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ABSTRACT 

This study examined the stimulus specificity of external lateral parabrachial (LPBe) rewarding stimulation by using two 
identical learning procedures that may dissociate conditioned reinforcement to either the place or the flavor stimulus. 
Animals were presented with two distinct flavors in two different positions (left and right) that were varied throughout 
the experimental sessions. In the first experiment, LPBe stimulation was associated with one or other flavor, while in 
the second it was conditioned to one or other place in which these flavors were offered. The results show that, despite 
stimulus interferences, the animals develop specific conditioned preferences for the flavor stimuli (experiment 2A), and 
also for the place of their presentation (experiment 2B). These data are discussed in the context of brain reward systems 
and the biological constraints that characterize some learning modalities. 
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1. Introduction 

The external Lateral Parabrachial Nucleus (LPBe), locat- 
ed in the ventrolateral region of the Parabrachial Com- 
plex, has been related to the processing of taste [1,2] and 
visceral information [1,3-8] which is essential to estab- 
lish specific gustatory-visceral associations. Thus, this 
nucleus appears to participate in the development of taste 
aversion learning [9,10] and in taste preferences induced 
by intragastric administration of rewarding foods [11]. 

Immunohistochemical (C-Fos) studies have confirmed 
that the LPBe is one of the brain areas that participate in 
the processing of food rewards, e.g., glucose, lactose, or 
sucrose [12-14], intake-related endogenous substances, 
e.g., cholecystokinin or leptin [15-17], and even food 
intake related-drugs, e.g., fenfluramine, amphetamines, 
or opiates [15,16,18,19].  

Ongoing electrical stimulation of the LPBe induced 
concurrent place preferences for the associated compart- 
ment in a rectangular maze [20-22]. Likewise, condi- 
tioned taste preferences were induced by LPBe electrical 
stimulation in a flavor discrimination task that repeatedly 
presented taste-olfactory stimuli in a given place [20,23]. 

However, these results do not elucidate the stimulus 
specificity (biological constraints) of reinforcing parab- 
rachial stimulation with respect to simultaneously present 
sensory indexes such as place, space, proprioceptive cues 
or flavor [24,25]. 

It appears well established that some learning modali- 
ties imply a certain biological predisposition for specific 
stimuli with which preference associations are estab- 
lished and that appear to be important for survival. Thus, 
aversive visceral information tends to be preferentially 
associated with taste stimuli, whereas noxious somato- 
sensory signals tend to be related to exteroceptive in- 
dexes [26,27], as a probable consequence of ecological 
situations in which these stimuli are usually associated. 
In this regard, some drugs of abuse, such as morphine, 
can induce preference for associated environmental cues, 
whereas their aversive components appear to be related 
to taste cues [25,28-33]. 

It has been reported that the reinforcing effects of 
LPBe stimulation can be blocked by administrating opi- 
ate antagonists such as naloxone [20,22]. This nucleus 
may therefore be an element of an opioid reward system 
that some authors have related not only to the intake of 
appetizing products and/or reduction in a natural state of *Corresponding author. 
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need [34-38] but also to a rewarding mechanism that 
does not appear to be specific to a single sensory modal- 
ity [20]. This opioid system may also be involved in 
non-natural states of need, such as those caused by drugs 
of abuse [39], hence modulating the motivational value 
of the associated stimuli, regardless of the stimulus mo- 
dality.  

With this background, the main objective of this study 
was to examine whether reinforcing parabrachial stimu- 
lation is stimulus-specific, i.e., shows a biological con- 
straint towards certain specific stimuli presented in the 
experimental context, or whether the rewarding effect is 
associated with stimuli of various modalities. The study 
objectives were: 1) to determine whether the place pref- 
erences induced by ongoing electrical stimulation of the 
LPBe can also be conditioned by parabrachial activation 
immediately after the stay of the animal in a specific 
place, and 2) to examine the possibility of developing 
specific conditioned taste preferences for flavor stimuli 
dissociated from any place index. 

In the first experiment, the LPBe was activated in a 
concurrent/ ongoing electrical stimulation place prefer- 
ence task (experiment 1). In the second experimental 
series (procedures 2A and 2B), a discriminative learning 
task was used in which the animals were simultaneously 
presented with two different indexes from distinct sti- 
mulus modalities: taste-olfactory (strawberry or coconut 
flavors) and place of flavor presentation (left or right), 
which were changed throughout the experimental ses- 
sions. LPBe electrical stimulation was associated with 
one of the two flavors, regardless of its position (experi- 
ment 2A), or this reinforcing effect was conditioned with 
one of the two places (left or right) in which the taste 
stimuli were presented, regardless of the specific flavor 
(experiment 2B). 

