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Responses were recorded from single fibers of the sheep superior laryngeal nerve during stimulation of the epiglottis with 0.5 M
KC, NH,Cl, NaCl and LiCl, distilled water, 0.005 M citric acid, and 0.01 N HCI. Recordings were made from both lambs and ewes.
KCl elicited a response from 99% of fibers followed in order of effective stimulation by NH,Cl, HCI, distilled water, citric acid, NaCl
and LiCl. Analysis of the variation in response frequency with time demonstrated differences in the response patterns for these stimu-
li. The pattern of frequency over time is sufficient to discriminate among the salts, between some of the salts and acids, and between
some of the salts and water. Therefore the response pattern may be significant in initiating the various reflex activities that occur dur-

ing chemical stimulation of the larynx.

INTRODUCTION

Sensory responses from the superior laryngeal
nerve (SLN) have been studied to investigate, pri-
marily, the neural mechanisms underlying upper air-
way reflexes. For example, tactile, gaseous, acidic
and osmotic stimuli have been applied to the larynx
and epiglottis because such stimuli are known to elicit
the upper airway reflexes of coughing, swallowing
and apnea3. Electrophysiological responses from
SLN fibers have been recorded to learn how neural
activity is related to these various types of stimuli
and, thus, to the various reflexes24.25,

Interestingly, initial studies revealed a remarkable
diversity of neural response characteristics!-24.
Storey?4 attempted to describe fibers by types, based
on responses to mechanical and chemical stimuli.
However, the types he defined were far from homo-
geneous and he therefore concluded that a contin-
uum of response characteristics exists across SLN fi-
bers.

Since the epiglottis has many taste budsé, it is cu-

rious that taste scientists have virtually ignored the
study of chemosensitive responses from the SLN.
Recently, however, Stedman et al.23 investigated
chemosensitive fibers supplying epiglottal taste buds
in cats, using a variety of salt and acid stimuli, and
concentration series of chemicals. They concluded
that responses recorded during chemical stimulation
of the epiglottis were similar to those recorded during
chemical stimulation of the tongue. However, no
new insights emerged on a general scheme for cat-
egorizing or classifying fibers according to chemical
responses.

It may be that previous attempts to classify SLN re-
sponses to chemical stimuli have been impeded by a
rather narrow approach to data analysis. Although
measures of response latency!2 and time to peak
frequency?? have been incorporated by some investi-
gators in analysis of the neural discharge, the overall
pattern of the response has never been studied. We
have taken this latter approach in an attempt to un-
derstand better the chemosensitive responses from
the SLN.
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In both the lamb and adult sheep the structure and
number of taste buds on the epiglottis bave been de-
scribed®, and there is information on reflex responses
to chemicals applied to the larynx!'}. Consequently,
we have used lambs and ewes for neurophysiological
studies of SLN responses. Furthermore, we have ex-
tensive data on responses to chemical stimulation of
lingual taste buds supplied by the chorda tympani and
glossopharyngeal nerves in the sheep, and so neural
activity from the three nerves in response to the same
chemical stimuli can be compared-.

MATERIALS AND METHODS

Surgical preparation

Twelve Dorset lambs (aged 30-70 days) and 5
adult ewes (aged 2—4 years) were kept in the labo-
ratory for at least one week to ensure that they had
no overt signs of respiratory infection. The animals
were anesthetized with an intravenous injection of
sodium pentobarbital (25 mg/kg for lambs; 30 mg/kg
for ewes) and placed supine on an operating table. A
tracheostomy was performed close to the sternal
notch and the jugular vein was cannulated for admin-
istration of supplemental anesthetic. Lambs were
wrapped in a heating pad adjusted to maintain rectal
temperature at 39 °C.

To prevent reflex swallowing while recording from
the right SLN, the left SLN was located and cut. A
midline incision was made into the larynx, through
the thyroid cartilage, without cutting the base of the
epiglottis. The epiglottis was reflected into the larynx
so that its laryngeal surface was exposed through the
incision, and held in place with a suture?. The epi-
glottis was bathed with 0.154 M NaCi when not stim-
ulated experimentally.

Neurophysiology

The right SLN was located and cut close to its junc-
tion with the vagus nerve. The connective tissue and
sheath were dissected and the nerve was subdivided
into small bundles of fibers for single unit recording.
Bundles were placed on a platinum wire electrode
and a reference electrode was positioned in nearby
tissue. The neural activity was amplified, displayed
on an oscilloscope and monitored with an audio am-
plifier. Neural data were stored on one channel of a
magnetic tape recorder, with voice cues for experi-

mental procedures on a second channel.

