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The action of pyrithioxin and pyridoxine on the central nervous
system Yutaka OoMura, Mutsuyuki SuciMori, Tsutomu NAKAMURA,
Morikuni Takicawa, Yasuyuki YaMAapA and Ryuichi Fukupa (Department of
Physiology, Faculty of Medicine, Kanazawa University, Kanazawe)

Effects of direct application of pyrithioxin (Pyr) and pyridoxine (B6) on the neurons in
the rat cerebral cortex, thalamus, lateral hypothalamic area (LH) and ventromedial nucleus
(VMH) were investigated using multibarreled electrodes. The effect of Pyr on the glucose
binding capacity on the cerebral cortex héfnggenates was also investigated.

1. Both Pyr and B6 preferentially brought inhibitory response in the cortical neurons.’

2. In the thalamic neurons 30% of them examined were inhibited by both Pyr and
B6. And 249 of them were facilitated. Some part of this facilitation was due to the osmotic
effect. There was a significantly different action between the two chemicals, i. e. Pyr
induced both -facilitatory and inhibitory actions while B6 had exclusively an inhibitory
one. o

3. Upon the osmosensitive neurons in the LH which are non-specifically facilitated by
glucose, Na and sucrose, both Pyr and B6 had also non-specific facilitatory effects.

4. The glucose-sensitive neurons in the LH which are inhibited by glucose were
specifically depressed by both Pyr and B6. An augmented response was observed when
glucose and Pyr were applied simultaneously.

5. The glucoreceptor neurons in the VMH which are specifically facilitated by glucose
exhibited similar facilitation by both Pyr and B6.

6. The amount of glucose binding on.the homogenates was increased by Pyr at low
concentrations but decreased at high." ‘ '

7. Since the effect of Pyr and B6 had the same directions as glucose upon glucose-
sensitive and glucoreceptor neurons in the hypothalamus both chemicals were concluded
to possess facilitatory action on glucose binding or its uptake upon these neurons. Similar
action was also suggested in the thalamic neurons. ‘

{J. Physiol. Soc. Japan (1973) 35, 623-638)
key words : glucose-sensitive neuron, glucoreceptor neuron, Pyrithioxin, B6, rat hypo-
thalamus.
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1. Introduction 0 MR b o - & BRER Sh Tl

¥ % 3 v B6 (Pyridoxine, B6) Hi¥ifkTd
% Pyrithioxin (Pyr) iz # 3 v B6 ok
REBRCR, PRERERICH U TikEx OER
FEoTV3.

ek BX, A X TPyr 10mg/kg % #a:
+5 LBREBROMEMET T 52, MkEx
W5z L 2HEL T 5. Pyr 3/ET

CREFN484E 6 J§ 5 B 3Zf]D

%. Quadbeck et al30x Pyr bimli”&‘mﬁﬁﬁﬁ Pé
ER L CRBIRMgIc F v a— 22 Na, P in ¥ 0
BHOR~OIRVIABERET D Z L 2L,

Pyr 2% % ft 3t 2 T 5 TR iR LT v
%. Pyr BBHEHICERT 5, =~F v
BB T 04 % 20 mg/kg Pyr 28 L 35K
BB SERL L, RHCRE T i,
EBRE T TR BIREHESHE LT 3
1), R CERRO X 222w Th Pyr 40



624 Pyrithioxin effect

mg/kg O TREARIE S h T 5 (Sierra
& Reinoso-Suarez3?). FIE & #REIT1D Pyr 3
HFARMEIC B THEN LT, BIRRE T cor-
ticosteroid %= catecholamine D43ih% NS
¥HZEERRTIERETL>TVS., 20D
£ 9ic Pyr ofuiRphERICs 3 2 IR IC
DT A DA HE S Ty 5.

503, Pyr o xD=a2—1 1 LU0
BT 2 BEEHAN 5 72 0 KLEMNE
e (Krnjevié et al.l®, Krnjevié¢ & Whitta-
ckeri®), Curtis & Ecclesd, Curtis et al.d,
Oomura et al.?), Kff7-H2) EH. 0
FIRIC XY, Bk = o —n v OEFBICEEY
BRELABRD =2 — v VIEBOB e BET
BT LWERETH Y ERE o BYEh R O PE
BHTHBH. ZhIZX - TRHOP TRETEHO
= a—r UEREA ONTERCEE KT 5%
iR > T B Z LB LT 52, fFiC
BERETIRTH 5 /MUFK T E (lateral hypotha-
lamus, LH) #ETXTH 2 EAME (ven-
tromedial hypothalamus, VMH) iz 7'\ = —
AL o> THEEBRET s ehEh s Vva—2x
BEBIURAE=-2—u VRBEETS (Anand
et al.l), Debons et al.9, Mayer!®), Mayer &
Marshall'9, Oomura?), Qomura et al.%3)).
L7285 T, Quadbeck et al3® pigfiL iz
Na— RO Y AH et B Pyr ol & %R
THEDIHMETH D, ZORKTEHDO I V=
—AREZME = 2 — v U EPLIE, EPOEMLO
=a—nicHTsPyroffliz B6 ozht
LR b RE L.

- &b, Ty FORBMEEEBOKRE Y X~
roOT Vo —2fESITT 5 Pyr %58 in
vitro A& b ¥ TH .

I. 5 ik

A, BRAEHESER

STIEDHELMED 7 4 RZ —F v b (fKE180~
200g) Hv iz, 25% v v & v (1.5g/kg) ¥4
HEL, MEZIRRFDICFRKE Lz, Konig-
Klippel' |z U7z 2% - TYERL L 7o IR i [ i 3

BICEE L. BEEEUHAL, wRAFY LT
E& 8 mm FEEFICBASE L7c. BUEYIBEM, MM
& 09% NaCl oZEX T, PMORELIF
ki X 2EFEEH .

S 5 2 S N o0 TR

S 1mm, pPy#Z 04 mm, BEX90mm D%
5 2 EME Mertex) ox bV IKRILKEDH
FAETH 25~3cm DE S bDE T
FANBTS ARRB (Fig. 1, A, ThEik
TELAEN S, 180°HiE L% (Fig. 1, B),
BARERLER (%) TBI T 5BV NEMRE {F
#+5 (Fig. 1, E). B0/ EEK 1 xm
CHEET 5. ARG CENOREE O D B
P, FORELED do HEHAI80~100 MQ 0
DHEE L.

EWOFIE B Sh e 5 EvNEmE Ta-
saki et al3® o7 Ao —VEBBIZ Lz -
T, KEAKEThEhOBBICHRT. Z0k
BKE31Y — 2 O RNEHE 35 LI EERER TR
&, BloEHBRicRRSh=EKYEEATS.
HEABERIDRE C4BERTL, EY1E
MRICH & CRIET 5 D EFF.

B L7384 13 monosodium-I-glutamate
2 M/1, glucose 0.4 M/1/155 mM NaCl, sucrose
0.4 M/1/155 mM NaCl (LU FFndehidR), pyrith-
ioxin dihydrochloride (Pyr) 0.33 M/], pyrido-
xine hydrochloride (B 6) 0.33 M/l (WA 1Lz /
H13K), acetylcholine chloride 2 M/l (ACh,
Merck) Th 5.

FLAREMR  SME 2 mm NZE0Imm OF T
28 (%) zEmERE & (Fig 1, C),
M ONZEF 05 um 12T B, ThEFHAT
Fig. 1, D ook 5ichiif 3. Thiciyr FiE
Uiz kR FET 3M/1 KCI (fadefisg)
ZiGle L, EBROYH, BEHEET 5 BERNE
MRICBER] (T r T VT 7, REGHLS)
TRV &b 5 (Fig. 1, F). 3SM/IKCl 2EA
L7 DA FHE O IR FE 21775
Y7 Td b, WHOBRRO LT oS0k
WK 20pm & U7e. FEERFEMNL de #EHTA320~
80MQ Db &AL~
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Kbk BYPFHEL T2 bORER
B CEBM R &7, T — 2R
B X 5 1HE Ls v ok 155 mM NaCl %
Bicerl, BREENCEE L (ki
%24, Oomura et al.2), Krnjevi¢ & Whittac-
kerl®), i H ki B TREERIZ107°~1077 A
Th 5. KYREAEmO do B8 s
500 MQ 2B X1, F7Z oiEbirERDicE
BRRIVEFLIEETS. Lo TIOEH

15

Fig. 1. = Method of making six-barreled electro-
de. A:Surrounding single capillary tube (9cm
length, o. d., 1 mm, i. d., 0.4 mm; Vaccine capil-
lary tubes, No. MX-999, Mertex Mercer Glass
Works Inc.), 4 capillary tubes with different len-
gth (two of them 3 cm, other two 2.5 cm) were
bound together with enamel wires. B : The barrel
of 5 glass capillary tubes was twisted at 180
over a heating burner. C : A recording electrode
made of a different capillary (9 cm length;
o.d, 3 mmj;i d., 09 mm) D: Bottom of the
taper of the recording electrode was appropriately
bent. E : Five barreled capillary electrode. The
overall outside diameter at the tip, about 1 #m.
.F : The recording electrode was cemented to the
5-barreled micropipette. The tip of the latter was
higher by 20 #m than the tip of the former.

OISR, B Y OEIERICH LT ohiFiE
DEREWPRTE S L5 nEBNEREH S,
S 5 I BRIEH1000 MQ L 8x 107 A
BETX 5 EERMGERE (HABEL 100V
Kili7e52) ®fERH L.

T, BELEYORRPEEER TR
CEBNEIPEWERT B, =a—n ik
R IERRMCEETBIEREE TR IV E 4
~kEETERESER. ZLTINVEZ A~

Lo T=a—u VABEESORESEP RSN
20T EENUBOERRICHER L. v
5%—%&&t,ﬁ%ﬁ%ﬁ§%ﬁﬂé%aa
B bERATH - 7.

BRI =2 V=% — % VR E— &T%ﬁ
LT, BlREKMEE, #HE LH B XV
VMH (Kénig & Klippel') iz fij A L = 5 —
VDRNL TIREBEERG Ul A4 7 HRER
HIBEEESRCEX &5 C-R BigL BEH

CONSTANT
CURRENT AMP

MONITER DATA
oscCiLLO -
D.C. PREAMP .

Fig. 2. Block dlagram of an experimental setup.
Chemical applications were made with electro-
phoretic or electro-osmotic currents supplied
hrought a constant current amplifier device. Single
neuronal discharge picked up by the recording
electrode was fed to a dc preamplifier, then
monitored audiovisually with an oscilloscope and
speaker. Impulses per sec were counted by é
ratemeter and drawn by a pen recorder

WERFFRV, FvvRAa—FTCE=F—F35
EREBFZ AV AT &~ (KT HM). A
AL, 1PEOBERESVEE L a — -
TRE L TRYAREHE L. il
WRBELRBARIURT — P& EL, BEER
ErThoTH L. ZhboT ey 254
¥ 27 s% Fig. 2Rt BYHROHER
Curtis & Koizumi®, Oomura et al.2), 'k
Mizbie Lk -7z, o

EBRIETHR, 8E10%EL <Y /?’"’{&T@
ﬁb,ﬁwv)/@E%Nﬁﬂ%é%ﬁtof
FUERERAT & FERE LTz,

Pyrithioxin OBE&KKEIRHKH : %%k%4
b, BRXKEMIZHRHEEhS Pyr o0& Pyr
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EBCBEE LLBESE L OBREMB LHRD
EREITR o7z,

3S-pyrithioxin dihydrochroride (iljzzpysd
#%. specific activity 2.467 mCi/mM) 219.0 mg
BAICED L 25 mM/l OREERIE-T2. Zh
BN AMNERCOD T, F 7 ABEREHRE
155 mM NaCl ¢z L7z plancette izig L7z,
Z OWUNEME L plancette DEICEE LRI
plancette DR &R L7-. % L T plancette
N 3S ouiEMEL gas flow counter TH
ELi.

0.3

Electro—osmotic release of Pyrithioxin (nmole)

1 1 L)
10 50 100 200 300

Charge passed through pipette (ycoul)

Fig. 3.  Relationship between the charge (y-
coul, abscissa) applied through a pyrithioxine (Pyr)
containing pipette and its quantity released from
the pipette (nmole, ordinate).

Fig. 313 @EE Lk & hic Pyr EOBEMF
¥Fb Lz 14T, —kic *S-Pyr ofiticix
EOBRIER TChH-7c. FRTC=a—nm iT
Pyr #{Ef &¥5 L & 0BLEIZ30 ¢ coul LA
TThrPbThEEELTI 77000
kwd Lk 25x102M/pcoul LB, Lzt
- T transport number (M/coul x 96500) (Cur-
tis et al®, KFZ5H2) % kD 35 L4027
M/coul t7 572, B6icow TiIHESE LK
H &z A BE & OBRIZHESL D 5 7028,
Pyr L RIBERH ShB b0 LEbh 3.