We hypothesized that electrical stimulation of the 
LPBe would produce an increase in the preference for the 
associated taste stimulus (Procedure 2A) or for the taste 
stimulus presented in the stimulated place (Procedure 2B) 
in animals for which the LPBe stimulation was reward- 
ing (experiment 1), while control (non-stimulated) ani- 
mals would be randomly distributed between the two 
taste stimuli.  

2. Materials and Methods 

2.1. Subjects and Surgery 

Sixty-two male Wistar rats weighing 260 - 420 g at the 
time of surgery were used in this study. Upon their arri- 
val at the laboratory, animals were housed individually in 
methacrylate cages (15 × 30 × 15 cm) that also served as 
training chambers. Room temperature was maintained at 
21˚C - 24˚C, under a 12 h:12 h light-dark cycle, with 
lights on at 8:30 a.m. All experimental procedures com- 

plied with guidelines established by the European Union 
(2010/63/EU) and Spanish Law (1201/2005). This study 
was approved by the Ethics Committee for animal re- 
search of the University of Granada.  

Out of these 62 animals, 46 were implanted in the 
LPBe nucleus with a monopolar 00 stainless steel elec- 
trode insulated except at the tip (Coordinates: AP = 
−0.16 V = 3.0 and L = ±2.5 according to the atlas by 
Paxinos and Watson 2005 [40]), whereas the remaining 
16 animals were used as unimplanted neurologically in- 
tact control groups. Two groups of 23 implanted animals 
and two groups of 8 intact animals were formed. 

Surgery for chronic implants was performed under 
general anesthesia (sodium pentothal, 50 mg/kg., Braun 
Medical S.A. Barcelona, Spain) using a stereotaxic de- 
vice (Stoelting Co. Model Stereotaxic 51.600, USA), as 
previously described [20]. After surgery, animals were 
returned to their cages where they remained for recovery 
period of ≥7 days with water and food ad libitum (Labo- 
ratory Food, Aa-04 rat-mouse maintenance, Panlab Diets 
S.L., Barcelona, Spain). 

2.2. Apparatus 

Electrical stimulation was delivered by a CS-20 stimula- 
tor connected to an ISU-165 isolation unit (both from 
Cibertec, Madrid, Spain), monitoring the current on an 
oscilloscope (Model HM 507, Hameg Instruments, 
Frankfurt, Germany). Before the start of behavioral pro- 
cedures, the optimal current intensity for each animal 
was ascertained by increasing the current until reaching a 
behaviorally observable level of response without pro- 
ducing escape behaviors, jumping, or vocal reactions. 
We applied a current range from 50 to 110 µA (mean 
83.5 µA) with rectangular cathodic pulses at 66.6 Hz and 
0.1 ms pulse duration. 

The concurrent stimulation-induced Place Preference 
test used to classify animals according to the effect in- 
duced by the electrical stimulation was conducted in a 
rectangular maze (50 × 25 × 30 cm) with two open com- 
partments separated by a narrow (8 × 25 cm2) neutral 
area in which each animal was placed at the beginning of 
the experimental session. The lateral compartments dif- 
fered in the texture and design of floor and walls. The 
floor was brown cork or synthetic black and white paint- 
ed cork. Walls were painted with horizontal or vertical 
black and white 1-cm wide stripes. The central area had a 
white methacrylate floor and natural wood walls, as de- 
scribed elsewhere [20-22].  

As noted above, the remaining experimental proce- 
dures were conducted in methacrylate chambers that 
served as home cages. The sides of these cages were 
black and opaque, and the front and back panels were 
transparent. The front side of each cage had two 1.6 cm 
holes at the same distance from the center and edges and 
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at the same height above the floor. Through those ori- 
fices, the animal had access to spouts attached to gradu- 
ated burettes in which the flavors were offered [41]. 

2.3. Behavioral Procedures 

Implanted and neurologically intact animals were initial- 
ly subjected to a concurrent stimulation-induced place 
preference test to classify them (Procedure 1) for the 
subsequent conditioning tasks (Procedure 2A or 2B, see 
below) that were similar in the structure and stimulus 
cues used but differed in the stimulus (flavor vs. place- 
ment) associated with electrical stimulation of the LPBe. 

