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Electrophysiology of the vascular smooth muscle Haruo Niu
(Department of Physiology, Yamaguchi University school of Medicine)

MRS O BRI MO IR
DENIERTERL T3 L5 ICEbh3,. L
L, 195841z HFARD BTG ~DH/NE,
WREAICRRI LTLSk, S#Fic ZhicTa#
ERHEL TEZ. bhbh b EERD b Z O
ZEICHED o TE 2, FFRILTEN O DOERKE
ReEHLe LT, MEFEHESETE
DVWTHRLTHES. 4, bivbhoifs
W= P FNEDS, KR (LA—EHE), BRF
(UR—43), B 5 (RKEAR) BBAR (RAH
EI) OHKTH 5.

[. mEFEFHEIREOERNER

THIZBET 2 RFHBETBEEOR, vk
5Thd. BRI, 4 =9 X0OREERKIC
DVTHEADOEREWE Lic. BEHELLT
MRS, MRNEEEZ AV, BREEREE
i, MIBNEBRTREL. MIENEEDCS
4%, Wheatstone Bridge #:% Hv, R—&
WCTHE, BEEGEE L.

i. Space constant, 1 DEIE. —EDERX
DBESBEHREZ L, FIRERE D EEh R
CRBCWTEIRREEZWEL, WA
U CHIBERE) b DR L m y M5 L
BIFERICES (®1). Zh# extrapolate L
THIZE Sz space constant %3 1.34 mm
Thd. ZOEE AbeD) &3 taenia coli ¢
z b 140mm LFEUEBETHS.

ii. Time canstant z o . Cable theory
iz X hig, BXEESTE o half amplitude iz
EToRH L, FEER» b o FHTERE
Rizd Y, o slope ikl BEREE L i,
/22 THB. 72751, tid time constant,
A 1% space constant. AHERDOBEE TH T D

BEMRBRRRIT S (M2) chick VEHES
h 7= time constant 13# 229.3 msec T H
. BEBIROEKA, BEfak2p L1, ML
AHIEHL Ri % 300Qcm L35 &,

= a Rm
Z_J‘T "Ri , r=RmCmxy
I 3R Rm ik 80 kQcm?, Mok Cm i 2.9
dF/em? L5 5%.

mV
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10

10 20 mm

1. BBESIGREE O EWE & FREL»
B O E OBIFR. BXET R v b

msec
400}

300f
200t

100}

10 20 mm

M2, TERERKETED/2ECET HMME
FIREE D b O E OB%. T OEEOBEM
/2 A,
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Abe et alh) 2 x 3 &, EEMTIE Cm X
2 ~ 3 4F/cm?, Rm 1% 30~50 kQcm? T %
DT, EEIHRTIZ Rm 124 Lk &\, Space
constant ASEEME S BERBETH S Z L R
BHERICB T, b LA L0 ETHERER
FATWE, BECREMRC LRI 5
LERLTW A,

I. JYXEEsRO V-1 B8R

BRI 2 OB S OB, BORENE
WU CTAE L BEREERE L MEANER TR
Ll (B3). CoRTHBML, < offaEs
7z D » outward rectification Z;R LTV 5.

PR HRAEBIC X 572 b D Th B 25,
MPRNEEE TR, o rectification 125
AMERBREL LS. 0% VESHIEICH I
M BEEEEE & L CiEE S hTvwa Z &
ERLTWR EEZDNS. BETREZ L
i, BEEEMRTIX 15mV D ERAERSETY
EEBMOREEREVZ L Th B, Thb
b, EFEP TR, BB TRELTW3Z
LTh5.

. mEFBEH~D catecholamines
DIER

MENE¥E RS o catecholamines 33 % K
R O, F—Im% b £ OBFFT (proxi-
mal 7 distal %), BIOBENRES 2 Lic
IVELLIET S, Fe, BRAEHESER
DRBIZX Y, pRIVERZLOLEDNS.

V(my)

1sec D

H3. EWERPToOEBE-ERR FALMN NS ERIC

HE.

/&5~ catecholamines o fEfic 4
BHETBD TH V. T Tikbhbho v
— 7 X B EREHEHEE Pl L LTRA
THES.

a. ERBAR

B, A X ORHGEREIRIC 35 THEE
NFEIC L YV ROMERRE X T 5.

i, WEAKESCEMOBIIR Gk adrenaline,
noradrenaline (1078~107% g/ml) D/ 1% 1=
ACr-TELELTHS. DL VINE HD
VIR R A T Y, b L EERA R HEET
5. Thbb, FHECE Y CliESET
3. IniEfEA X dibenzyline 10-°g/mlic & v
EHians. ’

i, HER/RES VIO LD (£ 0.9~15
mm) % adrenaline, noradrenaline 3kizh
BrETs.

iii. Isoprenaline (10-8~10"°g/ml) x4
TOHWMIT B THIEE ET 5.

iv. %8 catecholamines iz X 5 liiE{E A
tx nethalide (105 g/ml) i€ & D FaA ¥5B4I
Eshs.

v. Adrenaline (10-7~107° g/ml) 733i%2
ER&ERT & & bMRENFEEMICIIE(LR S
bRz,

U EESBI24 XORREBIRTIE, aBXT
B-receptor O GFHBERTMIC I VR 5 T
LERELTVSD., ZoZ L it 4 Tl Zuber-
buhler et al4DcHEHL T v 3. LaL,
catecholamine A JEEN (LR LicHs -
BERERTZLRERTREZILT
»5.

b. BEEBINR

KPR v 3 X BREEEIRIC >
T, sucrose-gap i X VRO
RBEz T3,

i. 4=y ¥ XIEMREIRIZIESR
EHCiEE EREOEEMEEL
BYR, ThicRohdZLi3d 5.
O, HRDIFASL 2EIT, EH
BIBHEREA R AT, A1 7 OFHE

C
(Vem)
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BR1IHTHE. LrL, BEedticr
DRIEL, 2R SA 21377 hyiie
O BEMITENL 5.

ii) Adrenaline (107% g/ml) yX 2%
RIGERH SN 5 2, ThiCiXEBEL D
BlbEfEbinv.

iii) K* 16 mM < mV o fisiR
VRO, BAOHEMLRALNB, &
DIRSEING EREEME b
adrenaline 10~%g/ml mEE I LB &
PITINE .,

C. REHBINR M4,
2, BEMCZELAR LGV, BOEREREZ BT 5 L,
INEVERDAEREIEBRRE S B, TR : 7 Friy
v (1075 g/ml) AT TS B e, ENXDF
B BIRS S R B, T hicERBIEEEAEIRES R <
DORE LS.

KN2DBpxsucrose-gap g% FVv-C v
V XIREENRICH T % catecholamines
DYER & A7z

i v SREBREEE CEhT
RH5N, HRIEEEEMERET 5.
BEARL 78, 7T UEIRBY, R
AA 7 BIRBHREMN, 77 by ERE
PHREBEMETRT. FEETHESE, LR
BRELUKRETH 5.

ii. Noradrenaline (2.5x 10-"g/ml)
IR, b U TEBNEA A RS
TERENEERTS. L, B
E (25%107° g/ml) T3 O B g,
BLUEAOHEMBR N B.

iii. Isoprenaline 5 x10® (g/ml)
T, BEEMELE DT IEAOET
BHoID. T OFER T nethalide (107°
g/ml) TIHLFSh 3.

HR2 L RAFEEIC LY v SR
BfRic %3 Badrenaline D /EE % 4 7-.

i. Adrenaline(10-g/ml), =i 5.

| 2vem

50my

2sec

E®: tEIT7 Fv3y v (107g/ml) 5. L7

mV

--10(-41)

20 10 10 20

adrenaline

(-51) V/em

n -10(-61)
10°9/ml
-
< -20(-71)

control

--30(-81)

EEWwHR, 507 Fr+y v 107 g/ml#3EE

TOBE-Biflif. 7 Fvr ) vEET TREO 2 v &

B oI HBIRD IS £ T 5 BETH
B0, TORETREBMAE(IEALR
me. ThICH L, EEREE 1075 g/ml TikiER
BEf] & ST BR A I A B E 2T TL 5. 20K
BERZ L, BREIETFREEERY, BT
JEENTIx slow oscillation #4£+2 %5 Iz &
5. ZOEBSBEERY LTI 2 H B L
local response LBz b0NR5H T L

7RV AT 5 MmN Y.

5. [RBETIZZ 0 response [IFEHHT 7z v
(1 4). '

. o R, vFXEHRO
V-1 fis »5% &, % delayed outward
rectification %#5;R¥2%, Z iz adrenaline

1077 g/ml ZER &5 L BAMER, BEBoEa
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o v Fr 5 o ARERT BHERERT
(& 5). ‘
d. RSk

Thik FEIBOMS L B Y EEEREE

BETTORBEETH 5.

FE ML ENE y b LIBHEIBEEIRO WA P

FEZLIVROMEBREZ LTS

i, Z o OfEE IR IEBIEN
1 slow component |z -5 Uj= burst X v 72
5. TRPHELBIEL T3

ii. Adrenaline 3 x10~%g/ml % burst
EIER L7 Y FltBEE T &8z, L,
Dl L AR RSB AE TR, &
IREE107° g/ml LI B3 B SE AT, =
S 7FHERHEL, BEIRECRSL, BY
WBOSSERRT BT 2R AL 713K+ 5. Bk
DIEEMERIC VIR IR T 3.

FERERZ LB L T HBRT
wa,

V. mEFBEHICH T DHMBAEE & BB
Zie

M E¥E #5135\ T catecholamines 3
LB L CoNIC X VN (BF) o,
HBCEMIREET D L v ORETL . T
REWRT 2%, bhbhidEE iSRG x
ZORKHTF B, ox YV ERETEEEE L
LD, bickvd, HAViEEO TERICL
PIRETLD DB B (#BIR).

FTTRIEOREME DL LTE L OEIME
DREFREAR, b L <kFiRS S 525, Zhic
DTG,

Johansson et al!® iz X hiE, HEH Y X
HRIZI T T KEE T 5 RBRHE Ei e &
4 ~32Imp/sec TELHRT 5 L FIRO 58
IHEDIRE, B X UBES VUV RIS s
U CHIN$ 5. Noradrenaline 4 = #u & {7
fERZ LS, EFRBE LR Ts. FE
DOYER X phenoxybenzamine iz % ¥ %+
3. In situ @BV THIBERBERZ 2B V1
5. ZOERTIBEBMEMEIL LTy

B, P ELIEBBMEECELAbB L

,sucrose-gap BEHwW,

BIEEPIOER» b RBICHEETE 5.

Somlyo et al3®) 1% v ¥ x4 H AR T EEAR
B\~ T sucrose-gap ¥ # i v, norepinephrine
5 x1078~5 x10%g/ml iz X v {EEEAHHE
DM, BEOEDORFIEEHT 5. M,
COBRHEITBENETICORTELL R
5. BAOWABZhicfE-> T3 2, EXH
& OBEEMEZR bR T 5.

1550 FRRom ERREHEREX T

AR

BHifEE b ol T B\ Tik 2 OEAFER
EEEME AL <o E-C coupling ##&ic X 5
Z LY THAH. Catecholamine #ofhy
¢ vasoactive substances 733E A% & F
B, DI b GIEBE, R OBRE
fEF’XE L LTZ® spike mechanism %4
LTwatEzbhs. Lrl, BRA, R
FEROME 2 FiclkEE L < h 3 L, Bko
& o (graded depolarization, nonele-
ctric action) BREMRL TV 3 L Bbh 5.

WIZEEERT B HBREE RS2,
ER LI DOV TEEL LS.

Keatingelh) jzv v PoBEHRK I B v T
BIEEE D adrenaline,
noradrenaline 2.5 107° g/ml i3 &k 7z 2%
BMBAE L, ©hicfvizERAREHET
FELT 3.

BR?2ux, EfEoml v FREHRICR
THIM N FE P X v 1075 g/ml o adrenaline
Tk Keatinge LEEORREEZ 2 TV5. L
L, 1077 g/ml CRMEOEBMELLEA DN
TRz EERCELLD.

RIN2BOY, FEosn{ sucrose-gap iz H
W, v XBEEEINR Tk adrenaline 10-°
g/ml, 7 ¥ FHIEERK ¢k noradrenaline 2.5 x
107" g/ml CREBMCERIEEETS
ZrEHRT VB, BL, XVEEE 25x107°
g/ml TRFEAOKRSBEETS.

Su et al.®® 1 v ¥ X FHBHAR O - EAR I
BOTHBNTFEE & B v, RS b
norepinephrine 1078~10""g/ml ¥ JEENLIC
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MeoEBe 5252 b EEETEZ L
%, Z7- Shibata et al.!Dp v % ¥ -kBfRIC >
WCIRHEIN R EME Fiv, adrenaline 10~°g/
ml FEL ML B2 T2, BEEMIBSE
TS L2BABEETDHZLELTVS.

PUEnEBRICEEL, ToEBRFEC2, 30
FIER®H S 5. D%, sucrose-gapEE T
EBEBENOKRE S, ¥t BREBEOEERE, #Hilk
WNFHE CREBSMEANCRECEASHTY
SPEPOEETHSD. ERAREEEE RS
CEAREEEMA L VE, BRIMKRHEL
5.

