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To learn whether there are developmental changes in salt and acid taste responses from the posterior tongue, we recorded from the 
glossopharyngeal nerve, which innervates taste buds in circumvallate papillae, in sheep fetuses, lambs and adults. Multifiber re- 
sponses to NH4CI, KCI, NaCI, LiC1, citric and hydrochloric acids were expressed as ratios, relative to responses for two standard 
chemicals, NH4C1 and KCI. Response ratios for NaCI and LiCI, relative to either standard, increased during development, but the 
magnitude of the change was small. KCI elicited very large magnitude responses, relative to NH4CI, in the youngest fetuses, and then 
decreased by 50% in stimulating effectiveness. Relative responses to both acids also decreased developmentally. The general shapes 
of KCI response-concentration functions did not change throughout development; however, in the youngest fetuses, the NH4CI re- 
sponse-concentration function was not similar to that in older animals. These developmental changes are different than those for re- 
sponses from anterior tongue taste buds recorded from the chorda tympani nerve. Anterior tongue responses to NaCI and LiCI change 
most substantially and those to KCI change very little; acid responses do not change. The developmental differences for anterior ver- 
sus posterior tongue responses suggest that membrane composition and maturational changes of taste buds in the two locations are not 
the same. Response-concentration functions from both tongue areas support the proposition that specific membrane components in- 
teracting with various salts are added during development. 

INTRODUCTION 

During deve lopment  there are substantial  changes 

in neurophysiological  responses from the chorda 

tympani  nerve, which innervates taste buds on the 

anter ior  tongue 13.16.1725. In both rat  and sheep,  re- 

sponses to NaCI and LiC1 are of very small magni- 

tude in early deve lopment  and progressively increase 

relative to o ther  salts, acids and sucrose. Thus,  the 

typical,  large magni tude response to NaCI and LiC1 

from the anter ior  tongue is not present  during early 

formation of the taste system, but gradually appears  

throughout  development .  

When NaC1 and LiC1 are used to st imulate taste 

buds in circumvallate papillae on the posterior tongue 

of adult  mammals ,  however ,  large magni tude re- 

sponses are not general ly elicited relat ive to other  
chemicals 1.14.26.29,3°. To attain these different  adult  

response characteristics,  a different  set of  devel- 

opmenta l  changes might be expected from the pos- 

ter ior  tongue.  Therefore ,  to collect such comparat ive  

data,  we recorded responses to salts and acids from 

the glossopharyngeal  nerve,  which innervates taste 

buds in circumvallate papi l lae ,  in sheep fetuses, 

lambs and adults. Chemical  stimuli and exper imental  

age groups were selected to permi t  direct  comparison 

with chorda tympani  nerve responses from taste buds 

on the anter ior  tongue 25. 

METHODS 

Animals and surgical preparation 

Sheep in 5 age groups were studied: (a) 110 days of 

gestation, included 10 fetuses aged 107-113 days of  

gestation ( term = 147 days);  (b) 130 days of gesta- 

tion, included 9 fetuses aged 126-132 days of  gesta- 

tion; (c) per inatal ,  10 animals aged 142 days of gesta- 

tion to 7 postnata l  days; (d) lamb,  10 lambs aged 
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33-86 days postnatal;  (e) adult,  6 ewes aged 2-4 

years. Adults  and lambs were anesthet ized with an 

intravenous injection of sodium pentobarbi ta l  

(30 mg/kg for adults; 20--25 mg/kg for lambs),  were 

t racheotomized and given supplemental  0 2 (1.5-2.5 

liters/min). An indwelling catheter  was placed in the 

jugular vein for subsequent  anesthetic administra-  

tion. Fetuses (anesthet ized via the pregnant  ewe) 

were delivered onto a table at the ewe's  side, and 

wrapped with a heating pad l~J. The umbilical and 

placental  circulation remained intact. Rectal  temper-  

ature was moni tored  continuously. 

