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Recent trends in studies of the functions of visual pigments and
visual cells Eiichi KIMURA (Department of Physiology, Osaka City University Medical

School)

I. b

RO BRI, HRRBAOTENG
BEFE2WINL, BEERGEREL, hicfke
BANEHIET, FHRREOSISERLZET
b0 L Bl & h, Brown : Murakamil®
(1964) i1z X » THRS 7« RHISAIREN
(ERP) 1%, B OIAZEEIE & £ OBSRERH
BEEZMBATAERLYICE 5 b 0 LERS
H, L ORFENHE SN T » 5D192)222)
115)151),

MAERIC X B B OEEELRER OB E)
&L ERP Lo #ERBEREL, SbiL, Zh
i BREKOBBEHAL 2T 5 Z LT,
BRPVE S BB RET R R OB NI B Th
Y, Zokpicit, GWBEOGTFENFND B
VIR, RO, ERAHE
BHRER E, ReaTFoReiRNEZEL,
FTTIREL DR D 20, BEDEREEES
HROWHDLHE TR L, WEOBHEH
5, LTTHREELE.

RSB L, RbEATYE 0L, &
KRS T, EH B OB/ NBROHUN
TREE EORBRIGAIC X Y, BRI IR
22T, B oWELBRT 52 LT
LD, %, NERBEMOTIIEL L
Shic. FHEBMONLEZEHRERE B I > v
<, BEBD (1970) @A H D, BRHRAR
BB LR, FEoMR@ER® L B0 T
BRIz,

%7z, Cold Spring Harbor Symposium on
Quantitative Biology XXX (1965) iz, Y%A
BOBECELIC S BEOLEE, RWERN
BREOBEESE Y CETIV VAT AD

& < 5

FEBMERR SN TS, 19604EE ¥ TORY

BB AFROBREMADICLY, &

HERRE 6 BREBCBM S TBY, Bl
B ORFA IOV QX FRDD (1966) Dk
BB Y, TSRO LB {FCHEL,
Spectori3®) (1970) o Annual Review 28% 5.

I.% 2 &% &%

A. RREHOFEH

B BRI B AmE, e ETR O3
BReAnz &h 3R, RECEETZAE
1, —RCEORMBEATIS LS. Bod
TR, TOBMITIE T TEERE LR
%73, Eakind® (1965) iz X 1uid ciliary type &
rhabdomeric type iz KBl & h, ERiEE
(lamella) rpafk (vesicle) #f 2 T v 5.
Ciliary type oI EHNE, © FTFOXZE
BT, BB ORMIRE, ThXgELRd
® b Hiz S, rhabdomeric type Df4FER
b 0 RERBCHEHREEONZ AR T micro
villi 2 ffix T 5. HERAEBEEAPIEERN T,
WEWB— A h, 2, BHEEORZE
BRERCEND Y, BWRBOER O AR D
¥, MENOESS, EFHES TR, el
ThmiTE L, BZAES, BRARCAET S
2, BB T, e, o LEET R
BoOWICHEETS. SRR X 2BRIRGES
B, EEHEEYONRZRFINSE, FHE
Bicix, BomEETEv). Ebig, S
AR L Er v, Tasakil3® (1966) i
I, ERBEORZARY, FtEERnT
BEEIND B L. FHEEYORZEEE—

BT, AR & AR IC KB & h 2 0%

TR TEROEI D THL, VR, ~
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Y, WA, fELYTIE, S#BEARESEEY
LB DB, HHREITIZ, WL bR
ARSIy, SEOIRT, FELERNK
Blah, £z, EakEROMEt T 5E
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M1, #HEkRs X CREOKESEERR (L
HB5 X0 5]/,

M2, BEESMOME. %, k. £, ik (Nilsson™ X ),

RHINE, Thbb, A7 VALRERR LY
BRI S h 5., EF O RE—TH&AHo
BRATEZLIIGEICIE I =)V (Rana catesbiana)
Y€V (Gekko gekko) & Fi\~, SEBHIRLOEER
X, 2L TaAfqEY (Necturus) % f
Wb, FEEmEOMRCE, LTy
YRITNABPACER, $EERWERX, =7 b

UHEE b Eh Ty 5.

B. ML OWMEE & AL

Sjostrand3D (1961) & B FFEMEEIC X 252
HORRST, B0 BMAEESH b T
D, ZOBEFEHTIERPYO—D o
TVEH, b, MREEOHREBIRELIBI
U CHBERIE L IR &, 157 L MR o B
BRI AR TREbR T 5.

Nilssonl® (1964) (X AT Tl o/ b T
W (Rana pipiens) D% 18°C ciE3E L, b
% 4 ~21 A 2 REHIRRR TRRAR R /ERIL, BT
B cEE Ui, —ReREOTHICE, R
s, EANERET, BEATST
WA, FE X7V, BRVERSL, #F
BB CH 5. BEFSEITIE, 5 H20MHE
CEBCREER B bh, A TIR6 B
DEACHABRREERZ I3, RYEREH
OHIEEMETH S EF I VAR, EFLIAEHD
3t X OISR R "0 b S 3WE
T, ThidAkERBTCEZ b T3,
AR oML, FREERHBALTEE, #)




HE 3 X CHBIEERENT iR OB 55

Hicix, FELEERLRRRSLERTS, 2
T3 L, FARMRZERZERISE L CRPE
JE L DBERBIR LB, AT, AR
EHEL T B VW, AR 5
HELOPELE o TV 5. =TV MNIER
%, WHRESILoOFERENBIE L ERG, ERP
12 X BFRIGDIETE, HPE ORI L —H
OSBRI FIRR I RS T & B IEE k¢
% OHBEVDH B, HEED (1950) 1k, 16HE O
IRz ERG %#38» Garcia-Austt2)5) (1961)
51x18~19A4 X v ERG %zEw embryonal
type » ERG iz ajko duration £<, HAJE
iz kY, ajowmsr duration 234 <755
2% amplitude 23389,

Witkovskyl6) (1963) 1%, v 7 kv EDFR
% 37.5°C+0.5°C, 70% Dig ¢ incubate LR
R4 BS»L, BE%S B E E CHEECHBIE
A& VED BFFMECH B L L bic, ERGo
4%, AR %477z incubate 18~19H
A0, BHBEOBEIRLe T ObOLED
#{mfbL, ERG oft@EdbrlgEeinsz L%
Wiz, LL, ZOBRSTFEEHE (v F7
TV) wRhA ERD bRV L5, Bonting
10) (1961) DG L 5 &, F A DOIROFEM
JaxF A ET_TiTETH Y, ERG FIo 4
Hiflie, T O HREE (» F7 V) BEEH
EhTws, [WEW (1964) &, HhApHiLiE
Ot ERBEEZ BTEMSE CHEL T, R
Haotz B oS LiBREBEL, ThB
L OSEfpladkic, 2TRBROBEEZRL,
JalR 6 ~ 7 7 Bt/ NEIRIBE R B b
SR ERZ L EHLPIC L.

TR, SO I I E 5 O TR

A X VRS, BRE9y Ak, SME#EE
R, BEBRAOLD LERRICES. BRABIED
SRy I v 7 A2 b % synaptic vesicle,
synéptic ribbon, tubular network 7z &ixfg
AE2TEE T TIcER b 2, [LEMHIMEE
wBE+ % LAz shd synaptic vesicle H
BRI L A BRI RS OB B R & OB
Y, SHBIhEETHS Y. IEROTER

IR O RELicHE > Bk LT, Xt
LT ERG 088 %17 - T\ 7 23, BiEH
(1970) 1z, BEHIZABREMO=T bV RITHEE
BB LHEBRE L. ZOBKISERT
B&XY26hTw52, 1IESETCRERLE
BP X OGS O RET BB OA T, 13H
FITEY X U TEEEREIC X VRT3
L, WIERC X ) ERT32EMNEHEZRD, =
DRI BEPHB T3 b L HinEn5.
%z, SEOBTEMSFTAT, BREESR
DO —3T5 L v 5. ERP niEm
X, BABNHETLLEbIERL, 1BH4 X D20
HE»F TRICa LR L, £k, BTEAE
PEIE Ry LRSI R, o Ri/R. b8
BT 30T, oI RMBEAERA
WREHMET 5 LHESH S,
BETEMEOSEES, BAUTLRY, &
FURNT, KA R X O
HOBES EA S h, SMEoBREE L it
THBHRIRERE D v+ v 722 H 6 h B synaptic
vesicle % synaptic ribboni3D 7z ¥ oL
b L SE, AMEASHRSNLY, —RIC
BFEMELT, BEBREr CEAERER O
BENIKE L, TofRciisBEThdl
binv. FlzdE, BREEERIAET ATE
1 0s0, CHEET S &, 2KOEE30~40A 0
BIHBEER S5 ZHET, ZORICEH
BAFREEL, 2otk & EhBTFIK
BEOEZEST0~80 A ©, = ziz lipid o 2
STBRD B LELDITY 58D, KMnO,
BEETiE, 727 0BTHBREBECRDIBO)R
unit membrane X Vi&pEXh, ZORMIER
EAEERE 50T 20A 0 2KOBTHE
EEOHEIC 40A OBBESTEDbh, T A
S 3BOBETNEEEL 35A 02 fkolksE
JEr LRSS Z L2k 519, fhic LT
b, TOHRRAIELYT * FHER, £HEHC
BELEE DD, B|OD™ (1968) 1k, SHHEiME
Bl {bnET 2 L ERP o3BT+ 5 2
LEHLIIC L. ‘

RWVE ST O JRTERALL B OWRILIE & DO
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BEHOER» VI3 b0DL 7 & h Ro-
bertis? & (1961) X Wolkenl4D14®) (1963)
WER H 5. Cone B (1967) X EBRHE
OLFEFRENS & ERP LT3 %
HEL TS, Deweydd s (1969) 1158l L 72
B NVFEEHE (v F 7V V) IHRTY X%
PHEL, 20w FFAYrr el Y UL
B AVBETIRIZ, VAV AEAL T
SRV ULEEDH YUY Xy S uT Y v R{ERE
¥, BEEZBEELT, v FFVUBAHOEKR
BEECHEET D L 2HER L. %/, Blasie
59 (1969) XEFEMSETHED b h 5% 0A
0¥ & low angle X-ray [BEl¥ric X Y FREM
RIEEATRD bh & 40~50 A DRI,

RE s X ORI ROE OB)A

EbicimE (v PV Y) GFOEBEDOR
KHY T Z LEHREL, &b, Blasie 59
(1969) 1% 4 = VTS EIN ORWEE IR &
LT3,

RS gk Noell (1951) Grignolo & 61110)
(1966, 1970) iz XX, %kipE, =/ 3~
FEERRs £ ¢, BRWCEEEZZT, BEEL
PR LRICEWEET 5D, Aink L ahid,
EHEERL BRI L 2 BEHREbHEET
50T, ZONEHPRERFLLT, ROIEE
BBREBELTCVBZ EEREECV .

C. kOB

BB oMU RBROBELBAT 5P
Bo—o b LT, SRR EEOoBEE

z _ — N cytoplasmic
i ) NS matrix
hoirpin/'; —~3 -1'40A _éfZOA
B s vy
< omog.mat. +40A ; ~ 40A
. 1 { v
- \ 1
— kXD
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membrane // \ matrix
Uy g
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NS , -.% cytoplasmic brane
matrix -

3.

torsiN
.

X 4.

KMO; BIERR X D5 A7 OEFHEZERERK (Moody 59 X v 5|H).
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BE L OWRFZICEL > THRESH T3, Fha
ERRCHTTEI) (1938) R REE R T AR S
¥bDTHD. L AVHNBHEMENT,
TR H VOB T, b=V EAEIRR S
55~60 2 M1 5 2 5% 1.5x10°cm® G, w F7°
YV 38XIO HTFEET D LA & M, &
BRI IRV ER N B &, FHESMED & NEIRS
IO B DT, FhACEERL, SED
AEERBRT 22 LB TE D, EHEDX (1952)
2D RTA R I 2 ORICHEE S 13 & REEL
BB %, HE 1.200 BERER (EWE 5 ml
WY oV RIEEREIERI20~3087) kL, Th
PEOSBEICES, o EichE LISk X
VL2 OkERE*ERE L (EK 1.5~2.0cm),
&b Io B PRI IEIEAK R 1 £ 3,000~4,000 rpm
1554y BE+ % &, RSV LE 1158 112
OERATCRET 0T, ZOBEICERY
FEFA L TR BIEET 5. AR, BE
EoBtick L, AL, HEHERICE S
R i v, v v O RSV, RS
20p h15p BET, SBISSEETHS.
McConelll0) (1965) 1%, 17 o {BIL % 45% FEPEK
d (1 ml oFERY Y v VB 1 0ElE) °&
BEfi R EFF A F— TR L, 1,100g TELS
B, =0 kg% 0.0l M tris-acetate (pH=7.5)
CRIRL, ERE15%c T, HUL,100g T
DM, ToiE % HE LIODEERIC I S & 0°C 2
SR L REFFA AL, BOSHEEN
W HELLS, 1.16, 1.14, LI20¥EREEREL,
0 LB/ EERER 2 T, 39,400rpm
131,000 g) 3043RE4vHEL T, L12¥RREICHHR5+
EEEsETERLTY5. ZoBEC IR
E, AEENER LY, DLAARDES L
LCHBEsn 5. Bonting 512 (1967) i, Y&
BEC X A EIED A 4+ VEBEO LS &8
T3 VOFBIEESBEL TV50,
S0 SIBETEIE 2 5K Uiz 0.32 MBS Eh G L
IFBL, 602 v 2R T ¥ v AETRE
#%, OSBRSS SRE 0.32MERRER 2 N
%.7C 1,200rpm (200 g) 6 SyfHIAyHE, _EIE 2R
#%, EICHEOC0ZMEEERE L, BTk

ZLDIEL, EEERRLT, SicxkbFe
L %1z 7,500 rpm (7,200 g) 6 4[5 HE & 4T\,
yeEE 10ml ok 1.32 M Eigic # T 1,800
rpm (415g) 8 yfAEE, LiEic 3EAOKE
K& % 8,500 rpm (9,230 g) 6 4y [EisylE LILHE
PERERT S, TOFER, ©“hes5EELT
B TH B, SEMER Y, MELK
<, BWREEUIET S HNIE, RAEYLEbh
5. '
v OEHERKIE, —20C BRREBCHE T
WiE, 3~4 7 B LB R RV v ol
NTE 5. Heller™ (1968) 1%, {B7FY VIRERN
& e U 7- §BREK 100 Bcz 100 ml o 0.066 M
Y L ERiEfEE (pH=17.0) iz # T Warning blen-
der GLORPRERGRE L, 27,000 g 3043 REsElasy it
LT, E¥ % RS 1.02M gk (HE 1139
pH=7.0) 100 ml % fii x 27,000 g 4545y R4y H
+5 LA IR EBICE LT 0TI OR
SRR, 3fEAD0.066 MY LEEY — FiK
%Mz 27,000 g 2055FE B L C EEERE T
5. Phic 102 Mgk % i x 39,000 g 1 RS
OBJOSBEER20[E K VIRT. B ELEAHEE
L CEER O HLE % T 27,000g 2045 THREL
T LT 5. hEE 0.066 M U VR —
FECEENE L 12,000g 1053438 5. ok
e L SREERER20EIC VIR L, KEMEAEE
RH U2, SEoMmBEfTL-Tws.
nooFERE. HEZEEFEL ORI EL S
HHEET 2 b0 Th 50, #EMaES0REE
B DB AT, AL, FIILETh )R
AREF bk, —7F, MO <%
ViR 5 L, R CHE ORER CHEASE
EAMRRTE 5. MIESE O BRI oERE
Dy EEE X Y, RiEiE E SRR OSEEEDS,
FIhTRY, SHEBEORBEES pH ZHE
FTHZLIXY, BanaosBER TE S
89), 4589 (1966) ik, LHEOMMS, T
DRE SDERIT X 55BN T §E s coil planet
ANROSEEREER L, iRk X ORI EO
SEEERA T 5. BRRAEE, BOoHEE
XY, ZESMRRTSZLRTELR, £
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DORYOBAZE T b, BB
DH%SEET Bz, Koenigh® (1967) 1xEM
85 F TRk 7z oil chamber #84/E L w7 ¥ X1BIE
X YRS 600 A2 REL T, BMEERE
TRNAZBEL, & 1{EY b o RNAX0.65
peg T, FD60% N0, 0% IXNER
FRRCHFELASKIFEELRVZ L E2ERAL
7z. ELHEEY o rhabdomere & M H 3 BIK
WEE L ORMIRY, EEROB BV S
BRR T & 52, 4 1ORZRENERES
250y h4~8p T, HHEMWICH~ D TK
BTehY, B—oiEHeHA-T, ERHOKER
BHBEORENTEEDT, REE LBEEOH
BAEFEME L, FELHETHS.
Haginst®6) &, (1962, 1965) iR A EEmMEE
(77 vEYa VEBR) 2BV T, 0, @K%
1778 5 I BB A H OB E S,
AEREIC 2ROBRBEEBE X, MIETHEAR
BERE LT, REGRCEET 2 ZAER
EZFEFH L7z,

D. HHRESEONE
HEOEBELXBAT I, AZRER
HRMRAHORNELHAL LT EZ LBES
BREBRPD RS, ZOFCHRLEELHE R
BWE T, ZHIEERR 0 FETHME L Sy BEERE
LU CHI 2477 ViR © & 5 23, 76/ 5 68(1957)
2 &Y B S i B AR O B e E
X, ava—F—LOMAETTHERHEL,
FOGHANIEN Y Wolkenl®) (1963) 1x = v
B L C#EAHNERE L RE L, Marks
& (1963, 1965) i ¥ X 3 KN EE B
SEEOBRWERIAHL, &5iT, b F2¥FV
DEEERSEIT S SEHOBWEN T h Eniss
LTHEETSZ L 2HLMI Liz. Brown®®
5 (1963, 1964) Xt hR¥ VDK G 2
FERORWER DD Z L 23#,E L, Liebman®
b (1967) &, A2~y 7V eRBATAD
FEAEIREWER, TlRicf-TEkL, A
ETE, RV74 vV, BETEr FFY
VEEHL, 7F V% 7 VHERIZIE Ana 620
nm oO¥AT ) T v, HmVEEERIIE An

570nm D7 A 4 FX Y UREETSZ L 28
L L. %7z, Liebmani® g, (1971) i3,
WKED Acw RAY VY eFA4T )7V, W
HALTAZT RV eEHLE.
—RICEEEHEIALE CHERETH 5
S, BB X ) REGEER TE 5. TS
HeEEhdu PV, 1z ATR1ED
AEIY Y 3.8x10°43F, vV Tk 42x10°4F
FEL, HiE TRAERBERDDY, VT
W314% R e Ay v Thob AR ENBD. T
KAERICE, 7o, U VIREREREEL, Bk
EHEDHI38% % 5 Poincelot!® ¢, (1970) iz X
HuiXphosphatidylethanolamine, phosphatidyl-
choline, phosphatidylserine o 3 gk 4y 2% &
Dy VS IR K 7 v v D EIRMER D
Poincelot %120 (1970) iz & Y & T 5.
X iz, Poincelotl® & (1970) X V v 8’8
phosphatidylethanolamine X v K7y v 45F
NTLrFF—eiE 4 L N-retinylidenphos-
phatidylethanolamine & LC#HFEL, HED
EERCEELREET b0 LA L T
5.
EEBESHALFESEE O 5 MRED
Na, K 1 # Vgt 255 ATPase 25,
MRBRICTFE T % 0BT, SMIEREENICE
ERENPY LD O CREESH, fERED
(1960), Scarpellil?®) & (1963), BontinglD 2
(1964), Frank® s (1965) o#&E»RH Y, FiE
Sgidic Na-K ic & v i&t{kh & h, ouabain ¢
WHlehs ATPase OFEENEHEZ. =
K7y v EEic ATPasefEA RS 5 & v 5 3
%, TOROPIETEHE Shic. FESEIHRIC
X, Mg Bk & h ouabain ¢l s hz v
ATPase b 157153, Zh b ATPasei®fk
EOERREIC X Y Bk Lz . Etingof3® (1969)
X hidy ViFEA g0 ATPasefiiiigic 2 M
» ATP &Nz % LB ER ST 0T, st
HACIEEEREEEE T3 LA LT
5. S Eirro Na, K o457z L Etingofsn &
(1969) i3 Na, K o@EEHAI% AV GRS
CHREL Na iz e UTiiomiRyic, Kix
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FRHBRCFET 2 L|EL T v 5. Futter-
man®0(1963) ;X 4-&i# iz hexokinase, glucose-
6-p-dehydrokinase, 6-p-gluconate dehydro-
genase 7z ¥ #EEAH L, pentose cycle iz X ¥
AEENn5 NADPH 78, retinal (F#3Iv A
TNFE F) b retinol (ExI A7z
=) ~OBTEFHEhD LHEL TS,
Etingof3®) 5 (1969) 1%, shirp ic FLERRI K FREE
#DTAY¥A A LDH,-LDH; o 4 BE %
HLTws.

BT (1964) o g, A Est
Hidicik, 77 EVBRST 7 w— ABILE
i FIREERT, N8035 5. McConell
105(1965) 3 7 v FF RS EIC, BHE 1mg ¥
2mp Mol @ Fe #H L. %7z, SR
Fiz7 2 an €V BREEREER L T2 28
ABRESIE S . 43 590 (1968) 13,
BEL 7o b = VT HSMERR IR BT A vk
eI (ESR) % LT g52.07 i Cutt oy
RS T BRI ERD 2, DR
A B L. Guzzo® (1967) % & SHF M0
ESR¥ X UMb ¢, #EoCutt L Mn*
BRI L. L L, ESR 75 PO L
TRHEhZZhbHMESRY, RUTHREN
AR O RE L BB B B b O, S
SHICHRHEETS.

BB OERS T THIEHE R, RN
oY XY — A TEERSN, ez THHEi~%
DirEN, T o R BEREERIEOE
Wb, BFEEENICBITL, BIEATRES
nTwaz e, Youngl®so s (1967, 1968),
HalléD &, (1969) » *H-leucine 7z ¥ 74 Y b —
e HCEERTHL M S iz,

ST L NETE OBRE, —RRICHR » T HE /N
BESOHATERL T B LRI S h 5 R,
Richardson!?? (1969) » & FEEMEEFTR T,
FEPEEICERL, €O, BBICXLZ
ERKLEDONE., L L, ZhEERDY
WiGRC XY, WAEREEERERTLO
T, EEREHSRD THEE LT WIEREBE T
Be, WNBLATEELTYS L0 LEbRS.