Recordings were made from 59 single fibers (30
lamb and 29 ewe units). Activity was classified as
‘single unit’ by examination of impulse amplitude and
waveform in high speed photographic records of ac-
tion potentials. Active epiglottal units were isolated
by stroking the epiglottis with a small brush. If a me-
chanically sensitive unit was identified, chemicals
were then applied (KCl, NH,Cl and water) to estab-
lish chemosensitivity. Thus all units responded to
both tactile and chemical stimuli. Tactile units that
were not chemosensitive were not analyzed further.

Stimuli

Chemical stimuli were 0.5 M KCl, NH,Cl, NaCl
and LiCl, 0.005 M citric acid (pH = 2.76), 0.01 N
HCl (pH = 2.00) and distilled water. The concentra-
tions were chosen so that direct comparisons could be
made with previously collected data on responses
from sheep chorda tympani and glossopharyngeal
nerves during chemical stimulation of the tongue.
Since the presence of water on the epiglottis produc-
es a neural discharge, all chemicals were dissolved in
0.154 M NaCl which elicits minimal activity; 0.154 M
NaCl was also used as the rinse solution. Chemical
stimuli and rinses were applied at room temperature.

A gravity flow system was used to deliver 20-ml of
each stimulus and at least 50 ml of rinse solution from
a funnel. Chemicals remained on the epiglottis for 20
s and were then rinsed until neural activity returned
to baseline levels. Fluids were removed from the lar-
ynx via a tube inserted rostrally in the tracheostomy
incision and connected to a suction pump and fluid
trap.

The chemical stimulation sequence was always the
same (KCI, NH,CI, NaCl, LiCl, KCl, water, citric
acid, HCI, and KCl). It was possible to apply this to-
tal sequence twice for 29% of the units. When
chemicals were applied more than once, responses
were averaged for that fiber. Since 0.5 M KCl was
found to be an effective stimulus in preliminary ex-
periments, it was chosen as a standard and applied 3
times in the stimulation sequence to monitor the sta-
bility of the preparation.

Data analysis
Recorded neural impulses were converted to
standard electrical pulses with a window discrimina-



tor and the time between the pulses in milliseconds
was measured with a microcomputer?. Interpulse in-
tervals were stored on magnetic disks and a program
was then implemented to convert these intervals to
frequency (impulses per second). Frequencies were
measured before, during and after a stimulation peri-
od.
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Before the final data analysis was performed both
the spontaneous frequency and response frequency
due to flow of fluid over the epiglottis were sub-
tracted. Mean spontaneous activity was calculated
for each fiber by averaging the frequency during the
5 s periods preceding each chemical stimulation.
Flow response frequency was determined by averag-
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Fig. 1. Neurophysiological records from a large and small amplitude unit of the superior laryngeal nerve in a lamb during stimulation of
the epiglottis with chemical stimuli. The arrow indicates the time of stimulus application and the dots indicate rinses. The large ampli-
tude unit does not respond to LiCl and NaCl. For each unit, the pattern of response frequency depends on the stimulus. For example,
KCl elicits a sustained response, whereas the response to NH,Cl ceases before the stimulus is rinsed from the epiglottis.
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ing the frequency during 5 s periods when a rinse so-
lution was delivered to the epiglottis. Therefore only
activity in response to chemical stimulation was ana-
lyzed.

Parameters measured

Response characteristics vary among fibers, and
within a single fiber, depending on the chemical stim-
ulus. Fig. 1 illustrates responses recorded simulta-
neously from two single fibers that were easily sepa-
rable on the basis of impulse amplitude. It is apparent
from this figure that all fibers do not respond to all
chemicals. For example, in Fig. 1 the large amplitude
unit does not respond to LiCl and NaCl. It is also ap-
parent that when a response does occur, the frequen-
cy pattern during the entire response period depends
on the particular chemical used. For example, KCl
elicits a sustained response, whereas the response to
NH,CI ceases before the stimulus is rinsed from the
epiglottis. We have therefore measured two parame-
ters:

(1) Presence or absence of a chemical response. A
chemical response was defined as an increase in aver-
age frequency during any five sequential seconds of
the stimulation period that exceeded the mean plus
two standard deviations of the spontaneous activity
rate.

(2) Response pattern. The variation with time of
the response frequency for each stimulus.