Electrophysiology 
The fetal, lamb or adult  mouth was incised to ex- 

pose the entire,  lateral field of 20-30 circumvallate 

papillae for st imulation on the recording side. The 

animal 's  head was then posi t ioned in a holder ,  and 

the glossopharyngeal  nerve was dissected by a lateral  

approach through the cheek and angle of the man- 

dible. The glossopharyngeal  was located just beneath  

the hyoid bone.  which was part ial ly removed.  The 

nerve was cut centrally,  dissected, desheathed,  and 

divided into small, naturally occurring bundles.  

A discrete bundle of nerve fibers was placed on a 

plat inum recording electrode with a reference elec- 

t rode in nearby tissues. It was not possible to record 

from the entire glossopharyngeal  nerve at once and 

obtain a good signal-to-noise ratio. Therefore  re- 

sponses were recorded systematically from each bun- 

dle of the nerve to ensure that activity from the entire 

populat ion of poster ior  tongue taste buds was stud- 

ied. Neural activity was recorded using a preampli -  

fier, oscilloscope and audiomoni tor ,  s tored on mag- 

netic tape,  and then passed through a full-wave recti- 

fier and smoothing circuit with a t ime constant of 

0.5 s 3. The integrated neural  activity was moni tored  

with a recti l inear pen recorder .  

Stimuli 
Taste stimuli were 0.5 M solutions of reagent  

grade NH~CI, KCI, NaCI and LiCI, 0.1 M citric acid 

and 0.01 N HCI, dissolved in distilled water.  Concen- 

tration series (0.10-1.00 M) of NH4CI and KC1 were 

also used. It was essential to warm stimuli to tongue 

surface tempera ture  (38.5 °C) to obtain stable neu- 

rophysiological responses.  Room tempera tu re  stimu- 

li cooled the tongue and elicited t empera tu re  re- 

sponses2~'.2'~,30; these responses changed as the solu- 

tions gradually warmed to tongue tempera ture  and 

therefore  produced a fluctuating baseline. 

Salt stimuli were applied before acids but the order  

of salt st imulation was varied. One salt (ei ther  NH4CI 

or KCI) was applied periodical ly to moni tor  response 

reproducibil i ty.  If responses to these repeated  stimu- 

li varied by more than 15%, data were not included 

for analysis. All  stimuli were applied at least twice. 

Twenty ml of each stimulus were flowed on the en- 

tire field of circumvallate papil lae from syringes. 

Taste responses were readily elicited in this manner  

and no addit ional  procedures  were needed for stimu- 

lation. Af ter  20--40 s, the stimulus was rinsed from 

the tongue with distilled water  (38.5 °C). At  least 

40 s then elapsed before applicat ion of another  stim- 

ulus. 

Data analysis 
Integrated records of mult if iber  giossopharyngeal  

nerve responses were composed  of an initial phasic 

component  that gradually adapted  to a lower magni- 

tude of neural  response.  The magni tude of the phasic 

component  is re la ted to stimulus applicat ion durat ion 

and flow rate 21,27, to the tactile component  of stimu- 

lus application,  and to the chemical stimulus per  se. 

The tactile response from the glossopharyngeal  

nerve is especially large, as others  have de- 

scribedl,6,7.1~; therefore  to exclude that port ion of the 

response related to variables o ther  than taste,  we 

measured responses at 20 s after stimulus onset.  This 

enabled us to compare  our data directly with re- 

sponses from anter ior  tongue 25 and with published 

data on taste responses from adults of other  spe- 
cies4.5,13.16. 

In order  to compare  integrated response magni- 

tudes among different animals,  it is essential to calcu- 

late relative response ratios for each exper iment  

rather  than use comparisons of absolute response 

magnitudes 4. For  each animal,  we calculated the ra- 

tio of every response relative to a ' s tandard '  re- 

sponse. Therefore ,  a response equal  to that elicited 

during st imulation of the tongue with the s tandard 

would have a ratio of 1.00. 
Ideally, the s tandard,  reference chemical should 

be that stimulus which does not elicit changing re- 

sponse magnitudes but which does elicit substantial 

response magnitudes across all groups. Visual in- 
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spection of data indicated that NH4C1 was the best 
choice and it permitted direct comparisons with pub- 
lished chorda tympani responses 25. However, since 
use of a standard chemical makes it impossible to 
draw conclusions about the standard chemical per se, 
we also used a second standard, KC1. Response ra- 
tios for repeated applications of chemicals and for 
separate glossopharyngeal nerve bundles were aver- 
aged for each animal. Then ratios were compared 
among animals. 

