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Abstract 

This paper explores the research conducted to understand the role of the rat parabrachial 

nucleus (PBN) in taste-mediated behavior. Gustatory information of the PBN is modulated 

by three key principles: taste-visceral input from the NST, descending projections from 

corticofugal areas, as well as indirect signals from inhibitory GABAergic mechanisms. While 

these three components modify PBN activity, the convergence of signals in the PBN is 

significant for changes in palatability. In regards to appetitive taste formation, nutritional 

solutions paired with taste stimuli can increase the hedonic value of the tastant. Brain areas 

responsible for taste preferences include the PBN, in particular the lPBN, as demonstrated in 

lesion and electrical stimulation studies. On the other hand, taste aversions occur when the 

taste stimulus is associated with negative gastrointestinal consequences. Excitotoxic and 

ibotenic acid lesions of the PBN also impaired formation of taste avoidance behavior. 

Therefore, the PBN, with input from its complex neural circuitry, can be considered as a 

principal brain structure in learning and memory process of taste formation.  
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Role of the Parabrachial Nucleus on Taste Memory Formation in the Rat 

 The taste system, a gatekeeper of the body, is of critical importance for survival. In 

determining what substances are ingested or rejected, one must recall from past experiences 

when the taste stimulus was associated with postingestive consequences. Therefore, this 

gustatory behavioral response is modified by learning processes, such that taste and 

environment-related information is stored in memory to influence future food consumption 

(Saggu & Lundy, 2008).   

 Experimental studies on taste memory formation have shown that palatability plays a key 

role in taste-guided behavior (Saggu & Lundy, 2008). For instance, associating a taste with 

visceral malaise, decreases hedonic value, whereas associating a taste with nutritional benefit, 

increases hedonic worth. Thus, conditioning procedures modulate taste palatability. (Fanselow & 

Birk, 1982).  

 Two of the most commonly used memory models in animals are in relation to taste 

preferences and aversions. Appetitive taste memory consists of the pairing of a flavored solution 

with positive ingested effects, followed by enhanced intake. This example of classical 

conditioning is known as conditioned flavor preference (CFP). The taste solution is the 

conditioned stimulus (CS) and the postingestive consequence of the intragastric (IG) nutrient 

infusions is the unconditioned stimulus (US) (Uematsu, Tsurugizawa, Kondoh, & Torii, 2009). 

On the other hand, the more extensively documented model is known as conditioned taste 

aversion (CTA). In this paradigm, animals learn to avoid a flavor (CS) that has been associated 

with internal illness created by toxic drug injections (US). Although varying in taste-mediated 

palatability, both models allow for the study of the acquisition and consolidation of taste memory 

formation (Sclafani, Azzara, Touzani, Grigson, & Norgren, 2001). 
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 Since taste recognition and memory requires underlying brain mechanisms, much 

research has been dedicated to identifying the primary neural structures that are responsible for 

these modulations of taste signals. It has been demonstrated that the rat PBN, the second relay of 

the central taste system, may be the main integrator of information for future feeding behavior. 

For, this nucleus can be further subdivided into medial and lateral parts. The medial PBN 

(mPBN) is considered to be the gustatory region of the nucleus, while the lateral PBN (lPBN) 

generally consists of the visceral component (Reilly & Trifunovic, 2000b). Thus, the PBN 

contains the elements, both taste and gut-mediated, that are involved in modification of incoming 

taste signals to make either more palatable or less palatable.  

 The following paper serves as a review of the research that has been done to further 

clarify the role of the PBN in taste memory processes. First, the literature on anatomical 

substrates for taste memory is reviewed, specifically the descending forebrain inputs into and the 

circuits in the PBN. Secondly, the cognitive aspects of appetitive taste formation and its relation 

with the PBN is evaluated. The final section focuses on the function of the PBN in regards to 

taste aversion learning (TAL).  

Projections into and Circuits in the Parabrachial Nucleus 

 When a taste solution is consumed in rodents, the taste receptor cells transmit the signal 

to the first relay station, the nucleus of the solitary tract (NST) via branches of the facial, 

glossopharangeal, and the vagus nerve. From there, the gustatory information is sent to the 

parabrachial nucleus (PBN), the second relay of the central taste system. The taste signal is then 

propelled down two parallel pathways. The first route involves the transmission of taste 

information and is directed to the ventral posteromedial nucleus of the thalamus and then to the 

insular cortex. The second channel is extended towards the lateral hypothalamus (LH), central 
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nucleus of the amygdala (CeA) and bed nucleus of the stria terminalis (BNST) which is engaged 

in taste and feeding modulation processes. In turn, these forebrain neurons send descending 

projections back to the PBN (Lei et al., 2008). For the most part, these projections consist of 

inhibitory signals and have been thought to be mediated by GABAergic innervation (Lei et al., 

2008).  

 The first order gustatory and visceral information from the tongue projects to different 

regions of the nucleus of the solitary tract to regulate feeding behavior (Hermann & Rogers, 

1985). Previous anatomical and electrophysiological studies have shown that taste input is 

concentrated in the anterior portion of the NST (Norgren & Leonard, 1971) while vagal afferents 

are more represented in the medial and caudal portions of this structure (Rogers & Hermann, 

1983). Although horseradish peroxidase injections revealed that these sensory systems don’t 

interact with one another in the NST, the taste and visceral afferents do eventually converge and 

send overlapping information into the parabrachial nucleus (Hermann, Kohlerman, & Rogers, 

1983). To further investigate the convergence of inputs, Hermann and Rogers (1985) conducted 

an experiment to determine the quantity of cells in the PBN that operate in a combined fashion. 

They sought to establish the amount of impact that visceral activation has on taste processing in 

the PBN.  

 By electrically stimulating the cervical vagus nerve and recording responses from this 

nucleus as well as the PBN, Hermann and Rogers (1985) verified that the PBN receives 

convergent information from the gustatory and visceral afferents. PBN areas of interest not only 

included co-activated units but also units that were innervated by either gustatory or visceral 

input alone. Out of the total 57 units identified in the PBN, 16% were solely directed by vagal 

stimulation and 30% were driven only by gustatory activation. The remaining 54% consisted of 



   6 
 

co-activated stimulations of both second-order gustatory and visceral afferents. Combined 

stimulation of units by means of simultaneous arrival of input routes showed no distinctive 

pattern of interaction but did demonstrate an additive form of evoked responses.  

 With respect to the integration of visceral and taste afferents into the PBN, the study 

revealed a direct connection of vagal modulation on gustatory input (Hermann & Rogers, 1985). 

That is, the PBN neurons acquired a more sensitive taste perception due to the concurrent 

presence of visceral information. These neurons that received convergent input from gustatory 

and visceral afferents were recorded in the interstitial zone of the posterior PBN. Lateral and 

caudal to this zone resided vagal-responsive cells whereas gustatory-responsive cells were 

located more in the anterior and extreme medial portion of the PBN.  