B. A {tFRYER

Fna—zfER TS5 Pyr oR: FE

180~200g O 4 AH¥ —F v b (@, ) &=
— FVHRER, = (0°C) THEEL, EbIKC
MedErBY B Lz BEERELOLIE,
KBRER TRy FTHEmS LS L
TRWM LIz, Z OXBEVE 0k 2mg 12 2ml
o#El& < Krebs-Ringer ##%inxz, Potter-
Elvehjem Bk E ¥ F A FTHEEF— M EIE
L7z

FPR L LT oRELF— Mz 833mM
o MC-s A a— = (specific activity 0.3 mCi/
mmole) &ML T37°C TERENED bive
BefH 7217 incubate U7z, Incubate L7z#&E
+ % — I % membrane filter (pore size 0.2 ym)
# v T 5 ml @ Krebs-Ringer & ¢¥EgE v
525, REIABE L. &kicZ o filter #HE
EH T, FEXX— MEE S “C-I
o — 2 DORERES gas flow counter THlE L
7z,
Pyr o “C-7 v a—algicxt+ 1M & 4
B HEIEOEIEEX 25X 107"~1.25% 102 mM/I1
» Pyr (pH 5.3~3.0) iz 7A€ X~ MiC
DT WRER & il L.

RISk ofkix, “C-s A =a—x= 020 ml,
A E ¥ Fx— b 0.10ml, Pyr F 7213 Krebs-Ring-
er & (%tFR) 0.10ml TH 5.

M. #& R

KRB (F;4.6,S;05 or 1.5, H; +4.4~
3.0) % 5 18{8, % (F;4.6, S;150r 05, H;
+1.0~—2.0) 2 55148, LH(F; 4.6, S; 1.5, H;
—2.0~3.2) 2 565ff, VMH (F ; 4.6, S; 0.5,
H; —3.0~—3.6) 2 54648, A& 180 @D K,
HERRESE Iz,

KRB = o—wu 22T

BEO=a—wn T 2 WORFEEK L
R L7z, ET8ED S bIAED =2 —u iT
SVTCH N a— R EH SN T RTEDT
29)’,)71:.

Pyriz18feplice s shicr, £0HbH 3
Za—u TR I HEEENMEE L 6 fEic
VOHERE T S CHRRICER L, &Y
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VHICITESTH 7. Pyr ofEoBEbI
9= o~ w VZEERIO Na 2 &€
B, TRTEHTH > b, Pyr offfiz=
a—n VEROBEEEIZIE Lz b 0T
V. E7 Pyr ciil&an s 6 fid, 241z B6
TH S hz.

B6 ix8flicE shieME#EShs 2=y
ML, 6 FIRESD, 2HIBMEITH 57z
02 H1h RS Na REHRTH - 7.
Pyr £ B6 &Gz ACh 2/ v% 2 —+d
boLRB L, B do B\HEAEL, BE
XV EBRELhoT, EEMMEBEEOH
NNBEETHIA—TER ks eALIFLITR
Y, BEEZELTHZLBNRETDH .

Table 1. Effect of chemicals on 18 cortical
neurons. | : Facilitatory effect, & : No effect, |:
Inhibitory effect. Glu : glucose, Pyr : pyritioxin,
B 6 : Pyridoxine, Suc: sucrose. Each symbol is
the same throughout in Table 2, 3 and 4

Cortex 18 units

Glu Pyr B6 Suc Na
LN LN T L A O

Glu 14 3 8 3 6 1 7 5

Pyr

P L I T

LA LZ oZEBEOHAEENTHEERES 30 nA
PLEEZCRUTIIHIZIR 28 2 3RS -
foo El, ThbOREITRL LB 1
SUEOBHREER L. L L, —BRIICE
BEIDPBRCTEDEHROBD O EVHILE
BoletBbhs.,

KB X, Pyr (e & imflom 5 iz E)
{XoThs. —FB6fEEHRRRAONE
Do, BB DEw, Pyr & B6 o
DR OERZBABEIC V2 2.

A BE=ao—nvvicownT

Fig: 4 3= o 0K = = — v  OREIEHEEIC
x5 Pyr ofBERLTv5. Fig. 4 A
Pyric X 2 BV {E#ESIR T RL, +10nA T
5. U7 Pyr i3#30sec 0T34 7 KB

Thalamus

30 =~ 1014 R T
Pyr

15

. 1 R TR T I
04 Wttt rah b MMWJWWW
F T
i 2 3 I

[}

P
=
]

Discharge per sec

=
i

en
o]

-~

o]

|

30

Discharge per se¢
% H
1

®B) ,

Fig. 4. Effects of Pyr on two thalamic neurons.
A : Pyr (+10 nA) caused a long lasting incredse
in firing with a 30 sec latency. This facilitatory
effect lasted for 7 min. The upper trace continues
to the left lower one. B : The other neuron. Pyr
(+10 nA) induced slight increase in spike dis-
charge, while B6 (410 nA) caused a strong
inhibition with 10 sec latency. This effect lasted
for 1.5 min. ' i

Table 2.  Effect of chemicals on 51 thalamic
neurons. *: Augmentation of facilitatory effect
of chemicals by simultaneous application of Pyr
and glucose or B 6 and glucose. A : Augmentation
of inhibitory effect of chemicals by simultaneous
application of Pyr and glucose or B 6 and glucose

Thalamus 51 units

Glu Pyr B6 Suc Na
+ * ¥ + * + 4+ * + + * + + *
_ ¥ 2+ 2 2 2
lu | ¢ |22 . 6+8 78{2 8 7[213 |1
4
v |veze [ 2 6 4 4 1|2 2- |2 &
pyr s |15 8 15 7] 8
i 7 14 702 6 6
s e |2 2 4 11 z 1 31
86 [+ |13 8 i 5 4 5 6
: is 7 17 7 28 2

EENL, KT LE. Z0o=a—uy
TRIDXIBEISPEELROh. Pyrix
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BHR= 2 —w o eb{Ed L TR OB S OER %
FLTwv 3. —F B6aiszhEnE L.
Fig. ABlzRboNB3 Loz D=a—n1 T
+10nA T#E Lz Pyr THEHEETIZEA

CEE L aoRliEh Ty 5. Ll
Pyr [E U +10nA 0BEE T B6 olflizdk
B ) 0P o R 0BICRHESR O R
(L5 53R MEBHREZ L5 L TS, 20k
51z Pyr ® B6 R0 RE=a—nm
M T A EEORE L O X Vi, REhER
BT BB L B30Tkt Bbhs.

Table 2 Z5UEOBE = = —u ekt 53
MR EEL DI LD TH D, Sl=a—m
UEI SN T — R B ST, S va—XT
EEMEE SN D =2 —n V2R 248 (8 %), Bk
Y OR22ME (92%), ZLTHHIEN S = 2
—n R EECH D, Sra— A TSR
= o= TR THEE T & RER OB RAHE
OFRREE DD =a—n 2 Th Y, Na ek
I U TR NS & o BRI 7 BB R
B —n Thol. TDZOND=a—n
vt Pyr & B6 Thoik DiIEEBEE SR
B, ThLRBEERATHS Y. £t 0 14
X Pyr L va—2kRIcEL S5z itk
o> CHREHENZFNFREMORBRE LY LI
iRz b EEOBEBEDRBIME S Lic/
DTHHH. Sha—REFD2=a—a D
5% 6 @iz Pyr CHEESNEESH, 7@
FIElEh T3, 2o Pyr CEESHS 6
HEoficE s va—2 L FEBRE LTI LD T
BESERL LN L OB LA ER TV .
B6 ix2@zEEL, 7TEEZIHLZ.

Pyr i351= o — v VH4S{EICIEE L7z, FRi
FT L 5 1236% D 16N IEEIELE, 31%D14H
BHEL, £ L T V3B3%0ISEIIES TS o
oo EBBRCBVTAMEE=a—n L[
CrohafEmERLTYS. BEDRORON
7216= o —w U0 2 fEid BEERENE = 2 —
vy ThbH, El{fE=a—v AL Na
DIEREFNRFRABLRE6=a—u gD
THRAB L, 0%FHIBBEEZH =2 —m

ThbB. &T, Pyr ClREEShZOfiDli=
a—nl H, 9= —viconT B6{EF%
Ricas, 4 E#Esh, 1EZEH, LT
4 ESTH 572, Pyr TEHOIS= 2 —n
VHIEICOWT B6 0% REAR D L, 1N
R Sh, TEIIHISH, 2L T5EFIERD
Th5. Pyr cHE HHshTwbld=a—
m o 8fHIC D v T EEORREHR D L 2
PIEENEED { 2 RBERZE= 22— v Th
5. Pyr ciifilah s =a—w o LHNE, 7
Nt — 2 L R E TR O MRS R b
Tw3. ohbd Pyr BECBE SRR
B 5B X 2R Tl wEElc Z DR
BEEIE S T OEMIE30sec P2, &
SltzD=a—nriE Na 2fEHSETHRA
LEBRI A LN 5T, &T, Pyr THifl &
NB=a—u 0512 2w T B6 O3hE

EHB L, 1{EEE TEEE, L T4
B ESTH - 7z

B6 34D = o —u i Shic )’ 6 M
(18%) Tk, 1341 (38%) 4%, 1547 (44
%) NS hie, REESh36 =o—nr U
4 =a—n iz Na L ER SR8 20
2/3 L FiEZEN B IS CEEHEE 2 &2 T8
BEREM =2~ v ThD. TNV a—2
TEESHB 2D 5 5 1{EIX Pyr ofi L
FLXoics/ va—xt B6 2RECHES S
T LIk THBKIENR RN, Pyrix 64]
RApIEEEL, 1HZMEILTw3. LAl
N TH o7, b ORERE»S B6 TIEBHE
EEshdma—m gy Pyr O R
THIRE SN I BEEFRZE =2 —v 2B X
shkd. Na @ shs 34k Pyr & B6
THRERENLURBELEZE = 2 — v V0¥
MR EZ BN, 2036 I flicl T
FEFHI B TH 5 7z,

B6 TEFOIFIC ST, Pyridd Hlz(g
HELAFEZMEI L. B6 THElsh515= 2
—u iz D\ T Pyr offer5se, 1@
(7T%) MMEEsh, T (47%) »HHSh,
FLTHED T (47%) HEHTH 57 L
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BoT Pyr & B6 4 #0Asko e iingg
BbDLEZOND. BECEBENTETDH
524l2%\wC, Pyr » B6oEHOEV%
McNemar test3®) GHEE L TH=2, AEEX
wobhlholz. Tibb, Pyr & B6ix[HE
FHENAERT 5.

Pyr £ B 6% 10nAX20sec DIEVBEERET
LEHRPEDITYB B L, EBFShiRn
A 7 DWRIER 1 mV PLECERENI0BLATH
I LPOBEID=2—n v ETOEMZ10
m LRET S L, ZOBRERERL THIE
=a—wrUfHED Pyr 2 B6 ORMEREITL
3.9X103 M/l L3 9. = ofEEFRICL S
N va—2 i X 5E (2x10° M/ i3
ERRTH 5 (Kt 52, Oomura?d).

B. LH =2 —wu izon<T

65D LH = o ~ v iz oW TRE L-.
Fig. 5A 13, 7 N o — 2 CHREFEBONE S
N vz — 2B = o —w v (Oomura et
al®) o 14iTh 5. KBEESDPEVOTS
NE A ~PFEREL TR 7 RER M
®ETWws. 2§ Pyr & B6 & 3ic+15nA
TRELEPESTHS. RS v a — 2%
+20 DA TEEF B L 1~ 2 BORECHER
EXBAIL 5. b5y Pyr #15nA
TRELERL IR IV a—2 2 85+ 5
LT NVa—20MEIR X VERIEY, S
—ADFBEELERLFIEIFTw5. B i
DT HFEROMAEERT, Ja—i3l
MBI, Ll — 2 BMlREC X3
Pl & et 5 L 2 hig PR kid e { Pyr

DFEFRERIFIBD 5h kv, Pyr {, Bé
bREEBPDICDOT, BMOPRIIZo XY
Lz, LH =2 —r 0l a—22is
RT3, Pyr o F BB Tixinv
EEZDND. ZOX5 L 2R L.

