ISSN 0389-7834

eI I R F B A Bl 2

Annals of Kagoshima University Dental School

Volume 14 1994
S et
ULNBHE POBEHE & BRALRIE & DI 1) o ovescssesissionmansissni b AW - GRS 1

b MRIEA G A )b A JRARAE B 00 [ 92

— & S BIR R & LR R P IS DU T eoeemsrmnines s stion s inabr e e e B

GUSTATORY SYSTEM OF THE SOFT PALATE IN MAMMALS «ttteseresceses Shuitsu Harada-+25

T S e oot (/A 11 ) = 2= 0 ) M= O P P P P PP P PR e 43
i3 (25} i

Ann. Kagoshima Dent.




BRERFEEFIMCERRAE

1, FERBEBEENHELHEICHL THENT—
22 ETE, BRYSDWITEEN - BROLET
2EKICBRT 5, FEBOBREIITEOBEIC
PEV, BTLIET 2 LAMRS, RN
REG, HRBHLSRET S,

2, REGF1IERITT S,

3, BXNBRIISHOMEE TS, 2L LERERS
LI IREIL 2 EESIC oW T, BlicBHE SN
c/gy)éo

4, fWWEHIES L L, FIRSOMENMET S,

5. HISCHASIZ A 4 i Z 7212 B 5 k4005255 IR R B #%
FRAGCCEE, KRR A 4 BAKCIOE Y F,
FTTWAR—=RATIL 7T 5, flicae——f%E
o3, Bt —7oTc{ERLEEE, 7o
YE—F LAY EDITE,

6. T (FRIB—HAB) (213, D)ERHE, 2)FEEA,
3)ATE, WS REL (FIX25FLURN), 5)FEN
B, 6)FASOKE. T)FIRIHKES (REF), 8)#&
fE~OFHHL LT,

7. %3Pk (Abstract ) #20F, FoFE#ICIL, 1)
2400, 2) FEL, 3) A, 4) Key words
(5 words LAN),5) V5 A X2 A 47 4 7R T
2503 LN E T B,

8. MIXhOREXFIRI4 7L, HBNIZTEE
Eidhhheta, 412y 7HEELLIWES
i, T»F—F4 %512 DTFI24 507
EMS, BMBLERBRHELTHDLRERAVE,
By R gfric sz, ERRRAIRIZL 5,

9, AXOWARFECHRL AT REUREEE
T35,

10, HESE, I, I, oo E5HIZA, B &5
I, 200 ébLa. b kW) & IZHT B,
11, XREXDIED K

1) AXPICXMEIRATL L EEIXPNHELTS
Wt A BHROERNFIANIUZGE- T,
FE24iTs, 3AULMENEALR, "H7 &
7:12 “et al.” 2AW3

511 : BIA S L g

) 2 : Hodgkin & Huxley"iz & fL(g------

2) KRXMERIFIHAGUCHEL, FhoksS
EHATS, WEAIL, et al kBETERY
4irs,

3)

1

7

1

#)

5)

6)

AW R MR, B A (H),
HEESHMUZET,
:3) AIEEE, #0 & KE R, KKE
Hh: BHFR7ALRIINTEE/, 70+—
Nk, RITE 1, 39-42, 1982
2 :1) Hodgkin, A. L. & Huxley, A. F.: The
components of membrane conductance in
the giant axon of Loligo. ].Physiol.
(Lond.) 116, 473—496, 1952

BITARREESL, &4, WE 4HRe, BE,
SIHRE, RITH, FOMGEHMOIAIZET, HX
W rOMAIIMEICHL 2, HH L B,
g, BB, W4, TR, RATEY, FriEid,
FEESOMUZES,
DATRERD : BUE S MREE E RRR (RS
R EWLE8 ), IR, RIS, 38—57,
HETHE, WOR, 1974
2 : McElligott, J.G.: Chap 13, Long-term
spontaneous activity of individual
cerebellar neurons in the awake and
unrestrained cat., In; Brain Unit Activity
during Behavior, Ist ed., M.l Phillips,
Ed., 197-223, Charles C. Thomas, Spring-
field, 1973

