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Abstract : The frog glossopharyngeal nerve elicits phasic responses to various taste stimuli
applied to the tongue after a rinse of 1 mM NaCl. The difference in the receptor sites for various
taste stimuli eliciting phasic responses in the frog glossopharyngeal nerve was investigated by
using a cross-adaptation method. Cross-adaptation experiments were carried out as follows. First,
one stimulus was applied to the tongue and was followed by another stimulus after the response to
the first stimulus had declined. The cross-adaptation experiments were carried out between pairs
of four basic taste substances, four bitter substances and three chloride-salts. The results obtained
suggest that four basic taste substances (quinine-HCI, NaCl, saccharin and acetic acid) stimulate
different receptor sites. The response to one of the bitter substances (quinine-HCl, denatonium,
caffeine and theophylline) applied secondarily was decreased by another bitter substance applied
first, but reduction in the response to the second stimulus depended on the types of bitter
substances applied first. This was also true in cross-adaptation experiments between pairs of three
salts (NaCl, KCl and NH,CI). However, quinine-HCl and salts did not share a receptor mechanism
with each other. The present results suggest that there are different receptor sites responsible for
phasic responses to various taste substances and that some receptors interact with other receptors.
The sites responsible for adaptation to taste stimulation are discussed.

Key words : taste, receptors, cross-adaptation, glossopharyngeal nerve, frog
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Multiple receptor sites responsible for the transient taste responses in the frog glossopharyngeal
nerve revealed by cross-adaptation method
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Fig. 1. Concentration-response curves for various taste substances eliciting phasic responses in the frog

glossopharyngeal nerve. The inset shows integrated responses to 0.5 mM quinine-HCI (Q) and 100
mM NaCl. The tongue surface was rinsed with 1 mM NaCl. Responses plotted were calculated
relative to the response to 0.5 mM quinine-HCl. Den: denatonium. Caff: caffeine. Theo:
theophylline. HAc: acetic acid. Sac: saccharin-Na. Numerals in parentheses indicate the number of
preparations on which the average response magnitude is based. Points and bars represent mean

+SEM.

Fig. 2. Cross-adaptation method. Control
response to A is recorded and then B
(first stimulus) is applied to the tongue
surface and is followed by A (second

a
stimulus) after the response to B has
declined. The magnitude of the response
to A (second stimulus) is calculated
relative to that of the control stimulus.
1 mM ]
NaCl A B A
Control First Second
stimulus stimulus stimulus

Relative response = %
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mM KCI (Kanto Chemical) X1 —100
mM NH,CI (Kanto Chemical), 0.01—20 mM
Sac (Saccharin Na, Wako Pure Chemical),
0.01—10 mM HAc (Acetic acid, Wako Pure
Chemical) ZHW, 30MHEEREICHK L 2o C
o DEREYIE I 2 MHEME IS 3R % 5
PLUANTIES Lo HEIEIEEDORE S 3~ —
254 vhoDESEL, HOKEEYE DB
2 - IREHRIZ0.5 mM Q OIRE DK = STt
TEHEHEMETE L (Fig. 1), RXNEGER
RDEHfT-7c (Fig. 2)o WEHIM A i<
TER=—ZX54 UDPLDHEEDE— 7 EDE X
aZzavha—VEEELTAELK, ROT
1 mM NaCl T 54 ) v 2%, WKEH%B T
SOMPRINEIG = &, Z DERICHREFIB A TH
MU OHEEINEDKEE A2 b & L, Bk
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BV, & THEHINE 2 AR S ¥ 5 ALHBE
YIE D Sac #{f - 72, Q1305 mM TELEL
REBHEMEICENE SN2 O T0.5 mM % f#
F U7z NaCl (3200 mM Z2# Z % & HHEMEE
BIHR W TR IR E BB bR % O T100 mM
M L7, £/, Sacid 5 mM THEIFIL 72
23, 0.5 mM QITXtd 2L EME X050 &
INEIr >tz (Fig. 1), 20mM AWz,
F7, HAc R RERIDEZEDESNS10mM &
0.0 mM QX9 2N EEIZ0.5LL T OIRE
ZRd 1 mMD 2 DDRE TR FEEREIT -
2o 10 mM HAc OERFRIi#H 8, SZRIALIC
LEFOTFRBERII RS EBEZSNS

