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Some problems involved in the measurement of cellular
membrane potential Gorou KAWABATA (Department of Physiology,
Yamaguchi University School of Medicine : Ube, Yamaguchi-Ken)

I. BR (BIEELT)

A. BEEMOBEIE
1. {REIEES
2. BUNBERBORIRELL
. AFVOER
B. Zxz/VoORE, TicikBERo Na* @t
iz 5 BAL

I. BLEEMLOAE

A. RERESN

M OFILEBM OREX, # 7 ABHEER
WUNERERE) &, B4 LMRCRIALT
FROIDOPBHTHZ. oL EiEHTZE
HEirx, Hodgkingz 50D D A 1 B KRR 2 5
B U S I 0ER TR oSER 0.1 mm 2
BT, NREKESDTODTHoh, 0
RO D\ TR RIREN 05 ¢ BIE T, N
iz 3M-KCl Btz >k bDThsd. Tib
b, ESOBRORMEMBINRPCE L &
DBMETHL, 2V TRITER, ERFEL
BRMER EF T 2 o BRO LM & MANIC
ANTc L EOBMERE LT, RIOTHE 0E
POEILPEMERDDIDOTHS. 20 L EHUN
BRENICH BUEK, E721x KCl1E#K & Ringer
K E MR L ORICIEREE S (liquid
junction potential ; FLBKEM L DE D) B
£T 5.

¥AKH B v iz 0.6 M-KCl ¥k & B ik
RN L OB E S Curtis & ColeDiz k
2, FhFh 1058 6.0 mV CEIFZE RIS
A ThB. Eiz Hodgkin & Huxley® ik &
BRAIRE Db Ok 19mV T, 2D HEN

BThHBHEvDH. ZhbOER, Win bk
W, BIUHMESA O To Nat, KY &
PBE LIRDOEEE, HAVIHMRELLAF VD
BEE»OEH LLL DT H % 28, Hodgkin
& KatzD ixfik & = h 2 5RHEER £
B ) VTR LiciR e OWFEE T &
FRL, WAKLEBEAKEOLOIX 11mV T
BBHEWEL TS, LELIOHILTE, FE
BPUERAKOMERE 227 b & OB BN OLE
BEHETACBLIEERZ 22 b0T, BB
T ER TR AL AR 5 R X B IEE & g
TERVI L, BIUB/NERRNOHEK LT
ARG L Ok & ix, LI TRRG DY 2
mVEBEOCEE M b - T, #IEBMLOMWEHE
X, EEENMECZE, PEBERA TV 5. F
7z, Mg & Singer®yx 1{fi « 1 i o EH
e fafn KCl & oM ENIED T/hEv
TR TE B2, Ringer ¥z &3 VIEK
T, 2B EOEREELTV5iEh, H
BAKICIEEA L ¥ 0S6if 4 v BNBERICHE
ELTWBew, M/NEMBRNIRE ORI
BENBRETAZLEELATLERG R
v, LT3,
IDEOBWLELB L, bR AEER
LTwv3 3M-KCl #o» 72/ B/ Ringer
WL, ZOMBREEE LHMIORERLE D
fic, CoREORMEEN 2R >»ERAT
BREOHDZ LBRBEND. o, EBRH
B LTERTHEONKREEDE & &I
3, BREEEBEHCKEREEEEX S L vbiy
DHEBEMA A VHBBEFETHREBT, chekk
HLTHBZLLAEBETHAH. 22 TR
bit, TORMERES OWEHEIC >V TER
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255, 2Tz b ilEfEsr Henderson
F 1% Planck ofitEM O (CrEk232R)
b ESKHEREL—BTHPEI PIL20T
Bat Lz,

YRR E S OWEF B FERDIC L hil,
BrI3--o0rHEICKELEES, Thi—
LI I B\ CEE L 2 EER L wbh D
Lok, HeawnFy AEOWEICHELT 2%
WrEHLT, EEEORKEEZ —ECLT,
ZORICERERIBORBEESI LD LTHS.