L1, sucrose-gap ERZ2WVTY 2 i3,
RINODGE, v ¥ XHBEESKE KT 16mM
T2~3mV ORSEATETE, R
REFT2, A—ERcBvTIhibrk
VREWINKER 243 5107° g/ml adrenaline
TRESBRR bR P o2, %72, BR®DO
B T MRANEES v 7z 28, adrenaline
107" g/ml 13 7 % THREBIRIC S LITEDIEE
MEERE S b o7cdd, ZOBEES M
WIZB-> TV 5 Z L eHERT 52 BLSMEEL
T >Tw 5N, AL ERBEEERXBEN
HIFEANILH 5 Z L EZRLT V3.

U EBEBREE b e wERBLE T 2 v T o
catecholamine {fE i #BE+ 5 &, EEETIX
WED ICIUKEIC BB DMEE 2 T B 28, (RIREET
L P ICEBMNA L LRz, ©
% ¥ non-electric contractile mechanism 23
FETS. ZOBEEREICEMT b OLLT
BREK N X Y RO Lz & e+ 5 cate-
cholamine #aofho vasoactive substances
DEAR S 5. KeatingetDjx sucrose-gap ¥
R v ORESRIC B v OE K KT,
noradrenaline, histamine 2.5x 1075 g/ml %
IREMZE QMR AET D2 L BT,

WaughioOiz X hi, K eliashic
4 X OEREEINRIT 1 g o adrenaline 1A
THEMEERZT LS.

Wiz catecholamines iz X % Bbig & EEMNE
b DREE RS,

SO FER: adrenaline 2 X Y ahig
T5%, Zh i id spike Ok L BRI EE
5. Biilbring et al® iz X h ¥z 0BT
adrenaline iz X 5% L L € gK BLU—E
gCl DRIz LB L5,

Keatingel® i3t > S OREE IR iz 8 v T
sucrose-gap & iV TROAMEFEREZ AT
%. +7 bbb, phentolamine THALE Li-iE
H#EAR |z 8~ T histamine 25 mg/100ml iz k
VRASHEL, IUEZ & LT T v 3384, adrena-
line % % \~i% noradrenaline 2.5mg/100ml i
MR E 2T, EOBEo&VIFLTVAEY
PEPOFESER b h B, LrL, R
phentolamine #7ETF, & K¥ CRoME L 21g
AZhb o catecholamine (ZJEEMIC B
{Bbig & A ¥ 5.

KN w34 = 7 FREBIRIC B v T iso-
prenaline 5 x1077 |ZEBMAE LA L iciikg
EETBZEH. BAOL 7, 4 X0ORIRE)
Wkiz 3> adrenaline 107"~107° g/ml G
KINEFRDORERE 2\ 5. ‘

DI EBEBREE b7 7 il icwt L catechol-’
amine DIEAE £ LD THB &, HBTHEOANL
B E P O IS, TR RE D BhAE, % D
electric mechanism &, BREMELE b
nonelectric mechanism 3% 2% L Ebi 5.
Z » nonelectric mechanism R &5 LCigz
EZEBAEOHBTIIDLIL o T I v, Catt
PUHEICBR L T 5 2 LIZFERBIC BT H
I{@BDB TS, bLIhPEELTHIE
B OHA Lt LT, Mgy available
Car* 2 hidIEE AT, BodThai
BT5ThHAH. Available Catt ok
DPoaZFEDLY, &BVIZERND L idH
MokES Ca 2T 52 Lick o TiEED R
5. 4, #iEgicovTitRobinson et alsb 23
suggest 4 % 40 { isoprenaline @ #51 & g~
adrenergic amines o3 #2 /& B & cyclic
adenosine monophosphate FEA iz B{R3H 5
bbb, fThic LThE%OMENE
b, : :
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V. mEFEEHICHTDEMEE

KIS O, Tk in situ o imEFEG
RIEEET TR EBEEREZVBREHIT S
Lokt LAaBIN I BEIREEZRL D 5.

i PR, &3 \IEEESER. ChiEsRA
FHRTOEATHBEEE T, * X3 (10)
v (6, 7, 8, 271, 28, 29, 36), EAE
v b (24).

i, BEEEHR. ZHEEE TRECRES
ERAsbhs, EAEY F (85, 2X3I (37

iil. b 2 OKERB X T AFEIR (32).

iv. #zAok»ERBIOCEOLE (9)

iii, iv B BERESALNS.

e. v FBEBIR, FEXREIR, HEXFH R
@27). ZhiRZERBEESAbN 5.

HRMEBBMOKFE R 5 &, prepoten-
tial ZfEv, BB ERT b O, SIEICE

LyifpEErBbhs b o, single spike s

X -single spike and plateau 4 2% 0,
spike bursts {3 b DL ELH B, L1 L,
PIRR R ML & R T ERR P TEE Btz
T b ORE L, RS0 nE CRFhA
LR
BLTVS. BEPLSBELTCEDTHSD
»e ZoFEROEHRICEINERRENLT S
ErDBEREEL THDL—2OFF LS
5.

i REEERE A2

Keatinge) iz X h ¥, v v DREEIRE

>yanide, fluoroacetate anoxia CLLET 5 &,
BoOZEIIIIB & h, adrenaline {233 % res-
ponse 3@z v, 4% repetitive spikes
EETZIORES.

ii. Keatingel® i v ¥ FBHEEMRIC B
T, WiEX Y Cazilh < LEXHIC active
Z 75 b repetitive action potential 33&4:-3
5DEHTVS

m)Mmmﬁmuﬁ/@%ﬁﬁ@W%&E
¥ cold Ringer Hicfrigkd 5 & HERENLAELT
TLBL\v3.

2 D HRSER D TR -

PLERET 3 icifuEs» 5 Ca & —HBEER <
2, b LS RAE eI, BERsRE
L35z L%suggest LT 5.

iv. TEA* (tetraethylammonium chlo-
ride) DIEH.

BRI XNE, ¥y XREHIRICE T
fanNitgkE 35 & TEA 68.7mM i2pisis e
I IRIER 30 mV o repetitive spike - dis-
charge) #4 1, Z h iz phasic contraction
BEES. e, BRAMEZ, RUL Y FRHEE)
MRz B v CEEEP CRT delayed recti-
fication % 34 mM TEA #fETFT <%, V-1
BIERER L+ 5 2 &, 2% vdelayed outward
rectification &Hifl+oZ & & H 2. FTIC
Armstrong® = X v squid o giant axon
iz v Tix TEA 1% anomalaus rectification
PHETBHZLEHLE LTS, Hagiwara et al.
W%, v FH=/00 sartorius 1€ B WTHEK
Na #1/8~1/2721F TEA iciB#at+5 &, H—
EBLHE IR Uz spike 3B negative
afterpotential #;8 L, Zhic HFMHD spikes
BERETBZLEHRTVS. ZhickL, BiE
BAORERFHCB TR EBRT O RET S
Ly, FEEEOMEMcB T skmEo TEA
ZhEx, delayed rectification ¥+ 3 =
LT H B, BE—RERICE T T HREME spike
DI, T LICEEHCRBCTALNSEBME
HERen 3 4 25, Z @ anomalaus rectifica-
tioniz ¥ D X 5 ICEE LT3, HEDLT
AAHTHB. Wi, FEFHicR ik TEA
DR T A RRIE R 121 TRBBER oz &
%, BOMBBEOREPD WL » TH 3.
TEA <k bE rectification o#pElfER, =
NEHEHEMBECIIEFHAETH SR, Na,
b Lk Catt oinENMEBRELET 54 4
VOFEBEI L EETLIOTRENSHIP?

v. HMfEIE O RE{L

TR DR IEBEEALIE, 40~60mV f2E T,
MU, Lo, PRERMEO T D XY 27 Db
SV, B KEMEEF T L0 TH S
EX, bIBREBRENAEELshTEZL
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BEzZLhE Y. BAPEIRE, v XHRY
BRIz I8~ T conditioning hyperpolarization
DFMic LY testing depolarization i€ kY
FHEL 5 % local response ICER N H B Z
L, adrenaline, TEA FTTIRZZ0oENLVE
itk 32 2A TS, TEHOEBBARE
ERBC OV TV EEHE—RBERZ LT
k5 THD. L, FlLEREBRCELT
i Catt el czhicBELTws e Bb
ha. MEPEFHCELTRCERZORICHE
LT ORMBFIER A bz, &, spike
RECEL TR B4 F VAT 52135
L 1L X 5. Squid giant axon'D DA D a0 < i
RSP G AR A 4 v odconductance ele-
ment iz m-factor h-factor 23 % % L {RET
MWFFF LK Tt hoo xR W /& b D TH
595, BT E hoo (3T meo 1@EE
5. BRI ERHC 2%, LvL, T
b o factor i, steady state o conductance
CBRT20RTH->T, ho RO THRVHPE
VEDICZND DEDOKNO B CHRIERMEE T
H+BZLiE T & &V, Fhicik m-factor,
h-factor ¢ time and voltage dependency »3
HMHNTVDEZLPLETHD. MEFERHIX
bbAHA, —BREEHCEL RIS IREL
FHATHS. L, oL, MELEHIC
B\ T conditioning hyperpolarization % &
z i *local response A URod T ki
IEHEBMORELER TR LI EL L—F
T5. LL, praNELBbZCEL, &
NRROZEIIC ENIETHEE LTS 0I3E
td 5.

(*local response ; Z #1L% local response &
THIEML » 5 9. ZoEARR delayed
rectification #5732 L b oTWwa. Liz
255 T Z ik Bz instantaneous voltage % 75%
FTOHTH - T, Bl&KEE rectification 73
develop +3izoh hamp & LT3 L HE
zZbhd. L L, Zo potential ¥ H
msec < Z & ik voltage clamp iz
X % K* activation o time course p»5#E %
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T instantaneous voltage & AZbhivl,
¥ 7z adrenaline, TEA HFAETTRHE b » I
local response & HBNETH DI L2 H M
Y —Jit» local response &3 %.)

VI. F¥iB#rlcE(T 3 voltage clamp

TEEEBMBEDA 4 R M5 ki volt-
age clamping i3fE» TEETH 52, FEH
HRE T O EEEEBD TRETH 5.
BIEDO L Z 5, MEFEHCEL TO®RETR
WA, BIEKBASFERHD LoV TORERR
Hbhic.

a. BRI, EAE v MABHICE VT,
double sucrose-gap % fv>, nodal area %
R T/RE RS (100 ¢ LLF), voltage clamp
BT o TROMEBERE L T 5.

i. Early transient inward current i
Wic, Mn*t (5 x107°~5 x 104 M) &inx
B, ERBE?D Catt RHERL L L
I WRRT 5.

ii. Late steady outward current % k
FLOABIC X » THRA EBBES T I\,

iii, Tetrodotoxin 10®g/ml 1Tz D=
DEMRICKICEEL 52 7.

iv. Early transient current ¢ time
course % squid D ZRICHRTEL BV,
F iR late outward current L DERL Y D
EE A squid it TRE V.

v. Leak current, capacity current, 3
IVCERVCIAEEELHIET S & early in-
ward current ¢.reversal potential j%#y+25
mV ¢h 5.

vi. DLEOFERY YV ELE Y b RBEHTIE
spike FAizix Cat* BNEE LTV 3 LR L
Twa. M, FRH-RICOCTTLH B8R
IRz 33 TR/ spike, abortive form &
BHdh 30k delayed K+ conductance o
boickk L, inward current carrying system
@ activation 233\~ &=, activation rate
CEBMERD 5 L ILESLDTEREVH» L
2 T35,
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BT bR 728K, 2 < OEFLIE O B EE S
MROBRKMOTEENI KBS Z h & i THEE
LTw3. Lied-T, bLRBHRIZ BT 5
voltage clamp DO#ER S BHIEFIRIC SEH T
E5LThiE, Thick - THATE 2881
Z AN
- b. Anderson® % ostradiol dominant iz
LieX XL 0TEHICB T, Bkl
[FE#% 7 voltage clamp HEZ AV, KO L Ok
WREZ TV 5.

i. ®wiko NaCl % Tris chloride @,
NaHCO; # KHCO; ¢EH#i+ % &, transient
inward current 13 & i L, reversal
potential ZBEHIC T - Tk VADFRAEIIKE
B4 5. ERRIC » 2 2 EmoFmcBEe
5.

i, IEHEWEH o reversal potential i
¥ +30mV Th B,

iii. Late steady state outward current
EAES B Nat 2EBRCTHEES .

iv. PLEOREREPS, XFAITFEHTIEX
NRA 7O EYENat i X B LR L TV .

