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Abstract 

Animals and humans have acquired and improved a taste system that is vital in 

the survival and proliferation of the species.  This taste system provides animals with the 

ability to detect certain taste stimuli that are both nutritious and potentially harmful to its 

system.  All taste stimuli fall into four basic categories: salty, sweet, sour and bitter.  In 

general, those tastants that are either salty or sweet are beneficial to the body and provide 

nutrients that are essential for the maintenance of good health and survival.  However, 

those tastants that are either sour or bitter are predominantly toxic or harmful to the body.  

The gustatory system is redundant in that there are multiple methods of detection of 

stimuli prior to them entering the body.  It is imperative that if one of the transduction 

mechanisms for sour or bitter fails, there is another one waiting to compensate for the 

deficiency.   

There have been an abundance of studies examining the different methods of 

transduction for the four different types of tastants.  Each of these studies has provided 

further understanding of the pathways by which gustatory signals are sent to the brain via 

the different nerves and pathways.  There are three cranial nerves that convey this 

gustatory information to the brain from the taste receptor cells in the oval cavity: the 

facial nerve, the glossopharynegeal nerve and the vagus nerve.  Many studies have tested 

the consequences of transecting these cranial nerves and whether the unconditioned 

responses of an animal remain the same following this transection.  These studies are 

helpful in understanding the specific roles of these nerves and their importance in the 

gustatory system. 
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Introduction 

The gustatory system is imperative in recognizing vital substances that are 

necessary for survival, as well as in avoiding substances that could be potentially fatal to 

an organism.  The taste buds are the cells by which tastants are recognized in the mouth.  

These taste buds are located in structures called papillae, which can be categorized into 

four separate groups: filiform, fungiform, foliate and circumvallate papillae.  Filiform 

papillae do not contain taste buds as do the other three papillae, and are dispersed on the 

surface of the tongue (Mavi, 1999).  Thus, the filiform papillae are not involved in the 

detection and identification of tastants.  They, however, do provide general 

somatosensory information for temperature and taste.  The fungiform papillae are located 

at the front of the tongue and they are most concentrated towards the anterior tip, while 

the foliate papillae are located on the sides of the tongue.  The circumvallate papillae are 

located on the posterior portion of the tongue, and both the circumvallate and the foliate 

papillae contain more taste buds than single fungiform papillae.  Yet, single fungiform 

papillae are adequate to recognize any tastants (Pritchard, 1991).  There are 

approximately one to two taste buds in the fungiform papillae on the anterior portion of 

the tongue, while there are hundreds of taste buds in the circumvallate and foliate papillae 

on the posterior portion of the tongue (Clapp, 2001).  The majority of the taste buds, 

forty-six percent, are located in the foliate papillae, while thirty-five percent are located 

in the circumvallate papillae, and only nineteen percent are located in the fungiform 

papillae (Frank, 1991).  The normal taste bud has approximately fifty to one hundred 

taste cells located inside the structure (Kinnamon & Getchell, 1991).  Taste buds are 

regenerative with a cycle of turnover every ten to fifteen days (Murray RG. 1993).  Taste 
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is perceived when tastants are recognized by these taste cells, which are grouped in the 

taste buds on the tongue and various portions of the mouth.  It has been shown that there 

are four basic tastes that can be detected by the taste cells: sweet, sour, bitter and salty 

(Montmayeur, 2001).  Three cranial nerves connect to the taste cells in the mouth: the 

facial, glossopharynegeal and vagal nerves (Kinnamon & Getchell, 1991).  The chorda 

tympani nerve is a branch of the facial nerve (VII) and it connects to the fungiform 

papillae on the anterior portion of the tongue, as well as the anterior foliate papillae.  The 

glossopharynegeal nerve (IX) innervates the taste buds of the circumvallate papillae on 

the posterior part of the tongue, as well as the posterior foliate papillae (St. John et al., 

1994).  The greater superficial petrosal nerve is another branch of the facial nerve, which 

innervates the palatal taste buds (El-Sharaby et al., 2001).  Each of these nerves plays a 

specific role in the detection of various tastants.  However, many tastants are capable of 

being detected by multiple nerves and mechanisms.  

Circumvallate Papillae 

The circumvallate papillae, which are presumed to be vital for survival, are 

located on the posterior portion of the tongue.  They contain hundreds more taste buds 

than the fungiform papillae and they also contain more taste buds than the foliate 

papillae.  A circumvallate papilla is a single crescent-shaped trench.  The circumvallate 

papillae on the posterior portion of the tongue are innervated by the glossopharynegeal 

nerve (St. John et al., 2003).   

The circumvallate papillae contain vast numbers of taste buds, in contrast to the 

other papillae, and they contain a specialized gland called the von Ebner’s gland (VEG) 

(Sbarbati & Crescimanno, 2000).  The majority of these circumvallate papillae interact 
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with saliva that is secreted from the VEG (Matsuo, 2000).  The VEG is a small serous 

gland on the posterior part of the tongue.  The VEG in the posterior tongue sends saliva 

into the base of the trenches around the circumvallate and foliate papillae.  This saliva 

contains certain chemicals that dissolve taste substances, thus altering the chemistry of 

the environment at the taste receptor sites in the circumvallate and foliate papillae.  This 

in turn then affects taste reception (Leinonen et al., 2001).  The circumvallate papillae 

and the VEG are vital for an organism because they are the final method of detection 

before ingestion.  If these structures do not prevent the ingestion of toxic substances, an 

organism could face severe consequences, such as illness or even death. 