FNEOERD TIX, MKEET SREPED
AT, BUNERRO REEIC BT 5 BN O
KL BME AND E—b —NORIE L DRED
Rk ERR OB O RFITERIT 5 DTk
B L LT, KOBEAND LY nELE
MBIz, Tihbb,

HRER |3 M.KCl|C,-HCl|
C.eKCl|3M-KCl | HRBME ----v-vv-e+ (1)

0.1

!
!
i

.01L
S 20 20 )

mV
K1, EBELEL Y VAR OWMREN. M
EAEE S (mV), HEEAREOEEDL (SR
KCl). MigImEIz L » THE %, JLEIEZEE
E% R,

zoERT, BE C oERIY—7—Ak
BE, BEC, o KCl BB MNE BN 1T >
W, BEHE, UX-54 2ERLTHEL 2 B
BREHR O BALER, 3 M NERRIEE
B %A L CHlE L. = ® & $Henderson
ORTCEET 2 L, 3SM.KClEg L BEC O
KCl gk oyEHERE 11k C 28 0.015~05
M 0% <ix 1mV LT (Tt CTEHTER
2, BE C, oEgmrozni, C 280.05M
Drx35 FHOIMbpLE67,05M L&
13.2mV (KCl fI231E) & 75 v 85 C, o¥EER &
C. o KCl oiEMEEENEH57cdiciz = o
SEGHEECHERTEOMLER DT, &
bz, JEEE% Robinson & Stokes®iz L7za%
> TERICARBT L, HESNEBMNZEIZK ]
WRT X9, EEE 00125 10.0% Tz
BOTHEDOELE—FL, ZOHETRERE
BHOREPELIHCFIET D 5 2 &>
7z.

& T, WhEREA o 3M.KCl %k & Ringer
W, EixFOMERE > 2 B ORER L O
BHEENITH 50, %E® KCl BHETH D
Lxicix, K* 83X 0 Cl- oBEIE LS RE
X OR®HT, Fh ZFh 646 & 6516 (cm?/
ohm) L33 &, JEEM0.001~3.0 M D <
0.85mV DT LEEEH, 3M.KCl fioEA
BEV. ¥z, $#ER01IM o NaCl nigs,
K+ & Cl- oB#ELELMcELL Nat oz
n%&435L LTHET S &, BMIZ05mV
79 SMKCl i3 ThH s (CURITZHR). =
DXL, MRORERICETENDA A VI,
Na*, K* X0 Cl- 0L &izid, H4EKE 3
M.KCl L oWMEENZ, 4 VEENSE
BORETH> THIED ThESVZ eabh
B0, BERCIABUSNOA L VERBLLE
i, TOBEIERVIEREREFITOREC
BFLUbRHETZ 2B TET, BRiCHENED
IO RBHEEEL L - BRI TV ERDL
2k, FHERRFRETENESE L UTHE
LidhiEi s g

ZZTIhEERUT S HA, #HX (1) cHET
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<,

Hg.-HgCl|3M.KCl| t2%# |

3M.KCI|HgCleHg -reeeerrenneneens @)