PO TH B, e RYVER DA XEIRFEERIT 130.5
mM Q EBEFRLC LI REVINEZA# T
%5 2mM Den% H Wi, £ 72Caff B & U
Theo ZHWZEET05 mM Q OIHE D KA =
ZNTELB D - 1208, HF 0 EVIEE IR
10 mM Caff 3 & ¢* 5 mM Theo % {#H L 72,
ALY O A X NE SR T 12100 mM NaCl,
100 mM KCIl % & 50 mM NH,Cl % {# 5 L
oo THNODOBEERIMEEMWIEZDOAEZAEL, C
NS DRE LD EVERE ORIE T IEEMEIRE
I E RIS EDNEON 2 1 5 TH 5,

RXNEER < R REE % 52 5 8ild 1 mM
NaCl TG ¥ 5 DT, 100 mM NaCl #l# 2L
A ORI IZ 12 1 mM NaCl 2002 72 7272 L,
Sac 1320 mM Na & DT, Sac DAY IEE
FERT 1320 mM NaCl #0472 BIlEK % W
770

RXNESERR BV Ta v b a— v ERYE
R TOMEMIGEEROZEZD B BT
Student OXILDH 5 t- BMEIC L DIT» 120 1
BRER0.00% % & > THEZD O LHE L 7,
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Fig. 1 O AXIZ 1 mM NaCl I lEias, 0.5
mM Q ¥ & U100 mM NaCl OEEHIGE O
PINEZERT , MINE & b—@i g hi ik
L, ESITEESED » TIRE L XIVIEN— 2
SA VTR 12 TD XD IEEMEINE % R
T3 XM O AR - NS % Fig. 1125
To HEMEHINEDOKRZ X105 mM Qicxid 3
FEXTIBEME S L TEB L7, HHYED Q B &
U Den (30.001 mM LUF 2 5 IRE b G
QF 5 mM TIHEEDRE S 2IZIFRIFML 726 L
»L, Caff 8L Theo 3 QHB XU Den &b
SEEEE TISENEbON T, &5, HEW
FCaff BL P Theo kD b EWVWEED | mM
A ThoHbhic, Sac B LU HAc i3t
1) & 0 (KB cHEERS R S b, dhig
DIEFHZEPHTH - 12,

Fig. 3 A 130.5 mM Q J&& 2% 5 —50 mM &
@ NaClBIGEIC ED & 5 IcEbd 3 0% R
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3, NaCl DEENEL 155 &, NaCl OfEEh:
JIBEDKR X XD L 720 NaCl[EGRICIE <
120.5 mM Q FE AT - 72 430.5 mM Q lTxt 3
LZMEFEIEEDORESFay ba—-D0b
mM Q ICXH T AHEFHIGE L IZEAEEDS
1ipotoe —4, 100mMNaCl #2 v ko — b
filg & LT, NaClJBiE#%100 mM NaCl FHEh:
IREDRE X 2T~ B EEERTO NaCl DEE
DEL 5B I > NERHE OIBRE IR Lk
(Fig. 3B), # 2T, Fig. 3A BX U B Oithx
BlicB\WT, Fig. 2 TRT &L D ICXNEGE D
FXHISZMEAFTE L oo ZXNAR DX INE
& & NEISRTIC 5 A2 72 NaCl D B & OB %%
Fig. 3CIZRTe D5 755, NaClllEE
#1205 mM Q INE B NT, [ UHRYE
® NaCl #4285 13E L < B L,

Fig. 3D ICi3i%120.5 mM Q Rl TINE D NEE

quinine-HC! (Q) and NaCl. A: integrated
responses to 05 mM Q applied
secondarily after NaCl of varying
concentrations applied first. B: the
responses to 100 mM NaCl applied
secondarily after NaCl of varying
concentrations applied first. C: relative
magnitude of responses to 0.6 mM Q or
100 mM NaCl applied secondarily are
plotted against concentrations of NaCl
applied first. D: integrated responses to
100 mM NaCl applied secondarily after 0.5
mM Q applied first.

L #2#12100 mM NaCl 2 5 % 7z, 100 mM
NaCl OfHEMEIE D KE S Fa v b —LOD
100 mM NaCl iz 9 2 HHEMHEIRE L id LA L
Ebotshrot, TOLIITNaCl & QIFED
5 AT LT TR L AREIEIRS
nihotze ThoDfERDS Fig. 3 TOE
AITBWV T NaCl & Q 2 B2 3 ZAE
PICPERT 5 &R d 5 &N TE %,

1) PHEARKRYE

Q GELR), NaCl (&R, Sac (HER) XU
HAc (k) OEE% 2024005 mM, 100
mM, 20mM, 1mM (& %10 mM) IC[EE
L, MEAERYEEORXNERERZIT - 72
(Table 1), Table 1 IZAEXELE QRTINS
lAERT, HMLEEIZT Y b o—ixtl,
HEZDH BENZ VA, HEEEIL0CT
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Table 1. Cross-adaptation experiments between pairs of four basic substances. Taste substances listed in
the most left column were applied first, and taste substances listed in the top line were applied
secondarily. The magnitude of control response is taken as 1.0 and the magnitude of the
response to taste substances applied secondarily is calculated relative to the control response.