IR RNt R S (R ) WA € 9, 20
ENSIHEHEB LML, "EV5IAT EWET
%,

MELRNERAIIMIEICIIRDTHE LN
DT ZHUCHEY, ROTHELDIZDONT
(3 BAEREEEEAY (1969, AAREFXRTG
g oE, ¥ HEKR£) £ 7212 Index Medicus
123, snsichwninizonTii, ERE
HALBHOM D D ISORA(F 7 4 FT— 3
oy BTy 2, 1967, 3CERE, KEFEEMBE,
WRBLAKFHRE, 39—42AM) IS,

12, Zoft

WL rONERM, BAEEY, =23,
i, WR, MR RS &RHRY: $ 203l
EEHICHEHEH LW RMEKET S, £T
R, 5840% 8%%‘&)1400 IR RIHC 5 AR
IcFehd, ML, REZHRBEERASHIRET S,

Mok T H
# E B8 it o E ¥
N iE W B Ftl
(507 Mt)



MRBAE L BRI BHAEE 14: 1 ~11, 1994

WHIBRE DR E L WPHRIEE DBD Y

UN: Esh oy i)
B B R MG IR

Development of masticatory performance and

its relation to orthodontics
Toshihide Hirose, Gakuji Ito

Department of Orthodontics, Kagoshima University Dental School
8-35-1 Sakuragaoka, Kagoshima 890, Japan

Abstract

To achieve efficiecnt masticatory function is said to be one of the major objectives in orthodon-
tics. However, evaluation of masticatory function is not usually done before and after the ortho-
dontic treatment.

Among the several masticatory tests, the chewing gum test is thought to be one of the easiest
and most suitable ones for measuring masticatory performance even for children. Based on the
several studies using this test, development of masticatory performance and its relation to ortho-
dontics was discussed.

In the chewing gum test, masticatory performance is calculated as the amount of sugar elution
per seconds (in 70 mastications). This performance was correlated with occlusal areas at mo-
lars and the mandibular size and form, which might be related with chewing force.

Masticatory performance of 3 years old was about 45% of adult and gradually increased
afterwards. Rapid increase occurred at two phases; one from 3 to 4 years old, and the other
from 10 to 13 years old.

Masticatory performance variced in different types of malocclusion. Upper protrusion showed
no difference with normal occlusion. However, crowding and anterior cross bite showed 10%
lower than that of normal occlusion: which recovered to the normal level after orthodontic treat-
ment. Surgically operated anterior cross bite showed a decreased performance during the active
treatment but a increased performance at out of retention.

As other physical execises, development of masticatory performance reflects the development
of mascle, tissue, bone and oral function. Slightly lower performance in those with malocclusion
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has no great meaning for food ingestion, but has great meaning for development of masticatory

organ. Also, masticatory performance should be taken into orthodontic practice for better treat-

ment results and its stability.
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Oral manifestations of HIV-infected patients;
With special references to oral hairy leukoplakia and

intraoral Kaposi’s sarcoma

Kazumasa Sugihara

First Department of Oral and Maxillofacial Surgery, Kagoshima University Dental School,
8-35-1 Sakuragaoka, Kagoshima 890, Japan

Abstract

Oral manifestations in HIV infection are numerous and some of these have been acknowledged
as being of great importance in the early diagnosis of the disease. Oral manifestations in HIV-in-
fected individuals occurred as mycotic, bacterial or viral infection, neoplasms or manifestations
of unknown etiology. Oral candidiasis occurring as pseudomembranous, hyperplastic and erythe-
matous types should be considered. Oral hairy leukoplakia is characterized by whitish plaques
at the lateral border of the tongue which cannot be rubbed off. Light microscopic investigations
indicated that the lesion is characterized by parakeratosis, acanthosis, koilocytosis and lack of
inflammation in the subepithelial tissue. Using electron microscopy, particles of the herpes virus
group (Epstein-Barr virus) were found in the upper two thirds of the epithelium in this lesion.
Oral hairy leukoplakia is an early sign of HIV infection and its importance relates to the de-
velopment of AIDS (mostly Pneumocystis carinii pneumonia) in 83% of the affected patients
within 31 months after its diagnosis. The oral cavity may be the only or initial site of Kaposi's
sarcoma, and therefore, becomes important in the diagnosis. Histologically, Kaposi's sarcoma
consists of two principal components: endothelium-lined vessels in early, macular lesions and
spindle cells in late, nodular lesions. HIV gingivitis and periodontitis are of particular signifi-
cance. Early and correct diagnosis of HIV-associated manifestations are important to the pa-
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tients as well as the dentists who should install adequate protection measures.