PLEES B ic kK< Ca-spike, FEf
<k Na-spike v 5. UL, KEBEEOESR
izowv ik TTX o specificity 0 ELZZ 2
HiE Na lack %721k excess DOFIENHY 7z
wi, FEfHcE TTX, Catt lack % 1%
excess DFEBMYV 2L Z B ThHB. BB,
#k & v 2 1¥ m-factor, h-factor DB Y
v UL, ERSOOEBRRERL VKR
niE, BRIz 5 spike -mechanism %
BAT s ARROBEEIC X VERRDHD OB
TEEFLTVS. '

VI mEFBHICHT SABHBEER DR

FHESDN, v ¥ FRHEENR, _LIpRsEE
Wkiz 3 v T, sucrose-gap % vy, DNP,
MIAA DIERE 7.

i. DNP ofEf ; RBEBIIR < 13X IEBEALD
AR, EEMOBLEET I LRL, B

DETRH LN, —RICERER, RHIOKT

BKE . BRIERAR IR EBA I RED, b
L ZBESEAHA LN, EEEMITEET 5.
Tonous 4 E72/& T3 5.

ii. MIAA ofEH ; REBIAR T IREALA
B, FRBSERALNBN, BHRET
+ 5. IBRIEEIR T i 9 B ISEEAL R R
L, MEosrdh 5 b 0, Homedkick
R  TREVEBALAS 5 &, burst 225 single
spike ~ & #4794 % &tz phasic ZIEDOK
EIVFEILONRDB.

BEARIDE L, ®0E v b EBRESRC o v
THIFEANFEEIC L Y DNP offfl & T3,
Fbb, DNP #5 L4kiz, burst spike 7
b Wiz Z hiz f£ 5 phasic contraction i3 # D
% L amplitude &> L, SEERBERTS. *
D% ORI : DNP oEEic X Y &Y, 107
M cRpiokEs, B4 Lk amplitude 4o
B GEEMNORHRNREL # 5. 5 x107°M
i spike BAHEIELEL, H3vT, EIZ
BoHET %.

P Eotn  ABRERNZ, 27 ) B IER
b oTws. HERORESE, ?)%E%:JZ ->TH
By, mME0BECL-CbRLS. ERE
LM, MEEESCERALCEEN SV
OEEMEE L, THBREBM, b L IED
BAL o pattern OB LE LT B HE, ElciEA
4 v o active transport iz T L, ZIRAGICHE
PEREDCHETHLOL DA 5. IHECSt
TAHERAELTH, FEROBRMIESIOEL
DTRHEEB L EZEZ bND L0, EiiX—RKRH
iR RS EHEL, ATP B3 sk,
INBENETORER L E28ELHA 5. =
o OEREHECKT20REECH .

s 3 2w

Pk, bhbh OB NV — 7 DERBEL
e LT, EHEAORMEL LT, mEF
VBB S AT O\ T F OIS & R 72 A%,
RTBLKOEEE, BEBEMHREL b VRE
BART S BBEE R b oM e RET R v &
b, b LEBIIRT LTS 2 0 JFE T B R HER
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EXPRATHE, ZhiaBRohBEHTEs S
S5IMEET B EREZ OGNS, RICHIEL 7z
% D1k E-C coupling ©h %. bhbhi LT
BHAEDLZAKRD L5 ICEL TS, Thb
b, BEEEE b O BRIRERIRIC B v TR
REEIZ L ViEESh B catecholamine (33
& L T spike mechanism ~D{EHZ2 ML T
WHEB R EY 52 5. —F, BEEEZAL
ROEOMOME T TIE, B, BSOS
[EBMEEZ N & v, 2% Y nonelectric 7
RV BT, WHE, g rEcTIed
THFEETH B L EL TS, KRBT
% transmitter OEFBER LIS B VIR,
fAIRRELRBZD DS R, RICKESD
M OIIED TRET, EFEETIIFEAEH
BiEER& R, D L b/NEIARE Y proxi-
mal OB TIEL» Y THB. T DT
DMEOEREPMIKDO R 2BE TH BRI H
B b e vORABENTIESS3. Z0X)
RERES o EOREEO R EHTH
V2, 3RERDOHZEZEZ TILERTD 505,
ZOREMEZITERICOVTEELTHE.
BRBRCERHCI LI BE2LEIVI RN
%, voltage clamp ERSFEII LizZ & ixEE+
RETHD. L, ELEY FOFEERT
X Catt 23, FxAIFEHTE R L LT
Na 7% spike mechanism [z &+ 53 = L1338
whhbd. &TOMEEEGIC voltage clamp
BERAvaZ L, 2okE ME»SATHE
HThA N, Sl LBEHEESR~OBEH
BREETH A 5. ZhiclET 2 ERBERIFE
&ha.

X [y

1) Abe, Y. & Tomita, T. (1968) Cable properties
of smooth muscle. J. Physiol. 196, 87-100

2) Anderson, N. C. (1969) Voltage—clamp studies
on uterine smooth muscle. J. Gen. Physiol. 54,
145-165

3) Armstrong, C. M. & Burnstock, L. (1965) Ano-
malous rectification in the squid giant axon
injected with tetraethylammonium chloride. J.
Gen. Physiol. 48, 859-872

4) Armstrong, C. M. (1967) Time course of TEA*-

induced anomalous rectification in squid giant
axons. J. Gen. Physiol. 50, 491-503

5) Biilbring, E. & Tomita, T. (1969) Increase of
membrane conductance by adrenaline in the
smooth muscle of guinea-pig taenia coli. Proc.
Roy. Soc. B. 172, 89-102

6) Cuthbert, A. W. & Sutter, M. C. (1964) Elect-
rical activity of mammalian vein. Nature 202,
95 ,

7) Cuthbert, A. W., Mathews, E. K. & Sutter, M.
C. (1965) Spontaneous electrical activity in an
mammalian vein. J. Physiol. 176, 22-23

8) Cuthbert, A. W. & Sutter, M. C. (1965) The
effects of drugs on the relation between the
action potential discharge and tension in a
mammalian vein. Brit. J. Pharmacol. 25, 592-
601

9) Funaki, S. (1958) Studies on membrane potentials
of vascular smooth muscle with intracellular
microelectrodes. Proc. Japan Acad. 34; 534-536

10) Funaki, S. & Bohr, D. F. (1964) Electrical and
mechanical activity of isolated vascular smooth
muscle of the rat. Nature 203, 192-194

11) Hagiwara, S. & Watanabe, A. (1955) The effect
of tetraethylammonium chloride on the muscle
membrane examined with an intracellular micro-
electrode. J. Physiol. 129, 513-527

12) Hodgkin, A. L. & Huxley, A. F. (1952) A
quantitative description of membrane current
and its application to conduction and excitation
in nerve. J. Physiol. 117, 500-544

13) Johansson, B. & Ljung, B. (1967) Sympathetic
control of rhythmically active vascular smooth
muscle as studied by a nerve-muscle preparation
of portal vein. Acta Physiol. Scand. 70, 299-311

14) Keatinge, W. R. (1964) Mechanism of adrenergic
stimulation of mammalian arteries and its failure
at low temperatures. J. Physiol. 174, 184-205

15) Keatinge, W. R. (1966) Electrical and mechanical
responses of vascular smooth muscle to vasodi-
later agents and vasoactive polypeptides. Cir
culation Res. 18, 641-649

16) Keatinge, W. R. (1968) Ionic requirements for
arterial action potential. J. Physiol. 194, 169—
182

17) Kumamoto, M. & Horn, L. (1970) Effects of
2 : 4-Dinitrophenol on the electrical and me-
chanical activity of vascular smooth muscle.
Microvascular Res. 2, 182-187

18) Kumamoto, M. & Horn, L. (1970) Voltage clamp-
ing of smooth muscle from taenia coli. Micro-
vascular Res. 2, 188-201

19) BR3R, FHEiER (1969) REBMAIHEBIIRTE T
WEBTF P IEFAT VEST ALV OME.



288 nEFERHOEREES

BANEmss 5, 177-178

20) Mekata, F. & Niu, H. (1969) Electrical and
mechanical responses of coronary artery smooth
muscle to catecholamines. Jap. J. Physiol. 19,
599-605

21) F sk ; Rl

22) BR3CR s REE

23) Monnier, M. (1943) Erregungsleitung in der
arterienwand. Helv. Physiol. Pharmacol. Acta
1, 249-264 ‘

24) Nakajima, A. & Horn, L. (1967) Electrical
activity of single vascular smooth muscle fibres.

. Am. J. Physiol. 213, 25-30

25) FHEVAR, KJINEE, BR30K, #EAUKEE (1967)
FREMEFIEH OB X O IEEIE ot
T5HT72-ATIVORE AR 29,
474

26) KJIHEE (1966) v 9 FIERIEFFIR D ULFE I3t B
BRBAAVEICRT FVvF ) volEl. BRTEE
e 2, 31-39

27) K)IHEE (1966) ERMEFIEG © HREMEDHE
Br. BATIEMGES 2, 40-47

28) K)IHE, FHAEMR (1967) & FRHOBSNIS
L OBIRAEEE N T 5y T2~ LT I VOlE
H. BcsEpEzE 29, 330-331

29) KJIHEB (1967) w7 4 ¥ B OBLME X
BimaEst i+ K4 4v, Naf v
&, BRI 29, 586-595

30) RJIHEE (1969) IBREBINR B 5 OBRMF X
BREEMEE A Ay, JATEFVF U v oOfE
. BARZ:EERE 31, 82-91

31) Robinson, G. A., Butcher, R. W. & Sutherland,
E. W. (1967) Ademylcyclase as an adrenergic
receptor. Ann. N. Y. Acad. 139, 703-723

32) Roddie, 1. C. (1962) The transmembrane poten-
tial changes associated with smooth muscle

activity in turtle arteries and veins. J. Physiol.
163, 138-150

33) Shibata, S. & Briggs, A. H. (1966) The relation-
ships between electrical and mechanical events
in rabbit aortic strips. J. Pharmacol. exp. Therap
153, 466-470

34) Somlyo, A. W. & Somlyo, A. P. (1968) Electro-
mechanical and pharmacomechanical coupling in
vascular smooth muscle. J. Pharmacol. exp.
Therap. 159, 129-145

35) Speden, R. N. (1964) Electrical activity of single
smooth muscle cells of the mesenteric artery
produced by splanchnic nerve stimulation in the
guinea-pig. Nature 202, 193-194

36) Speden, R. N. (1967) Adrenergic transmission in
small arteries. Nature 216, 289-290

37) Steedman, W. M. (1966) Micro-electrode studies
on mammalian vascular muscle. J. Physiol. 188,
382-400

38) Su, C., Bevan, J. A. & Ursillo, R. C. (1964)
Electrical quiescence of pulmonary artery smooth
muscle during sympathomimetic stimulation. Cir-
culation Res. 15, 20-27

39) Tomita, T. (1966) Electrical responses of smooth
muscle to external stimulation in hypertonic
solution. J. Physiol. 183, 450-468

40) Waugh, W. H. (1962) Adrenergic stimulation of
depolarized arterial muscle. Circulation Res. 11,
264-276

41) Waugh, W. H. (1962) Role of calcium in con-
tractille excitation of vascular smooth muscle by
epinephrine and potassium. Circulation Res. 11,
927-940

42) Zuberbuhler, R. C. & Bohr, D. F. (1965) Responses
of coronary smooth muscle of catecholamines.
Circulation Res. 16, 431-440



CEZ:HE: (1971) 33, 289-293)

B ik #-8

w B ®

B P9 28 X 51 612.883.327

B (LR E AR A T )

Corpo-pyloric reflex Toshiaki NEYA (Department of Physiology, Okayama Univer-

sity Medical School)

1. On dogs anesthetized with chloralose (80 mg/kg), the effect of distension of the
innervated gastric pouch made from the gastric body, on the motility of the pyloric part

of the stomach was studied.

2. When the gastric pouch wes distended with the pressure ranging from 80 to 100
mmHg the motility of the pyloric part was usually inhibited.

3. The inhibitory effect was abolished and followed by an excitatory one by sections
of bilateral splanchnic nerves and upper lumbar sympathetic trunks (L;-La). The excitaory

effect was abolished by cervical vagotomy.

4. The inhibitory effect was reduced by bilateral splanchnicotomy, lumbar sympathectomy,
vagotomy or spinal transection between C, and Cs segments.

5. It may be concluded that the distension of the gastric body (gastrlc pouch) influences
both the reflex excitatory and inhibitory effects on the motility of the pyloric part of the
stomach, and that the former is elicited via vago-vagal pathway, while the latter is mediated
via vago- and splanchnico (thoracic and lumbar)- sympathetic ones.

6. A relationship between this reflex and the pylorocorporic inhibitory reflex for the

gastric emptying was discussed.

key words : gastric movement, innervation.

I. #

RED ZINERBT 3 & KR EREE
AU TRESEEN L ER, EeAErE2
AU TRIFI S EERBIcB X 82, /MED
HBCIKED ZINEMRRET 5 & AR E A
LCHHHMRoARBIZAE LSz eB3abhT
VB, oM, BEREZINERET S L EESS
WM&z L 0RED L 5. L2L, B
L BHIPIER & ORI E 0 X 5 A RS 2
BERNTV BRI DV TREBENR . EFHT
BERSC® BT, FHMEZIMERE LS
AR BFRCESMREN 0SB Sh, TOK
FOFOBNZ IR D 175 B TRREWRR D &
FEh, FRCARERREEO IR EMR O BIR
HREP PR TR IR SN 3 eDIicEL
5 LR L.