E. ORI IEG

RECEEERET 2 EMROR b &%, 4
HITHETFERNLT, BLERREET Uik
WTZheBEWEciElL, Sbik, NS
PEELEIL, TOREIDL, BbL, {bE
EEWE & R L TR B L, SR
YT FINVERETHLOLAEEND. HE
oA I ETRAROBELISESLHYE OMER
Y, T LR o Tw 58, HHEAK
Mehy, WL, BRICBVWTENSHEE
Bz &mey, BREOETFNVERIC, XE
Bahs. Hagins® 5 (1962) 1, A & OHM
BISMEIC JEEEE AR 0.2 ¢ $EHT 50~100 MQ 0
WNEBERALREER AT o 23 EH
BALOFTEFILRII Lz h o7z,

L LHIB O #R ILEAL (10~ 5 mV) &b &
¥, ThbbRABERIED bR,
—7, MRS EERE v, BEE30~40p O
BEAEoRICE-TBE S ¥ 5 &, MR
FERRLDS, OB L, AOBMESRT.
Z OBS E IR EIE O A A v F@ O B
SHEET B L, HAREETIX, A vEMASED
R K o o vkt 2 8REEE & b
b, BEEAMI KA F v OBRREMOET, ML
NEMEO LT 5 &, Bt mV oABMER
F. eI X D AMEIEE Na o 4 v e T %
FEErEL, oo TeErohs.
Smith132 & (1968) X, ¥ 7 tH =DNZRE
iz, BREBCERRIKEMERD, XRHI X
D EMEHEET Na RV 72#EEL, Zhix
Na, K A # vic & W iEH{bsh s ATPase ff
Ry iZpX¥—%55b0eHinl, T0
Ko7 O EERX, RN Na Lifest K £+
vEEL, MR Ca A 3y oEmeERIC &
D FEMENSET L, ouabain iz X b BRIz imE
h, BEICEILT S 2 1mV OBAEE)
Bz B E v 9. Daemen?® 5 (1968) 1X4yBE
U7 REIERS Y VAR EEERICOE 2 R T %
2, all-trans F72i% 1l-cis retinal #j0x %
tNaAF v OFAL KA F ol ERD,
Duncan3® &, (1969) 1, 4BEb = VIF{RSEiE
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Mgttt & ATP 3 X Of #Na, #Rb % & teRinger
EhicEEs ¥, MiENke, Zbeafiddic
#® 12~ 2 PHOBE LTS &, I5PLRNIC
*%Rb, oL *Na oFA2ED, “K L
BREBECHE»rOMHET 2 £ v 5. 10*M
ouabain %, ZOXKIEERERSE Na*t &4t
RIS ¥ 5. 1075 M retinal % Fftiz 5y
BERSMEICT (RS BRI IRIC N % 3 &, AR OYE
AR L RIS, S0 Na £ 4 o BBMENE
3. Vorobévaid i, (1969) 75, K, Na % B
Wit EBRIT X B L b VTS EREREIR 2 ~
SOMBNTB L, z0oEE% K, Na 1432
b, AEicRREhB LS. ZhbNa, Kog
FUBEBICET A BEC I hiE, THESIDEE
RASLRBHFC XV BEIBERZ T X 5
HREZT 5N, BEI, EELOBFKCLYIE
SEBEREILTCBIERHLL SN, T
rbhb, BRIV THAARER Na 44 vic
L, BYBEREZLLRESBL T35, X
NY DL ZOFRBEVBD L, EEMTIKAS A
VOEFEMITES L. TOHRIZE L O

HFR XV EBRENFALERLZOATVEDT.

FHEEM O T BEFT (S5 Bk & v e A & v
BEOERIIFELREEL, SERECX VS
AR S h, PEBICESIL COlARBPES
LTEERA AV EBREEZRTILLEZLN
5. Falki04) ¢, (1968) iXZiEkkic kv h= v
DOREMETHRA G2 OB L, EXEEENEH
A EIFRL, BREBICBT 515 c/s~0.5Mc/
S TBEA LV E—F L RET Ty v - BEE
DEBEERERIE L. XBEC X Ekx
EEERLERTY, Zo#Eo—oL LT,
BEES, Al 0e FFvraFicHrs 4
VEBRYIAENABERBERESh T3 (Falk
295 (1965)). FET® (1969) 1%, moHA v
BiAHiE, RBHC XY v FAY U HFROER
FRFVEEE ST 50 BI A LD LHEREL T
5. FE™ (1963) 1%, w F7°Y U BEKORSHE
S BREGEEORMEREL TR, S
RO LNAEHE, v FAVVHFOERE
HEORLEFEELEREND B b0 LS

3.
RS ORI IS & BT 5F
Bl LTERITEHaME N TRbh Ty
5. SMERRRFRENERL, —EOBEBEITHE
EETHY, HYWEONHRE, ERAEHOB
AL, ZoEREELLE.
Villermet40 &, (1969) v, H =)V, X2, U
FEOFE, %X 3 OFEB X O#EOER
FEERIEL, Z ONERIEER, RO
HORTIR - THEFEL, HERMEERL S RERRAIE
HETRTZ L EHRY, BxnEEA, U UBE
A, ik, nEvn L oggrErL, i,
T OFFRIEROE L BHIRAREBMO R,
£EHE OFEE BRI LT, SEOEFE S TFE
P R, BECFRAIRLEHZTHS LHELT
5. Crescitelli?D & (1969) 1%, H = FF{&5
HEER O &M (circular dichroism, CD)
PRIEL, TOREIOr PV DEBMAEIZ X
5aTEER L, SRRV TYH, Bk
WK L FRE LD TA S LHEEL TS, L
PL, A (1968) OW|ETIE, FX L=V
THiH Lcw ¥ 7Y v AR S % b 01T,
FNEEC X A BELRES LEbh A H=A
#ERL T3, Rosenberg®® s, (1961) i,
Y Y OB AR EEROMEETRL,
FOEMIb= 2L X —132.26eV THY, K&
RO LABEMETRL, XEHK XY RER
L, RERBERBPETHZLeRDE.
5100 (1970) 13 ERP 03Iz B5T 5
7%, BEREEMMEE Lo gecko, mudpuppy
kE&MAv ERP ofilsAFEE LTy, Th
X, BHRSEOHKEZIZSATRELTY
BT LERED. ZOBANEEN, BoH AR
E—BROESIHRLEbh 50T, HYED
ARSI EE &, o T ERFHN (25 psec
PR i€, AEoRT, B X —-PEIR
RIEBREINBZ I LEHALPER R, To
BB L X, REHROBEB L.
RAA SO RARERG & LT, RREHE
EEEBAE TR O &, BEELEREIL, ¥
IIEHERT 5 Z &A%, FFE (1968) 0B-FHHM
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iz XA THL T E R,

$69)70) (1955, 1956) 13 Warburg 3£ T,
SHEL AR S OBRBENEEEWIEL, FARSR
HETCELVEROD B L BRI LE. 25°CT
Y& PR LA, AEEBRER1mg 5 1
BEOBENERT b Qo 11K 304 THF
LABVETH BA8, 25~B5/by 7 ZDHEMENE
s XD, ZHCHESh, %7z, BERifc
BOTLTAANTE VY —FOHREIZLD,
RS L FERR T IEIAER D bhz, T OBRN
ek L a7 B EE S B A PR TH B0,
T4 (1964) iz L hiE, b= v OLBEEFESEiO
ERSE B, A RITRIEERC LY, MOE
B2, &, CO,oFELRL, Nk
B LhF, xR &REEROEREBIE
L, ZOBERIE, FE~NLGKICEDZbDOLA
ELTVA., &bz, (BTWI66) v FFv v
HHIES, WA TBREERNT S 2R
L, fFEAEoOBBRINE, » F7YyaTe
ARG OEACED LRLETVS.

m# %% =

A. BB ORER

AR OE—BES, BEFERELThE, &
FRENR BRI T 52 BRPLET,
AV BEVY DERGEREEMT 5 EET, &
FREE O BRE RS () 5T 8RR E
@ﬁﬁﬁﬁﬁéhé.Wﬂd@ﬁminﬁ,:
DEFTRbLEMER, FEEELTESR
VABIVCA OTAVFEER, VI B
FOVFF =, 3, FHER X USRI
BHE—F 7YV ERALELOT, ROED
CRpENS.

VFF— i+ FEA SV e RV
Amax 500 NM

VI F -t R TV Y — .
TAFX RSV
Amax 560 NM

VFF— N TR TV —
Ry awrvv
Amax D17~522 nm
VFF =Nt EEA TV
VAT IV
Amax 620 nIM

b OBMER, B0 EREC XY
REELPESMENZRCGEET S, » R
VR BRAR A LS OB O RS
L, Boll (1876) o#EIkEb X S
TVW%., 744 K7y iz Waldudid ¢, (1937,
1954~55) 23, =U b U #BIES O Lic stk
DREFMEWE T, FTOBREEERICELERD
WERH D, BT 4 v 7YV RBKADTE
HE T, SO X ) ORISR
Y, SeombEE R, iR (1969) i X V3B
ThTwvs, ¥4 7 77y rix Wald & (1955)
B, VFF—A, =T U OEF TV
LA LY DT, B CARLEROHHT
¥, GOEYE LY bhiea’, Liebman®
005, (1967, 1971) 2k v, BEBEDEET, &
FwVx 7 voh 2 0#EERCTIER S 1
7. Thb ORBWERMR S EMASE O BRI
BEL, CGSEILFF—VeFd 7Y v OFEW
LA SR B P, EREOMEIE, o
trans By FF—N ATV UVORELILVT
J 7w — b BT B RMB RIS OFRAL,
T b bR EER OB 2 2 &R
57 (1965, 1967) iz XV FER S iz,

B. H#EhiHs X OHERGE

EMEOMERIIET 7cniix, 7, M
PrcHIE T A RERD B, KiCETEL, &
LickRD CREZET, N3, BanBiick
YRS T L, LR E L OfliRE
=3, b o SIS REE L i D ISR HE RN I3
EFNTS, BIEFERER L 5> T35 HE
EEELTr RFY VT, 1930EEMAD I X
S THHER RS S hied, BEFUE L OfF
geg S H RO R DV TBER 4T - T
wa., Hie RV v ofiER, —Re, —E
BT 5t B R B T AT RIE L
T35, vvor FAY VTR E s000m/Esosom
R 0.17~0.2, Eursam/Esssnm 75 1.75~1.80 O b
ONHEEL BB Sh, Thix, 88 NEL 498
nm FEEBEY wWN/Eifh, TR § & 0142~
0152 & 75 B. LS EiE 4% 0 VA
3 A CIONHIERE Lictk, BEERZITRY,
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AWM= —T NV CROGEHLTBEL L 2REL

1~2%FX =¥ (PH6.8 i) TBIE

PR M 24772, 12,000 rpm 304y~ 1
BREOSEET % & Eionn/Esoonn=0.2~0.3 &
Eow FFAV U RIRE BN, Sbicfank
ETERRRA LR T35, Bownessl® (1959)
i, 1.8%F X = 5\ik 1% cetyl trime-
thylammonium bromide CTMAB -GHit L
e FAYBES YV VBINY Y LFAD
BT LEBLTIHMEE B %E L 2. Heller™®
(1968) 1%, AYBEFTHAEIZ 0.066 M v Ly —
FHETHHE 12,000 g 105 RIELSEES % R 1E
220/ < DIRL TKEMEARRRE, 0.04M
cetyl trimethylammonium bromide in 0.066
M sodium phosphate pH=7.0% fi\>, 48
FIflHI# 12,000 g 105y BE L, E¥#%
sephadex G-200 CH#AF@LCHi{fbL-. =
DHEIZ TN Essonn/Esoen=1.55~1.68 L 75
3. v PV U BROGHRIBIZ=>D%E s
I « (498~500 nm) (345 nm) y{(278~280
nm) 772, TOHEEBEARD LT,
Heller™® itz e F7Y v ik ¥R RIS R L
WEL T30, 0% Shichil®) (1970) o8
G, fifbLicu Ry ud BEEERTZ 2N
FesR &z, ShieldsB0 s, (1967) 1%, = Eo°yv
VOFX = KRR, VIBAIAVT LD
717 A &BLTHML L7 b Didpolyacrylamide
DEIFKENC L VE—HL L CHMShsz L
#Rew, Shichil® ¢, (1969) 1% 1 9% CTMAB %
FRFH b= HHRE ) SBA NSy 8D T
5 CHR% & i ECTEOLA-cellulose i
1 [ﬁ'}' 5¢, E4oonm/ E498nm=0-168, Eznnm/ E498nm=
L5 7Y, ZoER, BESLHEOE L
DEHBEND. BEIEZEBEw RV roF4
BAZERELL, FX I =VRELEEOD L
VHIHAIE 2R LT B,

C. SBEO{LFRHRE

v RV v 05FEIX, #40,000L 2z &h
TV 38, Euo/Ese D% 1.7~1.5 FLE & 4l
BEL72d Do, Shieldsl3®) s, (1967) i,
SFEER28600 & H ik L, T3 @RI

Asp;s-Thr,-Ser;;-Gluy; - Pros —Gly o - Alay, -
Cyse—Valy, - Mets-Ile,,~Leu,, - Tyr;;, - Phe,; -
Lysis-Hise-Arg;, &34 L Heller™ (1968) i,
SR 21,707, 73 BEREH235, Zofll8
BEREBEDL DT, Zokdu FF7 Y V3B
ARET, RECEPIEELZRTR, SFHIRY
VIREEED THBL 2% U T & v 5. —F
AdamsD (1969) ® Kimbel® ¢, (1970), Poin-
celotI®UN &, (1970) i, v FAY VU HFHic
U VHE'E %3 L phosphatidylethanolamine
BRARE L OBEIM LY, HEEICXY,
ZORRD, ATV I Ve T EI
EBL, COoBREERECHE L B L@
L, BUEBHRETSLHELTVS, LHL
Hall 56D (1970) 1%, H =iz ¥P 28 LI
HiDO Y VIRRHIC B RS A b B 2%, Mk
Lice FY 2B bhnl & 25EHL,
Anderson® (1970) 1 %P o #j B8 » & phos-
phatidylethanolamine 23 v 9 — U DS
PLEHZBTHEFTEL 5. TR (1969)
% in vitro < phosphatidylethanolemine &
retinal O 7EAEEHL 72 2%, v FFv v
SF LV VIRBEOBER, 4B rEShE
BETHS. v PPV rvoREAVFF—A1T
ATV DTIIBERDOML VIHEERE-
THETB LHBRENRTV S,

0o H
R + >N—opsin——>
\H H

R—(IZ=N—-0psin—|—H20

H
vt

Zhix NaBH, TEITEh2ZTh o0, K
BR’Lzboix, BEEShd, REHBZLD T
BILENS.

NaBH, 1
R-—?:N—opsin —> R—(IJ—N—opsin
H H H

ZOBEHIZ, HTFHNTIE, VIREEHMAE
HECBEh TRE#ESh, NaBH, o@Extsr=
33, BMEBTVFF—AREBE LT 5 LS
EieEREIL, VI7EENBLSNS, LT
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— VY TIEEREAT AT, VYV 0T
IOED», VVEBD=Z ) —NVT IV, B
EEnTwi., BELHD (1968) BREHHA
Oy I e ERRE e PV ER SR, B
AREZELL T, KR (—193°~—163C) T4
YR EREL, VFF—VORBE REBE
L, So0fAAEERTF TS, ThbbrT
F—VDTVFEFLEBEADI VYT I /L

v 7HEERES, 11-v A, vFF—ro0ll,
12 HOZEFBAMHE, BIUOTATE FEL
DRExtOFKERI, FhENEAREE TS L
EFLTV%., REFH(1969)1X, vFF+H—noD
TV 3 — VIR R REREIC T 5 L EIRAR Tk
HA 4 il #E4 L proton transfer com-
plex 4 ¥ 3. Thbb, 7TVTE FOZE
HOR—BERESLRD, TIVTE FORRIC+H
DF ¥ —UNBBHIL, T TEREEHLEER
Breks, ZTOEFVERIVe PV @Gy
73X v ¥r L5 proton transfer complex
LHELTV 3. ST OBEERICIARRE
BREAE, RSB HoaMlEC LY,
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BHOERP Y BZ b, WAPMEOECEES
~Y v 7 ZAEBRTEAR, EAEOBEXLOIRIL
CENET S, BREERE ESL, v P
v vz > Crescitelliz)2)2n g, (1964~1969)
HITE 5999 (1966, 1967), Williams!4® (1966)
PHWERD Y, HEIIhEe FAYUEHE
53 DRIV T B 2 SRS HIB0% D a~Y v 7
AREHbH, BAIZIY, ~V vy 7 AR
L, %7z, FIHE 500 nm MR EOH =AM
PEET S, Thik, BEMoll-v2vsi—
NTEREDLNTY, BHEHEEG T I LICXY
SEROFLIcdicET s L#ESLS.

D. HRWE DI %

BE O REE, PR LR
TR 2HFEHBR L KIS h s, HRS
82)162)153)154)  (1960~1965) o {& R (—195°C~
O &Rz X Y, BYLENRGEEZE LK
TERy V) BIUA I r FFY B0, K
TAuTY I TAFFFVUD R o,
HE TIEED CTRERERPHED RO FE
H&hiz.

>—15°C

hy
i) Rhodopsin —> prelumirhodopsin —> lum1rhodops1n —— metarhodopsin | —
H+

Amax 498nm —195°C 543nm > —140°

497nm >—40°C 478nm

+H,0
metarhodopsin [I —F—E all-trans retinal+4-opsin

380nm

i) Porphyropsm——>prelum1porphyr0psm——>1um1porphyr0psm——»metaporphyropsmI

Amax 528nm hy

——>metaporphyropsm I —all-trans retinal,+opsin

i) Iodops1n——>prelum11od0ps1n——>1um110dops1n——>meta10dops1n I —

Amax 560nm 640nm 520nm

500nm

metaiodopsin | —>all-trans retinal+opsin
380 7

Matthews!® &, (1963) yxmetarhodopsin I —
IToxzyznr—% +131kcal/mole = > b
nE—%, +465 = v b v E—HBELLFEL

—H+

Baker® & (1971) 1% meta- ] —meta-]'—>
480nm

msgota— 1 o5 EER Y % Z meta— ] —meta-
nm

17 &, WIBEKEENELET, ZoBERD
Ty #ae—i%, +11.3kcal/mole, meta-]’
—smeta-][ X, +1.8kcal/mole LH#EEL T
Vw3, Ebig, HRYD (1970) XEE~D T A
RETe F7Y UV RBHEEREZTRY, HFbHLY
PREESEREL, ROMAZERBLTCS

hy
Rhodopsin — hypsorhodopsin —> bathorhodopsin —> 1um1rhod0psm —

amax 506nm —250°C 430nm
metarhodopsin |
478nm >

380nm

>—250°C 548nm
> metarhodopsin s all-trans ret1na1+opsm
—23°C 0°C

>—153° 548nm >—43°C

387nm
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Cone® (1969) 1%, * X I&ENOu K7y
UREBEEROMARFLTV S,

I 3 X RIS RENTI TS RAE OB

(1967)5955) ~196858) <> Taylorl3D (1969) i,
T OVIBIE % B\ CHRE O B AR ORI

half time at 37°C
(t = 0 at time of flash )

rhodéPSinseo L10 Jisec

metarhodopsin I‘H? 0.25 msec
metarhodopsin 11330 63 sec
pararhodopsii e re‘c,inag.so + c:)}'as:i_nl2 min
retinolg,t opsin 20 min

~ rhodopsin
5oo

E. BHEOKSHE L GO ETRR

T ORER, RYEOBEEZHALPICT B4
BEE¥HICELERBEhB Y © T, Kb, early
receptor potential (ERP) #FERB P I2£E< D
HRENRD BN % 72, 7 OHER,
iy, Ardend s (1968) iz X, ERPo
BLBVRES Ry ik prelumirhodopsin & o
KALFRBENBEE L, < R KRR, =
K7y v ofb2B b dBERs L, SEEESE
DRIC X Y FBET S & Hir &h 5. Goldstein

Plaﬁfr‘wm
mes|

Chepper electrode
Main—omp. Pre—amp 1 ' (100 mesh)

i «—Light

Negative feedback —/'«
Vitamin C

adsorbed by ion-exchange
fnembranc

Rhodogpsi
adsork:ed

n
by silica plate

A7 Vi B RBIELT, BAMEED ERP
FEE, #EPEES L TR L, &b,
GoldsteinD%) & (1969) Xt + R ¥ A DY
ERP R4&icix, #EPEE LTERTS 2 &
FHLMZLTVEDT, SEEWER, TE
nFEET L0 LEbN S,

F. RWE 0N RLE D WF niry ek
BT (1963) iF, v FAYVRBOEEMY
R, RIREHE R I EIE THI15 msec @
¥R e R T EBEERD D, e TRk
B 5 VIE AR TIIR 2sec D
B EZRTEEEOWRM, Sbig,
T v i Y IR T sy DR R
HEeboBEER O SBREHL
L, F152mEERSEEE L
MERSZ L0 LAELTYS. #H
BD ERP i, v FFAY v S F o
charge separation |z & 2 LR &
h92), Grady® & (1968) i, w
F7°V VRO BT A € BRI
(ESR) 2HiEL, Mk v Bl
PETZZ LERD, Thiicharge
separationZ &3 LHEEL T 5.
EHD?D (1968) 1%, w Ky P
XU/ EiZiER© ESR 3%
L, —195°C ©, F{R%EHIzLD
gS40ITHE T2 RN E 3B, &b
SPI P77y v O=EERELE
250, FENERIA v, B
HEOHBTFED bhih o7 is,

X5. B V7 B,
Photo-galvanic effect
of
rhodopsin
mv ( low ilfumination }
160 12 light
d : dark
150
)
\
5 N, !
o i H
\\\$H; !
120 :
d
1oy !
[} 20 20 min
6. rFFYVEBROKEHRICXHEMLTH.