Fig. 5B ix Pyr o Bl G CHRENIE &
NapThs. Pyr o+20nA T3 ~ 4 538K
BOBYERONS., avbe—VicE L
Na +20nA 3 EHTH 52 L &, BEEIE S
R T2 b bERIC X 358X

H

—— 9014
S—TTY (A)
glut
g gt o 6 B gyl 85 _6h_
3|m
e — 201k (B)
s 10 0A
8 - 5ok
he L

-t
=
1

&

=
=3
J

* Discharge per see

‘ l

B
i o ©
JR— 11

a1
e S b B @ M. 8 W

Distharge per sec

[} 1 1 i { HU
Fig. 5.  Three LH neurons. A : Glucose-sensi-
tive neuron. Enhancement by Pyr on glucose-induc-
ed inhibition. The arrow indicates the start of
glutamate application in order to increase firing
rate. Either Pyr or B 6 (4-15nA) caused no appre-
ciable change. Glucose (Glu) (20 nA) depressed the
firing activity. Combined application of Pyr (15nA) .
and glucose augmented the glucose induced ‘inhi-
bition and had a longer after-effect. Glucose
inhibition was enhanced by a combined applica-
tion of B6. B : Another neuron. Upper : Pyr (‘20‘
nA) caused marked inhibition with 10 sec latency.
This effect lasted for 5 min. Na (20nA) has no
effect. Continues from upper to lower trace. Lower :
Dose-response relation. Pyr with +20 nA induced
a stronger inhibition than with +10nA., Weaker
concentration of Pyr (+5nA) had no effect. C 1
Osmosensitive neuron. Sucrose (suc) (+15n4), gl
cose (+10nA), Pyr (+-10nA), B6 (+10 nA), ACh
(+10nA) and Na (—l— 15nA) had similar effect
respectively.
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BESHh 3 (Curtis & Koizumi®, Jff7- 529).
Pyr +10 nA <315 nA X D X5 HIHR R
bha2, +5nA TREHTHS. Pyr BER
ik de EHERRE L, BEERPHIR S +20
nA P EEEL-ORLEFITH 5. 2[EH
o Pyr BH5HOEEIPEORE LD RS
HREREHEELHISHz L ERLTw3. Zh
%, PIEOHEE=a—n VEEO TV a—2
r Pyr Wijjic k5 AR L L0 Pyr
DEET, Fra—20RYRLPMMEESL=
;—HVGEEGfW:~zﬁﬁyL,2@E
DGO Pyr I OERBBEbLRIOM
HLAIB. ¥k ==—n ED Pyr okt
FTHBEERE LI ot Lhky., v
Table 3. Effect of chemicals on 65 LH neurons.

+ : Opposite effects between B 6 and Glu.

" Lo 65 units

Glu Pyr B6 Suc N
¥ B

[ RE 32¢2 2 (v 1 4 2 4
Glu j+} 13 1* 7 24 2 3 1
i 16 3 8%
o4 73%
Pyr 113
4] 1534
+f 424
B6 |:| 6
111034 3
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izl Ty Pyr o 5B L =2 —n VIEEIO
PRI PATER 2R T2 & 13FEL TH 5.

Fig. 5CR LH Iz LIFLITR O N2 BEERK
ZH=a—w D 1 FTH S, ZHIREEE
NVa—2B LU Na TR ZRERICHRENE
ESHhTVv5. Z0=o—n i B6 3R
BERLTV32, ThRAROMEL Y BE
EotHRORELEDhS., Zhit KLT,
Pyr b ¥ BN EM LI RT Ths. =
ik Pyr oIRRERAER L FRAGMEIER 2
FEHCER L7z b o2 d L.

Table 3 BB L= —n »icHT 53y
DERAEEL DI bDTHS. 5ED=2—n
v, o~z i342ED = 2 —r vicE &
Nie., ZORBRBEDO=2—wn > (31%) AL
HEEh, I3{ELEES) (31%), 16{@%Hnk] (38%)
Ehiz. Ira— 2 THRENMEEShDZ SO0

53H6=a—u OS2, b=a—nm
vieowT Na 2/EF &8 T, ZhEh70%%B
YU80%D =0 —u UHREERREEZLTY
5. ThbbEE=S2—n ORI TREE
B a—n v Thb. EhIVa—2 T
MEhieT=a—uvicowT Pyr A&
¥C, SEIEEEZE L. 205 b2
Fra—zk Pyr LIRRHRE CIREIHER S
N 7D 4= o—w od 2 @< 2 /i
EETh o, S hiz2 =2 —r riZBv
Tix#omhiur Pyr 20 0 OfER Tixiah
55 .

Fa—% CESDI3= 2 — v HIMEIED
W, PyrogBessl, 70%0 7 k&
Thotz. TR lIfERINVa—xt Pyr &
BRI G B L IRERE I L 7223, BEE
DYEBIMD o eled TR v 2EZDR
5. 7%V 2{E ik Pyr cHifilEhiz. £D5 %
1@ Pyr 227 0 2 — 2% FcRET5
&, MR She. B6 X 2 FIpSEER, 3
BRI Ch o, Fsva—2k B6 L
BHCEH SR 3B bz A ohhh ol T
32— R CEED = 2 —r ik Na RfEE© § 4
%’5‘5)07&.

Tha—2 Tl &sns16=o—n ik, #&
BRAGHICERL TR IV a— 2= 2 —
w > (Oomura et al2®), Colin-Jones & Him"
sworth?, &+ JA, Oomurad) TEFHE
B2 v, 20 =a—n 1fEikc Pyr %
VER & % 70 28, H809% i imEIMicEF L Tv
5. 205 bL I va—x e Pyr oFEERSEIC
IBFRIESED= a—r VIZDOVTHN, 2
#lik Fig. 5A Rl L9, Frva—xe
FIRpIc B 535 2 L1IT X THIR o BIRIER 2
HBerhTws., —JFB6 s a— 2=
a—n VI0E/ER S 8722, 2 EiC/EERR
NRLN7. &T, Table 3 TRIZRT X1
B6 TIENEZ sizd=a—urDd b 1{HE
VTS Na 2ERS® T, WIhbiE
ERRE 5T, Lo TEorLba—2
T & AR B6 ClREShiz= 2 —r Ui
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BELLABBERKRLLZLDOTHA S, £z
N10= 2 —wu o 7 Hic ik B 6 T b HIZES
BZoTws. Z0TEDH L 4HICOWTS
Na—zk B62FERC/ER S5 & 3ERB
WTHBRHIR R b bbhic. Doz s
Wa— A= o — v L TiE, Pyrd
B6 L FEAMIERALCBLELBNS, L
PLINVa—2CHEEhbd=a—n e,
BHD= 2 — v VELORET Pyr 0fEF R
Fischer'”®) nE#mesRHEETHRT 5 L,
0.03 DEMRT Pyr RISV a—2A@E%H= 2
—u VICHEMICERT  va 3. L,
B6 icov TR ORE LT - THLERER
Rehishoie.

Pyri365= o — v L35Iz L L. 2L
T7{E (20%) »MExE, 13(8 (37%) »E&EZHhZ
LT156 (43%) »#fl&hic. = ® Xk 5 i
LH <itkiclk~_T, Pyr ofifIghE o5
Eole. Pyr CHENENT S T=2—n
FAMEIZOWT, 3B —2THLEEL
TBY, ik, ZOPEIINVa—x, BER
XU Na THREEMPEZ > Tvs. Lo
TRBEERZHDOLOTHS 5. s va~—
2t Pyr #ERCESET ZLREST, %
DRIGHER L LON3@HS. T=a—n
YHOBY 3ED 5B 1 ik B6, R LU
Na czhzhiilsh T 5. BE L BHE
DECZ & BFEVRLIELL . T
NHRERE = o — 7 VO RAERR
(Curtis et al®) D7, BEELLTHH
Ehd=2—rUPARHTHS. Pyr &S
13%9, 14125 Na, v =a—x, Fegs, B6 T
i (Fig. 5C 2 BEERSEME = 2 —
v THY, 95 14lb Na, Fra—z2Thk
ENENMLTV3 L 50 bBBERZME= o
—n v eBbhs. BYIERIERINVa—
2 CHH SNBSS V2 — 2BE =2 —u v
Thad. Fh6@FR2EARB6 cHfilsh Ty
5. Pyr cHESMHE SN 51522 —w Ui,
AR LA X DI 8L N 2 — 2B = o
~uyThHY, ERZh H8EDS L 4EIT

B6 THIEhTv5. YO 7EP 2 MEIT
Na BLIUOSNVa—2 CEEShTVBDT,.
BEERSMH=a—n v ExbRB. LK
STZHD THEO= 2 —v vickT 2 HEVER
X Pyr HREHLBEbRhB.

B6 1320= o —wm v iz B xh, 418 (20%)
DMEHE, 618 (30%) 234EZh, 1008 (50%) 2%
W Shiz, LaL B6 BMEED4AED S B 2
OV — 2 FEM = 2 ~ v VXL T,
B6 imE oEHE L6 LTWA.. Zhbd
D=a—nedtl T Pyr @3#ELThRV.
B6 3 Pyr LREIUL 40/ A=~z L OR
RREDOFHERIFEDO I N a— 2B = a—n
ViexH L CHESIR Z L7 b L. B6 T
T34=a2—nh, 1{EZAEE Pyr,Nap
EOT N a2 G L2 REERZE= 2 —»
L ChB. %ic B6 RERD 6 ik LEX S N
a2—2, Pyr 83Xt Na cHES#EML, 1@
nNa & Pyr THERH#ENLTVELLZH
FhEBERSM=2—n > Ths. B6 T
HEh310=a—uw v, T=a—mids N
a—RBEH=a—w T, 5 b 3EIERRD
kdiz, Fha—2 kRS CRERERL
7eo EleT=a—wrf Pyr 4 f@e@siL
Tw5. BY SEPEECHishs=a—n
VA1 BIETE LTz, B6 & Pyr iz ow CEHEIE
JAD3R % McNemar test3®) GHE LI NEE
ZEBEDohir ol BRLH=a—rvig
1T, Pyr & B6 gRIFROERT b LM
HEERA LTS, i va—2@%E=
a—mrviEHL, Pyr$B6 b2z X V'R
BBl L vz 5.

C. VMH =.—wu vigHovT

VMH HD46= o — v 2D\ THRE Liz.
Fig. 6 (5= 0H 0 1T/ Va2 —24+5nA B
LU0 nA CREENZ VD, +20nA CHRE
FEEEZEELTVE. FAra—R k58
B — I 10PN Th -7z, L L Na®
Clp20nA #ECIHIEL TV ARY. 2D N
a—ARBHECRGE LCESI EA TS v a—

AZR= = —r v Th? (Oomura et ald),
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Discharge per se¢

Fig. 6. VMH glucoreceptor neuron. Spike dis-
charges increased by glucose (+20nA) with a
several sec latency. Weaker concentration of glu-
cose (+5nA) induced no response. Pyr (+20 nA)
increased firing rate with a 15sec latency. Glucose
with 4-10nA did not cause any changes in firing
rate, but simultaneous application of glucose and
Pyr (+20nA) caused remarkable increase in the
firing frequency which ensued approximately for
5 min. Na and Cl were not effective in this faci-
litatory period.

w M
............. ‘]ﬂnn -——QOHA
Pyr Bé
o 30 Gy O4° -
S : .
0 1 MIN
VM ——30mA
§lu Py B
o3
5 A
2
P g

0 1 2 MIN
Fig. 7. VMH glucoreceptor neurons. A : Glucose
(+10nA) induced facilitatory effect. This was
augmented by the simultaneous application of Pyr
(+20nA) but inhibited by that of B 6 (+20 nA).

B : Another neuron. Glucose, Pyr and B 6 (+30
nA) increased firing rate.

Oomurazh). =D =o—wu VIXBEREFIHL
T, EREOWHIcEET L Ex b RSB (Ma-
yerl®, Mayer & Marshall'®, Qomura et al.23)).
ID=a—mrigik Pyr #420nA cfET
5 L1ISHOWRFTHESENLTY5. RIS
Na—2k+10nA T#HE L, EHOBIC Pyr
ERICEZ 5 LRERENL, LrbZ o)
B 54N R L. 0BT Na
R Cl 285 LB EHTH . Pyrds v
a—RBREER LI 1HIE L Bbh 3.

Fig. 7TA iZ+10nA Tr v a— 23R ER
LTVB I N2 — AR =a—arThHb. 7
a—zL+20nA o Pyr FEHC/ER S%
ZrEabICEEh T b5, —JF+20nA T
B6 #fEH &5 LV EETOEAZRITES

Tabel 4. Effect of chemicals on 46 VMH
neurons

VMH 46 units

Glu Pyr B6 Suc Na
+

+ s 53%2 2 [42+2 2 1 2
Glu |+ f23 4% 8 3* 4 1 5 1
2 111
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g x
Pyr [+ |14

34
Bhi

2 6 1(12 5

P

[
[SIESS EXUN NIy
~ oo
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— = ]

— o~
~

gl sh<vws. VMH ©z o X5 ikl
FR 5Nz Fig. 7B i/ va—x, Pyrs k
U B6 TCEhEFhBEENPRBZ 2=a—0m
Td 5. Table 4 bW IS, TN
4 7R APBE SN, —iRlc S v a—20%)
FEOBIICIR, Pyr 2 B 6 25 R 0ERIH15
BL .

Table 43zh 8o VMH = —n >
T 2R EEL0bDOTH S,

Z NV a — Z346= o — u L HRA0EIC IS L
fo. TOHSLREBLEAD= 2 —n X148 (35
%) MZNH23ME (58%) Z LT3 (7%) 2
Wl Ehiz, Fra—2CEESRS =2 —n
VIRRBEREME TR (Oomura et al2d),
Oomura?)). 4[a]DEETIF L L, 1{EiE Na
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THIREEN TS, ZO1EEZRCES Vv
— AR a—v VIHP I =2 —r iTO
T Pyr L B6 oOBHEEOCREDREFHS
LENENSELE 4HTH 7. T4l
WTsva—2z2e Pyr ORBHRE T3 ERS
Na—2z L B6oREET2HES, ThZh
REDEPEMOBZAE LD RIS TV 3.
Pyrizz/in o —2Z2/=z—uwr @b 2F
Z, B6 R 7TEPIEEZAZTAIHIL TV 5.
LH e+ 3160 L Rkkic, VMH <% Pyr <
B6 g nva—2oEHicH#AL w5 X5 T
5.