L3 5L (Ringer {7z b MiaOBRAERE LR
RRIE” LRET), MR OFIR OELE 2SR
L VIR E 3 M.-KCl ¥k L oiRFEE
FIAEZRLUTCHE T & 2 v Lo TER
TR (2) okikEER/lo 3 M-KClL offic
0.15M o KCI E1fi. Ringer »%5E) %Nz,
TRER & L CRkzFEEED HCL %72
& NaCl » LCEBMZHE, 2V ThREE: 3
M.KCl s X0 015 M.KCl » B2
BHL, ZooREmMEEEZ R L. &
Hix, Bk LT15mM o HCl#EHLZ
LECEEIEL Z—BE LY, Thildtol
EFRFAEDPEADFTIIE—FK L2, FUERE
BT RE—FThhot. Thix, ERETIZ
WONEBN O KCLEEH (3M & 0.15 M offi#
Eh) LIRUR L OB S L Bk THERN T
ez R, MEVEBECH L TER TS
VEREL LB THA Y. EEHERTI,
Henderson oxX»6BL»4 X 5T, %
L LT OREECHT 5H5E, BRIKE 0.15M
o KCl ronEaEhoxs>N3M o KCI
LDLOEY HKREL, TOREHEITIERE,
ThbbVWEER L LTVWBREKE: 3M.KCl
EOREIREN 225D CEER D LIZEAD
v,
RETHILEIDED 2 v, BUOEHE
KR?2Z &2t 5. ThbbLEMEEN,
Henderson xR, CidA # i, FEBIUH
BEOHRBHEOEA &+ VIOV TOBIMBETF
tlhoTHRESR TS, #BETHE, Biko
HIZEENBA A VT, *OERD I CIEIBE
EOHBI/NS V0, ThERALTLE
BECThBERERENTEVLOLTFERSL
3. 7z & 2% Ringer HoBAF ORI TH
%5 Na*t & ClI- 2w, 3M o KCl o
FRENEZHELTODREEBZIZ W TH 5
5. ¥fe, EEEOBKCEAD LS LEHE
A4y GEHEYpHOLE) 2802 %, Th

HEDOHERL D BEIESERA 4 L TR
SVEAIE, FRBICERA A+ v oEH K
T3HEEREET S L BTN L AN,
LHL, 246N E0EEAS F, b5 CIEEH
Bt A+, EETOEHA 4 OiERR
VREEICEEYE 2SI LIXTREN, 0
PERUABEREHCEDRRZ S, ZOR
e, 015M o KCl iz 7%0% (EFOE
HEE) Y Yo T AT IVvERPLELOE
BikE L, #dhc K 30 Clm oiFRIZA
WEPLRICTH B0 RESH), BEELL
nZERafge b (0<a<l, 0<b<l) K-
7L &, 3Mop KCl Lig L 0WEFIEE %
BHLTHZOBE2 Th 5.

05 1.0

®2. #HILP VBERDETATIVREEN D
L&, K" oBESEUKERTOals Cl- 0
FNAFICL biE (0<akl, 0<bLl) otk
%, 3M.KCl oz s N EHwMEEN GFrE
fH). BREHRLEAORMN TR A, F5133M.
KCl #mgflo 3 o.

CoOR»LHBE, KMt Clm o—Fof
BIE KRR LR U T D 2N TR A EF
Kotk &, WHEENIEKRT25mV T
b3, BEBAOHMIE, atbowFhikE
WHZ X - TEDYN pH » TiRETIX a>b ¢
»->T3M o KCl HIRNETH .

B, Lok e 0.15M o KCl & oy
BENE, RBEREEDS T CHEET S LEKIME
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LT 174mV Bz bHh, 3y KC @RE
ThbB. FIT, 0L REHEESHECIBY
T, REROTPHERICHEL TROERT,
3MKCl [ #:#5 ]| 0.15 MeKCl «eeenveee 3)
BEETAVTI v 2 T%0EcEt 0.15M o
KCl %721k NaCl e LTREANZER/L
THIz. #EX KCl Bo L & 1.2~1.7mV
T, BRIEPTO KT oBBERKERTICEL
{ (@=10), CI- oz hix10%Ep (b=09) &
LTHELME 1.3mV) &—%, BALoHH
BvFhd 0156 M o KCLEIAE T & - 7z
NaCl ®¥Ro & &1, FERER 1.9~2.1mV,
FIESAEED T TOHEMIZ 25mV &, Z o0
BRREMOFRAP TS FReHTh o
(SCBR18Z ).
B. WUNERDRIMEN (tip-potential)
WUNEBRRO RIE K (RBRIYIZ 22 PAE)
L E1X, FORIC2H 3M o KCl okt
BINE, BIEOLBIEA25mV L#EESh
B8, EREEL LTIk BEAkOEMLR
) THEOSRE T, BEOERTIRERLT
EXxvEeBbhs (RCow 3BT
WAKRD XD BBER, BRTELEVEALD D
PEICSUERARZVEHE Ladhidhbivy
2, TTTEFETLAV). L LEROLRIBR
Bl PLToe &, I VANV LD, £
{ DBEWNERPIPADOBIMIABEAR & B

E mV

80

40

185 o Ringer ¥ 5 W iZ A AT K L Ofic
HAONBZLERDHBEYVD, vE, Zok ) B
INBRBOOEDEERY, RO XS REMEMES
T5.

