9445 EEESKED=1—F )%y FT—D ETFIIZ K DEH
BhERRFZRE B Fh (WIRKE EFI)
HRPIEE AR —F= CGERAKE L)

GO E I EBEAOKRE = — O OFEHCI-—T T ERhTVWBREEZILSNTWVS,
LA L. O—F 1 Il 322 —0OYEREZ2—O>D2F20N». H25 0
B2D—BEDOPIETETH B, COREASPICTINICE, B2OKRE=1—0O
UHPREFI-F A TICBEELTWADP ERBLENFHH D, ZDEHIC. A
HE%S5w FOBRERE -1 —O IS &tiz, 3BPSHEEZ2a—FF Y b
D— T E{Eote MRy NT—7 % 4 ERBRRIM (FEFE. BB, BRF-—X. B
18) APRBITE 3L, Ny s 7anyF—YalilirTEBEE, 2y b7 —
SEEABICAEREEEHObTA4EADIZ Yy bEEON, COHAERTA ML
LTS A3MRNM (RIEEEE EMME) EEFRREDELMENIBIRE LS, FEL
iy NT—7 17X M & 2 @BISE/NE — 2 & REEROBBFREIC L 255
I HoElEo B NET B ENTE . ANBERERBEDEDOESHREERN.
ANBOIZy MPEOBNICESET3ESEANT, BWREEEROADIZ Y
REWMOUES & (FI—=2 %  flzE. 39 EOANIZy b 15 HERS) |
3y hT— ORI T ARAEEN I ERE I Lo/, EIAN EE
EAEVWI=y hETN—Z2 7 LBEICE. bed 4 BNYERShELZTTD
2y hT—DOBAEDIZZ L BhE DN, o> T, Z2a—0O OKOI—FT 1 >~
FICHTIEEE. FERE-1—-OCT W INTELE-TVBERERTED, 7
W= G EWIFERICE-T. HIHKEZ2-—0O>0OI—F 1 > 7T 2183387
BHESEETETE B,

Teaching signals for the neural
responses induced by NaCl

Hidden neurons
Input neurons Output neurons
Normalized neural responses
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9445 BEEAKRED =1 —5 )Ly FT—YETILIZ X B8IT
BhEIgRE - BRI Fhe FFRKE EFL)
LEBIEE &R —3F GERERKE LEFEE)

R B A

HIABAOMREZ 2 —OF —BRAUEFOBKRMICEL TIEET 3, $/-. —i85
ORRABIS U TEEREO =2 —OLHIEET 5, -7, KEZ 2 —DO &[N
F2MRICEEDBMI L /N2 — 20 BROEIZHWT DHFS (neural code) &4 5
EVDRERMIEA SN T3/ (Pfaffmann 1941; Erickson 1963; & 5 (Z#H & L T.
Scott and Plata-Salaman 1991) , & ZBREFEN . HEk, Bk, k. 188D 4 £k
BROZNZHIZENLZFRT VWS 2. BEICEEDHEBGEE & — 3 OM%RE DR T
STETHZCTHANSN (Erickson 1963) « CNEEBICOWCDHPDIkbE Eh
TuWa,

W= LTHEONIEMLET— 22 NI 22— 3y N7 —7 & BOTEIT
THIEN. mERAON, MEELTZINALNDZETEHIRREE LT T WS (Zipser
and Andersen 1988; Lockery et al. 1989; Angel et al. 1990; Enquist and Arak
1993) AMIEIE T Y POKERIRZ 2 -0 DIEE/t2— > FICEEDERAEIC L
DRHMIEDZDHD. 22 —FNhxy FT—=TTHEMLE, 512 Buizxy b
T—UDFEEREL, B2OREZ 2 —O RO —F 4 > FICERETESL
TV EFHMT 2. LLWAEEZRAEL -,

RE s E

BIRL -7 —4%

Ty bDORBEEKREE» SRR L -E—2 1 -0 FH0 . BKRRLEE 3 BREDMS
RICE @ L7z (Yamamoto et al. 1985) , #MRICEGAVAKRENEAEHE
ICIELCT3MTHD, =7 | (&, 4EKKE (1.0 M sucrose, 0.03 M HCI,
0.01 M quinine HCI, 0.1 M NaCl) & 0.02 M sodium saccharin (saccharin & )
ICHT2mEe. 39O 2—O»5RHLAEHBDTHS (Fig. 1) , LiE51E
BORHEDIE»IC. FI—T 11 TIE 0.1 M tartaric acid (TA), 0.3 M KCI, 0.3
M MgClp, 0.3 M CaClp, 0.1 M NaNO3 &. ZJL— 711l TI& 0.1 M monosodium
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glutamate (MSG), 0.3 M KCI, 0.3 M MgClo, 0.1 M sodium inosinate (IMP), 0.1 M
NaNO3 #HW. ZhZh. 32BE25@ND-2—O>»5RELAEBNDTH D,