Histology 
Circumvallate papillae from 4 fetuses at 110 days 

of gestation and 4 adults were prepared for scanning 
electron or light microscopy. Fetuses were perfused 
through the heart and adults through the carotid arte- 
ries with Karnovsky's formaldehyde-glutaraldehyde 
fixative buffered with sodium cacodylate. Several in- 
dividual circumvallate papillae were dissected from 
the tongue and post-fixed. For light microscopy, tis- 
sues were embedded in paraffin, serially sectioned at 

II 

Fig. 1. A and B: scanning electron micrographs of circumvallate papillae from the posterior tongue of fetuses at 110 days of gestation 
(100x). Various papilla shapes are observed and frequently more than one papilla share a lateral wall. C: light micrograph of a circum- 
vallate papilla from a l l0-day fetus (250x). Taste buds are apparent on the superficial and lateral walls of the papilla. Von Ebner's 
glands are present at the papilla base. D: light micrograph of a papilla from an adult sheep (50×). Taste buds are found in the lateral 
papilla walls only. 
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15/am and stained with hematoxylin and eosin. For 
scanning electron microscopy, tissues were de- 
hydrated in ethanol, prepared with critical point dry- 
ing, and coated with gold palladium. 

RESULTS 

Posterior tongue taste buds 

Taste buds are located in 20-30 circumvallate pa- 
pillae on each lateral edge of the posterior tongue in 
sheep. Foliate papillae are not observed in sheep or 
in cow, another ruminant8,12. The circumvallate pa- 

pillae are of various shapes and often more than one 
papilla apparently share a surrounding epithelial 
wall (Fig. 1A and B). At 110 days of gestation the pa- 

pillae and associated von Ebner's glands are well-de- 
veloped (Fig. 1C). Taste buds in fetuses and older 
animals are found in the wall of the papilla only, not 
in the adjacent epithelial wall. About 45-80 taste 
buds are found per papilla in the 110 day fetus, and 
some of these buds are located in the superficial epi- 
thelium covering the papilla (Fig. 1C). In adults, 
50-200 taste buds are found per papilla, located in 
the lateral epithelium only (Fig. 1D). Therefore, the 
total number of posterior tongue taste buds increases 
from fetal to adult ages. 

Responses to 0.5 M salts 

Integrated responses from one animal in each age 
group illustrate general neurophysiological response 
characteristics (Fig. 2). NaC1 and LiCI elicited the 
smallest response magnitudes throughout devel- 
opment compared to NH4CI or KCI. KCI elicited a 
very large response in 110 days fetuses and was the 
most effective salt stimulus at this age. The maximum 
effectiveness of KCI as a salt stimulus at 110 days was 
consistent throughout all nerve bundles and fetuses 
studied, except in one fetus with a large NHaCI re- 
sponse that exceeded that of KCI. 

By 130 days of gestation, KC1 and NH4CI had re- 
versed in order of stimulating effectiveness (Fig. 2). 
NH4CI elicited the largest response and this order 
was maintained in perinatal animals, lambs and 

adults. 
To quantify changes in salt taste responses, aver- 

age ratios for each salt and age group were plotted 
(Fig. 3) and studied with analysis of variance. Rela- 
tive to NH4CI, KC1 decreased in effectiveness during 

development (F4.44 = 15.81, P < 0.0001). The de- 
crease was so substantial that KCI, which was almost 
twice as effective as NH4CI at 110 days, was about 
half as effective in lambs and adults. Pairwise compa- 
risons between individual age groups (Scheff~ allow- 
ances) indicated that the ll0-day fetal ratio was dif- 
ferent from every other group (P <0.0001) and the 