Key words

oral manifestation, HIV infection, oral candidiasis, oral hairy leukoplakia, intraoral Kaposi's

sarcoma
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GUSTATORY SYSTEM OF THE SOFT
PALATE IN MAMMALS

Shuitsu Harada

Department of Oral Physiology, Kagoshima University Dental School, Kagoshima 890, Japan

Abstract

Histological experiments have revealed that numerous taste buds distribute on the soft palate
There exist 220 taste buds on the soft palate with 17% of total
number in the rat, and 100 taste buds with 13.8% of the total in the hamster. Those taste buds
arc innervated by the greater superficial petrosal nerve (GSP) branch of the VIIth nerve.

in mammals including man.

Elec-
trophysiological recordings from the GSP in the rat and hamster showed that taste stimulation
with sweet substances on the soft palate produces robust responses on the GSP nerve. Behavi-
oral experiment in the rat and hamster revealed that transection of the GSP resulted in signifi-
Neural recordings from the rat GSP indicate that
In the

L-amino acids are more stimulatory than the D-forms, while the GSP re-

cant decrease of the sensitivity for sucrose.
the GSP produced robust responses not only to sugars but also to various amino acids.
rat chorda tympani,
sponds better to D-amino acids compared to enantiomers. Histological experiments in the hams-
ter and rat revealed that postnatal development and maturation of taste buds on the soft palate
preceded those on the other loci in the oral cavity including anterior and posterior part of the
These

tongue. Also, it was reported that there exist more than 400 taste buds inhuman fetus.

importance of the gustatory system of the soft palate is discussed in this review.
Key words

soft palate, taste bud, development, facial nerve

I. Introduction buds located on the soft palate and in the naso-incisor

Histological studies both in man and animals have
demonstrated that taste buds are distributed on the
tongue and throughout the oral cavity within several

S0 The fungiform

subpopulations of taste buds
papillae on the anterior portion of the tongue contains
taste buds and in the rostral part of the foliate papil-
lae on the side of the tongue are innervated by the

chorda tympani (CT) branch of the VIith nerve. Taste

ducts and are innervated by the greater superficial
petrosal nerve (GSP) branch of the VII nerve. The
glossopharyngeal (IXth) nerve innervates taste buds on
the vallate and foliate papillae at the posterior portion
of the tongue, and the superior laryngeal nerve (SLN)
innervates taste buds on the laryngeal surface of the
Although
taste buds are widely dispersed over the soft palate,

epiglottis and on the aryepiglottal folds.
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little has been known for their gustatory function com-
pared to those on the tongue. To elucidate the import-
ance of the soft palate in gustatory system of mam-
mals, psychophysical, neurophysiological, histological,

and behavioral data are discussed in this review,

Il. Gustatory sensation of the soft palate in man

According to Miller” | the first description for the
presence of gustatory sensation on the human soft pa-
late is by the publication of the memories of Brilliat-
12)

Savarin'™ in 1825. A scientific report for this aspect,

" in 1894, He demons-

however, was late by Kiesow
trated that all of the four basic sensation, i.e. sweet,
salty, sour, and bitter, apparently occurres on the soft
palate in human adult, and not only on the soft palate
but also throughout the oral cavity in infant. Henkin
and Christiansen'® also showed that after anesthesia
of the human tongue the detection and recognition
thresholds for sour and bitter substances significantly
increased, while the salty and sweet sensation were
unchanged. After complete anesthesia of the palate
thresholds for salt and sweet were essentially un-
changed, but resulted in a diminution in sensitivity to
sour and bitter. They concluded that the palate plays
an important role in bitter and sour sensation.
Collings' tested taste recognition thresholds and
sensation magnitudes as a function of the molecular
concentration for different taste among four loci on the
tongue and soft palate in human subjects. She obtained
results that the slopes of psychophysical functions
were not significantly different on the palate, but
thresholds for urea and quinine were lower on the soft