BT bz g524~25 @
YIFME, BETr FFXYUERE
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BEED LHE L. Zhit, DNA, RNA 7z
L8 bh b pseudomagnetism i FY T3
borBEbhd., EHEDIX, BEE HHED
BEEEBET LV TB%ET 5720 ESR oflE
BT o T 5H, BHEORVEMKE S ST
L RREET, MPORACE, FCEREE
T340 Bbhn b, —F Cu™ LEERAC
T, ACVITRVEEFARVCERE ED T
%. Polisi?h &, (1962) ik, ks iz =R TR
HL, ESRov 7z RH LR, PitthD
(1965) 1%, FHRAEEREA T —183°Clzis i)
ENBHERE{TR - 7225, ESR 0o v 71
RAEBET, BHERECECVLOLARLT
w5, v K7V UREE, BREOFERRICER
E&E, —F, TAANVEVBERES A
FURBBELEESE, A2 v V2 BiRE A
W, M5 om&EMEMNT, UHLREE
7125 &, RBLKIFEVBD ONDH, BES
¥3E, TORBETHETHS, ZoBFEMICK
BEIEER, 7AINEVBOBIGETREIC X
D RIES LR LEEMICE LOREEH B0,
Rosenbergl?) &, (1964) ¢ B-carotin # fi\ 7z
EFVERICEEDSH S LD, &5\ ik ERP
LonBYBHEL0N», BENEETS.
WE, HARSEoEERNT, BEOTE
LLTHETS EEZO N D O T, REFLW
(1962) 1Z, w RV VRO FIREEY,
FWemEtic XLV AEERER L, BAaIwEE
RO & L BRI L, Bontingl? &
(1967) vx, BREITE > TEREEEZ 2 T,
ZOEEARESTROLRICEIY B S b 0
¢, SEoEHERICE YT, EEELRE
D, A4 vEREOAMELENEL, BRHY
HRie o hB5 b0 EZL TS,

v.t 3 U

BB BHR OB & 18I LI BaE DG
RLEQOREEL 55 TR LR B LA, BFFE
OEFEIIEL, #b LVERHER EOSE
LhhiE, EETHD.
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Vagal response induced by electrical stimulation on medial vestibular
nucleus and the influence upon the response by conditioning stimula-
tion to the cervical structure Satoshi KUBO (Department of Physiology, Kyoto
Prefectural University of Medicine)

The vestibulo-vagal response, consisting of the early and late components, was recorded
from the cervical vagus of adult cats in response to electrical stimulation of the ipsilateral
medial vestibular nucleus (MVN). The early component (latency : 1.7+0.3 msec, peak time:
2.040.2 msec) was termed the initial spike (IS). The IS presented full recovery in 5msec,
and followed repetive MVN stimulation of below 200 Hz frequency. It was resistant to
Nembutal. Thus, the IS might represent antidromic excitation of vagal afferents. The late
component refered to as the late activity (LA) had latency of 5.1::0.8 msec and duration
of about 6.5msec. The LA took about 100 msec for full recovery and failed to follow
repetitive MVN stimulation of over 50 Hz frequency. The instability as well as susceptibility
to Nembutal of the LA suggested it to be the result of complex transsynaptic excitations.
Conditioning stimuli applied to cervical paravertebral supportive tissues (joint capsule,
ligament, periosteum) depressed the LA for the period of several hundred msec, but did
not affect the IS. It seemed likely that the afferent impulses orginated in the parvertebral
supportive tissues modified the activity of the medullary reticular formation to result in
depression of the LA. (J. Physiol. Soc. Japan (1972) 34, 71-803

key words : vestibulo-vagal response, medial vestibular nucleus, brain stem, conduction

velocity, conditioning on the cervical structure.
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Bzl

WIZ, FEFEOMAL LT, BEMHEE W
ML (Co~Cy) & B OBEL, %7z, #5 (Ci~
C) 24IRL, BEZECCRIBEERL, &
hbiz, SEROTIRERS Vv THRERB 21T
Iolc. DM, WEEHOFAE, HEBILHED
B, TR, RMEAEESERS IO
FREEZRE, hd oMz BH L CoMllg
BTz ok, ThbORBAERICIE, LM
BRT, MRk LSS R v, BRI HRK
EHZIMhO&GHE TS, 0.1msec, 10~
15V, 50~600 Hz BRI & Fiv iz, Sefbmi
& RBARIB ORI IE, SRERIBK TR >
HIEMRENAE~ORIM L ol & b L
7.

FLERIZ, R U 7o RS AR P AR & R 0
WD BTV, SROTBER (EF
3mm), FHEIAM L VF5em 0Lz HE
Wi ¥z, BEEERHETS D, 55—
MOEEERE, —EOEEE T CHRBNI
By, BEMRORIGE, Fyvrzxa—7
(VC-7, BARNE) c THEL, PERLTE
Hitkk L7, Fg3EmE R, MSE40 (HA&HE)
ZHAvie. Fig. 1 W ERFEOERZTRT.

M. #& R

A. HTERREAAE- R ER R

BIEEREAN AL, Grantynedic k% b, 45
VHEEMEL, 13 46X 1 X 1mm kT
5. ZoNAEORE EERIE LT, Hipk
EMREVEEETS L, KE, FREEALC X
> TRV R, HEFRRNEE O ZET:
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RKEic, HRRE (BE 8V) 252128, ®

sy LB L Y e RIER 2 bhE (Fig. 2,

C)). &% initial spike (IS), 4 # % late
activity (LA) 2 &t 5Z Lic$5. IS 0
Rfi, 1.70.3 msec, AR (RIBUR X V&K
BB TE S CORE) 1, 2.0+£0.2 msec,
1 ~l5msec Thd. LAWK, #5108
msec, FHEEAY 6.8 msec DOIRBEDOPRIEE TH
5. ZOMWMLIC & b I RVCEEE S 2 5,
HD5VX, ZOWALLYRBNERETSE, IS
XV ECEROPENTES S (Fig. 2, Cy).
OB OB E, 0.8~1.0msec, THER
1.0~1.1msec Th 5. F7, LA DOEEENE
L EBERBD 5.

IR EMNE Lic, bAEHIBTTE VY
2O EREP D, TOREETELT, IS
BXO, &b ICERR OB O REHRE % RIE
L7z (Fig. 2, Ry, Ry). IS ofmilips iy, s
DEP B, 39.0m/sec (FE), EHR K O E »
5, 26.0m/sec (EHE) Thol. Mk, IS
XY RO Tk, WROE,D 484m/
sec, THEREOZEN D 37.9 m/sec DIREFE N
% bhic. 50m/sec I WEEEEEZ O D
PR, A O E LRI BET S L,
BIEEN AL O & BRI EIC X VR
ESEbOLWBRENDIOT, UFOERT
W, BIEEREERPARE O E R ARSI B
Bx, 80V UTFoMmEoRlEsAvasz tic
Lz, Ledi=TC, LigofER ek, IS Xy
EVCER OB, STy,
BIEERE P R R E AR I &, HEIER
TE&ET 5 L (Fig. 2, C), ISREE LG
T, HHT & oR, REE, ZFE—ETH
5. —7%, LA &, HZ LICRIE, FRsE
B+ 5. Bz, LA o Fopksik, EEER
v,
SEHERREMR O H R ERFTES 2 BlE T 2
&, MR —B L CRAEEET2=y B
LU, MR ORI LRI, HRITE L VIRERF
BCA—Z VBT Z2=y M HBRE. &
b EEAE O HIERR B SIEE DA LB T

Fig. 1. Diagram showing the experimental
method. Monopolar stimulating electrodes were
placed on the medial vestibular nucleus (MVN)
(S1) and on various sites around cervical vertebrae
for conditioning stimulation (S;). Recording elec-
trode (R;) was placed on ipsilateral cervical vagus
(CV). Additional electrode (R;) was applied about
12cm distal to R; for measurement of the
conduction velocity. C;_; show cervical vertebrae

\‘n\h :\H‘»w‘\‘
Comnns ) Y \Mww-v
Gmsec.
\
o \/\/\.
Rz e
// o
Tmsec

Fig. 2. Vagal response evoked by single shock
stimulation to the MVN (Vestibulo-vagal response).
C, : Whole process of the typical response, five
sweeps superimposed, consisting of IS (initial
spike) and LA (late activity). C, : Response with
double peaked early component (first peak and IS,
arrow) evoked by stimulation on the caudal portion
of MVN. R; and R, : Expanded records of the
double-peaked early component obtained at the
sites R; and R; shown in Fig. 1.
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X, LA BR&dp o1z
BN RERRCOME S & 5

E, LA oBRKEEBRSEERPOEC—7ET
oz, 2 FHIE ORI, 10msec LIRD &

—me LT, IS LA pEEZFH /. Fig.3 121X, 1XBORMIC 2R BOFGNERY
BAREZICE . ORFEIFR T 2 BRIB 2 52 e EReZHLE23, IS, 2.2~23msec XY
BomGLEERER RT /77 TH 5. LA HIRL, 45~5.0msec TiRERL&BEE L

DRI L TEHAT 3 »xRETH B2, BE

. A
- \\ /f VW’;‘J\KJ ({118

NUS
- |\JJ \,\"\/"\'W. *
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Fig. 3.  Left: Double shock stimulation to MVN. Second
shocks are shown with arrows. Cont : Control (single shock
stimulation). Time calibration : 5 msec, long bar for upper
two records, short bar for the rest. Right : Recovery cur-
ves obtained from the records on the left. Relative am-
plitudes of respective component of second response are
plotted against the time interval in logarithmic scale. Closed
circle (+) : IS, Open circle (o) : LA. IS began to recover at
2.2 msec interval and recovered fully at 5msec, while LA
required about 100 msec for complete recovery.

100 © —o-

E‘.\\ 1§ o——a 20-200H:
) ——= 300H:

LA x—x 20Hz

\ — 301
b\ T * o—o 50Hz

S N
0 20 10 60
No. of stimsli

Relative amplilude (%)

Fig. 4.  Effects of repetitive MVN stimulation on am-
plitudes of IS and LA components. Amplitude of IS is not
affected by 200 Hz stimulation and but becomes gradually
down to a half of the control by 300Hz stimulation.
Amplitude of LA is reduced abruptly by lower frequency
stimulation, to nil by stimulation of 30 Hz or higher.

7z. LA %, #5msec THE LELREEIZ100

msec #EL7. ISBIUCLAR, &
% ORI IC 33\ T hIEERR
AR LN,

Wiz, BIEAREANMRCTE A ORRE
T, RLHBES X, REEREKL
FIEOBERE R~ (Fig. 4). IS 13,
200Hz  ToOEEEIMI & {R&
+%. &bic, BIEE (300Hz) T,
IS 1%, wEXK50% kb T5. —
¥, LA, 30Hz @, 303 H, 50Hz
Tk, 108 H ORI IE Lz 2 -
iz,
wic, MBTOYVF S AREEEL
{RETBZL vbhbh 3R TF—NV
25, BIERREPN R R E R G
BLETHELRH (Fig. 5).
X v 7 Z —NORRNEE (5~10
mg/kg) itk ¥ LABNEEH3~55
THWEEZT 58, ZoRERT
£flic LAR, HRLIEbF Thdko
7. Ml IS ke B, ko
jo. BE5%, 3043, LA @iy
|14 Lz (Fig. 5, Ac). Xbiz, K&
(30 mg/kg) DX T ¥ —NVE#E T 5
LEFIE BT 2~34c LAIZHER
Liz. 30534 <y LAoEERA N
Binotz. IS, ZoRBED X v
TE VB> TY, Fhh EEE
Shizd -z (Fig. 5, B).

B. HBIEMENMEZ-RER & RS
%y % ARSI 0 HE

Gernandt® %, HIERE © BKH]
Wi X 2 KEMRREORIRICH L, E
OFERE LT, FTEMBESE, 20~
30Hz TR T2 &, BEM#E-
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HEMRERRE, HRTBZLE, #
ELTws. LAL, Z0%BOFE
XY, s 3R D OROHR
MERREL, 4 v A REBMOPR
BT PRATHS. 22T, AE
Br T, BATEMRENAE-REMRR
i (IS BXo LA) 2L LT, H
EH OO Zh ThiT, AR
BEZ, TORERRE L T &k
Fig. 6 1% 200 Hz, 503 & &4 & L
T, EEEOHE, B, W, BEHiE
BEHRECEL, BkoFEMRE%E
50 msec o PYAZE-REMRREG & 4
2 OB > THILEZ S O TH
5. HEHoBEM# (M. trapezius,
M. splenius) ~o&MAHIE T, A
IR EMRR R EER L o T,
7z, BEEGE (M. rectus capitis
dorsalis major et minor, M. obliques
capitis inferior) ~DZMHEIC & -
Th, IS 3L LA 13, BEIhx
Polc. 772 LA o5 OGS, B

Rl E R, T oS, KR \AMW““““

BOUTHELLEVOT, FMflEo
PIRITAE LG, Wi, SRS )

Fig. 5.
A : Nembutal 10 mg/kg, i.v. B : Nembutal 30 mg/kg, i.v.
Before (a), 5 minutes after (b) and 30 minutes after {c) the
nembutal administration. Time calibration, 5 msec. IS is
not affected, while amplitude of LA is depressed markedly
by even small dosis of nembutal. Suppressive effect on LA
is prolonged by larger dosis of nembutal as shown in B, c.

Effects of Nembutal on vestibulo-vagal response.
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Hlie. &biz, LA ok, A
B LI SHEEH%R (C~C,) ot
HRKIC Lo CTHRBZ 52 LRSS

Fig. 6.
the vestibulo-vagal response. A : Controls obtained fromj§
different preparations. B :Structures to which conditioning
electric stimuli were applied. C: Vestibulo-vagal responses

Root(6,)

Effects of various conditioning stimulation on

evoked at 50 msec after the last stimulus of the condioning

7. L L, HEFFLEEEOFRAE
1R, PR, R, BERE
AR E 5L T LAREE LA

(200 Hz, 50 pulses). Only conditioning stimuli on connective
tissues around cervical vertebrae and on cervical dorsal
root inhibited distinctly the appearance of LA. Time cali-

brations : 5 msec.

D olte. FUHBOBIIALLAZE

PEBMIICRTZ L, HEETH B, £AL
w LA ok %E b7z b Ui, $ric S g
BHTH o oDk, HIABRMERREIES, FRHEHHERS
S, BHESHmTh o/, O XD IR
WOBREELE, R ICBE LA T, F
BRICEERERE OBERB LA Ty 5 FIREMH
bdH 50T, FHERHWOBMEIC, 2%E®B7

w i A v EME DR (0.2~05 ml) A L TS
HEE 52 5L, LA oy, Zohikdo
7z(Fig. 7¢). XoT, &KBHBOEREEC X
5N, BEECERCBRCBIATYRY
Z L BHER S iz,

LA &35, FMAFRROMBIZIE DR
BERND 0, ROARIBOBHAE? O HiE
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FHENREE A~ E < o BEEE (C-T in-
terval) #&{vs¥, LA oHloBER2Z0
RIECRIE Lz, EREOREEH L FEERE% Fig.
81z5x+. C-T interval Afnfaicig 4 IS
BRSPS vas, LA, C-T interval 3
Sy rEHcmBlshs, LA ov—7 0%
£[E{E Iz 700 mseciE{ #FE L7z, 700 msec{%

2w Th LA o FoEEix+4okcEELT
Wiz, g, LA o%FoESIRE
ETHEHEE L ORGR—E TRV LTS,
ZoWmEEE, AL T, BRLBIEEELD
Jiz.

BORMSER IR, SEHEREIRIL R o TR
(@) », EERREEZLZ LTV 3

\f\ v’l\"\av«ww._

A
J
g — W
Fig. 7. Effects of some chemical agents on the vestibulo-
vagal response. a : control. b : the response just afer the
conditioning stimulation (50 Hz, 1 sec) on the paravertebral
connective tissue. c : the response after the same condition-
ing as in b plus procainization of the tissue. d : the response
after injection of 6 % NaCl solution to the atlanto-occipital
joint, Procaine inhibited the depression of LA by electrical
conditioning, while hypertonic NaCl depressed the develop-
ment of LA to some extent. Time calibration, 5 msec.

W 100
A Asan

v -
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100 s o it 0
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Fig. 8. Recovery of LA after conditioning stimulation
on the cervical paravertebral connective tissue. C : Single
vestibulo-vagal response (control). Figures on left of each
record indicate intervals (msec) between the last stimulus
of repetitive conditioning (600 Hz, 50 pulses) and the test
stimulus on MVN. Time calibration : 5 msec. The amplitude
of highest peak of LA was measured and plotted against
the time interval as shown on the right. Depression of LA
lasted about 800 msec and conditioning by higher frequency
resulted in stronger depresssion.

500 Taoe

(McCouch et al¥). %z, FEEL
EEOMEBRRG I X 5 BIEMEAR
-REWRRGCE X & THELH
RCHIz., ZOFER, EHOBLRE, B
Bz X - Th, £, BREEAIC
45°~50° IR LT, ISBI VLA
LD b hizdolk.

Bigic, BRIC L B5MHmE® LA
CRLEARIHE S 72 b L 3L
(BERHEEESE) CERAEKE &M
FlE (BR) by EALT, IS B
IV LA E 2 2HEBLRITHIE.
EEAKEK 05ml) oEAR XD,
LAk 2 ~ 343tk & 5 i 7= (Fig.
7, d. ZoWmfxtEoEEEE, B
BEFCEE L.

V. & %®

ARERTRI, BIEMRAA O
FFRRIC X 2 TR ERRO KOG,
Akert & GernandtV s X 1t Cobbold
et al.® OFIEMEOFIFIC X 2 HH
HEMELE L BRER L URSORT
Br5, %X, B4~ 5msec O
%z 20 msec o initial response & %
hiZF/MERBMETEHEL T3,
HBEOBMIBRMC L VHERT S, &
EBTO IS itHYT 50, #HE
DEE T 77 &, 5o “initial res-
ponse” PERED R D, LA Wiy
THLEZODND., ZTHhHDEWVE,
HEENLOBCIZ B b DO THBH T L
REZDCHEHBETES.

HEHENAEORMIc L - T,
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Fasha 1S, Ao X v BRI
ERALBEBIC L - T, IRIESELRL, &5
i, IS R0 EROEVERERD 5 b h, BR
SNRTHME LB, T OBERSOREICOVT
BET 5. IS X ) BB CEE OEERE
PR B L, BKk48m/see, EH 38 m/sec /i
HEE 2.

IS izowv T %, EH26m/sec L BEE %
fo. ThdofEEEE R, Gasser OVHILEIY
DI O S FEIC X B ABEIC BT % Hihd
KOO EREICHEY T % (Patton)®). &
o DRWREEER b ORMER, Wik
KKIET 2D DT d 5 5 b FHERENERS
X, BaOBMEL Y RABAMR TS, 0
BHEOHF TR L BVWRERELZ OO, B
% 12p D EOHERMET, Z0RBKEER
ThY, BEEOEEEF L S XEMRERHES.
T ORMEE, BEEHT, REMREERAEOE
Eri@Yy, ¥EwECAS (Crosby et alD).
Rudomin®iz & 3 &, Z O EHHREDEER
EE (&%) % 83~100m/sec LEEL, %1,
Porterl®yx, IFEREEMZEORIEIC X 5 W4T
ORBEREO=y VL& L, ZOER
L, FIBERAL & FTE AL O FEEE S b B E &
SELT, 30~70m/sec LV IHFEREHLT
W5, RERT 2 7, IS X BRI
DOEEHEEX, B 48m/sec THDHDT,
e KEMEOEEEE & 513, BBEs
L#Ez bh3. Grantyne®=> Snider & Niemer
9 atlas |2 X5 &, BIEERREPAEEL O BAES
FIME L ES Y BD 5. ERIMEKICKD
sROUNER I I AR EE 23 456~50 m/sec Db D3
Z¥En T3 (Porter’®, Rudomin®). L7cd
- T IS X vEmoEE, FIMEROCWE
EIZ XY, EEINEEORHEDOKRE B
BL, WTHEDOA vV R ERERRIZED 2
MELDOEELBND.

IS 3, BEBITREBEORELRIE T
5. 2%HE X 5BI4EIE, 5msec LANT,
200 Hz % -cofEEH#EIc X < KL, 300Hz
THRBIECRRIGTS. X v T4 — VO

REREIz X » T bFA EEEBShERV. F
7z, Greenl® % Porteri®) |13 > 2% AT 5
PRk, 50 Hz DL EOSERIFIBIC RS Uik &
EZTw5S. ThbDZepbEXZT, IS,
VFFRENEBCREIETHB LD, TO
IS ofRiE@HE L, FH26.0m/sec LEIESH
7o, HEMREOBEOBKES T3 b0, Bv
b DT BRHMEICE L Z OREEE L, 15m/sec
DUTFThB. LichioT IS ik, EEmELH
BXVHs, BEmREOZSEOERMEREE L
b DT L, I OYIRIEIC I 5 RUHRHE
(B OB E =T H 0 X DI EEEEE )
OBEEWI RS L vz 5. Akert & Gernandt
D OREMRE OB X B KN CiE, ARERIC
BI5, IS HYTELOREHRINLT Wik
vz b b, IS IRTEEREEELS oA
T ERBIAEHETHE V2 5.
LA, BFEE0&E»S Akert & Gernandth
& o initial response iCFHY 5. FEEREKER
BBELDORS LY BIBABETHBDT,
LA 3fEx omOERMEOTEEIEM LV 25 L
Ezbhsd., LA, MRoOME LEICL)EE
ENHBRBZERRIGETHY, e LAokolk
DIEENIARZETHS. LA X, Fv7F—n
DYE#RE 1T X Y ERL, 2FFBOEER
100 msec 3£ #E L, SHEHE (50 Hz, 103%)
X OVEERTEZLPD, VT AREE~
EboLELZBND. ¥, ThbOBEN,
LA 0#OFOBEBICREAF 2 L 2 EXD
L, LA ooF oS, LV ERLY TS
AERTHECED, ZOZ LRI VT E -
DY EREICE VT B LA ol —# T
wo kb bHgRENS, EDOVF T AOERH
oWVTIE, RERPLIE, Eo&Vviikw
23, BIEEMREPNAIEE D & R EMRE A Ic 5
Ehieb o (BED) SREMEANE b LT
BB ER T, REMRERNE~MEES M
bOLEZLNS.

2 BHIEIC X v LA oRFASEMSE 5
Mole. =Dz ki, Akert & GernandtD iz
X5, HIEMROBEORIBIC XY BEMHE
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RICECEE, i, DEELET3E97k22
ERRIBEVOREBEN L A —FHEMRED
T X 2B AR B O I RRER #5583
RZ5Z Lk, BERHORIECEEOBICHE
HOBREOBVIEE RS + o Kk SERR
v,

KT, AIEMEE-RERRRISCRT 5 H
FROHERORMRY OBV TERT
5. KB, HIEMED B\ IR BENEE
BhBEBDLbhRVEE, Flxd, b5 bE
ZRWT, B, \H, HR R BTRE
75 ¥ ORIE B EMREEO BRE 2 RR T 5 R
FETS. BODE, Lo bLERKELEZS
ZROREEZ, HEROEBHOZEHEPLD
AV ANV REZLEBEL TS, Gernandt®il,
FLERHRRIC, 30Hz OFGHIMK 2 BB H
Ex 3L, HEMR-RKEMRE KR “initial
response” RiHKTHEMEL TV 5. L
L, BROREHBIM T 5ZH5HP b OMEE
FBLI2bOPFRATHY, EhBSAMEBEE
BE~THE-REMRRISCEEBEEX 12 2
FHTHB. AERTE, EEROMKLE, B
EEmE, RS, BF, % B
BEME, %IR(C~C)Lilxcf&uflEz 5
%, HIEMSE-REMRRINCHT 5 BEE
Lb_7c. Z0RR, HEEHEOXFER T
RbbLEE, BEHE BE~OFHRB XY
LA BELLIHZ 052 L3 ¥o7z. BR
X BEMAREIC D Y EEARKE, W,
BE%, BERCEATRLE, BEA%2~3457T
LA o R Z 7. Campbell et alDpx3g
HEDBRFIHIC 6 B REKEEAL, KELH
#HHEROBE EEEH, BT B NE
TBZLEEHELTVS. KERTHZML,
LA izt L TR DR E WIEIZIE S L o &uH]
WOBABAE, BEEHEE ST, HEREHE
BEERALOXEEK T D L v O BRI, D
DERNBEL L FETHLELDRS.

