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Encoding mechanism in taste Masayasu SATO (Department of Physiology,
Kumamoto University Medical School, Kumamoto)
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M1,  mEArkg (01 M £, 0.5M gEsE, 0.01
NigRE, 0.02MiEEE+ =— %) CXDFBE IV
FOBH (40°C OF W 20C D) ZxT 548K D
F v M ERWREMEEDIEED T v T 7 1L (Ogawa
B, 1968). MEEMVIARIBIRIC X » TRZ ShicHl
WS PMOA vl AEED BbL, HEMO A,
B, o, X I3—0—D DR DD b . KT
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AR & TUEEARE L OFEREE R b O
BE1ITH-T, FEhsXoKryH ) ¥
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EAELER, EBRX=—-Rlor b REW
LPLZhbDWELEE & O O rid/hs
v, ARy sy ey, KC, CaCl, ¥
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SELBELARE-EEY Ty iz T
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BRI O 2% (acceptance) »EZS (rejec-
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R &L B OITEIC X > T, FREOREMK
rEWIAEBRT A BREZBNC S O bTHER
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EDXORRBT 20 ERITS. K238
DEBRERO—E T d - T, 0K,

05mM % =—3%, 001NigE, 02M i
FEFI N 3EDN T v 1A, 01 M NaCl,
0.1M KCl, 01 M MgCl,, 0.3M KCl, 0.6 M
«CaCl,, 0.1 M NH,CI, 0.0005M % =—, 0.01
NifEgg, 02M EREORIRICX L TRIG LI
—eVrEDLDLYT. IpoHLPERI YL,
KCl, MgCl,, CaCl,, NH,Cl X% =—% L%
I PIERIED A AZ — v BRLTW5,
BIZHELPUTRVERDLEE->TRY, &
1, BEIE G LER T3, Thb
5, =0z ki KCl, MgCl,, CaCl,, NH,Cliz
Fo—REIREICPRREER I T, RES
BRI BRAKEERILTVS, ¥k
BRI X =— 3L XTIV E25, HLbER
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ORI 54 v SV 2B 0GR r %
BEL, MECEMREFAIT3. ZoRIC
X5 LR OBBENE r tREFTH L
. bbb, —XOKREREO r OfE ET
REHROBEBLITV B2 0, BT eh b0k
FREMULEL, R ETRERSICRAIL
53 kizinsd. Tk 5icEiED Morrison
14 %> Marshall'® n{7E)EERIZ, BRAIRRARHE I
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80
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g o m W
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80

S &0
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& jood Quin HCl Suc
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40
204 ,

K2, i UdF=—x, HE, BEECEE
T ohics v F OHBWRIARCHT 5 RKGE (1
~ 4 v }) (Morrison, 1967). ##h Srflik %, #H
RN 5 RISOBELTRT. HBRK
(£E X 9):0.1M NaCl, 0.1 M KCl, 0.1 M MgCl,
0.3M KCl, 0.6 M CaCl,, 0.1 M NH,Cl, 0.0005M
Bifg % = — %, 0.01Mi5E, 0.2M poys,

BT A4 020 across-fiber pattern iz
Lo THOEBEZONS, LV IdiEHX
FLTvwaLwvi 5.

I. BRERHEICHITIHRERREDSH

460D T v MR REERMEE, THEARRIRO
WS OROHAREHT IREMENLLAEHLT
BIKERRE2 TH-T, .01 MEBHECHLT
ST OBEER, 0.5 M BT L Tix50%
DD, 0.01 N HEERICH U T 82.6% O
3, 0.02 MR % = — %I #t L T 60.9% D
HERBELTVS., ERREBVTOIr3L)



632 Bk encoding j#fE

2, —EHEOWOHCIFET B3, 21
DOIRCRET BHHEL 9, SEORCHETS

K2, HERREOSERS & BEELRT
DRARERRAE, DRMERaORK

B® 7y Mg v =74 YLE

B ?¢$X%%%E * fﬂH@ ORI
Na 3 10 3
S 0 0 0
H 0 5 0
0 0 4 1
Na-S 4 3 1
Na-H 4 14 5
Na-Q 1 2 0
S-H 0 4 1
S-Q 0 2 2
H-Q 0 3 0
Na-S-H 7 10 1
Na-S-Q 0 2 1
Na-H-Q 15 21 1
S-H-Q 0 7 2
Na-S-H-Q 12 22 5
Ey 46 109 23

* T, NI, EBERREEOT—£. Na, S, H,
OrRFNEFN01M A, 0.5M s, 0.01N
HEE, 02MEREF=—%%2d5bT.

#*  QOgeki & Sato (1970). Na, S, H, Q iz #h %
Hn0.3M i, 0.5M BEgE, 0.01N EEe, 0.02
Mg+ =— %&b bb¥.

kT, NI, RERXRF—%.Na, S, H, Qic#x
nEN03M &, 0.3M pEgE, 0.01 N isEs,
0.003MiERE* = —3%2dbbT

#£3. NMERKRO 2EOBOMARITHT 5,
464807 v FERHIRIGHERZEOS A (LT, 4
N, EBERFERT — %)

oes

B B
i i

P25 A T)
il - RN 23 23 ~>0.05
Bk - EER 38 40 >0.05
i F=—% 28 28 >0.05
REWE - BER 19 19 >0.05
B . F=—% 12 14 >0.05
ke F=—% 27 23 0.01> P >0.001

SRERMEVE 0.1 M £ (Na), 0.5-M g (S), 0.01 N &5
i (H), 0.02M 5+ = — % (Q). [KHBIK T & T
LIS DRZ, Na=46/46(1.00), S=23/46
(0.50), H =38/46 (0.826), Q =28/46(0.609) T 5.
P 1ok T 2SR MIch b T &
DOWERZRT.

WEENE22, AF C¥ TATRIEE T 5RE X
12CH 5. FERDIROBHIIZSOWT, —H D
BRSSO U TR R B o TV MR R A
RTHBL, RITRENRB LS5k D. Vg
WY ICh 2HERICHT 5 2=y b ORZHER
ORI T 2R L ML TH 5 LREL
T, EEFFEOZ ST o0 IEE LT
FTRE2=y FOEERFHETS L, R3IOHEF
BHEBD X Siciy, EHEL WFES X —
s, L LERIERY-—XOHFICE
BicieETs2=y o, BRIV KRE
V. —FOYRICHTT B HRHE D BN Th
BREHITHRCP 2 P TANCRELEER
B, ROLAWMOMERTH->T, ZEDOT v b
FRAFIEHRME D W EAFIR O —>— 2% 5 &
T, £ OBREEICMSITH B, HERIC
BZHED b BRI S = — X CH LT bR
ZHEPRTEARS DL VHZ L B T E B,
Frank ¥ Pfaffmanni® ¢, Z v 0iREMEHRR
HRHE & E R o T AR IR I R T B NS
ZowT, kikdRizz e L REROFE AL
TVBH, #HORRTE, bhbhofkime
g p MEARRITHT 2 B4 ST sy
FHLTwBLVHEEHRICEL TS,

I3 ) specificity

LB RIHERP D, bIBEEOEBEIERD
RN b DI E L A 8, )R
BOBRIIEE S ORI 52EL LT
BEDOAF -tk >oTEabhd, LvwHZ
LRBECLRVIEDLD Th BN, B
specificity L v 52 22 ETEHZ LR T
EBTHHID. 2 FR2ICRENDIFHER
i, 7y VEREMEREE oo s T TY
—IZRHL 55 ZLE2RTLOTHALH. i
DT Y —XREZHEOT X MR A A
BRIROBEILE > ThHIBERT 5z LiE
AbhB.

B 3 1X28AR D~ b A & — Bk FEARRHRHME o U F
ARIBICHT BINED 7w 7 7 A VERLEZD
DTHBN, TOXTRHEHCERZHEDOD D



koD encoding HEHE 633

HEL RIEICRZMEDO D DD 2 Bz KBIS h
Tv5. 02MFvybVy (FyH Yo Na
B) 2B LTAVS L, RicREN3 X
I OEMBOBMENTE R TT. LI A5HH
CEEOREMEY vy Vv Na k&) T
RT3 L, EECREEOB Vg Kok
B) @A A NVREBEE R T A, BB
EOBCHME (HOER) HEEERE L v
(Ogawa 516, Sato 520), LizdloTHyv b
VY URIZE > T 3 ARG OB 54
VANVA, WA B B RRSFHS Na A+
VX o THIBE R TRETSLDOTHY, L
TeRo TZHRHHROFERL VS L 0 LERD
BHRTH 2. ROENHOBME (BEECRZME
ERTHRME) KBB4 VR, HEEoRE
WerB. Tinbb I OBATIIERERESH
RRASFRY oy H Y Vit > TR S hiz
ELXBILNTES, ZOXHCEACHFvHY
VIZEBR T X o TRET A VALRT
b, REWNCERR S 2BEOA VSV ANRS B
DI THB. ZOZLiE, Z02EOBMEI >
Wy B Y R A v REEE E ORR
ZRARTHSD L, BHEOHCHLIEERD S
TEDLEMTOND. BREICERZHEORE
BRHETIE, A vV RBTY v b Y Rk
LI LT DT, EECRZHEOE V-
HETHE, A v 2803 0.03 M IC B KfE 2
9, THLAEDBEETIZA v v 2R
L, ZREEOBRMEDBEREHRCERA DN
516), BETIRELDEE, 1 vV AEE
KEFRTEEZ 001~01M ThH5. 20k
BT &, BHICRREEMEO R R O R
ik Na*t LIS 2R%ASFREL LTOR
L, FEREICRCZIEDOE W HRAE O SRR I 135
RV oW Y U GFERETIRRESIRELL
THHTHILERT. LEoTHyh ) v
REoTHEREERZE LTS, BEICERSED
BWBRHEIC Z B4 UV RIRE L BRI RS
HOBCBMEICBZ 54 VSV ARE L 32
BREOERTHD L2 5.

Fo b, NARE—DYF v I Y UROEBRE

AT ERICL DL, Ty N BY Y I ) UiRE
7k & KB L T EkERRMERX 0.019 (0.0004 M) <,
oY VIROBRENEKIC 7t 5 EEX 05
% (0.02M) &% % (Beebe-Center 5D)., %7
HijiD iz ks L, Sy b33 F v b ) vicH L
KROUER & 7T #EE 1 0.003~0.01 M Th 3.
NEHRE =R TIERERER 0.0005 M & 0.02
M % 5 (Carpenter®). i b DEEEX,
RCRZEOBCBMEO T v 1 ) vickT 55
1B, BROGEETRTRELZE-HKT5L5
ZBRbhns,

Saccharin 150

g

200 —%L

NaCl

100 —

e o]

Sucrose

Impulses / 5 sec

H cl 100

Quinine

50
NOPQRSTUVXYZabABCDEFGHIJKLM
Chorda tympani fibers

3. 002M¥vh Vv, 0.IMAEE, 05M p
¥, 0.01N #gEe, 0.02M EEE+ = — kTR
B28BDAN LR X ~FRFROIEEDT » 7 7
4 /L (Ogawa 5, 1969). #lhi3&HKIER X » T
B XhilgE s BEOr v L2 e 3 5 b
L, #i—o—ols H bbt.

20X 5 CMERKICT 5 H 5 RED
specificity # BRIFRAIEICED, TR REE
RIZBCTEODOZELHICE-TWB LT3
Ez2 &< Pfaffmann® $~Tv3. Zo
IO nEZCETE, Bt ok
54 VAN ZBOBEECTHRERRED DT X



634 B> encoding Mk

£, BHERSROMEEERL D 5LTHER.

SERBIRIAWOREGC XD, FR 5 ~108R ¢

TR MR O R L VoL RE () B, EEARRIORBIC XD SR LT VoL AR

RS L’C%I‘obbtﬁ%x‘t UL, /NI, ERRRRER T — 4. -—%B Ogawa 51969, Sato

: 51970) »
OB W .NaCl Sucross HCl Quinine F ¥
0.1M KCl -+ " Z="0.034x-0.027y—0.075 u+1.471¥4+0.2545 R(25). . <0.005
Ll Z= 0.156 x'+0.014 y—0.056 u+1.409 v—2.693 R(16) -  <0.005
0.3M KCI Z=-0.012x —0.024 y—0.035 u+1.610v+3.054 R (26) <0.005
R ‘ Z=""0.017 X' +0.051 y+0.262 u+0.543 v+3.011 R(11) 0.05<F<0.10
©.03M CaCl; ~  Z=. 0.049x 40038 y+0.106 u+1.603v—2.223 R(25 = <0.005
o Z= 0100x'+0.104 y+0.887 u—0.110v—1.576 R (11)  0.10<F<0.25
0.3M MgCl, Z= 0.068x +0.051 y+0.137 u+1.286 v+1519 R (25) <0.005
Z= 1254%+0.073y+0.069u+1064v—4.890 ~ R(11) = <0.005
=—0.244 x +0.152 y+0.662 u—0.091 v+11.981 R (28) - <£0.005

0.0l N /ELEE

: Z = —0.157 x’—0.055 y +-0.581 u-+0.096 v4-7.227 R (16) - 0.01<F<0.05
1M 7P Z= 0.024x +0.626 y+0.078 u—0.124 v--4497 R(18)
0.02M #v# Uy Z= 0158x +0.826y+0.022u-+0.116v~—0.365 R@47)’

Z= 0517 +0.944 y+0.178 u—0.608 v--0.535 R (16)

TO3M HeH VY Z= 1.240x40.001 y—0.102u—0.143v—0.812 R (14)

0.02M #v#Y Y Z= 0295% +0.614 y—0.001 u—0.065v+1.330 H(27)

<0.005
<0.005
<0.005
<0.005
<0.005

xxﬁmvﬁ%h%hQHWﬁﬁ,M%ﬁﬁ(ﬁM%%,MﬂNﬁ@,MmMﬁﬁ#;—
FREDER LA VoULARL FIigE S BROERE S LT HERIC>V T, Sato b

(1969), Ogawa 5 (1969) ZZHD T &.

Y hy, WEARKIZT 34 VR V2B E AT
A—F— b LRI X o C, BEWEORE
BREDODLTHVBLONFELFT RO
Bbhns (Sato 520, Ogawa 519). #4113,
% v sV, KCI, MgCl, CaCl, BEAEmEIC
£oTT v b OBEBEMIBHRMEIC B Z 2HEA v
NV A, EEAKREKIRICL > TBZ3A v
NV ABOBEBE L THEDLIELDTH B,
0.02 M v ¥ v D FBROBRE D F Cri e
@ﬁ&ﬁ% ELbR&EL, BLELO%ROER
BT ERTHE DB, 03M ¥y H Yy
CRAROGEBAE Y, HBRE D b
ERBTTTENBLOND. ERUEREKD
5B O—DO DD WE BT, F—EE
DFyHY v OEFERBELL, H1T72A—F
—DREN DB RN 5. v

T 12 RISz X 51T, B BRI O
W] ENEARBROEROBRL LTHobTH
A, 7 v N CREEEPMLTRL, F=—F
LIEBORICHEEYR » 3 ABARETHAS.