Transduction Mechanisms 

There are different ways in which the four basic tastants are detected and 

transduced.  Tastants are first perceived when they are detected by the taste cells.  The 

initiation of taste transduction occurs on the apical side of the taste receptor cells.  When 

these taste receptor cells in the taste buds are exposed to chemical stimuli, taste 

transduction is initiated.  Tastants cause taste cells to become depolarized, resulting in 

neurotransmitter release, thus sending a signal to the brain through the nerve that 

innervates the particular taste buds.  There are different transduction mechanisms for 

different stimuli.  Salt and sour tastants are transduced through ion channels on the apical 

membrane, while sweet and bitter tastants are transduced by G-protein-coupled receptors 

(Montmayeur, 2001).  While most of the tastants interact with the apical membrane, some 

are able to pass through the tight junction into the basolateral areas of the taste cells.  This 

interaction then results in the depolarization of the taste cells and the eventual release of a 

neurotransmitter from the taste cell.  The receptor potential triggers the voltage-gated 
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sodium (Na+) and potassium (K+) channels, causing the firing of action potentials, which 

contributes to the influx of calcium and the release of neurotransmitters.  The two types 

of transduction mechanisms are through ion channels and receptor mechanisms.  Through 

ion channels, tastants are recognized when Na+ ions and H+ protons enter the cell through 

amiloride-sensitive channels.  Through the receptor mechanisms, tastants attach to and 

trigger ionotropic receptors, which results in the depolarization of the cell.  Some tastants 

are transduced, however, through metabotropic (G-protein coupled) receptors, in which 

the activation of the G-proteins results in depolarization or the release of calcium (Ca2+) 

(Gilbertson, 1999).   

The transduction of salts occurs through the influx of Na+ and the depolarization 

of amiloride-sensitive-sodium channels (Doolin & Gilbertson, 1996).  These channels 

allow Na+ to enter the taste cells, resulting in depolarization.  Amiloride has been proven 

to block the Na+ channels and eliminate, or reduce, the responses to NaCl.  Potassium 

salts are also transduced when K+ enters the cells through an apical K+ channel 

(Kinnamon & Getchell, 1991).  In addition, sour tastants are detected through these 

amiloride-sensitive-sodium channels when H+ protons enter the cell (Gilbertson, 1999).  

Sweets are transduced through G-protein-coupled receptors.  Sugars attach to a receptor 

on the apical side of the taste receptor cell.  This receptor is connected to a G-protein and 

a second messenger, which cause reactions in the basolateral region of the taste receptor 

cell.  There are three types of voltage-gated channels in the basolateral region of the taste 

receptor cell: Na+, K+ and Ca2+.  The Na+ and Ca2+ channels allow ions to enter the cell, 

while the K+ channels allow ions to leave the cell.  When a G-protein and second 

messenger are activated, they cause the taste receptor cell to become more positive, or 
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depolarized.  This can result from the blockage of the K+ channels, thus preventing K+ 

from leaving the cell.  This triggers the voltage-gated channels, resulting in an increase of 

Ca2+, thus stimulating the release of neurotransmitters.  This release of neurotransmitters 

causes action potentials to be fired in the postsynaptic membrane and a signal to be sent 

to the brain (Spector, 2000).  Like sweets, bitter tastants are also transduced through G-

protein-coupled receptors.  Bitter stimuli result in the release of Ca2+ from taste cells 

caused by G-protein coupled receptors.  This influx of calcium then causes the release of 

neurotransmitters.  There are numerous mechanisms and receptors to detect bitter tastes 

because this detection is essential for the survival of an organism.  Therefore, through 

evolution, only those species that were able to detect bitter tastants and thus avoid them 

were capable of surviving (Margolskee, 1993).   

Responsiveness of Taste Buds to Various Tastants 

There have been many studies examining the responsiveness of the taste buds to 

different tastants.  It has been shown that the circumvallate papillae located on the 

posterior tongue are the most responsive to bitter tastes.  The anterior and side portions of 

the tongue produce much smaller responses to bitter stimuli.  An experiment by Green 

and Schullery (2003) studied the papillae responsiveness, as well as the responsiveness of 

the cranial nerves.  It proved that there are differences in the responses to bitter and 

burning sensations among the three nerves, implying that there are significant differences 

in the way in which tastants are perceived on the anterior and posterior tongue.  The 

different responsiveness of the chorda tympani and the glossopharynegeal nerves to 

stimulants suggests that each nerve has a particular function. 
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Green and Schullery performed two separate experiments to determine the 

responsiveness of the papillae and the cranial nerves.  The first experiment examined the 

sensitivity of both capsaicin and menthol on the anterior tip of the tongue (the fungiform 

papillae), the sides of the tongue (the foliate papillae), and the posterior surface of the 