 Despite the findings on the convergence of input in the PBN from these sensory afferents, 

Herbert, Moga, and Saper (1990) demonstrated an overall segregation of gustatory and visceral 

inputs within the PBN. In order to study the anatomical organization of the projections from the 

NST to the PBN, retrograde and anterograde tracing experiments with horseradish-peroxidase 

injections were conducted. The findings signified that, unlike the former study conducted by 

Herman and Rogers (1985) who implicated integrated PBN input from vagal stimulation, the 

NST activated non-overlapping regions of the PBN.  

 Herbert et al. (1990) established three rather complex patterns of connectivity which 

included visceral, respiratory, and gustatory domains. The general visceral section of the NST, 

mostly consisting of the caudal two-thirds of the medial division, projected towards the inner 

portion of the external subnucleus, the central and dorsal lateral PBN subnuclei, as well as the 

waist area. Respiratory connections were mostly displayed from the ventrolateral NST to the 

lateral areas of the dorsal and central lateral PBN. Lastly, the rostral NST, comprised of 



   7 
 

gustatory information, innervated most of the medial and ventrolateral subnuclei of the PBN. By 

extension, the terminal domains of these different afferent sources originating in the NST are 

represented in topographically separate PBN regions. However, multiple depictions of these 

sensory systems spread across various subnuclei within the PBN complex (Herbert et al., 1990). 

 Along the same lines, Karimnamazi, Travers and Travers (2002) performed an 

experiment to assess the connections between the NST and the PBN. They questioned whether 

there really was a convergence of input between oral and gastric sensory systems because 

previous research had indicated both segregation and integration of these pathways. 

While physiological studies have demonstrated convergence of the gustatory and vagal input in 

the PBN (Hermann & Rogers, 1985), anatamoical evidence reveals separate contributions from 

these systems (Herbert et al., 1990). Accordingly, Karimnamazi et al. (2002) performed both 

anatomical and physiological experiments to better understand the complex relation between the 

first and second gustatory relays. 

 In terms of the anatomical study, two neural tracers were injected into both gastric and 

gustatory responsive sites in the NST. Gastric sites from the caudal NST were mostly present in 

the rostral and lateral PBN. On the other hand, gustatory responses originating from the rostral 

NST projected to medial and lateral subdivisions of this nucleus. Inputs from both sensory 

sources interacted and converged in minimal amounts at mid-PBN levels, including dorsal and 

ventral nuclei. However, greater overlap of oral and gastric information was found in most 

caudal parts of the PBN (Karimnamazi et al., 2002). 

 The second set of experiments consisted of physiological support for oral-gastric co-

activity in the PBN. Single unit recordings of neurons from evoked responses of gastric and oral 

stimulation were evaluated. Neurophysiological data confirmed that some cells responded to 



   8 
 

either oral or visceral stimulation, while some cells responded to both inputs. Out of the 55 units 

recorded, 21 were activated in relation to taste and 16 responded to gastric distension. 

Furthermore, only six neurons responded to both taste and gastric input. Although these co-

activated responses were weak, they were replicable across trials (Karimnamazi et al., 2002). 

 Taking these results together, Karimnamazi et al. (2002) demonstrated through 

anatomical and electrophysiological studies that there were both separate and integrated terminal 

afferents concentrated in the PBN. Yet, differences in quantities of convergent neurons found in 

the physiological study were slim compared to the amount found in the anatomical experiment. 

This variation could be due to the fact that the two types of stimulation were given separately, 

instead of concurrently, which would have yielded more interactive contact in the single cell 

recordings. However, what is of greatest importance to take away from these findings is that 

there is clearly a convergence of taste and visceral input in the parabrachial nucleus.  

 Now that the general relays from the NST to the PBN have been established, Kobashi and 

Bradley (1998a) investigated the intrinsic membrane properties of the lateral and medial sections 

of the PBN. Whole-cell current-clamp recordings were made in the PBN neurons. Since neurons 

of the parabrachial complex receive different types of information from the caudal and rostral 

zones of the NST, they predicted that these subnuclei would reveal different membrane and 

repetitive discharge properties.  

 The results consisted of recordings from 172 PBN neurons, with the PBN sectioned into 

dorsolateral (DL), dorsomedial (DM, ventrolateral (VL) and ventromedial (VM) regions. 

However, successful recordings were only made from three of these quadrants: 58 neurons in the 

DL, 60 neurons in the DM, and 54 neruons in the VM. It was found that biophysical properties 

of the DL were generally different from those in the DM and VM. In regards to the DL neurons, 
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input resistance was significantly lower and the membrane time constant was shorter than these 

recordings from the other two zones of the PBN. Additionally, the discharge frequency of the DL 

neurons induced by not only a 100 ms, 100pA depolarizing current pulse but also by 1500 ms, 

100pA current pulse was significantly lower than that of DM and VM neurons. Adaptation 

patterns, on the other hand, demonstrated a more rapid adjustment of the neurons in the DL 

region of the parabrachial complex (Kobashi & Bradley, 1998a). 

 It follows then, that Kobashi and Bradley (1998a) were correct in their prediction that 

neurons in various regions of the PBN were comprised of different intrinsic membrane 

properties. The findings from this study along with those from previous experiments suggest that 

the DL receives input from visceral afferents while the DM and VM are more so activated to 

gustatory projections. Differences in these properties of PBN neurons have thus evolved to 

coincide with their respective execution of sensory undertakings. Neurons of the parabrachial 

nucleus processing gustatory and visceral information, therefore, vary in morphology, NST 

receptive input, as well as inherent membrane characteristics.  

 Along with NST projections, forebrain regions send descending afferents into the PBN 

and in turn, the PBN transmits information back to these areas. The central nucleus of the 

amygdala (CeA) has been shown to be one of these forebrain inputs, related especially to the 

control of feeding behavior through emotional and motivational cues. As a result, the amygdala’s 

role in feeding implies a sensitivity to taste information. Huang, Yan and Kang (2003) decided to 

further evaluate CeA’s influence on gustatory processing in the PBN utilizing electrical 

stimulation as well as electrolytic bilateral lesion methods. The first experiment tested the 

individual reactions to four basic taste stimuli (NaCl, HCl, quinine HCl, sucrose) amid CeA and 
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non-CeA stimulation. For the second experiment, gustatory responses were recorded before and 

after lesions of the CeA.  

 Amygdala stimulation and lesioning demonstrated altered effects on the activity of 

parabrachial taste neurons. During electrical stimulation of the CeA, gustatory responses were 

generally inhibited (77%) while only a few neurons were excited (7%). Even though NaCl- and 

sucrose-responsive neurons were nearly unaffected by CeA stimulation, neurons activated by 

HCl and quinine HCl (QHCl) stimuli decreased from 26 to 20 and from 20 to 13, respectively. 

The results of CeA lesions, by contrast, revealed the opposite effect in which most taste 

responses were excited (72%) while only a small amount of neurons were inhibited (7%). 

Bilateral lesions of the CeA continued this excitatory pattern in HCl and QHCl responsive 

neurons through facilitated activation whereas no significant differences were once again found 

for responses to NaCl and sucrose stimuli. Consequently, the results from this study showed the 

CeA to have a tonic inhibitory influence on the gustatory component of the PBN (Huang et al., 

2003).  