V. HZ24FIBREREORE

Ty MRNL R B — OFRERIHED L <
1%, WEARREOH O 3FLL ORI IEE
L, 18O O »CBRANC AT 5 M
BErLERbhEY. i b50EMTS
B OB R O BRI I T 5 A Y
WV AB R BIC LT, EARKRER OFEE £ 3B
LTHB L, ERLEBRY=—FLORCHE
BEOHERALNE. ZOZ LXK, Ty b2
AAE =TI 02O E b 2 RERE K
LLTRLETWAZEERT. Lo TZh
SOBMICBT BRBEICB VT, Hk L ER X
S—RC X > TRIBIHEREMIEDOIREEL T
Ivopl s pEEicEbhs. i, By
Bl EBEENLE L (Pfaffmann!®, Beidler
52, Carpenter®). Lz ->TT v kAR
B — TR HEARIR D— 21253 % B— D
FRRRHED, BIRBZHEL & b TRV, 8
HREE Ik B Lo specificity 2L,
AR D— 2 DRITITEL TA VAV A E



kD encoding. #EfE ' 635

HIBERPET 2 b Lhvzy., Eedrics
WOk, ERLER X = — FOHRICRE
n, VWb BEERKTEODOR K - ML D
BRELTRELUOND Db,
ZOEOIREZRECT, H=I A FNER
TIERRME O WA RIR T 5 RS2 R T
C BT, R2KZFOFERERLTHHPB, HELR
BRIE D D DA I LISEZ R Lk
WBETNTHB L, 23RO F, 1EH
DR D HBEZAED b DRRMED 4, 28D
FRBIC MO & 2 MR 9, SHEEHORIBIC
BEEOH 2R S, 4BEORKT Tz
BZEODH BBMENS Th->T, Ty POER
PHREARHE I Ho~ T 4 TR ORI R C 25D
B3P, 1BELR 2EEHOFIBIZIEL S

BEOENRE . LeBosTTy Mgkh_TY

VDT ERED specificity AL TV 5 L\
HZEBVZBEITHS.

7 v b TIREBCISE T A REITER Y =~
FEHIBETBEAER LY, Ty FOBE
R TIT R o e L RIS, =0 A FrD
237 D HRHE DS T EARIK 0 F O s O Fl I L
WS IEET B0, HB3 I ER»OHEEE
TR L TR ZEDIGERML TR DM ET A b
LTHDE, CFRLOMAEEIIILTHZDMR
BRMITHD LV HBRICEKD. Eeh=2
A FN OBFEMERRHEIC O VT, TEEARERD
WO ORIBIC T BHHEA 2 S 2K O FHEE
REHEL AL L, & (0.3 M)-#EpE (0.3 M)
—0.284, & (0.01 N) 0.076, AIE-HEE*
=—% (0.0003 M) —0.246, EE-HEEL 0.183,
YRR = — % 0138, HEER-HEMF = — %
—0.035CTH - T, W"TFHOHEAEILOPWTLEHE
BoMHERAELRE. LEloTh=sA4¥
VTR OBk & U TR B S TR
LHRTwB v ERTE B,

LRz ~RizX ok, Fy bR~ LRF T
R, PR TIERAERE O specificity
DL, RIRRC, MEAREE AR 57
Lo LTHEBMLTYS, L & L specificity
BHE LTy, £< 1HEEDAC specific

CINET 2R 2EORI20%0 TH 55 5,
FVEZBCTHEE S DR BT 2HED S
E—itkoT, BOBERSEZISND EEL
hinbhrv. Z0kiaEXLICENCT, Ty
Mo TiTnbhiz AU X 5 RERERE
WMOBTR, Ry VEOVWTITRbh B RE&
ThHsH. BOBREC L > THHORRIC
ENDBOTHIMO, b FOKREOBEED
2 b X KEETEHOBRIFAVLL R BN
BLEIXILNBINDLTHS.

V. BRifRED DEEHHERHEAORBROMEE

x OLFEPRIC X 5 HIBIC X - TR
HEICA VNV ARFEET D E TR, o
DIRATIRER D 5. H—IXEOREH & B
BRERE & CHRIBIRAS IR i & - TBEIT5Z
L, BT & RIEE L o O
DY, {LERRE, BZRzoRBZ 5
BRHBEIE O BALE(L (T b b RAREN), F
DUy AR AR AR X D LR & T IX R
ICBRARERERC R PR S W T, A vV R R
MRICRAETDHZ L ThB. BRI L Y
BLORERCPRELOTHY, Zhizk-
TED XS B/ CHRMBRED BAER BT
B0, hoBESIY T o TAT TR Ah v
ZrizTB.

7 v s OFEOERIIER O BRI B
ERIAL, ZTOHEBICREKRERT L, Bor
BFHEERS R R Y, BeREKTERZE
ST EREVIORAMIELRT S, 0k
AR LIZBEAR B I 2HOE (SRS
BAL) ZEH LT, BE—okiiao RSt R
NTHB L, REBS ORI UEARLRYE D =
SP R T (Beidler & Kimura®),
Ozeki & Satol?). F 4%, 0.3MAHE, 05M
R 0.01 N iR, 0.02M e = — ket
2109 fHD T v MRRIEORED 7 v 7 7 AV
T, L{EOHMES 2 U EORIBICIRE L T
WBEZERbME ZDX5hZ X, F—o
BRI S OWRFRMIC X D 1 v v R
BRET DO, TwE—EOWRBIRICDAHEE



636 Bk encoding RS

BN R b, SHEEOHRMIE 1 A0k
MR 2 =y FEBRL TV B00 Tk
< VEOWMIEA SRR EZEE B T30 5
Zhhie binw,
m£$%®~oitmﬂouroﬂw@ﬁA
FiL, TG OMBBIEEL b 2F 2 ITR
LT 5. SHBRHEHMEDRZEEAIBRE

NaCl
2
]g “l“l I"I“"I""“"""I“"“““lllllllllllllll

20 Sucrose
10

Receptor Potential (mV)

30 Qu:nme HCI

IR T N S S R T R
Gustatory Cells

XK4. 03M&E, 0.5M EEpE, 0.01N iEE:, 0.02
MERR* = — X FCH + 5 109 @D F » +BRIA
JHDOEED7T "7 7 4L (Ozeki & Sato, 1971). #
I 4 ORI X » TEKMIEICRZ S e
BREMOKRE S %, BHOLTr v 7134 LE
(S ik

o8}

[oX] o

041~ NaCl-HC!
o

HCl- quinine
a2t ° .

GC interstimulus correlations

"g
H

—————

L | 1 1 1 1
-02 ] 02 04 06 08 1.0
CT interstimulus correiations

X5. @EEXRKEHEOHBEEORE <2 RTX.

HEIBARD F v FEIRMERED 1 VUL R
CHEWCHES 1 7z HEREOEZ R L (Ogawa
5, 1968), #uliZ 109 D 5 » FERMIIESARE
PORESCEVTHEINEEZRT (Ozeki &
Sato, 1971). RSUVERIHEE 5 R © BRMRRE
A VoL 2B o FERA RS, BT R ES 5 ~108
DA v ZBOEBERE.

CHEEL THh 5 &, BRMRARE TR s
HHNECEROMAEICH L, TR
HERLTWT, MO RSN & kil o R
HERBT LS FATL TR\, £ MERED
R D—2 ORIBIT I B BRI O RS, b
ORI T DML ML T dH 5 LIREL
T, WEARERO ST o0 ERicw LT
B mT_ERHROBEHEL CAHBL, £
BlEhiH 3 E—5L, WELKESEFNLE
TS 5 BRSNS BRI R L T
LrvoiERICES. BU L5 ks, M
ARIGIC X BRI L > TR Z 2 2RBEMD
REZSREST, HEARKEEOHEBEREE
FARTHB L, HbofftlicRENS X o,
PEARR O KA TR EREOFMER A B
i, Ly LFE U RENS X5
i, BEREIEGHE IR L ERYF = —F LD
FIOMEAAE V. b LEEARRIKC T 5 5
DS, DRARMD L BRMERE TR U Thh
E, X5 OHMEIZRENIZBEORD Eizd
BRTTH 5.

DX 9 I HMEARBRIRIC X o TR Z
BZHREBONY b, HEMERECI SR
BoORE —VURRREY, BREOCHENHIHOHE
Bo—RESE L THE L VEBL, R
P bIRHREE AR B PSEET 2 RICBHE S
ROBWBBI kb DZ LTk 5. EHER
MR TOA v SV 2 RETRESD S
L, ERFEDOAL VSNV ARENSRBEEMORE
MoORCE-> THEREESN DD TR L, BHD
REFIREILIC X o THHE & h 5 HEElE S
B, Eic LAROUEERERHHE ST E 2> 0 R &
FRL TV 05, HRRIEEEREL TV KK
DOFELTA VAVAR, BiEoBShELT
TP S DA VAV AETEHTEZ LT
X oT, 4 VANV ARINIOBEHFINRBZ Y 55
FIEEMEDL & 5.

V. BROBED/NS A—F—

—RRIC I DR S IIRFERIB 03RS o
AL CERECHET, v 5 D 3 Weber-



Bk encoding ke 637

Fechner oI TH 1, ZhicHizL Caniss
BRHEDA v ZSFENHIB O X ORIz
HHFTBZ s, BELOBERICOVTRE
ERTv3. L L Stevens® i3, BE OB
SLREREOES L OEBRERXEETH S
baEh, BREOBEICIIVRFOENRELD &
oL i, NERS DB B FE O ERAZRIC
F & Nz 7B Z BB MRREDA v v
Z &#Werner r Mountcastle?) X288k, A
vV ZBEE (R) & ERIE RS (S) & 0%
2B R=KS" v iEox@EicasktsL
WHZ LERLTWS. KEIZEIT 5 Stevens
DERIDOEE X, FEEAE D BE OB R R
DEIHEBEEHETHZLick->T, £ T
DVWTHRGNT v % (Borg 59). iR
ZEhid, SREHRICEOEIBERORES L
FIEHRE & O @ EXXBEROBR® S T
BEZLVH. ERRRABORES LR O
S L OBfREWIE Lic Stevens DEBRERIC
IhiE, _FnofEXAE TS, EET LS,
Yy BV T08THB LS.

B 6%, 200D T v EBHEBMRMED A
NABEHEE REBRE L OBRERLZLO
Thd. O T, HBEENO 1PHE
X SEEDAL VAV RE LB E L o BRI
Stevens Bl Rl X v 1, Weber-Fechner %I
DERCE > TE YV X< BbbEhs. L5
BERDOSFEDA VAV AB L BE L 0 Bic
i, 1MgRWvT, R=KS" b v 5H@ERIEE
AL, nOEX10THE. 20k 5 IHIK
BRE LISEOKRE & L OB, BIEES & H]
BRI o TA VAV ARBRER TR -1
Hoe CREZHEBEMTHS 5. FHEKD
ZRGEMORERKELFTSTHS L, HEA
EXBNTEEY o < D LEOBRIEESZ
D, EHHBTII D THEKRICGELT, £ 0%
A, TORSEBHERT B, Lico T, HE
EROA VAN R KB IER SO LHOEE
CHFAILTRZY, FBBEHEOA v AV
BEIRIBORE SIKHFAILTRZ B LEL
bha. zoZ i, HEER L FIMBEED%

DA VN RER, BELOBRIIBVT, B
oTwBREETHS 5. Stevens Bl EEHIN
EZRBEPSDAL VANVATRHRIET 5 & v )
Werner ¢ Mountcastle 0fEREL, F0A1 v
SN ATEENERDD I EGRRE TH 50
LThB.

4 Initial one sec

® 0-5 sec
° 5-10 sec %/

sol- I/

E

= /

E 0 &é§/§ ]
; 100 3
& ——F 3
€ / 5 %
£ /S

0.001 001 01 1
NaCl concentration (M)

6. Fv IEEEETHERLALEECZON
5 RIEIRE L SRR VoL A5 DBFR.
E VI 20 DHRHE D BRI A v -3 L ZEDF
WEEZRT (WUTF, NI, EERERT — %)

L7 s o THERMREBRHED A VSV RKET
by, FDAVAVAREBREERICE > TS
WADEER T A—F—L LT, HIK
DBE L oIz R=KS" & v 5 BIEARRET 5
Ly kick s, nofEix 25°C ORKIEE
TIRELOTH 5 2, nFEELHKIELT
5. IWTFHWOERER T X hiX, nofEi
15°C ¢ 0.45, 20°C = 0.8, 30°C = 1.6, 40°C ©
14TH3. LrLvwFhiz L 5, Ty MR
TR T . B8, Stevens 25t FTx
nOEL3LIEE—IKT BT L TEREE .
Fren OEZHBROBEREIC X > TR Y,
¥, R, HEEx = —FiovT, SRR



638 Bk encoding M

RGO A VAV A TRED B 2 DI RED
EixEREN 06, 05 04TH2.

V& » Y [C

CHETCHE K= 2 —r VICBT B RIEER
HESVT, KROHE, BEOBIBFCov
TRRTERLD, B—R=a—u OFRIPIE
B, BR 2R RN I ET A I, IS » 0
oL, Bl v X9k EBBIY
5 AAMEEML BFECTE V. LA LIVE TE
B, HR= =—w v ORERBICET 5 BRH
BERTHE LIV OPOERER TR, Th
B0z a—uwvEERBza—r YEREILL WK
SROREEOHEIBICEZER 2D T 5.
Lzt - TR BRI 3 5 specificity
BHRME—R==2—n v THRV OLRTCEE
iz, W= 2—nr T specificity @Edinwv
X9 ThoT, FAMCIRB= =—m v TF
W2 bNBA Y —VRPRRY PIR= 2 —
v bEHATELD.

H—R=a—a VPHLEIR= 2 —r I,
HEVEE KRz z—n VR HE R 2 —n
VAR ERSEET A8, (TEr OBROE
#e, Eab, RELPBIAPEIL LI
HE1x, 5F Erickson 58 @ X5 Tatr&hT
wh, BOEREZENTSE, FR BFIR
=a—w b b AR O O P RIS
ERL, H—KkK=a—n v CHEOEVEER
BT oW, FoR=2—r Y TLEK
R XY BiEEERT VY. L LER
ma—u YRR IBA VANV, F—R=
2—u Y OEfFTEML, A v AVAKED &
DEHSERIC R Y, BROZEESET. EleX
ORBEE OFEBRE O EY, FH—K==a—n
VEDLESK=a—n v TELARS LV,
TOrHRIEDPD, HB—Roa—u U EVE
TR 2R YNEYF YT AREZZBTIER
IV BREERORELLEMLEBZ S, Lk
ERFRL TS,

L L LEEEDOVHZERELL, —HD
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Dependence of the antibody forming cell number on the prolifera-
tion stages of spleen cells experimentally produced in mice Sumio
NAKAMURA (Department of Physiology, Kobe University School of Medicine, Kobe)

In order to know relation of the antibody forming cell number of spleen to the spleen
cell proliferation, sheep red blood cells were given as the antigen with or without inocula-
tion of Pertussis vaccine or Ehrlich tumor cells (ETCs) to mice, and the Jerne PFC method
was employed for the determination of the antibody forming cell number per spleen. Time
interval between the inoculation of Pertussis vaccine or ETCs and the immunization by
the antigen was changed variously so that the antigen might be given at different prolifera-
tion stages of spleen cells.