AREBRTIXRIHRD L BHEHEmEMREL
el &g, ST EMPEOES N ED X

it

(FRF454E 10 19 A Z A1)

(J. Physiol. Soc. Japan (1971) 33, 289-293)

5REEBYZT A0, ETORRRRY
HhOMEBERLE. 7 L CEHMMR-BEH
PR BIER & B AH- Bl ER & D
ZRFUHBL, HREOEOESEREICST S
BEC OV TBREERA T

I. % & % &

EEx T chloralose 80 mg/kg DEEIC X »
THREE L 7oA E 8 ~15 kg DERERRELA X 2158
oW TfTn -7z,

P EAERENCH SRR IEORET 5
NEEOLY, BEEAUHROA CEICH
%L, BAMLBUMARE 2o L. Thic
X o TINE & IFIER & B OF IS X CEEN R
RMEER I ER S heRTH 5. FLTIHED
Pl ARERBAL, MEEMEFEL, 20
LEOFUMMOES) E < AIRBIC X > THBHEE
MECHRE LR, MEBRROFE, #RkE
R RTHR® LR TH B B, FIN
X o TMNE R X OEEPTE~ D S ik Skl
BEESATORCC & & ERIETHE AR
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BRI 2 Lok o CHeER DI

DEZECT, REMRIEB TN, &
TR« ANPTRATRE d5 & Y L AR kAR
(Li-La) SRR CUOlT, 9Bk L7c. %7080
bYEBROMLEIZG T C & Cs o TRl L7z

II. &% B& #& #

A. BEEMESBEOBHMMAEOEEICB X
ERcm=7

—iic/NE CAMBEEERLEHRT3) omEMd
BIC & > CHHMMEOEENC X IMBIZE R AR
Shan, BEHDERFID ORI, Lo

o

100mmHg
6sec

Fig. 1. The effect of distension of the gastric
pouch on the motility of the pyloric part of the
stomach. Vagal and sympathetic innervations of
the stomach were left intact. In A, the pyloric
motility was slightly inhibited by 50 mmHg of
distension of the gastric pouch. In B and C, the
movements were markedly inhibibited by pressure

I
'y

L)

— |\

(

—————

v

Fig. 2. The effect of sympathectomy and va-
gotomy on the corpo—pyloric reflex. An inhibibitory
effect was markedly elicited by the distension of
the gastric pouch before vago—- and sympathecto
mies (A), but after sympathectomy an excitatory
effect replaced the inhibitory one (B), and the
former was abolished after additional section of
cervical vagi (C).

- BRI HER Lz (Fig. 2B).

T, MREEOEAIT 13 BEH-B IRk
FREBERTZ L vz 5. ThbbBEEEE
80~100 mmHg THIEMET 5 & HEPED
SEEBE I ER I S e (Figs. 1B, 24,
4A BXU 5Aa). LrL2fP 1HITIES S
2, RUDIEEIERNBZY, VEOSEEE
Y, HRETETS B roEESRR
WL -7 (Fig. 3A). HEENR 80 mmHg
PLIFo L &icix, 50~60mmHg » SEBREOH
fnzsTeohadzebdbsa Fig 1A T
)fb®ﬁ9ﬁ$6hé)ﬁ%ﬁ®Wka
R BR TS o k.

B. B{#H-B MRS 0 KRR
R0 X 5 WFIKERVERZENBEE W
DRFRE 2 ERT B2 ic, G ERY
Tol. Bf#E 100mmHg CHEMEL,
HHFIEROEEINMAI SN D Z & 2P DB
i (Fig. 2A), Fiflo KPR & O R
MEfZ s (Li-L,) 29005, YIERL, BO
100 mmHg THEMRET 5 & MBRREEE
D3\ TR D
EHRE ST UMWY 5 &, 100mmHg <
JEMELTH kMo OREZREG 2 bhik
P ote (Fig. 2C). zozhmd, BEHEM
EMHET 3 L EEHRERLE BCREOE L
+5EBEESENBHEFIRICB L EZ &b
BB, LhL, TORRAPDRIEICRONED
T, KB0%DFITH BN, T oK
FOERITEMFZOVTEALICTEZ L
BCEhpole. 5B (Fig. 2C) cHBIET
CEMBO FARAAONDE R, THITMEREBIC
X o TEEHBPEIE L Z LIz X o TE WML
BEPEBENTELR D O TREMEDOZR T
Xz

i, 7272 1T 528 80mmHg TH &
WEMEME L i, MBETREENCEH
RETHEL, BEESHOTERZ LD ETL
BERb Licb Y, BBIUENERICEEL
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Fig. 3.  The effect of vagotomy and sympathec-
tomy on the corpo-pyloric reflex. An inhibitory
effect followed by poststimulative excitation was
produced by the distension of the. gastric pouch
(A). After cervical vagotmy the inhibitory effect
was slightly reduced (B). It was abolished after
additional sympathectomy (C).

Fig. 4.

The effect of cervical spinal transection
on the corpo-pyloric reflex. A control inhibitory
effect was shown in A. The inhibitory effect was
slightly reduced by spinal transection between 4 th
and 5th segments (B).

(Fig. 5 Aa) #iz, WRIOK « /AR © 2
EUMTL, EEEESRBERIEEORETE
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‘Fig. 5. The effect of sympathectomy on the
corpo-pyloric reflex. Dogs used in A and B were
different speimen. Aa and Ab : Before and after
cutting splanchnic nerves. B : After severance of
lumbar sympathetic trunks (Ly-L4). The corpo-
pyloric inhibitory reflex was markedly reduced by
cutting the bilateral splanchnic nerves or by
severance of bilateral lumbar sympathetic trunks.
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[EEEN e, I A F8 = RS (RERKZEMSEEE O R A B e
Studies on a water “Rinse Effect” after sucrose application to the
tongue of the rat Takashi Yamamoro and Yojiro KAWAMURA (Department

of Oral Physiology, Dental School, Osaka University)

The electrical responses of the taste nerve to acid and/or sugar solutions to the tongue
showed an obvious. off-type discharge by water rinsing of the tongue, whereas such Rinse
Effect after sucrose application disappeared by preliminary application of Ca*™* to the
tongue. Receptor mechanisms of this off-type discharge after sucrose application by water
rinsing were studied in the rat. When the tongue was rinsed within 2 minutes after sucrose
application, Rinse Effect always appeared in constant magnitude. Magnitude of the Rinse
Effect was proportional to the flow rate of rinsing water, and Rinse Effect was inhibited
when the tongue was rinsed with low concentrations: of NaCl and enhanced with low
concentrations of CaCl,. Moreover, water application to the dried tongue produced a tran-
sient activity of the taste nerve. Such Rinse Effect was more or less recognized in any
kind of sweet taste substances. The taste nerve fibers concerning this phenomenon were
classified into following four types, a sucrose fiber without Rinse Effect, a sucrose fiber
with continuous firing even after water rinsing, a sucrose fiber with obvious Rinse Effect
and a non-sucrose fiber with obvious Rinse Effect. The Rinse Effect is strongly assumed

to be a response to water.

(J. Physiol. Soc. Japan (1971) 33, 294-302)

key words : chorda tympani, sucrose, water rinsing, sweet receptor site.
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Rinse Effect 12 /k#ic X b 4 U % Rinse Effect
IVLWD L. i, WLV T BT

T T
— 1 SEC

Rinse Effect
2M Sucrose Yy

} {

Fig. 1. Integrated response of the whole chorda
tympani to sucrose, and Rinse Effect induced by
rinsing the tongue. At upward arrow 2 M sucrose
was applied to the tongue surface and at down-
ward arrow the tongue was rinsed with distilled
water.
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Fig. 2.  Rinse Effect and flow eate of rinsing

water. Abscissa ; square root of water pressure
of rinsing water. Ordinate ; magnitude of Rinse
Effect. The Rinse Effect increased proportionally
to the flow rate of rinsing water. P ; water pres-
sur (cmHzO).
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Fig. 3. Response magnitude of the chorda
tympani induced by rinsing the tongue with NaCl
or CaCl,. “NaCl Rinse Effect” with 5 x1075~
5 x 1074 M NaCl was smaller than that of water
rinsing, and “CaCl; Rinse Effect” with 5 x 1075~
25%10*M CaCl, was larger than that of water
rinsing. Solid circle ; magnitude of Rinse Effect.
Open circle ; magnitude of own response of NaCl
or CaCl;. ’
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DWTH, 5 X1075~25Xx10* M s LIz
BA, ko CaCl, Rinse Effect 37k
» Rinse Effect X v {,#K L. ,
X4 AREBKTEE LKL, 2~38
FIME L CHAMB S ®2%, b5k, F3
A Y — B TREE S €%, FiELRR
EORBKEEICH 272 L 104 Ui B Rk
BRSNS TH 5. KEAEGicELs i
XV BB MRS T B8, FIEAKERRY
BLEIREZD L, Wik REOKE SH™ED
L, DWWt RELkllkolk.
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Fig. 4. Response of the chorda tympani to
distilled water applied to the dried tongue. A ;
integrated nerve response. The response disappe-
ared by repetition of the trial. B ;single fiber
analysis of the response. At upward remarks
distilled water was applied to the tongue.

Table 1. Rinse Effects of various sweet taste

substances

1M Sucrose
1M Fructose
1M Maltose
1M Mannose
1M Glucose
1M Galactose

1.7M Glycerin
7M Ethanol

0.01M Pb(CH;COO),

1M L-Alanine
1M L-Serine
1M Glycine

0.1M Saccharin-Na
0.1M Cyclamate-Na

IR AEE E - -

ZR2IM R =lOO|"mEBOO0 >

H H

B 4 B i3 R AR 0 BB X Y O
BERGEHLEDDOTH S, T OmEHRMET 1M
ERERIRICERHCRRL, £t 0BoKkE
BLTASL JRBERLELDOTHS. K4
A LR UM CHEE CREKE 5L EA,
EHI AL T FRENAE T T 238V IR LIRIEAK
BPEIEZ5ZLICI VREICAAL 7 IKEBR
B Uiz,

R1ZELOHRYBEIC-E, REKTEE
YeiE L7z B Rinse Effect ok& S & Bl
bDThD. FEEHEH Rinse Effect 233 »
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&, WCHFyH ) oRoF s uikEoARHERE
oJEiz Rinse Effect ALz, i, RT
1%, Rinse Effect 0ZFEH T VvH O F—FFEL
TExTERb L.

51 1M OFFEHEEIK 1T 2 v T Rinse
Effect D k& SEHBM LIS D TH S, R
BEORGOARE S (B) BAMEC L v EHAL
ERB LR B A, Rinse Effect 20 b onk
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EERED Lo,

] 6 1K PERE OWIKRE & —BIC LT, BEHE

ESugar Response
Rinse Effect

Sucrose

Fructose

Mannose

Glucose

Maltose

Galactose

10 20 30 40
Magnitude of Response
Fig. 5.  Relation between magnitude of sugar

response and Rinse Effect. Filled bar ; magnitude
of response to 1 M sugar solution. Unfilled bar;
magnitude of Rinse Effect.
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Fig. 6. Relation between concentration of su-
crose solution and Rinse Effect. Solid circle ; ma-
gnitude of response to sucrose solution. Open
circle ; magnitude of Rinse Effect. Patterns of
responses to 1/128, 1/8 and 2 M sucrose solution
were also illustrated in the graph. In the case of
below 1/8 M sucrose, the Rinse Effect was small
and continuous, but beyond 1/8 M the Rinse Effect
was large and transient.

ST T

1M Sucrose

Fig. 7. Four types of fibers in the chorda tym-
pani. Type 1; a fiber which responds to sucrose
and stops to fire immediately by water rinsing,
Type 2 ; a fiber which responds to sucrose and
continues to fire for about 10seconds even after '
water rinsing, Type 3 ; a fiber which responds to
sucrose and shows obvious transient burst by
water rinsing, Type 4 ; a non-sucrose fiber with
obvious transient burst by water rinsing. D. W.:
rinsing with distilled water.
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Fig. 8. Relation between frequencies of im-
pulses and concentration of sucrose solution in the
four types of nerve fibers. Off-type discharges in
the Type 3 and Type 4 fibers appeared beyond
concentration of 1/8M, and this discharges increased
with the increase of concentration of sucrose solu-
‘tion, The Type 2 fiber induced more impulses

~after water rinsing rather than sucrose response
below concentrations of 1/8 M. At upward arrows
sucrose solutions were applied to the tongue and
at downward arrows the tongue was rinsed with
distilled water. A ;1/128M, B;1/32M, C; 1/8
M, D;1/2M, E; 2M sucrose.
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Fig. 9.  Influence of metallic salt solutions upon

the sucrose response and Rinse Effect. After
previous application of 0.001 M Cu(NO;), solution,
Rinse Effect was not influenced, while sucrose
response almost disappeared. After treatment with
0.IM Zn(NOs), solution, both sucrose response
and Rinse Effect were strongly inhibited. How-
ever, after treatment with 0.1M Pb(CH;3;COO),
solution or 0.01M CaCl, solution, Rinse Effect
almost disappeared, while sucrose response was
non-affected. D. W. ; rinsing with distilled water.’