 Another neural structure that has been shown to influence qualities of the taste system is 

the lateral hypothalamus (LH). In relation to the former study centered on CeA aspects, Lei et al. 

(2008) performed similar experiments but instead with emphasis on gustatory PBN modulation 

through LH stimulation and lesions. Results from this report generally followed the trends from 

the CeA study. Electrical stimulation of the LH inhibited 37% of the taste recorded neurons 

while 23% were excited. Also, taste-evoked responses to NaCl and sucrose decreased from 26 to 

23 and from 23 to 18, in that order. Lesions of the LH showed a general excitation of responses 

with 46% of neuronal activation being increased while 27% was decreased. Likewise, neuronal 

responses were dramatically increased after LH lesions. Therefore, this investigation 
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demonstrated that the LH alters PBN taste neurons. Due to the decreased effects on gustatory 

activity from LH electrical stimulation and increased activity from LH lesions, it can be 

concluded then that the LH has an inhibitory role on parabrachial taste neurons in the rat, just 

like that of the CeA.  

 Lundy Jr. and Norgren (2004) furthered this research on centrifugal parabrachial 

modulation by means of examining the input from the lateral hypothalamus and the gustatory 

cortex (GC). The convergence of these brain sites, along with the CeA, was also analyzed. Taste-

evoked responses to basic taste stimuli were recorded from 70 PBN neurons before, during, and 

after electrical stimulation of the three forebrain regions. The results showed that all three sites 

modulated PBN neurons, with stimulation of the CeA and GC affecting more gustatory 

responsive-neurons than that of the LH. Additionally, these more dominating areas of descending 

forebrain input most often generated inhibitory responses while both inhibitory and excitatory 

activity was equally observed in the LH. Yet, forebrain-elicited responses varied slightly with 

each taste stimulus tested. In both NaCl-best and citric-acid best neurons, activation of the CeA 

and the GC produced only inhibitory effects, as LH stimulation elicited a nearly equal amount of 

inhibition and excitation. This production of both inhibitory and excitatory effects was also seen 

in sucrose-best neurons, yet only with stimulation of the GC. With respect to convergence of 

inputs, integration of amygdala, cortex and hypothalamus afferents was detected in the majority 

(70%) of the PBN neurons tested. Hence, Lundy Jr. and Norgren (2004) support previous 

research in parabrachial neurons receiving descending innervations from various forebrain areas. 

They also demonstrated that these areas send inputs to many of the same taste-receptive cells, 

suggesting convergence of centrifugal information.  
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 In regards to forebrain structures that modulate PBN neurons, an electrophysiological and 

retrograde tracer study by Zhang, Kang and Lundy (2011) was conducted in which descending 

input from previously mentioned structures as well as from the bed nucleus of the stria terminalis 

(BNST) was investigated. The results indicated that different parts of the GC, BNST, CeA, and 

LH send primarily ipsilateral projections to the PBN. Thus, there must be some specificity in 

terminal fields of forebrain sites in regulation of feeding behavior in terms of gustatory 

processing. 

 As previously mentioned, these inhibitory signals may be moderated by the 

neurotransmitter GABA. This notion was further looked into once the effects of GABA were 

investigated through whole-cell recordings on taste and visceral parabrachial neurons (Kobashi 

and Bradley, 1998b). Recordings were made of neurons within the DL, the DM, and the VM of 

the PBN, creationg a total of 126 responses. Out of this sum, 81 neurons, both gustatory and 

visceral related, were determined to be responsive to the superfusion of GABA, resulting in a 

decrease in input resistance. Application of the GABAA receptor agonist muscimol also produced 

a reduction in input resistance, whereas the antagonist bicuculline of the GABAA receptor 

blocked all GABAergic effects on the tested neurons of the PBN. Hence, both gustatory and 

visceral zones of the PBN were influenced by the inhibitory function of GABA, mostly through 

the exertion of GABAA receptors.  

 More in depth analysis of GABAergic transduction mechanisms was made by Guthman, 

Fritschy, Otterson, Torp, and Herbert (1998) by means of immunohistochemistry and in situ 

hybridization. The important mechanisms investigated in this study were GABA 

immunoreactivity, GABA mRNA, GABA transporters, and GABAA receptor subunits in nuclei 

of the PBN. GABA immunoreactive profiles were shown throughout the lPBN and the mPBN. 
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GABA synthesizing enzymes, GAD65 and GAD67, were found in only a few of the labeled 

parabrachial neurons. With respect to the transporters examined, GAT-3 was well exhibited and 

evenly distributed throughout the parabrachial neurons while detection of GAT-1 was 

nonexistent. Finally, immunolabeling techniques revealed a diverse amount of GABAA receptors 

to be present in many of the parabrachial nuclei. Subunits such as α1, α2, and α3 were 

demonstrated throughout all tested neurons and were mostly concentrated in the lateral zone of 

the PBN. The γ2 receptor type was prominent in all nuclei whereas the β2/3 subunit was mostly 

stained in dendritic structures as compared to cell body staining, which was only observed in 

dorsal and central lateral PBN neurons.  

 Taking the two GABA studies together, processing of gustatory information by the 

parabrachial nucleus must consist of some GABAergic mechanism. There are many GABA-

related molecules present in the PBN that work to employ inhibitory effects on taste and visceral 

inputs. However, where this GABAergic transduction comes from is still questionable. The 

beforehand mentioned forebrain structures involved with parabrachial modulation have been 

suggested to contain GABAergic neurons. Therefore, Saggu and Lundy (2008) tested if the LH, 

the CeA, the BNST, and the GC contained neurons that synthesized GABA. Data indicated that 

there was no presence of GAD, the enzyme responsible for GABA creation, in any of the 

forebrain areas tested. As a result, the present study demonstrated that taste processing in the rat 

parabrachial complex is not mediated by direct input from GABAergic forebrain structures. Yet, 

this data does not exclude the role of GABAergic modulation on gustatory infromation from 

these corticofugal projections. As an alternative, GABAergic neurons may come from indirect 

means, such as connecting and interacting between descending inputs and postsynaptic taste 

nuclei of the PBN.  
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 An experiment conducted by Jia, Zhang, and Wan (2005) supported this interfaced 

alternative in regards to an indirect GABAergic role on the PBN. In particularly, they aimed their 

focus on the CeA-PBN circuit and the respective synaptic basis of GABA components. 

Anterograde tracing along with post-embeding immunocytochemistry in the rat showed that 

about 80% of CeA terminal innervations to the lPBN were GABA-immunoreactive. 

Consequently, it was suggested that such synaptic inhibition from the CeA to the PBN may occur 

through indirect system, by means of local intercircuit neurons.  

 Overall, gustatory information of the rat parabrachial nucleus is modulated by three 

principal elements. The first, the NST, sends both taste and visceral input to the PBN, in which 

convergence of the two sensory systems takes place. Descending corticofugal projections from 

the CeA, the LH, the BNST, and the GC can also modulate neural processing of the PBN. 

Finally, GABAergic innervations serve as an inhibitory interface between forebrain and PBN 

neurons. Yet, when it comes to feeding behavior, the convergence of information in the PBN is 

most significant because it goes along with the conception that this nucleus requires such 

integration for gustatory mediated processes including conditioned taste aversion and as well as 

more transient changes in taste preference. 