Hg.HgCl|3 M.KCl|#:¥% |

B 3 M-KCl{HgCl.-Hg -----+(4)
TorE, MMNERE 3SM o KCl L oB&H
EREOD, FREPBSBEED LRERD
290, 3M-KCI-EZREEHE L THE
% KCl st L, 20RO ED
M E=—VECH/NEREZECZ LiIT X -
T, OB EHR - Z LicT B, Zhr LRI
% KCl F7213 NaCl ik & L CEBME 2 IE
T35, RIENPERLOBICK 3D L5 @GR
Bz bhd (k8 BR).

&T, #X (@) cERo 3M.-KCl Lk e
OWFEEBNZHRC S L SWTERT 5. %
INERBRN OWE & Ao 3M.KCl & oficizid
BN, WROERERO BBEMCE
RENTZhEHET S L, X3 oftdhicRL
Te EPIEAZ B/ NER O A L BRIE & ORI
BocbDeELTIV. ZhERBIZ “%
B LIRALEDTH BN, BECEE RS
S ADEOEEAMETHS. Tihabb, Bh
BEBORBENRCF A LI, T7RAFED
EEANEIFENEE> THE#HT 5 K 2y
Cl- OBBIEICHT 2 BEBIIFAAL E VA, R

~

oL —L !
001 003 .0l

.03 0.1 0‘.3
(Na) or (K) Eq/2

K3. #NEBOINER () &, BEWOREE 2135 KCl T/ik NaCl i3#0FRE

(e Lok BEiE NaCl oL Z1ZEA9) 1 Henderson OS2 72d 0, FENTE

I,
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IMEPHCEECREETSLELS. FOR
ERAREBEOKE S, BETHIEIAREICHNk
THEEBEEOBROBSICL - TEASNS
B, URBAZVDEIBBFAF XD HEL
DEBLZTHTHAD.

vERiZ, Cl- o#B8E (v) # K ozh ()
DaffichBdrdhiE, FRELY 0<a<l T
H55. ZTLTRIEE LTER 2, © KCI %k
L B E, ToRLBNERND 3IM o KCI1
(FE&a,) L owERES E)ic>vTo Nernst
oI,

E= RP:l‘ . E+§ In Zz ............... (5)

T T v=aeu & LEROEE AN L,

l—a a
E=57. 1 vvveieenenrnnns
57.7x iTa log a (6)

(E : mV, 18°C)
Tinbb, o FUNEEANO KCl BEOER
P—EThhE, BHEEL, RIKTH 3
KCIBHOEROME L 3 ERBEETHEZ L
Babh, K3oEMR 1) XZhE2RTLOT
»5. Eie 6) Kb, ZOEBOEA»D a
OEPEHTESZ L, BXUa HNaic&L
Wi & E=0 thrztiabh, M3nd
nNoERDB L, a0.31Ta,13046Eq/1L i
5. 2z T, Henderson oxXizzhbofEsr
RATEZ LItk -7, #IERD NaCl 5%
R 2 RIMEME, YBEBRKOZNZhOME
BIZOWTRDBZ LN TES. B30 NaCl
oW TORLPMZER 2) X, ZoHEHE
b ESVTHIWE Y DT, BHENIEMETH
%

B 5/ NEBORIMEIMIE, FIRA0EK
SEEAMEBELNRERZBET 51 4 0BE)
EzHETsztickoTHbABLDOT, *
ORI B NFEREEBHLFALTHB. AHE
DEBEIXL LTERA TV OBEEOHD L2
25755613, R LU THINEBRIOBAMZA
DHFCRS Z Licin 5. £J T, Ringer
WKicxt3 2RUNBRM OB, BIEOL S
REBOPITRELEIBTH 7R, LEIE