The results thus obtained were concluded as follows. 1) The number of the antibody
forming cells did not neccessarily go parallel with the spleen cell populations. 2) The most
dominant increase of the antibody forming cell in spleen was found when the induction
phase by the antigen coincided with the stage of the rapid increase of the proliferation rate
of spleen cells. 3) ETCs showed dual effects ; one was the adjuvant-like, the other the

decreasing effect of spleen cell population.

{J. Phyiol. Soc. Japan (1971) 33, 640-649)

key words : antibody formation, Ehrlich tumor, Pertussis vaccine, spleen.
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AR RERERmMb 3 &, Biaro) o
iz, Miosak, BEFRLHh,
DBRHFLEFEL T, PFEPHET I L Sh Ty
5. ZOBMERED CoT, B b4 DF
ERCIE S ORIPRHENTEZ, LrL
36, 19634E Jerne et al.” iz X AEEMBIH
k# (plaque forming method) DEEZE iz X
D, ZLBHT, Vb sFEEEMREOED
EHET S ERTEREL 2D, MRV To
WL, SRRIEISEICERLIX
Lz X,

—7, RS TGEECHELEX
BB ESPBEABS R T & 2. L,
Talmage & Pearlman (1963)1V) 3HiHZ=D b
DYERFRIFIELL LT, EEERRTORT
k<, EERMREE LT, U _RMEoE
FEERL, BEMCEIREEELLERTIZ L
ZRL7. o3 T Beneke et al.2) (1968) %

3

CREfN4642 4 A 1 B3P

Jerne b0 FEEHA T, BHRYZFr o
BEEIC & o TIR R ORE S 5 &
&y, EBOGEEAMBAZ N EFTLTE
sz L R2MEL, TOEBRREND, BT
HETE U7 B 23T B s DT T 4K LA EE A
MEDSHEINT 5 & SR &, FAREAORE
EOCHERNLEEREL L. L LE
b, BEHRRSE DB OZEE) & TR 4 RSk
DEBILZ, FOBITEVT, HTOEIHELKT
HY, BOBECEZTLHEEEZ L E, Ldo
L, SOHRHRBERCTE b0 L Rk

S ENE S, BT B, HEOMMEE S Bohik

FEAMBEOBII & OBMRIT, FEEEOBIES

GERTAMEO—FRELTRIELEDN S,
CVERRKRBREOEERENTVE LD EVE

ko,

EE LD B v RTRBY Ao
LN ROREBEAMEREERL, EEOK
RCEFAL 2 VEBRREE 272, ¥/, B
BT F U~ 7 R8T, TOBE
R L LR L 0T hic X v, B
DEE L RHUREE RO L OB 4 12
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DELLEBHiSh3EEEZRBL2OTZZ
CBET 5.

I. RBMHE&IUEE

A. EBRMH

1. B : E4 6 ~12, KE20~32g D
ICR-JCL o~y =z (BAZ v7) 2HT.

2. ¥Rk (AT SRBC LIE#R) miE
TR (BRAAF « 72 VKRN b0
Rz,

3. HRRUZF Y UTP-v7F bl
omK (BEEY7FVTERAT TV « &
HAELTE) obozMfAvic. Zhix 1ml &
BHEE 40 BEBIUC7FI T rXY A R
SEREML EEERET 5.

4 =—nY v eEMig (BT E s
BERR) : AR E . CRABEEZ TR b D%
Bz,

5 7 % — v RS BACTO-AGAR
(Difco Laboratories) # Fv iz.

6. 7#wm—2% : HiKH AGAROSE (Lin-
dustrie Biologique Fransaise) # ffv 7z.

7. Medium 199 : 10fZ#E&#ERK (FEE M
EFERT) & vz,

8. M : EEEILENE Y b2 BOIREH]
R EEMCRLL, MEESM L 2%
—20C ifRFEL, FR (2:BBA) kZ h %
3 ~20fFIZ IR L THA L.

B. EBHE

1. BEFE

a. B SRBC ik 05ml (1~
25x10° DFRMERE Ee) ZEENICEA L.

b. P-v s o8 SRBC @ik 0.5 ml
BEEFFEE 72 3B P-v s Fo 0 5 5%
Wik 05ml (HHEZE4EELZEL) 2EEA
WHERE L . i, P-Uv7F  ERoRx

UToRETRE LK.
(ft&] [P-U 7 5 L HfERE 1)
— 3P ceeeieiiienes SRBC #&E..-- 3 HAl
— 2P e 2 HEl
P N =T T PP 1 B3

OP ceeverivininiiiiiieieienneenaenns B B
B T PPN 1 R4
F 2P i 2 B4

Poereennnninii P_yyf‘/@yf&&@

c. EEfgram SRBC ik 0.5 ml
5 LRk itgic E BRI (3 x107H) %
RNz ERE L. 58, EBfiaoEmesl
B P- U7 FUHLABORETERR L. 4
2, — 2E#EyRE#S 2 Aalic EEia e
BRELc#HY, ERIEBEROAZERE L.
HErRbLTVA.

SRBC B{E#EHMICKBEL D 4 LB,
T — T IVIREE T ICSERYIET £ 1772 - TR, B
B, BEHHL, ZzoBEERILERBIZT
P L7 B ELT 051k TR & o PFC
(plaque forming cell) $¥ &MLz, FiE
LE OFHEE T L ‘

2. BB RE: (plaque forming me-
thod)

Jerne et alDpFkic S, T X 5iz
BfiL Bl Bvic. BERBAA Y I+
SHEEIL, ThE 0.9% NaCl #% 10 ml iz ¥z
S, BHA Ry b THIL0[E pipetting L7z
K25HEBEBEL, ok 5ml %Ml
We Lic. ZO®HERD 1 ~10fFF % 0.1 ml
3 X Ut SRBC i 0.1 ml 0 % 45°C i %
BLTRBWK0.9%7 #e —x%E¢e medium
199 (pH7.4) 1ml B U7, ZDLE%, 55
MPUHER 6cm, X 13cm DY vy — v [T
14%7 # — N && T medium 199 CHERR LT
B2 TRO LicES L3TCHRIFEIC Ahk.
6045748 iz #i f& 1.5ml (3 ~5MEHR) 2EE
L, &5i37°C, 6043 IMA Licts, Wisko
HRET R o7, ok, OB LER L ECE
BRI (PFC) X W R &Eh 3 L&k L,
Bl oE» oo PFC KaHfE L.

3. BEMRRIE O FE

B L7c 5 © x 7z BMREER0—H %
Coulter Counter, B#I (Coulter Electronics,
Inc) # A v TUTOLGETFCHEL, o
fED DM R A L TR L L e
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(aperture tube : 100 g, amplification : 1/4,
aperture current:1/4, lower threshold: 10,
upper threshold : 80).
4. 509 ¥R M
HFHACO~TRLY, 1ED<-YZARHH
1ml, F#4ml 28ML GRCE. MHSH
%, —20C IfRAFL, JIERIC 2 h % 0.9%
NaCl ¥ChfERFERLUTERE L. Rk
0.9% NaCl g CREBARL, &4FHk 1 mlic
A (e ME0ESRIK) 05mlisx
U SRBC @itk (10f5%k) 1.0 ml &z,

3 —, ' 300
N // e
= / AN
~ ./l \\ S— (=3
= /-'//" \._____ s
R - . fe00 ,
s | e 4 =)
§ | o 5
a F
a
4 g
°1 100 2
5 &
2
5
=
0 1 2 3 & 5 6 7
Days after SRBC injection
Fig. 1. Number of spleen cells (+) and spleen

-weight (o) in mice injected i. p. with 2 x 10° sheep
red blood cell (SRBC). Each point represents the
average obtained from four mice.

200

~

100

Number of PFCs per spleen (xlos)
50% hemolytic titer of sera (U)

' E 4 5 6 7
Days after SRBC injection”

Fig. 2. Number of plague forming cells (PFCs)
{+) and 50% hemolytic titer (¢) in mice injected
i.p. with 2 x 10° SRBC. Each point of PFCs per
spleen represents the average obtained from four
mice. Hemolysin determination was made on
samples pooled from four mice.

37°C,. 6043EBIME L =30 (30001, p. m,,
1043) L, E{ © hemoglobin £% cyan-
methohemoglobin iz X Y JRE L T50% ¥4 L
FMERELE. T b b, WECHEHLE
SRBC ifsE 05 ml jz 1.5ml D#EAZ M
ZTEMEE, &bic 0.5ml offE (20657
W) iz, ZOEAHK 1mlic 4ml o
Drabkin KK % Mz TESHERCKER,
A& Uiz cyanmethohemoglobin & % It & &}
(Bausch & Lomb) THIEL7%. % D{EE50%
RifEL L, Zh e & o cyanmethohemo-
globin & % 5 5 ICHE R FOFREKn &
ko, ZOREOWRMAEME 2" Bhr (U) L L
THEb L.

M. % B B #&

A. SRBC B 58 (o FREE)

F T Lk 5ic SRBC Hph#rEaE% A
BICTI TREE LU, ToEZHEEZ—EL
THW 7.

1. MEERED I CBMEEEOLEH

JEE L g0 SRBC #E%I13 ERER
DFEETHERT % (Fig. 1). B E5HioMER (155
mg), FEHIRIEL (1.85% 10%) Xt BBy I N
LT, WwiFhbgE4H SRBC #5H&%EO0H
L) ikkEDEY—7 EL, ZRLEH290 mg,
3 x10° :EMERZERION 2 ffe, R
B 1.5MBciz o, L L, %6 Bicidill
EEOWD 2 Rich, H7HCRWTHREH]
DELIYV LD LLIEEERL TV,

2. PFC ¥ X OB MRl O EE)

PFC ¥ux SRBC ##Eain~ v 2 Dz B
TH Y Y 100~1000 58 bhicdd, BEHREA
WMicxo¥eHEL, F4ACC—7CELL
(Fig. 2). =0t %5, 6 HLBBAERD &
RLIED, ZOROEENIBRTH - 7c.

— 75 MIBYA MM 5% E 3 H TEP R
»HRZ T, kEicEmL T PFC $ov—
JIL1I~2HBLTEDOY— 7 ITELEZ. ED
#%, WEZBY Lies PFC FicRobhick
BB B EIED b o7
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B. P-vsF o
1. BEER X UEHEREOEE)

P-vrsrrg@EL g ik SRBC #50
BEZPPDLT, Thabb PR, OP #itic
ZoOEMREEREEE L, 2RTR S BHE
(P 77%/&&@1/7‘5.‘( ﬁ) L DOICEBED
bhirh o, LIEE3, 4, 5HTIR, %
BEEOES 100% & 3hiE, 140~165%DfE%
RL, ZOHEMEHE 52 Th ok (Fig 3a).
%7 OP B & PR GBI 0L SfRICHE
BoERBRDLNANP 0Tz, T OERREIP-
72 F vt SRBC o#REEMNZIE < HEmM
MR Z L ER L. B, MERTEREN
N 90mg b, %4 H TIEHEEL 215 mg,
P2 310 mg & 380 U BEARAEER & SEAT L7 fE
%< L7z (Fig. 3b).

2. PFC % X B M5zl o 258

OP #o PFC BuifE%ke 3 A Tl
DENLEFEEE L VWY, F4, 5, 6 HTIZ
bE bz OP o PFC FamEERLE
(Fig. 4). %k, P @iz PFC Bo®EmiiR
o7z,

i3, OP EEo Mg & fidx et o zh
LHHBRL TRoRBE W HEMA RS iz, SRBC
BEBOFH TR LABIT 3615 5 5h,
MEOBICEEDEZIRD bR ol

P EofEE 5, SRBC ##E r Ekic P-v
7F U EERL o B T SRBC B#5EE
RHEE) CHERL T, BEE, HEMKEE i
PFC¥cd 2B o+ % L vx 5. %72 SRBC
BIO P-v s FoEmgss (OP#H) 0fF4
Hick i) 5 kg L PFC %%, SRBC Hijh
BEOZES 100% &8 7z & &, BRI
1% 180 9%, PFC #ux 185% & 29, FH O
MRFZFFELL, BBEPICAHATETERE
sl

T, P-v s s oiREic k5 PFC ok
o s o#incEBE L Ty 50 TH A 5
. TORMICEZD e », P-vsFoiE
B#iz SRBC ®#EOMiKBEISE, Z0%)
BERBLIZOBKDERTH 3.
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Days after SRBC injection

Fig. 3.  Effect of pertussis vaccine (P-vaccine)
on the number of spleen cells (a) and spleen weight
(b). «, control mice (injected with SRBC only);
o, mice simultaneously injected with P-vaccine
and SRBC (OP); x, mice injected with P-vaccine
only at the zero day (P). Each point represents the
average obtained from four mice.

w

~

—

Number of PFCs per spleen (x10°)

" i 4 5 6 7

Days after SRBC injection
Fig. 4. Effect of P-vaccine on the number of
PFCs. +, control mice (injected with SRBC only);
o, mice simultaneously injected with P-vaccine and
SRBC (OP). Each point represents the average
obtained from four mice.



644 R AR D SEER HOHEFEEXRE D Rk EE AR 3 LI TRE

3. P-v 7y F o EEREOMER, B
¥, B PFC Bick XiEg+gs
SRBC#5 3 A, 2H#, 1HM, R,
LH%#%, 2H#&%ICP-v7F o251 @kl
Xdie, £h#h—3P, —2P, —1P,
0P, +1P, +2P gL +35), SRBC #54%
FA4BICR Y 3RER, MLk PFC %%
ML TAhiz. SRBC MR SO 4 HOfE
100 &L LCEHOENENDEEZ % THRD L
7z (Fig. 5). ZzofERE, BER, Mot
—2P, —1P, 0P, —3P, +-1P, +2P
HOMEICEL L 5 & v ofERE 2. Thb
L, —3PEEBRTE, P-vrsFrEENrD
HWEEZEDOHREVERENS OHEIRE L ko,
—J5, PFC #ux— 1P, — 2P Gk
2R, —3P, OPHTEFEMAED bhie
2, +1P, +2PBTRLAEBEL VB
BTz,
PR oRkR, ABHCBT 5 EIES X O

™
(=3
=3

_
=
=]

per cent of control

oL

-3 -2 -1 0 +] +2
Time of P-vaccine injection in relation to SRBC injection (days)

Fig. 5. Effect of the time of P-vaccine injection,
in relation to SRBC injection, on the number of
PFCs per spleen, number of spleen cells and spleen
weight. Mice injected i.p. with P-vaccine at the
same time or some time before or after SRBC
injection were examined four days after the SRBC
injection. ‘~’ designates P-vaccine injection before
SRBC injection, ‘0’ means simultaneously injection
and ‘-’ designates P-vaccine injection after SRBC
injection. Stippled columns represent per cent of
spleen weight as compared to control, open columns
per cent of the number of spleen cells as com-
pared to control, and hatched columns per cent
of the number of PFCs per spleen as compared
to control.