tongue (the circumvallate papillae).  The intensity of sweetness, saltiness, sourness, 

bitterness, burning and coolness was recorded using the Labeled Magnitude Scale (LMS) 

for each trial.  The results for this experiment showed that certain areas of the tongue 

elicited a bitter perception for both capsaicin and menthol.  The region in which bitter and 

cold perception tended to be rated the strongest was in the circumvallate region.  In 

contrast, the fungiform region produced the strongest ratings for burning sensations.  The 

fungiform and the foliate regions were not very responsive to bitter stimulants.  In the 

second experiment, Green and Schullery sought to determine if sucrose would suppress 

the bitterness of capsaicin, just as sucrose suppresses the bitterness of prototypical bitter 

stimuli.  The experiment also tested capsaicin with 1.0mM QHCl, a bitter tastant, to 

determine whether subjects could differentiate bitterness from burning sensations.  It was 

hypothesized that the addition of QHCl would increase bitterness ratings, but not the 

burning sensation.   

In the first experiment, it was determined that the foliate region and the anterior 

tip produced equivalent, but negligible responses to capsaicin, therefore the second 

experiment tested only the anterior tip and the circumvallate areas.  This second 

experiment revealed that sucrose was able to repress the bitterness of capsaicin in all of 

the regions tested.  However, when sucrose was presented in the fungiform region, it was 

not as successful in suppressing the bitterness.  It was hypothesized that the addition of 
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QHCl to capsaicin would increase the ratings to bitterness in both regions, and this was 

proven true.  The response to bitter was significantly decreased by the presence of 

sucrose in the circumvallate regions, but there was no significant effect on the anterior tip 

of the tongue.  This experiment established that there are specific neurons in the gustatory 

system that respond to certain bitter stimuli and these neurons can be activated by both 

menthol and capsaicin.  The fact that the anterior and posterior portions of the tongue 

responded in different manners to the stimuli proves that there are different ways in 

which these stimuli are detected.  While bitterness and burning sensations were detected 

primarily by the circumvallate papillae in the posterior part of the tongue, menthol, with 

its cooling sensation, was perceived equally throughout the mouth.  This evidence that 

bitterness and burning were detected predominately in the circumvallate region proves 

that capsaicin is a stimulus for the glossopharynegeal nerve.  Thus, Green & Schullery 

hypothesized that without this nerve, it would not be possible to detect bitter stimuli 

(Green & Schullery, 2003).   

Transection of the Glossopharynegeal and Chorda Tympani Nerves 

Numerous theories have been hypothesized about the possible effects of 

transection on the detection abilities of rats.  There have been many studies performed to 

observe these potential deficiencies which may result from the transection of both the 

glossopharynegeal and the chorda tympani nerves.  The transection of these nerves does 

result in some deficiencies, however, they are different for the various tastants.  The 

chorda tympani nerve innervates taste buds in the fungiform papillae on the anterior 

portion of the tongue, in addition to the anterior foliate papillae.  The glossopharynegeal 

nerve innervates taste buds in both the circumvallate papillae and the posterior foliate 
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papillae.  Transection of the glossopharynegeal nerve eliminates the responsiveness of 

sixty-four percent of rat taste buds, while the transection of the chorda tympani eliminates 

only fifteen percent of the taste buds.   

Taste Bud Regeneration After Transection 

 Healthy taste buds regenerate every ten to fifteen days.  However, following 

gustatory nerve transection, the taste buds may take longer to regenerate.  The gustatory 

nerves innervate the taste buds in the oral cavity and these nerves have a significant 

trophic influence on the taste buds.  Thus, their presence is essential for the survival of 

the taste buds.  Many studies have been done in the past to determine the time course of 

taste bud regeneration after the transection of the chorda tympani.  St. John et al. (2003) 

performed an experiment to determine the time course of taste bud regeneration 

following the transection of the glossopharynegeal and the greater superficial petrosal 

branch of the facial nerve in rats.  The glossopharynegeal nerve innervates the taste buds 

on the posterior portion of the tongue, while the greater superficial petrosal nerve 

innervates almost all of the palatal taste buds.  When gustatory nerves are transected, all 

of the taste buds that are innervated by that particular nerve deteriorate and are 

temporarily eliminated.  This transection of the gustatory nerves, however, is not 

permanent.  The nerve is able to regenerate, thus allowing the taste buds to regenerate as 

well.   

This experiment showed that following a bilateral transection of the 

glossopharynegeal nerve, the first appearance of new taste buds occurred approximately 

sixteen days after surgery.  The regeneration of these taste buds is linear over 

approximately seventy days, whereas, it was shown that the regeneration of the taste buds 
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innervated by the chorda tympani began more rapidly and arrived at an asymptote forty-

two days after surgery.  Also, following the transection of the greater superficial petrosal 

nerve, the palatal taste buds innervated by this nerve regenerated at a much slower pace 

than those innervated by the chorda tympani or the glossopharynegeal nerves.  After two 

hundred and twenty-five days, only approximately twenty-five percent of the taste buds 

had regenerated, suggesting that the transection of the greater superficial petrosal nerve 

resulted in permanent reduction in the number of the taste buds (St. John et al., 2003).   