RESULTS

Presence or absence of a chemical response

For both lamb and ewe SLN units, KCl was the
most effective chemical stimulus, since 97% and
100% of fibers, respectively, responded to this chem-
ical. For illustration, therefore, we ranked all fibers
from lambs and ewes in order of the decreasing maxi-
mum response frequency to KCI (Fig. 2). Of the oth-
er salts, NH,Cl was the next most effective epiglottal
stimulus (73% of lamb and 90% of ewe fibers re-
sponded). The other two salts were relatively much
less effective: for NaCl , 33% (lamb) and 41% (ewe),
and for LiCl, 17% (lamb) and 28% (ewe) of fibers re-
sponded.

The most effective of the two acids was HCI (80%
of lamb, 76% of ewe fibers responded); citric acid
elicited a response from only 37% (lamb) and 38%
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(ewe) of fibers. Distilled water was more effective as
an epiglottal stimulus than citric acid since 50% and
48% of the units, respectively, responded.

In summary, KCl, NH,Cl and HCI are very effec-
tive stimuli for the epiglottis based on the proportion
of fibers that respond. Water is effective for about
half of the fibers, whereas citric acid, NaCl and LiCl
are much less effective. Since we searched for single
chemosensitive fibers using KCl, NH,Cl and water,
the large proportion of fibers responding to KCl and
NH,CI might be attributable to a search bias. How-
ever, as noted, water was also used as a search stimu-
lus, yet only about 50% of all units responded. Fur-
thermore, in whole nerve and multiunit recordings
from the SLN we have found a similar order of rela-
tive effectiveness for the same stimuli used in this
study>. Therefore, these single units reflect the gen-
eral chemosensitive fiber population of the SLN.

Response patterns

The response patterns of all fibers during stimula-
tion of the epiglottis with each stimulus are presented
in Figs. 3 and 4. These responses have been ranked in
order of the decreasing maximum response frequen-
cy for each chemical and have been separated into
lamb and ewe units, for clarity. It is apparent that
characteristic patterns of neural response are pro-
duced by each chemical. Responses to KCl stimula-
tion tend to accelerate to a maximum frequency and
then adapt to a lower frequency which is sustained
until the epiglottis is rinsed (Fig. 3). In contrast,
NH,CI typically produces a short duration, high fre-
quency response which adapts to spontaneous levels
after about 5 s, long before the epiglottis is rinsed.
The response patterns produced by NaCl and LiCl
are variable. NaCl produces a continuously increas-
ing response frequency which is especially prominent
in the ewe units. No particular pattern is observed for
the relatively few fibers responding to LiCl.

The response to both acid stimuli (HCl and citric
acid) is typically an initial high frequency discharge
followed by a lower frequency, which then increases
again until the epiglottis is rinsed (Fig. 4). Distilled
water produces a variety of response patterns. Some
units respond to distilled water with a profile similar
to that for HCI, while others show a progressive in-
crease in frequency throughout the stimulation peri-
od.
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Fig. 3. Frequency-time histograms for responses from lamb and ewe single fibers to 4 salts. Responses are arranged in order of de-

creasing maximum frequency for each chemical. The spontaneous activity and response produced by flowing the stimulus have been
subtracted. In general. similar response patterns are elicited by a particular stimulus.
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Fig. 4. Frequency-time histograms for responses from lamb and ewe single fibers to acids and distilled water stimuli. Responses are ar-

ranged in order of decreasing maximum frequency for each stimulus. The spontaneous activity and response produced by flowing the
stimulus have been subtracted.

The stability of response profiles elicited by one fiber. The reproducibility of the pattern during the
chemical in one particular fiber is illustrated in Fig. 5. experiment is apparent from visual inspection of the
KCl was applied as a standard stimulus throughout repeated responses in Fig. 5, recorded from one fiber
the experiments to monitor stability and, therefore, over a period of 45 min.

several KCl responses were always recorded for each Although there does seem to be some consistency
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Fig. 5. Responses recorded from a single fiber during repeated stimulation of the epiglottis with KCl. Other stimuli were applied be-
tween KCl stimulation periods, and the time span between the first and last KCl application was about 45 min. The responses demon-
strate that KCl consistently elicits a similar response pattern over a prolonged time period.

in response patterns for one chemical across fibers, it
is still obvious that the patterns can be quite variable.
Therefore, a quantitative analysis is essential to learn
whether individual chemicals do, in fact, elicit differ-
ent response patterns.