110 day 

NQ Li K NH4 No K 

130 day 

NH4 K Na NH4 Li K 

Perinatal 

Na Li NH 4 K No Li 

Lamb 

't rnin 
K Na NH 4 Li K NH 4 

Adult 

NH 4 Na Li NH 4 K Na 

Fig. 2. Integrated records o f  mul t i f iber  responses f rom the glos- 
sopharyngeal nerve in an animal f rom each o f  the f ive age 
groups. Chemical st imuli appl ied to the poster ior tongue were 
0.5 M NAG], L iCl ,  KCI  and NH4G]. A l though  KGI was the 
most effective salt stimulus in fetuses at 110 days of gestation, 
NH4CI was most effective in older fetuses, lambs and adults. 
Since the pen recorder gain was set to illustrate the relatively 
small magnitude responses to NaCl and LiCl, in some records 
the early, transient portions of responses to KCI and NH4CI are 
saturated. 
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Fig. 3. Top: mean response ratios and standard deviations for 
KCI, NaC1 and LiCI, relative to NH4CI, recorded from the glos- 
sopharyngeal nerve in fetuses (110 and 130 days of gestation, 
and perinatal), lambs and adults. For each salt, a response 
equal in magnitude to that elicited by NH4CI yields a ratio of 
1.00. KCI response ratios decrease substantially during devel- 
opment, whereas NaCI and LiCI ratios increase slightly. Bot- 
tom: data from a previous study on chorda tympani nerve re- 
sponses 25. When recording from the anterior tongue, KCI ra- 
tios decreased only slightly during development, whereas NaCI 
and LiCI ratios increased greatly. Note the differences in scales 
for glossopharyngeal and chorda tympani nerve response ra- 
tios. 

130-day versus lamb groups were different (P = 

0.05). No other pairs of  age groups were significantly 
different. Therefore the decrease in KC1 response, 
relative to NHaC1 , takes place prenatally and does 
not continue after birth. 
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There were also changes in responses to NaCI and 

LiC1 (Fig. 3), which increased relative to NH4C1 

(NaCI: F4,44 = 4.20, P = 0.006; LiCI: F4.44 = 7.18, P 
= 0.0002). Pairwise comparisons between groups for 

NaC1 and LiCI indicated differences between some 

prenatal groups and between some postnatal groups 

(NaCI: 130-day versus perinatal; perinatal versus 

lamb and adult; lamb versus adult; LiCI: 110 versus 

130-day; 130-day versus perinatal; perinatal versus 

lamb and adult; all P values < 0.05). Therefore the 

increase in relative ratios apparently continues after 

birth. 

Comparison of anterior and posterior tongue re- 
sponses 

In Fig. 3, the salt ratios for glossopharyngeal nerve 

responses are compared with those for chorda tym- 

pani nerve responses from anterior tongue taste buds 
reported in a previous study 25. Whereas the greatest 

posterior tongue change is for KCI/NHaCI ratios, the 

NaC1 and LiCI/NH4C1 ratios alter most substantially 

for anterior tongue. Thus, developmental  changes in 

salt responses for taste buds on front and back of 
tongue are different. 

When chemical responses are calculated relative 

to a standard and a developmental change is ob- 

served, it is not clear whether the response to the 

standard, or to the other chemical is changing. 

Therefore,  to learn whether use of another standard 

chemical would alter general conclusions, we recal- 

culated salt ratios for both glossopharyngeal and 

chorda tympani nerves, relative to the KCI response 

(Fig. 4). The extent of increase in NaCI and LiC1 re- 
sponses from the glossopharyngeal nerve was en- 

hanced, when compared to the KCI standard (NaCI: 

F4,44 = 9.52, P <  0.0001; LiCI: F4,44 = 14.92, 
P < 0.0001). There was also an increase in NHaC1 

responses from posterior tongue, relative to KCI 

(F4.44 = 9.96, P < 0.0001). Pairwise comparisons be- 
tween age groups for each of the 3 salts demonstrated 
a significant difference between the l l0-day  fetal and 

all other age groups, and also between lamb and peri- 

natal or adult age groups (P < 0.05); therefore, 
postnatal changes occur as well as prenatal. 