DT tbLdHolz. Zhix Henderson o b
HET T, H3RBXY 6) XoH
ELT, BEANO KCl OFEREI FEAIC/HE
VWHEETH-T, TORENKTHIE, L
2T RAEOEERTBEOEERH > 72I2 LT
LR, BNEBAPALELRP b L
REh, Efic KCl B{iEE o0 5 & & ORI
HMOMETH 5. X3 ohElRNo KCl 7
BOTERD 046 Eq/l ©, RE DX v 2603
& (1L71) s XKZBodBZ LY, RERCEERN
DPEEFIHTLL SMTEVILERTLOT
H5. ThbbRBBMER 21X, BEED
BY o, BB oD KCl 0@
DV Th, FIEHOEMEEICEL TERTS
VERHD. B, BEAWEOERICHTS
BEOFEC>VTIL, RKETHISZ LicT
5.

C. 1+ o0&

BAmo By, REEESZ Y MOEEAL
EERCIYJOBEICIE, A FOBET
RATER (RELERGEEOH Rkoig
niEE B v,

%3, Cl- oiEEic - v T Strickholm &
Wallinl®ix, #iv4 5 2&icst A L 7z 8585,
EFeB3BEeRoOREED LB CHL, ZhE
R« WALBER L UTHF ) F = 0orREIR NI
AN TEEAE O Clm EEZHEL, 25.2+29
(SD.)meq/l LHELTV3. Zhicst LTH
% & Singer9px, ¢ « W{VRER TIERL
ET B L&, M4 REET B LHERR
HRE 2D, BREHEZEANCERT? L E
KEELCERRS 3, LEMZRSTY 3.
FEOERIDTI, B L THABICTHERL
BRI VR Lizbo® By, SEfIHE
EmExRE Lcdafno KCl i >wTHlEL
T EBMENPERE (25°C T 46.6 mV, CEk23%:
M) GERIT 5 Z L RFEND TH, JBE0.02~
3.0M o KClI % 7213 NaCl BE#gic > TR
BANERPELE. o2&z, 3SM o KCl 3%
DIEREE Y 0578 LT, KkROBEH,
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L71
a

W L7edi 2T, FxtgchiRgE EiciER (@) oxt
P EhrE B) L oERBEREHME, ZOBEMR
ECEALBNEBCIET B EREROEER
ERDIET D, BBEECREDOEEMREY
RUEE—H L. ZTTROBEMEL LT,
&R L KCl oBikic T%0Eicy v
DTFNVT Iy, Ei03M ofElicA vF 4
By —FEEILEbDIL2WT, RRICEM
ERPE L =5, KCl oyEE 0.05 M PLF
TIRBMERBPERVLDIILL TS ~10%
BIL722, BEXR0I~LEMo & o TIXE
PMEDEITEL EEREL, > THHEKI%
OEEREETH Y, KCI By iz NaCl
BREFERLEBE LR CEES 2 b, §
bbb, BRPCTAVTIVHETF Tw3 &
&, DBEVRAETFAVER (B) A Vi
T35 Cl- OFERIR, 2OEIMMEVE SR
BT 555, 0.08~0.8 Eq/l @i Cid RS
BUWEELTEXZZ .

S &z Na* 0iEBETH %28, Zhicik Eisen-
man? T X - TEBERIER Shic i 7 2 B

E=57.7log

Emv
120

B0

401

. . . .
0" B o3 .1 0.3 )

4. o Nat JG&E (BEh) &, Nat 3R
e T ABBOESL () & OBk, B Tris-
HCI i@ pH % 7.8 & L7z NaCl ig#gic 2w
TORIEED DR/ 2FETH W D O, EFLED
RREWC 01 M oflic KCl 2imLidDTo
HAE, BHEEFEC 7908y o7 LT
VBB LD D,