EEOHINZE L PFC Foigmszx PFC %o ¢
—7iz%% SRBC #EE 4B THEINEDY,
SRBC & P-v 7 + v REREICA LN X
9 e L PFC OB O ATHIfRIE b ik
RHONEP ot TORCEALTEDBICE
WY 5.

C. Emiukars

1l BEEB X UEMREOES)

EEffsorEE LR ER) OBk
RS 3 H IR L R 0BEmE R L
7z (Fig. 6a). Zok, stfREO MM
4HCELIEML T A0k LT, E#i
B LUE 4 B CiREEENOMECEL, $5,
6, 7H TREENMUTOELZRLL. EEH
BasfE L FEgic SRBC #4845 Li-g¢ (OF &)
DEHBEZEHO TR I ) 2REVWERL L -
TERHEOERFBA LR bbbl BE

(a)

— .
% / \
o
2
x
= R .
o
v o2 & o\\\ \ —
- A}
] X N
© o TN N
= d AR
7 .
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Spleen weight(mg)
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Days gfter SRBC injection

Fig. 6.  Effect of Ehrlich tumor cells (ETCs)
on the number of spleen cells (a) and spleen weight
(b). «, control mice (injected with SRBC only); o,
mice simultaneously injected with ETCs and
SRBC (OE); x, mice injected with ETCs only
at the zero day (E). Each point represents the
average obtained from four mice.
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Bz o T gk o 24k & Bk 0 HER S B
bhi- (Fig. 6 b).
2. PFC ¥ X i HE hEMOLEH

OE g Lxtato PFC ¥z lbmy s, M
Wy o PFC ¥z SRBC #5448 3~6 Hik
wihd OEERE L, i 4 HoETEH
Thol. OF BoMEMaERE 4, 5B LK
weRS LT3 (Fig. 6a) Z b b HELR
X5, Zo PFC BoHghnk BALRmEK
LYy PFCETHZLELIZERTH S (Fig
7).

Zhiextl, OFE #omEEmEMmiIsE 3
TEREE L FRICE» B bhvie s, LIg
BETHEZABRHIVE L » CIRVERZRLE
(Fig. 8). OEg k& EBEInEBsRE
gL (Fig. 8), FE/KOE MM Mg o %
NIZFFT L ClE» D bhie (Fig. 8).

Z DFRARICB T, SRBC & E A R Rk
58 (OE #) optadkiz SRBC By 5.a¢
BE) OZzh IV BILTwBizb bbb
3, HiE o PFC BuitkEozh X v #ML T
WAHZ EPEIER SRz, 22 CRICEER
B0z o Exiagms PFC ELics
FETEEBCOVTREETT, RiTH~3

~n
Number of PFCs per 106 spicen cells (xlos)

Number of PFCs per spleen (xlOS)

TR T i T ey

Days after SRBC injection
Fig. 7. Effect of ETCs on the number of
PFCs. -, control mice (injected with SRBC only);
o, mice simultaneously injected with ETCs and
SRBC. Solid lines represent the number of PFCs
per spleen and dotted lines represent the number
of PFCs per 108 spleen cells. Each point represents
the average obtained from four mice.
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Fig. 8.  Changes of 50% hemolytic titer of sera
and ascites and of ascites volume. Hemolytic titer
of sera of control mice (injected with SRBC only)
(+), hemolytc titer of sera (o), hemolytic titer of
ascites (x ), and ascites volume (a) of mice simulta-
neously injected with ETCs and SRBC. Hemolysin
determination was made on samples pooled from
four mice. Each point of ascites volume represents
the average obtained from four mice.

Per cent of control

0

-3 -2 -1 0 +1 +2
Time of ETCs injection in relation to SRBC injection (days)

Fig. 9. Effect of the time of ETCs injection,
in relation to SRBC injection, on the number of
PFCs per spleen, number of spleen cells and spleen
weight. Mice injected i. p. with ETCs at the same
time or some time before or after SRBC injection
were examined four days after the SRBC injection.
‘—’ designates P-vaccine injection before SRBC
injection, ‘0’ means simultaneously injection and
‘+’ designates P-vaccine injetction after SRBC
injection. Stippled columns represent per cent of
spleen weight as compared to control, open columns
per cent of the number of spleen cells as compared
to control, and hatched columns per cent of the
number of PFCs per spleen as compared to control.
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SRBC #:5 3 Hfl, 2 Hafl, 1HGA, R,
LH%#%, 2HZCEBMEREZEEL (2hth
—3E, —2E, —1E, 0E, +1E, +2E#
&35), SRBCHEL#E 4 HicBJ 2 HEE,
JEfmptask, PFC %4 4% 4 HoXEE o &
DEHRTHED LR (Fig. 9). HMER, B
Bui+ 2EB#E2BRVic v ShoBic By Th
BEOEX VB LTz, PFCHuz — 1E,
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A membrane equation of the divalent ion Yoshiya SHINAGAWA
(Deparment of Physiology, Kyoto University School.of Medicine)

A new membrane equation of the divalent jon is derived as
E =&T1n P, (2C;? —C, (1))+¢Tj
F 2P1aC1 2) _|_8P2C2(2)

and D=P,? (01”’ —aCy (2))2+4 (Plcl(l) +4P2Cz(1’)‘(P1C1 @) +4P202(2)),
where «=exp(—Fg/RT), ¢ is the surface potential, P; and P, are the permeability coe-
flicients of monovalent and divalent ions respectively, C; and C; concentration of each ion,
suffix (1) and (2) mean the liquid phase inside and outside of the membrane, other notations
have their usual meanings of membrane equation. Assumptions necessary for this equation
are equivalent to those for Goldman equation, including the constant field, the surface poten-
tial and Donnan potential.

Barr’s odd symmetric potential is not applicable to the charged membrane, so that the

electric potential is extended as
Ex)=—E(—x)+C,

where C is constant. In the case of charged membrane, C equals two times of the Donnan

potential.

(J. Physiol. Soc. Japan (1971) 33, 650-653)

key words ; Goldman equation, permeability coefficient, membrane potential.
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Glial membrane potential during spreading depression
under the effect of tetrodotoxine .

Eiichi SUGAYA*, Michiaki TAKATO** and Yukifumi NODA**

~*Department of Physiology, Kanagawa Dental College, Yokosuka, Japan
**Department of Pharmacology, Research Laboratories, Chugai Phar-

- maceutical Co., Ltd.

The relationship of the glial membrane
potential to the DC potenial shift accom-
panying spreading cortical depression (SD)
was suggested by Karahashi and Goldring®.
The fact that the SD can be generated by
KCl application under the effect of tetrodo-
toxine (TTX)®» prompted to investigate
the change of glial membrane potential
and the DC potential shift during the SD
or during repetitive cortical stimulation
under the effect of TTX which caused the
loss of spike-generating capability of

d

Fig. 1.

neuron. . -

Cats were used. The experimental pro-
cedure is the same as previously described
23), The glial membrane potential and of
the surface record are led to both cathode
ray oscilloscope and pen-writing oscillo-
scope simultaneously.

The glial membrane potential shows long
lasting depolarization approximately coin-
cident with the occurrence of the SD
which is elicited by application of KCl
solution in the region of TTX (1075 g/ml)

KCl-elicited SD and glial ‘membrane potential. Pen-writing records after TTX.

The eletrode arrangement is schematized by the insert. a : Surface record. b : Intracellular
glial potential record. c : Extracellular record adjacent to the electrode b.

*OERE— )RR E
WREEEMAE, BPHET : RO R ST
(Received for publication March 29, 1971)

as shown in Fig. 1. This is the same
phenomenon as that seen during the SD
in the cortex without TTX. The electrode
c of Fig. 1 is placed extracellularlly adjacent
to a neuron about 200~500 z distant from



SURFACE
EXTRACELLULAR
INTRACELLULAR
—
STIMULUS
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500msec
Fig. 2. DC potential shift (upper most trace),
glial membrane potential (bottom) and glial extra-
«cellular potential (middle) during repetitive electrical
stimulation of cortical surface under TTX effect.
Intra- and extra-cellular potentials are led by
‘pencil-type microelectrode. A : Control, B : 30 min
after and C : 45 min after TTX application. D :
Record from normal cortex near TTX region.
Insert shows experimental arrangement. On and
off signs of repetitive stimulation are indicated
,}_)y upward and downward directioned arrows.
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the electrode b which is penetrated in a
glial cell. The record from the electrode c
demonstrates a pattern similar to the sur-
face one (a) and shows the opposite polarity
to the intracellular one (b). The electroede
c is also for check of disappearence of
unit discharge of the adjacent neuron which
was firing before application of TTX.

In order to examine the role of neuron
discharge on the SD, the effect of repetitive
electrical stimulation was examined. In the
normal cortex, the 20 ¢ps repetitive electri-
cal stimulation on the cortical surface
evokes the negative DC shift with a long
sustained glial depolarization (Fig. 2 A). By
TTX, 30~45 minutes after application, the
negative DC shift and the glial membrane
depolarization disappeared completely (Fig.
2B, C).

These results suggest that the cortex
deprived of neuron dischrges can produce
both the DC potential shift and glial mem-
brane depolarization after KCI application
but not by electrical stimulation.
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A method for continuous recording of
minute local sweating ‘

Haruhiko SATO*

Department of Physiology, Nagoya City University Medical School

The present report deals with a simple
method for continuous monitoring of small
amount of sweat up to about 10zl with an
almost same. sensitivity and accuracy of
measurement as compared with those using
resistence hygrometer®) or infra red
analyser!?. The low cost of apparatus as
well as the simplicity of measuring proce-
dures is thought to be advantageous over
the other methods mentioned above.

The instrument consists of a cylindrical
capsule (acryl resin) of 20 mm inner dia-
meter inside of which a filter paper disc
(19 mm diameter and 0.26 mm thickness) is
pressed against skin surface with a silver

plate electrode with the aid of a spring

wire. The skin of forearm is used for
human subject. The electrode is connected
to the input of a simple transister relay
circuit. Output is leaded to pen recorder

through a. D. C. amplifier. Change of cur-
rent between the electrode and an indiffe-
rent one which is pasted with electro-jelley
on the corresponding area of the skin in
the contralateral forearm, can be recorded
as the change of voltage. The volume of
sweat absorbed in the filter paper can be
estimated from calibration curve between
volume of fluid absorbed in the filter paper
and pen deflection of the recorder. The
calibration curve was obtained by moiste-
ning the filter paper with known amounts
of physiological saline. This curve was not
modified when concentration of NaCl in
test solution was changed from 0.03 to 1.0:
9. Since variation of electrolyte content in
sweat are usually in the range of 0.1 to
1.09 equivalent of NaClH79, this calibra-
tion curve can be used for all responses of
sweat, regardless of their electrolyte con-

(1) feh 107° gr/ml
P
heh 5X107°
3k
Ach 1074
[
£
3
g2r
3 hen 1075
=
H
1 heh 1078
hen 1077
- ; ; ch 1078
00 1 2 3 4 5 6 7 8 9 10
time in min
Fig. 1. Typical recording of time course of sweat secretion in forearm of human subject,

by intradermal administration of acetylcholine.

* RRERE  AEEM SRR EERE A
H=E
(Received for publication April 20, 1971)

tent.

There is a possibility that this measure-
ment is influenced by resistence change of

the skin itself due to the secretory activity



of the sweat glands, as studied by Lloyd®%),
Richter etal.®) and Takagi and Nakayamalo).
But it considered that change of skin re-
sistence is negligibly small comparing with
large change of resistence across the filter
paper due to moistening. Because the latter
changes from infinity to almost zero when
it was moistened with 104l of test fluid.
Therefore, the change of filter paper resi-
stance in this method in due to externally
secreted sweat on the skin surface, up to
10 pl. ’

Sweating was initiated by intradermal
injection of drugs to the central portion of
the skin under the capsule through a long
injection needle (40mm), which was fastened
to the skin at the initial position to avoid
its dislocation.

Typical recording of sweat secretion in
the forearm of a human subject produced
by administration of acetylcholine in various
concentrations from 107* to 1073 gr/ml is
shown in Fig. 1. At zero time, 0.025 ml of
acetylcholine solution was injected. The
acculated sweat volume (ul) increased and
latency decreased and slope of the curve
which indicate sweating rate become stee-
per in higher concentration of acetylcholine
solution. Different pattern of responses
were observed depending on the subject
as well as body area.

For recording in cat's food pad, a long (40
mm) and smaller diameter (7 mm) capsule
is used. The capsule is placed at the
central portion of central pad of the hind
limb utilizing a micromanipulator, A ninje-
ction needle for administration of drugs
inserted subcutaneously near the measuring
pad is also used as indifferent electrode. By
the intradermal administration of 0.025 ml
of acetylcholine from 1077 to 1072 gr/ml,
dose dependant responses of sweat glands
were observed in the similar manner as in
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man shown in Fig.1.

The author expresses his thanks to Prof.
K. Ohara for his helpful discussion on this
work and Prof. K. Hotta for his advice in
preparing the manuscript.
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On the effect of tilting from horizontal to head-up tilt position
on the microvibration of the body surface Toshiyuki Ozaxr*
Sechiko Sasakr¥, Hitomi Taxaunasar* and Katsuro IGARASHI** (*Depari-
ment of Physiology, Hirosaki University, School of Medicine, Hirosaki, **Department of
Pediatrics, Hirosaki University, School of Medicine, Hirosaki)

BB o hFERECHRTERD bhiv
AT FETET A 4UNESh, microvibration
(MV), ©RREL BRIz o\ Tz Cic Rohra-
cher® DIk K OFERERED Y, BEDHKR
DT MV % HEWREEREICCAT 2R
HbhIThbhTva. RIFEHY 1335 ICHER
W®HHEH L MV BOEEIRO RS niES
R DB L FEEIC X CHEBIL, FEAENS
HTiz v TOEEIK O 38 b I REIRST & X
LTELT 3 LI EEPLEE MV 2.0H
BIROMEERLE LTOERT 2R TEDT
EERFRBLTVS.