When chorda tympani salt responses were recalcu- 
lated relative to KCI (Fig. 4), significant increases in 

NaCI (F4,41 = 22.21, P < 0.0001) and LiC! (F4.41 = 

19.56, P < 0.0001) ratios were still observed, as they 
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Fig. 4. Top: mean response ratios and standard deviations for 
NH~C1, NaCI and LiCI, relative to KCI, recorded from the glos- 
sopharyngeal nerve in fetuses (110 and 130 days of gestation, 
and perinatal), lambs and adults. For each salt, a response 
equal in magnitude to that elicited by KCI yields a ratio of 1.00. 
Using KCI as a standard for posterior tongue responses em- 
phasizes the relative increases in NaCI and LiCI responses dur- 
ing development. Bottom: data from a previous study on chor- 
da tympani nerve responses 25, reanalyzed relative to KCI. 
NaCI and LiCI responses increase relative to KCI, as when re- 
ferred to the NH4CI standard. The average NH4CI response ra- 
tio for the perinatal group is greater than that for each of the 
other ages, but no other group differences are observed. 

were for responses relative to the NH4CI standard. 

Ratios for NH4CI/KCI changed also (F4,41 = 3.14, P 

= 0.03), although it is important  to note that the F 

value is small and variances were not equal among 

age groups. Pairwise comparisons demonstrated that 

only the high perinatal ratio differed from other age 

groups, including l l0-day,  130-day and lamb 

(Fig. 4). Thus the overall change relates to the very 

high perinatal ratio. 

Data in Figs. 3 and 4 illustrate that calculating re- 

sponses relative to two standard chemicals can pro- 

vide a more complete description of developmental  

changes. For example, significant postnatal changes 

emerged for NH4C1/KC1 ratios that were not appar- 

ent with KCI/NH4C1 ratios. In general,  though, ratios 

calculated with both standards demonstrate increas- 

es in NaCl and LiC1 relative responses, decreases in 

KCI and increases in NHaCI. 

Responses to citric and hydrochloric acids 
Average ratios for responses to two acids, relative 

to NH4C1, were analyzed (Fig. 5). Relative re- 

sponses from the glossopharyngeal nerve for both cit- 

ric and hydrochloric acid decreased during devel- 

opment (F4,29 = 3.34, P = 0.025; F4,27 - 2.99, P = 

0.04, respectively). Pairwise comparisons demon- 

strated that for citric acid, the 110 day fetal group dif- 

fered from perinatal,  lamb and adult groups 

(P < 0.05). For HC1, 110 day fetuses differed from 

lambs (P = 0.01), and perinatal animals differed 

from lambs and adults ( P <  0.05). Therefore 
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Fig. 5. Mean response ratios and standard deviations for citric 
acid and HC1, relative to NH4C1, for fetuses (110 and 130 days 
of gestation, and perinatal), lambs and adults. Data from the 
glossopharyngeal and chorda tympani nerves are compared. 
Numerals under the histogram bars indicate numbers of ani- 
mals in each age group for which acid responses were studied. 
Citric and hydrochloric acid response ratios from the glosso- 
pharyngeal nerve decreased developmentally; ratios from the 
chorda tympani did not change. 
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Fig. 6. Integrated records of multifiber responses from the glos- 
sopharyngeal nerve to a concentration range of KCI in animals 
from 3 age groups (l l0-day fetus, perinatal fetus at term, and 
lamb). Additional rinse applications are denoted beneath the 
records as 'r '. At all ages 0.10 and 0.15 M KCI elicited relative- 
ly small response magnitudes and responses were still increas- 
ing at 0.75 M. 

changes in citric acid ratios take place prenatally, 
whereas for HC1, changes are pre- and postnatal. 

Chorda tympani nerve responses to citric and hy- 
drochloric acids were studied in fewer animals 
(Fig. 5); however, data indicate that there are no de- 
velopmental changes in acid responses recorded 
from anterior tongue (citric acid: F3,13 = 1.38, P = 
0.31; HCI: F3,I3 = 0.99, P = 0.43). Thus anterior and 
posterior tongue taste buds apparently respond dif- 
ferently to these acids during development. 