Taste Preferences and the PBN 

 When a novel taste is consumed that has positive post-ingestive feedback, a rat may learn 

to associate the positive feedback with the taste and prefer to consume it in the future. Thus, an 

appetitive taste memory is formed. Increased intake of this taste stimulus can be stimulated 

through repeated pairings of solutions with nutritional value (Uematsu et al., 2009). For instance, 

IG infusions of carbohydrates and fats, substances rich in calorie sources, can enhance the 

preference of a taste stimulus. Yet, it has been shown that there is a difference in the speed of 
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acquisition in flavor-nutrient learning for these two sources: fat calories required six trial pairs 

for flavor-nutrient associations whereas carb-based calories displayed flavor-nutrient 

associations only after two trial pairs (Revelle & Warwick, 2009).   

 This nutrient-conditioned stimulation of intake can be demonstrated in the lab through 

two main techniques. The more prominently used method is the two-bottle test in which a rat is 

presented with two solutions, one paired with nutritional value and the other with water. Greater 

ingestion of one solution over the other demonstrates a conditioned preference for that stimulus. 

The other method consists of a one-bottle test in which the rat is presented with one solution and 

an increase in the intake of that solution demonstrates a conditioned acceptance (Sclafani, 2001).  

 Through the use of these methods, other studies have directed their focus towards IG 

infusions of substances such as ethanol and monosodium L-glutamate (MSG) and their related 

effects on conditioned flavor preferences. In regards to pairing ethanol with neutral stimuli, a 

taste aversion is typically produced. However, Sherman, Hickis, Rice, Rusiniak, and Garcia 

(1983) showed that a low dose, 0.5 g/kg, of an IG mixture of ethanol and water resulted in a 

conditioned preference during the flavor choice tests. This expression of a preference for ethanol 

was thought to have been due to the caloric contribution of ethanol, since the rats in the present 

study were food deprived. Once the caloric advantage of ethanol was taken away in the second 

experiment, glucose-paired solutions were more preferred than the flavor that was associated 

with ethanol. Thus, the learned preference for ethanol in the first study was most likely due to a 

motivational state of hunger, overriding the negative postinegstive effects typically associated 

with the drug. If the rats had not been food-deprived, as in an experiment performed by Eckardt, 

Skurdal, & Brown (1974), subjects would have most likely demonstrated a taste aversion to all 

concentrations of ethanol. This response would take place because the caloric effects would not 
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have been as reinforcing as in the present study, in which food-deprivation heightened the caloric 

value of the substance.  

 In addition to ethanol, Uematsu et al. (2009) have demonstrated that IG administration of 

MSG can condition a flavor preference. Rats were subjected to two-bottle tests and conditioned 

with an IG infusion of MSG, NaCl, or glucose. For MSG, greater intake of the associated 

solution (CS+) was displayed as opposed to the solution (CS-) that was associated with IG 

distilled water (DW) infusions. In other words, a preference for a certain taste stimulus formed 

through the post-ingestive effects of MSG. Yet, in contrast to the ethanol experiment, 

conditioning was driven via responses of the sensing system for MSG in the gastrointestinal tract 

rather than a calorie-based metabolic consequence. This concept was verified because the 

glucose infusion group, which was isocaloric to the glutamate group, showed no differences in 

CS intake. Therefore, the calorie levels were too low to condition a flavor preference for both 

groups, making the sensing system for glutamate the more likely alternative for the underlying 

cause of preferred consumption.  

 Further general changes in taste preference include flavor-flavor associations as well as 

administration of different types of benzodiazepines. The first of the two modifiers stated was 

investigated by Fanselow and Birk (1982) in many sub-experiments. Two experiments allowed 

rats to freely drink two neutral solutions (vanilla and almond) that were correlated with two 

hedonically valued solutions (saccharin and quinine). When vanilla was paired with saccharin, a 

conditioned preference was produced yet when paired with quinine, a taste aversion was formed. 

The same results were found when vanilla was replaced with almond. Test day data indicated 

that rats preferred flavors that had been previously paired with solutions of positive hedonic 

value, however, the shift in taste preference may have been due to the differential consumptions 
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of the neutral flavors during conditioning. Once the intake of compounds was equated in a 

different experiment, the flavor-flavor associations still revealed altered taste preferences 

towards that of previous hedonic-related history.  

 The second mediator of taste preferences, benzodiazepines, was explored in a study that 

tested the effects of chlordiazepoxide (CDP) on ingestive consummatory actions in rats. Taste 

stimuli included sucrose, HCl, and QHCl. Each of these stimuli was tested once 30 minutes 

before CDP administration and also after receiving an infusion of physiological saline (PS). 

Results showed that ingestive actions elicited by sucrose and HCl were increased while aversive 

actions for HCl and QHCl were reduced and unchanged, in that order. Thus, it was concluded 

that CDP encourages ingestive behavior through enhancement of taste palatability (Berridge & 

Treit, 1986).  

 Hence, the general modifications of taste preferences have been thoroughly examined in 

past research. Yet, what has been the fundamental question of more recent studies is where 

exactly this shift in positive palatability takes place in regards to the rat neuroanatomy of the 

gustatory system. Since it has already been established that the PBN is a region in the central 

taste system that receives and integrates both gustatory and visceral input from the NST and 

other forebrain structures, this complex can be considered as a potential site of positive taste 

modulation.  

 As previously mentioned, the mPBN is considered to be the response center for sensory 

properties while the lPBN is linked more to the gut-visceral component of taste processing. 

Given that appetitive taste memory is conditioned through post-ingestive consequences, the 

lPBN has been the target for many researchers studying gustatory preferences. Reilly and 

Trifunovic (2000a) looked specifically at the results of lPBN lesions on taste-guided behavior. 
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For the purpose of this section, lesioned effects on positive ingestion will be the current topic of 

discussion while effects on aversive ingestion will be discussed later on in the review.  

 In a typical CFP paradigm, rats were first given access to alternative periods to the CS+ 

and the CS-. The flavors consisted of a sweetened Kool-Aid solution (CS+) and an unsweetened 

Kool-Aid solution (CS-), with grape and cherry flavors counterbalanced across groups to control 

for non-associative predispositions. After the single-bottle access, the acquired preference was 

assessed in a two-bottle test with unsweetened grape and cherry Kool-Aid flavors. Data indicated 

that lPBN lesions prevented acquisition of a conditioned flavor preference. While the sham 

subjects demonstrated a strong preference for the CS+ over the CS-, the lPBNX rats ingested 

equivalent volumes of the two taste stimuli. Therefore, the lesioned rats were unable to associate 

the positively reinforcing qualities of the sucrose intake with the CS+ (Reilly & Trifunovic, 

2000a).  