SEOFRRNMIHNESEENCEI TS Z
L AE S T B EEAKEALY & SR AL
AOBERIERRITEE S & I REER MV 2k
IETEEFHELICT DI TR D
ThH 5., MV OBH I EEGR L BEEk Eodk
HHEie MV @By 77y 7 (FF VY
Vo vEBREERET, BANE, BR) kAl
BTEEL, YBERHRLT, OEX, ORBEE
X, MEUREE, fRRARIRE, BRAL LR
WEEFL, RV T TR L. B, #F
KEzEHRT3ehOERELLTE MV 0%
BULRERH T b 3 XBRARHEAL
2. MV O3 i X BAERE O atric Lid LiE
RS T 5 MEAIER (FA-201 B, =
SeMER, ER) EZISHLE.

Fig. 1 ic R A O FEAKFEAL & SEER_EALE
FIRIC BT BFEER b VI RHEER MY, IRIE

CHEFR4642 5 F 6 HEEM)D

&, FERARIRE, DRMER, OB, B
MRERTV S, &F, EREECBCTER
TN I AR & ¥ T R A O KR LR IC
B3 MV o@fnikEsh: Fig 1 ZfICT
EN5 X 9 HEER > CICRER EER OV
NOBASC BV T HLERORERSCIT
¥, DARHEIRK O 175 5 T 2 RS, fRRAE
FREORB L AEIC ISR LTHRALKL. &
B, LDENORECHGT 5RHEE MV 0
b I IRBNAR AT (X PEIR 0 B Hic R LR BT
WE LIc. Bk MV 0 Z OBHEBEA
BT BEEIOEHEOMHEEREL LT
Eokw L oHEE MV OMRiEES L bIHERIC
ICHB LU THBRLEZZ L2 LRRERIC X -
THET B LHHEEOAHHERIC X 5 2 LASE
mEhD. nB, SERICID 2 bRICRHE
B MV o&# (2~4, 4~8, 8~13,
13~20, 20~30Hz) iz 313 % ARy DES
fEx 8 ~13Hz o BEE#ERICB Y Tho L b
%<, 4~8, 13~20, 20~30, 2~4Hz ©
JEIZ/&T L7z,

Kie, REERAORELZRREICRT 2 MV
B X ETEBATEAL S b S - AT208 ERNC
LA MhEROFELAB L, Fig.1 FRlC
FENB X5 ICEE MV oRb mIEBE L1
REFEIRE OREZ TS HBICERE L.
b5, BHEER MV 21 2 ERLIRGRHOE
ERRE L. Z0Es, BiEH% MV o) -
L EE LIRSS Th B 8 ~13Hz HIROFE
SEZ20EFESC LV E LA ERBT AL ER
VRRRIC R L 7oA, AOREMERNC XV HEBR L 7k,
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Respiratory movement (Resp.), plethysmogram (PTG), microvibration (MV, parietal

Fig. 1.

A I

20 M-1009-2-1-|

lead), microvibration (MV, thenar lead) with analyzed integrated values, apex cardiogram
(ACG), electrocardiogram (EKG, standard limb lead [) and electroencephalogram (EEG)
before (L) and during (R) tilting from supine and horizontal position to 20° head-up tilt
position on the tilted flat table. Each calibration in the right side indicates 1 mV in the
respiratory movement curves, PTG, MV (parietal)) MV (thenar), ACG and EKG, while 50

£V in the EEG.

RHEER MV oS0 IREIRIE O M5 Rk
OEE MV [CIRIBE T80 bz L
5, BRI X 5 0MHEORDP LB L
PIRREND. 5B, DEHEOEEAFEA
2 & BRES_EATIEAIS 2 81 5 ALE~ORIRE
FWOET L FBREZ A L CELELHEEROR
DPRBIBZLicEBbDLEZ NS, &L
PRI X D RHEER MV 124 b h B B e
IRAE O HETRIT 20 fEAIF X D 1340 (% 721360)
EEMOBA RO OND I LB EhoTe. %
DEFRT BRI X 5 0 TENEE 0 AT A
Bic X VBT Az LixEEETH S, LaL,

T OBEFREZBRERL b VB2 FL 3
TeWERolb v IEENPD, BEL KA
THIC X BRI BERS OIS L BRGEED
ERE OSBRI LRHER MV o LBRIMRES)
R ETXE DR P EET S EFRSCE

THZLBHREINETHA 5.

P EDRER D> S, HEAKFM L bR _EALHE
Fh~ DEMIEER € X AFEE & BHEER MV 0
Fi3 B b O MATERROATNERNIC X 5 L&
x b B, FHEER MV oo R%IHic o
TRAEBRE DR ENEREHEEFETD 5.
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A simple method for determining the axis and .the focus of the
eye in the visual experiment Shigeru YamaNe, Shinji Kaj and
Noboru SUGIE (Electrotechnical Laborators)
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Plate 1.  Photographs of the cat’s retinal images projected on a tangent screen by the
irradiation using the light source system of a retinal camera. The screen was placed at a
distance of 1.71 m in front of the eye. Contact lenses were selected in order to focus the
retinal image on the screen. In this case 0.0 D. and +0.5 D. contact lenses were fitted
to the cornea of the cat’s left eye. And it can be seen that the cat’s eye was well focused
with a 0.0 D. contact lens.
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SEIAL, P m%m%,mﬁﬂ%,"

'1535
Iny &; peak time 27 msec @ posmve i;ﬁr“fp !
&bl‘oi’bé FebiEREEZR

5. «-ﬂ’ba@ﬁrmﬂ:}@i# Y Ny, Nz, N: @

CHF LT EBNTE LN, SEOWBREEDNOVER

T B RFAENCIL early component & late comiponent

CHUTERS {’FFﬁﬁEE%T\ Lf\_ %@@ﬁﬂ Lz
BRI HHIHIEL & Ti morphine, procaine,
pentazocine, barbiturate, chlorpromazine, myane-
sin, HIRBITESE & L T cardiazol, amphetamme, ]
ATP, cytochrome C 7 }; < a"a % 7b>, Zhboik
WO _FERA R R B R O Ry early com-
ponent {23 U -CHURHIEIZE IR 9 i, FRHRER

EHEHEENCEAT 2 L ThD. LHLLD
TEFAREEE 2 X HIRE L BT hig, e_érly com:
ponent ©% % Ny, Ny 0o QA+ 5 1E
H & Na a3 51EH & TRETOMESR
B3 X5 ThH5.

FTTRHE ST 5B AT T 5iRgd
9754 G 1X early component VX418, late com-
ponent VIEFNCEIREH S L vbivTw B 25,
ORI L OS5 barbiturate @ late
cnmponent {Zx) 3 % MR WHIHIERE, &2 W&
BT 5 ERTH S Liw. —HZh
L bﬁ:?"}}[{@lﬂ’ﬂ 1z morphine, procaine, pentazocine 7%

DEUHIEE, i b 2L Ui & [ ffearly
component {3 \WIITIE & 28 31E A O B
o7,

‘ & ]atency D W
\/”5@73’13 Ny, N3, N3, P, N,, Ns &“T/\J TWw '



3. LELMEYHEESXTID PGO 281 4(CH
B L ELPEE R E RIS (DCR) DR
CEREE (BA¥RER, &, 4H)
SVEAEVvERRE LR & 2 T, HENEE
W, FEERy 100 msec, IRIBEE £V OBHRITAR
BBSEETS. COEE PGO R34 7 LIEIE
A, WHEREPCR S5O EF CEECEDS
L HoLBbh, BOFKRECXVEREELhic
FEFEROMEMIEOREXC LD EFEL AT,
5. :

VELEVRIESL, #F 3 vTAREELIE
FRER 2 OREHREHEHORE T DCR %5
T5E, PGO 234 JORBRRAPIL T, &
BiERRAGoRECHETLLE L b5
DCR O#i o /N & istEoikh &, ThiCkE
{, HEEROBREREEMLEXDONLIRER
et iEh, . & OTTEIRICE LWIRIBOHEA B E
Bhicas, EtEoREh, BRI T,
X DEWRE R FF . REFER TRk LcDCR
LEREELWEERZIT . PGO (7%
EUERT X I WEALEBEEF T 1, HEHED PGO
R34 7 O3B, DCR Wi bixRS
i o, .

RIER - & 5 RERRHEOZ R EN D
PGO A1 7 © BHIZ—FH L TELWEEERR
7z, . o
rRoEEX Y, DCR 0RECHESTIERE
FERDONIE A, PGO 231 7 DRHIT
BELC, oML DE LOWIBENANZRYT,
Z T bOEHBEENHREC X - TiHEmEh

ELERERBCE D, BREEBAOENRIER

BT LR, REBEBMORELZDLET
LHREHREINB.

4 LFFREBTBEEDEOMKE LB
CEEIAHR, MEEN (KIRTX, E, F—4EH)
C YT - VT EE R R U A R AR AR SRR
BWEMR D EFNCIS L TELBRIREAORS
DMEFRNE { 715, T D depression & IEIENHHE
HiiE : LCEENEORE (depletion) itk
HDOLEINDLR, FOXWHHEDIREE 7 % Ach
T HERERT S L END Ach 0—Ef4 T, readiy
available fraction ZDLFTHEIEN TV 5. RE

ST F vV F = OIS (NE) BT 5 F S0

& ¥ 663

RO Y F TRACOWTHETSSLZZTDH
FOBRGHEEIh S L2 RHLES, 0
HEIIRE R CH D DY T T ANERDISEM
SR = & bic graded (LT BHEBEED
SFTRELER TS, FheF A LEAH
BEaE L P 2 TERRTR o7,
FCTHEBIEM TR » 722 213 EPSP OiRiE
W, T7bb depression (HBWiZZ DEHER
MBS 25 HHEY &b BEbhs) BAVEER
EoMEzMbTRt X555 LT, £h
RAERTORELNLAMATHS. TIbLHE
CHIET D & RS OEERE A S
BT THBOBRTRMOHE LR CEET
EEMEMHEBLTRL X RS, E—&E
BEOHRESY 52 TrVCBET2TEE S &
ThbEMELHIPEdB LR SES LEDIT
EPSP %35 bbb 5 2. & bR bhiz. Tiibb
readily available fraction *\» o TH{THEZEL
FohDTIERL, FORITHBGEE T Rb bR
WD AMORE IOBRKELTEDONED
DOXS5TH5D. ERWEHBECLTWBIHRZ
BRI R BIEICOEF & LTSRS Ty
B olebDTHBD, JEGE VI BFCLEE
XRALEGZEERZLTEY, ZOE» LR
EOHDHDEVE LS.

5. Nitella gfiBEEOH Y 9 LB EBERE
thph Uy LRE

R E GREHEKXR, F4E)

e o KigE Kb 22X gt EOEE
MOZE{bs B, Nitella HiMMAOEEET O K
REZHE L.

Voltage clamp 3% AW CHRIEN OB ZER
EoFmikcEbxEsE, Ko 2 1mM LITD
BT, BAARLAREERBRN, Thic
Bl o X BRSNS, ke - fiast
DEREEEINAEBRSEADL ERDIAE
VERZRL, NAEEROBS LICERIZEE
BEAHTS. Ko #5 10mM Bl DB ETiy, 22
ROBSEC X2 BEEREIRMAMETH Y Lh
AW THR E & T B B, BURESih
5. COFE2 ORI EBIREKFEEERERTS
2, RHTEEEEEEYERST5. T oM,
W - SPAS R ORI T A EEL LT,
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B 1 ONMSERRBERCHNDREROHH
BIOCKREXIZ Ko LEBECBRLTYLGZE
b, COBEMBELLTK RX1EENS D
DEEZLTEBTELS. RIL, Ko 223mM
D & XTI ER A LE OfED B9 —30mV
DECERGE BT EET, HCDTE2D
A S BERIEbhb b, T - sk
iz, Kl #5 3mM O & & ciklgNEBER —30
mV &b tudipiaskrh o K oBRfbE
HEEX Y K 0OBKILHBEMEL L5 X5 RIE
Wm &L 1 ROBEEZ N U CHlasR L L
THET L EPEZ LS. Hic, EERSO
DEE, TORMOBAMLBRNOEN EPEL
WEFETS L, ToZMoKIEERY 20mM
Lis5.

Nitella T3\~ CHEHE « FFIS1 < tonoplast
L plasmalemma LE5 2HMOBESELET 5 D
T, 1&OBEZAN L CHIEAKEEL T 5%H
302 OBEBEET HOT, 1KROEEZAL
THIFEAE L LTV BRI Z O 2 K DEOR
OEHTRbbREPELERTSE EELONS.
EFRE 1l ONMSTBIREE 2 ONA S EIR L OMH
i s A 2 EE K 0ZF(bic X WEER
a5 3w O T, TO4EEEFIT tonoplast
o Kl ity 5 Z@ Al AT s 2 &
CEXbEEZDBND.

6. BHEH=a—OVICRTDILFTRGE
BEICxHT D Ca kL Mg 1 4 OYR

BESE, RARZEY (KX, E, $—4H)

ERF=ALHEWIEH~DOEHEE Ringer KT

R, ERRhoCaf 4 v Eind 5\t Mg

4 FVvERERSEREET, LC oRERKT X
DAFRER—EE) = - — v VITEET 5 EPSPOX
XXM THTERLRY, B, X2 OFMER =
2 e- B VIV 2 S NERIT X - T Ca
BIO Mg 1A veERHS®szL XD, &
Bz = —mYRRETDL YT RAEEBICHTS
Ca 85X Mg 1 & v OhRE 54T L.

2 BRI RS 2 B a, MR A—ErRHA

TEE2 DEPSP i~ BREE1DOLDIHKRTH.

50, Ca 44 vormcXk hE 20 EPSP OiF
KEBZLWATS. Mg 1+ v IERX®

BTN E JFCE 2 O EPSP DK ESRE

B

L5, ,

2 BRI ORSEREZ BT LTRIBOM S &
LB E, £20EPSP .1 0 EPSP &
DEBRTS L, EFRRTIRiROESDOET
WETFIRE-BL WS, Ca M4 vEiEms
BH EHEPER LI BIT LI » TEDERED
T5. 2hitRLTMg A Fva2ERSEgs
WREDHREFRHE LRI L5k
BRT 5.

EHEEORENN L5 2 TERIRBICE Ui
D EPSP ok & X L KEERBOBEOTh E D
ik, Cat A votimick v L, Mga v
REASE5 L 2O TS. 72, KER
¥z X % EPSP o plateau k& X & Bl iz
X% EPSP L oltbix, Ca o A4 viinic X v
L, Mg 1 v OERIC X » CEHICHEXRTS.

LA E®D Ca 1 A v O%hEI% noradrenalin DFIE
CXoTEBbiERLRS.