Za—F0hxy FT=TETIVDIBRK
rREO3ITL-TOZa—O WL, 3EBEBENZ2-FNxy VT -V %
Eore Ty hT—=2I1E3BPSKY . ANBIR3I A (F—-T | OBE) . 3

218 (=7 11) £/E25@ (=7 111) O1=y bEHFL, ThZTny
TGIW—TZEeDTy NOMKRBEEZ1—O>%%kd, HABIRAIEOIZ Yy FEHED
(S, H. Q, NZI=Zy hERER) | ZThZnHER, Bk, Fk. 85RO 4 BXRK%Z
BT, FEBRIENIZ Y FPS5M2, v b7 =2 Ny TONNSF -3
(back-propagation ; Rumelhart et al. 1986) M7 I JUXLTHEES Y (Fig.
2) | BEROEAFEHI VLT ODERZ 20Dy b T—0E&ZFTL—TIIHWHLT
Bl FybT—=7OHENE. ThE5DFR Yy NT—T7TOFEHEELTERL L,

AFEKRREICWT 2mE (Fig. 1) 2FB7—2& L. ZTOMOKRAZIIHTT S0
BEaRBT—aELl, CNODBBELEE /INV—-TRTORKICEE TERLL.
APBDOIZ Yy MIE AT, Fig. 2 ICRTEIIC. BEF—2E L TERKD—D
ES5Z7-BE. FOKERTIZ VNI 0.9 2. O3 DOy M 0 EHEME
SELTEA A, 2EBRENETMEELNDED 2 ZFHOFEAIR (rms BZE) P
0.005 (Z% 5 E TiTo7- (Nagai et al. 1992) ,

ANBOZEIZ Y b2y b T—TJICE2BOHAMIEDIEETS LTV D
OV =27 B 7 £V FETHEAANE (Nagai et al. 1992) » TDFH
ETEPEBADESRE»EVANTIZ Yy MEE . TN UEKOBINEE R @ =
ELTWBEAIERELTWVWD, | EBEEOAAZIZ Y b S5DREBADEEHRED
RIHEDINIT, BERE S #EZH L7 (Nagai et al. 1992) , ZHOKESTAHD
Ty bEIBRLDW L. EDANIZ Y bETN—Z2TF 20 ERD I,

R fE R

FBRELxy NT—T7DHEA

Xy RT—I0PBRA KRB EZEDI D GRRELTHELEN % Fig. 3A, 4A,
S5AICR Y, saccharin (ZXFL TIEHEHBE (S) = v MI/h&alAh (0.15) #H L.
BLWHEHBKEEDZ & ER LA (Fig. 3A) o NaNO3Il 338k (N) 2= bW, FE
FICAELHEAN (0.9) #HL. WMET MU T LOKIIIEREIZIIRL &4 7% (Fig.
4A) o —F. MgClp & CaClp (FERRBK. FRK. 18Rk DS L bkE B 57, KCI IT1E
Bk (S) 2= bOEANKEL, IBIEAV TLDOBKRISEEKIOES B 570 Ty b
T— 7 IR E AEREKROVWTADPICHETIOT, HL. Ih5DOVTHhIZESH
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RINTOVKRREN ST, 29 FT—IHEDLIICHEAT 22 EEKREV, MSG
&I BTIVEZIEREA /D CBTWINSEF M) DLIBETHDH ., 4 EKKRE
ICEENEWVWES Dk, EKRTHB LI H SN T (Yamaguchi 1987) . Zh %
Ty bT—T7 TR LT (Fig. 50) o S, H, QDEIZy FOHEHRIFEALE
BTEBRENEVY . NIZy hOEARDILHY . 4AEKEKDOENICHBE B L
EIEEVWEL,

Z 2O EOBEBEY

Za-—INRYy NIV EREROBTEERE TS0, BRETFT—2E L THWE
BRI & 4 EAKRR S & OB OEEFEE%EE L4~ (Fig. 3B, 4B, 5B) , & %
EXZE ThZn (WO EBEEE) o707 A 00hT, —EBEZEBICK
EVMENEDIZ Yy PEABERKEICRENZNIZDOVWTR., BERLCTH o7, L
L. 2y M7= TBABOENIZ Yy MO BO—DIlKELEHINEDRT B1E
B SH o7 BIAIE. Fig. 4 £ 5 D NaNO3 Tld. v T —7DHAIZITIENT
ZYNCUICREGEANVE TS Y. HEFRETIIIBRZ T Ta . BEKIZH LA
DEWHEREI &SN T L3,