2.4. Concurrent Electrical Stimulation-Induced 
Place Preference (Procedure 1) 

After the recovery period, all animals (implanted and 
neurologically intact controls) underwent two 10-min 
sessions of an unbiased, counterbalanced concurrent sti- 
mulation-induced place preference procedure, separated 
by a 24-h interval. Unilateral electrical stimulation of the 
LPBe was administered concurrently with the voluntary 
stay of the animal in one of the two lateral compartments 
of the maze, previously selected at random and used for 
both sessions. The total time that each subject remained 
in the stimulated compartment was recorded for each 
session as the dependent variable. The process was iden- 
tical for rats in the intact control group, except that there 
was no brain stimulation.  

All electrically stimulated were classified as positive, 
negative, or neutral according to behavioral criteria used 
in previous studies {positive = stay in stimulated com- 
partment for >50% of session time; negative group = stay 
for <30% of the session time in stimulated compartment; 
and neutral = stay between 30% - 50% of the time in the 
stimulated compartment [20-22]}. Animals included in 
the neutral group were no longer stimulated and used as 
implanted control groups in subsequent procedures (2A 
and 2B). 

2.5. Conditioned Taste Discrimination with  
Simultaneous Flavor and Placement Cues 
(Procedure 2A) 

Two pre-training sessions were carried out with animals 
that were deprived of water for 23 h 50 min and then 
allowed to drink tap water for 10 min from graduated 
burettes. The burettes were placed alternatively in the left 
or right holes of the front panel of the cage to avoid the 
development of place preferences. Next, after withdrawal 
of the water, animals had access to 20 g of food. 

Subsequently, all animals in this group (23 implanted 
and 8 neurologically intact rats) were subjected to a con- 
ditioning task in which one of the taste stimuli was asso- 
ciated with electrical stimulation of the LPBe. The ini- 

tially neutral stimuli “strawberry” (S) and “coconut” (C) 
(McCormick, San Francisco, CA), diluted in 0.5% water, 
were presented for 14 min on alternate days in graduated 
burettes. At 7 minutes after starting to drink one of these 
flavors (previously selected), the subjects were electri- 
cally stimulated for 7 minutes, while the flavor remained 
available for animals through the burette. The position of 
each burette in the left or right orifice was changed 
throughout the tests (see Table 1).  

Half of the animals were stimulated in association with 
S and half with C-flavored solution intake. At the end of 
the acquisition phase, each subject would have under- 
gone two trials with one of the flavors associated with 
electrical stimulation of the LPBe, although in a different 
position (left/right) each time. Animals in the control 
groups did not receive brain stimulation in any case.  

A two-bottle free choice test (test I) was conducted on 
day 5 by placing two burettes in the cage at the same 
time, each containing one of the two flavored stimuli 
previously used during the training sessions. During this 
phase, animals were allowed to freely drink the flavored 
solutions for 7 minutes and the total intake of each solu- 
tion was recorded. The animals were connected to the 
stimulator throughout the test but no current was admin- 
istrated. This procedure was repeated in two additional 
trials, and a second choice test was then conducted (Test 
II). We calculated the percentage preference, i.e., the 
consumption of taste stimulus associated with the elec- 
trical stimulation of the LPBe with respect to the total 
amount of liquid consumed by each animal in each test. 

After ending each experimental session, the animals  
 
Table 1. Experimental design (Procedure 2A) used in the 
rewarding flavor discrimination tests (“S”: strawberry, “C”: 
coconut, “l”: left side, “r”: right side; *Stimulated flavor). 

Electrical Stimulation of 
LPBE after “S” intake 

Electrical Stimulación of 
LPBE after “C” intake

25% 25% 25% 25%  

Left Right Left Right Left Right Left Right

Day 1  Sr* Sl*   Sr Sl  

Day 2 Cl   Cr Cl*   Cr*

Day 3 Sl*   Sr* Sl   Sr

Day 4  Cr Cl   Cr* Cl*  

Test I (day 5) Sl Cr Cl Sr Sl Cr Cl Sr

Day 6  Sr* Sl*   Sr Sl  

Day 7 Cl   Cr Cl*   Cr*

Day 8 Sl*   Sr* Sl   Sr

Day 9  Cr Cl   Cr* Cl*  

Test II (day 10) Sl Cr Cl Sr Sl Cr Cl Sr
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received 20 g of solid food in their home cages. White 
noise was used to mask any possible sounds that could 
alter experimental conditions. 