Second stimulus
Q NaCl Sac HACc"
@ Q — 1.12 = 0.02** 0.84 £ 0.18 0.88 £ 0.02*
g NaCl 0.87 & 0.01** — 0.64 & 0.09* 0.84 = 0.11
2 Sac 0.95 £ 0.04* 1.22 £ 0.19* E— 0.84 * 0.08
E HAc 0.84 £ 0.01** 1.37 £ 0.12 147 = 0.30 E—
&2 HACc? 0.11 = 0.02** 0.11 = 0.03** 0.15 £ 0.04** B

Q: 0.5m M Quinine-HCI, Sac: 20 mM Saccharin-Na, NaCl: 100 mM NaCl, HAc": 1 mM Acetic acid, HAc”: 10
mM Acetic acid. * P<0.05, ** P<0.01 compared with control. Mean*SE (n= 4).

Table 2. Cross-adaptation experiments between pairs of four bitter substances. Taste substances listed in
the most left column were applied first, and taste substances listed in the top line were applied
secondarily. The magnitude of control response is taken as 1.0 and the magnitude of the
response to taste substances applied secondarily is calculated relative to the control response.

Second stimulus
Q Den Caff Theo
i Q — 0.71 % 0.05** 0.19 = 0.07** 0.64 &= 0.04**
é Den 0.33 = 0.09** — 0.01 £ 0.01** 0.36 = 0.07**
; Caff 0.43 * 0.03** 0.39 £ 0.04** — 0.46 = 0.05**
i Theo 0.87 = 0.02** 0.82 £ 0.04** 0.01 £ 0.01** —

Q: 0.5 mM Quinine-HCI, Den: 2 mM Denatonium, Caff: 10 mM Caffeine, Theo: 5 mM Theophylline.
** P<0.01 compared with control. Mean=*SE (n=4).

Table 3. Cross-adaptation experiments between pairs of three salts substances. Taste substances listed in
the most left column were applied first, and taste substances listed in the top line were applied
secondarily. The magnitude of control response is taken as 1.0 and the magnitude of the
response to taste substances applied secondarily is calculated relative to the control response.

Second stimulus
NacCl KCl NH.CI Q
= NaCl — 0.61 &= 0.07** 0.45 % 0.05** 0.87 £ 0.01*
g KCl1 0.15 £ 0.05** — 0.18 = 0.06** 0.83 & 0.03**
o NH.CI1 0.13 &£ 0.04** 0.19 = 0.03** — 0.81 £ 0.03**
E Q 1.12 £ 0.02** 1.29 = 0.15 1.36 £ 0.16 E—

NaCl: 100 mM NaCl, KCL: 100 mM KCI, NH,Cl: 50 mM NH.CI, Q: 0.5 mM Quinine-HCI.
** P<0.01 compared with control. Mean=SE (n= 4).
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NaCl 28 cidd £ v @EHES TV EEbN
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2) EHERYIE

Q & D ERYIE O3 XA EER % 3 A 7o
(Table 2), 0.5mMQ, 2 mMDen, 10 mM
Caff 8 & U 5 mM Theo 23MEH 17z, Table 2
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0% & LT, 72, Q & Caff RIDZIXIER
FEER 3 Q & Caff 2375 0 HBOZAEEE 1
DI EAWERIE, LHrL, Q& Theo D
BEERI PR OHTIL TR E2EbE S,
Caff 13 & OFELRYIE M EIT L T bR XNELE
OB I NS BETH 7o L L,
Caff DFCiTHIE I BB ICH A - HERYE D
& %50—60% b X H i,
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NaCl, KCl % & ¢ NH,Cl MDA X NESEER
TREDHAAEDLETHIEIGDEENDH -
(Table 3), LA L, EDEN—FHDORELIC
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0% DD TH - 1208, RIBONEZ TS 5
&, KClOJlEC X 0, NaCl OfHENERE
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NaCl & KCl OBfRICFEML L T Wiz, NHLCLFI
B% ONEIS 13 NaCl B & O KCl o tHEN IR E
ERELLEDESE L, NH,CLEKCLIZEL S
N—FHORE T OB HWIR EE LA - T,
NH,Cl %A & KCIZE I3 o L@hthiisd 5
boEEbLN B, TH 5 DRI NaClH
NH,Cl 8 & U KCl & —EDZ A 3@
HBH, DIED OSSR B ZRERE AR
bOEELNSE, QL BIELIE NaCliEm b
T15 <, KCl% NH,Cl DMEEHEILEICZENiE
CEBEBEZI ot T, Q2B
NaCl, KCl ¥ & ¥ NH,Cl 75 & DIEtZR &
BHEZLTWE 0 &EEbh 5,