1. PT cell OFBICxTY B MBBEARIE O
R :

EEREE, RARZE (FX, E, $—4£H)

*z2d PT cell wi/NEHBEFIAL, PT cell
DIEFTH T B MEERAE (RF) o LCHE—~
R OhFE 2 Ui,

PT cell kv Tix RF i X v30%0E < &
$HE ¢ antidromic spike 3% 5IBEE3H D,
Zhx PT cell piiizEss RF neuron il % %
2TWBHZELEBEELLNS. RF OFWH
Bick - T PT cell icFdt+5 IPSP (HELIL
7= latency 3 X OF time course #F 35 Z L HE
&I by, FEREEN occulusion T & B
5, RFfzc x5 IPSP 1, ki PT cell &
MRS OERC L DRTBPLVEERTYS
LEZBNS.

RF Rz X - T PT cell w54+ % EPSP
@ latency 1Z—fi%ic 2 ~3msec ‘TH - T, disy-
naptic &£#& % b, LT OREHRTEWT &35
Xy A VBRADBPREETIHRVE A H D1
%. L»L, RF il ic X » THEBEORE
EPSP #3584 534535 0, £ o type ® EPSP
% antidromic EPSP {2 U C peak {TiET 5H:
A LEVWH latency 35 X OERERHLOIRIL L
TWBZEREL, 2oz b RE LS
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EPSP % PT cell (slow) 2> & D#tE Itk DB i
Lo TRETLHEMDBHBZ E2RLTWAS.
RF pHE—fi#ick - T EPSP &5\ iz s
5 spike 54T BH A2, 3HBICEA—OH
T IPSP 7 dominant it/ 53&45 0, RF
55 PT cell tZELEBKICNZET S interneuron
DIEFD 70D labile TR VWA EE L BN,

E72 RF OB —~fiic X > B+ 1 7 L
EPSP-IPSP complex %3 100 msec Ll _kiz 437z
S THETSZ LMD Y, BTi3figz 52 Thr
52, 3BFRZOIS BEEBROIhDEZ &5
H5. BRENELZITR>Tw5 PT cell k3L
TRF Offz 5% %L, —RcHRBEREZM
%% 528, D4 IPSP mechanism iz X
LI I 2, BRERSEENREI XS
inactivation SEFEMINBEZIEIT 5 LE2 bh
LEENRED.

8 DTN F TSN T L E Y TR
DUz T
FILREE (MFX, B, $4m3m)
DETNF = favk, BHEREER DL, B

KHNEE DL D2 ORS BB, EHED.

RESHE, BAROHE LRV EHTHS. B
MIEMBIC X B ERERK LT, ThelR+s
DH—ERERS, FEHE»OT, LEBOWERS
SPBARATIEDRTWRET, MNEOEICRE
LT EBHD, TOKBRP D, LML E N
R OB RITEB 2 LB L Chde, v
PORT/PME= 2 ~ 7 v OEBOERIT, B
bl &z 5.

1. #Elams e b ORERD LK

1R DLEBHEFTOVTD, HIENERLE
M (unipolar eletrogram) iz X % [RIEE04R1L,
BEPIEO—RMISBER T L X 45
NTWS. T E/PNET L+ v =40, BREEIA
AR L OCRIABORFRL L BRTELTHRS &,
Nfi=2—m D47 e R31 7 (JHla
SLEEER) B X O OMIFENETSR S — Ry IC R T
&5, :

2. INfi= a—mrYDTF b —EEBF RS
7 D&k

R, PIR= 2 — v VY OBF VS EBEER S
SRATERE TN TVEH, ZThieBikER e

&% 665

17 OMELHBDHERE N, PRI ILE v =fmig
T, 77 =B LVARAL ZIIEEORS T
b5, REFSGCHEEZSMETE LB TES,
3. HHEL VEAORE

PMEGFRET, T vaoBRERICE
BAFIATRE, AL VEMORGEINL L
BH5. PEEED X 5 REGTIE, CoEFE
D ERLBNR S SRR E 7 5. DS
MELHBLTAB L, EO~~R A —H — 1P
RETHEZ EBWEEL LR T,

8. REOHMTEREICOL (T2 —>
)

WA B (BRoK, 8, AfEdzm)

EApmrk (Hok, 250k, 030k, ®k)
ZICD, ¥k, &EWLEAEHRE OREEER
&, BRLLTREAMINELhEThomkt oo
BRIC oW TR B R B STl e, A%
T, 7» FERVHREROE K= 2~Rr VT
H5HERMR LN T HHREBEBVH ChiRITZ
AbNB D%, TOM—HEENEY ) OWER
SRGMTHC LI X DRE L.

R & LTy, 1M BEfEERE, 0.0 M
RIEK, 0.05 MiBERERAHF X 0% 0.005 M s58k +
=— R FWE Rz, RWREEE T 5 E—k
BRI O CRBE M L W Ris 2, &
TR RSB Ltk y, ALTHERKE
&0 TESRE OB U 7o fEHEVE £ ORISR TR
BLIebD &L, T OBORKIEES X Ok
RIIEE Lh -7z, EEICEIR Lz 400 NOY: 8
— W% T DRIGIBE 2> S5O A A bR i 548
L. L LB OFiEL D7, &% 1/5 1T
U7cdok v T O 2 1775 - 7. BB 40
L TRBNABOERDIEME b S Cd/ER Uiz
BOME DM i Y i +5 2 Lick b, Ak
FYTHBR IS U TR E TSRS F N ST LS &
—VTHPNBZ L bhrot. LEERoTzd
X5 B 5 — v it X B IEHRBEIR i W TR
TSN B, KR L~ LieswTd e
FRER D4 — VTELZ BhTWS L2 b
ha. ZREOREKCHTBZM- % — vkt
BT2TLRED, CORE—VIIKROBEDORE
AL, KROBIERTIDOTRENE EBHERS
N7z, FEC, 0.5M, DL-alanine, 0.01M Na-

EIDII:I
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saccharin0.05 M ‘MSG; 35 3070001 M AgNO;
vj@"ﬂ(iﬁfﬂi ﬂ'L“Cx B%Lf:/\& /b ow“c%"

0, ﬁz»%ﬁ&@ﬁiﬁ®*ﬁ%ﬁﬁkﬁ?
BEGHR S
@%Im(ﬁﬂ%Fk,%,iﬂ)
ﬁlwﬁlﬁmwﬁﬁ@%ﬁﬁ?éﬁiW%%
FORHRCE =L, %@%ﬁn‘o 05mm U\
OB BT S5 7 « VIREEL T, %fDTﬁ{RJ
#%Eﬁ%%éb% ﬁ&éhf%%ﬁé@@ﬁ
BRI 22 Btk D prepotential ({FEh 0.3
mV) VT, $915~2mV OREER -S4 7
Hbhs. &wﬁﬂ774JF%%%LﬁL14
VoL ZRHIR NI T RE BB RS 7 23
&,mfkﬁéﬁﬁ(ﬁm%O&ﬂfﬁﬁ%2~

&mw)éam%éﬁgﬁ(%WWOZmV'ﬁﬁ

#’J 200 msec) REbID.

LEMElY v A VR IC tetrametylammonium

10 mM 2Nz % 2 B HEA oRmER 2 i
BE Y, WEME LR E B 0L S R
5. ummdMﬂmﬁﬁu%é%%ﬁ%ﬁ%
Xz, Tetrodotoxin 1% 5 %1076 aFJ;"E“C 545151
R 1 7 BRI, prepotentlal BED.

1 x 1075 J4 ¢ prepotential ?lméﬁ%‘?‘é. -MnCl,

WE2mM/L T R S A 7 BRIRECERT L, pre-
potential DHAEEICHLE NS, CsCl Wi

BEAOENPZMAIE, TOHMKICIETLTK
BaEE R S5, CsCl & 25 mM/] DA it/ s
L, ¥ T0c/s DRBMERBFIMIEGR Lk,
WEEILTS. Y VFLREPTS ERELTE
BRRS. ThOOERER, DMRRHCTOA
VLA R EET .

1. REREo FEXRSRIC T 3 EHE
EoBRE
FER—W, BMEh (RX, E, BERSE,
2R3 - ‘

EAa xR IRAY, ToRMRERR, 1
AR L EECHEEREZ S E, SMUERED
e EISRT 5. Thid i U THRMHREMR
B X% O LETR SR OEEREE R KOHEE
R L.

1. AR X CHARRMIT X > TR LR

# &

BRAREIE DS b; §980%%5 EEAIMKICE > CH
Kelfe. £ OEEE, RO RS
hbfiﬁvﬁ%tw%ﬁﬂ%mﬁﬁk~%bf
wé

22 J:En*yiﬁﬁ%&@f‘ MRy, Bk R
DS 35mm, BRI BT B 7 RBET
DI DR % 0.73msec & UT,| FkiRr Bk
BB, HEEE 3 ~ dm/sec T L LT~
10m/sec DRCHHT Be ﬁﬂ%ﬁﬁmi}ﬂm
6 5 REE{LVLERS Bt o T2

© 3. R R ORI, ?Ei‘ﬂiﬁﬂ?lh%k:‘s
oﬁ&ﬂ%ﬂ@ﬁr@ﬁ@%makbahaw
F ORI DIRT O % (Exp: Neurol., vol. 25, pp.
378~392 11969) i iZIE—Fk Lo, :

SR ?E@’fxﬁ‘%’r’@@{iﬁ;@ﬁ@ﬁim%f&@ﬁ
ﬁ%ﬁaa@k@ﬁﬁmowrm&%nw,mﬁ
LA ETRTOBWHE, FHCEWTEEDRE
Bbs, () FERIN08,LH02ETT bz
B9, RV L THEEOREI WL ORE, S
VULTHBWRE R 5 1T B, O2EBHEDLN
Fo. (i) oBER, BOAREEDS DEEOKRE
WO, IRV SRR ERiED LS
RS RC—B]LTW5

12 BRSELEFBLOERIS
CAARFERE, R (REEK, FREDT
BE REBMESEOLENCH - T, £ERL
EREOWED, iR, TARARLELON, &
CRETITE D DH.
ﬁﬁﬁzéwkaﬁ%m%wﬁ
KERAI.
VUL Dbl 5 TW5, BB OERLIET
HEOKS. . '
S BB ORI ELORIE.
W WE AR E LT OBEIR bR bR b T
DT T, BEECHET BHRED—2IEL
5x25. ‘

13. Hypnotic suggestion DFBEDIEHA

BARYES, WEER (RA, &F, REEKS)

%% psychological suggestion 3, AF— Y
BEosfmReAEREERELBL LR, L
ELIERBREINBLIATHSD.

mwmx g A, HAKVL hypnotic suggestion %5
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ZOBRERALCHD, FELIXI6TEDR, &
BOMRZITR > T&7. BECEWTIELEY
CZhERBFCSALTHREDT S &5 R
WETRIELTHWEREWS, REFTIR-TE
T EBRBIZHEA Licw.

&Y, EFBROEFEECHREE 5 2 5 B
T, hypnotic state 1T\ CEBIAR OISR,
relaxation T3 & LANDEREITE -7, #ik
FH3 B & DA T, hypnotic state TEE DIE
TEEx5 &, HR, L BEERSZERI
W3 5. ¥, relaxation DEFRITE - Ti#iic
IPR, LEE, BEREREREAS TS, L LES

¥R, T O relaxation DIKAE R ZRH I HH X
T ERBRPIEPEETH > 2. BEIFROBE
BIROZFER LI U< EBERFHIIE 2177

Vv, BREEHILRIBICS 0 R D, FHIrikD,

EEILTWBZ EBELI R - T,

D%, HEMNOKALY, B/l oA~ ﬂ—
DRFE~EFRL, FHE_5EN, =ZHEHE2HRTC

LB OB BENZ & > THbB &, FERLD

hypnotic state ZHBEF D IE 5 PERVIEHT

ZEHLDIN, THRFERRT LB
25, BREGEFTHC L, EREEWwLoTX
WIEEHRESEB R VAT L THS. #
123 hypnotic state i 5 XD 7cikic MBHEH»

B o T LE Ty TEZEAHKLTWSDIZE

LkdbBZ ETHD.

BlfE, FH LIHBRESE R X » hypnotic
state iIZ 7 U, LAbHBWITERELDS 5L
ZHRLTWE, ThBEHOERBFT~DGATHS
2.

W 0 RTeroRGBICELIZT pH &BE
237

BETRAE (CRIREHER, Rgdm)

v N7 VIEBRICORR BT S LSRR LT
2%, 1HDOTZ v v 254 F2BHE LKA
CHRGMBOEER, » 7Y visko pHis X
BB X » CTRLS.

—ZDEEDOTTIX, pH6TBWTEL RS
BOE SR L, pHET X 0 EMEAIB X7 /L
B YRRCBT T LB - T, BB E
HBRERDB, pH OF—EIERIZOWTKIEZE
ACEXT, BEOEERHETS L, BEOEK

¥ % 667

WHEBREH R ECBEERKRTHS. FlriT,
15°C, 20°C, 25'COBE BT o ROE &%
BIELTHRS L, 15°C ThRIEBELKRT 25°C
Tidbldr o7z,

% DILZERISCRIBES 10°C 15 & REE
ER2EELBATSDR, BEBESE, X5
ROLIEGPIBATB L5 O, B 2
6#,g®latﬁ%®$béﬂ$u&®ka
HELS>BTHAS.

TEHE VLT, %@?ﬁ%kwoﬁ%kow
%ﬁbt.%@ﬁﬁ%awaom,nr7//u
FEFRIE 3 W TRELEET 52 RBHck -
T, %@@%&ﬁ%?étwﬁﬁ%ﬁ&é rF

C, goﬁﬁmﬁ%ﬁmz&%ﬁmiaa :k,% 7
5. ABREHZOESRITON, # FFY e
BREN DLz RAE—TIEEL LT, £D
—HTHB 0T, HEFREICHY Shith oz
ZRNE ~ L0 TR PV Y PREBERTT.
EThE, ABREHOLE LT VWEIR TS
AT, HBBEEOEL BEED/NIVE
BIZBWT, KOBOEERKTHELVS L
PRALLTRIIDTHSS. ,
=k, v F 7Y v oxsED pH %%}ﬁc‘: JEER
FiERE o pH B & IR L T & B &, eS8
PH=6.7 ks TRIEV O LT, BT
FPH=67T B VWTRAELZRT. ZORELD
b, RETOVERBEBELEBRSR FTY ok
SBETRTZFLTVBZ EBIEBEING.

15. fF-mitochondria OIFIRERICEH L 12§
dextran sulfate o

=, RHER (FRILEX, $H—43m)

Mitochondria (Mt) ¢> DNP-ATPase {&#:ic i
VW, dextran sulfate (Dext) »5 ATP & gz&FH
EERTH, BHEAOEECRE O NS ATPase %
HCRFE LRV EPREBRLY KX e X
htwns.