2.6. Conditioned Placement Discrimination with 
Simultaneous Flavor and Place Cues  
(Procedure 2B) 

One group of 23 implanted animals and another of 8 
neurologically intact animals underwent a procedure that 
was identical to Procedure 2A above, except that the left 
or right position of the taste/olfactory stimulus and not 
the flavor stimulus itself was associated with electrical 
stimulation of the LPBe. 

After two pre-training days (see above), the experi- 
mental phase began, in which the burettes with the neu- 
tral taste stimuli S and C were presented in left or right 
position in association with electrical stimulation of the 
LPBe, regardless of the flavor ingested. In tests I and II, 
we recorded the amount of flavor stimuli ingested from 
each of the two positions (Table 2) and calculated the 
percentage preference for the taste stimulus associated 
with the stimulated place with respect to the total amount 
of liquid consumed by each animal in each test. 

2.7. Histology 

After concluding the behavioral tests, animals were 
deeply anesthetized with a sodium pentothal overdose 
and intracardially perfused with isotonic saline and 4% 
formaldehyde. Localization of the electrodes in the LPBe 
was tested with a small electrolytic lesion (0.3 mA of 
cathodic current for 5 s). The brains were then removed  
 
Table 2. Experimental design (Procedure 2B) used in the 
rewarding place discrimination tests (“S”: strawberry, “C”: 
coconut, “l”: left side, “r”: right side; *Stimulated place- 
ment). 

Electrical Stimulation of 
“right position” 

Electrical Stimulación of 
“left position” 

25% 25% 25% 25%  

Left Right Left Right Left Right Left Right

Day 1  Sr* Sl   Sr Sl*  

Day 2 Cl   Cr* Cl*   Cr

Day 3 Sl   Sr* Sl*   Sr

Day 4  Cr* Cl   Cr Cl*  

Test I (day 5) Sl Cr Cl Sr Sl Cr Cl Sr

Day 6  Sr* Sl   Sr Sl*  

Day 7 Cl   Cr* Cl*   Cr

Day 8 Sl   Sr* Sl*   Sr

Day 9  Cr* Cl   Cr Cl*  

Test II (day 10) Sl Cr Cl Sr Sl Cr Cl Sr

and stored in formaldehyde for at least 1 week before 
their subsequent lamination in 40-μ sections with a cry- 
ostat (Microm HM 550, Microm International GmbH, 
Walldorf). Sections were mounted, stained with Cresyl 
violet, and photographed (SZ-61 microscope and Altra 
20 Soft Imaging System, Olympus, Tokyo, Japan). Fig- 
ure 1 depicts the results of the histological study. 

2.8. Statistical Analysis  

Statistical version 6.0 (Statsoft Inc., OK) was used for 
the statistical analyses. Pearson’s correlation coefficient 
contrast was used to confirm the within-subject consis- 
tency of the preferences/aversions of the animals towards 
the stimulated compartment (Procedure 1).  

Two 2-factor ANOVAs (group x test) were performed 
to analyze the effects of conditioning with taste and place 
cues, respectively (Procedures 2A and 2B). Pairwise 
planned comparisons were carried out in order to deter- 
mine whether the stimulation generates modifications in 
preferences for the taste stimulus associated with the 
LPBe activation or for the stimulated place in experi- 
mental versus control animals. 

3. Results 

One animal in Group A was excluded because the im- 
plant became detached, and two animals in Group A and 
three animals in Group B were excluded for circling be- 
havior. Therefore, the final study sample comprised 20 
implanted and 8 neurologically intact animals in each of 
the two experimental procedures. 