This study is significant because the time course of regeneration of the gustatory 

nerves and the taste buds is very important for transection studies.  When a transection 

study is performed, the experimenters must assure that the testing is completed before the 

gustatory nerves fully regenerate.  If the nerves regenerate prior to the completion of the 

experiment, the data will not be valid.  After the experiment has been completed, 

histology must be performed on the animals in order to assure that the nerves have not 

fully regenerated.  The experimenters must examine the presence of taste buds in order to 

verify the efficacy of the nerve sections. 

Transection of the Chorda Tympani Nerve 

Many studies have been performed to examine the effects of transection on the 

cranial nerves.  These transection studies have shown that the chorda tympani and the 

glossopharynegeal nerves exhibit a different responsiveness to various stimulants.  The 

chorda tympani nerve, innervating the anterior part of the tongue, has been found to elicit 

larger responses to salts as well as to control ingestive oral motor responses.   
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Effects of Transection on Oral Motor Behavior and Intake-Based Preferences 

 In 1992, Grill et al. performed a study to determine if the transection of the 

chorda tympani nerve would cause any changes in the ingestive behavior of the rat.  It 

was designed to test whether this section would increase or decrease ingestive oral motor 

responses to quinine hydrochloride (quinine), magnesium chloride (MgCl2), sodium 

chloride (NaCl), and sucrose.  Ingestive behavior is influenced by sensory information 

from the mouth and the digestive tract, as well as from past associations made between 

the ingestion of the substance and the subsequent reaction.  Taste reactivity tests and two-

bottle intake tests were used to determine whether the transections affected the behavior.  

In the taste reactivity tests, a stimulus is deposited into the oral cavity of the rat, and after 

a five or ten minute adaptation period, each rat received a one-minute, 1 ml intraoral 

infusion of that day’s taste stimulus solution.  The oral motor responses were then 

measured.  For the two-bottle intake tests, two bottles were placed on each cage and one 

was filled with the solution that was used in the taste reactivity test that particular day 

while the other was filled with tap water.  The position of each bottle was switched twice 

during each day to control for position preference.   

 Following the section of the chorda tympani, quinine preference was not 

significantly altered.  All of the rats preferred water to quinine at each concentration.  The 

MgCl2 was not preferred to water in two-bottle intake tests and the rats’ preference 

decreased considerably as the concentrations were increased.  Also, these rats displayed 

significant decreases in the mean total number of ingestive oral motor responses to 

MgCl2.  For NaCl, they exhibited a significant decrease in their ingestive responses, 

however, their aversive responses were unaffected.  In response to sucrose, the transected 
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rats did not show a significant difference from the control rats in either the two-bottle 

preference test or the taste reactivity tests.   

 This study confirms that the chorda tympani does affect ingestive oral motor 

responses and that the transection of this nerve decreases ingestive responding.  While 

this transection decreases these responses, the experiment proves that the chorda tympani 

is not necessary to maintain the normal range of ingestive and aversive responses.  There 

are other pathways, such as the glossopharynegeal nerve, through which this information 

can be conveyed.   

 Another study that examined the effects of transection on the ingestive behaviors 

and rejection responses of rats was Travers et al. (1987).  They found that the transection 

of the chorda tympani alone did not affect the rejection response to quinine.  This study 

showed that the chorda tympani is not necessary to maintain normal ingestive responses.  

In addition, this experiment proved that the chorda tympani is capable of initiating 

rejection responses, however it is not essential for initiation.  An intact chorda tympani is 

sufficient for the rat to maintain this range of responses, yet, as other studies proved, 

there are other pathways which are capable of carrying this same information (Travers et 

al., 1987).   

Responsiveness of the Chorda Tympani to Salts 

The chorda tympani has been found to have the greatest responsiveness to salts.  

There have been many studies designed to test this responsiveness.  Markinson et al. 

(1995) sought to determine if the transection of the chorda tympani nerve would have any 

effect on rats’ appetite for sodium.  It found that rats with the section of the chorda 

tympani displayed significant decreases in their appetites for sodium.  Therefore, it could 
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be concluded that the rat’s sodium appetite was highly dependent on an intact chorda 

tympani nerve.  Previous studies have shown that NaCl is the chemical that stimulates the 

most taste-responsive fibers in the chorda tympani, thus these are the fibers that are 

eliminated when the chorda tympani is transected.  This experiment revealed two main 

conclusions regarding the gustatory system.  The first was that the total number of intact 

taste buds is not correlated with the intensity of the responsiveness of rats to NaCl.  This 

is true because the chorda tympani innervates only fifteen percent of the taste buds, 

whereas, the glossopharynegeal nerve, which innervates approximately sixty-four percent 

of the taste buds, does not produce responses with nearly as much intensity.  The second 

conclusion is that neither the glossopharynegeal nerve nor the greater superficial petrosal 

nerve provide any necessary information about sodium behavioral tasks in addition to 

what is already provided by the chorda tympani nerve.  If either of these two nerves were 

capable of providing this information, the rats’ appetite for sodium would not have 

decreased (Markinson et al., 1995).   