({RViz Na*t BIRMET 7 ABRER) 2EHAL
THET 2 HER S 5. 7 & 21F Hinked,
IOFTAERG L L TRBEE O RSERUN
BWEED, ThikA b OHH LB R
FENCANTREL, #EANEO Na® FRi
SER HRYEK D & % 0.0374, AT¥#AKDL &
0.0275 T, Y HL7=NIK Tk 0.0418 Eq/1 &
HELTVS. L2LZ ORI, BUEOH
EBOL 3L LT058M o KCl #2ob721
INBBEFERA LTV, ThoEREN
BARE, Lichdo THEEOERY HicEd o
HEXHBLREN T v 5, FaEOEROT
X, B4 A DI CEBEEAREETELED
Na*" {EEOFE OB/ ERFAT 200 EBHTH
Bh 5, SR GRERER) 0EBES NaCl
KEW D Nat BRI U CEBRA I EIT 5
BMNETRTZ L EHEID, DVTZhd DNaCl
KEEIRIC T VT I VBB L b O DB,
BPRERVLOLEBRLTERD ZPEPER
MU, %7, MEEABCE K & Rgn£<
Bteizw, NaCl k@ikdic KT otgET 54
FlIZ oW TERICRE LTz,

IHB ORI 4IRT LB Y T, M
1 NaCl kSR OEER, HEIflE LB T
5. ERZEMKERCOVWTZOWER
POR/N2EEC L o THIWVWIEL DT, BIED
X, ZOKRBIECT%DOENCTNVT I VERMP
L7HRIZ o VT oK, BHENZFRLTL 01 M
OEKCLEZHRM LD L0 TH 5. Thb
%, NaCl oABERICT VT I BT %DE
CHEFELTH Nat ofFRICHERR RV &R
mbns., K pPEFETELE N FEED
INECHFTRIREFERENND DX, FTF A
BRBOEELESROZ L (T2 2H) LW
ENhshn, ZoEgicd Nat oFRIEREL
LEWwEELZ TV,

5T, b50 LK 0iEETH BN, Th
ORIEL Nat LR K BIRMEST 7 2B
PHEALTHETHIZ LI RES L TV 3
25, L L, ZOBEBBOHA A OEBE
(selectivity) 1 Na* foSEMRicH L TEIE
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>TWwd L, APTRFRENL TRV, 22
THREOR, FiEo#R (@) 2L T, KCI
WRPICT VT IV REFT S L &0 K FR
%, BiikEgEbcobortiiias L
BAle. Tiobb, MRS VWREEMEZ D
> TS ERORM/NERE L D, EXORIEE
KClkEikic+ 3 L, M3 wwmrLizk 5izKCl
WIROTEE ORI L LB & ORI ERER
Bhb, wzw, 2o KClkBEkoFhicT
NTIUEREPLT, ThbERKE LTRE
OWEZTHE, BiERo X5 Cl- oFRicE
Bl erb, b LK OFERCEE DS
EThE, ZoRAEOREBEME, Bk
TRiCoWTAbNERPLANLGTHS .
IOXICTRLUTERLLERE, hZh
DI TR ABEIROSA L, 2hic
T%EES %BDBENCT VT I VBN LIS
AL ORENCIFRAL EERE L, BR5 %E
EoMEL I THo72. Z0Z &b, Kt
O E B R TEN L vk BN HEES R,
Hinke®) ¥, ER#HREHIER NIRIC 2 v TR
BErzTws,

78, BUNERORIEBME, ok o
HI7AOFFOBEEAWERBLL ESWTESsDT
baHY, AWMEBEORELTMDBHENE VLD,
ZTOMETEMIC X > TERD Y, LSz
BHEDRCZ LIZFEETHS. L L, EE
W E LT, RuEMofEN KCl, b % ik
NaCl okEikh e, 2hoie7r7Ivny
A 2 F A VERPTME NI P & ThhA EER
B, LOLRORBEIEETHS. Miih
X, MREEAZID IR L X 5 CBUNER
DR EMIASNRIC B s L & L, MBI A
Nick & L OBAOEE N BIET 2 01 %l
Thd. ZOLE, M/ EHERNL TRIBE
fLofERs i, WEEEZ R - FiET#
ELTHEEMEZRDQEE S5, BRI
MRS OBEIC X > THRER D, Z0ER
TERLEZTAVT I VYA 2 F 4 VBREOR
IEELFIC TRz LTS, HEEEHOEE
FTh2EEA 4 v OIERE T 52808