' also tested

palate than the other region. Nilsson'
taste acuity at the apex and base of the tongue and on
the hard and soft palate using both an electric and
four basic taste stimuli. He could not confirm the high
sensitivity for sour and bitter on the soft palate re-

. 14-15)
ported previously -

However, in spite the wide
inter-individual range of the threshold values for taste
sensation on the soft palate, for one subject the
threshold for bitter were lower than on the base of the
tongue, and for one other subject the threshold for
sour was lowest on the soft palate. Hammond et al.'”
investigated the effects of palatal compromise such as

surgery, cleft of palate, and trauma, to show that the

soft palate contributes to bitter and salty sensations to
a greater degree than sweet and sour sensations.

In conclusion, in human adults, the gustatory system
on the soft palate should play an important role for
bitter sensation, and may be for salty or sour sensa-
tion, as well. However, it is unclear concerning gusta-
tory sensitivity for infants although numerous taste

3)
buds are observed on the soft palate™.

[ll. Taste buds distribution in the human soft pa-

late

Whether taste buds are distributed on the soft pa-
late or not had long been discussed since the appear-
ance of the first description by Hoffmann'® in 1875.
Gairns'” investigated by autopsies on human subjects
ranging in age from 17 1o 62 years and found no taste
buds on the soft palate. Also in a relatively recent pap-
er Wood and Kraus™ found no taste buds on the soft

palate examined 60 human prenated specimens in age

Figure 1 . The location of the three taste buds on the soft
palate in a human subject of 78-year-old. U
uvula, CV: circumvallate papillae, FL; foliate

papillae, FI¥; fungiform papillae.
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Soft palate taste system

Microscopic photos of three taste buds observed

on the right soft palate shown in Figore L

from 7 weeks to birth. However, Lalonde and
Eglitis” supplied quantitative information on the num-
ber and distribution of taste bud on the soft palate,
Their study from a single human newhorn revealed the
presence of 419 taste buds on the soft palate.
Nilsson” revealed the occurrence of taste buds in the
palatal mucosa from autopsy materials in four of seven
subjects aged 25-44 years. e concluded that the dif-
ference among these results are based on the scarcity
of the taste buds and mortal autolysis, Recently, we ex-
amined 10 zm serial paraffin sections of right half of
a soft palate aged 78 years and found three taste buds
on the midline region of the soft palate shown in Fi-
gure 1. A clear taste pore was observed in one of the
three taste buds (Figure 2; A), but not observed in rest
of them (Figure 2; B and C). On the other hand, many
psychophysiological experiments have been reported
that there exist taste sensation on the soft palate in
man as cited above'™ "' Therefore, at least it might
be certain that there functional taste buds exist
through life span on the soft palate in human. More

precise experiment should be notified in this issuc.

IV. Taste buds distribution in animals
The distribution of taste buds on the soft palate has
been investigated comprehensively in the rat.  Kutu-

zov and Sicher” observed numerous taste buds on the
terminal ridge behind the posterior rugal field of the
hard palate in the rat (Figure 3). Kaplick” also
observed 30 taste buds on this ruge, which he called

"Geschmacksstreifen (GS)', and 60 taste buds in the
naso-palatin ducts of the rostral hard palate, Dis-
tribution of taste buds on the central palatal arca was
reported by Cleaton-Jones™ . Quantitative information

for the distribution of taste buds and their innervation

x a1 10,21-22) 8 :
was supplied by Miller" . In his intensive
10) ae . =
work'”, there were 22-44 taste buds per unilateral GS
with a mean 33.6 taste buds per side, and the posterior

field of the soft palate averages more than 80 per rat.