3.1. Ongoing Stimulation-Induced Place  
Preferences (Procedure 1) 

The performance of the implanted animals showed a sig- 
 

 

Figure 1. Histological localization of the electrode in the 
LPBe. 
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nificant correlation between the two cCPP trials [r = 
0.467, p < 0.038* for group A (Figure 2) and r = 0.798 p 
< 0.00002* for Group B (Figure 3)], suggesting a con- 
sistent preference or rejection behavior towards the 
stimulated compartment. In contrast, animals that had not 
received stimulation (neurologically intact control groups) 
moved randomly between the two compartments of the 
maze [r = −0.462, p < 0.2480 for unimplanted animals in 
Group A and r = 0.553, p < 0.1550 for unimplanted ani- 
mals in Group B]. According to the behavioral criterion 
established in Concurrent electrical stimulation-induced 
Place Preference (Procedure 1) section, 11 of the stimu-  
 

 

Figure 2. Correlation between the two ongoing stimulation- 
induced Place Preference trials–percentage of preference- 
in rats of the Group A. (According with the behavioral cri- 
terion defined in Procedure 1, 11 animals were considered 
positive, 3 negative and 6 neutral. Subjects of this neutral 
group were no longer stimulated). 
 

 

Figure 3. Correlation between the two ongoing stimulation- 
induced Place Preference trials–percentage of preference-in 
rats of the Group B. (According with the behavioral crite- 
rion defined in Procedure 1, 9 animals were considered 
positive, 6 negative and 5 neutral. Subjects of this neutral 
group were no longer stimulated). 

lated animals in Group A were positive, 3 were negative, 
and 6 neutral, while 9 of the stimulated animals in Group 
B were positive, 6 were negative, and 5 neutral. The 
negative, neutral, positive, and intact animals were con- 
sidered as independent groups.  

3.2. Conditioned Taste Discrimination with  
Simultaneous Flavor and Place Cues  
(Procedure 2A) 

Figure 4 depicts the percentage preferences for the taste 
stimulus associated with LPBe stimulation. The Group x 
Test ANOVA showed a significant effect of Group factor 
[F3,24 = 3.2539, p < 0.0392*]. 

Planned Comparisons between pairs of groups re- 
vealed that the overall results of the POSITIVE group 
significantly differed from those of the NEGATIVE 
group [F1,24 = 4.4858, p < 0.0447*] and the IMPLANTED 
control group [F1,24 = 5.4837, p < 0.0278*]. In fact, the 
positive group showed an increased preference for the 
taste stimulated in Test II [F(1,24) = 6.8991, p < 0.0147*], 
which was not observed in the other groups [Implanted- 
Control: F(1,24) = 0.1993, p < 0.6592; Negative: F(1,24) 
= 0.0437, p < 0.8360; Intact-Control: F(1,24) = 0.9268, p 
< 0.3452] . 

Although no difference in overall liquid intake was 
found between the POSITIVE and INTACT control 
groups [F1,24 = 0.0014, p < 0.9705], they showed oppo- 
site tendencies towards the “preferred” taste stimulus 
(associated with LPBe stimulation) [Positive group vs. 
Intact control group in Test 1 vs. Test 2: F1,24 = 5.9385, p 
< 0.0226*]. 

Initially, no differences were found between the posi- 
 

 

Figure 4. Percentage preference for the flavor associated 
with electrical stimulation of the LPBe in Tests I and II of 
flavor discrimination. (Groups: Positive; Negative; Control- 
Implanted; Control-Intact. Test I: after 4 conditioning tri- 
als and Test II: after 8 conditioning trials. [*] = p < 0.05; N.S. 
= not significant) (n = animals per group). 
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tive and negative group (Test I: F1,24 = 0.0216, p < 
0.8842), but their behaviors diverged with a larger num- 
ber of association trials “flavor ↔ LPBe electrical stimu- 
lation” (Test II: F1,24 = 6.135, p < 0.0206*).  

Implanted and intact control groups differed in liquid 
intake [F1,24 = 4.9851, p < 0.0351*], whereas no differ-
ences were observed in their performance in either test 
[F1,24 = 0.0850, p. < 0.7722]. 

3.3. Conditioned Placement Discrimination with 
Simultaneous Flavor and Place Cues  
(Procedure 2B) 

Figure 5 depicts the percentage preferences for the fla- 
vored-stimulus consumed in the “stimulated” place. The 
Group x Test ANOVA showed a significant effect of the 
interaction [F3,24 = 3.27, p < 0.0386*]. 

Group by group planned comparisons only revealed 
differences between test I and II in the POSITIVE group 
[F1,24 = 7.2228, p < 0.0128*], with an increased intake of 
the flavored liquid presented in the “stimulated place”. 

Additionally, comparison of the positive group with 
the two control groups considered together revealed a 
greater tendency by the positive group to consume the 
taste stimulus presented in the stimulated place (Test I vs. 
Test II: F1,24 = 5.3725, p < 0.0293*). 