Type 1 Typs 2

vesve.| BEINLLCEIND L UM N
0,01 CaCl, | OSSN N I X 3
suc,  pil WL I Y .
t i t b
Type 3 Type 4
R TTITOR TSN 1SR I 11 N
oomcatle Pl d i Ll J
o QML | e
t + t 3
17sEc

Fig. 10. Influence of CaCl; solution upon the
sucrose response and Rinse Effect. The Type 1
fiber did not respond to CaClz and sucrose response
of this fiber was not affected by CaCl,. The Type
2 fiber responded to CaCl; and sucrose response
was inhibited after application of CaClz. The.
Type 3 fiber responded to CaCl, and the off-type
discharge was inhibited. The Type 4 fiber did not
respond to CaCl; and the off-type discharge was
strongly inhibited. At upward arrow 0.01M CaCl,
was applied to the tongue, and at downward arrow
the tongue was rinsed with distilled water. .
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EEBLDICHERFHELEL RS, Uk
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' Sugar Sensitive Group(S,S.G.)
O Water Sensitive Group(W.S,G,)

Sugar-Water Sensitive Group(S=W,S.G.)

Fig. 11. Schematic representation of the pos-
sible composition of sweet receptor site (or sweet—
sensitive protein). Three types of active groups
are assumed. Sugar molecule and water molecule
can combine with Sugar Sensitive Group (S.S.G.),
Water Sensitive Group (W.S.G.), and Sugar-
Water Sensitive Group (S-W.S.G.), but sugar
molecule is an optimum stimulant to S.S.G. and
S.-W. S.G., and water molecule is an optimum
stimulant to W. S. G. and S.-W. S. G., respectively.
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SRIVERELREETS LT hiE, —#ic
OH:---+-H>N-----.OH T/AERA I 23
LASRERTVS. wiig, W.S.Gix0%5
L7 I BRE VRBFTREERRE V.

V. # ]

BHRKE T v boFIRER, B~Bo%k
R CE 2GS, R L T—iB
HOFIRIES) (Rinse Effect) REBM#E L v 3T
&% h 7=. Rinse Effect ixfEx 0 HRWE T
MLTOHE L. %7, 7y POERELE
BSEctk, HCEEKEEZ D L—BECIE

B}

Relative
Composition

Inhibition Cu** Zn*+ Pb*~
Caf"'
Type T [ il
I
1 3 4

Fig. 12. Schematic representation of the relative
ratio of Sugar Sensitve Group (S.S. G.) and Water
Sensitive Group (W. S. G.). The leftmost of abscissa
indicates the sweet receptor site composed of only
S.S.G., and the rightmost of abscissa means the
sweet receptor site composed of only W.S.G..
Cu** may block only S.S.G., Pb** and Cat**
may block only W.S.G., and Zn** may block
S.S.G. and W.S.G.. Schematic representation of
response patterns of Type 1, 3 and 4 fibers are
shown corresponding to each types of sweet
receptor site.
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A characteristic pattern of fluctuation in the skin temperature of
the rabbit’'s ear in response to alteration of the environmental
tempearature Etsumori HARADA (Department of Physiology, Faculty of Veterinary
Medicine, Hokkaido Uniiersity)

It has long been proposed that the rabbit’s ear may be a sort of radiator in regulating
body temperature (Grant'¥, Prosser’®, Hensel'®). The present experiment was carried out
to analyse the role of the ear in the thermoregulatory mechanisms in the rabbit.

There was a linear relation between the environmental temperature and the flank tem-
perature. However, plotting the ear temperature against the environmental temperature
yielded a unique S-shaped curve. The environmental temperature corresponding to the first
bending point on the foot of the S-shaped curve shifted from 15~20°C in summer (Jun.—
Nov.) to 10~15°C in winter (Feb.—Apr.).

The S-shaped relation disappeared after denervation of the following vasomotor nerves ;
the superior cervical ganglion, the ganglion stellatum and the ]| and [[ cervical nerves.
The degree of the fluctuation of ear temperature after denervation diminished at the middle
environmental temperature, but it accelerated at the low environmental temperature.

The heart rate increased gradually with the falling environmental temperature below 15°C,
but it remained almost constant above 15°C.

The respiratory rate remained almost constant at the environmental temperature ranging
between 0 to 25°C (or 20°C in one animal), but it accelerated at 30°C (or 25°C in one animal)
to a rate 9 ~13 times higher than that at the low level. In some animals, the pattern of
fluctuation of the ear temperature was followed by a similar pattern of changes in the
heart rate and in the respiratory rate with a certain time lag.

It is concluded that, in the environmental temperature ranging between 0 (or — 5) ~25°C,
the ear of the rabbit may play an important role as a radiator in the thermoregulatory
systems in the body. (J. Physial. Soc. Japan (1971) 33, 303-316)

key words : skin teperature, environmental temperature, seasonal variation, thermo-

regulatory system.
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Fig. 1.  Time course of skin temperatures of the ear and the

flank at various environmental temperatures. The figure shows a
typical pattern of fluctuations. The measured environmental tem-
peratures are shown in the right ordinate of the graph.
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Fig. 2. The effect of the environmental temperature on the rectal

temperature and the maximal and minimal skin temperaturs of the

~ear and the flank during the final 90 min. of exposure in summer

(Jun. to Nov.). Each individual is indicated by a different symbol.
Vertical lines represent the S. E.
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200CHBRETERE IRl AZ b > SEHRERL
Iz.

—%, BRI, RERESCTORKL,
BRERECH I LR - TP kAT 3E
MAH BN, BERECCT I EAMEM
ZORIEH o7z,

2. DHgR L MRSk

BRZO IREL LToLE, ERick

BB OE THRRSCRE L Fo T 5t
T REREOEL L OB THIE L.

DR ERERE T TEET 50CET 3
BEVPRERECI-TERY, RBREEER
(0~10°C) T3 210 HET S 2275 D OLER B
St LaL, TR X OERERERS (15~
30°C) TREBRI0HTEEFRELLELR
ofc. FRREGE, DR ERRL - CREBEE
0CTRERATYXIERLED, FOMOER
BRETTRRDROGTRELLE L ik -
Iz,

FZT, AEMFKICOVT 210 HEIC O X BIE
BB L OfEL Z 7 (Fig. 3).

DI, 30~15°CoBERERTIE, L{E
RICRREB R A SN, o 3 @EETIE
2307 { 160~200/min PIZESE W T »
7. L L, BEREISCUTICRS L ERD
ERRHSh, BERE 0°CTi3210~250/min
WML Tz,

MRS, 0 ~200CHBER R C 1 BT
RRBEWMETH o 72 28, o 3 EFIE25~35/
min & —E LBV EERL Tz, Lrl,
BRERECH O T LB - THEML, 1E#E
TIRBRERE25°C TR < b LBREREE20C
DEDOKI2F5L 72D, BRIERE 30°C T4y 310/
min Lk o7, foBEETBERE 25°C ¢

IR EEZRL, REEECCTHD TRHIC

WL, 213~345/min (9 ~13f%) ic&E L.
B. BERE20CBT 3 EREEROEHE
&I X UNRIR S & o B
BEEERIHREER L X D, FBRE
BECHIREL 72 2 ¥ —URL, HOoBERE
20C T Fig. 1 tRohic X HickE hEhig

ERL. ZOREBERIBERORSE I V%
DEHE & LI, RS L OBEIC OV THRE
L7z. A

L. &R O R

Fig. 4 @R LIz X D1z, BREEE OB
BoEE X) 1%, 2~450b08%<L, 2h
EVBRCEDREBRAICHEL B> TN,
FIZIZIOB L ET L OBR S hiz.

g (Y) 12, WEATHA 20 LR (Ye)
E TR (Ye) R CEHAILZ. UL, W
FHxg e ER—0EEEZRL, 2CUTo/h
SCEBERT b OBEDP o728, Piziz16C
CHETAIRERLDOLEITIEDLB R A DR
7z.

2. IR X ORRRE L o B

BEEEREROKRE 282 &R~ (Fig. 5-1)
T, RO L0 30~60F03iic MR 3k A5
2fFicEmL, RERSESECELEHIZ
ETTO vAVITR o, DB RS L Rl
DAE—VERLTORER, Z0ENRIZ10%
BETho/z. ZITERTERVOIREREE
IR B I 358 TH 5. Zhix, Bign
EADEPREOMEE B2V, BiiEo7
D, AZEN LD LB, FERICEM A
DENE RHELNEFIT & 5. Fig. 5-1 0|
Tk, RERLAORICEOBIE R AL, L
gk, PR, B QT EEEERC b
HHLOICRxB.

LHBLBERDL, TXToEEFARES TH S
Lidvz v, Fig. 5-1 2 0 4 R20B 1R
MTO, ZhUE EKE L v &R (Fig.
5-1) Tk, FRREGZIE L A EBILERET,
DB A IR E R e N 7 —
ERL 72 3, Fig. 5-1 0 X 5 7238 /n Btk
XHEohniahro7z.

LI REROBILMAFICER LT, BE
BEZRLIC LR SEBOBREEEROZEL
& OBEEE » 7 (Fig. 6). fERM 23~25C
LEVETTR, Z200F0BIE RS> THEE
R Lin ey, BERE L EEBEIS
ED, HBIVRNCETLILEELZTIELL
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h-fkb%,&gﬁﬁ%ECOAoﬁﬁ@
EHic2~3°CoERE R Lk 2, EEES
28CHB o 2 E DD 7z & O B & D30

40

£

EHIS

£

=0
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Fig. 8.  Time course of the denervated ear temperature at various

environmental temperatures. The figure shows a typical pattern of
fluctuations. The measured environmental temperatures are shown
in the right ordinate of the graph. Only at the environmental
temperature of —5°C is the data for other animals included.
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= e o e o ——a= =% 40
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Fig. 9.  Comparison between the intact ear temperature and the
denervated ear temperature at various environmental temperatures.
The points are the average of 30 experiments in six animals. Ver-
tical lines represent the S. E.

i, REERRBAE L EFLITCIZbELE. &
DERFFEREIL LRI L Tvwie s, Mauie
REEEHKRE L, HEREEEIFED bk

»otr.
C. FEREROZHLEE)
FEERERVPRERELOH
BETHhBC SR EEL
LERMETRLEDR, Z ok
DARBREEIR EE A 0 JE Bl AR i AH Y
TAREREY, HWERC X
S>TREBZZLETBD.
HE D 6 ~11 5 ORIEHER T
X, 0 SFiliRO KRR
RICHEY F 3 REEE 15~
20°CTH o 7e S, AHM—5~
+5CTHBELT2~4 AicHll
EL7b0ix, REREIICT
EREEE T 325CeEL, *
DA & 75 5 RER T 10~
15°C e#fFL Tz (Fig. 7).
RERELRER & 0 =13,
6 ~11ADRERERL Y b i
¢, BERECC Tt2~3C
®RL, —5CTFTY2~4C
’6&7 OfC-‘ }
EBEZ, FiEO 6 ~1180
BIERE R CIRBERECCT Y
LRERAERER 2 o B,
2 ~4 B OREHRER TIIBRER
E 25°C cR Y EAEHEEER
L, BERE3CCTIEY 40.1°C
Tholz. ,

D. BEXEMHEEBROZIFR
1. SEhifROEE
FEFERD STz X
LT s R A3 2DIT,
o ESEEA SRR & 2
R & ToGR L @O 15
T O I SRR D ER 5 B0k % 6 58

oo T, ER B

B & o HREZEIE O i & R
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Tz,

EFREEEEROREEL, FEOER
BIObDOLELFRED A Z—vETLE. L
LA b, Bpigilo BRERERSHRHEE Ric
LTHY, 20 1% Fig. 8 Wirli. BRE
R EESOC TR PRI o B IR I 3ICRIB O
VARV HERES h, BRERIREE25, 200CL{KT L
T 3T5°CHIBIC T 37213 T, EFEichbH
T BBEEBROKNE REHREIHERL TV, &
bIBRERELCTRERIXICCHiZLELY,
RLRXPNERFHENE b Nz 25, BEREL~
0C THEARL LTEV VUL (325~35.0°C)
CHERRShTB Y, 2°CURO/NSREFHRAS
BRBRETCERAICET 5 X5 hREROK
Tikd ol BERE— 5C CRERM K
R K& REHREZRL, Ptz Z0lEn30°C
CHETHLDLH o0,

& B A BRER EE T o Bk B T A R &
EEROzh LB L THe (Fig. 9. EXMA
DEREER, RERE 25 30°CT 375~
39.1°C LEBRICEL, REEL RIEEE 0%
RIEEIONS K, BERE0CTEDEIT105
BELnY, BEREISCUTORBSERERT
BIRERIRERE CEEL, 2L LTS
BMERLE. CTHRBEOERF L2 FET
Hoiz.