We began by using statistical analyses to deter-
mine whether responses from lamb SLN fibers could
be combined with those from ewe fibers for study of
response patterns. Profile analysis was applied to de-
termine whether the general response pattern for
each chemical was similar for lambs and ewes. This
analysis demonstrated that for each chemical stimu-
lus the response pattern in lambs is parallel to that in
ewes (P > 0.10). However, although the response
patterns are parallel they are not always of the same
magnitude. The response profiles for NH,Cl, KCl,
NaCl and H,O are at overall higher frequencies for
lambs than ewes (P < 0.10), but responses for HCI
and citric acid are of similar magnitudes (P >

0.10). Therefore the shapes of the response profiles
do not change with age; however, there may be dif-
ferences in the frequencies of the responses to some
chemicals. Since for each chemical, response pat-
terns were similar for lambs and ewes, we combined
all units for further statistical analysis.

Responses recorded from one single fiber to a se-
ries of chemical stimuli are not independent. There-
fore, to learn whether one chemical elicited a differ-
ent response pattern from every other chemical, re-
sponses for all possible pairs of stimuli were com-
pared for each individual unit. For these compari-
sons, the difference in response frequency between
each pair of chemicals was calculated for every sec-
ond of the stimulation period. Thus, if response pat-
terns to any pair of stimuli are similar, constant dif-
ferences in frequency throughout the entire stimula-
tion period should emerge.

For example, consider the graphs of response fre-



quencies from one single fiber for NaCl compared
with LiCl, and NaCl compared with NH,Cl, in Fig. 6.
Throughout the response period, a relatively con-
stant set of differences between NaCl and LiCl is
found because the response frequency patterns are
parallel. Thus, the function for the difference score
over time is flat. For NaCl versus NH,Cl the differ-
ence score varies across time because the patterns
are not similar.

Once difference profiles are calculated for all pairs
of stimuli within each fiber, comparisons can be made
across fibers. The results of this analysis are pre-
sented in Table I. The pairs of chemicals that have
dissimilar response patterns (P < 0.10) are indi-
cated in the table, with the significance level for the
pairwise comparison (one sample profile analysis26).
Dashed lines indicate parallel or similar responses;
e.g., the patterns for NaCl and LiCl, NaCl and citric
acid, are similar, as are those for LiCl and water,
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TABLE I
Chemical pairs that elicit different response patterns

For each stimulus pair that produce significantly different pat-
terns, the P value is presented in the table. A dash indicates
that the stimuli elicit similar (parallel) response patterns (P >
0.10).

NH,! NaCl LiCl H,O HC cit
KCl 0.000 0.001 0.002 0.060 0.079 0.016

NH, 0.000 0.001 0.027 0007 0.001
NaCl - 0.084 0.061 —
LiCl — 0.024 —
H,0 0.004 —
HCl —

LiCl and citric acid. Similar response patterns are
also produced by the two acids. The response pattern
to water is similar to that for citric acid, but not HCI.

From this statistical analysis, therefore, it can be
concluded that peripheral neural response patterns
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Fig. 6. Graphs to illustrate the comparison of response patterns from one single fiber for two pairs of stimuli: (A) NaCl versus LiCl,
and (B) NaCl versus NH,Cl. On the left side of the figure the responses for each stimulus pair are represented as variations in response
frequency with time. On the right side the absolute difference scores between the pairs of chemicals are presented. Note that thereis a
constant difference score between NaCl and LiCl indicating that these chemicals produce response patterns that are parallel. The dif-
ference score between NaCl and NH,Cl varies with time indicating that these two chemicals do not have parallel response patterns.
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Fig. 7. Average response patterns across single fibers for all chemical stimuli. Note the differences and similarities between the re-

sponse patterns produced by the various stimuli.

over time are sufficient to discriminate among salts
(NH,CI from KCI, NaCl or LiCl), between some
salts and acids, and between some salts and water,
during stimulation of the epiglottis. The general pat-
terns which are summarized as average response pro-
files in Fig. 7, are similar to the summated whole SLN
responses® indicating that the single fiber recordings
are a representative sample of the whole nerve.
Although a demonstration that the patterns are
statistically different does not mean that they are sig-
nificant to the nervous system, the existence of dif-
ferences is provocative. If pattern differences are ig-
nored, average response frequency would have to be
sufficient to discriminate among chemicals. Yet aver-
age frequencies are not very different for some of the
chemicals we used. For example, average maximum
response frequencies across all fibers in ewes are:
KCl = 18, NH,Cl = 19, HCI = 18, and citric acid =
16 impulses/s. It is difficult to understand how these
responses could be distinguished from each other on
the basis of frequency alone. Yet the KCI response

pattern is different from those of the other 3 stimuli
(Table I), as is the NH,Cl response pattern.