Another study, performed by Spector & Grill (1992), examined the ability of rats 

to discriminate between salt tastes following a bilateral section of the chorda tympani 

nerve.  This experiment tested whether input from the chorda tympani was essential for 

rats to discriminate between NaCl and KCl after having learned this discrimination in 

previous training.  The experiment also tested whether the transection of the chorda 

tympani had any affect on the rats’ ability to discriminate sucrose from quinine.  The 

results showed that while the chorda tympani innervates only fifteen percent of the taste 

buds, its transection significantly impaired the rats’ ability to discriminate between the 

two salts after having already learned the discrimination.  However, it was shown that the 
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transection of the chorda tympani did not have the same effect on sucrose and quinine 

discrimination that it had on the NaCl and KCl discrimination tasks.  Therefore, the input 

of the chorda tympani does not play a significant role in discriminating sucrose from 

quinine, and other nerves are capable of making the distinction between these two 

stimuli.  Thus, it can be concluded that the input of the chorda tympani is essential for the 

rats’ discrimination of NaCl and KCl, while other nerves, such as the glossopharynegeal 

and the greater superficial petrosal nerves, play a role in quinine discrimination (Spector 

and Grill, 1992).   

The transection of the chorda tympani does however, have a significant effect on 

the ability of the rats to discriminate between quinine and KCl.  Following this 

transection, the rats’ performance on this discrimination task decreased considerably.  

Therefore, St. John and Spector concluded that the chorda tympani is capable of detecting 

both quinine and KCl.  This detection is vital for survival because if the 

glossopharynegeal nerve were the only nerve that could discriminate bitter tastes, as was 

previously thought, an organism could be in danger of ingesting poisonous substances.  

This is an important protective mechanism because most bitter substances are toxic, 

therefore this system provides a vital additional method of detection (St. John and 

Spector, 1998).   

Other studies have also proven that the chorda tympani is sufficient for the 

maintenance of normal responsive behavior to bitter substances.  This was shown when 

St. John et al. (1994) sought to determine the responsiveness to quinine when one or 

more of the cranial nerves were transected.  Previous studies have shown that the facial 

nerve is fairly unresponsive to quinine because the responsiveness of rats was not 
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significantly impaired following the transection of the chorda tympani nerve.  However, 

following the transection of the glossopharynegeal nerve in this experiment, the rats were 

required to use the input from the facial nerve alone for quinine responses.  Since the rats 

were capable of maintaining normal responsiveness to quinine, it could be concluded that 

the facial nerve was sufficient for maintaining this normal range of responsiveness.   

This concept that the chorda tympani nerve is sufficient for the detection of 

quinine was confirmed in another study performed by St. John and Spector (1996).  This 

study was designed to examine whether the transection of the chorda tympani nerve 

would raise the threshold for quinine detection in rats.  The results showed that when the 

input from the chorda tympani nerve was removed, there was sufficient information for 

the rat to maintain its regular detection threshold.  In addition, when the 

glossopharynegeal nerve was transected and its input was removed, the rat was again 

capable of maintaining its regular detection threshold.  Therefore, these results confirm 

previous studies, which proved that the chorda tympani is sufficient, but not necessary, 

for maintaining this normal detection threshold.  Thus, either the chorda tympani or the 

glossopharynegeal nerve is essential for maintaining normal quinine threshold levels, 

however, if the input of both of these nerves is removed, the threshold is significantly 

elevated.  This also verifies the findings from the earlier studies that the chorda tympani 

and the glossopharynegeal nerve carry redundant information.  In addition, this 

experiment proves that the greater superficial petrosal is not essential in the detection of 

quinine because when both nerves were transected, the thresholds increased.  These 

thresholds should have remained approximately the same if the greater superficial 

petrosal were responsible for quinine detection (St. John & Spector, 1996).   
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The chorda tympani nerve is also sufficient for the detection of sweet stimulants.  

While it has been proven that the chorda tympani is not essential for this detection, the 

input from this nerve is adequate to convey the proper signal for the sweet tastants.  

Spector et al., 1996 did show however, that the facial nerve is essential for the 

maintenance of normal licking responses for sugars.  When the chorda tympani and the 

greater superficial petrosal nerves were transected, the results showed a significant 

depletion in the rats’ behavior to sweet stimuli.  Yet, the transection of only the chorda 

tympani or the glossopharynegeal nerve resulted in insignificant or no depletions in sugar 

licking behavior.  This proved that one branch of the facial nerve, either the chorda 

tympani or the greater superficial petrosal nerve, is necessary for the rats to maintain their 

normal licking behavior.   

Responsiveness of the Chorda Tympani Nerve to Taste Stimuli 

 While many studies have been done to examine the effect of the transection of the 

chorda tympani nerve, Danilova and Hellekant (2003) performed a study to determine the 

electrophysiological responses of the chorda tympani to various tastants.  This study 

confirmed previous studies, proving that the chorda tympani is capable of substantial 

responses to sweeteners and that the chorda tympani elicits greater responses to sweet 

tastants than does the glossopharynegeal nerve.  Another study performed by Danilova et 

al. (2001) showed that the responses of the chorda tympani to sweet tastants were greater 

than those of the glossopharynegeal.  Thus, the chorda tympani contains fibers that 

respond well to sweet stimuli. 
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In addition to the large responses to stimulation by sweeteners, the chorda tympani 

elicited a large phasic response to ammonium chloride (NH4Cl).   