Fha— 2B D23= o — 1 v I D T
Pyr 2 B6 0#hR&4 5L, Pyrix 4% B6
3D 2=y POREEEEL TS, TV
A= AR a—a Ve ED =2 —w D
e, Pyroe B Seic / va — 2K =
a—u VICBRCEALTY 35 E ) 5 Fis
her DEFERERFHEE®E Fv TRIE L7285
BFEZIROR AP o, Tha—REHOT.
Sa—wryRoOnTSva—xg Pyr H350
Fd=a—mrigonTrlAa—zL B6oDF
BfEfZEA5 L, ZhEn 1HIZEMORELY
LIERBIER AR Tws (LaL, 1HIThs
PORAELCIRV). Fra—2 B Eh
3z2a—ua ik 3@THY Pyr BXUB6oD
ERIZELE5THSB. VMH =o—u o
b nva—~2 Tl Ehsfrdssh TR
Y (Geller, 1970, F4fE), VMH 0iFfECASK
FAELAS AR S 2 DREN RGO T Vo — R &%
HOME=2—r b Lk (Murphy &
Renaud?D, Oomura et al.?®).

XC, Pyrii26= = — v vicfEsh, 9
18 (35%) »Mexk, 148 (54%) &%), 3
(12%) ZHHEIcH o7z, (EED 9 F 4 Fix 7
Woa o~ R LFERFRECHRESHERL T 5.
Pyr pMEtE R 2 b b Llic9=a—m D)
b, PEU LI N2 —AFR =2 —w U TH
v, £270%1XB6 ch{EEsh T35, Pyr
EHOUFIF 2z SN —2%, B6 TEES
hTws.

B6 1318= o —w viciEEh, 8{d (44%)
PR, 8{H (44%) 1X4EZD, FLC2ME (12
%) BEEITH o7z, (EED 8 HR 5 iz SV
3 — 2 % FRERE L4 M EmaEs A h
oo TOWRERZEELZ4AEDOI L 2@ELS
Va—2 L OFREREERB P o7 2 RS
Na—RTC, 5{EMN Pyr T4 7B ELE
ShTws. B6 2EZ08HID5H 2 sy
Na—zt Pyr CERZFREEER TV 3.

C FERIfR S va -2l Shiz. B6 ¢

flshzz=y MI2@ETHHE, ZN5H1
xS va—2cy gl shiz. VMH o7
a2 B a—urr LH oS a—2
ZfE=a—w e LT Pyr 2 B6@s vz
—APREHRTBPEELE LI AT —RD
AR H B VIR Y RS ERET 5 X H i
Tv3biIT, LadB6L Pyr mEMICE
BENBEROBCRIBEDOIAP o Th
ENFE LD BN, R0k 5hE
REOEREHELTWREVDT, Bt s s
LIXTEARY. BRSO RL L LRHEMAORE
E0F—F—TRETHE, MEOEKH 0
b L, LRI EX A 7 & @Fici
FGURT 20 HETH 5.

D. Fr=o—ziEdS ‘
1075~5x10*mM DEED Pyr 2 FH L
T, YC-Ina—ROKRBEBEOERTHTS
PRERAN. zoBREED Pyr &z
AEER— b T pH BBAERICEL 720, £
ﬁ&if‘afi > T¥F pH 3.0~500 incubafiQn
WP CREAICHT 2R R LR, FRE
HED LR o o
Fig. 8 ix, #&i#hic incubation B (min), #
BCRES Shic ¥C-7 v — 2 ofjuRE: (C.
P.M)fE2RLTHB. Tibb, 1075~107
mM D{EEE Pyr i3 “Crua — A LR
MEEED., LAL102~5 X 10°mM oes
Pyr cik At/ AH S T3, v
— 2 FEAE, KBETEa Y e —VERER
Ck) R cEimLcws. $abb,
543 < b E CRINKEMRIICHEST, 1008E
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Fig. 8. Effect of Pyr on the amount of “C-
glucose binding upon the cerebral cortex homoge-
nate. Ordinate, radioactivities of 4C-glucose bound
with homogenate (c. p. m.). Abscissa, incubation
time (min). Control (incubated in Krebs-Ringer
solution without Pyr, filled circles). Binding was
increased by 1075~10"! mM Pyr, but inhibited by
10%2~4 x 102mM Pyr (Open circles).

s

Fuilitation

'j

ELN o

w3 g [ ]
Conconteation of Pyrithiorin dikydrochloride mM

Fig. 9. Relationship between Pyr concentration
and amount of C-glucose binding upon the
cerebral cortex homogenates. Ordinate, per cent
change of C-glucose binding. The amount of
14C-glucose binding during incubation for either
10 or 15 min in Krebs-Ringer solution without
Pyr was taken as 100 per cent. Open circles, 10
min incubation ; filled circies, 15 min incubation.
4C-glucose binding increased at low concentra-
tions, but remarkably decreased at more than 10
mM concentration.

TROLEBL Y, FLTISG CRMICET 5.
—F, BEED Pyr X254 CRRES
EEEl EhTwa. Lal, BERCE, 155
BECEMCE L. SHICERM® incuba-

tion #1772 5 L3043 EHM S, FAMBILIEL
BB, ZhixZva—23 B shiztw sz
»TH % (Oomura et al.?®). 7 “C-F vz
— 2 DESEIIE = 2 — v VIEB L OZ Y TR
FIE L L D5 EICH D (Oomura et al.).
Fig. 913 Pyr {ERRERNI10 S X U154
% Pyr BERI- W5 UC-Fa—2{EES
ERLIZLDTHD. Thbb, 1mM ToOR
e Pyr 1 “C-7 o — 2SI 10~30%1¢
ETH B, 10mM  PLE T 100 %k
{BZ T3,

V. & =

A, Pyr B6nB—=,—n et
B DO T
BEBIOHEK=2—n v REATHRELL
Za—nurT Pyr i316%%{E# L, 33%%H
BlLiz. —FB6i=a—n 2 @ETELD
Wi S ERIEIR ST Th o7 L LA
vz Pyr b B6 oICHEEE O RRFIX
O YCF (A

BETE Pyr @R#E =2 —n o 036% %R
L, 31%EMEI L. L L, FEER LV
Na ofEfn»bEL TREDER RSN L D
D5 B LS 1BRBEERZEME=2—n
viEZLRBPE, ZhEELIILE, Pyr
I & 2RI ARERIR D RS iz b D1324%
Lirsd. —FB6gETIIEESRD =2 —n
Vi318%, M END b DXM%TH D, BEK
T NVva—RACRESND = 2—u VB 2H
HAVEERTWS. ZhbD=a—r %, T
~RTLH LRROBERMNED =2 —r T, [
e Na THRESNTEY, BBTREE=
a—rYrBbh5. = OBSIIEEIRNICE
REHONBTHLIHLDLBHR, Z0OXIk
B4y 28 o THREK TR AR IC 1 IR R A 72
BRBEREZME= o — v VOFERRESHLTY
% (Vincent30),

Fischer nE#RERFHEEKIO® CHEK= = —
m Y Tk, Pyré B6o{EficixBEENL
v Fiebbn Pyr 4 B6 L L izt &
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Fig. 10.  Intracellular recording from an LH
neuron showing inhibition of spontaneous spike
discharges by extracellular application of Pyr or
B 6. Thick vertical line indicates the duration of
chemical application. A : Effect of Pyr (15nA) on
both membrane potential and conductance. Each
trace was made at 0.8 Hz. The decrease in spike
discharges was seen about 4 sec after the start of
Pyr application and lasted for 3 sec after its
termination. The membrane resistance did not
change because the amplitude of 10 msec hyper-
polarizing rectangular pulses remained constant
throughout. B : Effect of B6 (+15nA) on the
same cell. B 6 caused several mV hyperpolarization.
The membrane resistance remained constant through-
out. Note augmentation of amplitudes of the
synaptic potentials during the hyperpolarization.
Arrows indicate the initial resting potential level.

+TH5. £/ B6 0offil#hEE Pyr ichk~T
BB CHEEHIFE OB b 034 5 iz, Hotovy
etalld) o#kicdh 3 L 57 B6 0B EMAS
5B BIDOWE L T AR AERI
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D Pyr 2 B6 ofiffloETH B, T

oz o —w VBERH L CERENER RS
Oh, bBERBERTE IO, 7Y THES
Sa—v DS va—2BARBEE S,
ZORER, WRMEGONH BRI Y, B
AR Na 22 7238 T, HIBARERAS B
REBIZh ST D0pREZLBNS. BHEO Na R
U EERKICER N2 LH 7y o — 2 Btk
Za—uyicts Pyr & B6 e LM
DHDTHB. REODFEELX—+DIva—
2HEAVIEBEED Pyr TREShBZZ Eb—
2OXFELEBTHAH. Pyre S ra—2o
FERREC & - THHEERR RS D =2 —
v RN THIp 3B DR, ZOZLEX
FLTw3. %7z, B6 2%, WflcEwEL
Exbh T3 ODIND GABA 0% (B
SEARARELEZLNSE. I TROK
< Pyr 3 B6 X v GABA 0HtViA% %
BBET s EAE DS L H|EL TS, B6
i GABA shunt »fi$h 3 GABA KZIEK
DEEERTH Y, Thick-> TGABA 4R
RS h, Mo GABA oEREMT 3 &
bEZBNS.
- Pyr o B#ESR IR BEBRZED b D R
T, Y Pyr AR o Ko 5 EEER
PHDICE2RPRTHEINEIPL IR
BENELS. LIrLBRKRTROR X 5 IR
CEBREORWMEEDOH] I & » BRTY,
Pyr 8=a—w ) THEOREHCEEL
TR 3 2 KEZHEOFTREMEI TR,

LH 8¢ VMH=.—wy»:LH ¢ VMH
ficix Pyr & B6 OEHIREREZEE L - TR
noTws (P<0.017. +4bb LH vk Pyr
L B6ix Xk vk, VMH ik & v{EER
CEALTw3. LirbLHE VMHIZBT %
Fnva—z25h8 e Pyr 83X B6 oghE LB
BEFTL T 5. Thabb, SETEHTIX
Pyr ¢t B6 oA RARCIERATSZ L i3,
ThBEDT N2 —2ARRBIVEEE=2—n
VIZEHT B A3 — 2 O D SAREEIER D
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BRLLTH sz SR LD L LTHRHASH
5.

LH o/ va— 2@tk —a i@z
—2 TRl &N 5. = OMEk TR TH
B U722, BArdsAny Na K v 7 oigiikic X
B2 a—n VEOBSBDEDTH Y 2 v F
7B UZOELE L RbVv. LERST,
ZORY T ERIBIICHEIT AT T AL URT
FALEE2EFoa—m i ELTHES V2
~ZERERSETHLHREODREIE Z 6 v
(Oomura et al.2®). %7, 7 vz —2FFLWE
©» 5 2deoxy-D-7 =z —2, 3-O-2Fv
Fna—2EEREEs = a—n HEOS
Na— 2 REO»RSHEE &L, REFHE
B EH+ 2 (Oomura?d). LH © 17 Pyr
L B6 & FhENEE LRSS MRNEE LT
Holclz s, Pyrg, B6 LilniEeE &7z L,
HEME I LEHIICER Lie, 20=a—
vy Frx o AORIEETR o0,
v Frr AR BERb N - (Fig
10A, B). 147 ClkiEmmie s Lk vz
B, =a—wu VEOLF U EBEEICERTS X
Vi, MRRAHENC BT BRREOSBELD
n3. g nva—2FE M=o —wn iz Pyr
RAEECEEICERL w5 (P<0.003). B6
3 LH 050% =2 — v v E2HEIL T 20 5[
BOEMRH 2 LELDONBEN, FTra—R&
Fi= o —w KT 5 B 6 oz Rl
BRRTEEREL T v vy, Ll Pyr &
B6 ofEfTEhERINH L EhD SN — T
DV T HBE, HEOERCIEROENRE
v,z kb va—REEEs a—e
et 5 Pyr offfi: B6ozhn xR L
PEMCERAL T A L2 BHRL T3, %
7z Pyr OPREBHLA TR & b Sra—
2R (EHESE TS (Fig. 5A). zhb
Dz bz Pyr BXOB6 L hicrsva—zk
FEOE, ThbbIva—20ORYiARE
1R L CEALFAR Na R v 7 oEkbziiE o
LiceEZ D EHHLLT v Pyrcgy B6c
b= DIEFNFER T 2 DI 108 L, Lo R H

V) (BEEERZME= 2 — r COBATERNT
1~28Th3), BpROE~z L (Fig. b
B), ZoRELAES L5 THS.

—J%, VMH /= —x%ﬁ:;é v s
Vo — R CRERWICHEEE O LARL % 2
NE T NVa— 2 ZRERD B1edTHY, Tv
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Equivalent circuit of the nerve fiber and the electric nerve model
Masao MaTumoTo, Takamasa KrtAMURA and Michiko HANBA (Department of
Physiology, School of Medicine, Gunma University, Maebashi, Japan)

The equivalent circuit of the nerve fiber determined by Matumoto et al. was proved
experimentally as that the circuit provided almost all electric nature of the nerve fiber in
resting and active state. For the test of the equivalent circuit, the experimental equivalent
circuit, namely the electric nerve model (ENM), was assembled with 5 resistances, 4
condensers, and electric sourse (1.3 V) and a thyristor. As the results of the test it was
cconfirmed that the electric nature of ENM was similar to that of the nerve fiber in resting
state and could elicite “action potential” or the potential changes in the similar state with
that of the nerve fiber by application of the depolarizing or hyperpolarizing current.