DISCUSSION

Chemosensitive response patterns

Several chemical stimuli elicit neural responses
from the SLN that are distinguishable from each oth-
er as frequency patterns over time. For example,
NH,Cl elicits a transient discharge while KCl produc-
es a response that is sustained during the entire stim-
ulation period. NaCl and LiCl do not always produce
a response, but when a response occurs, the impulse
discharge increases gradually with NaCl but is vari-
able with LiCl stimulation. The acids produce an ini-
tial high frequency response which then declines, and
is eventually followed by an increase. Water on the
epiglottis elicits a variety of response profiles, with
some units having a profile similar to that produced
by acids while others resemble a salt pattern. The re-
sults therefore demonstrate that different chemicals



applied to the epiglottis can produce discharge pat-
terns characteristic of that chemical. Statistical anal-
ysis of differences in response frequencies for pairs of
chemicals over time demonstrates that these patterns
are in fact distinguishable. Furthermore, for several
chemicals that elicit nearly equal average maximum
response frequencies, response patterns are different
and may provide the means for neural discrimina-
tion.

Response patterns from chemosensitive fibers in-
nervating lingual taste buds were described qualita-
tively by Fishman?® over 20 years ago. He classified 5
types of response in rat chorda tympani fibers. These
included a rapid initial response followed by a steady
state activity, a steady state activity attained without
a rapid initial burst, a rapid initial burst followed by a
silent period followed by a return of activity, a grad-
ual increase in activity to a maximum with a subse-
quent decline, and a rhythmic burst-like firing. There
were some correlations between the stimuli used and
the response profiles. Monovalent salts generally
produced one kind of response, while divalent salts
produced a different response profile. The bursting
pattern was most often associated with sweet sub-
stances.

Since this report by Fishman® there have been a
few attempts to quantify the temporal response pat-
tern in chemosensitive fibers with interspike interval
histogram analysis 15-17. However for many fibers an-
d/or chemicals the interspike interval distribution is
random and it is generally not possible to correlate
taste quality and temporal pattern with this analysis.

Others have questioned the need to study a pro-
longed period of the neural discharge because it has
been shown that only a brief initial portion of the re-
sponse is required to make a quality discrimina-
tion!l0.11. However, these results were based on re-
sponses to 0.3 M NaCl, a concentration that is close
to the receptor saturation level. It may take a longer
time period for quality decisions at lower concentra-
tions and other qualities need not necessarily be dis-
criminated in so short a time. Intensity judgements
may require a longer stimulation period, also. In ad-
dition, the central nervous system may use longer
processing times in order to take into account spatial
and temporal properties of the stimulating condition.
Thus, although it is apparently possible in certain cir-
cumstances to make a quality decision using only the
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initial portion of the response, it would be premature
at this time to dismiss the rest of the response period
as having no significance in transmitting information
concerning sensory properties of the stimulus.

Response patterns and upper airway reflexes

The discovery of specific response patterns in SLN
chemosensitive afferents may be important in under-
standing upper airway reflexes. The current theory
of the control of these reflexes proposes that a ‘cen-
ter’ in the brainstem can initiate precise spatio-tem-
poral muscle contractions in response to a peripheral
inputs. Furthermore, it is suggested that the center
has an afferent portal which functions to decode the
input to produce the appropriate output. Thus, each
reflex is associated with a uniquely coded input. The
code cannot be restricted to a specific receptor type
since there are too many reflex outputs for too few
receptor types. It is likely, therefore, that temporal
and spatial patterning are important in coding for dif-
ferent stimuli. There are few data on the temporal as-
pects (and none on the spatial aspects) of the dis-
charge pattern from upper airway receptors. Recent
reports provide detailed latency and discharge dura-
tion characteristics!2-23, but the present paper is the
first to describe variations in discharge frequency
with time, i.e. the response pattern.

There are few data on the use of chemical stimuli
to produce upper airway reflexes. Johnson et al.13
were able to initiate swallowing and apnea in lambs
by using various chemical stimuli applied to the lar-
ynx. Sucrose, glucose, HCI, quinine hydrochloride
dissolved in water, and water alone, initiated apnea
and swallowing. Sodium chloride at several concen-
trations (including isotonic) was ineffective in pro-
ducing either swallowing or apnea. Shingai and Shi-
mada? obtained similar results in the rabbit. NaCl
was generally ineffective, or only effective at low
concentrations after a long latency. However, water
applied to the larynx was an effective stimulus in pro-
ducing a swallow.