 

 

 

 

 

 

The chorda tympani also produced large phasic responses to both monosodium glutamate 

(MSG) and to NaCl. 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Responsiveness of the chorda tympani nerve to 300mM sucrose.  (Adapted 
from Danilova and Hellekant, 2003) 

Figure 2.  Responsiveness of the chorda tympani nerve to 100mM NH4Cl.  (Adapted 
from Danilova and Hellekant, 2003) 

Figure 3a.  Responsiveness of the chorda tympani nerve to 300mM MgSO4.  (Adapted 
from Danilova and Hellekant, 2003) 

Figure 3b.  Responsiveness of the chorda tympani nerve to NaCl.  (Adapted from 
Danilova and Hellekant, 2003) 
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Danilova et al. (2001) also showed that the chorda tympani does respond to bitter 

tastants, although it was previously hypothesized that bitter stimuli were only detected in 

the posterior portion of the tongue by the circumvallate papillae.  Yet, this experiment 

proved that the chorda tympani does contain fibers for detecting bitter stimuli. 

 

 

 

 

 

 

This study also showed that the chorda tympani nerve contains fibers that responded well 

to acids. 

 

 

 

 

 

 

Transection of the Glossopharynegeal Nerve 

 In contrast to the chorda tympani nerve, the glossopharynegeal nerve, which 

innervates the posterior portion of the taste buds on the tongue, has been found to elicit 

large responses to bitter tastants, as well as to control aversive oral motor responses.  

Figure 4.  Responsiveness of the chorda tympani nerve to QHCl.  (Adapted from 
Danilova et al. 2001) 

Figure 5.  Responsiveness of the chorda tympani nerve to citric acid.  (Adapted from
Danilova et al. 2001) 
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Many studies have been performed to examine these conclusions and to verify these 

findings.   

Effects of Transection on Oral Motor Behavior and Intake-Based Preferences 

 In 1992, Grill et al. performed a study to determine if the transection of the 

glossopharynegeal nerve would result in any changes in the aversive oral motor behavior 

of the rat.  The experiment was designed to test whether this section would increase or 

decrease aversive oral motor responses in the rat to quinine hydrochloride (quinine), 

magnesium chloride (MgCl2), sodium chloride (NaCl), or sucrose.  Behaviorally, the 

section of the glossopharynegeal nerve produced significant results in the ingestive 

responses to only MgCl2 and NaCl.  When exposed to quinine or sucrose, there was no 

difference in preference between the control rats and the transected rats.  The rats in both 

groups preferred quinine to water at all concentrations, and for both the control and the 

transected groups, sucrose preference increased as the concentrations increased.  As the 

rats were exposed to increasing concentrations of the MgCl2, their ingestive responses 

decreased significantly and their aversive oral motor responses increased.  For NaCl, the 

aversive scores of the rats significantly decreased as the concentrations were increased.  

Thus, it could be concluded that the transection of the glossopharynegeal nerve 

considerably reduced the number of aversive oral motor responses.  However, even with 

this section of the glossopharynegeal nerve, the rats were still able to maintain their full 

range of taste-elicited oral motor output, demonstrating that there is more than one single 

pathway for aversive responses.   

 Another study that examined the effects of transection on the ingestive behaviors 

and rejection responses of rats was Travers et al. (1987).  This study found that the 
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glossopharynegeal nerve, innervating the receptors on the posterior tongue, is sufficient 

for the initiation of a rejection response, but is necessary for a sustaining that response.  

The section of the glossopharynegeal nerve significantly increased the extent of the 

rejection response as well as the number of rejection responses (gapes) to quinine.  Thus, 

the glossopharynegeal nerve is vital for a sustained rejection to quinine (Travers et al., 

1987). 

Responsiveness of the Glossopharynegeal Nerve to Salts 

 In contrast to the responsiveness of the chorda tympani nerve to salts, the 

glossopharynegeal nerve has not been found to be necessary for salt detection or 

discrimination.  Many studies, including Markinson et al. (1995), sought to determine 

whether transection of the glossopharynegeal nerve would have any effect on rats’ 

appetite for sodium.  This experiment showed that the rats with the transection of the 

glossopharynegeal nerve maintained their normal taste for sodium.  Thus, it was 

concluded that the glossopharynegeal nerve was not essential for normal sodium 

responsive behavior and that the glossopharynegeal nerve does not provide additional 

information about sodium behavioral tasks other than what is already provided by the 

chorda tympani nerve (Markinson et al., 1995).   

Another study, performed by Spector and Grill (1992), tested the rats on their 

discrimination abilities before and after the transection of the glossopharynegeal nerve.  It 

has been proven that the glossopharynegeal nerve is not necessary for the maintenance of 

a sodium appetite in rats, as is the chorda tympani nerve.  In spite of the fact that the 

transection of the glossopharynegeal nerve removes the input of approximately sixty-five 

percent of the taste buds, the rats remained capable of discriminating between NaCl and 
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KCl.  There was no difference in the discrimination abilities of the rats prior to, or 

following, the transection.   