T OIIIERER CIF Mt x5 Dext. fE
REf~Iz. REE3 V53 vEE (Glut) Fiix
257 B (Suce.), Mg 1 4 vz 1mM BLEojE
T, Dext. 134F& 4 x10° ® 3 T 0.5 mg/ml X
EDWRECHER L. : ‘

A. % : (1) Glut. @ state 4 3 X O3 EEi
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FRERG2E L8, Suce, TRREFRFN4LE
I8 16 pMO,/min /mg protein T - #=. (2)
ADP/O 11 Glut. -c 3, Suce. ‘T 2 OHREL T
L7z, (3) State 4-3-4 E 1z k13 % cytochrome b
DRGETTY 1 7 /MENE L Bo# T, BILI
PR L ORE NG ThH 5 BRI OEEINEITH

" B. Dext. [BEDORE : (1) W& H i, state 3
HEEEE Dext. JBEE 1mg/ml fiHiE T i S
, BRETREENCEECKT 277 L .
State 4 JEEEVIfiic state 3 LEEHROBERETIL
. () Fhiz b bT ADP/O 14 BEELR
V. (3) State 4-3-4 EHTD Cyt. b OER{LET
¥4 7% Dext. JREEOHAKICHEYY, redox 1D
Bk L EBERESBIELRER LTV 5.

TC. Mg A A viREORE (1) State 3 HE T
VHEEREE YT T, 1oM DLTE»
state 4 FERZET I £ 2) bbb T,
ADP/O wEHRHEELT LI50% OET 2 &
. B2 B S AJK OiEE{EIT X B
AdN o turnover D{EEIC X 5D TH 5.

D, Dext. 85X UMg1 A v3FEDEEE : (1) Dext.
FETTO Mg 1 FVERELIL state 4 HEZ
E{RET 528, state 3 HMERIEEECETT
%. (2) ADP/O ® Mg 1 # v iz & & Fix Dext.
X oigrsng. (3) Cyt. b wikE Xh 5 state
3-4 EWSHE Dext. OFERFICLY, ATP %
XOVAMP e xns. AdK ictt3 5 Dest.
OFIZFER S iz,

1) Ogata, E. & Kondo, K. (1970) Biochem.
Biophys. Res. Comm. 39, 911

16. =7 FUBAERHRICEETDI IV T >
vkELBEZE S SHTP BREEESs
FRE=EG, KB B, HE B EX E, £
o), B Fi GUEREX, £3E)

WFEIMIICHY T 5 = v b ) BRZRERCi:
F R 3 ARG D%/ NEEE R E R
ELBREEDER = VvEEFELTHWS (Z. Zel-
forsch. FIRIA). = ® 2R b=V VEALEY,
renrsr=dyv, ArvEY, Rtk
X o THElE M LI/ MR = b = v 2RO
#8577 (Europ. J. Pharmacol. 8, 200, 1969 ;
10, 243, 1970). hohvbiiRike v = Vv OHRE

BIRE LT 5RAE LT, LRROEEL LR
LLUERMEE LToRekeBE L CHRRER
PERELRRER } = VOREOEBREL AR .
L-}y 77 7v—1, 3-4C % L-7 3 /8E
REESEE T OERIRE HE S8, 4K
73 VEORSEEREA A VR I v bS5 T
1~ RBIOFRI R S5 T 2 —THEIFLTY
Qk, FEMEE R b= VB COLERSH LY
TEIVHEEREEAERD LR, L
Fhew b= VARBBESTLZ 505 1CO, &
S AEECHE 2 L B YT T 7 v—5
HTP— & r } = VORISR FEZOPAT WD
CEBHE BHTHVAESERRIRICHATE
B LB, AREEREI60pe €L 5HTP
A ik /mg, B/ TER pH84, Km {H1.2x
10~*M, -2-amino-4-hydroxy-6, 7-dimethyl-5, 6,
7, 8, tetrahydropteridine Z#if%%& & L p-chloro-
phenylalanine iz X ¥ ji#E X 5. Digitonin CH
BILENS ERRFERO P Y 7 7 7 vikER(k
BRENLTwS, —F5-eFrEv-L-}1 Y
Fr 77 vl 2, 3-UC AEMRRERGS €5
& UCO, 2L xh 5HIP RRMEZEOTED
BHES»ThD. chber b= VARRITY Y
FEIoe MIMIUZIEEL AED BRIV, &
DIEERHKIIL- VYV 7 VEERC LD
ZOBIVMEIC T OWERRVWE L (RER) »
5, Bz we b = v O I OIERE S+
B b= Viokd BREROE X I ERS D D D
REVBHOSHHEXEROBKE LM BD
HEHRLTFLARVWES w@bhd.

17, BRI & MAER S O (55 23R) Mis
ERNBEICE LIZTRE ‘

RS, IERR (RIREX, $4EHE)
RELER T 38V) 5 MRS DB B E, HIE{LEEAY
CHERITR D Todit, HEEHT IS TEFRER
OYHRE 2 F B R O MR EIE kD, £
OFE R MRS T R X » THRE
h, FEERCED B NRRSCHT B ERO—
RRED X7, B4 ORFIRELA O MR RS Xt
?é%%%mﬁ%%amﬁﬁﬁm%wfﬁm%ﬁ
WTRE L. FOREMESEPHBESTEN
&L, MW TREHCTOMRZER
IS SO BIE TR bihvie. EEEENIC
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FYYFA- 2 —pbhMESECTCHmEESE
ETHRARFOEEIZLALHRALLLNE X
5TH5. WITIHFIRBRERTS B UM FREREERT
# & UTORAFKEA D 5 W idERIRERERA 2 6 A
L, MRS 2 & Bahr 315 L UC ORI
ErS>HbH5WiamE7 3 7 BRI 28
e le, FREBETARS L, B4 ORAKEE
FE MEDOIREWZER LIFAETO Ri fEiC
ZERLTL S, L LERARKER D 5\ ikEk
PRERR TVt R R & e B 2B T B ix
BERERADT. ZhIEE L ERERFOEK
X5bDEEb5.

WCEKKBEC X MEEHSE OBEL
U TH B & BFTRBERECAT U T AR EFREA] D
MEEASECHT B RERRER > TW5. L
P - TIRTTREREE MWK 5 CEEER LR
FROBEEMGED 7 SO HEREER R O M E)

ErHE2B TRV EREHRE Lz &
=BT 5. —FBRARKEAD 5 IXEIRERERR
LDHIRERREANT, £ OEAEF OZR Y
Ui ps 4% @ il B R e 5 B g ER L
T, RIMIROBEFERAE N 7 bR kPR
HEZHEET DL OMEDREREDT XS
Th5H. Ibhic, EARFOHE» D, Hb OfEH
ffNicBEE T % peroxdase 7% HUNT catalase %5
DOEFEFROERE L IPRFRELZRELT, B
FSRERIAL LS L35 EBRBERIZOVTLE
E L.

18. A/KMESO IR H

FHERES, EHEKTF (REFEKR, $£—EH)

BKCREBINDBELCE - TE, EBHEHRD
GHREROLIPELEND ZLEORNDIMHET
D5Y, RIEERCLRESICHRL, BB
A TCEND L ETHD. TORLHIIETIE
FEBRE W Bk X i EMEE .

& A THBEIE» bRk E TORMOMER
{F[E60~80H) 1Tix % OREEREZIIHE=F/L
F~BX D 1000kecal/HHRRBLTWS. —F
AER O 5~8kg ETFT52, hix
ECETEHOB O CIEEL NG, L
S THEA 1 BYESE 100g OEFTISIHSREL
TER 2 Y —OREZIZEH > T HEFHEL
55.
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DX 5 TR T RO R & LT
E 2R LT, — 5 TRIBKEOES, BED
A FVRIZE - THEIHREMREE L, EREZED
TVWBRIER LTHEZEDT.

HEFOBLTOVWIEBORIEIIRETH S

T, FORY KB OKIEEFHWTEDKIER
20~24C ikt b, —REARBLEO W TET
IHE LTS 21T R » 7.

ERER 5L 22~24C OR/KITREE L
BAEBEOTHREBFHL T X » ZFHTHS
25, THIETEHRBOESCEERTS. thx
FTiaIPlaA 0B BN E K X D EBIROETEDS
KEV. EBLE—REF XD EBRE T3
RELWHAIRD 5.

L L ATHKER T X » TIRIFRBIBEE X
37 L, MROERREOET & A EsEisnsER
BEOLALICX »THHEINDS. RBEBLE—
T X 0 MEEEAE <, WERERRRGER IR E MRV
CZLVIEHET 5.

BB O M IERFEE D3 & — vV OHEER S
Armr= b T TaRE-THET S5 &, C-
chain 2R, FEHMEOEWIEHROZEEBE
D, TDXBRESK — VORI AKRFEDN
ViIc /e T FVvFY vORSICE > THETE
5. LH L7 FLFY v elZEemar s e nian.
INHDOELDVAKBERDOA P VA /LT F
VY VOGikET»D, IEIFREREOEER
HFEimoTwd E#HEOND.

19. BB & counter-current % @ digital

”’com‘puter model

BER—, FFEBE, RENE, WEH K &

L (Rx, E, FERE)

ROPEERREECET 2 EE counter-cur-
rent & OELEHTIE Hargitay & Kuhn (1951)
CEBEFMERIZLDHE LT 20D &S
H5.

L L, HEROERBERIC I W T, MEBiEE
x5 i s Bt ek, BB OBEITT S
BIERE DIz, ERI~NOGHABEET, Na K
v 7 OREEMR Urea fEBhiRE OF His & DFERH
CEZ55bDTEEP T,

FC, BHEZERT EMLE, ~v VIKE
75, £#EER XCHEOERZR XOHEEOE(L
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ERETICEEL, K, Na, Urea % [FERHZIE »72
Bhi7s digital computer ‘model DIERKZE%,
EERERORER ERFTEAL L .
FPRHEZHICL - T100 R4, T
FNOR 54 flow tube ks X O ECHIGT S
compartment 1 ~ 6 ¥ E L. vk, EHIED

EiEEERTEAL, Lﬁw%Amﬁﬁcow:

TREZTIR -7z, .
TKOBENIRBEDE Uik » Tiinbh,
BEOZENERIX Th LT OREZT LK
Tfilebhbdd0& L, Napump DEERGIC

13 Michaelis-Menten =% L7-.

% flow tube Ok, AHE AT 5B EMII R
¥rehsas, Ullch 5 (1956) 0 EER G % 3
BEEOCERA LT, EFEEHT X » THRITEHIRN
CEEE kD, 2 Bhv{Er: Morgan & (1968)

L%

@rufﬁ%@ﬁvibb1;<~ﬁb,%rw
DEEYEDRFEP D BT, : :
,uot%ﬁEﬁM®ﬁwmﬁﬁﬁﬁ>&@ﬁE
Na : j B AfciE il Licih, fEES TbT
PRTETLHMEEHERSL ERL, ﬁ@mﬁ
R - (B10%) < peak RS s

%%%ﬁbt%wakwfﬂu®Lﬁﬁl
VEHT, ENFRRECETCX > ThRED
HEBE Shk.

iz, &E EL%H%K@EWWH%EURﬂ
BED LA EELBACERERZZERE,
EROETORENI KBRS,

I. % 3 #& =& :
~l.tb®$%+é@Wi%+$¥
ENEA (FHREX, FEEER)
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- HARREFEXHIR224 (1889), FroElEAKELL
HESES, BAbossEEE L L, i
FEFREEI AMOFRED S LT, HAGERE
BB LI D LICHRE .

HIYR364E (1903) 12, AARZELYUIHRL, K
94 (1920) I RFEFICLBRFELRY, &
DICHEFN2A4E (1949) 1ol REEL D, B
RKE T 5D,

RS T B K (FME), AR
%, PR, Lz, B SOW, kH
FHHES, K B (BFE) ThHH. ZOHES
ShE, BAEMcESE, BARERCE, O&H &b
SR ANEERT A2 EYy =L L
TV 5.

HAE, REBIUFER 90, e LTl
B, HR, DG, RRE, PE, IEIN, BT, AE
T, T, B, BEREOLZEE, & oI BERE
TP, FHIRFEL D VIEAERFEL > TV 5.

HAKZEFEO M

H AR WA E R i X > TKIE
548 (1916) CHEERBIES & L T AR
A, KIE 94 (1920) (W RPEMAE SR
LEHR, KTE104E (1921) i BAKZEICAREL
T, BAKREZMEHER L Ko/, F1289 A
(1923) OERAELIC & » TREIEHELE
P, b EE L.

i< UCHBFN224E (1947) 1CiaTR 348, %
B4 42 (IB1H) o BAKZ R, 274 (1952)
AT PRI & o THHIRE L LT o 6 44|
DEFHE LY, BECE-> T 5.

fe¥, [RIBLLE (1956) Ioid KEpe = Hrses
DB NIz, '

BIE, MHEBRTEO =27 A BICHHEEL o
i, B, KEF, WR3SEOEANT 1 v IR
Y, EEOEHRLETOMAREEZL, B
HOMWBICESAZEL Z A EHLEh T
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A T E O A 1

A8 4E 9 A (1933) 2 AR TAILOH
2o EEFEY L OO EIREER SRR
B (4RE) otk EHEL2S, BI04 (1935)
I R RHEESE S E IR L L THEIRE
YL OUE, RS, MK, HOKERHERE
WA B OMES BT (1 4 26 S AEaE
R L D, I ISR T
L. ~

Wb HOEEL LA EERE (4
B E O 1) o—MBEEH LN ETH -
7ER, RBTALRCHEERE L.

HEBAZOEDIOH, IO FIRE KT
B & 7o 5140 B ARA IR SRS IR
TAT R % & fE & oG v 5T,
ERL Y FEFRICES F Tl L 8E ol
FEDZEFIC DV THEE Lice TRPEEEL LT
O BAREIEES~OFE—F ThH T,

RIS HIH L CHF9E R & L CFHERE AR
R I PERHC RS L OV RABRETRE (KR
T HKEZR, Togiw), AEERHRGREERE
HEPHZOBFALBETH 28K B (k%
B X OHEREEKRZE), REDRNEEAEDF
DEBEE KRR L UHKEZR) OKPA
EL, WIEEPIEEIC R > TE k.

B, BEAFOBE, Tinb LIELE 2
A TEAREAHESZHEE PATISh T3,

TEFN12456 § (1936) iz, #[E Ohio Jif Cleve-
land KERESIAEBRSEH 7 T, BERAMTEO
%3}, Dr. C. J. Wiggers o3z #iic, A%
ERURBLERRERE T, B oERIc L -
T, “Compensation and Decompensation in
Heart”, @ {Thbh, EROSERKE
AP E LSRR, T OWEERRAZORB
Mgk MERLAR 1% 75, p.40~41, W12,
EfEE TRKES L) KBRS LT
3. S



672 BAKEEW

k o=

s, T OEMR ik Paviov ok T444:
A5 2 FR L (ZFET). 2R
FEFNL44E (1939) ic#EsE T4RMEBCH) ZAITIL
7z.