5 £

RYVE (SR O Seim 2 SR ER 3 5, H
RYVE R EHRYE 2 AEICB VT, Ih
5OYE LHEAT 2NN B ZRENEL
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AyvyYr—%4L, MEEAND Ca?" »LEHF
L, Y77 Z#EIC & O BREHERHER IS
FEMERESE 5, —FH, BEHRYED Na*
BRUEYIE O H 352 BBEICFRET 514 4 ~
F v R IVEBAHAREES S D, BRAEAZIC B
A X, BAUKGEM: Ca?’ F + 2 VEB X,
A D Cat Z#RASHBIEICED VF T
AmBE R T T EDEEINTHAEY, L
L, EWYE D Na* 13 B Na* 5+ 27
O v 51 — @ amiloride 12 X - T4l T W
NaCl R EIGE B RS TE 950, phg
Ld, Na' BZBEDOF » 2 NVE@EE I &
T Na” RESZABREPHRIHENTOWE DT T
Fav, Fi, BWYWHEO H RERZAED
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FIELFHI N T NERE S0 O
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T3, EDOIHTHERL LT, QITILET S
B —f AR HE 13 NaCl  HAC I bIEE T 5 D
T, A A RD O 9 ERAL I AR MER I T 3 S
WeiEmE b, B VORI O ERL
RLERIC B\ T, H—BRARAaAS PR AR T
I DSZREFEMNERESE 5 EHES
NTWVWBY, [>T, MERKDZNEITH
BANTIEE T AREIEPEAET 3 EEL D1
LWV, B S, —D ORI HEARLRY)
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b s, ELSHMEIRTE 295 &, UE
ABRD &b 5 EYVE 25Tl E LR ER C X
B BRICMOEEE 52 5 LIBEREBEAL
Hbhit v &Kz 508, EHEIE_FHOR|
BT C BIRE R ATHIM OB EZ T 150 -
foo 2T, JERZEREC FTEHMIEZEERICH S
T EDHE NS,

RV O XERER» 5, EHRYIEIC
3575 0 HBISZHIRD 5 W IEZEEEREN B 5
T EDHEER XN B (Table 2), Q B—&H D]
BT Den B FHORNETH 5 & Den IHE L
29% LI L7sh» - 7243, Den 2—ZFH D
Bicl, Q_FHOREICT 5 & QILER
61% bW Lo TOLEIICQEDendDES
S MEATRIBIC 1S BT, A XEGHE ORI
EEPERN 7o Q & Den @ & - A IR
(Fig. 1) WBELIL TV 30 THhiTHEIC X 5
NEIG D& WA Q & Den OZAKITH T % EHN
HDOENTHIHTX LV, % 5L, Den D%
BiEE Q DFAMITH ZFEEMIT L TV 5,

Thb s EELBOBRELEROHEICKEL
B-oTVWAIENEZ LN, ZTDES, —K
DZRAERDIERNT & B M5 DOZBEENOFED
HAREILTEL, BUBALNEZDTHA

9. Den 2% Q ODEAIARIT antagonist & L TIE
HL, SBA»SE NI W EDREZ LN
%o Caff & Theo IFEGEPUTHY, IREDH
b B EEERIZIZIZELCTH - 72 (Fig. 1),
L L, Q& Caff iZtE&ES»E 0 RSB, Q
& Caff iORXEGEER DR IZ, Q & Caff
B0 ZEEPE@EL TWE T EAERL
F7, Q& Theo BORYEGEROFMERIT Q
& Theo WEAEEOILFE®IZDIT VW E%2RL
7o Caff & Theo FBENFLUL TV T,
DISEVWEZEREITFEN L Tws b L b
%, Caff OINE 3 OTEHYE S TRIE N 12
3 EF LB Lce LpL, Caff 235E1THIEL
1275 % LB OHHRYE DIRE 1350 —60% & D
T 5DT, Caff BWZFEIKEE T 2 FMME
BNTAE WD T TR,