ANIZy bODTN—Z=27

TIW—=T 1 IIWIET B2 —F0Lxy b T—7FEFILDODANIZ y NOEEE Sj
RN, TONEVWEDDSIBIZ—EDDTIN—Z2F Ui, BlAIE Fig. 6 (ZHW
T, TIW—Z>27F52=y bEH 1 0)(‘:?;?1;8]' P—=FE/NEg1Zy haENYES,
20EZERF—FEHEZFEBICNEHEIZ Yy bENMYWS, LT, 2OTI—=275
DEBIZHH TEET—42 (AEFRKRICLZEENNZ—2) #RTFL. TI—=>27
SNy hT—TDHEN%E1ED, Fig. 6A T3, EXKRES X 2D Z DI
ICT231=y bDOES (FIAIE. sucrose RIMIC L B/ -2 5% /-%13 S
Zy hDE) DHERL. O3 DDy FOHEAETRLTWEL, FhAS5DEIE
NS VDTHDFEMS EE T T VD, TIL—ZF &Ny hT—IH 4EK
BREEDIEEBINL TVILEESENICARNDI LD, TDZX Y FT—7DOHH & AR
EEEOMD ms BEXETE LA (Fig. 6B) o TDEIRTI—=>F 2=y b
DIEREEDICHRAZICKELLGY) . Yy b T—TDFRINRLICBLE>TWLEE
RUToe ZN—ZF8» 15T, ms 13 0.05 LITTHY ., HAESH H 2
Zy hERBRUBIEIEFEAE 0.9 I3EWV, DFY . 39@ANDAHIZ Yy bHB 1 5@%
BROVLTH. + R 4 ERKKREFBANTEDZEERT, 1 5BSIL—=F Lz b
T — U DKERIEEN HKERT — & (saccharin) THHE L 7= (Fig. 6C) » kDL
WATWED, TI—Z2F8ndFEAD%y hT—=7 X (Fig. 30) . &%
bov, HEGRETHANLERIIOVWTHREDLE 21T -7/ (Fig. 6D & Fig.

—245—


SSRF020
スタンプ


B EHE)  HECEREICEDDOHEEIASN B AR, TIL—ZCJORIETE
bbb o,

BoT. FI—Z>F&hia1zy bHPEBINELEEE S 2HD2HEICE.
RSNy FERHLTDH., 3w FT7—JIC&2kOBANEHEYBL STV
t?iéo—ﬁSj@k%@liyh&7w—:‘7?6&%@%%C%Lw%”%
52320 an o7,

Th—ZdaNfoa—O ESNAEN 5T a— O EDLER

2y NT—TDANBNPS—BOIZy b TI—ZF&nlEld. D5,
HIEMER TG ANS, RERE - 21— O A TN —Z2 T EnlellEd, &
Do1—O N ENE D EHREIEEEER DN ERAN, Fig. 1 Tl T—2=
LA AN Aa—OLE@T. T dENE N5 a-0O ERTRLTY
Z.Fig. 1 Td e f,g CRLAZ2-DOHEEE—RLTHAPEEIIC, EF
RIS T BICEE MO 1 — O ERD RV, Th—Z2FEniz1 5ED
O OEAKRYICHTASEEIR. T TEnErozbDEEND
Bhote £/ CORESERTIN—ZFEhad o2 —OCOEEREDL
AU (9.6 impulses/3 s) EBBAENAEMN o/, —HP, U X TR Za2—0
SE 0.1 M NaCl (2T A3mERD B VY. MMOKRRBICHEYEELTWVWDEDT,
EEESjuk%<ﬁw7w—:>7éh@#ottEbnéo:1—D>%4%$
MRS IC T B EHEEEOK/NTIBEZ I G, 2OhEnbDr5IBEICTV—=27T
btt25‘3@uL®:J—D>%MUWotﬁHTTCEivh7—7®&ﬁu
ﬁTbt(Hu%éf)o:@ﬁ%@sj®¢émb®v5mumumot%%
(Fig. 6A) EWXMEBITH D, - T, FHULEENKNEVZI2-—ONIDEEX
S DONENZ2—OLIZHBELTVE DT TRV,