FThaERELTHZTNIE ERSETIR A
55, ¥z, AWEEZ L OEBEERA 4 odE
7, K" BIUCl OiFEEFA EE 20 E
DORGRE, BIECTRIBEMEHET L%, ¥
FADLO>AMBICLL>TK 8BXUCl- oiF
BEIELLAEVERELEZZ EiICY, »DEE
DEFEEEZBLDTHB.

. ATVORRE, F/dEKko Na’® #H%

[Cf¥7s 5 BT

B0 X 5 iz Ussing & Zerahn2Dix, » =
OB LT Nat pREEEiitsh s
TERFLI, Zhiedh &S TED0%, BEE)
k& hs Nat oI vb 3 ERERICSE
L e, b2 iiEdim%: Nat & K+ »
TGS NABHERICE VITabR 3 & h DRk
BRMES TV RS, chbicovTikz o
THEEHD R T, sk T oBEMELiz o
TOERERRS.

& T Ussing 72 b1, FEBREGR L L CHEB)R
R () RREORIFEHIILE T, Z ok
K* 0B @M d 52 Nat oz ve L,
2 Ea e 1 R E T Nat otk b
v, K oborihveEri., ThoE%R
DR OALB X, 2 OBBETFHEMSEOFTR
BREEBELLT, BARELATVER (I
Bk OB, Lo e REIMILE . F
TWUNBREETA, “hii#Ed TIRHBARE
REZEBh DL D IPAL & MRRET R & OB EZ R L
TERELZ D, —HURERLZ b Tvwi
v, FEOERD T, WillEBiEs Ringer
o & &, WNBEBORMPREORINE (fA
LE) o Aoz Bbh 5 & T BME
WAARLN, TOREZFTFECZT O & EOR
JEBALL Y bHSHES DN ER oI, T DT e
b, ZEMEEREIIEOMISCH D L EHE
E L7, REBREE O MBI EROEE X
BHBOELEELD LHEPELRECTSH -
7o L2 L, ISR ZMEMEE OB I HE
BRI OV TOEREL, BEFETR»OE
T 5L, EPREERALBIUNORRE L
FEffaic & 5 PIREME K TH 5.
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%5. ¥ A = )LD JERE,
1 p (BBEVEARSOC B GR).

M 51%, v ¥H 0Bk LR OE
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Electrical activity and intraluminal pressure of esophagus in rabbits
and cats Kazuto Ul (Department of Physiology, Shinshu University Medical School,
Matsumoto)

The relationship between electrical activity of the muscle and intraluminal pressure in
the esophagus was studied in anesthetized rabbits and cats at rest and during swallowing
with emphasis on the search for that of the transmonal zone of striated and smooth muscle
fibers.

1. In thé pharyngoesophageal sphincter region, the peristaltic constriction was preceded
by the inhibition of the tonic spike activity for 100~200 msec during swallowing.

2. In the transitional zone of the cat esophagus, spike bursts of the striated muscle
were followed by those of the smooth muscle, whereas in rabbit esophagus the former
preceded the latter.

3. In the lower portion of the cat esophagus, smooth muscle spikes during swallowing
resembled those in the infradiaphragmatic portion of the rabbit esophagus.

4. In the infradiaphragmatic portion of the rabbit esophagus, the duration of spike
bursts during swallowing was much longer than that in other portions, and spontaneous
smooth muscle spikes were occasionally found even at rest. These spike potentials, however,
seem not to be interrupted by the swallowing.

5. The electrical activity preceded the rise of intraluminal pressure (the third wave) by
2 ~ 3sec in the smooth muscle portion of the cat esophagus.

6. The patterns of deglutition of the two species differed in conduction veloc:lty of action

potential, duration and qualitative nature of electrical activity.