Response--concentration functions for salts 
Responses to 0.10-0.75 M KCI and NH4C1 were 

studied at different ages. In all age groups, responses 
to KC1 were of small magnitude at 0.10 and 0.15 M, 
and were still increasing in magnitude at 0.75 M 
(Fig. 6). Although 1.00 M KCI was not applied to the 
tongue frequently, when used as a stimulus it elicited 
a larger response than 0.75 M (Fig. 6). To learn 
whether the general shapes of these functions 
changed during development, data were plotted on 

linear and semilog graphs (Fig. 7A and B). Study of 
these functions with repeated measures of analysis of 
variance (Fig. 7A) indicated that the curves were 

parallel across age groups (F4.12 = 1.59, P = 0.12). 
When slopes of the semilog functions (Fig. 7B) were 
compared with analysis of covariance, all 5 were par- 
allel (F4.]27 = 0.37, P = 0.48). Therefore, for any 
given change in concentration, there is a proportion- 
ate change in response at all ages. 

NH4CI response-concentration functions were 
similar to those for KCI in two ways. Small response 
magnitudes were obtained at 0.10 and 0.15 M, and 
responses were increasing still at 0.75 M (Fig. 8). 
Data were available for all ages except adult, and the 
functions were plotted on linear and semilog graphs 
for analysis (Figs. 9A and B). Analysis of the data 
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Fig. 7. Average responses to concentration series of KCI from 5 
age groups, The number of response-concentration functions 
at each age is noted in parentheses in A. Linear plots are pre- 
sented in A, and semilog plots in B for comparing slopes of the 
functions. The slopes of these functions do not change during 
development. 
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Fig. 8. Integrated records of multifiber responses from the glos- 
sopharyngeal nerve to a concentration range of NH4C1 from 
animals in 3 age groups (ll0-day fetus, perinatal fetus at term, 
and lamb). At all ages response magnitudes to 0.10 and 0.15 M 
are small, and responses are still increasing at 0.75 M. 

with repeated measures of analysis of variance 

(Fig. 9A) indicated that slopes changed during de- 

velopment (F9,66 = 3.03, P = 0.004). Also, analysis 
of covariance of the semilog functions (Fig. 9B) indi- 

cated that slopes were not parallel (F3.115 = 4.40, P = 
0.006) and multiple comparisons demonstrated that 

the slope at 110 days of gestation differed from all 

others (P = 0.003). Therefore concentration ranges 

of NH4CI elicited different developmental responses. 
For a given change in concentration, responses in 

young fetuses did not increase as much as in older an- 
imals; the curves were flattened at higher concentra- 

tions. 
The NH4C1 response-concentrat ion data coupled 

with NH4CI/KCI ratio data in Fig. 4 indicate that not 

only is the KC1 response decreasing developmental- 
ly, but also the NH4CI response is increasing. There- 
fore the high KC1/NH4CI ratios in l l0 -day  fetuses 
(Fig. 3) reflect these parallel changes in responses to 

the two salts. 

Functions for chorda tympani nerve responses to 

concentration ranges of KCI and NHaCI were avail- 
able for perinatal, lamb and adult age groups only 25. 

Therefore we recorded from the chorda tympani 

nerve in 17 fetuses at 110 and 130 days of gestation. 

Linear plots for KC1 and NH4CI are presented in 
Fig. 10A and B for fetal, lamb and adult groups. 

Analysis of the linear functions with repeated meas- 

ures of analysis of variance indicated no change in 

shapes of the curves for KCI (F9 ,45  = 1.32, P = 0.36), 
and slopes of semilog functions were parallel, also 

with analysis of covariance (F3,sl = 1.21, P = 0.31 ). 
NH4C1 response-concentration functions changed 

during development,  however. Shapes of linear func- 

tions were not similar (F12,6() = 4.27, P = 0.0001) nor 
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Fig. 9. Average responses to concentration series of NH4CI in 4' 
age groups. The number of response-concentration functions 
at each age is noted in parentheses in A. Linear plots are pre- 
sented in A, and semilog plots in B for comparing the slopes of 
the functions. The slope of the function for llO-day fetuses is 
significantly different from that for other age groups. 
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Fig. 10. Linear plots for average responses from the chorda 
tympani nerve to concentration series of KCI (A) and NH4CI 
(B) in various age groups. The number of response-concentra- 
tion functions at each age is noted in parentheses. The shapes 
of NH4CI curves at 110 and 130 days of gestation are different 
from those at other ages. All KCI functions are similar in shape. 