£ K

S1 =S Fy hT =7 ERRDOEEERECLIKEOIMER ELHEHT 2 L.
m%wﬁﬁfu4%$%@56ﬁi®%§uﬁféﬁwﬁﬁm<Tfué(Hg3,
4.5) . Znii. HEEEE 4 EAROBTEHET L. SHKEBTHEEAEREE -
TWAIZHrPDHET. v NT— 7 TCRFEEMBIZT 4 EARKE TL IR ERE
LTWAIEDN—FATHAIo *v hT—T7ICEBBITIE. BICHKRIBE TOKRE
CISLTRET 2720 Tad. TI—Z2JIl&->TEA2ODZ 2 —O D EDIREE.
COBRDOSIE GBR) KBS LTV EARNDZ I EN TEIFHERE D,

7»—:>7®ﬁ%u§$§5j@kém:l—mytméuzl—myﬁjw—
S LGB ET. BELLRE>T WA (Fig. 6, 7) o ZThidE. BROIEHIE
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Ca-ACEADESICLESTEAOAZELTH, 22— O HF— 152 Tl
NEDHOI—F 4 CTEESE LTV BEHUTIEWS EETRT, SEAOHMBTIE. Sj
DNEHBDON I IBEOKE =2 —O>DH51 SEREE NN, I hid 4 HARk%
ERLETIRANEANERETHY . ZNE5D T DM BEIEEROMIBZET > T L
SABEMIEH D, v FOBREOKRE - 2 — O BHREBECHABRRBE L & DISHH
PERLTWBZEN BN T WA HSTHSD (Yamamoto et al. 1988, 1989) .
MREZ2-O EAIPEI@BREE /NI -0, BOBICWT3HE (neural
code) EHBEVIEAFWEESIZ, Z2—DOEFORO—BHIPBEEDOMRDE %
BEABEVIEZLS (labeled line code; Frank 1973) & =1 —QO 24 h & 3H
ERABEWVIEZT (across-neuron pattern code; Erickson 1963) (Z4hh 3,
bNbhOMETIE 12— O ERE2BTELTH, Sj NDREZEHEZ2—0OBETH
NELERKEEASNDZZ EN DD o720, COZ2a—OH & 5[, 4 EIRIRD
%ﬂ%ht:iifﬁtbf:d‘%(:6}/)‘1’16?)‘857’)‘(ib7)‘57§b‘o L2 L. IEBEDRE
Sa—OCTIHBERICH LTI, ZOLEB/NWERFM$ 32 N RAREI N TLD
(Scott and Giza 1990) .

SHORE

ERE S| THANOGhZa—D ), ZOEEFHMEEEENS S ICREL TV
PPERNBIEN. DEDRETH D, EIEBENREVEHFEENZZ 21—
O ABEETENDEICEIME N TVWE Y, BEHLWERIEEEL S5,

X @k
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Fig. 1. Response profiles of 39 cortical taste neurons (Group I) to each of the
four basic stimuli. Magnitude of responses without subtraction of
spontaneous discharge rates is shown by impulses per 3 s on the ordinate.
Neurons arc ranked along the abscissa from left to right according to the
magnitude of neural responses to 0.1 M NaCl. Selected neurons (n=24) with
a larger significance S; are indicated by a solid bar and by uppercase (A -
X) along abscissa. Prl{ned neurons (n=15) with a smaller significance S

are indicated by an open bar and by lowercase (a - 0) along the abscissa{

—249—


SSRF020
スタンプ


Teaching signals for the neural
responses induced by NaCl

Hidden neurons
Input neurons Output neurons
Normalized neural responses

Fig. 2. The architecture of the artificial neural network model used to
classifly the gustatory neural response patterns. The networks have three
layers of processing units.
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0.0 0.0 b———
S H QN s h q =

Fig. 3. Profiles of output values in the network (4) and across-neuron
correlation coefficients (B) for the neural responses obtained from the 39
neurons (Group I) with which one taste stimulus (0.02 M saccharin) was
tested. 4, The output values of the four output units (S, H, Q, N units) are
shown, when untrained test data (0.02 M saccharin) was presented to the
input layer. Bars in the figure show standard deviations of the outputs
calculated in 20 sets of the networks, which also applies to Figs. 4-7. B, The
across-neuron correlation profile for 0.02 M saccharin across the four basic
taste qualities: 1.0 M sucrose (s), 0.03 M HCI (h), 0.01 M quinine
hydrochloride (q) and 0.1 M NaCl (n).
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Fig. 4. As Fig. 3, except for the Group II stimuli (0.02 M saccharin, 0.01 M
TA,03 M KCI, 0.3 M MgCl, ,03 M CaCl, ,0.1 M NaNO3 ) and the
32 neurons (Group II) with which they were tested. Six sets of profiles are-:
shown in A and B. 4, The output values of the four output units are shown,
when untrained test data (the Group II stimuli) were presented to the input
layer. B, The across-neuron correlation profiles across the four basic taste
qualities for the Group II stimuli.
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saccharin MSG KCl sacchann MSG KCl
= 10
o
G 0.8
] &
E § 0.6
3 s 0.4
2 502
o £ 00
o
) = cach = 0 .02
SHQN SHQN SHQN shqn shgn shqn
03M 0.1M 0.1M 0.3M 0.1M 0.1M
MgCl2 IMP NaNO3 o MgClz IMP NaNO3
1.0 g b
L 08 5 08
E 5 o6
g 06 S 04
5 s
a 04 g 02
2 k=
© 02 ll' 200
0.0 Z £ §-02
7 SHQN SHQN SHQN shgn shgqn shgqgn