HEOWREE ORRIC—BLHERP T 5
Nieoid, MRiE - iEsEEics i 25%
TER R OMBABESENIE v T —<
ek U CHEFIA~164E O fkRE 3 1 4F, SUEREEL
BEPEEE R e s b, &5 IIBAIER I
SIS 300 FEFMaE» b TTAMA
AN RBORAEHS v 5T <kt
LB e 5z bl LBz L 55 0T, &
NHERHEBOMEERL L EAIC L.

» < L CHEFNISAE (1940) (bR Bh#dR I,
YA I BCFEAC 38 1) B KA ARSI OTFGE), T,
I% (BALHE:E 4%57%5, 1939, F5%3
&, 1940) 1T X o TEREEKREP L, HEL
LCE 1 BoBEEELOSEMEZT . kE,
FT64E (1941) ) CHERBIEIRB BRI AEL
TV 5.

e TRILGEE I I B O KASRE TFE R
DIFALIRIT X B 7 A 7 X Q7RG Hikkih] o B
g2 %, FOBITEITHEARBET REREE
X BT hw VEEERCHE S FETE B RR 02 {Bic
owf;@ﬁi&%ﬁbt

EHIZEEE, FEH — (KEBIUER

A EE

EHZ, JLiEA), SRR (RFEB X OERE
K7, TLBh#EdR), CRTHTF CRRLEKRER),
BINEE (RS, #EEER, B, kH—k
(REEZE, WSS o8, TAPABERER
LV ZhIicBET 2 2 AN ER L R L

7z.

ABOEEE RS L UEREEGERSHCET

BHf5E

I TCHEE b, BEIEY S Z L EEmLT
4E(1942) iz, B JI4E = » Lashley X0t
Krasnogolki o E#C & % MEEEREFREIC
L 5 BT BRERRRAO TAEE, (man's
suction-cup) &, 7V = o —s85EIC L - T
o TERL Biody o A8, mREREIC
WYLz Th5.

A NS & 3535 U T H R R o Uik
RBEEET 5L, EARKRE ORNCEATIE
KEOKEEESWERD DD, 0 X 55
WeE250ThY, BHFICOETIED S0,
HEATHWSNAER, ThbbRELY TE
BEER AT LORDBZ L%, BN
HLPIC LD TH D, ZOBGE Paviov LL
Jen A XI5 E QMO E T RIERINEC X - T
BN EP ST LD ThH o7z,

INLOEBREEELEZ T, BEEKES
ML L, SEEARMOME L L bIcBRRKE
EREFETSZ LY, v M AE
T SRS RS RS S v, b
H, ETRNINCE 3 TARICBY 544K
W) nAmXETORA L LT, Moo
(FoBh#Ed%), /N ¥E GERCIEEAT) ik B AH
O RGBS, FAFECET A MENE
b, EHFEEMEO AR 28 1 kBIT
82 REMEFIT 2Ty, FEE ST AR
Bt rs & QMBS R ic s+ %5 r-amino—
B-hydroxy E&ER/: & UMz vitamin B IHO{ER
2o Ty, BIUOHR B (SO0 EER
BICH T 2 EYE O, ISR
T B Y OWRCETHERL TV o
LD ThB. :

Zh b ORFEEER I OV T, % HEE T4
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RS (¥, 1950), B X O% &4
i) shicERsh v 5.

(7, IS OWZEICHT B BRI DT,
T O VENZES1~334F, STEREIRAIE &
TR X 2 NMIE) BFZEEE (REH )
OLEM L LT o TAMOERSER S OB
78) BE (RY WREGR) oWf%®, *[F32
FEORRRFEOEWHIFES R L L TEzhEh
INEZZTZOTH -7,

FEFN324E (1957) sl BE W
bILX > T, ABOHT « & TFIAEE & /e
BT & 50 T R IR & o FIRHIE I X
D, MEAEERIATICM S S Z L&
L.

BEIZE - T (1969) ARz, vwhpd
H2EERE L TOEBEELMERME L, TR
BOSRERREE & L C o Operant $::KE I
TOWIEERIT LR S (R 1%, A
% Operant &R PERTE S Z L,
BLOZNS ICHET 5 —H OB SRR
Shie.

S BT, BiexL, $ic 1 X ioL
T, NEERZUEL TI kS L 2 54 2

FEFL, % OH FIRERR WAL & Bl
LickZn, 4200 £ AMERBT, FiF
Lo TERLUEETIRECRRD Do

R ON OR B

TR ST WS, L b BRRAEER & 12 BRIk

THCLWHEAFEEIBDLND Z LA, B

TIB4EEIC T > TRA B (ATFEAT) 12X o> T3

Raniz.

INBHE FBLIUA XOBEFEERS EIcEYT

DEMTIERLE LT, H, MEDIZLY,
“Mechanism of Secretion of Resting
Saliva in Man” (Keio Jour. of Med.,
1965)

B & O “Resting Saliva of Men as a Reflex”
(Progress in Brain Research, Vol. 22,
Brain Reflexes, edit. by Asratyan, Else-
vier Publ. Co., 1967) zi## < v T »

.

Ele S HIZEMWIICHR L T, 0% (1961)

WCRIFCHE A T FT, IR (1968) oFFE

BROBT VY72 AIT, L ENEEIEE

TR L, SMEONFIRIC L 3 B TREA Y

Za—VIFAIRICE - T, BAEFEICXSE M E

Tk A R OEE LRI, BEIER - L

L2His Lic, MELEPLEICOWTE Vb

D 3 EFMER 2 B e LR L.
feds, WEFNLTEE (1942) Ichk R « MESER

o TRFATE, (WAEE, OblchlE

JE) AR & R B, THURBEMER L 7 o

7c.

NEfR), DEE) LU ESR) ICET B

ARSI D B 2 IR o0 B 4
Nichs, HBROWEOZ L v I oFigeic
X, NEHEED.

T OWE, MBERPBREZTEESEEE LR
WThEW bz, Wb © B (RS (salt con-
traction) B+ 5 W5 %, UHEITHB Y T B
EWT 5T Lot BHEER AL OERK
B B AR TICRE T 52 Lic X 5 TS
2 Pt OFF IR R ©, MEEEAH L B
DT, PLASTDOTH 5. BEF214E3 A
(1946) Iz AEEFF & 25 L CHEEBICE -
T HERER (M0, 2B 1%, 554,
ZOWFEITEML 7.
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- BEETEECET 520« ZHICE 2 2B
FEBATL, BBLIOWE, WIERIESOERRT
THIER S LTHEZBRAM, 7ok 2 3 EESR
HE (RUKEZE, WIRH2HET), AT (R
SEEE, BBAHE) B E (RERBIOEE

EEZ, RESBSE), G B (RER, EH
BEE) bAFia L AB LT &, TR

e OE T, BB224E  (1947) T CEAERET
Zegk, [FI234E (1948) I SCHERERIIZEE, [
254 (1950) (Z 3CHERHENFES OB E 5%
ez bhPicist AR THo

¥, HEFN224E (1947) i3 EMHE AL T
F 34, EE 4 FOWER (HH) 0BT, &
BIZE254E (1950) Icix FEF 2 48, 04 EH
LY, F2T4E (1952) ICEEFElRFEL LT
6 AERIOWFIL Y, WELE->T 5.

FRFN254E 1T 13 YA S E AR IS FE s
HE, FURERICBVCTRTL, EEELE,
o EHCRS OB ERT A0, WEEIRE
PEFRBEOLE 2D TEEMT bz,
DR OHEHE ORMEBE IS Th - e
0, —IEHZER—BE oV T e B B L UHEE
WrgerP 0FR204 2 M, EHEBEHETLEL
I BREIC U7 5 IFETEBI 045 & 75 - T
We. YBROWERHmERIE WEEL»oT
BHETOEMOWILEITR 7. .

IBFN27 ~284FEE X, MR DML R
(salt discharge of nerve) OFF 7 ~, %7z,
X5l THE%% (salt discharge of nerve cell)
DOWFEEE~ L, kekFiizhBEREE AL T
o7z,

s, THEEE, X, bV ORMEHE o M
o (perineurium) ¥ #E & - T, TOWELE
HEAERPICERET S L, BEL A CHEETIR
LTI b7\ EEAR O RIS H 7 1< 4
B aBE&R VI L 0T, ZoORECET 5
2203, PEREE—ES (A&, BLEUEEF H R
) ORI (SRR, 1961) FEELLMmLS
T35, '

i, R L@ (4 R) ONELREH
RIEWE TR L, MERREERT A LicX

VEEOHICEBEPEET 28EE 5 b 0
T, ZhiZ2VWTEEE SR GREBIUEX
BEZ5) OFMSC (SRMBE, 1961) FEL .
FEFN284E (1953) I MEFEIRE TOE4AE
2 (BEW¥EHKR) 2 HR L. :
- FEFN294E10H (1954) ik, 2HRMICE-T
HEBOFET, K BEEIAEER, MEFEAEK,
k—k (HETE) WEELRISREARY, B
o YWCA KigEr 5450 LT, FL3EA
ARREA R EE T B, BEEicIhEko
. TO¥EEOERERICY - TE, HFEOD
ZEBTEFAEEL LTORETA (BUARMRE
R 290 & LT, WA % FARHE—
(AZpzs), EREE—ES, K¥F & (REKRE)

- OREFERYE (GREERZR), (LML (R%EE), 1

W (A2, BURRRRERERE), BERR— 8
(AR2ezs, BAHRIARIEEE) b 0% LBEIC
EBbDERThoTc. ¥, H%H, BRCIE
4 “Proceedings of the 13th annual meeting
of Japan Neurosurgical Society” (Folia Psy-
chiatrica et Neurologica Japonica, Vol. 9, No.
1, 1955) AR E iz,

%7z, WEFNSO4E (1955) DX, FEAIR
L D20EDER L LT, /e TEERE GRS (56
B) & FRELe. RECERES im0 354
B, EEIOW, CoMicHRExcE, 14
LEEE N TS,

e ORE

IRFI314E (1956), FFEOERKFEL LTI
O T OREGUEFEGER P (BRI
WERZdZREY) &h, 354E3 A (1960) ik
ZOH1MOBE, FELIEAR RS, WE
FACTOA XORMOMARERIC & 5 B TR
A W S IC BT 2R TH AL D 2 R
eSS L AL,

g\ CHB6LEICIE R BR O BRI W
RREEEEHAL, BRAORENMIZ L2
Bl 0B Hic BT 2 BRI Xk D EE
RN 2%, oA XICABLEYE S M
PE T R BRI LT A o ER BB
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DHFEIC XV ARAESC (BIEED). 2%, &bich
Sa— VLIV IA YR XETEBLIUOET
MREREROBFZEIC X v RIF - AHK T
FHEORMEBE L. :
O ERIRES v LB ER O o
WTRERBE AR D2, 3 DA THEEET
Igote. lebh bREMS6EITII SR E T
LikIRS (IR, B HEML 6 )
BT, TAMB k Us8i#oBEER B4
T, WREEER (BEK), W R &R GEEER
R, MEEE (BR) O3KLebic, —RAH
DR THE L. REIX, £ 9IEBAENE
FEERORXE FhicE 3 AN ERESLS

& (T8, HERME) 2B REERERE

YEES TR TES LK, (ETREAERE
BT B & 5 W AT 75

o, & BICHEFIBMEDFEISE B ARKERELSKE .

& (ARERFEFRA#HE) © ERES X O
WICBET 2898 & 5 EECHIERE TR
27z,

SHICHRHIBET 5 % & Tk, WFESE
1962~634E D 2 4E[H “International, Associa-
tion of Dental Research” ¢ Japanese Divi-
sion D&REE DL wHz.

53, WATN33LE (1958) #HEEE A & RKILET
z% “Dent. J. Nihon Univ.” 38[fl S h 7z ®
T, 0% 1 BICHESE I,

“Study on the amount of human saliva

in parotid gland”

DX EHERL, TOHD 2O OE FRIER
T 2R EER T OEROENA~ORN
CEDe. 1B, IRRIOENSXERBAEIE
Ilb&hien, BERRLK, HEBRORECE
FELOBME X b DR 1274 Th o1z,

EEFEa~0EMm

—%, EEFELS~ZEM3E (1956) 1
F—E7Y v e VHICEE S i 20 E A
BERFESRICHRBRSHE, HEgo,

“Action of w-amino acids on the motor

cortex of higher animals, especially y-

amino-g-oxybutyric ‘acid (GABOB) as
the real inhibitory principle ih brain”
(XX International Physilogical Con-
gress, 1956)
EVHHEEE L bICHIET,
“Substances which produce epileptic
seizure when applied on the motor
" cortex of dogs, and substances which .
inhibit the seizure directly” (ibid). -
&) I X B BEORPAREE 1775 - 7z
ThHAHEEL LTOEATOERBSESIC BT
BLIFETholk. &, M- FOWRENCL
BML 7z : -
- EBICHRfISAE (1959) kT AE v FVE
7x ) AT A VAT OB EEBAEN 2SS
ICABERBIRE, RFEOWH BER O » L 2B
v, MRFOR TIAKMEM (BUSTEAE S
BHEHR) L L bCHE L. MR,
“Some clues to the excitatory trans-
mitter of central nervous system of
higher animals.” 3 ¢
“B-hydroxy-r-aninobutyric acid (GAB-
OB) introduced into the ventricle im-
proves the natural epilepsy in dogs.”
(XXI Int. Physiol. Cong.)
COWCHIRL, MESEL,
“Effects of the inhibitory as well as
the excitatory transmitter on the higher
nervous activity of men.” (Ibid).
OV THRIELE (2 0RE&0THIERLS
D HAEFHR, 3541 A25H BlcHRE).
Eic S HICHEFISTAE (1962) k45 v 4 H
74 7 o O S22 E A B R SRR
B2, #i2B0R&HEOSRE LRk, Az
WEBHEIC L2 BARKO—BL LT hic
HE, # o
“Convulsive action of y-aminobutyric
acid and y-aminocrotonic acid when
introduced into ventricles of dogs.”
(XXIL, Inter. Physiol. Cong. at Leiden).
BLOD
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“Elemental analysis of a seizure sub-
stance (K. Substance) extracted from
dog’s brain.” (Ibid).
2T,
“Result of GABOB therapy on human
epileptics and reconsideration on former
experimental studies” (Ibid).
COVWTHE LR, &R, ZOF&iXEMm34
ELRIEM (2 2~Y, =Y TR TTVIHF
JEHT) OXHR TSR b 7.
Dk o, EERFERCHRKERETRAER
EHBOLILBVTOh b OEREE RN « B
FTHEBRERZ LN LIXEVTH o7,
B, WEISIIEMB4E (1959) 1 “Neuro-
physiology and Neurochemistry or Con-

vulsion” (Dainihontosho, Tokyo), 7z % —&#%"
EEEU7z. MR+ < iz “Chemical Phy-

siology of Excitation in Muscle and Nerve”
(Nakayamashoten, 1956) 71 3 33X E% HAR
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