TMZARL LT, HAREHHE B
Golgi 88F, BfEi#Ec Ruffini #&skik, Vater-
Pacini #&sefk, B#ic Golgi ORERAEREOK

KEDEET . £, B, HE B FEE
CHICEBSERRRD Y, ZThRBERERRIC
BRTszeRtmbohTvs. ZERCBT S
BLHBSEREAEEKOEAKLLY, Thbd®
BHEORDEHEOWTFRARE S L b or
AHTH 5. HHOMECHIE FHEICXY,
AEMRL - R EMRRUR S B S hii v T &
26, BIE BEE WECOmT 5 H B
MEKicHtT 5, BEROHE L x> T 5 FEE
HERREV., BIRAA T4 V0 2 TFRR
PREE, FREILHERS, FRPEER, FHEMERARE
& LT T 3BTRS Dk % i 0fE
BAROKZFICH L Tw2IN28) 5L, &
B LTRmSh 3, B2 O F G-
EERIG L UTRE, WOE, MEEoElB X
O HEMRIEE UTHE, ME, JREOZEL,
REFENRHBND 0, MEBEREo=2—r
VDA VARV ADREILLBZDDTHAH.
o DEBHEIC X VIRES oA VoSV AR,
WEREE N T2 ERRIUST & % HEMREE-
HKEMER GO LA ZE 2 5270 b O LRE
N5, ERELMHEC X v LA oEkT 5
BARHETH BN, Bb <, Lok
BLEZZRBROMEA v v RIT LY, R
D=a—n P, BHEZTY, o
Bzl beoshicboELbhS.

V. # : #

mAEy, JEEhL, BRMX = E VT, BiER
BN O BSHEI & Y IRk ESRE» b5
FEND DB E T, Kig, TORIE
BRI L T ERBOFEERC KRR E 5
%, TR E2BEETS, ROBREE 2 2.
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PRItk L 1 B,

2. WAy DIREEEX, 38 m/sec B
26 m/sec O=FEPLRY, ERSETHK
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m/secLA T Th 5.

3. BEHEERIC X Y RS 200Hz £ T
X RIEL, 300Hz THI50%IcHIE S h .
BRSE, 50Hz, 10l RicRRIS L 2 -
Tz,

4, BERFIOEIC X Y RS, FRAER
BEnT, BROE, HERLE.

5. WRRAIE, IMHAZICH B RERER OR
DRk, BRSO, VT T RER
+ 5 m0MED B AR ORI S 1
rbDrELLND.

6. TESEEROMEMT 5 o MR (B, BIf
B OB CiRMEE SRS L, BRSO,
$E msec iThie - TRl S i, THEEHRE
~NOEMERNE IR EER L ole. 2% T wh
A VB EHHBOMMICEAT A Lick VB
AT BRI ORI HE R L. &
7z, EIEARIKOIEAI X VBRSO A
bz,

7. BRI B IHIEIEE & b OHEEH O
EEZRBC OV TETOBEREMA 2.

AT OE SV AR AR R &, B3E
R B AR B AR S &, SR10E] B AR
Aladds X OVEASE B A HEAKRAT B W THER
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Changes in lipoprotein lipase activity in tissues of rats
exposed to cold of various durations

Kazuo ABE and Keiichi YOSHIMURA *

Department of Physiology, Hokkaido University School of Medicine

It is generally believed that enhanced fat
metabolism is important for the effective
cold tolerance in mammals®9. The available
data on fat utilization, however, are incon-
sistent in their essential details. For in-
stance, Himms-Hagen4 found that plasma
free fatty acid (FFA) levels were reduced in
cold-acclimated rats, suggesting a decrease
of turnover rate of FFA in these animals.
On the other hand, Hannon and Larson? re-
ported a higher FFA level in cold-acclimated
rats. Recently, McBurney and Radomski®
claimed a higher turnover rate of FFA
without a significant increase of plasma
FFA levels under similar conditions. They
reported also an elevated turnover rate of
triglycerides in very low-density lipoprotein.
Since the uptake of plasma triglycerides
from the blood by tissues is known to
depend on a specific enzyme or lipoprotein
lipase (LPL) activity®, it is of some interest
to examine the change of LPL activity in
several tissues of rats exposed to cold of
various durations.

The present experiment designed for this
purpose was carried out in winter from
November 1970 to. January 1971. Male Wis-
tar rats, weighing from 240 to 350 g, were
housed at a constant ambient temperature
of 20+ 2°C and fed rat biscuit and water
ad libitum. They served as controls. In the
experiment of cold exposure, the animals
were housed at 4 + 2°C for various periods
as indicated below. In some experiments,
male rats reared in the cold (3°C) for six
successive generations were used. At the
end of cold exposure, they were lightly
anesthetized with ether vapor and inter-
scapular brown and epididymal white adipose

* RAIERENDS, AT — ¢ dCHE KRR —
(Received for publication September 29, 1971)

tissues as well as heart, lung and skeletal
muscle of the thigh were quickly dissected
out. After weighing, the tissues were homo-
genized with 0.025 N NH,CI-NH,OH buffer
(pH 8.4). These homegenates were used as
enzyme solutions. Assay medium consisted
of 1 part of 59 of Fatgen (Dainippon
Pharmaceut. Co.), 2 parts of rat serum (pH
8.4, adjusted by NaOH), 4 parts of 10%
bovine albumin (Armour, pH 8.4), 2 parts of
0.7 M tris-HCI buffer (pH 8.4) and 1 part of
heparin solution (Novo Heparin, 14 IU/ml).
One ml of the tissue homogenate was added
to 1.8 ml of the assay medium and incubated
at 37°C for 1hour after the preincubation
of rat serum and 5 9 Fatgen at 37°C for 30
minutes. One ml of the incubation mixture
was removed for FFA determination before
and after the incubation. FFA was deter-
mined by the colorimetric method of Dun-
combel. The LPL activity was calculated
from the difference of FFA concentrations
and expressed in terms of #Eq FFA released/
g wet weight/hour or pEq FFA/mg dry
mass weight/hour in the case of adipose
tissues. Dry mass weight was obtained by
the method of Folch et al.2.

As shown in Fig. 1, the enzyme activity
in the heart was significantly elevated by
cold exposures for 28 and 52 days, but not
for 1 and 14days. In contrast, the heart
obtained from rats that were reared in the
cold for generations showed no increase in
the enzyme activity. LPL activity in the
lung tended to increase after 28days of
exposure to cold, but did not attain a
signficant level. No change was observed in
the enzyme activity in the skeletal muscle.
On the other hand, a reciprocal change in
the LPL activity was observed in epididymal
white and interscapular brown adipose
tissues, as shown in Fig. 2. In brown adi-
pose tissue, cold exposure only for 1 day
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Fig. 1.  Lipoprotein lipase (LPL) activity in the
heart, lung and skeletal muscle obtained from rats
exposed to cold of various durations. The activities
are expressed on the basis of wet tissue weight. On
the abscissa the durations of cold exposure are
given : C stands for controls and CA for cold-
adapted rats that were reared in the cold for six
successive generations. Numbers in the parentheses
indicate numbers of determinations. Bars on the top
of the columns denote standard errors of the mean.

caused a significant elevation of LPL acti-
vity, and 28 days the enzyme activity
returned to the control level. On the other
hand, the activity in white adipose tissue
tended to decrease during cold exposure,
showing a considerable (though not significant)
reduction after 28 days of cold exposure.
Very recently, Radomski and Orme?
reported a marked increase of the LPL
activity in brown adipose tissue as well as
in the heart and lung and also a decrease
in epididymal white adipose tissue after 1
day and 28days of cold exposure. Our
present results, carried out independently,
using a different assay method of LPL
activity, thus essentially confirmed their
results, even though several minor diffe-
rences are noted. The whole pattern of
change in the LPL activity disclosed in these
studies suggests that cold exposure causes
an increase in the LPL activity of the heart,
lung and brown adipose tissue of the rat,
while a decrease in white adipose tissue. It
may be surmised then that enhanced activity
of LPL in rat tissues is a reflection of
elevated utilization of fatty acid in these
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Fig. 2. LPL activity in epididymal white and

interscapular brown adipose tissues in rats simi-
larly exposed to cold. The enzyme activities are
expressed on the basis of dry mass weight. For
further details, see the legend to Fig. 1.

tissues in response to cold exposure. It is
of interest to note that the enhanced enzyme
activity in the heart was found to the initial
pre-expo sure level when the animals were
reared in the cold environment for succe-
ssive generations. The significance of this
finding remains to be elucidated in relation
to cold adaptation.
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Gustatory responses from circumvallate and foliate
papillae of the rat

Takashi YAMAMOTO and Yojiro KAWAMURA *

Department of Oral Physiology, Dental School, Osaka University, Osaka

Up to date, taste responses of a gustatory
nerve fiber have been studied more inten-
sely in the chorda tympani than in the
glossopharyngeal nerve, although in the rat,
Yamada®?, besides other investigatorsbDd,
has made detailed analysis of the response
of the glossopharyngeal nerve by use of a
special chamber which allowed to stimulate
the circumvallate papilla only. Meanwhile,
the foliate papillae are also innervated by
the glossopharyngeal nerve in rat®. Now,
the responses from the circumvallate and
foliate papillae could be recorded separately
with the aid of a specially designed appa-
ratus, although the circumvallate and foliate
papillae in rat are close each other on the
base of the tongue and it is difficult to
stimulate these papillae independently.

A schematic representation of the experi-
mental arrangements which apply taste
solution to the papillae is shown in Fig. 1.
Stimulus container (A) which is made of 20
cc cylinder is connected to a cock (D). Cir-
cumvallate or foliate papillae (B) are covered
by a lucite cylindrical flow-chamber with
3mm of diameter and 2 mm of height (C),
whose inlet is connected to the cock (D) and
outlet to a cock (E) with flexible polyethylene
tubes (1.5 mm of diameter). The cock (E)is
connected to a glass bottle (H), in which
negative pressure is maintained by con-
tinuous suction (I). The glass bottle (H) is
connected to an open air nozzle (G) via cock
(F).

After the glossopharyngeal nerve was
exposed and cut, integrated responses of
the glossopharyngeal nerve were recorded
by an electronic summator having a time
constant of 0.5sec on an ink-writing recorder.

* Ol B, FTATEETER ¢ KRR HAE
RS
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Since the glossopharyngeal nerve contains
a large number of thermosensitive fibers,
the temperature of applied taste solutions
were matched to that of the base of the
tongue which was measured with a ther-
mistor. One side of the buccinator muscle
was cut off by 1cm and the tongue was
stretched. The circumvallate papilla (or

Fig. 1. A schematic drawing of the apparatus
for applying taste solutions to circumvallate or
foliate papillae.

Ciro\mvallaee Papilla Foliate Papillae
(Ra

(Rat 11)
W/\W\/ 4
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3% Tartaric m
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Mg I
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Fig. 2. Integrated responses of the glossopharyn-
geal nerve to gustatory stimuli applied to the
circumvallate and foliate papillae in the rat. Res-
ponses to NaCl and quinine-HCI are predominant
in case of the circumvallate papilla and the
response to tartaric acid is the greatest in case
of the foliate papillae. The arrow in each record
indicates onset of taste stimulation.
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foliate papillae) was covered by the flow-
chamber and the chamber was pressed
moderately to the tongue surface by inter-
posed short glass rod between the top of
chamber and hard palate of the rat. Test
solutions were continuously flowed from the
inlet of the chamber and were withdrawn
from the outlet by slight suction. At each
trial of application of the stimulus, the taste
container was exchanged to another one
which contained another taste solution or
rinsing water.

Fig. 2. shows the actual glossopharyngeal
response to gustatory stimuli applied to
circumvallate and foliate papillae, respecti-
vely. Responses of the glossopharyngeal
nerve from both papillae were similar in
. several points to those reported by Yamada?®),
that is, the response had a latency of a few
sec after onset of stimulus and the magni-
tude of response increased gradually and
decreased slowly after reaching the maxi-
mum response.

In both the circumvallate and foliate
papillae, taste buds are situated at the depth
of 200~500 x from the surface of the tongue
2)3), Therefore, taste solution must reach
deep into the grooves of the papillae to
stimulate the taste receptors. The responses
to quinine and NaCl were more predominant
than those to sucrose and tartaric acid in
case of the circumvallate papilla. In case of

foliate papillae, tartaric acid induced the
greatest response and sucrose evoked the
least response. From these results, it is
suggested that the acid sensitive receptors
are distributed well at the foliate papillae
at the lateral edges of the rat tongue as
like as in the human tongue. But, there are
fairly remarkable variation in the magnitude
of gustatory responses. This variation will
be attributed to the diffusion process of
taste solution in the grooves and to the
secretion from Ebner’s gland in the bottom
of the grooves which at stimulated by taste
solution. More detailed quantitative analysis
is requested to get precise comparison betw-
een the magnitudes of gustatory responses
to each taste stimulus.
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1. Action potential transforms and mechanisms of excitation-contraction
coupling. A. SANDOW (Iust. for Muscle Disease, New York)

The effects of various modifiers of the twitch
(potentiators, depressors, and others) on the
action potential, the mechanical threshold, and
the tension output of frog sartorius muscles at
20°C will be presented to show that E-C coupling
acts so that the effect of a particular part of the
action potential becomes explicitly evident as a
“transform” in a specific part of the very early
rise of twitch tension. Some of the basic expe-
rimental results have already been published
(Science 143 : 577, 1964 and 146 : 1470, 1964 ;
Fed. Proc. 24 : 1116, 1965 ; J. gen. Physiol. 49 :
937, 1966 and 54 : 352, 1969), but these old
results and new ones to be presented are in
general now given new interpretations. E. g., 50
#M Zn?* prolongs the spike by retarding the
falling phase and this specifically causes an
increase in the rate of twitch tension output
(dP/dt), which begins 3.5 msec after stimulation.
But agents that lower the mechanical threshold
(NO;, caffeine), and therefore (apart from more
general effects) hasten the E-C coupling action
of the rising phase of the spike, specifically cause
an increase of dP/dt beginning at the end of
the latent period, i.e., at 2.2 msec after stimula-
tion. Furthermore, when the action of the spike’s
rising phase is slowed by raising the mechanical
threshold (8 mM Ca?*; 0.5~1.0 mM Zn**) or by
actually retarding the rise of the spike (1.0~1.5
mM eserine) then this causes dP/dt to be slowed,
with onset of this effect also at 2.2 msec. Thus,
for the normal frog sartorius at 20°C the rising
phase of the spike (or, better, the mechanically
effective voltage X time integral of this phase)
generates the a-transform, which is the tension
output beginning at about 2.2 msec after stimula-
tion and ending at the 3.5 msec point ; and the
falling phase generates the f-transform, which
is the tension output produced during the inter-
val between the 3.5 and the 4.5 msec instants.

Furthermore, it will be shown that a transform

of the entire mechanically effective period of the
action potential seems to be the rise of the active
state, which begins at 2.2msec and attains
maximal intensity at about 4.5~4.7 msec. Follow-
ing this is a short period of plateau. And then
the active state begins to decay because of relax-
ing factor activity (relaxation coupling) so that
the explicit transforms of the action potential
come to an end and the general course of the
twitch now results from interaction of the direct
activating effects of E-C coupling and relaxation
coupling.

The results indicate the following regarding
mechanisms of E-C coupling. (a) Since particular
alterations in the action potential’s rise and fall
phases appear as respectively earlier and later
changes in the transforms, then the 1msec or
so wave shape present electrically as the action
potential at the membrane is broadly preserved
in the form of the mechanical transforms, but
extended in duration to about 2.3 msec. This
suggests that a similar preservation of wave
form occurs at each of the functional links of
E-C coupling. (b) In view of the special effects
of Zn?**, e.g., which are themselves proportionally
graded in respect to Zn concentration up to 50
#M, the action potential’s transform in the T
tubules has certain possibilities. If propagation
in the T tubule is active, then the Zn must
prolong the T tubular spike as it does the
membrane spike, i. e., by slowing tubular delayed
rectification. If, however, tubular propagation is
passive, then the wave shape of the action poten-
tial would be preserved in the T tubules electro-
tonically. (c) In view of the above evidence
indicating graded E-C coupling mechanisms,
the release of Ca?* from the SR, which is me-
diated by E-C coupling in particular, seems to
be a graded process whose wave form is pre-
sumably determined by the voltage versus time

variations of the depolarization wave impressed



on the SR as an electrical transform of the
action potential. (d) The pulse of released acti-
vator Ca?* may be considered as an electro-Ca
transform whose wave shape (i) reflects that of
the action potential and in turn (ii) determines
the course of the rise of the active state intensity

in terms, presumably, of the binding of Ca to
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the contractile filaments. (e) Evidence will be
presented suggesting that, once some Ca?' is
released by a depolarization~dependent process of
E-C coupling, then a second burst of Ca-release
may occur because of a regenerative response of

the sarcoplasmic reticulum.

2. Some physiological aspects of internal membrane of skeletal muscle
fibers. R. NATORI (Dept. of Physiol., The Jikei Univ. School of Med., Tokyo)

This report is concerned with some experi-
mental results with respect to physiological
properties of internal membranes of skeletal
muscle fiber consisting of T-tubule, triad junc-
tion and sarcoplasmic reticulum.

1. With sarcolemma-free bundles of myofibrils
(Mf) isolated in liquid parafine from muscle
fibers immersed in choline-Ringer or Ca-free
Ringer solution for several minutes, local twitch-
like contractions were evoked by square pluses
of 1 to 5msec duration, but propagated con-
tractions were difficult to evoke. The threshold
of twitch-like contractions of Mf isolated from
muscle fibers immersed 15 mM K-Ringer solution
for several minutes was nearly the same as that
of the control Mf isolated from muscle fibers
immersed in normal Ringer solution. With Mf
isolated from muscle fibers immersed in 20
mM K-Ringer solution, local twitch-like contrac-
tions were evoked, but its utilization time was
longer with increasing period of time of immer-
sion (more than one minute). In the case of
immersion in 30 mM K-Ringer solution, the
threshold was nearly the same as that in the
case of immersion in 20 mM K-Ringer solution
when the period of time of immersion was 10
to 20 sec, but contractions were difficult to evoke
when the immersion period was longer. But the
contractions were still evoked by square pulse
of 10 msec duration in Mf isolated from muscle
fibers immersed in 120 mM KCl solution when
the period of time of immersion was short. On

the basis of these observations, some probable

changes in the composition S. R. due to changes
in the composition of the external solution is
to be discussed.

2. Surge- or ripple-like contraction waves
were evoked in Mf by applying direct current
of intensity stronger than a certain value through
it. This type of contraction was difficult to
evoke in a lower temperature than 10°C, and
was facilitated by extending Mf to 110% of its
resting length, but this facilitation was difficult
to observe by extending to more than 130%.
Those contraction waves were often observed in
M isolated from muscle fibers immersed in 30
mM K-Ringer solution. In this case, off contrac-
tions were also observed at the break of current
flow. The surge-like contraction waves in Mf
were also observed when the muscle fibers were
beforehand immersed in choline-Ringer or Ca-
free Ringer or Ringer solution containg Mn
ions, while single twitch-like contractions were
difficult to observe when muscle fibers were
beforehand immersed in 120 mM KCl solution for
more than 5 minutes. The author will discuss
about an inference that the surge-like contrac-
tion waves mentioned above may be little con-
cerned with T-tubule. '

3. Repetitive propagated contraction waves
were observed in Mf isolated from muscle fibers
immersed in 120 mM KCI solution in the same
way as in Mf isolated from normal muscle
fibers. These caffeine-induced rhythmic contrac-
tions were sometimes observed to be located

within a single sarcomere. The caffeine-induced
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contractions limited to 2 to 3 sarcomeres were
not capable of propagation, but the contractions
evoked simultaneously in width of 10 to 12
sarcomeres was propagated, while the minimal

wave length of propagated contraction in normal

Mf induced by electrical stimulation was nearly
50 (20 sarcomeres). The author will discuss about
some physiological properties of triad junction
and S.R..

3. Ca-release from the sarcoplasmic reticulum in skinned muscle fibers.
M. ENDO (Dept. of Biological Sciences, Purdue Univ., Lafayette)

Natori? and Costantin and Podolsky? showed
that skinned fiber in oil can be activated by the
‘““depolarization” (inside more negative) of the
internal membrane system. This has been con-
firmed by using skinned fiber in an aqueous
solution and extended further, taking the advan-
tage of its being in an aqueous solution.

Single fibers were isolated from muscles of
Xenopus laevis, and “skinned” (torn into two or
more long fibers) in a relaxing solution. Iso-
metric tension of the fiber was recorded with
RCA 5734 at about 2°C. Fibers were pretreated
for 5 ~10 min with a medium containing free
Ca ion 5 x1077M in the presence of Mg 8 mM
in excess of ATP, to load the sarcoplasmic
reticulum (SR) with Ca® without evoking con-
traction. After this pretreatment, the replacement
of K;SO; in the medium with KCl of the same
ionic strength, in the presence of GEDTA 1 mM
or lower with or without a small amount of Ca,
resulted in a transient contraction that was due
to the release of Ca from SR. After this response,
contracture induced by a fixed concentration of
caffeine under a fixed condition was smaller than
that without the ionic replacement, indicating
that the amount of Ca in SR became smaller

by the treatment. The response was quick since
time to peak tension was reached within a few
seconds after the exchange of solution, which
can be explained by diffusion time.

Replacement of K with Tris resulted in a
similar contraction, but replacement of SO, with
propionate or of K with Na or Li did not pro-
duce any contraction or sometimes did but a
very slow, small one in the case of Li. Graded
response was obtained with increasing magnitude
of replacement of SO, with Cl or with increas-
ing magnitude of loading SR with Ca.

The release of Ca seems to be due to the
“depolarization” of SR itself, because in my
skinned fiber probably the T-system is still
open to the outside, and® permeability charac-
teristics of the membrane system responsible for
the release appear to be different from that of
the T-system.
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4, Ca-release from fragmented sarcoplasmic reticulum. Y, OGAWA and S.
EBASHI (Dept. of Pharmacol., Fac. of Med., Univ. of Tokyo, T okyo)

It is now widely accepted that the sarcoplasmic
reticulum (SR) is the site of action of caffeine
to induce the contracture of skeletal muscle.
Recent work of Endo et al. (1970) using Natori’s
skinned fibers has conclusively indicated that SR

has an inherent property to release Ca automati-
cally, and that caffeine labilizes this release
mechanism,

Caffeine-induced Ca-release can be observed

also with fragmented SR. However, there is a



distinct difference in the mode of Ca-release
between SR in situ and fragmented SR. While
almost all of accumulated Ca is released from
SR in situ by a moderate concentration of
caffeine, the amount of Ca released from frag-
mented SR would hardly exceed 30 per cent of
accumulated Ca, even if we use the heavy frac-
tion of SR.

It was found that AMP-PCP had a caffeine-
like action on fragmented SR. General properties
of this agent related to this action were not
very different from those of caffeine. Furthermore,
the rate of Ca-release by this agent was much
slower than by caffeine. Therefore, the agent at
first appeared to be unworthy material from

physiological standpoints.
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However, if AMP-PCP was added to the
fragmented SR which had been filled with Ca
in the presence of caffeine, it could induce a
remarkable Ca release, of which the amount
was usually more than 60 per cent of accumulated
Ca. Essentially the same phenomenon was
observed when caffeine was applied in the pre-
sence of AMP-PCP. Thus, the gap between SR
in situ and fragmented SR can be filled by this
agent to a certain extent.