Finally, no significant difference in total intake was 
found between the positive and negative groups [F1,24 = 
0.0030 p < 0.9566], but their intakes diverged as a con- 
sequence of learning (Test I vs. Test II: F1,24 = 4.7965, p 
< 0.0384*). 

4. Discussion 

Ongoing electrical stimulation of the LPBe generates 
concurrent place preferences ([20-23], the first part of this 
study). An additional and novel finding of this study is  
 

 

Figure 5. Percentage preference for the taste stimulus asso- 
ciated with the stimulated place. (Groups: Positive; Nega- 
tive; Control-Implanted; Control-Intact. Test I: after 4 
conditioning trials; Test II: after 8 conditioning trials. [*] = 
p < 0.05; N.S. = not significant) (n = animals per group). 

that electrical stimulation of this pontine subnucleus im- 
mediately after exposure to the stimulus can also induce 
standard conditioned place preferences and specific fla- 
vor preferences; this result was not obtained in neuro- 
logically intact (non-stimulated) control rats. However, 
we also observed a subgroup of “negative” animals, and 
a third subgroup of “indifferent” animals, which showed 
no consistent preference or rejection behavior during the 
ongoing electrical stimulation procedure. This “indiffer- 
ent” group was used as an “implanted non-stimulated 
control group” in subsequent conditioning procedures. 

It has repeatedly been shown that a single brain nu- 
cleus may be the substrate for both appetitive and aver- 
sive motivational processes [42-44]. With respect to the 
electrical brain stimulation, the stainless steel 00 elec- 
trodes used in our study can activate cell bodies, initial 
axon segments and Ranvier nodules within a small sphe- 
rical field of electrical influence [45-47]. This may allow 
dissociation among different functional systems that are 
anatomically very close to the electrode tip [46], and it 
would only require a modification of current parameters 
to active some or other systems. Specifically, electrical 
stimulation of the LPBe may simultaneously activate 
opposite behavioral processes, as observed with the sti- 
mulation of other brain areas (e.g., eating, drinking, self- 
stimulation, aversion, etc.) after LH stimulation [47,48] 
or pain and analgesia after PAG stimulation [49,50]. This 
would explain the existence of the three behaviorally- 
differentiated groups in our study. 

In the first part of this study, in which a concurrent sti- 
mulation-induced place preference test was conducted, 
we replicated the results of previous studies, in which 
animals show preferences (or aversions) for the com- 
partment associated with simultaneous electrical stimula- 
tion of the LPBe in a rectangular maze where they can 
move around freely [20-22]. These data are compatible 
with studies that include the LPBe among the brain areas 
involved in the processing of various foods and/or rein- 
forcing substances, e.g., lactose, sucrose, glucose, poly- 
cose, saccharine···, [12-14,51]. Likewise, it has been ob- 
served that the administration of drugs such as fenflura- 
mine [15,16], amphetamines [18] or opiates [19] may 
induce C-fos immunoreactivity in different brain regions, 
and among them, the LPBe. 

Our findings are in agreement with published data on 
conditioned place preferences with liquids or food ad- 
ministered to animals confined within a specific com- 
partment of a T-Maze [24,52,53]. In addition, Bechara et 
al. (1993) [31] showed that lesions of the dorsolateral 
end of the parabrachial area, supposedly including the 
LPBe, blocked aversive place conditioning induced by 
peripheral morphine.  

In the present investigation, we verified that animals 
can associate a place (the site of taste stimulus presenta- 
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tion) with subsequent electrical stimulation of the LPBe, 
regardless of the taste stimulus and despite the potential 
interference of its presence. We observed the contrary 
effect in the small group of “negative” animals in which 
electrical stimulation of the LPBe produced aversive ef- 
fects, who learned a preference for the place not associ- 
ated with stimulation of the LPBe [20-22]. We also show 
that the reinforcing electrical activation can sustain a 
standard conditioned place preference, i.e., a discrimina- 
tive learning in a choice test between two simultaneously 
presented stimuli in the absence of stimulation.  

