 4 days of pre-training, the experimental learing gjgnificant substance effecE(l,14)=27.13, P<0.0001),
test began. During this period, the animals passed throughi,gicating that both lesioned and control animals were able
a four-session cycle and one final test. During the first and acquire the learning task and showed a preference for

third sessions of this cycle, the animals were offered a ¢ stimulus paired with partially digested liquid diet (Fig.
graduated burette for 7 min, situated on the left side of the 3). However, the group effectF(1,14)=1.94: P<0.18)

cage, which contained a gustatory stimulus (0.5% straw- a5 not significant, showing that the total consumption
berry). Flavor intake was associated in half of the lesioned \ 5 similar for lesioned and control animals. This suggests
and control animals with a simultaneous intragastric {hat there was no impairment of motor and/or motivational
injection of partially digested liquid diet, pumped out of ' fnctions in PBNLe-lesioned animals. Furthermore, in-
the stomach of the donor rats. The other half of the animals dependent one-way ANOVAs for each group indicate a

rec.eived physiologicali saline. Dur'ing sessions 2 anq 4, significant substance effect in both the lesionE@L(7)=
which also lasted 7 min, those animals that had recelved44'11; P<0.0002) and non-lesioned control animals

predigested liquid food were presented with a different (F(1,7)=6,98; P<0.03).

gustatory stimulus (0.5% coconut) in the right orifice,

associated with the simultaneous intragastric administra-

tion of physiological saline. The animals that were previ- 3.2.2. Histological results

ously administered physiological saline received a pre- The histological analysis confirmed that the electrolytic
digested liquid food (see Table 2). The administered lesions were centered on the PBNLe (Fig. 2) in all cases.

Table 2
Diagram showing the balanced experimental conditions in the sequential behavioral procedure (experiment 2)
Trial 1 Trial 2 Choice test
Session 1 Session 2 Session 3 Session 4 Session 5
Half the S(Iy+PD(i.g.) C(r+PS(i.g.) S(IHPD(i.g.) C(r+-PS(i.g.) S(-C(n
animals
Half the S(I+PS(i.g.) C(n+PD(i.g.) S(I+PS(i.g.) C(n+PD(i.g.) S(I-C()
animals

S(l), strawberry on the left; C(r), coconut on the right; PD(i.g.), predigested diet intragastrically administered; PS(i.g.), physiolowgdalisajastrically
administered.
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7 cessing of visceral stimuli, is mediated by a neural axis
that may include the vagal sensory pathway and, among
fi others, the PBNLe. Consequently, critical lesions of com-
ponents of this neural system could interrupt concurrent
learning without affecting sequential learning.

This neural system also seems to participate in other
4- mechanisms related to feeding behavior. Thus, agents such
as 2,5-AM or MA, which stimulate food intake
[8,33,34,37,52,53], have been shown to require an intact
T vagus nerve, as well as an intact AP/NTS or PBNLe.
Furthermore, the actions of these drugs are blocked after
11 vagotomy or capsaicin vagal deafferentation [52,53] and

I—_r_‘ after PBNLe electrolytic lesions [8]. Cholecystokinin
(CCK) is another chemical substance related to food intake
that appears to require the integrity of the above-mentioned
structures. CCK is a peptide hormone that has been
implicated in satiation [26]. Intraperitoneal administration
Fig. 3. Mean consumption of the gustatory stimuli paired with pre- Of this hormone has been demonstrated to induce expres-
digested diet and physiological saline during the second choice test in sion of FLI in the NTS as well as in the PBNLe [19,55],
lesioned and control groups in Experiment 2<*0.05; ***P<0.001. whereas vagus nerve lesions [60] and NTS lesions block
CCK-induced effects [43]. These studies and the data

intak e

==

LESIONED CONTROL

m— predigected dist  ——phgiolog. sline

3.3. Discussion

derived from experiment 1 support the implication of the

PBNLe in the processing of visceral information trans-

The results obtained in this study demonstrate that
PBNLe lesions do not interfere with the learning of
sequential flavor preferences. As can be observed in Fig. 3,
the lesioned and neurologically intact animals were equally
effective in learning. As a result, after four trials of stimuli
association (gustatory with its respective intragastric ad-
ministrations), all groups showed a strong preference for
the flavor associated to the predigested food.