Another transection study that has been performed to examine the role of the 

glossopharynegeal nerve in discrimination tasks was done by St. John and Spector 

(1998).  They found that the transection of the glossopharynegeal nerve did not have any 

significant effect on the ability of the rats to discriminate between quinine and KCl.  It 

was hypothesized that the glossopharynegeal nerve would be essential for this 

discrimination because this nerve is the most responsive to quinine and it contains fibers 

that are more responsive than other nerves to bitter stimuli.  However, these results 

significantly contradicted the hypothesis that the input from the glossopharynegeal nerve 

is necessary for the discrimination of quinine and KCl, because following the transection, 

the rats maintained their ability to discriminate between the two stimuli.  This study also 

confirms the results of other studies, which showed that the chorda tympani is indeed 

sufficient for quinine detection.   

 While the glossopharynegeal nerve may not be essential for some quinine 

discrimination tasks, it is sufficient for the detection of quinine in rats.  St. John and 

Spector (1996) demonstrated that although the glossopharynegeal nerve carries the most 

information about quinine stimulants, this nerve is not essential for the maintenance of 

the normal threshold for quinine detection.  When the glossopharynegeal nerve was 

transected, the rats were capable of maintaining their regular detection threshold.  Thus, 

there are other pathways through which quinine detection can occur other than the 

glossopharynegeal nerve.  If either the chorda tympani or the glossopharynegeal nerve 

remained intact, the thresholds for quinine detection were not increased.  However, when 
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the input of both nerves was removed, there was insufficient information for the rat to 

maintain this regular detection threshold.  This confirms the findings from previous 

studies that the chorda tympani and the glossopharynegeal nerves convey redundant 

information.   

 In contrast to other stimulants, the glossopharynegeal nerve is not essential for the 

detection of sweets or for the maintenance of regular sugar licking behavior.  Spector et 

al. (1996) found that the licking behaviors of the rats for both sucrose and maltose were 

not altered when the glossopharynegeal nerve was transected.  Yet, when the 

glossopharynegeal nerve was the only nerve intact, the rats were able to maintain some 

degree of competence.  Thus, the nerve is sufficient to maintain this behavior, yet it is not 

necessary.  In addition, the glossopharynegeal nerve did allow for some discrimination 

among the different concentrations of the sucrose and the maltose, therefore it is not 

completely irrelevant in the detection of sweet stimulants.   

Responsiveness of the Glossopharynegeal Nerve to Taste Stimuli 

 There have been many transection studies performed to observe the role of the 

glossopharynegeal nerve, however, Danilova et al. (2001) did a study to examine the 

electrophysiological responses of the glossopharynegeal nerve to various tastants.  This 

study found that the glossopharynegeal nerve elicited the largest responses to bitter 

stimuli.  Danilova and Hellekant (2003) performed another study, confirming the 

responsiveness of the glossopharynegeal nerve to bitter tastants.  This study also 

determined that the nerve elicits very large responses to bitter tastants.  Thus, the 

glossopharynegeal nerve contains fibers for detecting bitter stimuli.   
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In addition to these two studies on the responsiveness of the glossopharynegeal 

nerve to bitter stimuli, Dahl et al. (1997) performed a study, which showed that the 

glossopharynegeal nerve is more responsive to caffeine than the chorda tympani nerve.  

However, the responses to nicotine, MgCl2 and PTC were approximately equal for the 

two nerves.  Thus, the glossopharynegeal nerve may not be more responsive than the 

chorda tympani to all bitter stimuli, but just a portion of them.   

In a study performed by Danilova and Hellekant (2003) the glossopharynegeal 

nerve elicited large phasic, as well as tonic, responses to NaCl, and this overall response 

was much larger than that of the chorda tympani nerve.   

 

 

 

 

 

 

In direct contrast with Danilova and Hellekant (2003), Danilova et al. (2001) 

found that the glossopharynegeal nerve did not contain any fibers that responded best to 

NaCl.  Thus, Danilova et al. concluded that this lack of response confirms previous 

research, which has found that the circumvallate papillae, innervated by the 

glossopharynegeal nerve, do not contain the amiloride-sensitive sodium channels 

necessary for sodium detection.   

Figure 6.  Responsiveness of the glossopharynegeal nerve to QHCl.  (Adapted from 
Danilova et al. 2001) 

Figure 7.  Responsiveness of the glossopharynegeal nerve to NaCl.  (Adapted from 
Danilova and Hellekant, 2003) 
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Similar to the response to NaCl, monosodium glutamate (MSG) elicited a large 

tonic response in the glossopharynegeal nerve. 

 

 

 

 

 

 

This study also showed that the glossopharynegeal nerve contains fibers that 

responded well to acids. 