 With respect to sucrose intake, consumption has been related to dopamine (DA) release 

from the nucleus of accumbens (NAcc). This reward value from sapid sucrose and its relation to 

accumbens DA release was investigated by Hajnal and Norgren (2005) via microdialysis and 

lesioning techniques. First off, bilateral, ibotenic acid lesions were made to the PBN and the 

thalamic taste area (TTA). After rats recovered from surgery, a minimum of 10 days later, rats 

were subjected to the second component of the experiment in which microdialysis samples were 

taken from the NAcc before, during, and after sucrose presentation. Results showed that amount 

of sucrose consumption did not correlate with amount of DA release. In other words, sucrose 

intake was similar for both PBN- and TTA- lesioned rats; however, DA release was blunted for 

the PBNx group while the TTAx group was identical to the controls in DA responses. 

Explanations for this DA reduction in lesions of the PBN include reduction of quantity of fluid 
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intake as well as an inability to taste the oral sucrose. In sum, the parabrachial complex has an 

affective role in the mediation of NAcc DA release. 

 Further lPBNX consequences on gustatory preference tests were investigated in a study 

that focused on durational effects (Reilly & Trifunovic, 2000b). The experiment examined the 

influence of bilateral ibotenic acid lesions of the lPBN on ingestion of four prototypical taste 

stimuli (sucrose, NaCl, citric acid, and QHCl) in both long- and short-term tests. Long-term tests 

were characterized by a two-bottle 24-hour drinking session in which rats received access to one 

bottle of deionized (DI) water and one bottle of a sapid stimulus. Short-term tests contained the 

same stimuli as in the long-term tests, but rats were only presented admittance to a single 

stimulus for 15 minutes each day.  

 Due to the delayed feedback of gastrointestinal consequences, it was thought that the 

lesions of the lPBN would show a greater effect on consumption during the long-term tests. 

Findings revealed that lesions of the long-term tests showed a significant influence on 

concentration-dependent sucrose consumption, a decrease of the two lower concentrations of 

NaCl, and no impairment on citric acid and QHCl intake. This non-influence of lesions on citric 

acid and QHCl suggest that responses to these aversive stimuli are controlled more by the 

medial, gustatory center of the PBN instead of the viscerosensory neurons of the lPBN. With 

respect to the short-term tests, the same results were found but were less pronounced than the 24-

hour two-bottle tests. Thus, Reilly and Trifunovic (2000b) were correct in their prediction that 

with more time in access to the taste stimulus, the more prominent the delayed effects of gut-

feedback would be in the lPBNX rats.  

 Along with the lesion-approach, Zafra, Simón, and Puerto (2002) studied flavor 

preferences in external lateral parabrachial (elPBN) lesioned rats induced by an IG 
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administration of predigested food through both concurrent and sequential learning procedures. 

In the concurrent procedure, rats were given a choice in each trial between two gustatory stimuli, 

strawberry and coconut flavors. The ingestion of one flavor was paired with the IG 

administration of predigested food while the other flavor was paired with IG infusions of PS. 

Results signified that lesioned rats were unable to learn the association between the nutritional 

substance and its respective gustatory stimulus, demonstrating equalized intake of both flavors. 

Yet, intact subjects were competent in completing this task, displaying a clear preference for the 

taste stimulus paired with nutritional value. In terms of sequential learning, the different 

flavored-stimuli were presented on alternating days. A choice test was then performed in which 

both stimuli were simultaneously presented to distinguish learned preferences. Data showed that 

all subjects were able to form a preference for the nutrient-related gustatory stimulus.  

 When comparing the findings from both learning procedures, animals with elPBN lesions 

were impaired in concurrent learning of flavor preferences while these lesions had no effect on 

that of the sequential paradigm. Thus, these studies demonstrate that the elPBN is critical in 

positive gustatory conditioning, requiring a rapid processing of the gastrointestinal post-ingestive 

effects during concurrent states. More delayed forms of learning, such as sequential methods, 

don’t require this structure for conditioning to take place (Zafra et al., 2002).  

 In sum then, PBN lesion studies, especially those pinpointed to the lateral component of 

the parabrachial complex, demonstrate the necessity of this neural structure in development of 

appetitive taste behavior. With respect to lesioning the entire PBN, Hajnal and Norgren (2005) 

showed a reduction in DA release in PBNx subjects, most likely being due to a decreased 

sensitivity of taste and/or a decreased amount of fluid intake. This finding, thus, reveals that the 

PBN has an affective component in taste formation. Reilly and Trifunovic (2000a) furthered 
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these findings on the importance of the PBN in taste palatability by establishing that lesions 

made to the lPBN resulted in an inability to construct a CFP. More specifically, they indicated 

that lPBN is significant for connecting the CS+ to the hedonic value of sucrose consumption. 

Reilly and Trifunovic (2000b) also demonstrated that lPBN lesions affect both short-term and 

long-term preference tests, with more pronounced influences on sucrose consumption as access 

time to tastant increased. Finally, Zafra et al. (2002) showed that the elPBN was only necessary 

for associating the nutritional value to the proper taste stimulus during concurrent learning 

procedures. All in all, lesion studies show that the PBN is a vital component in learning taste 

preferences, yet other techniques can also reveal the importance of this nucleus and the role it 

has in taste-mediated palatability. 

 Another means in studying appetitive taste memory is through electrical stimulation of 

the PBN. It is thought that this technique serves as a replacement for rewarding taste stimuli in 

two-bottle discrimination tests. One study examined the effects of elPBN electrical stimulation 

on conditioned taste preferences (Simon, Garcia, Zafra, Monlina, & Puerto, 2007). Rats assigned 

to the elPBN group preferred flavors that were linked to stimulation whereas control rats showed 

no differences in intake. A more recent study conducted by Simon, Garcia, and Puerto (2013) 

confirmed findings from the previous experiment that learned preferences can be induced 

through electrical stimulation of the elPBN. However, no differences in overall intake were 

found between the intact control group and the electrically stimulated group. Nevertheless, the 

two groups did demonstrate opposite affinities in preferred taste.  

 This conditioned preference through stimulation of the elPBN reveals that this structure 

has some rewarding properties. These positive preferences can be connected to either a decrease 

in states of need or to a modulation of the hedonic evaluation of taste stimuli (Simon et al., 
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2007). In regards to the first option, electrical stimulation might have functioned as a substitute 

for the positive consequences of post-ingestive visceral feedback. For that reason, the rewarding 

effects of elPBN stimulation can be comparable to the effects produced by IG administration of 

nutritional substances. On the other hand, effects of electrical stimulation may be related to 

elPBN modified responses in hedonic-motivational characteristics. The elPBN, then, can be 

deemed a significant anatomical structure for modulation of hedonic-valued taste stimuli. For 

that reason, benzodiazepine drugs, which promote ingestion by modifying taste-related 

palatability, may possibly act on the PBN.  

 As just stated, it is well known that benzodiazepines increase food intake. However, what 

is less known about is the main site these drugs have acted upon in increased feeding behavior. 

Higgs and Cooper (1996) sought to identify this structural component that is involved in the 

augmented ingestion of benzodiazepines. Specifically, they examined whether direct injections 

of midazolam, a benzodiazepine receptor agonist, into the PBN would elicit hyperphagic effects. 