were slopes of semilog functions (F4,117 = 2.13, P = 

0.08). Slopes at 110 and 130 days of gestation were 
different from other ages (P = 0.007 and 0.06, re- 
spectively). As seen in Fig. 10B, at the highest 
NHaC1 concentration, responses in 110- and 130-day 
fetuses decreased in magnitude. For other age 
groups the response-concentration functions had not 
yet plateaued at 0.75 M. Thus, for both anterior and 
posterior tongue taste buds, there are developmental 
changes in responses to NH4CI but not KC1 over the 
concentration range studied. 
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DISCUSSION 

Responses to salts and acids from taste buds in cir- 
cumvallate papillae on the posterior tongue change 
during development in sheep. However, these 
changes differ from those for anterior tongue taste 

buds. For example, KCI/NH4C1 ratios for glossopha- 

ryngeal nerve responses change substantially during 
prenatal development. KC1 is nearly twice as effec- 
tive as NH4C1 in young fetuses, but in adults it is 
much less effective. In contast, KC1/NH4CI ratios 
from the chorda tympani nerve alter only slightly 
during development 25. Furthermore, whereas NaCI 
and LiC1 relative responses increase by at least 5 

times for anterior tongue, the increase is much less 
substantial for posterior tongue. 

Responses to acid stimulation also differ between 
anterior and posterior tongue. There is a devel- 
opmental decrease in the responses to citric and hy- 
drochloric acids recorded from taste buds in circum- 
vallate papillae. Acid responses from anterior tongue 
taste buds do not change during development. 

Differences in salt and acid response ratios record- 
ed from the peripheral innervation of taste buds on 
the anterior and posterior tongue demonstrate that 
developmental changes in taste responses cannot be 
attributed to some general epithelial characteristic. 
We have suggested that altering taste membrane 
composition accounts for changes in responses dur- 
ing development 25. Since different changes take 
place for posterior and anterior tongue, there must 
be different proportions of membrane components 
maximally responsive to the several taste stimuli at 
various times in development. 

Taste buds are added in circumvallate papillae on 
the back of the tongue prenatally and postnatally, 
just as they are in fungiform papillae on anterior 
tongue 9.~0. If the membrane composition of cells in 
newly-formed taste buds is different from that of cells 
in established taste buds, then altering taste re- 
sponses would be predicted during development. 

Changing membrane composition characterizes oth- 
er developing tissues 19, and is therefore not unex- 
pected in the taste system. 

One possible change in membrane characteristics 
is addition of 'sites' or specific membrane compo- 
nents that interact with the various salts. For exam- 
ple, Beidler 4 has presented data to demonstrate that 



116 

NaCI and LiCI interact with one set of receptor sites 

on the taste membrane, whereas NH4C1 and KCI in- 

teract with two different, independent sets of sites 

with very different binding constants. It is known that 

NaCI and LiCI taste 'salty', whereas NH4C1 and KC1 
have bitter and sour taste components as well as 

salty 22,28. Developmental responses to monochloride 
salts recorded from the glossopharyngeal and chorda 

tympani nerves indicate a similarity between NaC1 

and LiCI as stimuli, and a difference among NH~CI, 

KC1 and the other salts. Based on chorda tympani 

nerve responses, we had proposed that the two sets 

of sites for NH4CI and KCI may form at different 

times in development, so that these salts initially in- 

teract with 'sour' receptor components and later with 
sour and 'salty' components 25. Developmental 

changes in responses to salts and acids from the pos- 

terior tongue support this proposal; that is, early in 

development, NH~CI, KCI, citric and hydrochloric 

acid are very effective stimuli. NaC1 and LiCI are not 

very effective during early development and only lat- 

er do they elicit substantial response magnitudes. 