Fig. 5. As Fig. 4, except for the Group Il stimuli (0.02 M saccharin, 0.1 M
MSG, 0.3 M KCI, 0.3 M MgCly , 0.1 M IMP, 0.1 M NaNO3 ) and the 25
neurons (Group III) with which %ley were tested. A, The output values of the
four output units. B, The across-neuron correlation proﬁles across the four
basic taste qualities.
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Fig. 6. Effects of pruning on outputs of the networks (4, B, C) and across-
neuron correlation coefficients (D), when input units with a smaller
significance S; were pruned. The neural responses obtained from the 39
neurons (Grodp 1) were examined. A, The decrease in the outputs of the four
output units (S, H, Q and N). (e, sweet unit. o, sour unit.o, bitter unit. =, salt
unit.) The same symbols are also used in Fig. 7A. B, The increase in the rms
error between the teaching signals and the outputs of pruned networks. 4 and
B show that discrimination for the four basic tastes was gracefully degraded
with increase in the number of pruned input units. C, The output profile for
the network pruned of 15 input units, when untrained test data (0.02 M
saccharin) was presented. D, The across-neuron correlation profile for 0.02

- M saccharin across the four basic taste qualities. Correlations were
calculated, excluding the neural responses represented by the 15 pruned
input units. Note that the profiles in C and D are similar to those for the
network without pruning (see Fig. 3).
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Fig. 7. As Fig. 6 in which the Group I neurons were examined, except that
input units with a larger significance Sj were pruned. A, The decrease in the
outputs of the four output units (S, H,"Q and N). B, The increase in the rms
error. A and B show that discrimination for the four basic tastes was rapidly
deteriorated, when more than 4 input units were pruned. C, The output
profile for the network pruned of 4 input units, when untrained test data
(0.02 M saccharin) was presented. D, The across-neuron correlation profile
for 0.02 M saccharin, when the neural responses represented by the pruned 4
input units were excluded. Note that the output of the S unit in C decreased
(see Fig. 3A), whereas the correlation of 0.02 M saccharin with 1.0 M
sucrose (s) remained high in D (see Fig. 3B).
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Analysis of salt taste responses in rat cortical neurons
by an artificial neural network model
Takatoshi Nagai and Kazuyuki Aihara
Dept. Physiol, Teikyo Univ. Sch. Med. and Dept. Math.
Eng. Infom. Physics, Fac. Eng., Univ. Tokyo.
Summary

Taste qualities are believed to be coded in activity of multiple taste neurons. However, it
is not clear whether activity across the entire population of the neurons or across their
subgroups is responsible for coding. To clarify the point the relative contribution of each
taste neu‘ron to coding needs to be assessed. To this end we constructed simple three-
layer neural networks with input units representing cortical taste neurons of the rat. The
networks were trained by the back-propagation learning algorithm to classify the neural
response patterns to the basic taste stimuli (sucrose, HCI, quinine-hydrochloride and
NaCl). The networks had 4 output units representing the basic taste qualities, the values
of which provide a measure for similarity of test stimuli (salts, tartaric acid and umami
substances) to the basic taste qualities. Trained networks discriminated the response
patterns to the test stimuli in a clearer and more definite manner than conventional
correlation analysis. We evaluated relative contributions of input units to the taste
discrimination of the network by examining their connection weights to the hidden layer.
When the input units with weaker connection weights (e.g. 15 out of 39 input units) were
"pruned" from the trained network, the ability of the network to discriminate the basic
taste qualities as well as other test stimuli was not greatly affected. On the other hand,
pruning of only 4 input units with stronger connection weights profoundly deteriorated
the taste discrimination of the network. These results suggest that cortical taste neurons
differentially contribute to the quality coding. The pruning technique may enable the

evaluation of a given taste neuron in terms of its relative contribution to the coding.
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