The first experiment demonstrated that midazolam significantly increased consumption of a 

hedonic diet, doubling baseline intake of 8.6g to 15.5g. Introduction of a benzodiazepine 

antagonist, flumazenil, attenuated this hyperphagic response caused by midazolam in the second 

experiment. The third experiment, comparable to the first, showed that midazolam injections into 

the PBN increased intake of a 3% sucrose solution from 21.4ml to 25.6ml. Thus, this data 

suggests that the hyperphagic response was mediated by particular benzodiazepine receptors, 

which are related to the GABAA receptor composite. It follows then, that the PBN can be 

considered the specific region in which benzodiazepine palatable-taste activity takes place.  

 Another study was conducted to investigate and confirm the PBN’s role in enhanced 

consumption from benzodiazepine administration (Söderpalm & Berridge, 2000). For the first 
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experiment, midazolam injections were applied to the PBN, the NST, the pedunculopontine 

tegmental nucleus (PPT), and the fourth ventricle for comparison of effects. While intracerebral 

midazolam injections increased intake in the PBN group, there was no effect of the drug on 

intake with respect to the other three neural structures. The second experiment was designed to 

test preferable and aversive reactions elicited by a sucrose-quinine mixture after midazolam 

injections into the PBN. Results indicated that these injections into the PBN significantly 

enhanced the number of hedonic reactions to the orally infused mixture. Taken together, the data 

expressed that the PBN is the central site for benzodiazepine effects, with the PBN underlying 

BZD enhancement of taste preferences and the consequential increased intake.  

 On the whole, the research has demonstrated that the PBN is the chief structure in 

modulation of conditioned taste preferences. Presentation of nutritional solutions along with IG 

predigested food into the gut increased hedonic value of taste stimuli. More specifically, the 

presence of calories in low concentrations of ethanol was important in forming a preference in 

food-deprived rats. On the contrary, calorie levels were insignificant in conditioned preferences 

to MSG, making the sensing system for MSG the underlying cause for CFP formation. With the 

help of the PBN, these preferences were modulated and enhanced. Electrical stimulation of the 

elPBN as well as direct injections of benzodiazepines into the PBN increase taste palatability. 

Impairment of CFP, by contrast, was caused by lesions made to the PBN. In particular, lesions to 

the lPBN prevented acquisition of taste preferences and significantly affected preferred intake 

during both short- and long-term tests. Lesions made to the elPBN had no effect on responses of 

sequential procedures but greatly affected taste responses established through concurrent 

processes of learning. Therefore, the PBN is an essential component of gustatory mediated 

preferences.  
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Taste Aversions and the PBN 

 When ingestion of a novel taste is paired with internal malaise, the animal learns to avoid 

intake on later exposures to this substance. This form of associative learning is called 

conditioned taste aversion (Sakai &Yamamoto, 1998). CTA’s are extensively used to study the 

neural mechanisms of learning and memory due to its distinctive characteristics. For instance, 

the association between the CS and the US can be rapidly established through a one-trial learning 

procedure, pairings of the taste stimulus and the gastrointestinal illness can develop under 

pentobarbital anesthesia, and finally an interval of up to several hours between the presentation 

of the CS and the delivery of the US can occur and there is still the formation of a successful 

taste aversion (Petr, Jiri, & Karel, 2006). In regards to underlying substrates, much research has 

been aimed towards establishing the specific sites of mediated associations and developed 

memory traces of CTA’s. (Bielavska, Miksik, & Krivanek, 2000).  

 One of the first experiments that confirmed the basic brain mechanisms of aversive taste 

memory in rats was conducted by Yamamoto, Fujimoto, Shimura, and Sakai (1995). In 

determining the neural system of CTA’s, they examined the effects of single as well as combined 

excitotoixc, ibotenic acid lesions of various brain regions on aversive learning. In a typical CTA 

procedure, rats were presented with a saccharin stimulus for 20 minutes (CS) and then received 

an intraparietal injection of LiCl (US). PBN-lesioned subjects failed to acquire a taste aversion 

along with combined-lesioned areas (amygdala + GC and amygdala + VPMpc). Lesions made 

solely to the amygdala and the VPMpc showed acquisition of taste aversion but this learning was 

quickly extinguished as a result of these damaged retention-related brain sites.  
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 Along with the attenuated formations of the CTA, rats in the paired lesioned groups 

(VPMpc + GC, amygdala + GC, and amygdala + VPMpc) exhibited larger preference responses 

to HCl and quinine in a two-bottle preference test. This finding is explained by the fact that rats 

with CTA impairment demonstrate lower taste sensitivity to aversive stimuli. Therefore, the 

formation of CTAs was negatively correlated to preference scores of HCl and quinine tastants 

(Yamamoto et al., 1995). 

  On a slightly different note, it has been shown that lesions made to the PBN, the VPMpc, 

and GC vary in impacted strength on CTA formation and aversive taste sensitivity, with the PBN 

eliciting the strongest effect. It is possible then that the brain sites responsible for acquisition and 

retention of CTA’s are also important in processing hedonically valued stimuli. Thus, taking 

together the results from this study along with previous findings about taste-visceral input 

convergence in the PBN, it is comprehensible that lesions made to the PBN completely disrupt 

the acquisition of CTA’s (Yamamoto et al., 1995). 

 Another study also made bilateral ibotenic acid lesions to the PBN for aversive and 

appetitive gustatory conditioning principles, but these lesions were exclusively pinpointed to the 

lateral side of this nucleus (Reilly & Trifunovic, 2000a). In particular, the intended focus of the 

study was to determine the role of the lPBN on learned taste-guided behavior. For the purpose of 

this section, the taste aversion aspects of the experiment will be discussed.  

 The first experiment of the study consisted of a typical CTA paradigm. Rats were 

exposed to 15 minutes of alanine (CS) and 15 minutes later were injected with LiCl (US). 

Control rats displayed a significant taste aversion whereas the lPBN-lesioned rats failed to 

acquire a CTA. Hence, the results signified that neurons in the lateral zone of the parabrachial 

complex are crucial for the acquisition of LiCl-induced CTA’s. This impairment of CTA 
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formation in lPBN-lesioned rats can be related to either an association deficit between the CS 

and the US or to a weakened sensitivity to the US internal malaise feedback. To determine the 

answer to this question, an appetitive experiment as well as another aversive-related experiment 

was conducted.  

 The third experiment, like that of the second, was designed to further clarify the findings 

of the first CTA experiment. In this component of the study, a taste stimulus in the typical CTA 

paradigm was substituted with capsaicin, an oral trigeminal stimulus. The presence of a taste 

aversion would suggest a specific inability to form taste-visceral associations in the lesioned rats. 

On the other hand, the absence of a CTA would reflect the diminished ability to detect the US 

postingestive information. Just like that of the appetitive results, lesions of the lPBN prevented 

the formation of a conditioned capsaicin aversion. Therefore, these second and third experiments 

support the view that lPBN-lesioned rats are unable to perceive the US-related feedback as 

opposed to the disruption of CS-US associations (Reilly & Trifunovic, 2000a).  