These results may be compared with the present
study in which NaCl was one of the least effective
stimuli. It should also be noted that NaCl produces its
maximum response some time after stimulus applica-
tion, which correlates well with the long latencies re-
ported in the rabbit for the production of swallowing
by NaClI20. Of the other salts used by Shingai and Shi-
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mada?0, several were effective in producing swallow-
ing while the remainder were similar to NaCl. Su-
crose and quinine hydrochloride dissolved in water
induced swallowing, as in the study of Johnson et
al.13. However, when dissolved in saline they were
ineffective, indicating that it was the water and not
the sucrose or quinine hydrochloride that was initia-
ting the reflex activity.

The other stimuli used by Shingai and Shimada20
were different from the ones used in the present stu-
dy. However, they did use acid stimulation (acetic
acid, pH 2.60) which elicited repetitive reflex swal-
lowing. This may be compared with the results of the
present study in which acids were effective stimuli
when applied to the epiglottis.

These studies suggest a relationship between
chemical stimuli and reflex activity. The present
study extends these findings to demonstrate a corre-
spondence between stimulus and response pattern in
the SLN. It is possible, therefore, that the response
patterns represent a neural code that when deci-
phered by the portal of the ‘swallowing center’ ini-
tiates different reflex activities.

Comparison of sheep and cat SLN responses

Responses from SLN fibers in cat have been re-
corded also during chemical stimulation of the epi-
glottis?3. In both cat and sheep, KCI was the most ef-
fective of the salt stimuli used, and NH,Cl was next
most effective. NaCl and LiCl, however, which fre-
quently elicited responses from sheep SLN, were not
effective stimuli in the cat, virtually no fibers re-
sponded. NaCl and LiCl are also rather ineffective
stimuli for cat lingual taste buds. Acids and water as
epiglottal stimuli were similar in both species, with an
order of decreasing effectiveness of HCl > H,0
> citric acid.

Although a detailed analysis of response patterns
was not made for cat SLN fibers, some comparative
statements can be made. Notable in both species is
the very high frequency, rapidly adapting response to
NH,C! on the epiglottis. In the cat, HCI and citric
acid also elicited responses that adapted to baseline
before the chemical was rinsed. Water elicited most
variable response patterns in cat, as in sheep. There-
fore, these properties of SLN fiber discharge pat-
terns are similar in two widely different mammalian
species.

TABLE 1II

Order of effective stimulation for salts on sheep tongue and epi-
glottis

Nerve Region stimulated  Chemical stimulus
Chorda tympani anterior tongue NH,=Na=Li>K
Glossopharyngeal  posterior tongue  NH,>K>Na=Li
Superior laryngeal  epiglottis K>NH,>Na=Li

Comparison of sheep SLN, chorda tympani and glos-
sopharyngeal nerve chemosensitive responses

Taste buds located on the anterior and posterior
tongue and epiglottis of sheep respond differently to
the 4 salts, NH,Cl, KCI, NaCl and LiCl5. Responses
from the chorda tympani nerve during stimulation of
the anterior tongue have an initial dynamic and later,
sustained, adapted phase for all salts. The glossopha-
ryngeal nerve responds to these salts with a similar
general pattern. Thus, the very rapidly adapting SLN
response to NH,Cl stimulation of the epiglottis is not
observed for the tongue.

The order of effective stimulation also changes for
each of the receptive fields supplied by the 3 nerves
(Table II). NaCl and LiCl, extremely effective ante-
rior tongue stimuli, become progressively less effec-
tive for the posterior tongue and epiglottis. Interes-
tingly, in the sheep, water is an effective stimulus for
the epiglottis, but not for the tongue. The structure of
the taste buds in these 3 locations appears similar by
light microscopy so that the same basic taste bud
morphology has been adapted to respond differently
depending on its location and its ultimate functional
role.

In conclusion, studies of responses from SLN fi-
bers in sheep have demonstrated that the epiglottis,
like the tongue, is broadly chemosensitive, respond-
ing to a variety of salts, acids, and water. From quan-
titative analysis of response frequency throughout
the stimulation period, it is apparent that different
chemicals elicit neural activity that can be distin-
guished on the basis of response patterns. These pat-
terns may provide information to central nervous sys-
tem areas such as the ‘swallowing center’ about
which chemical is present in the upper airway.
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