TRITH U CBRARR o BB R, BRESIELES
25, 3CCTERM L RAEOB vV H > 72
FhEL, RERECCTIRIERM LY $0.8C
fEh o7z (P<0.05). BBEEE 20, 15°C TCk
FEREID B 1336 ~3T°Cle i S hTB Y,
BREBEBRINES #1°0), EEflox 5 &
B FEBRETRAREP 7. LB,
REEELCCLIT T, B0 R ERI%R ~
CETLRED, BEELEEEL0ELRA
k& <Y, BEREE—5C TREE 20.6C,
RIEEO.7°C L7z, BRERETOLERS
ERZEHTH o7z, LicioT, BEREAIO/K
BRI, BREREBRTRERRE A ZZL
2, HEBERET O RERERIT/IE L,
BREBET CORERTHIPEL, HokE

20
)
B DENERVATED EAR TINTACT EAR
10+ { \\E \\\\\\ \
o= ) I ] I 1 [ {
-9 0 10 20 30

Environmental temperature  (°C)

Fig. 10.  Comparison between the number of
skin temperature fluctuation of the intact ear and
that of the denervated ear at various environmental
temperatures. (n) indicates the number of ear tem-
perature fluctuations per 150 min. The points are
the average of 20 experiments in four animals.

REBEBEERLTEY, &&L LTSEH
BERERP ok,
2. KFEIRBIE O R

EREREROLHHAT, EFACRIBER
E20°CT, Bl cix —5°C T, £x&b/A
Poted, ThOBRERET O REREE?
DB —VERTHERE L.

—TERMH (15043) N REIREHEOIHEEZ R
PR L OBETH 5 L (Fig. 10), IEFHAITI
BREEE0CCZOE—7Bd Y, EH LUK
RERECED L. LIL, BRERAOBHE
R SEERE (25, 30°C) TREERILE
FR A, BRERERCM I LIS oTH
nu, mEERE —5C CRABEEERLE.

SHIcBRERE20CC BT » BREEREE
BT higT 3 & (Fig. 11), EEEI0K
BEX)i2~650b003%<, XVEVDLO
BRI LR, PRiF2IGob 0L H b
iz, —%, BRERAIOKRRZERRAIIKELT
BRSO DI, Ao o TEL Vb DEED
ik ot HRIE (Y) ik, EFE Yr) & T

CRER (Yr) 243 CHEE LY, WEICIIER
B, BReRfldkics 2k { FIROBERETRL
fo. EEMAOEER CUTO/AE RS ORE
BicE <, LY RERBESLLERTLOR
BECEI LTz, BRERAIZ CLATO b
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OWEEALET, FCLUEDLDIRED bR
"ot

i, BERE -SCT o Bg RN, EX
PRI EEAD 0 ~—1.3CRllicHEF S h T (Fig.
9) LWL T, BRAERANIERIC X 5 TRE
Rz bong <, HEE:35~685, EIiE: 30°C
CHRBIAE. LPL, DAEETEPLYE
Hiye, BE X): 164, #R=iE (Ys): 20.2°C,
(Yr) : 19.7°C (FE~ 925 S5 D1 DBFRH
bz,

. V.® =
TR RTE R B, W, AR

50
) X

10 I
oL
150

(mp

YR

100 . =1 INTACT

50 |

i 1A

01

|

3 4 5 6 7

Temperature (°C)

Fig, 11.

fluctuations per 2550 min, in four animals.

ﬂﬂﬁ&u&uu_anuuuD

234567 89101112131415161718 1320212223
(Min)

M DENERVATED EAR

UoDoO0e0en - - -
4 8§ 9 10 11 12 13 14 15

Comparison between the frequency of wave-length
(X) and amplitude (Ygr) of the intact ear and that of the
denervated ear at the environmental temperature of 20°C. (n)
indicates the number of (X) and (Y) of the ear temperature

bOBEIES, BE, WX EENEBIC
o THR~EE LTS, ZOEENERIC
X BB OEAE, RREORE & RERE
EOBOREARCERLTIY, RERBX
UMARRE OBiEER & R 2 e, KRR
HLERCEETDH 5.

vy X HEEZ, SfREHECT 2 BRRE
BOWERT%bH Y (FE), BAEFEYY
OREEEHEBRTOL LR LTY, BRI
HREIEOKI 85 & 5 (Hensel®). 74X H
Hik s i L cE30 L, ETRIH
WE L O TRIGEREDEHARBEER IO
PRIBARE S B Th . S5, BRI LE O
ETRET, BRRYELEECE
LT Y (Grant®, Clark & Clark
D), Lo b iiEiERE ¢H % (Grant
W) LB EEEFEL T3,
EEREEDOAZ— Y, BRI
BROWAFRE (W) OREER
ARy, BREREOEMiTRL
T, XYV ELTVS. BE
FEROBEL RERE & OFEE
oW THBE, Fig. 2itsRLiz &
5z, W RERE, HEECRE
EEZRY, FRERETCRI DK
BROREMEL BIEEE 7 ry T
3L, WHREREREZHAL L
7= SR ETR Lz, BEOBEE

EAR X, REREEELBREREL: ORO

CEEAEIAEThIEZCL, 20
HEIPEThEE . BER
BERET CRERNERRICETL
THBY VRS TV 5 0
i, BHBEEBART A D ITIIE
BeEPHTHY, PCERERET
CTHRERPERERECELL TR
EEFLTVB D, BEEEED
WHILTwBZ kicnd. Lo
T, ZoSEHRE, EHEEERLE
BLXS T3 BERAGCCTEK
LiELIeARE— v ThHoT, TD°



RERERLCNT vy X RREERIREBORES 313

F—VERTIMEIRESREL LTZOEYD
BRI ECETL > TV 3D LELS.

VY FEROKBREL L T O ERLCOV
T, GrantWpiAEkoEREE» 6, BER
FHRYE P ERCEEL, ThPEBREOE
B XUCEOMBELHIC Y » THREL 5L
AT b, SRS OBBBIC BT %
ErBRTw5s. HFE WBEDE, o
R OEBEIRT ORER, FEME IR L
MR OIS B2 b, BEEROKBRE
LLTOEELRNTVS, AEDEEERHZ
FERALT, BRERE 10C & 26°C THEERL, F
ERFEOBAEBHBEOEE L FITL,
ERERES L XFHEBEERT L0, HFEO
BHEBZEL LTOREEBRRTV3. ML T,
EXEOLRBGRRERET coV X HFREFE
DAY =P EEFAEIC R b L SFllikE
RTRERDP S, BEROKBEE L LToRER
ER L CE b DL EL B,

FRERLBERE L OBRIC 2V T, t b
TIRXEMRBERZRESS L T 5 b 0 (Liesed),
Adolph & MolnarD), $ * OEHIEE» 54T
SFEEFERHBLTB LD (FEHIDID) &35
28, VIFXHBIZOVTOARERTRLI X
5 I AR A1 A .

T D S FHIMR D SRR 13 A R AR M M IR
WERic X3 boeExbh3. Thbd, H
BB O F AR X - TRAMRIo B &R
%, & PHRERERTEIEHCVAVICD -
TERER DL, BREEER T L REROME
THEDB S B>RERERERL, &L LT
SFEHBRIBERL Tz, v XFOoHEMED
MRERENC DTk 2 U AEBMER R LR &
Ty % (Suhaila et al.39), Waterson et al.3®)
B, VX ORBHROBLIHBICL > TED
MEBRNHFES 5z & (Grantld, van Dobben-
Broekema & Dirken3n), o BRI %
Mg T (Grant'®), REMAERO EEY E
BINVTFrvFrY v th 3 (de la Lande &
Waterson®) SEo#ELH5. Led->T, &
AR I BRI 25 < FRETE IS, =

DOSEMBOELRELTLOLELS.

Z @ SRR L RS X WS E o BE
Pz OWTHS &, FEERBGIK, HHREIEE
BRTERCERZTRL, EEEARRELDICEL
TRERECRMC B ML TI~IMELE o
. TOHERZ, BRERETTOREBOEREM
DGR O FRC S BB TR T
¥, KERE» D OBBEE BT 5B
ZERMPEC IS DL EZ .

D, BEERECEEL L THERER
B Thn L, BRERECHICLEE>T
WMLz, BRERERTOEERODE VO
BTERO B OR#ETH 5 (Brodyh) &
EbhTRY, KBRERETIBT 3.0HKD
IR 75 5 A IR R T 584 (Folk
) LEbh, AFEALZRCEELTYS
(Irving?®) L Bbhb. ZOET SFEHBEOK
TR Bl IR T 2 BRERE & O OHEM
DELIBERELDBE—-HTIZrbHE
xbhs.

COEFEEBEBRO SFRROERCHEY T
BIRE, TibbIERRERER T HOCRER
BRI L Tv i HBRISMC LA Lind %
BERER, FHick-oTREY, £ (2~4
B) ofiiec10~15°C, E (6 ~118) oRIET
15~20°CCdh 2. ZD L5 HHEHKE, o
EEEE (SH, MAED)BIOT7 v ORE
EJEE (Rand et al3®) e i bh s, Lieh
> T, ZOREROKIEMEHACY 3 RER
ERE£EYOBo—REL LTHEXSb0L
x5, SHCHEHBRCLEHESRD bhic
(RDFBE) 23, Z OFEAEERERE KT
B4 XDER (FHb®) LEKTHo .
¥7c, BERE OCC TORBEREZESTHLD
EEEOEL Y &P o7, FEORET
N OEHEERICOVWTREh T35 (Yoshi-
mura®®). L7zio7T, UHFiE, XGfoE
B X - THESOIBEHBRIC ST 5 HIBF
B92e{t, (Heroax & Pierreel®, Leblanc®), 7s
5 UM HReR 2t (Leblanc & Rosenberg??,
Yoshimura?, Gelineol®), Honda?2) 3% v,
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ZORER, BRERSEHMIC ER Uik 2 RER
EDKT, BXOBKBOWIERL, WMEHE
FELLER, BREEECHLUTRERRD L
APEBZ oA TYH, WEMZBULLO
LEZB. :

O SFEHBRO RMEOBREREN b, MK
B OBMAE &7 WERIEIEER ©, FREEE
BERAREREE R L. B, BERE20CK
DWTRB L, EREX): 2~64, REY)
ICUTOBHERE <A & e 25, Hizixl9
55, 16CIEbET 2 bR D o, = OEERIX
KECHREIRIC X - TEEHEZRCL, BRERE
MoltbDOWi kY, REZICLUTOLO
BiEeAETICRUEDLDIREELE. TD
HIX, WREERMEOAL VAV RORE ST, i
FEHEOBRAER, 7o VeREERTED
BRI X o TZ 0EHERE - TV 3 Z L 2Rl
LTwa. Lal, REnEHRIEHERL,
EEREIECVANVCHERERTY 5 2 & 0
b, T OKFEREIEOEER L REAERE N
5o REMEE, FricB#ky 4 0%k (Grant
14), Beakley & Findlay)) ic 5 b0 L £ 2 5.

ZOREBREREICH DS FEEBRE R
MEBAR S 2T E S, OIS, PRk, R
b T EosE & b S LRz b
fe. PR B X O EEBOEENL, LRV
WV, ELEBERTECE VT bR B
BhEL Tk Y (Ingram & Whittow?), Wang
& Ngai®), %7z, FEHREABRERCIERT
DTERAEMOZLETHB. LEERST, Z0
PRIBREOPHEER & L3R f s A3 o
D 2 iR, BIOBEEE FREMSE L,
B BRI FRECE T ETR b3
WIKEBHERAEETREEC T, b5k
EHECPRPR, BRPRICEALT ZER
DT K& R BEE, OB, PERBEOLE,
BIZAOB X IcBEL B IELTHEALLD
DEELD.

7 F OBE R IERE X 17°C (Prosser3b),
% B x15~20°C (Brody®) 2 EbhTEY,
ZORERIFESHET 2 BRERER, BEE

75 K 7= thermal neutrality (Herrington
2), %%\t comfort zone (Brody®),
B s 4y F L 7z reactive state (Grant &
Bland®), @it & &7 zone of vasomotor
regulation (Hardy & Soderstrom!?) & [7j—
b0 LRETHE, ZoRERERZOHHET
HREREREIRET I LT X - T, HHEE)
POBEREE DRETHZLLARETHSD.
EReRe Rl oo R R, REREEEER (—

0°C) ©30°C it biET A& BB E R L.
Thid, BRRRICERLENEA B X T
Frryrvofffics LT, XYVBEHKEns
(Grant®) = LhpEZ T, ZEMHRHRIC X
> TIERDOKIGER LR L, EFEICHEL
BVCRERETT, EOVERLERISE LT
o iEE (Lewis®), Grant & Bland!®) 23
HBELEb D LELS.

V. & #

AIEHEXFERHLT— 5 ~+35°CoFBRE
BETT vHXoHELFESORER EE
&, DS X OB O REEZIT, BER
%ﬁ@é%ﬁ,k;oﬁﬁimmﬁowwé%
K%, ROFMEE 2 7.

1. BEREE OB T 5 RERORKEE
LRIEEE BB L, ERNCEET 5 HTEE
BLiaEr - CERRERL, BRERERT
BERRCET L, (KERRER CREREICE
WEERL, EicEEROETEEER LN -
S, PHERERER T2 0L AEH L -
7o WA ERERE, HMHMCRREEE T W5
L, FEEERTPHERREEREEHRE L
7o SFHERE R L.