In this connection, it should be mentioned
that AMP-PCP can compete with ATP at the
enzymétic site of SR. The investigation as to
whether or not this property is related to the
effect of AMP-PCP on the Ca-release is now in

progress.

5. Radial spread of activation in voltage-clamped frog muscle fibres. L.

L. COSTANTIN (Dept. of Physiol., Columbia Univ., New York)

Contractile activation in frog skeletal muscle
fibers is generally believed to be mediated by
depolarization of the transverse tubular system
(T-system), and the pattern of radial spread of
contraction under controlled surface depolariza-
tion has been used to investigate some physiolo-
gical properties of the T-system.

The membrane potential of isolated single
fibers from the semitendinosus muscle of Rane
pipiens was controlled by a two-electrode voltage
clamp. Contractions in response to depolarizing
pulses of increasing magnitude were observed
microscopically and recorded on cine film. The
depth of field in the optical system was less

than 20 microns ; this provided an optical section
through the center of the fiber and permitted
observation of the spread of contraction from
superficial to axial myofibrils as the surface
depolarization was progressively increased.
Utilizing this method, it has been possible to
examine the passive electrical properties of the
T-system? and to demonstrate a Na-dependent

regenerative depolarization in the T-system?,
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6. Picrotoxin-induced twitch potentiation and sarcotubular conductance
changes. K. TAKEDA and Y. OOMURA (Dept. of Physiol., Kanazawa Univ., Kanazawa)

We have previously shown that picrotoxin at
a concentration of 1073 g/ml potentiates twitches
in frog sartorius muscle fibers without appreciably
changing the mechanical threshold, but decele-
rating the falling phase of the action potential.

We have also shown that picrotoxin inhibits the

sarcotubular regenerative response produced in
a fluoride-rich solution.

Picrotoxin at 3 x 1073 g/ml is found to lower
the mechanical threshold by 5 mV. It prolonged
the action potential three or more times, and a

plateau phase appeared, often accompanying a
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small dip. Action potentials in glycerol-treated
fibers were also prolonged by picrotoxin, but
the plateau phase was absent. It is concluded
that the sarcotubular system is responsible for
the plateau phase.

The sarcotubular regenerative response was
depressed by the use of phosphate buffer in the
F-rich solution in place of bicarbonate buffer
previously used. Addition of 1 mM EDTA gre-

atly enhanced the sarcotubular regenerative
response. The results indicate that alkali-earth
cations (possibly Ca) in the sarcotubular system
are involved in the regenerative response. Inter-
pretation of the sarcotubular conductance in
relation to the picrotoxin-induced potentiation
and its possible role in E-C-coupling will be

discussed.

7. Flexible characteristics of transverse tubules and recovery of con-
tractibility in frog skeletal muscle pretreated with non-electrolyte Ringer.
M. FUJINO and T. YAMAGUCHI (Dept. of Physiol., Sapporo Medical College, Sapporo
and Dept. of Biology, International Christian Univ., Tokyo)

About decade ago, we introduced non-electro-
lyte into the field of physiological study of
muscle contraction and found a phenomenon,
‘glycerol effect’, that, after the completion of
immersion in a hypertonic glycerol-Ringer, fibers
of frog skeletal muscle give a selective inhibition
of contraction in presence of action potential
(Nature 192 : 1159, 1961). The present experi-
ments have been conducted to know characteri-
stics and role of transverse tubules in the light
of the ‘glycerol effect’. Frog skeletal muscle was
used. (1) If a fiber is immersed in hypertonic
urea-Ringer, twitch is abolished and then reap-
pears ; when normal Ringer is restored, action
potential without contraction occurs ; in this
phase, contracture is induced by caffeine. (2)
Several hours after this phase, a new finding
appears : Namely, contractibility begins to recover

and reaches a steady size of about normal con-
tractibility further several hours. (3) In accordance
with the time-course of contractibility after the
restoration of normal Ringer, negative after-
potential and membrane capacity become small
and then recover considerably ; and also trans-
verse tubules shrink and then become large
electronmicroscopically. Conclusion : (1) Inward
spread of electric event on fiber surface depends
on the tranverse tubular diameter ; (2) the tubules
are flexible, can swell or shrinke (extremely,
disappear) and recover. (3) It would, thus, be
possible that skeletal muscle cell controls its
contractibility by changing tubular characteristics
quantitatively and qualitatively, suggesting a
functional significance of transverse tubules in

controlling contractibility.

8. The electrical properties of the internal membrane structures of skeletal
muscle. R. EISENBERG (Dept. of Physiol., Univ. of Calif., School of Med., Los Angeles)

The internal membrane structures of muscle
fibers are important in the mechanism by which
an electrical event at the surface membrane
initiates contraction deep in the muscle fiber.
One set of internal membranes, the transverse
tubular system, is continuous with the surface

membrane ; the other, the sarcoplasmic reticulum,

forms bags within the muscle fiber and intimate
connections with the tubular system.

In order to study the electrical properties of
these structures in an intact muscle fiber, it is
useful, if not indipensable to have an electrical
model of the fiber. The electric field within the

whole of the fiber, except in a region contain-



ing the current source, is described by Laplace’s
equation. The boundary conditions for the equa-
tion are determined by the structure and pro-
perties of the various membranes. Electrical
models of muscle fibers are attempts to simplify
this forbidding problem, by representing the
properties of systems of membranes as a com-
plicated boundary condition at a simple geometri-
cally idealized boundary, usually a circular
cylindrical boundary. For instance, the electrical
properties of the tubular system have been
represented in two ways:as a resistor in series
with a capacitor, the resistance representing the
properties of the mouth of the tubules or the
sarcoplasmic reticulum, and as a distributed,

radially symmetric network, the series resistance
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representing the resistance of material filling the
core of the tubules. The two models represent
significantly different systems with different
physiological properties. It is therefore worth-
while to discuss the evidence for each model in
some detail, although it is not yet possible to
make a clear choice.

The electrical properties of the sarcoplasmic
reticulum are of at least as great a significance
to the muscle fiber. However, to date there is
no evidence that current can be forced into this
system and thus little can be said concerning
the electrical properties of the sarcoplasmic
reticulum or its connection with the tubular

system.

9. Voltage activation of contraction in single fibers of frog striated muscle
F. BEZANILLA, C. CAPUTO, and P. HOROWICZ (Dept. of Physiol., Univ. of Rochester,

School of Med., Rochester, New York)

Many investigators have studied the relation
between tension development and depolarization
in frog muscle fibers. Until recently, such studies
have been performed using relatively long
durations of depolarization. In order to study
the activation of the contractile proteins with
pulses of tens of millisecond duration we have
used electronic feedback techniques to control
the membrane potential. Short muscle fibers,
about 1.5 mm in length, from the M. Lumbricalis
IV digiti of the hindlimb of Rana pipiens, were
voltage clamped with two microelectrodes at a
holding potential of —90 mV. Tension was me-
asured by an RCA 5734 electronic transducer.
Fibers were kept in either normal Ringer’s fluid
with 1078 g/ml TTX or modified Ringer’s fluid
in which Tris was substituted for sodium. The
extent of activation was estimated by either the
peak tension or the time integral of tension
produced by various pulse configurations.

For single pulses in which the amplitude and
duration of the pulse was varied, the peak
tension produced by a given transmembrane

potential depends on the duration of the pulse,

The maximum slope of such a tension vs. trans-
membrane potential curve is smaller the shorter
the pulse duration.

In other experiments a test pulse was preceded
by a conditioning pulse of the same amplitude
and duration. When the pulses were brief (20
msec) and slightly above the mechanical thre-
shold (50 mV pulse amplitude), and the second
pulse follows the first pulse with no delay, the
tension-time integral (T TI)produced by the pulse
pair was considerably greater than twice the TTI
for one pulse alone. This potentiation rapidly
disappears as the pulses are separated and in
many cases is followed by a period in which
the TTI produced by the pulse pair separated
by about 10 msec is less than twice the TTI
produced by a single pulse. After this minimum,
the TTI for the pulse pair approaches twice the
TTI produced by a single pulse. In some cases
this occurs after a second period of potentiation.

If during the interpulse interval the membrane
is kept depolarized at what are mechanically
subthreshold levels when the interpulse is applied

alone (i. e. 40mV), the minimum in the TTI
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vs. pulse separation curve can be eliminated.

As the amplitude of the pulses increases
appreciably above the mechanical threshold, the
initial potentiation produced by closely spaced
pulses gradually disappears. For pulse configura-
tions where the initial potentiation is not present,
the minimum still occurs.

When the pulse amplitude is further increased
to be well above the mechanical threshold (i. e.

100 mV) and the second pulse follows the first

with no delay, the TTI produced by the pulse
pair is less than twice that produced by a single
pulse. At these amplitudes the TTI produced'by
the pulse pair remains relatively constant for
brief separation intervals before increasing to
twice the TTI produced by a single pulse.

(Supported by the NSF Grant No. GB 15662
and USPHS No. NS 08893).

*Dr. Bezanilla was a Rockefeller Foundation

Fellow during the period of this investigation.

10. Excitation-contraction coupling in frog sartorius muscle : effect of
manganese ions. I. OOTA, M. TAKAUJI and T. NAGAI (Dept. of Physiol., Sapporo

Med. College, Sapporo)

The effect of manganese ions which have been
known as a specific inhibitor of calcium spike
in crayfish, barnacle and a certain smooth
muscles, on the -contractility of frog sartorius
muscle was examined in detail. The manganese
ions inhibited the peak tensions of twitch and
potassium contracture in whole muscles and also
the rate of rise of tension and the rate of
relaxation. The inhibiting effect of the iomns
depended on their concentrations ; it increased
with increasing their concentrations (1 ~10 mM).
The amplitude of action potential was not
significantly affected and the negative after-
potential tended to be prolonged by 10 mM man-
ganese ions, at which the peak tensions of twitch
and potassium contracture were almost completely

inhibited. At the same concentration of man-
ganese ions, the rate of rise of tension in caffeine
contracture was clearly decreased, whereas the
peak tension in it was not largely affected. On
the other hand, manganese ions did not inhibit,
but activated the Mg** -activated ATPase of
myofibrils isolated from frog skeletal muscle.
Moreover, manganese ions influenced the extra
splitting of ATP by calcium shown in isolated
sarcoplasmic reticulum (microsomes) from rabbit
skeletal muscle. These results indicate that man-
ganese ions inhibit the excitation-contraction
coupling in the muscle fibers and further suggest
that the ions may act on transverse tubular
system and terminal cisternae of sarcoplasmic

reticulum,

11, Contractile mechanism of rapid cooling contracture. T. SAKAI (Dept. of
Physiol., The Jikei-Univ., School of Med., Tokyo)

In 1960 I found the phenomenon that the
muscles which was treated with lower concentra-
tion of caffeine than threshold of caffeine con-
tracture, can produce remarkable and reversible
contracture by rapidly lowering temperature of
extracellular solution, and also it can fast relax
by rapidly raising temperature of the solution.
The contracture of the muscle treated with low
concentration of caffeine, which was produced
by rapidly lowering temperature of the medicine,
will be called as Rapid Cooling Contracture,

that is R.C.C. in short.
This time, 1 will report three points of this
RCC in the following : R

1. Main portion of calcium release and uptake
to produce this rapid cooling contracture, will
be lateral sacs rather than T-system.

2. When osmotic pressure in the medium
and ion strength of myoplasm as the result were
altered, the attitude of R. C.C. was parallel to the
report of April, Brandt, Reuben & Grundfest in
1963, that is, it is parallel to the attitude of



contraction by use of calcium microinjection in
electric phoresis, which will mean that R.C.C.
will be produced by Ca-release from sarcoplasmic
reticulum, namely lateral sacs.

3. Finally the relationship between resting
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potential and R. C.C. will be presented, based on
the experimental result which was recently
obtained, and it suggested one of very interesting
relationship between mechanism of R.C.C. and

role of triadic junction.

12, Electrophysiological investigations of the mechanism of release and
uptake of Ca in smooth muscle. 1. KURIYAMA, Y. ITO and T. MAGARIBUCHI

(Dept. of Physiol., Kyushu Univ., Fukuoka)

Multiple actions of Ca in mammalian smooth
muscle have been elicited by many investigators.
For example, the action potential is a Ca-spike,
which may also provide the activator for con-
traction. The membrane bound Ca regulates the
permeability of the membrane to various ions
including Ca itself. However, it is uncertain
whether or not the membrane bound Ca which
regulates the permeability of the membrane is
the same Ca that accumulates in the reticulum
like structure presumably distributed in the
smooth muscle for excitation-contraction coupl-
ing.

The present experiments were carried out to
investigate the roles of bound Ca in electrical
and mechanical activities of the smooth muscles
of guinea-pig taenia coli and stomach using the
double sucrose gap method. For interpreting our
data, we assume that contraction and relaxation
of the smooth muscle are functions of concentra-
tions of Ca** in proximity to contractile proteins.

The results showed that there are two com-
ponents of bound Ca located in smooth muscle.
Displacements of the membrane potentials by
electrical currents and excess K, and treatments

with caffeine and acetylcholine released one

component of the bound Ca. These phenomena
were related to changes of ionic conductance
and membrane potential, The other component,
which was released by the rapid cooling of the
tissue, was independent of changes in these
membrane properties. In the stomach muscle,
rapid cooling of the tissue evoked a tonic con-
tracture and coincidently depolarized the mem-
brane due to reduction of K-conductance.
Repolarization of the membrane by D.C. pulse
had no effect on the contracture. In the taenia
coli, rapid cooling evoked phasic and tonic
contractures. The phasic contracture was accom-
panied by increased Na-conductance and spik-
ing, and the tonic response was similar to that
observed in the stomach.

After rewarming of both the tissues, the
contractures were rapidly relaxed and this
phenomena preceded the changes of membrane
properties.

In conclusion, it is postulated that one com-
ponent of the bound Ca is closely related to
sarcoplasmic membrane. The other component
is not related to electrical properties of the
membrane and it presumably located at the

mitochondria or other organelles in the cell.

13, Excitation-contraction coupling in molluscan smooth muscle. H. SUGI
and T. YAMAGUCHI (Dept. of Physiol., Fac. of Med., Univ. of Tokyo and Dept. of

Biol., International Christian Univ., Tokyo)

The anterior byssal retractor muscle (ABRM)
of Mpytilus edulis was stimulated to contract by
ACh (1075~10"3M) or by high (K} (30~200

mM), and the factors affecting the resulting
contractures were examined. The magnitude of

K-contractures was markedly reduced by low
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[Ca)p (less than 2 mM), low pH (4.5) and Mn ions
(20 mM), while the magnitude of ACh-contrac-
tures was decreased only slightly. On the other
hand, choline (more than 50 mM) was found to
inhibit ACh-contractures, but not K-contractures.
5HT (10°6M) markedly increased the rate of
relaxation of ACh-contractures, but had no effect
on K-contractures. The slight increase in the
rate of relaxation of K-contractures produced by
a high concentration of 5HT (10™*M) was
eliminated by increasing [Ca),. These results
may be taken to indicate that K-contractures

are mainly associated with the inward movement

of extracellular Ca ions, whereas ACh-contrac-
tures are mainly due to the release of intracellu-
larly stored Ca ions.

When the ABRM was soaked in a Ca-free
solution with reduced Mg ion concentration (less
than 5 mM), a marked contracture tension was
found to develop spontaneously. This contracture
was associated with the spike-like electrical
activity of the cell membrane superimposed on
the gradual decline of membrane potential. This
seems to suggest the close proximity of the sites

of stored Ca ions to the cell membrane.

14. Some aspects of excitation-contraction coupling in frog heart. S.
‘WINEGRAD (Dept. of Physiol., Univ. of Pennsylvania, Philadelphia)

Treatment of frog cardiac muscle with a
solution containing 3mM EDTA, 140 mM KCl
and 5mM ATP increases the permeability of
the cell membrane sufficiently to permit control
of the sarcoplasmic concentration of calcium
ions. This preparation has been used to study
the calcium binding characteristics of the con-
tractile proteins and of other intracellular
organelles in the intact cell.

The relationship between the concentration of
calcium jons in the sarcoplasm and the tension
developed by the tissue is very similar to that
found in frog skeletal muscle. Most of the
tension change occurs between pCa (pCa= —log
[Ca**)) of 7 and 5.5. There are, in addition, at
least two other intracellular Ca** binding pools

with capacities of 0.6 and 4.0 zmoles per gm.
and affinities of greater than 107" M~ and about
3 x10°M 7 respectively. Electron microscopical
examination of tissues with each of these divalent
cation sinks loaded with either calcium or stron-
tium suggests that the higher affinity-lower
capacity site is in the sarcoplasmic reticulum
and the lower affinity-higher capacity site is in
the mitochondria.

Periodical spontaneous release of calcium from
the higher affinity site can be initiated by
bathing frog ventricles in a solution containing
a high concentration of K*, a low concentration
of Na* and a Ca* concentration between 1078
and 10~* M. The spontaneous mechanical activity

lasts as long as 12 hours.

15, Ca component of action potential and excitation-contraction coupling
in amphioxus muscle cells. S. HAGIWARA (Dept. of Physiol., Univ. of Calif., School

of Med., Los Angeles)

In a frog twitch musle fiber the transverse
tubular system invaginates from the surface
membrane, and sarcoplasmic cysternae are in
contact with this tubular membrane, forming
triads. The action potential of the surface

membrane either spreads or conducts into the

tubular membrane and through some unknown
mechanism results in a release of Ca from sar-
coplasmic reticulum (SR). Amphioxus body wall
muscle consists of lamella-like thin plates 1~2 g
thick. Electron microscopy shows that the tubular

system is lacking. However, SR is clearly present



and is in contact with the surface membrane at
the level of the I-bands, forming diads. This
presents an opportunity to study the coupling
mechanism between the action potential of the
surface membrane and the release of Ca from
the SR without being bothered by unknown
properties of tubular membrane. The experi-
mental results show that the action potential of
the amphioxus muscle is produced predominantly
by the permeability increase of the membrane
to Na ions just as in the case of the frog twitch
muscle fiber ; however, this action potential also
includes a significant increase in membrane
permeability to Ca ions. The amplitude of the

potential dependent Ca permeability increase
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and that of the twitch associated with the action
potential always change in parallel when exa-
mined under various experimental conditions.
This suggests either that (1) the twitch is produced
eﬁcclusively by the Ca influx through the surface
membrane during the action potential and SR
is important only for sequestering the entered
Ca, (2) the Ca influx occurs through the SR or
(3) the Ca influx through the surface membrane
during the action potential triggers the release
of Ca from SR. Our experimental results suggest
that (1) is likely but the other two possibilities
have not yet been completely excluded.

The work was performed in collaboration
with Drs. Y. Kidokoro and M. Henkart.

16. On the suitability of aequorin as an intracellular calcium detector. J. R.

BLINKS (Dept. of Pharmacol., Mayo Clinic, Rochester, Minnesota)

The calcium-sensitive bioluminescent protein,
aequorin, was discovered nearly ten years ago
by Shimomura, Johnson and Saiga. It is extra-
cted from the luminescent hydromedusan, Aequ-
orea forskilea, and has a molecular weight
estimated by various techniques to be between
20,000 and 35,000. The luminescent reaction
(wavelength 460 mp) requires only the presence
of calcium and aequorin, and Ca** concentrations
as low as 1077M are readily detectable. This
property has led us and others to attempt to use
the protein as an intracellular calcium indicator.
There are numerous technical problems associ-
ated with this, and one of the first we had to
face derives from the fact that the luminescent
reaction can occur only once. Because of this,
extreme precautions must be taken to prevent
the premature discharge of aequorin by chance
contamination with calcium. In practice, this
means that the isolation and purification of
aequorin must be carried out in the presence of
high concentrations of EDTA {ethylenediamine-
tetraacetic acid). Clearly, in most experiments, it
is not satisfactory to inject EDTA or other

chelating agents into cells along with the aequ-

orin, and we felt it was imperative to perfect
a means for removing such substances from the
aequorin before injecting it into living cells.
We have developed a method by which purified
aequorin can be freed of EDTA and other salts
and lyophilized in the presence of beads of an
insoluble chelating resin. The lyophilized aequ
orin can then be dissolved in whatever solution
is most appropriate to the experiment in ques-
tion, filtered through a millipore filter, and
injected through a micropipet. Aequorin prepared
in this way was tested in the giant axon of the
squid, where as much as 1 g1 of 0.3 millimolar
aequorin was injected, usually with no more
evidence of toxicity than a slight (10%) reduc-
tion in conduction velocity. Axons injected with
this much aequorin glow brightly when depola-
rized, and in them we have been able to detect
calcium transients associated with individual
action potentials. Presynaptic terminals of the
giant synapse of the squid stellate ganglion have
also been injected with this preparation of
aequorin, and in them aequorin indicated a
much greater rise of [Ca**] during activity than

in the giant axon.
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Aequorin has obvious applications in studies
on excitation-contraction coupling in muscle,
but the kinetics of the calcium-aequorin reaction
provide a distinct limitation to its usefulness.
Rapid mixing stop-flow studies of these kinetics
suggest that the reaction proceeds in three stages,
(1) a rapid reversible combination of aequorin
with calcium, (2) a slow and irreversible step in
which the aequorin-calcium complex is converted
to an active intermediate, and (3) a moderately
fast step in which the active intermediate is
consumed with the emission of light. Step 3
governs the rate of rise or fall of light intensity
after a sudden change in calcium concentration,
and its rate constant {100 sec™?) limits the utility

of aequorin in following rapid changes in [Ca**].

Computer simulation of the reaction sequence
facilitates comparison of calcium transients of
various time courses with the attendant light
transients.

“Aequorin” is not a homogeneous substance,
but a mixture of at least 5 proteins having
similar molecular size, but differing isoelectric
points. All of these components emit light on
exposure to calcium ions. All work so far has
been carried out with various mixtures of these
components. Conceivably, the kinetics of the
reactions of the individual components with
calcium may differ. In this case, it may be
possible to produce aequorin with more generally

satisfactory properties than that now available.