 While the lPBN seems to be involved with US-related detection in CTA development, it 

has been suggested that the mPBN takes on the role of pairing the gustatory CS to the internal 

malaise of the US. Agüero, Gallo, Arnedo, Molina, and Puerto (1997) investigated the functional 

relevance of the mPBN through a short-term aversion learning task. In the first experiment, 

mPBNX and control rats were presented with two gustatory stimuli (sodium saccharin and 

QHCl) simultaneously; one stimulus was paired with an aversive chemical substance, hypertonic 

NaCl, while the other stimulus was paired with no injection. Results indicated that the mPBNX 

rats did not learn to reject the aversive stimulus. Yet, the stimuli were detectable by these 

subjects. Thus, the second experiment, designed to exclude possible preference effects, consisted 

of three groups (mPBNX, lPBNX, and control) that were subjected to a choice of hedonically 
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equivalent nonnutritive flavored tastes (strawberry or coconut) diluted with tap water along with 

respective pairings of aversive and non-aversive substances. Again, the mPBNX rats 

demonstrated no signs of taste aversion learning whereas the lPBNX rats were able to detect the 

intragastric NaCl.  

 In sum, lesions to the mPBN selectively disrupted short-term aversion learning whereas 

lesions made to the lPBN showed no significant deficits in this task. A possible explanation for 

these findings is that different stimuli and different enforced tasks may result in specific 

processing centers and specialized courses of action. In other words, depending on the demands 

of the paradigm used, such as short-term or long-term learning, the hypertonic NaCl agent may 

elicit different neural reactions as opposed to the more typical LiCl US. This suggests that the 

lPBN is not essential for associative processes between the gustatory stimulus and subsequent 

visceral information. However, the mPBN is a necessary element for this associative function as 

shown by its impairment in convergence of the visceral and conditioned signals in the concurrent 

taste aversion learning (Agüero et al., 1997). 

 The two distinct parts of the PBN, the mPBN and the lPBN, was further examined in 

acquisition and retention of CTA’s in rats (Sakai & Yamamoto, 1998). Although lesion studies 

have been conducted before for learning and memory purposes, no reports have examined lPBN 

lesions after the conditioning process. Taste aversions were established using sodium saccharin 

as the CS and an i.p. injection of LiCl as the US. In the acquisition test, rats received lesions 

before the conditioning procedure while, in the retention test, lesions were applied after the 

conditioning phase. Lesions made to the mPBN severely disrupted both acquisition and retention 

of CTA while lPBNX rats demonstrated impairment only during the acquisition phase of the 

experiment. Therefore, the medial and lateral zones of the parabrachial complex have different 
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functional roles in CTA development; the gustatory transmitted signals through the mPBN is 

responsible for acquisition and retention of aversive taste memories, but the lPBN, involved with 

illness-induced visceral processing, is only important for the acquisition phase of CTA’s.  

 Since much research has been done with lesion techniques in examination of the PBN’s 

influence in CTA formation, more recent studies have directed their focus towards determining 

the contribution of neurotransmitter systems to the acquisition of CTA’s through microdialysis 

techniques. Bielavska et al. (2000) tested whether the CS alone (saccharin), the US alone (LiCl), 

as well as if the CS-US pairing could elicit any changes in the extracellular glutamate in the 

PBN. For all instances examined, there was a great increase of glutamate release, possibly acting 

as basis of CTA acquisition through CS facilitation of the US. Conversely, serotonin and 

dopamine neurotransmitters appear to not be involved with CTA acquisition (Petr et al., 2006). 

Mircrodialysis measurements of 5-HT, DA and 5-HIAA in the PBN showed no change following 

CS-US pairing. However, 5-HT levels did increase in the PBN after administration of CS alone 

as well as US alone.  

 Along with neurotransmitters, enzymatic activity of protein kinase c (PKC) has been 

measured in the cytosol and particulate fraction of the PBN during various time intervals after 

CTA acquisition. In the first study conducted by Krivanek (1996), the rats were conditioned to a 

CS-US pairing of saccharin consumption and LiCl internal malaise. Forty-eight hours after 

acquisition, there was a rise in the cytosol fraction of the PBN with no significant changes in the 

particulate fraction. At 24 hours, the cytosol part was still amplified but to a lesser extent than 

before. Then, at 12 hours, the cytosol portion was identical to that of control rats. The second 

study performed by Krivanek (1997) was like that of the first with the exception that the CTA’s 

were induced with D-Amphetamine (AM). Results from this study were an exact replica of the 
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first, with a total amount of PKC increase due to synthesis of the soluble fraction. Hence, 

irrespective of the CTA inducer, shifts in cytosolic PKC activity were identical. Since the 

changes occurred after the drug effect had ceased, the PKC increase in the PBN was attributable 

to CTA, in particular to the later phase of consolidation.  

 Krivanek (2001) also assessed possible shifts in calcium/calmodulin-dependent kinase II 

(CaCMK) during CTA. This enzyme, engaged in learning and memory processes such as LTP 

and plasticity formation, demonstrated a reduction in activity within the PBN throughout the 12, 

24, and 48 hour time intervals. Given that KN-62, a CaCMK inhibitor, provokes CTA learning 

when delivered to the PBN (Bielavska, Sacchetti, Baldi & Tassoni, 1999), it can be considered 

that CaCMK inhibition plays a role in both the acquisition and maintenance of taste aversion 

learning.  

 In contrast to analyzing neurotransmitter and enzymatic activity, Shimura, Tanaka, and 

Yamamoto (1997) clarified the significance of the PBN in CTA through recordings of 

parabrachial neuronal units to taste stimuli in rats under urethane anesthesia. CTA subjects, who 

were conditioned to NaCl (CS) after being paired with LiCl (US), just about fully avoided 

consumption of the CS. After the acquisition of this CTA, there was a selective increase in firing 

responses of PBN units to sodium salts while the other taste qualities showed similar responses 

to that of the control subjects. Thus, the aversive conditioning enhanced responsiveness solely to 

related taste stimuli in the parabrahcial complex. Additionally, the fact that animals were under 

deep anesthesia suggests that the modified neural responses persist without forebrain support and 

instead occur within the PBN, facilitating the taste discrimination necessary for rejection of 

aversive stimuli conditioned animals.  
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 By contrast, Bielavska and Roldan (1996) propose that forebrain substrates, including the 

GC and the AM, are necessary in taste aversion learning. Three centers that have been shown to 

be involved in CTA formation are the GC and the AM, located in the forebrain, and the PBN, 

found in the hindbrain; each of them being activated during different stages of learning. Previous 

findings have implied that the GC yields a gustatory short-term memory trace (GSTM), with 

taste processing of the initial signal. Then, the GSTM is integrated with internal malaise of 

gastrointestinal feedback, not with any cortical participation, but rather with involvement of the 

PBN, forming a gustatory long-term memory trace (GLTM). Thus, the intended purpose of the 

study was to verify the requirement of ipsilateral connections between the GC, AM, and PBN in 

acquisition and retrieval of CTA.  