From these facts it was introduced that the nerve fiber and ENM would have the same
electric construction, so that the mechanism of generation of electric phenomena of the
nerve fiber by application of the current would be elucidated by analysis of the current
flow in ENM without taking into consideration of the chemical reaction, because of that

the ENM was a pure physical system. (J. Physiol. Soc. Japan (1973) 35, 639-656)
key words : equivalent circuit, electric nerve model.
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Fig. 1. Equivalent circuit of the nerve fiber.
(1) : equivalent circuit determined by the subthres-
hold current. (2): equivalent circuit determined
by the above threshold current. A : equivalent
circuit of the surrounding tissue of the fiber. B :
equivalent circuit of the excitable membrane. OUT,
IN : outside and inside of the nerve fiber respec-
tively.
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Fig. 2. Experimental equivalent circuit for the
circuit in Fig. 1. (2), namely, the electric nerve
model (ENM). E : source (1.3 volt), Ra, Rm, Re,
Rb, Rc : resistances, Ca, Cm, Cs, Cb : condensers,
TH : thyristor (2 SF 101, NEC), A, B : correspon-
ding circuit to A and B in Fig. 1 respectively.
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Table 1. Example of the valu the compon-
ents of ENM i o
B Ry, | BRm | Re Rv | Re Cm| Ca | C | Cs

No. | (volt) | (k)| (ke) | (2) (xa)| (@) ®E)| ()| (wF) - (uF)

1 1.3 2 5 650 5 420 1 3 0.:2 0.07"

el ws L2 s |eol 5 0| 5|35 | o2 | oos

7 1.3 2 3 650 o (2=} 5 3 2 0.05

S T%ﬂ{%ﬁ%mﬁui@%w_ Cm, Rm 234
o TELT 2 HE & BH), ERMCHEDL

BT, Bé@ﬁ@@&ﬁk&t%k%xé
RETHD. DLAAEBERERZ 0L LY
OPBLTETVDEVIBER TR AL Z0HE
CREMEOMESEDSNE L5 2 L Th
5. ki Fig 2R L ENM o &8 ok
EZoMEoFfEREE Table 10 Th
5.
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Fig. 3. Records obtained in determination of
the equivalent circuit of the ENM. A, B and C:
record obtained in determination of the value of
Ra (2.7 kQ), Rb (4.0 kQ) and Ca (1.0 £F) of ENM
in Fig. 1, (1) respectively. Applied voltage : 1.8 V
(see text).

Fig. 4. Records showing increase of the appar-
ent resistance for the current flow through ENM
by application of the weak constant current (A),
and the increase of the apparent resistance of
ENM which was connected to one of the arms
of the Wheatstone’s bridge when the bridge was
balanced at the beginning of the application of
the current (B). T :time scale (1000 cps,) V :
duration of the applied voltage. In records A
applied voltage was 0.75 and 2.1 V in 1 and 2
respectively. In records 3 and 4 of B depolarizing
and hyperpolarizing voltage (0.7 V) were applied
respectively, and in 5 traces produced by the
depolarizing and hyperpolarizing voltage (0.7 and
1.5 V) were superimposed.
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Fig. 5. Circuit used for record of the action

potential (AP) of ENM (see text).
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Fig. 6.  Records of AP and potential change of
ENM produced by the above and subthreshold
current. 1 and 3 are full size AP’s and 2 and 4
are the potential change without spike. T : time
scale (1000 cps). A : duration of the applied current,
In A upperward and downward deflection shows
depolarizing and hyperpolarizing current respecti-
vely. T and A in the following figures means the
same as in this figure.
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Fig. 8. Records of AP’s by two pulses (0.53
V, 0.2 msec) applied successively with different
interval. Interval of the two pulses : 2, 4.5, 5.5, 9
and 15 msec in 1, 2, 3, 4 and 5 respectively.
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Fig. 9. Typical configuration and phases of
AP (after Matumoto). ab : stimulated process, b :
first critical point, bc : excitation process, cd :
spike, de : plateau, cde : exciting state, ef : recover-
ing process, fg : undershoot (positive after poten-
tial), £g : negative after potential, R. P. : resting
potential, St : stimulating current.
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Fig. 10. - Different configuration of AP of ENM.
1~5: AP’s elicited by the single pulse, 6~9: AP’s
of the periodic excitation.

| Zero P.

Rest. P,

Fig. 11. Record of AP of ENM showing over-
shoot and resting potential. Stimulating current
was scarcely above threshold.
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Fig. 12. Records'of AP’s showing undershoot
(positive after potential) of different grades follow-
ing a single and repeated AP’s. Interval: between
stimulating pulses : 1 msec.

T THAHZ LRSI AFEIREENRL
‘BhTws. Fig. 11 i o T4 % Iz overshoot
7213 ¢ 7 { undershoct (positive after poten-
tial) $Fbh sz LBRREbI %A overshoot
& undershoot X ZDREEF L T5HDT
5. L UEEEMD LAAE L TRAED
B Lo THEOKRE SBRELS. BRI
31> 5% undershoot |z > Tk &R THIlE
TRV IR UEE S BRI E—FR oS40
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undershoot I W EZEBHIz7 5 = LR BILT
373, ENM B8 ThEEOZ EXHRBNS
(Fig. 12). 7xBBUE IR CREYIREND
& spike O XENVED B REEL HRIZ BT D
D EELFRETH B (Fig. 12).

e. Spike » plateau : JEBFELLICIT—HKIZ
spike & plateau 23% & b5 PIEEIEN
ORENEHIE (2~5 msec BE) KD HE
R E RSB L 3 e AR R E . L

Fig. 13. AP’s showing different types of spike
and plateau. Records 1~5 : AP’s by single pulse
record 6 : AP’s of periodic excitation.

D L OIEBIEAC B 5 2 L <Gl EY
EACEIRL WL MCRT & 5. ENM
BT b RGO BCISEEMOEAIZIE
spike & plateau (IS CIKBIL D D H O
L n (Fig. 13 o 2, 4, 54). Spike {Z 2T
plateau kv E VSRR 35 v T over-
shoot D¥4yTdH v, plateau [ AAE w B
MEDP S FTHREDII LD ETIh 5. B,
PETDEEHF TIZT L T b 2 & < spike @

TS E T S AR & 5 5 a OB
iwdiz v, plateau RFIEKERICHYT2HT
»H 3. Fi- spike r plateau OBITERIC {I1EH
NTEBPAELHBNDN, ZIIRIEBIEMHE
BN I3 % Sy HRI g 0 72 i TE 245y
W TEDBICTENER T 2 LI 5D TH
BROWTZ I A TER RIS Z ik
B IS O EEAEES L O ENM ofEEE
VTR B TLIENETH A 5 LHEESRD.

A B
Fig. 14. AP’s of the anode break excitation.
A and B are records with different value of the
components of ENM. Applied voltage were 1.2
(subthreshold), 1.3 and 3.7 V in 1, 2 and 3 res-
pectively. In records 4, 5 and 6 value of the C; in
ENM were oo, 5 and 0 x#F respectively, intensity
of the applied current was unvaried.

£ oY 1o X B BRI LR
B ARIOBS R ER A EH L 2RI e D
B S 3 K OIS B L T & B PRL
R CHERB Db S, RS ENM
kv C L b (Fig. 14). Fig. 15 &
Wheatstone bridge o—3Jic ENM % ##:
L, bridge #FEFEMOPIDDREFITI T
S & A, BRI A BRI - ORI E
VT R Tl DNV E D BkIR RIS ER
WERNAHbNS DT OERETER LD D
ThH., ThEHNVETEIEA & LA ED
RIS ER O 72 0 RN D EFLO R 3B b
T, MG E N EERT Rb BIE
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B S b T

;gy&i{ﬁﬁ’%)ﬂ\z‘fc%

%@E’ﬁ?fﬁuﬁi b’%‘(?ﬁﬂ%‘ xﬁJ
Y R

72{ 9 @E?ﬁ%ﬁﬁbhé &
;o%%ﬁ@%&ikﬁbh%%
GELZE

......

75, %’ih}?}*gﬁ\/‘i}?'&‘k@ é’béﬁﬁf&aﬁ_ﬁ]@%
LBZ BB, - OBEITESEEETS D

BIELETHNE T OER TREBEOHA L
R BEEEOZEL, Tabhb HERE
Dy BBbh, Zhick - THOBBEC LR

B 0B OBRIC X5 RENE(EZT 50
5TdH%. ENM B8 TiRz 0k 5 2E&HL
HWREROHA LFFCHEDNE., BB EREEN
BB S B8 X D ATICIBEREN H B RE S
ETELERBESE R RERL Ty EA I
HWERRS. ZOBEAITBIT 5BAORE L
BB 3 b0l FAHETHL. FKREE
mCOJ;yn@m iofﬁbhé%@f&

Fig. 16. Records of AP obtained in electrotonic
state of ENM. A : AP’s under the cathelectrotonic
state.. In record 1, 2, 3 and 4 resting potential was
15, 14, 12 and 7 mV respectively. B : AP’s under
the anelectrotonic state. In record 5, 6, 7 and 8
resting potential was 15, 18, 21 and 24 mV respec-
tively. O : zero potential level. ;

%ﬁ%ww@ff%@%ﬁﬁgﬂﬁbn
5%m,?ﬁb%%ﬁﬁV%A 1 ERRR
CETERErRBCRERT 52 L bAabh3
(Fig. 15). L LRIk TiRz 0k 5 hH
BITEERESHL TR,

g BEBIVEBHEERBEBELEA L
%4 ENM opifls X 05l & BE & 8H
LTt E e B EREEREBI LRAK
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RERIEEMOME, FIEE, EBEAOKRE &%
BET B8 ORBIEIMRICEREEL2E 2
A L RERECTH 5 (Fig. 16).
BIESHY RGBS ICITREERERRED
BRI h, BEEREIRRGE b R BE
KB E 723 WS ORI 78 Y, ZodRRBIC

MARMAARAAAARAARARAARARARRARRAAT

ar— z

Fig. 18,  Potential change and AP’s due to the
effect of alternating current (2000cps) of di-
fferent intensity. Intensity of ac increased from
the record 1 to 4.

Fig. 17. Records showing the difference of the
stimulating effect of the square and exponentially
increasing pulse (final voltage was equal to that
of the square pulse;. 1, 2 and 3, 4 were obtained
with different value of the components of ENM.
1: AP due to the square pulse a (0.7 V). 2 : poten-
tial change due to exponentially increasing pulse
b. 3 : AP’s due to the square pulse ¢ (1.5V). 4 :
AP due to exponentially increasing pulse d.

BeTRabidMNEr B EEA LT o h e d— el ;
XL TH O THRIESRS X 97z it Fig. 10. Potential change and AP’s due to the

V. effect of ac of different frequency. The frequency
h. Accommodation : ENM iz ) S A in a. b, ¢, d, e and f was 100, 200, 400, 800, 1600
. : z %

. _ - L et 1 and 3000 cps respectively. 1, 2, 3, 4, 5 and 6 is
WHT B bl B OB & L W 0% the record of AP and potential change due to ac

BLTIMEIREND Y, BETEIHEOUS labelled a, b, ¢, d, e and f respectively.
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IVBECEENLETH S, HEHoKEsL
WSRO AERIC OV TR ARE 04 L Rl
DOE@BENRAELNE LD BEbh s (Fig 17).

i RFEOREIER  ENM gz B
NiEd BEU Lok & TEE RS (Fig. 18).

A

Fig. 20.
arizing pulse ap; in rse of AP. In

records A th stimulating}
pulse and an sec, and the

duration of t 0.5 msec, but

the intensity : , in record 1

any pulse was not applied. In recor: s B the inter-

val between the stimulating pulse and the anodic

one was 0.4:msec, and the duration -of -the ‘anodic

pulse was 0.1 msec, but the 1ntens1ty was increased

from 5 to 8. : : ¢

o cycle L FRME OBARE I MEOEE L
Figcd 5 (Fig. 19).

3 @@%u@ﬁL¢kmz%ntpd%®
{EH : ENM OEBEBMORKET E/O3EHE
RLnte o R EHORRICB VT, fEx @ﬁ;ﬁf‘ﬁ%’
J OB S OBSBHEEE, RO BEE

PEH L CIESEMOREREE 5 7 3R
BB, HBCREHEMSK 2D & ORI O
KRB & 2B U 7o i B3 IS & 7Rl
&) p Ranvier OERIC OV TFT - 7= ERE
RrrlalRkThs (Fig. 20, 21).