Quantitative taste bud distribution in the rat reported

. . e 9)
formerly were summarized in Table 1

Also, quan-
titative distribution of taste buds on the soft palate in
the hamster was shown by Miller and Smith'”. The
palate contained 100 taste buds divided among the soft

palate (88) and the incisal papillae (12) (Table 2). Qur



28 Shuitsu Harada

middle palatine nerve anterior palatine nerve

Figure 3 : Distribution of branches of the GSP on the palate of the rat?"’. GS ; Geschmacksstreifen, NID ; nasal incisal duct.

GSP. In the monkey, numerous taste buds were found
in aggregates confined to 0.15 to 0.3 mm wide, round
island of keratinizing epithelium of the soft palatew.

histological experiment showed that dissection of the
GSP resulted in severe degeneration of taste buds on
the soft palate in the hamster?® (Figure 4). which
made sure that those taste buds are innervated by the

GSP sectioned n=45 (taste pore 14)

intact n=107
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Figure 4 . Taste bud distribution on the soft palate with intact GSP (left) and one month after GSP sectioned hamster (right).

Open circle indicates taste buds with taste pore, closed circle without pore?®.
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Table 1: Total taste bud distribution in the rat” (partly modified.)

) Estimated Percent
Region Number of taste buds Source mean per
animal of total
Fungiform 178.8 mean total (N=103) Fish et al."
187 mean total (N=10) Miller and Preslar™
93 mean per side (N=3) Oakley™ 185 15%
Foliate 231 per side (N=4) Oakley™ 460 36%
Circumvallate 375 mean total (N=8) Guth?
292 mean total (N=38) Kennedy™ 350 28%
Palate 165 estimated total of Kaplick™”
soft palate and NID
156 mean soft palate Cleaton-Jones™
only (N=6)
225 soft palate and NID Kaplick” 220 17%
Epiglottis 21-91 range total Fishman’”’ 50 1%
per animal (N=25)
Total 1,265 100%

Table 2 : Taste bud distribution in the hamster'®

Total Hamster Taste Buds 723 100%
Fungiform 130 18.0%
Sublingual Organ 5 0.7%
Foliate 230 31.8%
Buccal Wall 10 1.4%
Vallate 168 23.2%
Palate 100 13.8%

Incisal Papilla only 12 1.7%
Soft Palate only 88 12.1%
Epiglottis 70 9.7%
Nasopharynx 10 1.4%

V. Innervation of the palate taste buds

Palatal taste buds are innervated by the GSP nerve
branched from the facial nerve (VIIth cranial nerve) in
the geniculate ganglion. The palatine distribution of
the GSP in the rat are shown by Miller et al®" in Fi.
gure 3 which was identified from the homologous in-

25)

nervation in mouse shown by Rhinehart Degenera-

22 revealed that

tion studies by Miller and Spangler
only 34 of 277 total taste buds on the palate remained
20-22 days after bilateral transection of the GSP, and
they concluded that 85% of the palatal taste buds are
innervated by the GSP. Our histological examination in

%) revealed that transection of the GSP

the hamster
caused severe degeneration of taste buds on the soft

palate (Figure 4). Mcan number of taste bud on the

soft palate one month following sectioning the GSP was
443+ 40 (S.D.. n=23). which was significantly smaller
than those in intact animal (117.7 + 8.3, n=23). Howev-
er, the number of remained taste buds (37.6%) was lar-
ger than in the rat (15%)°2 . Sectioning the CT in the
hamster resulted in much smaller degeneration of taste
buds on the tongue (143.3 £ 17.0, n=3) against that in
intact hamster (174.0+ 5.6, n=3)*" . although the num-
ber of taste buds observed taste pore was 54.3 & 15.0
in the CT dissection against the 101.0 * 4.6 in the
group with intact GSP. These data suggest that the re-
mained taste buds after the GSP nerve transection can-
not be identified as they were innervated by different

nerves.