mitted by the vagal pathway. However, this nucleus does
not appear to be essential in sequential taste aversion
learning, an acquisition process that may include blood-
borne signals initially processed through the area postrema
[14,21,22,44,54].
The impairment of the concurrent flavor preference
shown by the PBNLe-lesioned animals could also be due
to an interruption of the taste stimuli or a blockade of

viscerogustatory associative mechanisms. One requirement
that any anatomical structure must fulfill to be considered

4. General discussion

The studies presented in this paper reveal that PBNLe
lesions impair concurrent flavor preference induced by
rewarding predigested food administered intragastrically.
These lesions have no effect on sequential learning,

because lesioned animals learn the task as effectively as do

the neurologically intact subjects.

These results are similar to those obtained after the
interruption of the peripheral vagal pathways. Thus, it was
demonstrated that the interruption of the vagal fibers
blocks concurrent learning but not sequential learning
when taste aversions are induced by noxious visceral
stimuli [2—4] or when flavor preferences are induced by
the intragastric administration of predigested foods [72].
Similarly, PBNLe lesions have been shown to disrupt taste
aversion learning when a concurrent procedure is used and
when the visceral substances administered (NaCl) are
stimuli that can be rapidly processed by the vagus
[5,12,13,29]. In contrast, lesions of this subnucleus do not
impair learning if the acquisition process is of a sequential
type [41]. These studies seem to suggest that concurrent
taste learning, whose main requirement is the rapid pro-

as a visceral-taste stimulus integration center is the conver-
gence of both sensory modalities

in the structure
[24,25,57,67]. The PBNLe appears to meet this condition
[30,31,62,67,70]. Although the existence of visceral in-
formation in this subnucleus has been known for some
time [20,31,56,64,68—70], the presence of gustatory in-
formation in the PBNLe has been demonstrated only

recently [30,62]. These neurons mainly respond to negative

hedonic or aversive stimuli, as in the case of quinine or
HCI [30,62,67,70]. They are located in the caudal regions
of the PBNLe and specifically in its internal portion
[30,67]. In contrast, neurons responding to visceral stimu-
lation are located in the external area of the subnucleus and
in the rostral part [66—70].
Although the lesions in our study are placed at the
rostral level of the PBNL (see Fig. 2), we cannot rule out
the possibility that our lesions could have affected the
gustatory cells related to negative hedonic stimuli (which
were not employed in this study). Yamamoto and as-
sociates believe that this zone is related to visceral
information processing, because it is specifically activated
by stimuli (positive hedonic or aversive) of this nature
[66—70]. However, unlike the case of stimuli such as
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quinine or HCI, which activate the PBNLe subnucleus sensory ganglia and nuclei of the solitary and spinal trigeminal
[30,62,66—70], oral stimulation with substances such as ___ facts. J. Comp. Neurol. 283 (1989) 248-268.

hari | I | f db [2] M. Arnedo, M. Gallo, A. Aguero, F. Molina, A. Puerto, Medullary
sucrose, saccharin or polycose, all strongly preferre y afferent vagal axotomy disrupts NaCl-induced short-term taste

subjects, induce FLI activity in other subnuclei of the PBN aversion learning, Behav. Neural Biol. 59 (1993) 69—75.
but hardly any FLI activity in the PBNLe [66,67,70],  [3] M. Amedo, M. Gallo, A. Aduero, A. Puerto, Effects of medullary
unless these stimuli are transformed into negative hedonic afferent vagal axotomy and area postrema lesions on short-term and

stimuli by exposure to an aversive conditionin [70] In long-term NaCl-induced taste aversions learning, Physiol. Behav. 47
y exp g ' (1990) 1067-1074.

fact, in the present study, the neutral gustatory stimuli were (4] m. Arnedo, M. Gallo, A. Aduero, A. Puerto, Differential effects of
converted after learning into clearly preferred stimuli that subdiaphragmatic vagotomy on NaCl-induced aversion learning,
do not seem to involve the PBNLe. Furthermore, and in Behav. Neural Biol. 55 (1991) 141-153.

agreement with the previous discussion, experiment 2 of [°] LA Blackshaw, D. Grundy, Effects of 5-hydroxytryptamine on
! discharge of vagal mucosa afferent fibres from the upper gastroin-

this study demonstrates that the lesioned an?mal_s continue  tegtinal tract of the ferret, J. Auton. Nerv. Syst. 45 (1993) 41-50.
to adequately process the taste—olfactory stimuli, because [6] D.A. Booth, Food-conditioned eating preferences and aversions with
they can correctly perform the sequential learning task. interoceptive elements: conditioned appetites and satieties, in: N.S.