11. Dynamic properties of F-actin and the thin filament. F. Q0SAWA (Inst.

of Mol. Biol., Nagoya Univ., Nagoya)

The aim of this study is to find whether or
not any change takes place in the structure of
actin polymers during contraction and relaxation
in vivo and in vitro. A new approach to this
problem has been developed by Fujime and
Ishiwata using the guasielastic scattering of laser
light in the solution of F-actin. The relaxation
time of the spontaneous bending motion of F-
actin can be determined from the frequency
broadening of scattered light. This method showed
that F-actin is not a rigid rod but has such a
flexibility that the mean end-to-end distance of
F-actin of the contour length of 2.5 ¢ is about
2.2 p. The flexibility decreases on the addition
of tropomyosin and the complex of F-actin,
tropomyosin and troponin in the absence of Ca2+
is most rigid. This complex becomes flexible
with increasing concentration of Ca?* at the
micromolar range. The important finding was
that the flexibility of F-actin further increases
with the addition of heavy meromyosin. It
reaches a maximum at a certain molar ratio of
actin to heavy meromyosin and then decreases

again to the initial value at saturation of binding

of heavy meromyosin. Binding of heavy mero-
myosin induces loosening in the F-actin stru-
cture. Such an effect of heavy meromyosin was
previously suggested by Tawada by measurements
of flow birefringence and ultraviolet absorption.
The increase of flexibility of F-actin is not
caused by binding of the subfragment, S-1, of
myosin which has a single head for hydrolysis
of ATP and binding of actin. Therefore, the
flexibility change requires the concerted interac-
tion of two heads of heavy meromyosin with
actin monomers in F-actin. Furthermore, it was
found that in the absence of Ca?* the complex
of F-actin, tropomyosin and troponin is not
made flexible even by the addition of heavy
meromyosin, while in the presence of Ca?* it is
made flexible. Thus, the flexibility increases (or
the rigidity decreases) in the order ;
FA+TM+TN—-Ca(+HMM)<FA+TM+
TN+Ca or FA+TM<FA<FA+HMM or
FA+TM+TN+Ca+HMM
The measurement of flow birefringence of the
complex at low shear rates by Nakaoka gave

similar results. The sensitivity of the polymer



structure of F-actin to heavy meromyosin which
is represented by the flexibility change is de-
pressed by the tropomyosin-troponin system
having no Ca?*, In the presence of ATP, the
binding-dissociation cycle is expected between
actin and myosin. Then, the cycle of flexibility
change may take place here and there in F-
actin or the complex of F-actin, tropomyosin
and troponin having Ca?*. Preliminary experi-
ments have shown that the flexibility of F-actin

is increased by heavy meromyosin during the
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ATP hydrolysis. By the use of the fluorescent
probe attached to F-actin it was shown by
Mihashi that the mobility of a local structure
of actin increases with the addition of heavy
meromyosin in the presence of ATP. Such an
increase of mobility is not found in the case of
the complex having no Ca2*. On the basis of
these experimental results discussions are made
on the possible role of the structure change of
F-actin or thin filaments during contraction and

relaxation.

18, Membrane potential, activation of contraction and relaxation in the
bullfrog ventricle. M. GOTO, Y. KIMOTO and Y. SUETSUGU (Dept. of Physiol.,

School of Med., Kyushu Univ., Fukuoka)

The membrane potentials, currents and con-
tractile responses were measured in the bullfrog
ventricular trabeculae under voltage clamp condi-
tions. The threshold potential for fast inward
current was —62mV and that for tetrodotoxin
insensitive current, —58 mV. At stronger de-
polarizations up to +20mV, the contractile
tension increased, showing a sigmoid curve in
the presence of tetrodotoxin. The tension deve-
lopment depended strongly on the duration of
depolarization, and increase in duration augmen-
ted the peak tension, first by increasing the rate
of rise of tension and later by prolonging the
time to peak tension. After showing the peak
at about 2 sec the tension decayed gradually. No
second rise of tension, however, was observed
for long (up to 120sec) and strong (+30 mV)
depolarizations.

Next, membrane currents responsible for

initiation of contraction and relaxation were

studied. The fast Na current appeared to play a
minor role less than 5 % of the maximal tension,
while the slow channel was principally impor-
tant. Ca-Na antagonism was found in this slow
channel. No direct contribution of the anomalous
and delayed currents for the initiation was
noticed. Na-depletion experiments revealed that
a steady outward current due to elimination of
leaky Na current was accompanied by tonic
contracture and that kinetics of phasic tension
development in response to rectangular depolariza-
tion was quite different from that of relaxation
after repolarization, which appeared in simple
exponential decay. Na ions accelerated the decay
by decreasing the time constant and appeared
indispensable for relaxation. These results sug-
gest two kinds of E-C systems in the bullfrog
ventricle ; one is the slow Ca inward current
and the other, the steady outward current due

to a derease in driving force to Na ions.

19, Feedback interactions between contraction and activation in cardiac
muscle. R. KAUFMANN (Iust. of Physiol., Univ. of Freiburg/Br. Germany)

It has long been known that during a single
twitch the time course and the intensity of the
contraction depends on the mechanical conditions

imposed. As a general rule it is found that

tension development tends to prolong and short-
ening tends to abbreviate the active state. This
has been observed in skeletal muscle but seems

to be a more prominent feature in the mam-
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malian heart muscle. In heart muscle, any
contractile element displacement (regardless of
whether the muscle shortens actively or is
passively stretched) leads to a decline of contra-
ctility, an “uncoupling effect” as described by
BRADY which is more pronounced the later
after stimulation that displacement takes place,
On the other hand, when a muscle is shortening
against increasing afterloads or when shortening
is interrupted by only a brief isometric period
the duration of mechanical intensity is prolonged.

With these features in mind, one must con-
clude that in skeletal muscle but more so in the
mammalian myocardium either a force-sensing
system exists which feeds back positively upon
the contractile machinery or, alternatively, there
must be a displacement sensor connected to the
contractile system by a negative feedback. In
each case the system represents some kind of an

“internal contractility control” operating very

quickly but only during the contractile cycle in
question.

This system must be clearly distinguished
from another group of newly-detected, self-
regulatory phenomena which operate in the
opposite sense via a‘contraction—excitation recou-
pling loop thus extending their influence over
several subsequent beats. Here, any displacement
of the contractile elements tends to prolong the
action potential thereby increasing the intensity
of the subsequent beats. On the other hand,
tension development abbreviates the correspond-
ing action potential consequently to a negative
staircase effect.

Experiments will be presented demonstrating
both types of regulatory control of contractility.
Any results will be discussed in terms of the
actual concept of muscular activation and basic

cardiac mechanics.

20. Action potentials of sinus node fibers through a double sucrose gap
method. H. IRISAWA (Dept. of Physiol., Hiroshima Univ., School of Med., Hiroshima)

Since the double sucrose gap method has given
reproducible results in atria (Rougier, Vassort
and Stdmpfli, Brown and Noble) and ventricular
fibers (McGuigan), a similar technique was
applied to small strips cut from the sinus node
of rabbits. When the central gap was 0.6 mm in
width, it was possible to record pacemaker
potentials.

The amplitude of the action potential was less
than 35mV indicating a considerable short
circuiting factor and an injury to the fibers
during preparation. However, it was possible to
identify the true and follower cells with this
technique. The true cells are less sensitive to Na
removal and to constant current application than
the follower cells.

Voltage clamp with sucrose gap method was
far from ideal, but has allowed to obtain quali-

tative informations. The clamp results show a

time dependent decrease in outward current on
hyperpolarization, which showed a reversal of
current direction when the strong hyperpolariz-
ing pulses were applied. Clamping to the region
of zero membrane potential, showed an inward
current transient followed by an outward cur-
rent. Qutward current remained almost constant
as a function of time when the depolarizing
step was small, but showed a slow increase
when the depolarizing step was larger. Clamping
back to the resting potential from the region of
zero membrane potential resulted in a tail of
outward current. It is suggested that the me-
chanisms underlying during diastolic depolariza-
tion are much in common between S-A node
and ventricular Purkinje fibers (This work has
done in the Physiologisches Institut, U. of Bern,

when the author has spent sabbatic yvear).
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21, Beating of myocardial cells in monolayer culture. K. GOSHIMA and Y.
TONOMURA (Dept. Biol., Fac. Sci., Osaka Univ., Toyonaka, Osaka)

Single myocardial cells (M cells) from embryonic
mouse heart beat spontaneously and rhythmically
in monolayer cultures. Separate M cells beat at
different rates, but the beats of M cells became
synchronized when the cells were connected even
through intermediate strain cells, e.g., FL or
HeLa cells. When a microelectrode was inserted
into an intermediate FL cell, a rhythmical
depolarization potential (about 5 mV) was obser-
ved. Electron microscopy showed nexuses in the

region of intercellular contact between M and

22, The viscous-like force in the
(Dept. of Physiol., Juntendo Univ. School

The force-velocity relation of the skeletal
muscle was described by Hill in terms of a

simple hyperbolic equation :

(P+a)(v+b)=b(P.+a) (1)
or Po—P = (Po+a)-‘%g—=Fv (2)

where P is the load, v is the velocity, P, is the
maximum isometric tension, a is the heat con-
stant, b is the rate constant of energy liberation
and (Po—P) or Fv is the velocity-dependent
tension-loss or the viscous-like force. These
relations are valid only in the fully activated
muscle, in which the contractile force equals Po.
On the other hand, when the muscle was
stimulated by a.c. of 200~500 Hz in the excess
pottasium solution, the mean membrane potential
was depolarized to a certain level and as a result
of partial activation various steady contractile
forces less than P, were obtained, depending on
the intensity of a.c. (Jap. J. Physiol. 18, 403
and 417, 1968).

Using the small bundle, 500~800 ¢ in dia-
meter, prepared from the semitendinosus muscle
of the frog, the force-velocity curves of the
‘ partially activated muscle were determined at
the standard length, Lo, at 10°C. All curves were

FL cells. These observations indicate that the
synchronized beating of M cells mediated by FL
cells is achieved by electrotonic transmission
through the nexuses between M and FL cells.

The beating of single M cells was inhibited
by the treatment with phospholipase C. This
inhibition was reversed by the addition of
lysophosphatides (lysolecithin and lysophospha-
tidylethanolamine). This observation suggests
that the role of phospholipids is important in
the beating of M cells.

partially activated muscle, H. MASHIMA
of Med., Tokyo)

hyperbolic (a/P,=0.23—0.29, b/Lo=0.85—-0.9
sec) and Fv was exactly proportional to the
contractile force. This fact implies that the
viscous-like force, as well as the contractile
force, would be proportional to the number of
active cross-bridges between thick and thin
myofilaments. The same kind of hyperbolic
relation was found in the lengthening muscle
by the load larger than P, (a/Po=0.4, b/Lo=
0.85 sec™). The value of F, on lengthening was
1.4 times larger than that on shortening. So we
obtain, instead of eq. (2),
FV=F——P=~—§°—(P0+a)v—_T_b— @®)
where F is the contractile force. And eq. (1) was
generalized to the forceload-velocity relation :
(P4+A)(v+B)=B(F+A) 4)
where A =(F/Po)a and B=b. Finally, it was
confirmed that these equations were also valid
during the change in contractile force. There-
fore, these equations represent an instantaneous
contractility of the muscle and F can be treated
as a function of time., It is concluded that in
the partially activated muscle the number of

active cross-bridges would be reduced.
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23, The energetic aspects of excitation-contraction coupling. W. F. H. M.
MOMMAERTS (Dept. of Physiol., Univ. of Calif., School of Med., Los Angeles)

(1) This presentation will deal with the ener-
getic aspects of excitation-contraction coupling.
This problem has been under study in our group
for some years ; recently we have reached good
answers as the result of the work of Homsher,
whereas some of our findings have been indepen-
dently reached by Smith (University College
London).

The guiding thought is that EC-coupling
involves a number of events in which calcium
ions are of central importance. Specifically, we
may propose that calcium ions are released from
some storage site, that they move toward and
interact with troponin-tropomyosin with several
consequences not yet distinguishable, that they
become detached from these sites of action and
return to the same site of storage (or perhaps to
a slightly different one, if we go e. g. from a state
of full rest to one of steady-state activity). All
these events have heat effects of unknown
magnitude and sign. But over a complete con-
traction-relaxation cycle in a steady-state, every-
thing returns to the original condition and all
the thermal effects cancel. What remains, then,
is the thermal effect of the metabolic reactions
which we may assume to drive the non-spon-
taneous parts of the whole cycle.

How can the activation event be experimentally
separated from the contractile responses which
are likely to have larger energetic accompany-
ments? In the four component model we have
derived, the total energy E in a twitch is given
by :

E=A+{(P, t)+a(—4L)+W
in which A is the activation heat; f (P, t) a heat
term related to the presence of tension P, of
which the time parameter has not been indepen-
dently identified ; a{—4L) is the shortening
heat, which is the waste heat dissipated in the
work process, which will occur at less than

perfect transformation, and also contains an

entropy term ; and W is the external work, There
will also be some internal work which can be
evaluated, and which adds its own relatively
small contributions to the last two terms in eq.
().

The work by Homsher ef al. (and in part that
of Smith) has achieved the separate demonstra-
tion of the terms of eq. (1). What matters in the
present context is that means were sought to
eliminate all terms but A :a thermal measure-
ment then yields the activation heat, and a cor-
responding biochemical measurement indicates
the corresponding chemical change.

The key to our approach and that of Smith
lies in the observation that the frog semiten-
dinosus muscle allows itself to be stretched,
without damage, to lengths where the A and
I-filaments no longer overlap, so that all mech-
anical responses cease because no cross-bridge
interaction remains. When such a muscle is
gradually stretched between standard length and
maximal length where filament interaction ceases,
both isometric heat and tension fall, and a plot
of Q against P is rectilinear. A is obtained by
extrapolation of that plot to zero tension, or by
direct measurement at such length that the ten-
sion has been eliminated. And the accompanying
metabolism is measured by chemical analysis
under the same condition.

The result is that in a semitendinosus muscle
which has been well rested the value of A is
close to 1 m cal per gram. At 0°, it is elaborated
in two phases, a very rapid one and a smaller
and slower one. The former is not temperature
dependent, and may be regarded as the sum of
the enthalpy effects of the liberations of calcium
ions and their interaction with the troponin
sites ; the slow phase has a high temperature
coefficient, and is ascribed to the return of the
resting distribution under the action of a driving

reaction. When a series of twitches is given, the



value of A becomes reduced and settles at a
steady-state value of about 0.6 in cal per gram
per twitch.

The chemical studies have so far been mostly
directed toward series of 10 activations in such

a series, and show a breakdown of 0.055 micro

Discussion :

101

mols of ATP or PC per activation cycle. Thus,
the chemical driving reaction has been identified
as a splitting of ATP, which is after-all not
unexpected in view of what has been learned
about the biochemical ‘properties of isolated

sarcoreticular fragments.

Activation heat and excitation-contraction coupling. K. YAMADA (Dept. of

Physiol., Juntendo Univ., School of Med., Tokyo)

The results from Prof. Mommaerts’ laboratory
and those from University College support the
idea that A. V. Hill’s ‘activation heat’ involves
actomyosin activity. Thus, for instance, measured
at very short muscle lengths heat becomes, say,
50% of twitch heat instead of, say, 20%.

The first problem that | would like to raise
is the fact that the amount of ATP splif in

FDNB-poisoned muscle stimulated at very short
lengths (Davies and co-workers) is much less
than heat liberated.

The next point refers to the discrepancy bet-
ween the results of Dr. Homsher et al. and those
of Cris Smith, Smith has given smaller value
of A than Homsher et al.
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OB&5IeoT ’

WE B (AKX, FREER, 4H8)

HA T EDRERIT /LT /L F L) v (NA)
bRtk r b=y 5-HT) 2BE&RE5T5 L,
I R NS D ERTE A S NIRE IR O B B HESR
FEENHR, ChEFEEBBOEmE VL, /
LT Frv+) VIRERCIESROMEZOE R
L, 7eF—2Y v (Ach) B 58 IIRESED
MHEOERT T 2L D, ThPEIRMEAR
OEBBRETZHT LRSI LE. LrLTh
5 IREAIR DZEENI L DR S iR L,
PEEL o HEERADHRIEFA 0L TRBATER
LWEDB BT, NFHROBEEZDWTH
NE{Th ot HEBAGER~OE53TT
CH BT E T 5 FIREE, BUIRTERSIRE
P ehigl, BE LB owT NA
10 g DHENMERSZITR o1, wihd
MBI SRTHEBGR EREGERC TRk
7z. Ui LERIEHEEY & SRS & D
HRidii- &0 L LERIGOERZADH Z L1
TERERP o7z, TbLNANENRE T X SE
B ORRE VIR T - T EAk-FIRIR R O 1EE AN
X2 TRELFEL ST LT LBHELITK
ot BRELEFHCOWTNAKRSEZX5HE
WBiE FRRcmiE FFA v-ULeiRT 5, NA
BEFCUETLTR D, NA RSk 2EB
B ERCIEERHOTHEPEE L TE5DDL
HEESN5. LRFREFHEEMT B v T
NA &5 X 5EBIR EETNS WS, i FFA
Vi, MAEEWOBE L FKCREITCE LRIE
DIETLTWS. Ach 50 pg 51 X 5 EBIE L
ARSI OWCIE, SREED N TSR35
DO - 7o, FRERHEHE D CRERR L
FEWRT e X OFREC 2V TR E TR T
H5.

10, HEER RSO BRAEEFMERICD
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T

BHEER, FE B GREKx, EEER, 458
ERRR THRSERBEADC ED X 5 InEE %2R
CTWwahr 2Rt 57D, ZOEBRKBETR
PRENCERT IRZEHEVEFET 50852
TOWTORFER Lo, #14 vHFILoW
THRERTHRORMGHZ2E«DBETRZ
T, 52X IETEERZHELLR 55X
KL THREDEENTER,-. TR
bb ORI BEEEZZETHL5%X
YR VIS BIEh 0T, DWTHEK TERELR
DEFTE T LHVWERTH Ly 2 HIBFARIRK
EERET0ERLINS, CLURBLERMRES
WTESRIGRICED NS 55 2 BFEER L.
Thbbi{4 THFREBNWTDEORBBRIK TR
TS5 2hEMRB L THET 5 T & 2389
. T LTCThicBE LR, £oH0E
K[FBT XD S5 208eLMHINhTLES, &
H2MERERELELTVWLZEZHE S it L
7. PVWTERP D55 XPROBEIMNEHZRL
7obs, TOWIEFREZEE L DCTHERTK
THOBEZARIPOLOESTL - TRESNS
TEBHELPEE ST
LLEosEE#E» D, BRARTRCITNES
FEHEZZA LKBAGRICEZRET 5L 2%
o TWwWhWOTHEH, L LEHTEK TR
REEAETOMRBEZESLTRD, Th
SHREHORBEIRE X Y ORERZHET
ANZ X > CHEHBB I, SHTHEHBEA
THHRARTHERTET S Wkb L, BEES
DAFICOREPBRINDDTHD.

1. BAMERGICAETS 2, 3OMES

HEBE, AL (LUDX, E, $4HE)

18~23F D BAr2es: 118 Lz 0T, Forhig
% 0°C OKKPIZ DT IR OERME R EZ BIE
L, ROZ>OBESC>WTRTLE (585
56 Bt T, Fii21~24'CcHlzE).

1. EARFEOEERELE &, TOXE
i NRPCdBEAOFIR) oxh i ofic
E, RRERTATRGR (FREIDRRE - ENEER
i, EADEFBIROEHFFTLCWSRHOH
FEDoTRDLYT) OREVDIOPLPENVHD
ETCEFENLZONS (HHEOREOFIHE 0.48

+8.D. 0.11). % 7= BABREE, KEpckEE
LR LUTCEVIOEAE T % % T (AUEhiBH)
L, ZOROEREREHOBKLVER (BHE)
LIZBFTHBHE, WETIREEE OHEEOR
EEL (0.60+0.17), H%ETIEEY (0.4140.13),
LzAR, AROFREICESERETD L, £
EIE RS OB ThOHBRETIHRAL 1
Wi o7 (Bl : BGIREE L AR & OB
EO0300#RED, MFRELCESBE TS
&, WFIEOMEEEX 093878 o 72).

fEsk, ELMERIGE, MEMROMER ST
X BEHIRY A H s X OV/NBIIR DULEE « TR D72
DEINTWDHH, LELORERIE X SIImEES)
MBI X AP YROEER P E LIRS, T
Tebb, BEME R G OFEL, BRI &
PRGOS ESHHFOMERECLDHDOT, £D
THHSERC I 5 THFHROKREIRZEH OHE
ErEkER24T530LBEbh5, EESH
BB2HTEIBPRE RSB SLED
hs.

2. HIEBIDS L, 10 RIEFNIEEE4EL
L RRAEES X OURRAEEE21E (Thdb18~
20 OLFHE) ORFME®REKRT L, ©
DHEFEDMNDOEF OV T HHRMCE=RD
Eixier o, 2, ZOBEOKBEDETE
R ERCEEL S5 X 5BOBL S8 RS
TH53.

12, qAv =7 o ORBEESAME £V

i & (EREMLLTEXR), B ShF
(BREX, &, F—4rH)

XEL, AV=2YIHED A&/ — LB
HLENSMERTWEZ WS, 2, 3ok
AW RTE oo, SENE, 2 X7 — LHIHIEK
DiEHE, A%/ —VIENEERIRZT iR X
v, SEERAAR. HEREIA VS FOMER
T, =ve FY VYRR, BEROEER EDKHE
& o7z,

2V =Y IPREKTIHEMRL, AR —ILT=
VFVERE, AZ - LERERBTESE (Che
FiLT5) 5. FRilic A%/ —A&INZ Tk
B & AR SR L, BHRIECEREL, thic
EDHWWAR 7 —NVERNT S, ZOBEZEDIE
L, SEERX bR PpV) vakigmgs L
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TERICHE Lz, ISR (SsTT) & LTER
wH Wiz, PpV, Ssll tizc=ve FY vk
B0, v775F v 7 A G5 X 55ETRAR
DIFrvavit=ve P VIBEDESD Db
N3, z0O75 7Y VIRBEOEE LFAROR
Behot. Lrl, PpV TRIMLERETOEE
13k L, Ssll TIHARLEE » oo Efe, ~—-3
~7 e R BHEETIE, FROBACHLN
7=, % o & 5 RE 0.63, 056, 0.47, 0.39, 0.34
DAXy bD5B, Ssll Tix 0.63, 047, 0.39 72
GaED, PpV CiX 047 BT Th-o72. DT L
vx, Rf 0.63, 0.47, 0.39 OHE MM S H D MLER
THEERESLTWH Z L2 #EIES.

Fiz, BT X BENMEROMERTHEDH
SREECTERD, LBEERCERLE, B
NEEEGEL T, MEBETERODS Z & 2HED
7z,

13, BE7 230 EVBONBICET MR
HHAL, WTF—3F (RlFX, R, £H)
#E4: gonadotrophin (HCG) wwX v, i
#\C andragens A& STEEE S D 2 L 13H
I BEBNT WSS, ZOBDT A2 /LE VEE
B EMBERA~ERE SN P EP, b UEHREPS
LT AaNEVEBOWHREZHEDIE, ATR
4 FRLEvESKMERTED X 5 IREERE
B LDHP, KOVWTHRELE.

F VTR~ NRREETTA % OIFERBRPIC T
Alp=o—VEEBAL, RBEEIROLZHERLTE
Btz

HCG i.u iu or 40i.u./kg OF5T, HEE
WRifurhic 7 A 2 L E Y EROF BT BENLSE80 biv
Jo. TOWEIMIMERAILE Y OGN ETT
BEEMZR L. DWTAT RS FR/LEYDE
AR ZERIT % 5 methylenedianiline ¢ 20 mg or
60 mg/kg % FijfE Digic, HCG @ 201 u/kg %
85 Lo, HRT A 2LE VEOFITRD b
N - fo. T OEVE, methylenedianiline D{EF
TXbhnEEZLNS.