VI. Electrophysiological recordings from the GSP
in the rat
Regardless of these histological data, the great ma-
jority of information about the processing of taste

quality has been based on input from the fungiform

papillae via the CT nerve in different animals® ™™ to
2 5-

some extent, the glossopharyngeal nerve® ***® and

49-52)

Neural recordings

53.55)

the superior laryngeal nerve
from the GSP were reported only from the rat
and hamster®. The first electrophysiological record-
ing from the GSP in the rat made by Nejad™ in 1986.
He revealed that the response profile in the rat GSP

for four basic taste stimuli is quite different from that
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Figure 5 : Mean concentration-response functions for the four basic taste stimuli in the GSP and CT nerves of the rat. The
phasic response to 0.1 M NaCl was used as standard 100. Error bar shows SD of the mean.

in the rat CT although the origin of both nerves are
Vilth nerve. In the rat GSP, sucrose produced the
greatest neural response among the four taste qual-
ities, whereas, NaCl produced the greatest response in
the CT. Mean integrated responses in the CT and
GSP nerve of the rat to the concentration series of the
four basic taste stimuli are shown in Figure 5. In the
figure, phasic responses of both nerves are shown at
the top of the figure and tonic responses at 10 sec

after the stimulation onset are shown at the bottom.
Thresholds for the phasic and tonic responses to suc-
rose in both GSP and CT nerves were around 0.003 M.
However, in the GSP, sucrose response increase in
steeper slope with concentration increase, whereas that
the rate of increase in the CT was much smaller than
that in the GSP, and only 30% even at 1 M. In order to
compare the responsiveness for four basic taste stimuli
between the two nerves, total response magnitudes
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Figure 8 . A comparison of the mean phasic responses of
the GSP (open bars) and CT (close bars) to the
0.5 M sugars in the rat. Error bars show SD.

GSP

.NW

(TRM) were calculated by summating all of the re-
sponse magnitudes for each stimulation with the li-
mited concentration range (NaCl 0.0001 - 1 M, sucrose
0.003 - 1 M, HCI 0.00001 - 001 M, quinine-HCI
0.000003 - 0.01 M). Figure 6 shows the ratio of each
TRM against the total of TRM showing the large re-
sponsiveness for sucrose in the GSP rather than in the
CT.

Integrated responses from a GSP and CT to six
sugars at 0.5 M are shown in Figure 7, and mean rela-
tive response magnitudes for them are shown in Figure
8. All of the six sugars, especially sucrose, produced
large responses in the GSP. Generally, amiloride has
a potent depression effect on the Na response in the
CT. In the CT, tonic response to 0.1 M Na-acetate is
markedly depressed to base line level when dissolved
in 0.00005 M amiloride solution, and tonic response to
0.01 M Na-saccharine is also inhibited to two-third of
distilled water solution (Figure 9; bottom). On the con-
trary, in the GSP, amiloride showed no clear effects
on responses to both Na-acetate and Na-saccharin (Fi-

gure 9; top). These recordings suggest that taste buds

ly
t
e b
b WA A "

CT {
!
Y
! N
W My : W W"A‘ uj W\W‘N 10sec
- amilo amilo T T
0-1 M acet.Na 0.01 M sacc. 01M NaCl 0.5M suc

Figure 9 : Effects of 0.00005 M amiloride solved in the stimulus solution of 0.1 M Na-acetate and 0.01 M saccharin on inte-

grated responses from one GSP and one CT of rats.
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on the soft palate posses not only high sensitivity for
sweet substances but also have different transduction
mechanisms from that of the tongue.

VI. Neural responses to amino acid in the GSP of

the rat

The amino acid is one of the essential nutrient for
all organisms and their importance as taste stimuli has
been recognized and investigated in several kinds of
animals including man. Psychophysiological studies
in man have addressed structure activity relationships
for the taste of amino acids. D-amino acids have been
reported to produce generally sweet taste while L-
no taste

forms produce either sweet, bitter, or

57-58)

sensation . In mammals, several investigators have

reported stimulatory effectiveness for amino acids by
neural recording from the CT®™7-59-62770 o oenicu-
80-6D " These results have revealed that

several amino acids have prominent sweet taste compo-

late ganglion
nent. Although the GSP have strong sensitivity for
sweet substances as mentioned above, nothing is
known for the sensitivity for amino acids in this nerve.
Thus neural responses to various L- and D-amino
acids were recorded and compared between the GSP
and CT nerves in the rat.