 The first experiment consisted of functional ablations directed towards either the 

AM+PBN or the AM+GC by tetrodotoxin (TTX) injections in either ipsilateral or contralateral 

hemispheres during acquisition of CTA. Results indicated that the GSTM formed in both paired 

groups (AM+PBN and AM+GC) was only transformed into GLTM when an intact AM was able 

to transmit the US effect to the ipsilateral PBN. That is, acquisition of CTA was impaired when 

injections were applied into contralateral hemispheres, but not ipsilateral ones. The second 

experiment examined the retrieval of CTA formation through unilateral blockade of the PBN 

with TTX injections to either the GC, AM, or GC+AM of the same or opposite hemisphere. 

Findings implied that ipsilateral, rather than contralateral connections of the GC and AM provide 

the best retrieval of the GLTM (see Table 1).Therefore, the descending ipsilateral pathways of 

the GC and AM to the PBN are necessary for the formation and retrieval of the CTA engram. 

That is, the parabrachial complex serves as the storage site of CTA learning while the higher 
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order functions of the GC and AM participate in the development of GLTM traces (Bielavska & 

Roldan, 1996).  

 Adding to the support of centrifugal modulation on PBN-related activities in taste 

aversion learning was a study conducted by Tokita, Karádi, Shimura, and Yamamoto (2004). 

After CTA acquisition to a NaCl-LiCl pairing, electrical stimulation of the GC and CeA were 

investigated on neuronal responses of parabrachial units to the four basic taste stimuli. The 

stimulation experiment demonstrated that the CeA elicited an overall excitatory effect while the 

GC, although normally implicated in CTA memory activities, showed no significant effects. 

Also, responses to NaCl in the amiloride-sensitive best units increased in the CTA animals, with 

responses to other taste qualities demonstrating no differences across groups. Finally, during the 

decerebration experiment, there were no differences found in taste response magnitudes for the 

groups in all best-stimulus categories.  

 So, in comparison to their former study on salient responsiveness of PBN neuronal 

activities in taste aversion learning, there are some similarities as well as some differences in the 

results of the two experiments (Tokita et al., 2004). Similar to previous findings, the aversive 

conditioning enhanced activation of NaCl units due to the relevance of this taste stimulus in the 

PBN as the CS. On the contrary, the former conclusion that modified taste responses could occur 

solely in the PBN without any forebrain contribution was overturned. The decerebration of rats 

prevented such changes and, as a result, they realized that descending inputs from higher cortical 

areas play an important part in increased reactions to the CS. However, the possibility that 

neuroplastic modifications could occur in the PBN should not be ruled out.  

 In general, the PBN is a very important brain site in regards to CTA learning. Excitotoxic 

and ibotenic acid lesions of the parabrachial complex demonstrated impaired formation of taste 



   32 
 

avoidance behavior, with mPBN lesions lacking association mechanisms of taste-visceral signals 

and lPBN lesions lacking the ability to detect the US-related gastrointestinal feedback. 

Neurotransmitters such as glutamate and serotonin were shown to be involved with CS and US 

processing, with the later of the two also engaged in the acquisition process of CTA. Enzymatic 

activity of PKC as well as CaCMK within the PBN facilitated maintenance of memory formation 

for conditioned rats. Finally, studies examining descending input from forebrain substrates on the 

PBN during CTA, express the necessity of these brain areas in modulation of aversion-related 

responses in the parabrachial complex.  

Discussion 

 In conclusion, many studies have demonstrated the PBN to be the main site of taste-

guided behavior. The highly organized neural network of the parabrachial nucleus in rats is 

specifically designed to participate in gustatory learning mechanisms. With both oral and gastric 

input from the NST and reciprocal descending interactions between the multiple forebrain 

structures interceded by GABA inhibition, the PBN serves as the chief brain site in taste-

mediated palatability.  

 Regardless of the convergence of NST inputs into the PBN, this nucleus has been 

separated into two distinct parts: the mPBN and the lPBN. During CTA formation, mPBN 

lesioned rats lacked the ability to associate the taste and visceral elements of input; whereas, 

lPBN lesioned rats lacked the ability to detect the US. Accordingly, both groups failed to 

condition an aversion to the stimulus. In addition, lPBN lesions also impaired subjects’ ability to 

condition taste preferences. Therefore, the lPBN seems to be a major structure in developing 

both CFPs and CTAs. This zone of the PBN, serving as the designated site of gastrointestinal 

processing, probably greatly alters gustatory input through an enhanced perception of taste 



   33 
 

sensitivity. However, lesions made to the entire PBN have also demonstrated impairment in both 

taste memory paradigms. Thus, while each component of the PBN has their functional role in 

behavioral responses to different tastes, the PBN as a whole is necessary for appropriate 

modulation in taste palatability.  

 Since the PBN plays a great role in CTA and CFP formation, the cortical structures that 

modify PBN properties must also contribute to changes in hedonic value. Forebrain substrates 

such as the GC, BNST, CeA and LH, send descending projections to the PBN. These forebrain 

sites, with greatest input from the CeA and the GC, regulate feeding behavior in terms of 

gustatory processing mainly by participating in the development of long-term memory traces.  

 Exactly how this corticofugal effect takes place is still of great concern but some research 

has implied indirect connections of GABAergic neurons between these descending inputs and 

the postsynaptic taste nuclei of the PBN. As a consequence, drugs such as BZD’s, which enhance 

the effects of GABAa receptors, can also transform taste palatability. By acting on the PBN 

circuit, BZD’s can increase ingestive actions of preferred tastants as well as reduce the avoidance 

reactions to aversive tastants. So, in general, the administration of BZD’s to the PBN can 

increase total ingestion through enhancement of taste palatability.  

 All in all, the PBN has been demonstrated as the primary association center of oral-

gastric input in rats. Taste models such as CFP’s and CTA’s are greatly used to study these PBN-

related shifts in palatability along with the different phases of taste memory formation. With the 

help of descending ipsilareral forebrain projections into the PBN, taste and environment-related 

information is stored in memory to influence future food consumption.  

 Given that more and more people are suffering from health-related effects due to 

overconsumption of food, these findings are particularly relevant and beneficial to individuals in 
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today’s society. If the underlying cause of hyperphagic responses can be pinpointed, then one 

can create a technique to obliterate the epidemic of obesity. Nevertheless, much more work and 

research needs to be done in this area to get more detailed results with respect to the connection 

of neural underpinnings and their relations to taste-mediated behavior.  
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Table 1 

List of Structures and Respective Behavior during Blockade of TTX Injections 

Experiment Group Appearance of CTA 
1: Acquisition of CTA GC+AMi Yes 
 GC+AMc No 
 PB+AMi Yes 
 PB+AMc No 
2: Retrieval of CTA PB/GCi Yes 
 PB/GCc Minor 
 PB/Ami Yes 
 PB/AMc Impaired 
 PB/GC+AMi Yes 
 PB/GC+AMc Almost Irretreivable 
Note: The “i” at end of group name means that all injections were done in the same hemisphere, 
whereas the “c” means that blockade of the second structure was done in the opposite 
hemisphere. PBN, parabrachial nucleus; GC, gustatory cortex; AM, amygdala; TTX, 
tetrotodoxin. Table recreated from Bielavska and Roldan (1996).  

 
 
  
 
 
 

 

 
 