By using a similar procedure, animals underwent a 
specific conditioned taste discrimination task in which 
they were simultaneously offered 2 flavors in 2 different 
positions (left/right) that were varied throughout the 
learning (Procedure 2A). Under these circumstances, 
animals develop specific preferences for the flavor stim- 
uli associated with electrical stimulation of the LPBe, 
regardless of the place of their presentation, allowing 
dissociation between the two stimulus indexes (place/ 
flavor). It was previously reported that this stimulation 
generated preferences for associated taste stimuli, but the 
flavors were presented in fixed positions [20,23]. Like- 
wise, LPBe lesions were previously found to interrupt the 
association between a flavor and the intragastric infusion 
of rewarding foods [11] and between a flavor and the 
administration of aversive products [9], but the flavors 
were always presented in fixed positions in these studies. 
In other words, unlike in the present study, it was not 
possible to dissociate between taste stimuli and other 
space, proprioceptive, or place indexes presented in the 
learning setting. 

The global consumption of taste-olfactory stimuli by 
our non-stimulated control animals did not differ from 
that of the positive or negative groups, but they showed 
no consistent preference or rejection behaviors towards a 
specific place or flavor at any stage of the learning. 

The procedure used in the present study implies tem- 
poral contiguity between the stimuli (taste/place and 
brain stimulation) and also means that the animals bene- 
fit from an increase in the number of trials ([20-23], pre- 
sent study). These results are similar to those obtained in 
certain stressful situations (acute or chronic stress, emo- 
tionally arousing material, and even drug addiction), 
which induce implicit learning modalities (learned im-
plicit behaviors) that promote stereotyped behaviors and 
may involve the participation of certain visceral path- 
ways [54-56]. In fact, the LPBe constitutes one of the 
main central relays in the processing of visceral cues 
[1,4-6], and specific lesions of this visceral brain subnu- 
cleus impair implicit but not explicit taste aversive 
learning [9-11]. Implicit learning requires time contiguity 
between stimuli, benefits from repetition, and the acqui- 
sition and retention process is rigid [9-11,57].  

Nonetheless, some learning modalities evidence a bio- 
logical sensory constraint that favors the establishment of 
selective stimulus associations, e.g. tastes with gastroin- 
testinal malaise or light/noise with shock [26,27,57]. 
Moreover, rewarding substances (e.g., morphine) can 
simultaneously produce conditioned taste aversion and 
conditioned place preference at similar dosages [31], 
preferentially associating their aversive properties with 
flavors and their rewarding effects with environmental 
cues present at the time of administration. Parker et al. 
suggested that the avoidance reactions generated by taste 
stimuli associated with drugs of abuse (e.g., morphine) 
differ from the disgust produced by tastes associated with 
some noxious products such as lithium chloride [58-60].  

In the present study, no difference in terms of specific- 
ity was observed between the learned taste and place 
tasks. Given that the reinforcing effect of ongoing elec- 
trical stimulation of the LPBe can be blocked by nalo- 
xone administration, an opiate mechanism might be in- 
volved [20,22]. In this regard, it has been proposed that 
an opiate system may participate in positive and negative 
motivational processes through differential action on µ 
and κ receptors in this parabrachial area [35,36,61].  

The effect of natural substances such as food [34,36] 
and of certain drugs [13,14,18,62,63] may be exerted via 
the LPBe. These reinforcing effects may modify the he- 
donic component and/or motivational value of stimuli 
present in a given setting, acting as incentives that guide 
behavior regardless of their nature [64,65]. Thus, prefer- 
ences have been induced for places where animals find 
liquid, food, or sexual reward [24,52,53,65,66]. Conver- 
sely, administration of the opiate antagonist naloxone has 
inhibited the hedonic effect under different experimental 
conditions, attenuating the startle response in the pres- 
ence of appetizing foods (sweetened condensed milk) 
and reducing the voluntary consumption or CPP associ- 
ated with their intake [38]. More specifically, lesions of 
the whole lateral parabrachial area or of the LPBe alone 
abolished the rewarding effects of appetizing foods [67], 
intragastric nutrients [11], and morphine [31], and these 
rewarding effects were also inhibited by pharmacological 
blockade with naloxone [20,22,35]. 

In conclusion, this study demonstrates that animals can 
develop standard conditioned preferences/aversions to- 
wards specific flavors or place stimuli associated with 
subsequent electrical stimulation of the LPBe. The rein- 
forcing effect of LPBe stimulation does not appear to be 
determined by biological sensory constraints towards a 
given type of stimuli, as is the case in taste aversion or 
exteroceptive learning. It appears that, in our procedure, 
this general rewarding effect may initially be conditioned 
to any type of cue, regardless of the stimulus modality.  
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