In the rat CT, basic amino acids HCl salts (L-Arg-
HCl, L-Lys-HCl, and L-His-HCl) at 0.1 M produced
robust phasic and succeeding tonic response that were
quite similar to those for 0.1 M NaC|56-62-63.65-67) A
comparison of the phasic responses to L- and D- amino
acids in the CT and GSP nerve are shown in Figure
11. The responses to D-basic amino acids HCI salts
were similar to enantiomer, and differences between
the two forms were no significant. However, in the
GSP, D-His-HCl produced a significantly larger re-
sponse than L-His-HCI. The free base D-His was also
more stimulatory than L-His in the GSP. Multiple
unit responses of fine strands of the GSP showed that
the units which responded sucrose specifically re-
sponded to free base His (Figure 12). All eleven L-
neutral amino acids (Asn, Ser, Gln, Met, Thr, Phe, Leu
Val Pro at 0.1 M and Trp at 0.05 M) produced only
30% - 40% of relative response magnitudes in both the
CT and GSP, and there was strongly significant cor-
relation (p € 0.01) between the two nerves (Table 3). In

the CT, each response to D-neutral amino acids (Asn,
Ser, Gln, Ala, Met, and Thr at 0.1 M) was significantly
smaller than that to each enantiomer, only 0.05 M D.
Trp producing a significantly larger response than
that to L-Trp in this nerves. In the GSP, in contrast to
that, most of the D-neutral amino acids produced signi-
ficantly larger responses than the L-neutral amino
acids (Table 3). Only L-Pro produced a larger response
than the enantiomers. Effects of gurumarin which is
extracted from Gymnema sylvestre and which specifi-
cally suppresses sweet taste in the rat’® tested in the
CT and GSP. After the treatment for 15 min with 20
¢ g/ml gurmarin, responses to sucrose decreased 50%
in the CT. The suppression effect, in the GSP, was so
strong that responses to 0.5 M sucrose or 0.01 M Na-
saccharin decreased to 20% - 30%, and most of the re-
sponses to neutral amino acids of both forms were
affected, with some exceptions, such as D-Trp (Figure
13).

These results suggest that the strong stimulatory
effectiveness induced by D-amino acids in the rat GSP
depends on strong responsiveness to sweet substances,
and that the receptor sites or transduction mechanisms
for amino acids might be different from those of the
other loci of the soft palate.

Vl. Neural responses in the GSP of the hamster
Recordings from the GSP in the hamster performed
by Harada and Smith was the second precise report af-
ter the first report by Nejad in the rat. Figure 14
shows the mean integrated responses to the concentra-
tion series of the four basic taste stimuli. Responses of
the GSP are shown at the top of the figure and those of
the CT at the bottom; phasic responses are on the left
Although the threshold for the

phasic response to sucrose in the GSP was about a

and tonic on the right.

half log unit higher than in the CT, the relative re-
sponse magnitude for 1.0 M sucrose in the GSP was
larger than that in the CT. The difference in sucrose
response between the two nerves is even more appa-
rent in the tonic response. Responses of one GSP and
one CT nerve to six 0.5 M sugars and to the 0.1 M
NaCl standard are shown in the Figure 15. The sugars
did not elicit pronounced phasic responses in either
nerve. All six of the sugars, however, produced larger



34 Shuitsu Harada

ratGSP 0.1 M

s i o it ™ il )

NaCl

Thr Leu Gin Trp Asn Phe

0

Figure 10 : Integrated responses of a GSP nerve to six 0.1 M L- and D-form amino acids and the 0.1 M NaCl in a rat.
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lative response magnitude to phasic response of 0.1 M NaCl as a standard. Error bars show SD. Asterisks indi-
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Figure 12 | Responses recorded from a fine strand of a GSP nerve of a rat to four basic taste stimuli and 0.1 M L- His free-
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Table 3 : Correlalion coefficient between responses to L-vs
D-amino acids in the GSP or CT, and the GSP vs