If receptor sites are added in type or number dur- 

ing development, then some change in response- 
concentration functions is expected. For both KCI 

and NH4CI, inspection of the average curves in Figs. 

7A and 9A illustrates that the glossopharyngeal 
nerve functions may asymptote at lower concentra- 

tions in 110- and 130-day fetuses than in older ani- 

mals. A plateau at lower concentrations would be 

predicted if fewer sites were available for interaction 

with K or NH4 cations. However, when slopes of 

these functions were analyzed, an age-related differ- 
ence was found for NH4C1 only. Similarly for chorda 

tympani nerve response-concentration functions, 

developmental changes were observed for NH4CI 
only (Fig. 10B). However, KCI responses recorded 

from both nerves are still increasing in magnitude at 
1.00 M in all age groups, so use of higher concentra- 
tions to accurately define where the curves do pla- 
teau is necessary. With higher concentrations it 
might become apparent that fetal curves plateau at 

concentrations where postnatal functions continue to 

climb. 
Other developmental data associate NH4CI and 

KCI with acid stimuli. The pattern observed in glos- 
sopharyngeal nerve recordings for the developmen- 
tal decrease in citric acid/NH4C1 response ratios is 

very similar to that for KCI/NH4CI ratios (Figs. 3 and 

5). In both instances the change is substantial and 

takes place prenatally only. In chorda tympani nerve 

recordings, there is only a slight developmental 

change in KC1/NH4CI response ratios, and citric ac- 

id/NH4CI ratios do not change at all. Therefore data 
from both anterior and posterior tongue suggest some 

similarity in citric acid and KC1 responses, relative to 

NH4C1. This cannot be due to pH of the two stimuli, 

since at the concentrations we used, the pH for citric 
acid is 2.20 and that for KC1 is 5.93. The pH of the 
standard chemical, 0.5 M NH4C1, is 5.12. 

Single unit recordings could clarify whether inte- 

grated response changes during development relate 

to addition of specific fibers responding maximally to 

a particular stimulus, or to response frequency 
changes in an established set of fibers. In devel- 

opment of the rat taste system both sorts of changes 

occur ~v. But the question of receptor membrane al- 
terations remains: are one or more receptor compo- 

nents being added, deleted or altered'? For our mul- 

tiunit data, analysis of response-concentration func- 

tions and ratio calculations using two standard, ref- 

erence chemicals suggest that NaCI and LiCI compo- 
nents are probably added or 'strengthened' during 

development. If such components also interact to 

some extent with NHaCI and KCI, response changes 
to these salts should occur also, as observed. 

Development of neurophysiological taste responses 
and behavior 

Our data on peripheral nerve responses from taste 
buds on anterior 25 and posterior tongue, and on cen- 

tral nervous system responses to anterior tongue 
stimulation 1t~24, predict that behavioral taste re- 

sponses would change during prenatal and postnatal 
development. Neurophysiological data from rat pe- 

ripheral 13,16,17 and centrall5 taste systems also predict 

that behavioral alterations would occur. Specifically, 
an early behavioral sensitivity to acids and to sour or 

bitter salts (NH4CI and KC1) is expected. Only later 
would comparable sensitivity to NaC1 be predicted. 
Indeed data from human studies suggest that infants 
are not very responsive to NaCI as a taste stimulus, 
whereas acids readily elicit responses2, z0. In his pa- 

per on bovine taste responses, Bernard 7 has referred 
to observations that calves do not discriminate be- 
tween 0.09 M NaCI and water, whereas adult cows 



re jec t  NaCI  at this concen t ra t ion .  In p r e f e r e n c e  tests,  

i m m a t u r e  rats ingest  m u c h  la rger  quant i t ies  of  high 

NaCI  concen t r a t ions  than  adults  23. These  col lec t ive  

obse rva t ions  p rov ide  e v i d e n c e  that  d e v e l o p m e n t a l  

changes  in e lec t rophys io log ica l  salt responses  appar-  

ent ly  have  behav io ra l  cor re la tes  in pos tna ta l  ani- 

mals.  
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