 

 

 

 

 

 

 

Figure 8.  Responsiveness of the glossopharynegeal nerve to NaCl.  (Adapted from 
Danilova et al. 2001) 

Figure 9.  Responsiveness of the glossopharynegeal nerve to 300mM MgSO4.  
(Adapted from Danilova and Hellekant, 2003) 

Figure 10.  Responsiveness of the glossopharynegeal nerve to citric acid.  (Adapted 
from Danilova et al. 2001) 
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These results indicate that the posterior portion of the tongue, innervated by the 

glossopharynegeal nerve, is responsible for the detection of many tastants, but its 

strongest responses are elicited by bitter tastants.  The fact that the glossopharynegeal 

nerve may not be more responsive than the chorda tympani to all bitter stimuli implies 

that there may be different transduction mechanisms for different taste receptor cells in 

the mouth.  Because taste receptor cells regenerate themselves approximately every ten to 

fifteen days, they may also be in different stages of their cycle when they interact with 

these various stimuli, thus eliciting different responses.  Therefore, it can be concluded 

that caffeine and quinine activate different transduction mechanisms in the taste receptor 

cells.  It was also concluded that the probable reason in which quinine elicits larger 

responses than other bitter stimuli is that it stimulates a greater number of bitter-

responsive taste receptor cells and it is capable of being transduced by more than one 

mechanism (Dahl et al., 1997).   

Central Projections of the Gustatory Nerves in the CNS 

Many of these studies have proven that the glossopharynegeal and the chorda 

tympani nerves carry redundant information about various stimulants.  Both nerves are 

capable of conveying information about ingestive and aversive behavior, as well as sweet 

and bitter tastants.  This is true because much of the information from these two nerves 

converges and intermingles within the nucleus of the solitary tract (NST). 

Once the stimuli have been detected and transduced, a signal is sent to the brain 

via the particular gustatory nerve.  The first place that the gustatory nerves reach in the 

brain is the NST of the medulla.  It is here that the three cranial nerves innervating the 

taste buds within the mouth converge.  The arrangement by which the cranial nerves 
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connect to the taste buds strongly resembles the pattern of organization of the NST.  

Axons of the chorda tympani and the greater superficial petrosal branches of the facial 

nerve, which innervate the anterior and palatal taste buds, penetrate the lateral side of the 

brain stem and arrive at the rostal NST.  The axons of the glossopharynegeal nerve enter 

the medulla caudal to the facial nerve and cross over the trigeminal nerve (V) prior to 

entering the NST.  There is significant intermingling of the facial and glossopharynegeal 

nerves within the NST, however, the axons of the glossopharynegeal nerve extend further 

caudally than those of the chorda tympani.  Many of the neurons that are central in tastant 

detection and identification in the NST connect to the pontine parabrachial nuclei (PBN).  

Some of those neurons are then further projected into other areas of the forebrain, such as 

the central nucleus of the amygdala or the lateral hypothalamus.  The PBN receives 

information primarily from those areas of the NST to which the glossopharynegeal and 

the vagus nerves have conveyed information.  The PBN then sends the information to the 

central nucleus of the amygdala, bed nucleus of stria terminalis and the lateral and 

dorsomedial hypothalamus.  The PBN, however, does not receive information that is 

conveyed by the chorda tympani nerve from the front portion of the tongue (Pritchard, 

1991).   

Discussion 

The gustatory system is a vital aspect in the evolution of organisms.  While some 

stimulants can only be detected by a single cranial nerve, others are capable of being 

detected by multiple nerves and mechanisms.  The ability of animals to detect various 

stimuli through different mechanisms is vital for survival, as well as for nutrition.  This 

ability to identify stimuli and to differentiate between beneficial and harmful chemicals is 
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crucial for adaptation in the environment.  The gustatory system allows animals to be 

able to distinguish between various sensory signals that correspond to particular taste 

stimuli.  Animals must then have the ability to connect these stimuli with certain 

consequences, either positive or negative.  This ability to use the taste stimuli to represent 

certain environmental situations has the capability of altering the behavior of an animal in 

the environment.  For an animal, taste can represent a precursor to a future event or a 

final result, which can be either positive or negative.  Most of these taste responses are 

unconditioned and are unrelated to the motivations of the animal.  Through experience 

and familiarity, humans and animals have evolved the ability to distinguish between four 

specific types of tastants: sweet, salty, sour and bitter.  Each of these tastants are 

transduced and recognized through different mechanisms and different gustatory nerves.  

Studies have proven that the chorda tympani is the most responsive to salts and sweets 

and the glossopharynegeal is the most responsive to bitters.  However, if either the chorda 

tympani or the glossopharynegeal nerve is intact, rats are capable of maintaining most 

normal ranges of responses and behaviors (Spector 2000).   

While the gustatory system is important in the recognition of various chemicals to 

fulfill the nutritional needs, it is also imperative for the avoidance of toxic chemicals.  

Without this system, both humans and animals would be unable to avoid substances that 

are harmful to their health.  Since this is such a vital aspect of the anatomy, there is more 

than one mechanism for detecting toxic, such as bitter or sour, chemicals.  These multiple 

mechanisms ensure that if one mechanism fails, there are backup systems that will allow 

for survival.  Without these systems, the evolution of species would not be possible 

(Gilbertson, 1999).  
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