2. ﬁﬁﬁkkﬁéS%ﬂﬁGE%ﬁkﬁé
TAREREIFEHIC X > TEML, 6~11H
DHIET 156~20°C Th - 72 2%, 2~4 ATiX
10~15Cie BB L T v iz,

3. R RRARE & BRERER X U
R (I, I) oWkick-T, BELERD
SEfiIIEAR L, BoPHRERE TORE
EEHR R L 0 ofifdkic b L, Fic
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BRREREET CRELBHEEZR L.

4, BERE20CICBT 2 BEE BRI
AT 2 v T IERE L BRAHRE L & T 5
&, EEfOKEREX2~64%, EEXICLUT
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On the ontogenetic study of the chick ERG
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In the developing chick, the absence of
the c-wave has been reported by Witkovsky

(1963), though he suggestd that one unex- -

plred possibility is that the c-wave may
be present in older chicks since it has been
found in rats?. Recently, Blozovski and
Blozovski (1968)® reported that the c-wave
appears in 6-day-old chicks.

The present study was undertaken to
examine the ERG using the chick eye in
situ during both pre- and posthatching
stages. The main purpose of this experi-
ment was to explore the existance of the
c-wave in the chick.

Seventy-six White Leghorn chicks (Goto-
202 line), aged between 18 days of incuba-
tion and 10 days, were used for this experi-
ment. The head of embryos was exposed
by the removal of a portion of the shell.
The beak and the acoustic meatus of the
developing chick was fixed with a holder.
During the ERG recordings, the body tem-
perature was checked by a thermister
placed in the abdominal cavity or rectum
(approx. 1cm from the cloaca). Under local
anesthesia (Benoxil, Osaka), the upper and
lower eyelids, the nictiating membrane and
the upper edge of the orbit were cut away.
The ERG was recorded with an electrode
(platinum-ball) attached to a contact lens,
and the reference electrode of a steel needle
was inserted into the exposed orbit. The
ERG was registered with a dual-beam
oscilloscope (Nihon-Koden, VC 7) and photo-
graphed. The upper beam of the oscillos-
cope was used for displaying an ERG
response and lower one for the sign of
photic stimulus. Simultaneously, a com-
parision was made between penwriter
records (Nihon-Koden, 4 channel system)

*RIBRME ¢ I B R S — A
(Received for publication November 16, 1970)

and those obtained from the above-men-
tioned oscilloscope. The ERG was recorded

"with a time constant of 2.0 seconds on the

oscilloscope and of 1.0 second on the pen-
writer record. An upward displacement in
the record was taken as being positive for
the corneal electrode. An xenon flash dis-
charge lamp (Nihon-Koden, MSP-2 R) was
used as the light source, and it was placed
on the optic axis at a distance of about 70
cm from the eye. The stimulus intensity
was expressed by the discharge energy from
the xenon lamp. Incandescent lamps of
white heat (Toshiba 110 V, 40 W and Natio-
nal 300 WF) were also used for light stimu-
lation. The distance between the lamp and
the eye was approx. 90 cm. The ERG was
recorded after 1 to 3 minutes of dark
adaptation. The amplitude of the a-wave
was measured from the baseline to the
trough of the a-wave, while the amplitude
of the b-wave was measured from the
trough of the a-wave to the maximum
amplitude of the b-wave. The amplitude of
the c-wave measured from the bhaseline to
the peak of the c-wave.

At the 18 th day of incubation, the ERG
already consisted of the a-, b- and c-waves
(Fig. 1, Left side). As the chick advance in
age, the ERG between the 18th and 21st
days of incubation was considerably lower,
but sudden increase in amplitude of the
a-, b- and c-waves was seen at the time
of hatching (about 3 times in amplitude), as
shown in Fig. 2. In addition, the c- and d-
waves were seen in the newly hatched
chick (Fig. 1, Right side), though the res-
ponses in the embryonic stages remain to

" be investigated.

According to Witkovsky (1963)D), the c-
wave was mnever observed in a newly
hatched chick, whereas the d-wave was
seen (see alsoa review article by Rose and
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Fig. 1. ERG pattern of different stimuli (Joules) at the 18 th day of incubation at body
temperature of 32 to 34°C (left side), and of different light stimuli (Incandescent lamps of
white heat) in 1-day-old (A) and 10-day-old (B) chicks (right side). These ERG’s were
obtained from one chick in a series of experiments.

Ellingson, (1970)Y. The present result show- 400

ing the occurrence of the c-wave in the
chick ERG does not agree with the previous
papersD®. The difference might be attri-
butable to recording conditions. The ERG

lacked the c-wave under deep nembutal oot

anesthesia®. Furthermore, the influence of —
body temperature on the ERG would seem
to be important®), and the c-wave was
readily affected by lowering body tem-
perature”. It is noteworthy to point out
by Goto (1950 that PI component firstly
appears in an isolated chick eyeball on the
8 th day of incubation, and that the wave
form of the ERG is similar to the adult
ERG pattern on about the 19th day of
incubation.
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100 -
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Some evidences suggesting two components in the
rabbit atrial action potential
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There is an idea that the cardiac action
potential is composed of the fast (spike)
and slow (plateau) components®39, which
respond in a different ‘way to drugs and
variation in the extracellular ionic environ-
ment. For instance, Wright and Ogata®
suggested that the action potentials in the
frog and toad atria under repetitive excita-
tion were composed of two components,
acetylcholine-insensitive part (fast com-
ponent) and acetylcholine-sensitive part
(slow component). Recently Tanaka et al®
showed that the rabbit atrial action poten-
tial evoked by the extremely prolonged
stimulus interval was characterized by the
partial separation of the spike from the
plateau. This spike-plateau separation ca-
used by modification of the stimulus in-
terval is worth to mention, since it takes
place in the same cardiac fiber without
drastic metabolic change or changing ex-
ternal ionic compositions. The present
paper deals with the effects of sodium ion
and acetylcholine on the rabbit atrial action
potentials of different shape obtained by
change in the stimulus condition.

Repetitive stimuli of a constant frequency
(1 cps) were applied to isolated right atrial
pectinate muscle for several minutes as
the conditioning stimulation. After the
cessation of the conditioning stimulation,
ten successive stimuli at the frequency of
1 cps were delivered at an interval of one
minute. The transmembrane potentials
were recorded by means of suspended
microelectrode filled with 3 M KCl. A hori-
zontal sweep was triggered by each stimu-
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MORIEE  BRERKENBSEHE
(Received for publication December 10, 1970)

lating pulse. Low-sodium Tyrode’s solu-
tion was obtained by replacing NaCl in
the normal Tyrode's solution with an
isotonic sucrose.

The effects of low-sodium Tyrode's solu-
tion (209 of normal) and acetylcholine (5 x
10-* M) on the configuration of the action
potentials are shown in Fig. 1A and B
respectively. The record a in each figure
shows the response in normal Tyrode's
solution. The action potential elicited by
the first shock (first action potential) after
the cessation of the conditioning stimula-
tion was characterized by the partial separa-
tion of the spike from the plateau, i. e, a
spike potential and a long lasting depola-
rization at about 50mV from the resting
level (low-level plateau). The configuration
of this action potential is very similar to
that of the action potentials in the rat and
mouse myocardiums under repetitive ex-
citation. Subsequent action potentials obta-
ined by repetitive stimulation showed a
gradual slowing of the repolarization phase
of the spike potential and an elevation of
the height of the plateau in accordance
with the sequence of the stimulation.
Consequently, the tenth action potential
showed a smooth transition from the spike
to the plateau.

Low-sodium solution caused a remarkable
alteration of the rapid depolarization of
each action potential (record b in Fig. 1A).
In the first action potential, the spike
potential almost disappeared without a
prominent change in the time course of
the low-level plateau. The amplitude of
the tenth action potential was also decre-
ased in this solution. But this decrease in
the amplitude was not so prominent as in
the first, because the amplitude of the action
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potential increased progressively in accor-
dance with the sequence of repetitive
stimulation. It is important to note that
low-sodium solution did not suppress chan-
ges in the repolarization phase of each
action potential by repetitive stimulation.

Acetylcholine, which is known to increase
the potassium conductance (1), caused a

remarkable change in the repolarization

phase of each action potential (record b in
(Fig. 1B). It abolished the low-level plateau
without any change in the spike potential
of the first action potential and extremely
suppressed changes in the repolarization
phase of each action potential by repetitive
stimulation.

These results suggest that the first action
potential following a rest period is clearly
composed of two components. The spike
potential can be considered to be due to an
increase in the sodium conductance, while
the low-level plateau may be due to a
decrease in the potassium conductance. In
the tenth action potential, the spike-plateau
separation was not so prominent as in the
first. The decrease in the potassium con-
ductance may be much more marked in
the tenth action potential than in the first.

Fig. 1.  A:Effect of low-sodium solu-
tion on the rabbit atrial action potentials
in different shape. In each record ten
successive stimuli at a frequency of 1
cps were applied at 1min after the
cessation of the conditioning stimula-
tion. a;record in normal Tyrode’s solu-
tion. b; record at 10 min after changing
the medium to 20% sodium solution.
B: Effect of acetylcholine on the shape
of the action potentials. Stimulus condi-
tion was the same with that of Fig.
1 A. a; record in normal Tyrode’s solu-
tion. b ; record at 3min after applica-
tion of acetylcholine (5 x 1073 M),

This explanation is supported to some
extent by the fact that the repolarization
of the tenth action potential is sensitive to
acetylcholine and is relatively uninfluenced
by low-sodium solutions.

In the previous paper®, Tanaka and
Saito have been reported that changes in
the configuration of the action potential
with modification of the stimulus interval
were associated with a long lasting after-
potential following each preceding main
action potential. Thus, the possibility that
the decrease in the potassium conductance
is influenced by a metabolic process which
causes a change in the after-potential should
be investigated.
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POOPHMEE B U T OIL¥EMESFELTO
allelopathy 7x &34 7z,

4 BEARMOEL
bhbhZEUEHRAREOE(LOK & 2
AOHmE ZhEX % 5 72 ORBOEETDH
5. ABE Pearl 5(1936) O FHEZ 5 ¥ > Th
2o51F, FEE200041C1360E% 23 & Vb T
W5, ZOANEREESDTETRPRIERS
. FEARCIIHER R OEM A & B 7 (biolo.
gical productivity), HHETREER, AM—Adi

* 5 LR Re BRI O BRI 1 &
LTk, {BE B : EmWRE O & 5.
FE, HEE: BR4EBEHFE, 163-187,
R AswAL (1967) 2BEEE Nz,

D@wmwwﬁgg&&b%,%ﬁh®ﬁﬁ7m
AIDBHEES D D D

bmbAﬁmﬂfwﬁkT$<6LbB?Q
AVEKER LU X D ST EN R EEEERT
LoD Wb HEREERED k5 © 5. Buechner
(1970) BAEORAEL LT, ARG, KI5,
B, IRE), HBILT, TofhEks, AMoO#
%, BRERERDPT T 5B, 41X RERE
Doty v £ ¥ ¥ 4 “Ecology and the
Industrial Society” (1964) Tix, AZEDLEREEH
MEZAL L VBT TR LTS, £FERER
DT OIS bOREEY, ERAEEDID
CABCHERAINTELEBRRER, ¥ VE2ED
HEORICHEENEELZ AL OTRThOH S
Z &% Carson (1962) %5 “Silent Spring” T2 &
CEEERRLILLBITHS.

5. £HERDONS R
ETTRTRERRAE LTV DY, Thi ALiEmn
DA EIRERT, TO®RET{L, ADOHHEHR
ﬁ??&ﬁﬁ,ﬁﬁﬁAﬂ%M@ﬁE&rﬁ&o

.=, BREEOHMA, E¥OES, WAl

- *o&%mAnwuHLwMW@ﬁ@&ko#
CARBEESERCHBREENORBER DS Y, &
CRERDA TV RBMRTIR,

4 H O NHBEARE
RECBVTE, FFIE, KEBERRETI DK
FHEETHYy, THFKFOELRE, KKHD S, N,
Cl, F, Pb is & Dib&, 4iEEEKD» D THHE
EHl EoBasHLam, BE svi—» bl
ENBMEEDIFGTHEREMRIAA E&nL
ILoTWnWab.
KADEBRDEETET/ TR EDKRKREFK
L, yvaey=xSeaa{DXoERELL
NBENTHROY A /L ARBEATX D 1X 50
HEnlich, DENciid ek bk
AKX H, TS AVOEBIKRER D
BFXoitiRotc. ZOXSNEWESHITEEL
Fot iR RERIRLE (niche) 2 Bdbh B X 51T,
bbb EBR oS & Chgd XET 5 kAl
% IEFECIBIR Lc BT, SHERERY TR VWERARY
RAERNEEZ - TRIER SR, LORDORERT
— A PBEEREDTCRRELTWAH T L 2EETS
DERDHAS.