CT.
basic neutral
L vsD GSP 0.3353 0.7611**
CT 0.9713* 0.4741
L-form 0.9754* 0.7290* *
GSPvsCT b form 0.6326 0.8422* *
n 4 1

*p<0.05, **p<0.01

responses in the GSP than in the CT, relative to the
phasic response to 0.1 M NaCl. In fact, compared to
the tonic responses to 0.1 M NaCl, in each nerve
which are smaller in the GSP, the response to the
sugars were much larger than that in the GSP; sugar
responses were more than twice of the tonic response
to NaCl in the GSP but less than half of the tonic re-
sponse to NaCl in the CT (Figure 15). The mean rela-
tive responses to each of these stimuli in the two
nerves are shown in Figure 16. These response ratios,
as mentioned above, were derived from the data nor-
malized to the phasic response to 0.1 M NaCl and then
expressed as a portion of the TRM (as defined above).
There were significant differences (p { 0.05) between
the CT and GSP in both the phasic and tonic portions
of the sugar responses, except for the initial phasic re-
sponse to glucose. In every instance, the relative re-
sponses to these sugars was larger in the GSP than in
the CT nerve. Since there was little pronounced phasic
response to the sugars, the differences between the two
nerves are markedly evident on both the phasic and
tonic response measures, indicating that the sugars are
around twice as effective on the soft palate as they are
on the anterior portion of the tongue compared to the
control, the phasic response to 0.1 M NaCl.

IX. Discussion

Most of the knowledge about the neurophysiological
mechanisms in peripheral gustatory nerves was based
on the response profiles from the CT innervating
anterior part of the tongue. Although histological data
apparently indicate the existence of numerous taste
buds on the soft palate in mammals, functions of those
taste buds had been remained unknown for a long

time. Recent electrophysiological studies in the rat

and hamster have enclosed the importance of the
gustatory input from the soft palate taste buds in mam-
mals. This importance is also revealed by behavioral
experiments. In the rat, bilateral section of the GSP
nerve results in a dramatic reduction in licking of suc-

7D Also, we demonstrated that transec-

rose solution
tion of the GSP and/or CT nerves in the hamster re-
sulted in a significant reduction of the conditioned
taste aversion for sucrose. The order of the section-
ing effects was GSP + CT > GSP 2 CT > sham
(Table 4). These reports suggest that the GSP plays an
important role for mediating sweet taste information.
On the other hand, in the hamster. there are almost
as many as taste buds on the soft palate as in 120-day-
old hamsters, although there are presumative buds,

showing no clear taste pore”) .

In rats, it is reported
that immature taste buds are present on the soft palate
of 1-day-old and mature taste buds are evident at 12
days postnatallym .
amined postnatal development of taste buds on the soft
palate and the tongue in the rat. There exist 200 taste

buds on the soft palate at birth as many as in 3-week-

Recently, we quantitatively ex-

old although taste pore were observed in 50 taste buds
(Figure 17; top). On the contrary, less than 100 taste
buds, without observation of taste pore, existed in fun-
giform papillae on the anterior tongue in new born
rats, and the number of taste buds postnatally in-
creased during 4 weeks reached to the maximum of
200 (Figure 17, bottom). Human newborns have been
reported to possess a numeral number of taste buds on

the soft palate'g)

. Considering these number of taste
buds on the soft palate and the strong responsiveness
for sweet including many amino acids, gustatory func-
tion of the soft palate should play an important role on
the ingestion of milk during early development in post-

natal stage.

Table 4 . Effect of nerve transection on conditioned taste
26)

aversion
GSP+CT GSP CT sham
GSP+CT — 4.167 5.486 8.546
GSP — 1.282 4.467
CT — 3.229

Significant ¢- values are shown in underlined bold face type
(< 0.01) or in bold face type (p < 0.05).
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Figure 14 . Mean concentration-response functions to four basic taste stimuli in the GSP and CT nerves of the hamster.
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Figure 15 © Integrated responses of one GSP and one CT of hamsters to six 0.5 M sugars and to the 0.1 M NaCl
standard.
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