Fig. 21. uced by the
depolarizing he course of
AP. In recor
lating pulse
and the dur
msec, the int
2 to 4. In ] e
stimulating puls the' izing one was
0.5 msec, and the duratxon of the depolarizing
pulse was 1.2 msec, the mtensxty was increased
from the record 2 to 4. In- records 1 and 5 depo-
larizing pulse: was ‘not apphed during the course
of AP.

was 0.5 msec,
pulse was 1.2
rom the record

4. JEHH %Eﬁ’% :

ENM iz $\~C Rm, Re (E}: LT Rm#% /h
2+3) OEEE 2 il BESEERRHR S
5. Z OREOEBELE Fig. 22 wREhsZ
£ ThB. Rm b 2ELT THIITEHER
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BRI+ b 7r B S oo o IR MEBE & 72 % Rm oAl & ICHBERRED L, Bk

2, Rm ##kL 5 AEICANTHERKTIE 352 Rm 0b 301 E i8R,

A& W EBIEEE S Bb NS LDk b, T b A o kT, T A R R

BERH bR AR Fig. 23 i3 2e <
5. BRI

C Ca Ra Q} Ca Ra A
@ Rs : @ @ 4
B
D m
A /'/

Fig. 24. Connection of three ENM’s for excita-
tion conduction and the circuit for the record of

AP.
Fig. 22. AP’s of the periodic excitation of
different frequency. Resistance of R, in ENM
was 2.2, 2.3, 2.4 and 2.5 kQ in record 1, 2, 3
and 4 respectively.
L ARANARANVVVAVMAAAN
Fig. 25. AP’s in excitation conduction obtain-

ed with the connection of Fig. 24. In record 1,
2 and 3 AP were led from 1, 2 and 3 units of
ENM respectively.

ENM #5icv < 2y L, Zh s #4Mil
GERE, NN B i (Fig. 24),
WEES N 7e ENM o X Cic g EE AL

Pl Bl chnee il AL UG 5. i ENML S £ 0
v}cﬁjtal;l 1:061.2(()), 0.25, 0.4% and 0.4g2 V in ],,. 2, %pand B s s, B EENL - 72D E\ENEZ
4 respectively. o EMN o>pl{o 5 IN Lo o g OUT & v
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Fig. 26.
and after the
ed voltage. In

ENM during
rizing clamp-
nsec) was 70,

118, 120, 135 and 1 in 1,2 3, 4 and 5
respectively. I 125 mV) was

trace shows ir
clamped volta
Matumoto et

ument In apphcamon of the
the equlvcdent circuit method after

EREMFET TORT S, WE
AHiHESN S (Fig. 25).

6. BEEBE&EA Licse 0EiiEE

ENM o4 OUT &Pyl IN 25 BEEEBIE
(clamped voltage) Z@HTHIEHSEE, 8
ST OB EOBIE T b AR £ 72k
IR EREBEERER LI GE 0BG 9%
RO BOBRS 2 b D (Fig. 26, 27,
28), BEREFEEL LTRBER VNS HET
b BB oMo bridge o— iRk E
WL CEIEBEEN © BAicsvT bridge
FEHEEEBEEEAC X > TENM icHib
NOBREROEOE O DHiciEs ENM %

T

BRI MREEUY (ENM) 651

Fig. 27. Current flow through the ENM dur-
ing and after : yperpolarizing
clamped volt: Clamped voltage in 1, 2, 3 and
4 was 30, 70, 1 V res vely. Clamped
duration in 5 was 0.7,:1.0 and 4.0 msec

A B ;
“Current flow through‘ the ENM dur-
ing and after the application of the hyperpolarizing
clamped voltage. Clamped voltage in 1, 2 and 3
was 440, 500 and 660 mV respectively and in 4,
5,6 and 7 was 20, 26, 250 and 400 mV respectively.
The voltage clamp method was the same as the
one used in records in Fig. 26.

Mo EROEEBERN S ERIC L 5 TH
#4+ % bridge voltage clamp #E20OB X0z »
THEIC & b IR 2 W 2 Rk 0%
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Table 2. Current flow through the ENM during and after the clamped voltage
Current during Current after
Clamped voltage the clamped the clamped
voltage voltage
subthreshold A1 ay
Depolarizing
abovethreshold A1 + B a) + b
subthreshold A2 a,
Hyper-
polarizing abovethreshold A2 + B a, or ¢

Ay, A, @ current in application of depolarizing and hyperpolarizing clamped voltage respec-
tively which is similar to the initial current followed by residual one due to the polarization.
B : peak transient inward current. a,, as ; exponentially decreasing current after the break
of the depolarizing and hyperpolarizing voltage respectively. b : current assumed as the
continued form of the peak transient inward current produced during clamped voltage.
¢ : peak transient current due to AP after the break of hyperpolarizing voltage.

Fig. 29. Potential change and AP recorded
with different value of Ra in ENM. Ra: 3.6, 0
and 3.5 kQ in 1, 2 and 3 respectively. Stimulating
pulse (0.3 V) was the same in 1, 2 and 3.

HHIEL S % DL o CHERR LG 20 5 B o 2 b &
BT B BRI D& E V720, vt
OFEIC & o T b % b AL RER I 2 i 7o
BHEERE LRI AP oIz FRLORERD D
Logsx Table 21cRpE i & L Th
%, ZOBSEEBTEMEM C k5 TR
Hodgkin 40 ¢ gilant axon (22T Ok L
WEHIY R 5 TV b, Ly LIRS pissFa
FRIC DWW TEIT A LR L L A CREET
5.
7. ENM oOffRBEROHEE 2 12

CaaaaanannsdlAARRARAAR]

Fig. 30.  Potential change and AP recorded
with different value of Ca in ENM. Ca : co. 3.0
and 1.0 #F in 1, 2 and 3 respectively. Stimulating
pulse was the same in 1, 2 and 3.

ENM ##ak+ 5 #ht, BRAREOMEEE
i ENM o#fkicis o 585,
B & OB B A IEEEAM OB S
(Fig. 29, 30, 31, 32, 33). #k3EsED—>DE

AL, F O OB OMEEAREI -
T, *OBHEbhAEEEMEBETVE, %
NEROEGEORELE L >V TORELMD 2

LRTES. DL EFETHEREZOK A
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Table 3:- < Change of the value of the components of ENM and the change of the ‘nature
or the conﬁguratwn of AP
COmpOnent Standard Nature or the configuration of AP Figure :
Cvaried © value , altered refer £o
Change of the value requires the.
& g 1.3 vol’g velue of almost all components: . — o
e BhE to maintain ordinally state of = -
ENM.
height of overshoot / spike heiéb%,gm’ o ,
2K threshold, occurrence or pei'iodi;: FiE;« 29
excitation.
B threshold, configuration of the e
. Fig. 30
o 3 uF top of the spike. g 3
Re. 650 © duration of AP, amplitude of AP, Fig. 31
resting potential. Fig. 32
duration of AP especially descending
Cm 1 pF branch of AP, occurrence of periodic.
excitation.
threshold, resting potential, R
R 5 XK occurrence of periodic excitation. .-
threshold especially for anode ; i
Ry 5 KQ P v =
break e)’c1ta* ion. ot
Re 420 @ threshold for anode break excitation. |-
ascending gradient of the stimulating |-
c 0.07 uF €& iating . | o
s process (prepotential).
G 0.2 ¥ threshold, occurrence of anod’ef br?ak : o
‘ excitation. ' i

CoOWTELNREREDOES % % Table 3
WRTZEL Ths. L LEBRERIE
LS 5Ty 30T, 20k RFETE
CERERORE 2 FHBEMET 52 L XEETH
Y, ElchEmAeuEE OB LR EbR BT
ERV. BREHR =S LD L 0 0fERFRRIC
EzhEFOTET A LR TERI LD
BEAMRABNBEL S 7.

V. & #

1. M OSREIE ZatT5icl v,
FPERER & AR R B b O Th B h ke
T2 LRNETHSH. BRIFEE B

THVY b1 5 SEEREOFERIC v T ERo
BEREC LD Th o, AHEEICHCTH
&@(takﬁ%%ﬁﬁ)@%ﬁ@%aﬁﬁé

i, BWREOBESKMME 2R LLER
@%T& TZNICER (ERREBE) 2EH
L= BB IR CEEIC b - THRE & FEICIE
BOLOTHRIFNERLEVTHSH. Ll
BREOBIMME ORI L L TR &M%
AL T TH LB EoBREZLZESL T
wWlihbrvbolBbhs, Thbbikk
FOBKHMEORRL LT MBI LTHES
B4tk BER LT3 b 0OREOZEEE T
BBHLARTRETHSH. ZOkDICHENRE
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Fig. 31. Potential change and AP recorded
with different value of Re in ENM. Re: 1.0, 0.7
and 0.5 kQ in 1, 2 and 3 respectively. Stimulating
pulse was the same in 1, 2 and 3.

Fig. 32. Potential change during anodic cur-
rent and AP recorded after the break of it with
different value of Re in ENM. Re 2, 1.3 and 1.2
kQ in 1, 2 and 3 respectively. Intensity and the
duration of the anodic current were not varied
in 1, 2 and 3.

HEECH S5 & LTHREER L DICDOWT
FRNREICEMERCcH 5 rEPTHEBN T
TEBRMCHESR S LTl shaidh
Bhbhvboe#Ezz bhbo,

MERME D SEIEI & L TIBREh T 5%
LOLDIDTHDBI, BEREOWEIC L -
Tx bR HEITRE SN 20, ZofhoiE
MO BEG O MEE, BB LB o & R HEE
b DD - T, FEEHHE O T SRIMEE OTBSIH

Fig. 33. Potential change and AP during appli-
cation of the depolarizing current recorded with
different value of Cm in ENM. Cm : 5.0, 0 and
1.0 #F in 1, 2 and 3 respectively. The depolarizing
current was not varied in 1, 2 and 3.

FIHCh -0, FORERNEEC VT
BHEND L) REEZTLL DR END 5.
L7zt Co v b i3 i 2 oM & Hin
CHOTI O X D L OFEIARERHE o Al
[} PR ) A Y/ AN N B b = g
P2 ARERARHE I D\ C SR 1 S BRI R I
LoTEDLENEZLDTHY, ZoHIE20T
W% 4 o L HIELEPRL - T3
N, ZOEEICLEMAIK CHDE D LIt onT
OIFPFABSHETDH 5 2 LI OWFFEHRIC L - T

RENHEMER EFETH 5. o
BEFET 2K L CHEBREMREF 21T - 72 b
DTH 5. Fig. LIoR LB 2 v THERY
WRAE S TTREOIRIBIC L7 b 0 48 Fig. 2 0 ENM
Th - T Fig. 1 0[BIF & phieit o S 46E K
D—REE L 3 ENM i3 s o J2kpyss
fliElRE & R EhdbDTHS D,

2. ENM & iRt oo S fin0E 1 o BifR i R
W< ThHNEOBRMHMEE B L
2 DBFHEE B CBT 5EIBAR O
BURIL O HRAHE D S 6 E FIFR T 2 D ED O
WERIT - THE LR BRI ICR L
TELTHB.

EERREIC R Lo b ok, 1) wHRHE O
(RRBBICHRY T B A OB, 2) R
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B OFEBNIRBICHY T 5B A BV TS
%, BIOCBIEBMERLER L 2HSICBY
P EKWEG 0T b B IRIBIC O\ TEHE N
TR > THEMOD P FHERE L
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NI RRME D EME BRI RE SR Ic A B i
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AN EMER L B o 5, Fab b
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15 o T AEARME DM & BB L 7o, ARAY
WEBER O X 5 BEMERICE P L 72 b OTH
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THREALIIRBRIERLETH S 5.
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H B EFI484E 7 A30H (A), 31H (k)
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1. DT LBEDEDESEIC DT
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WREEA VLR & DERERZTRVIELEEM
B ERMRICSFET 5 ¢ & 2REEL
7. SENGEEE DM OBEER RS o DM
RN BRI & G IHNT X 5= EE SR R
R OREE, BERBCS IETRELHR
L. .

Y=~ ) VCIEEMLL Y U H =L
OHMRIBEL VBE—1 VLR 2EHFT 5. B
MRERICBRFE S5 2, FIHER OB
T P4 T4 A ANCEBRRCERL
TSR ORB B ER SR L .

BR 1L BRNELRHL, ERESHBEM
2% &, OHRESHEEZERKEORS. @B
EESH I BRIRE O, HEIhD M
RS D o1, T THHT 5 &, @BHL
SR EARMBIREE 23 14145 /100 $%> & 106 &/
100 Lic, BAERTRESHBT R 5
AR & OmEMERBELNTREER G
ThHotz.

R 2, BEE 2R UEEESHR,. BT
5L, OFERBSHBIC X - T off, on-off ffk#%
HeD off [REEE L. @B HIT X T on-off
MRARHED off [EE DR HHR & izt
T, &H 4 51z 220 msec 5> 5 330 msec & TIE
{lnoiz.