A t¥ic >\ T (Table 3), NaCl —%FH
DOfllErT KCl ® NH,Cl BA_FHD#IHTH %
L %, KCLIRZ - NH.ClLIRZ 38950% kD L
tzo F1z, DT KC1 % NH,Cl AS5ETflE
DI NaCl JE 2 13 5985% b /b L 720 KCI &
NH,CIR TR E S 505%fT7 L Th KCLIRE®
NH,CIJGE R ZNZnH80% b Lis T
D & RBKCLETRIE A NaClIE & B & U
NH,Cl )% 12, NH,Cl5ETHI# 3 NaCl JR%
BLUKCILNEICE LS EEBEZL LA
RLTW3, LaL, KCI% NH,CISETHlE
%D QIHE DRV IZ NaCl FefTHIE®% @ QTG
BORDEF U EPRI0BEETH -7 T
D T &3 KC1 % NH,CLIEG% D NaCl & o
D13 KC1 % NH,Cl 2352 2 R R A I/
HLEDOTRIEWI &EE2RY, 7, NaCl,
KCl B LU NH.CliciZ Cl” i@ oT, &
h o O T O XNAINER TIE O 7ok
B A 4 voEWNICL B, ¥, AHET
KCl & NH,Cl 3R XERERRIC B W TE L &
IWRMBEAF O ENRENT, BZE 5L,
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KCl & NH,Cl I 75 0 il L e S ARIE A =
S>bDEBEbNE, TDLIiL, AERBRI
NaCl DZF#EH KCl B &L O NH.ClDFh
Li3ES T &, KClB LU NH,ClIZEMDS
BB AE-> AR LTI, IO DHEIE
14 RBICEZEVICERTS S DOTHD, [H
BRISAIRS 5 v b OERMREDIERIB Iz 5
BN E 12 3 1) 2 R XBIRSEER SR THfig &
NTWVWARY, ZOLEH5BIEMD, AT
5 v b ORI IEEES RSN, Dibo
ERAEF LD B E, RHFEICE T 2R XNERE
Bt SR L3 PUBSAR R R 1 (22 B AL o Shadi:
F7s <, FEWRYIER, BT ok
BHEBR NS EERLT,

RN L NV TRARS 5 WV IEZ AR
BoThd, HBREMHERHEN S D X S BKRE
FEMERIKANE D2 S CE 3EETH 5,
NLRG=PBEIUOA =74 FAP BV TY
BEAGRIE O Z N T NICREMICNE T 5 H—
TRE SRR STV 3, BB, QIick
WCINET 5 Q N A M, v a BICERICNE
%Y a R MM, NaClicBiibhEd 58
AR ML L UOBICITRE T AN R b
BN D B, FNFNDONZ MEMHIZZNLZEN
DPYRARIRIER A PR ITZZ B L4252 %S
~JU R 54 v (labeled-line) &V S, BRE
1HH % PRI E A 5 H— 1R E O R ENIc B W
T, DT VRHASEERELLER->TWV 3,
U VATV OEFERMED QICKCINET 5 H
— MR ERAE 12 NaCl B L P HAC Ic b INE T 5
FED 510, T DT &1 T O HE— PRI
BOLTIEQ, NaCl BLUHAc, #NZFhDlE
BOBHRAETIRICES ENTERVWILAEE
e 5,

7 T OVEIRRRE I TR RRIEIC NG 3 5 /D13
&b FEHOMRBIRMNHEET 5, —21FQ
IHRRICISE LIHEMEISE 2R3 QiR TH D,
b —2EIEEIEBED Ca® (BIEE20.01
mM PIRT, 1mM PAETIRE FAEF) ichFic
INE T % Ca?' BRMEP D35 B, Ca’' $RHEITH
RIS EZR L, NEGRIESICEV, Q 13 Ca’*

A, R FHg, WA Hil

A EE X H VL, Ca’' i3 QffErElE
TRV, COXHITH T IVERARIC 138
RERIC RIS 5/015 < & & TR OWRE MR
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RIHE DIFENC D W TIRICEER T 3,
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DOBEERIIC X 0 H TV OE R EE
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AT MBS ICER OB (b2
32BN PBASd AT EARL 2, R
BN DOEHEDERERDE S ICEZL S, D
SEPVE TGO D, OV TRE S A
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