2> & HCG i u/kg $#%57451c methylenedi-
aniline 60 mg/kg ZUET 5 &, HCG ik % an-
drogens DO IREEIMVIERAIIIRIE 51 7203, 1
BT RanevBOBFHITORERZT L, -

7. ¥5Brh o androgens D44 LT dehydrogena-

tion or hydroxylation I J&DFLE DS RIIC,
T A )V E VERIIRI R O DEHE STV A DT
g, SHERITE S,

ZhboELY, HHickwt, HCG 13, ¥
EHO7 22 /VE VEBERESICMA~ERT S C
EBRTED. IbiT, £OT7 A2 NVE VEBROGHE
V%, androgens O4ARKICES L, wLEVEE
BROERC I DMEMSROERCEFRLTY
5DTRITVWHETFHETE S,

14, TE{F ICSH 053k EMRIF

(35, ik B (BER, RO, 4B

v VAR R & BRI % O 3 =N
53 5L, BE5EETERKICSHOZMREE D
ZERTTREE LR SEHLIZOMRE LTY
b¥ % Patlow QAR AV, WEREHEREE
EW»&%L%KF%T§WHSH+®EEE
OZE{bE BEE > TREF L.
WREMEERS%3 B H, 108, 30BEK
BFLHETH-TEA ICSH ROREERS
HIORETh - L DEEDZ LMY oc. 2NT
DX 5 i RAEHEE O R TMREH OEE
HERFEVWDRTWS AT b =VRXBHDTRE
Wink ORI - C, MEEHMBEKRE AZ =
Vv EDOBEDREBEIT > 72, TOBREEME
W CVIERE 7 T ®ik ICSH 0 4 ihh3 % Bivic s,
AT} =V TREDMERRP o7, EilcER2
rABOA X TRT BRETE, MREHHRE
HRTER-TZEfK ICSH FROIMFINRH BivichHs,
A7 b= VvIESETIRAL TOMRERRD IR
oz,

15, Histamine [C L3 RIBRE RN EY LT
BIBHE R E Y HIDRE D S

RAT=, SHEEE (B#HX, &, B4

Nembutal THEEE L7cA X OB ERIR ML % BRI
L, #om#fdho 17-OHCS & % Nelson-Samuels
#CHlE L, %7z adrenaline 3 X % noradrena-
line &% von Euler-Lishajko =D ZEHECHRIEL
72. 02 mg/kg ¥ X O* 0.1 mg/kg @ histamine @
HIRPIES CREIBME RV v OWEEITED
LuwiEma R L. BIEME Ve v S IBEED
HEOMMI 0.02mg/kg 3 X 0.01 mg/kg @
histamine ‘T% R Hhic3, 0.005mg/kg X
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0.0005 mg/kg @ histamine T2 Hhind -
. M, BIBEERLEVHWEEDREDH
PmiE 0.005mg/kg 5 X OF 0.002mg/kg @ his-
tamine TiX3E» bhizAs, 0.001mg/kg @ his-
tamine TR bhighr o7, L=, BT
RE+NLVEVHWMEEERACE L TO histamine
DORNEHNEIBNFEE R v SIMREERC
ELTodoXhIBELrLSETHY, BIBE
Hh e v S BHEHIaBEME L v LD
FEEE X v B histamine AT SRBHENS
v,

16, BB RER DS sw

HAR R, ERES (BEX, RER, 4£3)

BIFRMCXBLEERH LT, AIBEEMmE
DIFEHECH T 5 RZH R BT L.

HERAA X 2A, RV T EZ—LHERTE
HOEACaIBEZERL, BTSRRIV R L <
Porter-Silber iz X b 17-hydroxycorticosteroids
DFWEZBEL.

ATE (F20[E0E A AAHEYL) Gl
¥, 1,000 R~2,000 R DEIEIRACICHT 5 X8R
HTHWHEMMBED S hd, TOHnkEmh
BREDDD», KOOI DIT X BrHRL LK
pofe. X TTEEZFHKRLT2000R BHL
7o & ZAEIE 17-OHCS o4 ihiaimEie S ds -
. LPLZozZEick hRIBSHALT 5 XE
B ORIL, FRECEFICI IDLEEDN
7z

17. 5 v MFEROMRS BHEFEST 3 mHHE
FlcoUT

HERRERF (REAK, [R, $—4m)

s NEEOBERR~O—-D>D F k& L
T, 79 FOFZEURLELE, wWrkLTIEE
HFOoBEREINGPELLRDFERDS. 1E
BRIk a2 {8E T 2 ERH bbh b
LS BERD DR, WEHOBIC OV TIERYE
Th5. EFrrOMECESWCFMEOS RS
FRTDFESEDSL. EER T HE, ke
LiEwZ v M oW TS RBROBER L
TEH, SEGEENmPWE R X 5 FEiE
DHHBRICOWTHNS,

Linolic acid (Na) & cholic acid (Na) %8

A

&

HIREKCIER LIRS, #>5 » + (Fi5140g
#E) 1 10ml/kg 1EEELL. HES BN
FF /NI R %50 % BEEE CUBR Y v F T - ETH
BRELSEMEEE L. SREET7 » bCX
FaA ISR B D w45, linolic acid 1~
2.5mg/100 g, cholic acid 1 mg/100 g Z3E4 L7z
L&, 4A8RrfEfEDIFIC 3 ~12/1000 DS EGE
BH LN, ERFHEBICR A D 0 BELZED
TEFOKREMINEZED . BEFECRNTRSR
FEBLB VRO TEAR LT
%, vitamin A alcohol (25~40 g/100 g) OEAN
CX O HEFBROREE L.

BAmiaIT v 2488 linolic acid i€ Xk - C
BIOT, ERRIET v + OMSAFTEIRRE, @
FICEMREE D  EETRFER O8N T 5 2 &5
HETESN. Doz e biMmp linolic acid
ENTRBOHBRFLEDDOTRRWILEEX
bhs.

18, SHFSRIEEHC & (T DR REHEE D 1E]

TEHC—BS (B k, B, £—4H), )k R
(hk, =, FE4M)

ERosEMiaRIRES &, MiaTEN» R
ZY, FECHMIFRERIRNCESETS. ZOM
fafE e EEoBBMaRmEE X V£ &
¥5. v MEKIFE AH130 & AHT974 %
glutalaldehyde TEZEL, MREHCFET 5
sialomucopeptide A\ #ED > 7 /L B % neura-
minidase ‘CHFEE X &, Catt &4 %e PBS fhizjik
BT 5 M ERMcES TS, Catt Birn
LEAELEW. EdiT, YTABONRCEET
% N-acetylhexosamine % Ba(OH), JF-TizHE
DL, MRMIEELEY. ZhiZE0ES
iz N-acetylhexosamine SSEE L2 H » T
LT LEERT. Thd X, EEOERMEIT N-
acetylhexosamine M- &% — vV BSEEFE| R R
LTCWABHFEMHR S 5. Glutalaldehyde CREZE L
7offlaid Hale e X gk mA FRABE I B
%3, neuraminidase ‘T 5 &, SFFIIATHE
LEVWODT, ST 7B ETS %X
b, Sk Lg% methacrylate kiR
#1F, 10N NaOH THIBI O LIS DF &, BHT
PHIAREIC 3 5 Y7L, LikHoT N-
acetylhexosamine D3 &% — Vv & R U CE Lt
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5. CheEEETHETS AHTI74, AH130 &
DR FIRAE R CiaRE ARSI L T 525,
AH130 OoFNBL W RELEZLTWS. £
fa1 3572 0 OEERENT methylne blue HEEIC X
%L AH130 3 8 x 109 AH 7974 v 3.6 x 10° {@
ThbH. ZOABMOREIE Y TLRLLED
DrEZOLND. ETRBHEERCET IER L
HEFHEOE®RIY, 7 LE50~100{#b72D
SR LESMETDEELONS. BlEXD,
MIEORIRMES LD D O X, MIEOETHEE
WRARSKE T H D, MRoLEAMIMEETDO
N-acetylhexosamine, % 5 < 13 & DBRKHEIC X
D, ERFORFEE, HiobbMEEOR O
BB EDN R — VI EBhDE E XL b
5.

19, H2ERBICIT B TR bR E OEGH

SEICDT
HAREE, WHERW, WEBT, LTHE (&
=K, R, H—EHE)

r= (ERZERL =) 27 VA VKEED S
W RIR R X 0 BE L, BISMEERE
X b, EREEMEENRD SFINR~, BB, REEA
Zf Tyrod %5, FEOHFE VA o b
HER2 bV, FERBOHEIMEIRY TS
2LV, ERTH. FOBNTHEH, D,
T INE (REK) 2LELET, »OER
TETRE, BITEEEERRETHD. 2
VIRER X 55203, in vitro OFEE &[RRI,
L AABE LETER B,

£ (EPTE) o+ fEE (WPTE) ~, X
oWk z DM E A, KERHRLT, BABEZENE
. zofhiliiok (BRR) 2FSCRTTH
UL, pHEKERIRT Tk E, NaOH fHE
shoEs xgT, HClpE 2 iifketiciin S8
5. HMHELZEREOABEBKBCEmNTS T L
2, NaOH f@ic k5 ¢ &45, EMA HCl 4%
BRRTHE S bORMEMBES D, TOHE
ORETHBM, BrOHTELENEEZHFIL
THOB~ARTERARLV , FFELELED
KEBAANDFRS, £ENEGHETCHSLE
bhb. -

HEREOWVHLICL Y, ExiFeRrix Iy
OR/INEEIRE EOEIENSTRETH D, (@Y

& 109

O ERBHREL L) OE 4K HCl 5IhEE
%, BagloERCHETESD, REMRLWY
P8R DT DGR b O ERTF Ot D, It
WA S T d 50, BOEEZSEHLTWEWwD
T, BREOLHOERE T 2R IIIAEY

20, REBOMBITRICHITIRREEORE

KPR, fH E (BREK, B, H—4H)

WMH VL T — LTV FIHIE ORI R R
#£B L LT D-glucose #F \ % O BBETH S
25, THESItho BBEECHIPREH CFATE
LE S PIRE LT, BIEFROME TRA
BEHE % BV 72 58F C % AN B Tt D-mannose,
D-galactose, D-fructose %5 D-glucose X b %20~
30% H OMER A2 {RE L. BEE Tk D-fructose
# D-glucose X 1 $20% (% EIEIR 2R L2 o3E
DEERIHFVZI VIS THS. SEERHR
38 D D-xylose, D-ribose, L-arabinose, 2-deoxy-
D-ribose CTAIMEER X OFREIC2 v THEY
L7z, %7 D-xylose V3 KN Tix 1 % DM
S 0 BRE TN 1 OFRRERD 5
REITFE A ERV. F D-ribose Tkl
HET4L%, BEET2%OUHM» & - =, L-
arabinose TIIANEE Tl %, BEHET3IZD
IR (R & 5. 2-deoxy-D-ribose TrI AN
BT3%, BRET5%DOFEIMERS -7 Bk
DT EPLARBTZEVTOIMEREE LT D-
glucose KB XL HEESD DT & BERTE
%93, FIRHEETIE D-glucose LB & 28 B ¥R
ERBEE, BREEBRI LRI TRRVWE S
TH5. :

21, BREEESTRICELETT I/ BoXE
FIEE—E, Bk = (BREX B, #—4
)
FEERFPRIIE Y 4 73 ¥ OLEERBOBE
e, 73 78-Sy y (Val), 1vef>
v (ILeu), ¥ ¥V (Lys), + Y7+ 77 v (Try),
zZ VA =y (Thr), 2F4=v (Met) ® 6 B2
F L. %=18MH Ringer ¥z 7 PR O
M), U (REE) o28wbl, LET I /R
P2 Bk EE % 1072 mol, 104mol, 10 mol &
L, =¥ Fr—A¥E7 3 7BEIX 7 v Ringer
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WERw, VAT HERXY, 1R, &
BER Img YD OBRRHBRERT L. £
DN, IBEHIBR L.

Met : BERNE I nEEC 1072 mol $313%, 1074
mol %35 %850, 1076 mol 1x 4 %W/, EHENL1072
mol $311%, 1074 mol 2 6 %, 10" mol T 7 %i#
n. FEBRERIMECRERL<LDIBERD,
ERTIEEL. BHEBIRLIBRI LT
w5,

ILeu : BERMNEVIINEE T 1072 mol $310%, 1076
mol $35 %xA, EHET 102mol 37 %, 107
mol 524 %8Ehn. REHEIR 5B, ILEE
RAIMETE & 5 B, EETIIZbE
L.

Val : BEEEEIINE T 1072 mol %35 %#E/,
4ERET 1072 mol 37 %#Hn, 107 mol 253 %
H. BHEIRIGIERL L, ABBEIRL
HER2PRD.

Thr : BB IINE © 1072 mol 3 5 % 14m,
107*mol T 3 %W, EEIELL L. BEHEBX
IR I HEm, EBREIIE TR L DEHE
mu, EEIdieisL.

Tyr : BERIEETMEE T 1072 mol %3 3 WA,
10~ mol 2 %, 10~mol 3 % & #ifm, fEET 1072
mol 3316%, 107*mol %53 % &4 . EEiNETE
R BBELD, LEBREIIE © ik < LR
D, SERETO0HN,

Lys : BEEBIIRET 102 mol $336%, 1074
mol 524 %%/, EFET 102mol H348%KD,
1075 mol 2% 3 N, FEEBIEL LB EED,
FLEE AV CIR I AL, E|EDEL
R 5E0H,

22, o B BRRKICOLTOHRE
PERESRED, FHE—, E£EAR, AEFE (B
KX, E, #S=4m8)
10-20EE FRIC X 5 RARREZ 125 p~v
L RALHFORKE % ©, L6BEC 1B
£&% ATAC 501-20 ‘©30, 50, 100@ESECHE
L, XDERZT— 2514 2—~C256{HOF %
NMERFICHIF L. ReFh b OECHBERE
BB A~7 b v 2 WABEE (FACOM-270-
60) THKRDIz. 1 v I ETD e JEHHERKZ VL
FTRIMEBIZTD e TOREBKEL, £0F

¥ &R

CAEBIE T 3£y 10 Hz OB AIRIR K & WIRENAS &
bh, BEEANZ PATHEVEE R A2 D N
o, B4V I EBERBECHE LTV EH LR
BEW o I EN NS WIS T, BRI TR
o HORERE TP 2B/NIh o, £0OH
CAARRT HiRIE 28 /8 & &, Lo dEREES10
Hz X935, TORPHEARI FLTClEE
B 1I~12Hz Wbk, Lizh-T, Bk
TR T o I OIRIE & BB oR Bk
HREEDZD T ENTER. MhHEEOLFIK
T OREBEIEL DT ERHSL LT WD
(Sato & Mimura, Jap. J. Physiol. 21, 166-185 :
1970) %2 1.65545 O PILRIE o /IR Ik o0 5 AR
SEThH, ThREPDDBENTER. ThW
%, THREBOXBEOEER LV ~/ILOEHE ¢ FO
IRIE & B OBEZ RS L B S iTic X
> THBIZE DXBRERLBHTE 2 2 L 7L
f:. .

23. BEOET — FHAIC L DAREEHNIE
[T (FER)

PeRERE), TERIK, FEHAR, RKEA (&
K, E, 4:38) , '

4~TFo/NREFIRZ IR E T, L6PE
(0.625 Hz) @PIAflmEE & A8 o MjkE, 10-20
EEARTELONHE (F1, Fa), HI5E (Ts, Tu),
SATE (Ts, Ta), 558 (O, Oo) » S EBEH Uiz,
TEAEBIHE & L.

BRI, RS OSESROFARBIT X
LZEHEBRMEOXRROEEDO—2E LT b
3. ThoBECMEE, HEMEE Tl THz o
b &2 ¥ 5 BERE P H%HE (01,02), HEE (Cs, Cy)
2, BB <Hbh, TOAX7 MIVEE
ik THz OEBRALNT,

SERER OREIE O 5 O8RS, MRS
Hz oS8 bh, £hic 7THz OBED, L
PHEOBDIFERRE 7. ThHEDANS
VT THz OEPEL L7020, EOMERY
05HzF L »72Y, AL Lok L. Liz
$BoT, 2O THz OBFEINED a i TH 5.
5B E R (0.6 Hs) 2 % OmEE K
(L2 Hz, 25 Hz) &M EHbh 2, ZhoiRss
BAEZTR L, HERTEREECE bR RS
INDHEMBETHE VRIS,
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SRR RS DI v B ARIBOT X BB (con-
trol EEG), ZEERFIMIC X % FHFMi 3 X CHHIE
WX 5%k (interactive response) DFAEEZ D
ha, BRREERC S SN 7THz OREASER
BT B a-blocking 1IMHIEKIZ X BKED

D EWVWR D, T OWEER I B IR O
W BRI & BRI 2RV 2D TH S,
TN TESBIIFA—HERE O BRI & BRME O
iR & A ENIEORTRELEITLCY
X2b DT,

24, BRABEMRITCLDIADRZFICET
B EERRYITSE

IARZS, Kk—B, WTFTRE, FOKE (A
BEK, B, 45

K CEBEZEET 556, B oSTE
BEDLOIBRLZFE T 5 » %, EHEDELE
F, FEREERMBEE LD ETS, ZOWER
DWTIE, TTCRMEIERFBREZHRELTVE
A EI

1) %, hoRBick 5FEDHEVIET, 2)
Fby, BIESKEICD 5:EEHE, 3) HEHOD
MR EREEACHT 2 0EORA S Z,
4) 0: &EBRLEV (RBER), 1:hiH
BR2W (REEEF), 2: =2 b2 LT
BRECED, 3:»pT2RRALE, 4:XLRx
5, »HibSEEORLFTHITTHEL, 5)
FNERIFOSHLELTCS I T7REERDLT
Bz, )

Iple, BHROER, HTEOROE (Al
IOER) HMEOFEL SEHEERELTERE
Fir o7z,

Hic, NREODLHEEE, L ORRITZEH
FEN X L BHE DM L THE, BIEORATY
LERRBEIIEC B, COBORXFOHHN
b AEEFEOR T BHHEE LT OX B2 AR
X o THE LR, SHEETOMEH0m, &
[MEETOED 60m T, HHEEETE—A, #
EETIGEVE — A L 5 EREMTIE, #1250
phETHENbr 5, biAiCEE 13em
O EBEATIRITIEERE L, 325 1 OFEGRBH B
LEx D, WHEOHBITIEMIXTH B, D,
Bl SRR TS L, BT LEC X D HEE~
OEERERTRB XL 800 4 LETH IS,

W &% 111

EBEBRF O HREIT OV TIERAER L
CHIERE LR bNAEE ETCoN—Vv—T 2y
LEDbNER, SEOERTEZOFEDOEXIES
NAREAILOWT, KREPRRYZOTFHT LM
TEDTH5.

25, FFiERABEICds(F 3 Ca ion @ turnover (C
WMeBEBInh1y P) ORE

BHE— (AKX, B, $—4£3H)

PlEsRELIRLLEVS, ThEf 4 v
XD vziE, Nat BEEOHMAZMLD L v &
5., H=ARBIHT, ZOmER $Ca OBjEiT
X VEEST LN EM»E S pEHFN. O,
P @ cation & L COMREBER L.

1. EEAOET (W10mV) iX, P-Ringer T
3, Ca free P-Ringer T3[R CEBETH->72. P
13 Ca ELOSHREZEDNICLLT5.

2, Pickb, [Ep $Ca ik vz
{15, K* LOEMRE, ZoAIEILBTY
7253, 2Na efflux BT HERIE & L
HTH - 7z,

3. PR 2Na efflux 1%, (Nali o 140
LAEE 5T, BEEILSITISIEARE, self-exchange
VK, leakage WX LTWSE VR B,

4, P ofeRE, K Ca free t LTCHED
nTL%. BHERIVEND Catt 2 PREET
%, Ca &P LIXF U site WHATHDOTIE &
V. Ca free THABDIERRVAAIEPDLEHEZD
n5OT (FR), B ERPOERHMLTESD
LEVIEERDRS.

5. P & Ca free & O#kEFERAT, #%H D $Ca
W T AERAIR T CHEARLTL 5. Thig,
P oBELSHERE VWS L ERETS. Pii, Ca
Bz an THEOLEEERE L, TR Ca
OB ECEHRTIOTELVWALEDRS. '

6. 5 Tih_7z Ca free hET Ko BFEL
mIFhEREbhnv. —F, Ko Skicis L F
Bici s, Ko O A+ vEERINTHHELP
BENIHT OIS, Z O Nal iR VET
wl, K icowTd self-exchange 04523 Pic
X OMRTEOTRERVWIEERS.

7. Trypsin % lipase 4LF7% P @ 4Ca 2k ¥
LMEPEMEE L2 RT 21, P OERICX
lipoprotein DIEEDHERPULETHDHZ & &R
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7.
8, MokEbLizED Ca DR L E v 2
%. P o hine X 20 “Ca OF)
BB SE, Thix, ®Na OBEE2EE T 5
HOESOBREZHEIL, NS LELDDHDT
BhEvwhrEE>S.

26. Rapid flow technique [C & B JRIMEKEE
Cl 474 B BMICE X F TREBEKBEREEH
(methazolamide) D ¥ E

e ¥ (RBAK, B, 41k), C. A. M. Hogben
(7T14FIK, E, 4H)

FEFIITCICRERKEEE UT C. Ao
HPER T OV T OEROFEF T LTt
MNE#E E - TWwb S (Kitahara et al. Nature 1967),
SR C A BEERS LTw5 E Bbh b fkiin
HRIEETo chloride-shift (Cl--HCO5~ 35K &)
TOWTERZTRY, Zo shift g5 LTw
5 C.A. OBIEX 778 - 72354, MCEDES
HAEL T 5 5% CBS, Ussing ¢ rapid flow
apparatus Z W T{Tle o7, 3K, ZOFMmEk
Eco CI-HCOs™ 0B %1%, medium Hiiz
(NH)HCO; Zimx B Ak 2 55MEAER»S
%3 L (Jacobs J. Gen. Physiol. 1941), NH,*
DOFRMBNEROEREBZDHE VS, ZDREY
R, C.A. o5+ % CI-HCO;~ %%, CI-
HFMBMACER SRS, TLCC A ZHEL
T & ClI” 0FEMENRY, BMBEKD time
delay $%2%. T, bhbhDZOFLNE
BERAVWEENSFELE 5L, CA OlZE
X » Tk Jacobs DFIzHBX 5% Cl- 14 v
DOEBEOEIRIAZLNT, GLAREDCHAEZ
Rl Tiadbb, C A HEHSSLLLTHA
WREZ#EYS Cl- @ rate constant VX + h F h
5.7, 11.3 sec™! BETLXOHIZH2: Y, 2
EREMNT S L8br 7. CI¥® o outward
flux iz, MU ~w & T3 B2, F8, 1131 j3{Hic
BBHEORIB A B k. TRSDF— 29D
Jacobs DRIMIMMICFHET 5C. A, DAEBEE
oW R X 7.