Thus, the interruption in concurrent learning cannot be  Braveman, P. Bronstein (Eds.), Experimental Assessment and Clini-
P 9 cal Applications of Conditioned Food Aversions, Vol. 443, New

attributed to a blockade in the transmission of gustatory York Academy of Sciences, New York, 1985, pp. 22—41.

information. Similarly, and in agreement with previously [7] J.G. Brand, R.H. Cagan, M. Naim, Chemical senses in the release of
mentioned studies [30,62,66—70], it is probable that the gastric and pancreatic secretions, Annu. Rev. Nutr. 2 (1982) 249—

gustatory information used in our experiments did not 276.

r h the PBNL that the n r nsor nver [8] N.Y. Calingasan, S. Ritter, Lateral parabrachial subnucleus lesions
eac e €, So tha € necessary sensory conver- abolish feeding induced by mercaptoacetate but not by 2-deoxy-

gence would not have been produced. Therefore, it is glucose, Am. J. Physiol. Regul. Integr. Physiol. 265 (1993) R1168—
unlikely that the observed disruption in learning can be R1178.
explained as a result of an associative deficit. If the [9] E.D. Capaldi, D.H. Campbell, J.D. Sheffer, J.P. Bradford, Con-

. . ditioned flavor preferences based on delayed caloric consequences,
external subnucleus of the parabrachial lateral participates 3. Neurosci, 13 (1987) 150-155.

in some type Qf Viscer.al'taSte association, it would be [10] S.H. Carlson, JW. Osborn, Splanchnic and vagal denervation
related to aversion learning processes [69,70] rather than to  attenuate central Fos but not AVP responses to intragastric salt in
taste preference learning. However, even in aversion rats, Am. J. Physiol. Regul. Integr. Physiol. 274 (1998) R1243-
learning it has been recently shown that lesions of the 1252

PBNLe d t di t tial tast . | . [11] S.H. Carlson, J.P. Collister, JW. Osborn, The area postrema modu-
€ do not disrupt sequential taste aversion learning or, lates hypothalamic fos responses to intragastric hypertonic saline in

therefo_re, the processing of taste _stimuli [41]. m any case, conscious rats, Am. J. Physiol. Regul. Integr. Physiol. 275 (1998)
we believe that these controversial interpretations should R1921-R1927.
not be considered as conclusive. On the contrary, they [12] V.N. Chernigovskii, The significance of interoceptive signals in the

should be considered with maximum caution at the present food behavior of animals, in: M.A.B. Brazier (Ed.), Brain Behavior,
time Vol. 2, Am. Inst. Biol. Sci, Washington, DC, 1963, pp. 319-349.

. L [13] G.D. Clarke, S. Davison, Vagal afferent nerve endings in the gastric
In summary, the studies presented here indicate that the ~ antral mucosa of the rat, J. Physiol. 239 (1974) 41P—42P.
PBNLe is a critical anatomical structure in the modality of [14] J.D. Coil, R. Norgren, Taste aversions conditioned with intravenous
rewarding gustatory learning in which a rapid processing copper sulfate: attenuation by ablation of the area postrema, Brain
of visceral stimuli is required (concurrent learning). In Res. 212 (1981) 425-433.

ntrast. thi bnucl is not ntial when the task I'{15] J.A. Deutsch, H.S. Koopmans, Preference enhancement to alcohol
contrast, this subnucleus IS not essentia € € task ca by passive exposure, Science 179 (1973) 1242-1243.

be carried out in a more delayed form (sequential learn- [16] JA. Deutsch, F. Molina, A. Puerto, Conditioned taste aversion

ing). In the latter case, other structures must be involved. caused by palatable nontoxic nutrients, Behav. Biol. 16 (1976)
161-174.

[17] A. Drewnowski, Taste preferences and food intake, Annu. Rev.
Nutr. 17 (1997) 237-253.

[18] L.A. Eckel, K.-P. Ossenkopp, Area postrema mediates the formation
of rapid, conditioned palatability shifts in lithium-treated rats,
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