LT, bhbhits - TERCLATIK,
ER, O3 hHRAREERHELRVX S, &



330 SEI0E A AA AL E SRS

BLEWES, dotdXvwRBigisos {4 (ecosystem ‘conservation) OEIE M BRI h
25, ThbbEE{RS (environmental consetva: RFEE S, ;
tion) WEHLD I . FUTREFEAIERER



CEBREIF-)

331

A. Lundberg #E2 A1 TOARE I +—

Giteborg K2 (Sweden) A2 Anders
Lundberg &% D35 H ##4, 45410, 11
AR, RAER202 o2 F—
24 ECbi o TRithiz., 7875 ARUTO
BOTHoT

H1E RERRERERAY, 10517H

A. Lundberg (Goteborg k%) : The Ia reflex
apparatus, :

HWER (Goteborg A%, KEAY): Supra
spiral and recurrent control of Ia inhibitory path-
way.

Z& 3% (Oregon k%2, dbimE A% : Control
of posture and movement in the dog.

H2E NERFERERRY, 10526H

BERARYC (HRBER A 2%) : Chemoreception
in the lateral line system.

EHES BFEISEEAY) : Electrical activity of
vertebrate photoreceptors.

KB ERHE (B 5T A%) : Neuronal organization in
the visual cortex.

#3E RAERARY, LLATH

BEMMR (KBRAY): Information processing in
the brain stem.

AEE— (BIFAKZ) : Pyramidal activation of
pontine nuclei cells.

A. Lundberg (Giteborg X %) : Cerebral control
of segmental mechanisms.

B4R RERFEKRFE, 117148

BE ¥ (HRK%): Mutual inhibition and
rhythm formation in the vestibulo-ocular reflex
system.,

A. Lundberg (Géteborg k%%) : Synaptic input
to the ventral spinocerebellar tract.

A. Lundberg (Géteborg -A%): Function of the
ventral spinocerebellar tract —— a new hypo-
thesis.

E"f AFNEK (FEFAZ) : Responses in the cere-

R R RIS A A TR e
kOB A &

bral cortex produced by thalamic stimulation.

BEDXS T, BEBAN =R 20 DLHRMERE
RO = 2~k v EE, X LTEBOTEIRRNT
ZWic s T, WINdREROAEIHE X
h, HRERCTLEbIT, KEE LFEKOS
WEEERLE I F—Thotz. BRAMORRIN
R COV TR, TCREFMERILISZD

| BEERENSEBESVWERDPRADT, BED

HETHFE IR TV X, Lundberg iB0sH
HZoWT21y, DT MBcHEnT 5.
WANEREAPRSER CEA ST TrA
L. ZOf, FRMBEROKEEEE =2~
VOVLTEBRL LS LT HBANHET bhT
w575, Lundberg #iZOHEILZ DHICIE-> T
—HLTEMc I fTiabhTE k. RYIOHE
# (104178) Tv% Group Ia #if (#54}5% primary
ending) i€ X % RAHEE B L V BT Sh, r-loop
DERECE LTI, loop gain BMEFT & 5 72
follow up length servo (Merton) 1Z524 i3 fk3n
®F, TrL5 oy linkage DEESBEETH S S
LigfiEhic, ¥, F—E8Mac A N+ 3
homonymous 35 X (% heteronymous DEZER %
BT T 5 BT OWT, FOTEELERSH
Cohic. —HEHBEBMA~D 2 ¥ 7 7 24
flc2owTiE, AEMEO VLT TSI
% a-y linkage) 233 T % FIEHS, FEHH
%, AIERHESRETITROER2AICHB Sh
7=. 2[HA (118 7H) OFTix, EdiRic X
LEEFOFATERAL2E L 254, EBoHEA &
VEBRTH@BELE, EEICHME T EE R
T 5B 25T TRITRED B OBERT
55 LigHShiz. £LT, &<k Group Ib
(BEAREY) K4 % & FRA (flexor reflex
afferents) FHBEONEMIENS, Zhbo0B
Brlokscl5 L Twasrss, RERFHE,

| REERRE S LOMTEFME OM AL AR L LT
Ml bhic. 3RXC4EIE (11A148) ofEfl



332

/Mg (VSCT) o T, #ET4AE
DRLERHE L TITRRMHED VSCT fEfa~oDA

NEREHCINT LT B e, ok 2iEhoE

@ VSCT it group Ia #ific X - TH v
7 A, 2 ¥ 7 AR 22,
BERERGEDME~D la MEZEET 0
HSIIE OB X 5 2 & 7R Ui, S0 =
o — B VB SMEOTIEIME KRS L VSCT #
fat offeb i bhsz &pd, TVSCT i, #
%ﬁ%%r%w&m%ﬂﬁolﬁ&mﬂ%&ﬁ?

i ) ﬁl | |
PRIy b TLT=
A M L % @\

C (AR, R ORER) ¥R

Poiseuille £ Df#onDifi4 5 K& i
¥ < G. W. Scott Blair -0 & 5 fGailE
“Elementary Rheology” Academic Press, 1969
3, BRI} S biorheology DT dH %M/
RKEFBLAERBRBRRMEO VAR Y —RFFEL T
BOh3H BEZEBCL-THREIhZZ &
ﬁ,@&b%LC@ﬁﬁk%%%ﬁ%ﬁH%ﬁ&
LTl 2.

 RBSEEEMEC T IS K 5 TR - 208
EFCRERC R T 5 VAR S ~RBRRICOW
CTOMRRIMATHDDTH>12H, BETIEY
FRI—ITNEHGORERDIDLLARNBD, L<
CEDEMEHIEM TH S biorheology DI
BCEH TR&EDORBE. T TIn19626E E IR
fiismsr s5Biorheology 35| X vz h3, Scott Blair
#4137 D chief editor CHh, FHFD editor
DVL Y THOND. FAXIBERT» DEEFE O
FTMWKD vAr Y~ (hemorheology) ZE D bk

FTWBER, EXECE > TEHCZOBEDT —<1X

=

HE B & & B WO

RN P B

g W — F 2 B
.8 m@E ® K

A R % (dp « ME) kI

Begmp ®

BT EIE 5T, YRMGIRHEOEEECE T
BIERE/NE~EDTHS 51 LW EERSRS
B Eh, OB LOEENH U bz (Brain
Research, Vol. 23, 109-111 BR).

XN, 2023 F~TBMLCEERTE
DREEBHELTIORABDS < ELHiLe
LEF, ZX5i4Eo Lundberg #8035 H23H
AR WﬁmAwﬁ%on%;aéﬂbrﬁﬁo
HEELRV.

a8

~/'-—

#J5 (1970 A5, 2305 1,3007)

, ﬁﬁﬁiﬁiéﬂ ERE
B oW - ¥

KD LDEVBLL, ERLOF2EHIT L
bBotz. Ll vaay  BEEEBORI T
VA RS ~ORBRPHEL LIRHNABIZZEEAL
&, Lo THYREEREELLWI T LTk
8, vArY-ORHENES HRERTY
5TdprbbTERECHELDS DDAV L
Pote. FOERFERIGE A CER 2 HED TR
B&EHEL, £edit) 2 oHNT2ERTN
HHIZIWTWA., i3y favind -5
BEE vEARrY ~WEE L ORRER U EER
BORNELD5. AEOLETIRC DX S HHEAR
BHIEHBRAR S, AT EA I B AR S
BH I TWs. [FRCiBIAR THROFE S
EFTEINTEY, SHERECLXBRO VA
BY—BEER IO VA r Y — RO
2, HFLWIBHEL L TGEMLTHS. FE0E

BOAER LA v — AP OEL U THIRER
BT — R, & CEmFENEERS S

LT BH DRI OEMTH B,
£ B

Pt} SR - S

=4 B B H X

7 (uiEg) 2 R Odb)
B # oL o GE 8
B u M)




BN X E, BETOLRAEL =9 =K TR0

MEGT, RERRED A —H— & L TR HER 2 - TRD 277 a0 84F
Bk DEFEEL TR 2 L7, ALY 2 8L — 2 —(AR100)  ZSEREL
L7 PEROBE XL KoM @ GBS TR D 23, BRDOHFE
FITRIE-HER L T S v

K& & 520%330>2100m

BEE 224

HRALLEEAEREEREN)

LRAEL—%— (Z7a<ZARI00) &

(1) A Y HEIZ 2505 (103 —3 1)

(2) 1 EHRG R AT10ce—100cc X [2 O TNy L 1)
JRE e T,

3) WAREPLZ TLMERRII (A 44,

4) MREE 10~ 600 F THigE a4 T,

5) EEIR O 2R FETT. ACI00v 35w

6) KREeaRIEENTE 7,

E RAIZANIZAR. 300 (20~300cc) % HBEHT 2w

— o~ o~

ACOMI\ 7aATE#RIEHRASH

FRER X A# 2 —14—14 T E L03(811) 4151




CeooA ZIVZBMEBRERXEST o-w
BERWZLMENDNGEKS
EET 52 BME R E ST
FEIRRETLILAOEIEEN ) LICER I N2 DTF

EBORER
1. BiEENWE

Na ImEq,/¢ X10 ~*¢
: {Klﬂ@ﬂxw*/
2. MFURIETE
3. Na, K FEEHIE
4. EHIUMEL2%LURN

IV R MR ETE

MR TREXMEEAET2— 4
TEL (256) 0911 (&)

o, INaX—5— e

PNR4 F~12F)

W, WA NIk T
A GEREAGER L £ 37

@ Astrand. Dsbeln {0 $5 5

@ BT ANF—% KPMTRDAEMFZELDHF

e NL—=VIRIZHE N E RIE

’(kﬁﬁTﬁMﬁ)

H AKE (BRI

" ) TSI EE AR A 2 AL

HRAB TR HX M HEFERT 2 0 2 D11
BEE HT(251) 6167, [EEERMD




wrrner: SR ) SR E R IE
Ehif EFHER #HEE

¥
-
A RO S kB e v 2 o PR SO - s 5 S o SR N A &
SET T TH Y F 9,
RBEIC b2 ENITE—y— X O ESN~/ A —F =X VElEkENETTHT
BN SE DN REE A1 &5 4L, 2 D JOSIME % FEkHE TR 2 Z & sk E §.

F T X—F =°
|

I

| S ERE) 4 th S 90 A
| Al =S FSeAT (g
: ‘ﬁF" @ AIEE F . v ITIKD T X —DIREIF 3 kg~ 64y
I» YEfFHTHE T3 .

e

1

-
i

P

et

i
§

® 5y AT 5 L ATTIERME T IS/ v T F §
® 725 L 2H PRI ) ViR

4551 /E S
@ F = rlHEM 600X 600X 21", (A#HYL)
4551 /= SR

@ fLEhHEERE 600X 600X 21Mn X 5 Z & — 4 7 fF
lIBES npsrs S el A TU M- e

fEREB

) FEHDIEE (B &EFBRIRRDFE

(2) 3R 10 R 3R ER (4)ENDMERET TRELIN~35E

ICANO # =X = 3 Ef E 3% W )&

FHEF113 HREH LR X A3 T H44—~6 TEL(03)813-4811 (%)




AAETIEE - 5334 5 75 - MATM64E5 1 L AT (JBH 1 B %iT)
OR fn 27T £ 5 H 6 A 4 3 Ml 3 @ 4 B

J. Physiol. Soc. Japan Vol. 33, No. 5 (1971)

Review

NiIUu, H, : E]ectrophysi()!ogy of the vascular smooth MUSCle- --reeressasnsinsiantasienareniantanianss 279
Originals

NEYA' [Ree Corpo—py]oric reflex B T T T P T T P P PR PR ey ) 1 (¢

YAMAMOTO, T. and KAWAMURA, Y. : Studies on a water “Rinse Effect” after

sucrose application to the tongue of the rat «-+oooeierieninnn 204
HARADA, E. : A characteristic pattern of flactuation in the skin temperature

of the rabbit’s ear in response to alteration of the environmental

T TS 0 S008I 6 GO0 G000 ORI 0B OGO o D

Short communications

OOKAWA, T.: On the ontogenetic study of the chick ERG «voeeeeeeieiiiiiiiieiiiiii317
SAITO, T. and OTOGURO, M. : Some evidences suggesting tow components in
the rabbit atrial action potential --eosceeeeeiiemaiiiiii 0319

AR E B FRLIEF T & ON-LINE TS

ATAC

'T'"—S’MEHE%ETET&

ATAC-501-20

EFOMEIC. BRICET
=

fELWRFL, TAT LD

BEIFPEETT .
*xHhaET, ERAGIESRY L
9,

1= F o sl ~dm a3 - o

REMHEREES | —31—4 T 161
= 03 (953) 1 | 8 | k{t3%=

o+|lm B fX+ERE

m

i
L =2 1= Bt Rk R 203

e

1

iy
Mo 8 m
(RlIB=) T ‘=

——
ol

E-ifinn)
=
m
=

U J«t"l

IJ};q

Bﬁi!‘.

8
fi]
£
il
73

SHE

EBlISE| EHE

PR B

b |

(T

At

(5]

B M o
===l ES R xane

S ik HE P m

SERL
Ak
il
atjy
ZINTL
FaLs
m
=

HOoO