21, BHBETEICELBNNLTLBIEMICEITS
BEREEEOMSE
MHE &, BOAYS Cuk, B, $44H)

Bth# D E-C coupling BT 5HAD 5 BIE
B & WHFE I OBBRizoWwCiE, {ERKESHE
T X5 ANILOREERELLTED, &
BB R & BN OBIR R IEZ Uk D DL Hekhy
v, b b R ER Y = /LB S i FERERRAG
BERZISHL, BUNER T X 2 MlaNEME
strain gauge i€ X % IHEEIOREFEIE 21T
Vv, BN > CICESWIC RS L etk
WHa D5 2 Aie. U0 H LicefBRE /L
A4 FiRZAVWT3EKS L, HRolE 5mm
D/NER FEEERTERL, MK 28 REWe—
WHOBEBEN L CBRETARS &, MMO 28D
OIS, BHBEE5X 5 T & BAETH
5. ZOFEICX VEBESLD abolition 1T/
5L RNCELWISIB LS. Tbh, &
BYEAL ORI abolition #1775 5 BMEshE 53
K&K abolition FrEBEMBEMCIS<ICL
Tods o THRONEIEIEZR L. 2D &1k spike
B BEIERE AR EEXETH Y, BEM
WFEETEWZ &, X5IT active state D37 k23
VHBEBTHBZLERTELTWS. NG
HFIZEVERBE 21T > L B OGRS Z
>7c. THIXEBEIC X Y  mechanically effective
period BPER L7/ DR EE 2 N5, T
FOBIEES X TR LBEFEMTRST 55
BINGEREAL, B5BE52 TR E£DHD
FERE -7, B X » T E-C coupling 0%
EREIL, BEIETRE, B TIH3E -
72bDTHBS. —F, TTX {EAF H 5 ik
Na RZi#zH ¢ 1000 msec FTOEWVEEZ T
5 &, FEMIESREI ML 5 IR OIHE S
35, EEMREOHEKRETHIET 5 L 2 O
LI KRV saturation 27RT 25, £ ORKE» S
DORGBEEND L Bbhrolz. E1OKS
VRO D 100 msec PINIC RiEML S
T, %2 ORGSR 4 T FE4 11000 msec THk
Eih, SR Ca RE ViR T 5.

28, £ 3 OB EAHONMBICH LIFT HF O
-7 IV ORICDONT

HRERE (X, B, F—4m)

b2 IR IEAESF LB R D D, M
EANSHBICTE D, ZOEKTHRER XU
GG & B RRKETHT 2 -7 IVORHE
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=

COWT % & L, HERROSE, B
0.1 msec, [EI[% 30 msec @ paired pulse % 0.1c/s
OFEEECE 2 TR .. REZERBOB AT
3 msec, [HfE 30 msec @ paired pulse % 0.1c/sD
JEEECE 20, IFETEV S B D L2kt <
22} < Y Uicatigphi v 7o, BESRIMT
WEARHI %5 % Tk { &, noradrenaline (NA),
adrenaline (Ad), isoprenaline (Iso) D\W-3H D%
&Th, WHEEOWEIH L, IHEEHRT
11 5 D LIRS 4 OMGIBERTH - 2.
A THRI% T NA G, Ad TIRE & I0H),
Iso THIHINL D, EEFBTIE NA, Ad,
Iso WSO BED E& UTRERL DD,
IR MG R DB RR 2 D HIFI D 7z ed i, ILHER OH
HBEHBND DB T,

BEHRPOBENEIT L L, HEMROBSE,
B 6 50 Lt Lic. ZTORETHT
2T IVEELDE, WINOHEDRES
LIRS, EWILb kD O ORERERT
bote. EERBMOBABREORDST, SO
WNI DT o 7%, NA, Ad, Iso D5 TV
NOBEBHANBL SN, OB WL D
DESBEGTO B0t PEE LTE
GBEETHEEL, EhT2—NLDT IVD
a-SRE MR, BMREHRHE bR 5
L+ 5 ROBTULOREPHBAING., +203
{2, —AM0El, () EERDTEY 2 R
BH - THHREBERLBWZ LERT.

muscle a-effect B-effect total effect

) (+)
) —_—

fast m. (+
0: slow m. (+

O; fast m. + + n
lack slow m. (4) (=)
muscle B-effect total effect
04 fast m. + 4 oor —
slow m. —
O, fast m. + "
lack slow m. (=)

29, BN E v METEESOREERYFME
KRR, A #(uk, h, RE4E)
E/F v METEGOAHYHMEH oW,
PUToX 5 nERERE X

bk 113

1. H% ik OE RN 45.9 (S.D.= £6.6)¢
T, BFHEMEBHRICSVT—20BHRNII 2{E0
T-system & triad Z &L TE 5.

2. BEOBLWLE : BEEMI 819 C.D.x
5.8)mV ‘G, overshoot }% 15.2 (S.D.£4.5)mV T
5. (Klo % Donnan H (Klox[Cllo=K) & L7z
B THINT 5 &, EORSEDORAAEE Kl
DIfEDE e LT 53mV Th5. EORE
¥ (em) 13 2.0 msec, H#EHT (Rm) 22 Qem?, Z2[H
EH () 04mm, FEEBEAOEERE (V) 1L9%
0.8 m/sec, = L CH{HVX 0.4 msec TH5H. Thd
DOfEvE, MOBELEHOERG L ITERKRTES
BIEDOILEER (94 £F/c?) kO BHEH L D DK
., 22 VB X OEBIER OB ORERD b
25 BE DR EE (0.4 msec) 1 ERIRERL D X
Bhizmmm XD EXbdTNIW, LT, K&
WEABR AR L B HEET DREPK
ok Ebhs,

3. WY MEERE NS & INHE ¢ AR DR LEIE
Lo TiBkER RET B8, L ORSEEHEII
e LTRVWIEREG X V&L, »ORMERYL
Wi 2 bhizv., BUIREED 1/2 & OiEkkeHx
50 msec ‘T, 20B5@F (Kl THIDTHMELET
L, ZOBOEEME —32mV Thb. FRER
o Cl- % SCN-, NOs~ Xt Br~ g
% & SCN>NOs>Br>Cl &\~ 5 R THIfER4
@ Ko OIEFREMET T 5. Caffein 51T &
D AERRHIC R VTR L LD BREOEMBRD
NEREEB TR RV EEOELIEA LN
¥, INHEEOEAR X MM ERTS. ¥
7z Thymol 54z X ¥V, JBERkAS CrashigEE»
WA 5 BNEEH TIRFRA L L. B
5 COIRMEOTEER (active state) DORFFERFH
VR BERAS DR9 1/3 CHE T4 & SCN- % caffein
THEETS.

DlEo#ER» D, BWoEHTRB/MIE»LD
Cailit X v T LA Ca DERIMEBEISE L F
LTV AT, BHEEESHED TEL, PRk
HEVRLAERRERTEEXLDND.

30, £ E v MEBRTESEIOT AV
Kate E. Creed (Ju ok, 1, 4E3H)
The electrical activity of smooth muscle of the

guinea-pig urinary bladder was studied with
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micro-electrodes. The smooth muscle cells studied
were arranged mainly in longitudinal bundles
and had a resting potential of 30~45mV in
isotonic Krebs solution or in Krebs made hyper-
tonic with sucrose (Mean 37.3mV). All cells
showed spontaneous activity with spikes occurr-
ing in bursts or at regular intervals of 6 ~30/
min. In isotonic solution a slow wave was occa-
ssionally seen. The spikes had an overshoot of
up to 25 mV and the maximum rate of rise was
about 4.2 V/sec.

The amplitude and rate of rise was increased
by increase in [Ca**] in the perfusing fluid and
reduced by decrease in [Ca**) or on addition of
Mn**. Decreased [Na*) produced a reduced rate
of rise but only a slight decrease in the am-
plitude. Both were restored by addition of Ca**
to the Na-deficient solution. Na-deficient solu-
tion (1/10 Na (tris)) produced depolarization and
increased membrane resistance. The action
potential was unaffected by tetrodotoxin (107
g/ml). The spike is therefore probably due to
influx of Ca** across the membrane.

Extracellular stimulation at one end of the
preparation elicited action potentials which were
conducted at a mean velocity of 41.2 mm/sec.
Electrotonic potentials, produced by square
pulses, decayed exponentially with distance from
the stimulating electrodes with a mean length
constant (1) of 1.70 mm. The time constant of
the membrane (rm) calculated from the electro-
tonic potential was 127 msec and from the
condution velocity, length constant and foot of
the conducted spike was 122 msec for one 'pre-
paration. The smooth muscle of the urinary
bladder can therefore be classified as a single-
unit smooth muscle and resembles other visceral

smooth muscles in biophysical properties.

3. XY RBRFEHOESMIMES LT T
A—-L7 I VDR

ghimifaod, & BEF (Juk, 1, )
FEHCNTEHTa—LT v (CA) OB
B ESAEETRT L.

i

o
&

=
>

S

%

HIFINERIC X - CTIREL, EHERS XK
BHOELEFRHZEL, E-EEREERECI -8
KEB B XL O ORBEHFET - 72, Zhb
DHFELC X > TCADKREZHBE L. ¥ CA
JEMTE: (phentolamine, propranolol) @ #% 5.8
BROA A VERELEZ CERR T 72 FE
HEE <Y ARRTFEEZ BV,

1) CA (Nor. Ad. Iso.) iR I F =5
@ <. Z oMFIERIBEEMSESET S
DB OERESPEEIZLONS 1D Th
5. CA ORI COBE, /A7 FvFyve
EDTRTD CA L2OWTC B-ERETHB T LR
Hbrcshic, 2) WHEERCEEOELWN
HHECHARLTCWB T TRERL, BF5 N
B+ 5 CAoRE BT 5. 3) EHo
B4RRVCEEE U C input resistance 13L& R X
TWHErEMT 5. £ 2T CADTFEFIED
CH XIETERAE LTOBEEAAMEA D
F b U Y ADFEER DR, E7id electrogenic
Na pump O{EEBBERLTVWSEEZ BT
4) Na-REHAP CiplaEoZ WL RSB Ss
LR RET S, CORBTCARKESE TS
LIRGEOCSRL, EEECEWEE D i
HERL, EEBEMERETS.

D EOHERPBSHEOPEL LTI, Bl <T
FEEEGHEROREEMORECIFEOREN &
1A VEGHDOHRE ST, EBRESEDL ST
BfrT 5D, %7 Ca 4 FVDERIKOVWTHH
A A VEETEICCAZESLEDORIE»D
BBELIWEEZ TV,

32, FRHOHBMIREICxTT S REDRE

WARE (K, E, $—4H)

E/LE v MEBHIERRE GTC) I TR
FEOFEHEMOESEIME L THMELEDHE
S & ORIEERETT 501, WETH B2, BE
T CITL &, EHEMORBEMEIET L, I
HiE OMIGHEREL L > T B, 2D X 5 KiEH)
BAOTAE & BRI & OIS H B 5 D,
REREBNCCUTOEETHS. 7irEy
108 mg/ml %4 % Locke B & IBIENK & LC30°C
IV BATHRE TFCW L rhiefk- THR
MO FASRE DR T T 555, 20~23CicEd
L LERRMIEETEELTLES. T olkEE
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DBz Ba 414V 1~3mM ZEMmT32Lic
X > THOCERERMEOREN L LIS, BLED
458 % Arrhenius plot % L EHKDOBE, 20~
C B R EH22ADEMI VB L Bb
M5, ZOERRAK 313 5 ERINHEREHEE D
Qu 133 Th -1,

Ba 1 v (1~ 3mM) O:EMIEEIRTOER
% B3 & Shi BT R 2 RIR I (16~20°C) ~2 )
g, Ll Catdvaiknicikicks »wBa

1A VORELZ{(LX%5E Bal~2mM ET

V, UREQBSHNE I BRI O FASREE VL HE N
+ %7 Ba 3mM CRREEHTOEIERIZ -
Tl sz, ZoREET Ca 1mM 2Nz % &
— B SN IEB M OEIN U B IR O
BN Ca 1mM 24 A7 control X D4 < 7n
L, LPLED Qu VX contral DFNEITFEALE
BV,

DL EOFR X b ko 5 RBEEINIA S 20
BERTC I > THEIhTWE EELBNS, X
7= Ba 1 A4 1%, Z® pacemaker DEREITHIE
ALT, TOBEHEOHEELZRETL WS LEL
>hb.

33. 471 F:BE5D Ca-spike & 5-Hydroxy-
tryptamine (5-HT) 0o {EH

A% & (K, B, $—4H)

A #4 (Mytilus edulis) OFiE%5 (ABRM) X
DC $/i37F/L2 ) VIREBHFET, vwHhd
% ‘catch’ INfEEEZ L, ik 5-HT Titig+
%, AERTRZOHMECRERE X+ 5
5-HT OER##~7c. MlaNEikc X v Zof
DEBANVE —60~—65mV ThHD. EFEHE
AIEF e P&y (1005M) ciliglShT,
Na- KRB (Tris Ei#f2) BThHETS. & Na
Wb TOBBEAIIINE Ca ORECKEL, £
Dk % X1z Ca OIOfEDREZ LT3 L T25~30
.mV &3 5.

[EEAL, JEIEHR X CEBIEMICKHT % 5-HT
DR BT kR, 5-HT @ 108~10"M o
BETEBEMSIOCEERZIZLALE LRV
B3, Na-REREHP CRESEEHEMLORS S
BT
z @ 5-HT QOREMHADIER%Z Na- KIREF
T4 O Ca R TH<5 L, 5-HT wiEsH

>
&
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BEMNORESRICRRL LV EELZHEL, HE
ZT5. oA 5-HT DREZHLTY
{BE, 108 M »5 107" M it 5K, HHEH
TIEFBEMOKRE X1 10~15mV #KAkT5, =
DEADREEIIL 5 E T OfFD ‘cateh’
Wiz D EVICET 2RE L —BT 5.
WEBSIT Z DD Na- RERWEH OEBIESL
PHElapst o Ca OELILENFEICX » THE
T 5 L RETHE, 5-HT QR 28 Uk, G5
BALOKRE SBT3 &5, 5-HT 13l
N Ca BEZRD ¥, E£z0MiEN Cad
W fcatch’ ORIEZ SIS T EEM L.

34, BEBHOEH L Catt 1+ ; ZOEH
EhE 3223

Ok, MR (LRX, E, STEEH),
JISREER, MR (LAX, E, $4MHE)

SERF<RIOCRA = LOMBE B % % F
Vv, FE& LTHHE Ca RE QWL > TRBZH
Bz oW TEENSE 2T - 72,

1. Ca-free Ringer YO ER 7 =/ © Fiff
FEFFT OV MRAI S BEEEMLORLEH
gl

2. FREEEci: Ca-free Ringer ¥R IC{R4
T5 L9 (5~10%) widMmfaiffridee,
—HCIEOEMERRONS. £D%I b
av Y 7R LU CRladiiRe e L, B
FafR & EEfd R b A 5N 5. 205 HIIan
fraseeihk L, FpfllaD—ika BT 50,
F7IERE R o THETHRALIELIELR L
5. LaL, BEEEEEILZALTZARDNT
Wa. X% (30%), MiakRE S SikkL,
FiEE OBA R (Nexus BEEE) CXHMERS D
5. FEEBEEEOIEPIC—ERCraiEiai 3R
I & 7o 0 HERa IR IC VR pinocytotic vescle %35 UIE
UIiEilesE+ 5. 605Dl ERi@s 2 LHfap o 3 b
2V N Y 7RERE»EC 5.

3. Pyroantimonate #k3s X (8 Oxalate pi% F
WG IRERRE 75 B iz stifERE o Catt OFEZ
LT, ROV TS EIREET 5, &
5o L5 Catt Ringer 1T incubation U723
Brew, 3 bav FY7RHie Catt-uptake 23N
bhi. &k, 3+ Fy7 A D Ca deposit
3 OHIERIBO DD TRO BN B Z EBEV,
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ZhdbDI a2y FY 7RO Cak, E-CERD
BHRIZ oW TS ENT E X RE 2 Tvwin.

35, 1 LEHRHOBMIER

AR (LK, B, HT4H)

Sucrose gap # AWV CA R LEFBEHTRES
Tlev, #MENEALZEH L TREOE g 2 5~
7z. Cl 4 v % #ho large anion & [EH#i3 5 &,
FIEEMITZEA LR L LR BT BT
5 gn X930 WA L. F12 Poa BEREES
PHLENRE VFEVEEMOHFHCLR > THED
Tl wvwZ & BRI,

Wiz, EFEINRATHERE Lsec BEOZEEINMS
BEEZTLS &, BREBEFCHR4CBSIEL
BEHNIBRBRSEBEZERT. OB ETE
BosbizAETS. ZOR/NX pulse Z v
‘T slope resistance ZHE$ 5 &, THILBESD
EHALEERIGR« B E T 5. DEOBRE
1%, Cl % large anion ¢ @M L7 HEPR I
Na % choline & B LASKFEIVWTIED
ha, 2T, BEEED E B i conditioning
pulse ¥ 52 TZDHMREH % &, BEEERIC
BobhHBVWATEBEFOREILEI LI,
conditioning hyperpolarizationiz X » T K EZ <%
{t% %23, conditioning depoiarization ¢ E5%E
ZTev. ZhbOER»S, BEEMX VIEY
BEMmO&ZIFC KEBikizxt3 5 delayed rectifier
system H3H Y, FOABIBFEITX > T gr PR
SIBHTE, IHEZOsytem IESEICL - C
X activate Shis Wz EBEZSh 5.

Wwic, BxRE%ERfERZRTS, Ko % 1/2
“HE 53 L voltage-current curve IZ3siF HEIE
HLOBEEPEVIEENANEY > 72, B K %
171013 5 UZdhikrhis & ONT glycerol E3RikH
Tk, BEEPUEE U (—50mV~150mV)
ERWTESCHEREZ R L. Zhb DR
i, M XFBEHORBERIERAIBTHRBOLNLL
LKA F v OBEXILEEM DRI B Sh
5 ETRTHIOTHS. Thbb, KAFvi
RMECIIREZEY HAAMERTBEI T W
SX5.

36. Purkinje #2# (C ds(F B Ca-sensitive
discharge.

¥ &

40 B (LK, &, $4EHE

Purkinje ##E3#y —90mV DIFWEEBEMITE
WCEEREBREZRT LA —70mV BUF
DEVEERL LV~ TR R oscillattory poten-
tial ZRZ EBHBN TS, ZO2EHEDOHME
BEREL->TBRF T X > TRET D EvbhvTy
%%, ERE oscillatory potential 4 DFRFE &
7t > T\ 5 background inwrd current DZAREIT
DWTIRBL AR INTWRY., £ TLORK
B L CERZTR .

1 ZLEX VERHE T ERREHEL LE
Wi e FIRCRREL 5 BHOBEZITRWE
EhraEbsei. B@RERE TS5 Purkinje f§
HETHSEEEEZTRS L BRI RE SIS
FOEEXEEEMY —50mV iR ERY
AL, Efy —50mV Ll EoBsEBEERNR
& LT postcathodal depolarization 952 537z,
—7% [Na) 0 mM ¥ CILEE ORWIRES T
LN EHEFEXIERT 52, ZORRSEEE
BT 5 & —524109 mV 2 EME L T+ 5 REWE

BALDBH DI, TOROEBEEHERITINGE E
V33¥#5 LC postcathodal hyperpolarization %%
BAIEH Tyrode G4 &7z postcathodal depola-
rization OEFE LT Nat OfiE®R % 2 b h
72, FEiz Na-free lRTH bW EHEBIERIC
BSLTix, ziuat (Ca)y i sensitive T [Ca)p 10
fEDZE{bizxt LT overshoot %325+6.8 mV ZE{L.
L Nernst OR & D FRRENDEIIEL, EHIT
108 g/ml @ adrenaline Ti3{E#, 6 mM Mn**
TVIE], 1075 g/ml @ TTX iziE insensitive T
HHEMRED b, DEOEREBERXD,
Purkinje ##fiz % slow channel B5EHET5 & F
i, # —50mV THRSNH RO SR
1 slow channel @ activate iz X %z & 2SHERI X
h, X5kt Na-free THLNIHEKED dis-
charge X Ca** @ inward movement iz X -
TR SHICATREMEDSSEV. DL & & o B,
Purkinje I VT, BVWEERMLV-~L T &
BN % oscillatory potential T3 5NMEXE
o—# Catt BiROBEHE 2 b,

31, HZILOBHEEOE Na BEh(chlT 38
BRI
RRERGED, S, SER— (KA Bk K
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E, $4)

DGO BEFRRCI/ERT 2EEREDOH
CVXSRLECHE AR, TR Y vERT F—L
Y VEERE X BB R T IV QOO
ST BEAEF T OWTIRARRERERS V. bh
L Zh SERO LRI R JIETERER
ZAPCTHEH % b - C, Pinger ek I
& Na o Li gk comBEscTsohd
DEMOVERRIR & lelehist LT A, R LR
ARV R =L DR OIE> STER LI LES
FTd5. Li mgp T, SRENES X O
TaNIGEETEALC B N I ER 2 R T HHEBWERED
G-Abr 77 vF VRIS IOEHEM & B
CRHETCESE(LERI L ote. T ORKRIZHE
OECFEMARDS Na—R v 7" 2 8 LU CRfgi @ Na ik
ExEAL, TofRMIEANO Ca REZHAT
HLERIVZDMUMERAR S ZIET VORI
D% %, (Baker et al. 1969) %373 %. Ringer #
RTRDBNET FUF+ Y voOllik X OFEHE
R kT HERR A D EE Li iFlTIR N Td
BB TZ7%., 771U Ringer Ik TRDLNET
Frr) vick pEEEEM OB AN Li Bk
TREECER»r o7z, TORERERT7FLr+U v
X BEOESEENa-R Y 7 OB X 5D D
THHLLWD, ZOERIEBEMCT 55
B ER LR ERRTHIBIL LV ER2TREL
TWb, 7TxF—/La ) vOUlHEk X CEEIEAL
Xt SEIERE Li s ©d Ringer ¥
LRAIURERTER, 2Oz ERE7T2vF—L2Y
vREE AR CEEERLCw 5 LR L
Tnb.

Baker, P. F., Blaustein, M. P., Hodgkin, A.
L. & Steinhardt, R. A. (1969), J. Physiol., 200,

431

38, H 2 OTEERHFERBBO7 FLF Y
YHBRRBICONT

HHE—, WS, PHEERE KE XK,
[, )

# =N QAR HREBEHEC T ORI &
2% & HIHTHEAERRY R 2> SR DIE b T o i
HOBRBILE2TRHRTHENTED. ZOfs
WD o 7 7 A RiEAL (PreSD) vk, HTRTHRHERIM
HOBEBI 2 BHBTHZ X DIERL, HI

Wk 117

BT 52 & X DD, Witk DEMEDHE
BEERT. BN Ca BERRSTHI LT
X 9 PreSD WA NG, b DE
BisEw X v, PreSD nidhsBOEEWEOE
Rk W EEAfS—EO B BB+ 5 &
X > T URATBEOENELLLEE X D
%. PreSD DFskik, =25 vE X7 bRrE
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