R 3. R ofMmleAEtsk T, EPSP
LEEHFTE RV, DLk &b S L

RV At D HR AR 2 R T REBRARR A 1 1R
#9, MEIEICERL, RBEED of OREEIZIEL
ERLTWB LE X ONRD, ' ‘

2, #ELATRIC LB e FRESER (AK
EEM) oZFH)

E E, ZHEE (BFEX, $F—4£8)

FSFFCMIE « Bt 4 AEOe > (DITHFTE
FLET) OEEE, #1000k OB X 515
SRR ORISR U, LIRS RETRERH 2
WISHIET D LETIRIZESIEE (ERG ¥
HEMNOLH) ORIEELBELATIRETH D5,
FRUBREREEHFIND. BTHELE
FITIF BRI EORREREHASHE LR,
BERRE FiT, XRS5 XLVWEA L TSR L
AL ORMEORER 5 L, MEEET
LM AKX ERELERD . Tib
BIIBETIC X 0 ST HERR T B 5K O —Jl DECSY
kaesEh, NEOHMBEONSRELTS. Th
SO T TIRkRE L.

SN, XEREHT X D RSVEIRIIC connecting
cilium & FBIOF L WEEEIER NSz L%
BIBLIV. T OBRBELE B OB R DAET
pioic, eFROARBEEBC BEE (124)
L, #OEHECEEZME L. EEOEE
BZEELTH, EHEOHEIREY b BRI
wkiitli,

BAFT e + OABEBEM OES i, BE 250~
4509 DIEZRTRL, HHEE 52 THFDEE
LAEEELLVw., Zhitkl, Biferofs
TiE, SRRSO T X b IEHEIEER e >0
4 ~30f5DMEIC—BHMKR L, d5HOBIT R
A LREREIET S, T OEREOHERIL,
155 FONOHARKETEL LRV, FiER
DEKIED AT T 5 £ TORBRM DI
HEGCELL BRS. £ L OURARRER
SHEIRD L, REMOEEHBAFT e F OEGIE
DHEIFENIEDB L.

LEROEHEOMBVIRE OR AR TR
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OETBMIIT R SN B WREILIHET 5 &

Ex N B, BT X - THAREIIC PSR
LV SIS &V S IR, b
DIEHIEZAL DM & DI TR S5 L4
5. |

3. HEBTADLARNEDEH

BEREL ORI, B, B4R, &SRR
GRAEK, B, FEHED

BIE T A ABIRIREIC Y ST 5 EH
WOz, BfEsksRoMic, @Rige, e
BRRORTRL E8H 5, Lnl, BEHMOBR
ZOWTHLNS X ST, MEHITX - TR
DBLH—HLTWEL. BEEXTRETHBEE
D—DTVE, FMEEBRTEFTSHR S Thiine
LBEZBNBDT, bhvbhul, KE, SAEO
FEgE, BROLDMBE, RIBOLOME L HESFR
FNFNMIICEZHZ L O T & BEELAME
L, XHEOED L 5 RERPRESHIREZ D DD
PELSH L., SRkOX S ENIhS.,

1. BEDEOREENE, MEK»»b I3
EAEDHIT 15 Ha B Tl b IIERD R 25 K &
v,

2. EROEWTE, FELTWEDRIEH
THOVMLDOERTIEYRIMTEAESL BRI,
R HEIEDOEENENT X » TR OIHIH A
bh 5,

FRERIT X - TIRIE SN E, Hhiic X 5%
DF L RWEREFREE AR I 5,

3. KEEEIFEROERT, Fldsilic k
> THREERPRESh 60855, ZBHIRERE
PEIE 1/deg DT TR LAMEMREOA 5 h
HHEDDHY, EEWRANESAETEL LY
Rixsebn b O TREMOBIEESH 5 L% 2 bh
5.

FEVEURVE, BRI U - TE OEGIT SN
HEIZ OB L BB E . :

4, JRISERET L RS R L, ARie
52 % LHBHEMER O 2R R % < DflT
BRENG. HRGOIRREPEE L EEL D
D2HDEEZBND.

4. IRER - ARE MV o ZRmiR
RWRHRTT, TEEEF (GARTA, B, $H—4H)

%

EHWCHET 5 BAREM OM/NMEE) (micro-
vibration, MV) 0I5 & AMENER % #F
HATHMEP—IRE LT, SEOMETIRR K
Ei» SEH SN MV 2o RER T
BHTE R R MV, [, HEX, LRPEE,
DER, Rk o & & MR L, Rk
MV ORAFIEE 1o\ Tl & BRI ERIE L @
BBt O BR Y 77 TG Shic b DT
B%. MV ORITICIIE ST RE, ERRIHEE
2} (TEAC, C-110) & A~ F S AT F 54 % —
(TEAC, F-100) Z{#H L7z,

1. PAIRRERIREE I 351F B LR A ORI MV
2T, WEMLIZEAR S E®R» b+ a8 b
DL ETORHEREL N5 &, BAREZ TR
IRk MV OGS ERCHBIL, REER
X 0 S IR IR RS A B R TR E
RrpsElg shie, vk, RIR MV LLEEDLDL
B E /2RI & OREETIE L A ERRD
Shilshofz, fihl, +oicsboLL, MVOD
HIER S & HREROTHEMTWHEL, MV ORE
BRI 35 DI LIS T 5 LIRS &
%oz,

2. i« OABMEHTICRER MV OF:HE
B EIREGER I 1 B TFE ek B &,
SRR T MV o B AR Al
BERENEZREL, FOARS VABEIRINS
BRI TR DA WIS b o 72, REfIT
TR RIS MV OECHBERIE® 5
PRBERDETL, BB THESh
ToR RS VTS L, ERERE > DAEIRIRARIC
BiTT5E, HOHBRCRINDEIERS S
THEL, SEIEKIEIESR L,y Lt isd 5 MV
DBEBIREIE @ P T 2 EBEERER AR L
7.

3. PAIRERERABIC BV BRI MV DAL
SV OB —BC RE LSS TH AL
7o 3, NEIRCARE TIEisk Lz, :

Lk ok R EAIRIRR MV Uit iG T 5
L RIPER TR 5 & W SRR 255 < SRR 4
PO INDL T EERET S,

5. YU = A ORISR HTHEE
BAGEST (dbok, o, )
TAYBY YN 2 E—FEEOEITIERFIL T
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SHOBHRRZIALT R OREEVFEL TV
5. T BEEEE & UM OEEREREFHLK
EMNERTR S itk D, MR
DL BT EBNTER., BREBERCHFETSE
FPBREMERE (receptor neuron) #» & DRLMAEHE
BHEA T LB TER, THFVY=RY
—YfaiT X o TREBEKE, MADTFI TR
PRREE oTcBICYE D, WERS OEPHFETD
DR IS,

BEELBRACE L, Ridka VoS RE
6k B LEEHOMNK, &< OMBHCE VT, K
IN2EEDR SR o4 VoSN RFIBEES
ha. uhﬂlﬁ@@i%%Z@@Wﬁﬁﬁﬁf
BLTw3zE2RT.

;nzﬂa&%&@m%mmmmr@ﬁmmv
W, WSS (preferred direction) i AEKERYTL
WESZEDENS.,
ZhbDOEREBREROE L ORI O TR
5., ‘ '

8. BT RT3k oRE]
HEREXR (FkHEX, E, $£H)

1. BRICE T DEEBEHEL (RaEd) R

R RO RE

TR W, FEER E & Rtk
BB, B4

BHE OB, d\ﬂ%.i:l*iﬂﬂﬂ@ﬁﬂ%i‘ﬂﬁﬁﬁ
TWhWHIE (EciiiE) Hbow ik
., D-glucose, D-galactose & D7k fFZZEMVIRIK
HEET 5 Na (KM 6 IREEHIZIC X DBIRMIT
REEEE SN TWS, ZOBEMNER & EHEROM
TV &5 OIS REREEERH D, 2 ¥85E, - oligo
saccharide DIH{LRINOERZED TV B, £
DL, ZEERCIIEENER O R D
ﬁ,%Oﬂm%®#mmX%E%%a@kéhr
‘l‘ﬁ{:\/‘

AR CIIHERT (ia“\n%) E{iﬁwxiﬁ%iﬁ?ﬁ%?ﬁ
LEL TV 5 BN 6 RBIRE (SEIDEBER
D-glucose %) DR EBPLARDZLEGHL

i
&

T, FEH L < EE/ME (HTIRBEYE) &

F\C, maltase, trehalose Rz oW T Z i & D
B2 L.
2 438 (maltose, trehalose) ZFRIRHIICINZ %

& 659
&, D-glucose ik, SEH x> 0kr InHIEMAIE
B OMARBR T (2EEHFREM). OB
V%, 1) glucose FREALL M TRV T &,
2) jtizphlorizin CEATMH XS z & (2
BEEKERTR Shiny), 3) JkigaBiRpei
42 Tris 1k 2 BEAREEMNOH2UHIT 5,
TEHD, 2HEESBEL TSR TAT6
RIBOBRRBMTH B EERING. 6 RIBHE
EAIREERIA D 6 RIERE K L, Michaelis-
Menten #ROBARERTA, 2 FEEDHAIIHER
flcizs AL 6 RIBIXHBELEWDT, WiXke
EEELTWABERORTS — /10 6 REERER
KB XD LR T5bDEEZ LN,
RIF@EEEICMS2BE L, CofECEE
PEEL, ERERIMSOEREICHFET S LR
& L CHRVIC T Ui 2 RSB REMTERO
BEERE XL, TOfTC XY, BRERY
HWEIEEFER D Vmax, Km & X CUKEEMR DO 7
— L BREE R R~ O IR (R By © 3F T
BICERBTE, H</METIE Km o/h 3w
maltose D5 trehalose X VBB X BT
L B EERINCTE DTz,

8, EFA HEKHRRICHT B after-poten-
tial DK EZD 1+ v BEE

R — kX, B, $—aHE)

MR OMIAR LB R DRI, ThEh
ORI iEE D% BAL (after-potential) &7,
AERTITERA » EAWREEE L, Ml
WEEBPIMTICBEMERCES L TYE2, £
@4%/&%@&@;9&%@1&6#%%&%
T RRIT L7z,

Ekﬁﬁ®%@W%KFIth;UKFk§
B fREEE 7003 TEA 2z s W clERL,
SRR AZREA W S L T 450 mM NaCl+-100
mM CaCl, 27z, #fgsio Ca,'Na X0
KEEBECEEMOBEIIREELT, #
BROEDEIITDTHTH S, HIEROKE
ExEx5 LEDEMOY 7 HLBEMIEL
WL 51T 5, 25mM K Tk +16mV D4
BB ERAERT 2400 mM K T¢Iz —19mV. .o
BB EMERL, BEEMEROEREL
—Z5T 5. 10fEREELICH LTk =5 mV .o
fHS & 7 VRBAIS D » & % TK-electrodey D
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BaRrlLTws, L KFAEDCOERS RS
(prozyme) Zinx %7, 25~50mM TEA #jnz
&, ZOBEMITELALD, 200msec DL EOH
fizdo S5 —2RTEoRLS. Thbiii
BAEERT HHMANK ORI LT LE-
TR EERLTWS, —F, 25~50mM NaF ¢
MR &R T 5 &R0k b 200 msec DL

BLOWEEENME 75 0, ZOEBREEPD, 200
msec DI ORI TIE “Na-inactivation” [3FFEZE
Lz EBRENE. 35, BEEALK
voltage clamp OBIE(EZ b L ICHE Y — 7k
Y OBBALIGED Pyay, Px OHERHE (cm/sec) 2
Hi 3% (Pyay, Px>Pca, Pci, Pr) &, 413k 450 mM
NaCl+100 mM CaCl, i 25 mM KF (7 J %
VTEIR) T Y — 78 Pra=19x1074, Px=94
x 1074 T Pg/Pna 13 0510 L Tk W RER Px
=58%x107* TAHITKA & L, HELE—~ 71D
FTTRIAE » TV ALEENE Px BEKE DD DIT
0¥ — 2 bEBRCITTCOREPER I
5T EHBRRINhi

9. FRIEFEEEICHITD Na F v xI—H
TIERED Na @ iglcxid 3730514 RIE
=]

FBEERE (GRIuk, 18, H—d)

A= SRR e TE AL R IR o Na JREZE bz
R UTHD THENCREL, TORERmE &%
CIRERR 75 A LT B EmOEMEHSL SR
5. RebD NaliHRIRIC E 37 - THRETDHZ
DEIRE~OHRFT 3 v 714 FOERZHR
L, A4 ViEgETgOmm 217/ - 7.

Bl 10°M Bo7 e d4 Fafs5ts
LRSI T v H U LS A A Vi RIR L CRAT
LE/RID 5 b, Na, Zi kT 5 EALFT HI2EHH
ikl x4, Rb, K, Cs kFFEOER (P.D) i
SR T, Fha=FrF VR (8
DNWT HABRDIER M 2 bz, 2D Na, Li i
BRASHEIERZ 104 M Bofafiic 2T %
2%, g Tb%, P. D TLO%EOMHE Shisvk
DD, LI - TA A VImETHE LTR7
IrF 4 FOMFIER%Z31F, Na, Li iiEER
(Na>Li) 75 1 O L&, TOERZ% T T,
P 1 & VI OBIRITR NS 5D 2 DHL 55
(Rb>K>Cs>Na>Li) 208K bITIOh 3

LHEZBNG, FFR LA d VBERELR
5icot, P.D, g thicfafnd s oiextl, &K
2 VLR % ¢, Goldman BoORIES T
LB, ZoOEMOEENE *Na 24
TPV UEROITRER -2+ %2, ¢h
5 OEER DRI B FIOFH TR Lk,
WERlic<v = } 400mM 202 &5k 4k
T35 & LB v Ey 2 RN 73051
s, coZEbicidmfilic Na 1 4 v ok
DEL Lk, 2oL & OBEMELOF mIEE
T 5HOBAMIC L - TR % 5, ™ Ringer
BHEBRR—ERTH D5 EWCBEBM~FS. X5
CEIRT TR O A + vk et U4 < st
IR B EB T, 2OZ EREER 2 KoM
fEE OIExdFrikic X D EBRL T 5 LR ERLRE
RIAWEIEE T3 2 LTl BB Eh, BRAMW
T OB ORISR T 5 L% 2
Bivs, iR T T ORERRS 1 A v ORI
FR7insd FEATCOrhE—#T5z &
2 HH 2 ORI T OBRTHY TS O TH A
5. R E L Tiaiiaiis e 2 5 onZY &
Bbhd, £REroZaZ8r b8  LAg
1 DEBA~DT I v T4 FORETHE LT 254
x 10" M™ DfE» x b,

10. Capsaicin O REIEROFRECOINT

T Ak (Rdek, B, HB3E)

1 X @ vocalization % H DIIEIC, capsaicin
OREFOE () LNEEOE (NMB) Ttk
DRI ER ORI 2 TR L. FEY
B2 DMOBIRANIRS O it R D 3 ~4 B
i, KIBBIIRD 5 WIZEIGEINRD 1 580 Bk
WEINR Y 7~ 7 VR RE Lic., B EiRdpv
Ty 7 TELFEZEL, vocalization Vi< 7 vk
vV T¥ -7z, Capsaicin HOBNRICIZE LT
HFARITIE UT, vocalization, struggling, biting
7. &£ @ nociceptive response ##2Z L7z, FBEIIR
WTEHWT, capsaicin @ vocalization % #2235
2 13 49 0.03 gmol T acetylcholine ®#y 1/30,
bradykinin DFy30f%iz 48 ¥4 L 7=. Capsaicin ®
vocalization FB 2 {ERS 12 1 tachyphylaxis VX 7z 5> -
7o, WEIRCBWT, BMED 2 ~ 3 %D capsaicin
i3t % vocalization DRI 575, R
WIS TH - 7.
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AUEREEN T RV CHEBERD 1 54
#4517z capsaicin 13 0.006~0.1 £mol D& Iz
HDT RIS OEENCIIFEEHE L B 2 e 5T,

"Bl 5 capsaicin AR OBITENTHH
IR DB BT, D DMK E A i ER
% B EH L T nociceptive response Z#2Z &
Ezbhb,

KEBBIRIZ 5.1 3T, acetylcholine @ noci-
ceptive response %L HIEMIL, TALTH
30f£ lidocaine T 1~ 2KfJIRESTIMZ b
7243, capsaicin DYEF 13 #9 1,700f% D lidocaine
KX -Thix bhindk o, Ths b capsaicin
DREH DFFEHEVER VL acetylcholine D& &
RixbHLE25N35,

11, 2307 442 ERIGITENR KU HITEIRE
E&IT3RHkEZEOERE)

FERE, W ﬁ,mL#ﬁ,wﬁ (1@
BEER, BT, BHN— GRRUEpE) -~

Fatkwz z it U CRISTEIZ R T8, (T
LRISERIBVER 220 BBIRk, <22 ER
BREERESD 3 EDbhTw3., Bkt e
L ANAIEEE O CIRRII T B OTLE R BETTB 0
FLEET VWO IWERD 5. AEROFMII~
2 X RIS EHITHRBIChZ - T, BkEE X
CZ OB EBREORTREZBHT L TH -
fo. FERIER 2 ERGH 2 2AWC, HEETS
i, FURE, BHEO—HREST—NRKEOLE
BEREHA L, <& % ERBAEE TR ST
BLINHTIRE O BRR O%{L: BB L.

<2 X ERIMTHRBOFRIIETR< X & ¥
BECH LTI 2HNCEEERTOEMCX -
THELR, $MTERROT A MIERT —
2 (99x62xTlem) T, A A% 2IEDWTIERA
R F 2R LT 34N mounting 3 55, 2
A X 2 DOWTIE mounting %213 5 1B X
S THZE LR, BEIZ6~127 Hizhic - T
27z,

1. ERSECR—AIRkEARE 1~ 488
X V= & R ERSTEORBEY D -7z, <4 X E
RIGFERBIHRINC S 3% Th -7 b D5,
PIRREICII86% L FE LM L L. FSEETIRE
BT RETERR 0L 5.

2. RHIASERIRSA 2 % 2 TR 2 ~11

A
=

&
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BEHXY, AR% 2Tk 4~1LER X b 785
RB Uiz, BERAIFELE (sexual activity 90
% D EDYHEIAE) IIEBIREE T 4:BUT T
o7, BIRAAF 2 TR T~9E, Bk AR
ITIH6~BEEERE L, EH AR R 2DRE
VEEPHITES 2%, B2 AR 2 TIRRIEOEY
Heh SN 7.
uhwﬁ%,ﬁ%#&%OHEﬁﬁmvﬂﬂt
RIS T8 % X CHEITB O RSB I J%%?
DOLIERLY B, XL, v XX ERSTEIE
BB ORBEF IR -0 b0 TH 50, HLE
ST EECES LSS b LH#EE LR,

12, £ FOFIMERDBER

W M, R, i, BE O£ (8
BEX, $4m)

b OREEEH OB LT, biubhiil
B DR C STEOEL - e HEEBFEELTWS
ZEEELPICLTEN., ETOHRT, Tk
HOMRERC SV TEELRREE D > TWB T
LEH o, SEIDER T3 Z OF S ORI
E LT ERZEMERIZDOWTHRIF L C Iz,

—EDRIDDERERY HFADRS Y —~
v EZSDoULT, BREERT A RV EFTHE-
CEDHDHMD EEEHHRHTIEDH 5B TE LT —
EDEETL NRLAEBELTEREFLL2S, NV
By S IATEERS U B - E R E
XoThRHlLA. oL &, HEZATS DL
NRYPBRT )~V DEEZETHBEWSERE L
BB CEILTELRBENL—T Lo TWE LR
bbb, L TC—EORIDOBEZHLUTT
HEECER 2T bR LT, HE 7+~ FS
v 7EEATERE, NVOYBZRYFSRADR
7 ) —VERDDOPWTEBIC A DEID{EE

PEBERLY L THE., ZORERKDOT Eikbh
ol

1 |E7 + — Fo3y 7 20T 5 LR
BAT5.

2. A7V —~VERYOPNTEEICE VRS
A, HET 1 — FoSo 75380V 2 HIfEB s
5.

3. HIfEOHEBIC & BRVWELTH D1, &
BRI TR EBOEETH - 1o,

Dl LR 5 OERIZI1F 5 FRIEIEE T
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13, HET 4~ Py 2B EREN ST O
BEDT 4 — FXy 7 BHIHIHERZES SED
X5RERALTWS EELDBNS.

4 A A

13, AABRRKEOFHBICONT
MBEZ (GRlk, T, BFLH)
1. ¥

18{i4E % @ Galvani OEMEROFER UL, 4
MBI T ML E L L TERREHAERE D
FE L h T AT X7, Nobili (18284E) D
ERARIEEHC X B4 T O BIE ﬁ@ﬂﬂ,®
Bois Reymond (184342) Dk B L 7<Muiiatic &
r%@@ﬁm,Bammnu%%ﬂ@vvfuy
7B X B OEIEMOEFEE, Eintho
ven (19034F) oikwunifiilic X 5 ECG Oz,
Gasser & Erlanger (19224 075w v Fit L5
MR OTEBELA O, 7L &L O¥ERMBETh
TWE., A HOX SR EFRIERS R
B AR F T X D Z O X D iR B
FONTE T ERRIEETREZETHD.

W2 Yok, EE LT EREZRSWTT
2L DL I O R & A A DIEAF IR
BTH LRI E o THAHEE OSTRVERIETR
et FRSIE SR AT X, SE W TV D
IR SR TWS, LFAFCEREESEA
WiER RS T AR E L EL b H LTy
3. FEEEIREF S & Toennies (19384F) A%
T D IURR E% 18 0> 7= I Tk L7z 25 B AR 2503,
Jeog P LI AR O3 T R s 7o D BIE DB DI Sk
2@ b7 VYA RERAE O A ST
w%C&ﬁi*&V@%#w

. ERBERERHA EOMER

Mﬁké%ﬂ%ﬁé% ERDORI ST, BE,
EJ, fhis PRBOBRSHEENhS. 20
AM BT E LR BV, BIRES AT

NEAW=R ALY —CERENRD T LB S
<, OB BRI F VAT 2= WS,
AT b > & BRI B AR b
SR a—Y, FIFVAY .~ ERUEREHEE
THELAHALDS.

A, KL LT VAT 2~ EOREE RO

1, A REBHEZ ST DR EDLS

ey
E2N

#

#

BERD L F VAT 2 —F2EEROE L ICEET
REM? Zhick ) z2bh5 7 — & OWHE P
EIhb,

2, AT 2 AR EZEBR T 5720 ¢
SYAY a—FTHETHERZRAX —~BTE
BIRFAENE &, T O DITITEKE, B
KOS E LV,

3, kL T VAT 2~V & OB
VE— XV ADE Y I AN,

4, VAT 2~V ORI R /L —HE
OB/ &, e Zegh, HIZ etc.

5. %, $EHEL, Bk, Rtk et

B. FF VAT 2~ LIHMELRE DS O/

B

1. F3VYAY 2~ FOHAL vVE-L VA
LIMIERDOAT A v E— XV 2R DORNERICIEE
FT5z L. WHMEROATA VE =LV RIS}
S VAT 2 —F DA DX 5 A I fHIz®
BT EDBEW,

2. FFVARY 2~ OHNES T ARERER
Vﬁﬁwﬁféﬁ%&%@émﬁ?écaﬁ%i

. Tihhbb BIFI S IRRER D DI T T
/xV=~ﬁ®ﬁ7t/r@E(%F)$%mW
BYEEDORNBE SN EBLETH D, [EIERY
AR E UCREIER, 7Yy VRikiEHV ST
EDEW,

3. RO A OF 7 & v FEIE (B
MEFVAT 2 —FiCBER xR k.

ELVAREEHROFHIZT R 5 e oitid, Th
LOERESEETHLERDS. BHE DD
LLT S VARY 2~V EBEGZ AV HEIE
28 ORI DWW TR L.

[. IC #afi# IS Uiz ek il gs o Bm

IC #EiffoFamic & d & v, FHURKEROE
BOHRTES, YEEXLNDT LT, a) Hl
= B SIS OB/ E < Bk, b) =M=
DV L~ R X BERH O — 20, SEE
AR E R 5 5Hl Y AT 408, < FHLw
FFVAY 2~V ORF, BETHDS. HILLT
IC HAlgE % & - 7oy AuBE MG, & =Y 3pL7 Y
v oL IC BES % B Wic WL, v oVEs
R E RV EIREO/NESHR T s, MOS-
FET #Mwicgtik pH 2l Sicow CHilA%T
o7z,

LI
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1. Fundamental study of the neural me-
chanism in cats subserving the feature
extraction process of complex sounds, 569-
se3. . .

FEEOESMNBROMIEEECE T DR
o T

T. WATANABE (30 B EREHEA, 4H)
H—i= > ~rvOFHEcHT % Coding #
B on sl VIR STk, LT
ME, 7Y » 7 FEHBRMEMTE R 5
hic. BEOFRERHAZTOSICSH D, \EHE
FREDEMOBEFIIFEOEY T, FhizhE
B MESREE KBTS FME, kX
O AM ZOMARTHS., KERTIER 2 %%
RELTWBZEND, *aOBXELERES
VLT, TOEREEEEETS bOo—20KSs
TEREE L7 FM %, AM 3, FM-AM %%
e LT, BESROKLPRED = o~ VS
BB L, ThbOFRBICHT 5 St E
BEERL, BASHTOLRWBIEL Hi5L
e BV TH MBSt 522 —nY
OF BRZEIRS MR TIIED ST, ki
)~ 7 CEEIXh, X0 ERRIR TS E
T EPHELE. BEOHHIBRE= » —r v
EATE R LIRS T, —ERREEE
THFMEBEORCIEE LR, SHIT A= 2~
7 VL FM 5 oslic FMrate (B EE
HE dF/dt) i HBWIRISERTRL, TRE=a
—RVIEOWT FM EF 5 & rate 25 3EX
D=a2—mYEHET5 R8Tk, FMES
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3. An analysis of microphonic potentials
of the sacculus of goldfish, 603-616.
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4, Synaptic delay and time course of
postsynaptic potentials at the junction bet-
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5. Tension fall after contraction of the
atrial muscle of bullfrog examined with
voltage clamp technique, 637-650.

Voltage clamp T &R N TV OO MR

"
M. GoTo, Y. KIMOTO, M. SAITO, and Y.
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6. Examination of responses evoked in
the sensory cortex by thalamic stimulation,
651-666.
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7. Changes of the membrane potential
in the smooth muscle cells of the guinea
pig urinary bladder in various environments,
667-683,
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