{J. Physiol. Soc. Japan (1971) 33,

702-718]

key words : esophagus, EMG, intraluminal pressure, swallowing.
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T TRNGRE LIGROFRIBEEETH
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B. BETRrOREMHEEN

¥ 2% 1 E o _Rick el T HE R X
Y, BECREESHREEET S E B TE
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Cm from incisors

.0 100 0 00 0 00 0 1100 %
_Inner Quter _Inner Outer
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E, Striated muscle

TFig. 1. Composition of the striated and smooth
muscle fibers at various levels of the cat esopha-
gus (A), and the respective compositions in the
inner circular and outer longitudinal muscle
layers (B). Transition from striated to smooth
muscle occurs at a higher level in the inner
'circularv layer than in the outer longitudinal layer.
“This transition proceeds more slowly in inner
layer than in outer layer.

Smooth muscle
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ZORPEHLPE X ST, WENEGL X
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FLLAESEZHEBL, EHcs
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7t - T34 + % spike bursts
DRFIRNT B O ULHE & 4
HBERL, s BT 55 f
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B TR OIE B B {7 ° spike
bursts DIEHE X X, EFH -
ERYYXOBELFAKTH-
7245, spike bursts DIFEEEE
FRHRER T 5 W 2 R~ L
7z (Fig. 3). #&X, PR D
TRIEER I ARRRAR L FLER 2> & A4
~$em OHEE (5% 5 5 5
X 22~26cm @ level) 2 Ex
BB, ZOEAITEWTIX
JRRIENC AR 1 7 &
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L 7z (Fig. 4). 7= 17 LIRS
R EERFaE B o &K v
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level T, HEBEHIED R4 7 FEEP MR
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>
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Simultaneous records of electrical activity and intraluminal pressure at the same level in the lower portion of
the cat esophagus during swallowing. The onset of the spike bursts far preceded that of the terminal rise of deglutitive

pressure complex (3rd wave). The third wave appeared almost at the end of spike bursts,

R A R U ad o 1 2 | M Y

27¢m
Fig. 4
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234 7 BEEERIRE 200~250 msec
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motor unit 25 OEEIEDO R4
7, 1213 tonic motor unit &
DIEIBEO 2 4 7 p R E I T
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unit % & @ spike bursts (% 30/sec
BEORSEE Th 5 BNk
5~10secTdh ¥, i AEEAL L Y
VELEETEORKMTH B,
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o level Tk, LIZULITHEREEDE
EBHER S4 7 25 0.5~1.0 sec [
THEAHAIE L < B RET
LORBESh: Fig. 7). zhb
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wWEXsitHh il
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A 7 BFE L. T OBHIER A 7 1XIRIE

Spike potentials during swallowing obtained from the lower portion of the cat esophagus with suction elec-

trodes. The records are continuous. A series of these spike potentials consist of striated and smooth muscle spikes, the former
being followed by the latter. Upper trace : electrical activity. Lower trace : thorax movement induced by artificial respiration.

Fig. 5.
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3~5mV, &g 20~40 msec @ 2 FBiE
DAL J CHEEER 4/sec TH Y, UvH
X OREBIFNEICR T 2 BEHER A 71
LT3 (Fig. 5). 2hbDRAAL 713
FEI~EET 2 X510 A 2 5 2%, TOHER
0.5~1.0cm/sec T & Y HEMIEHE CIEEENL
Y, EATRELRTALOLEDbNS. B
ZOWMIZE TS, LIEUE—EOEHED
R 7 PSR spike bursts
iz 3sec FREESATL CHIA LK (Fig. 8. L
LD EHER AL 73BT I BT 2
FERER L R, BB ER S 72 /ITL T
HET2Z L2k b o fc. ETFXTHD
NicX 5 HBER S 7@3FBELE P o7,
BREIC R v T b v X OGRA LERR, BT
Wb BOIEBBMIELAERE LR 2 -
7z.
5, 7FEBITROREEHHICHE T
BHEOTRGETALNS X5k, EHENY
B0 bE L VIRTEA L slow wave i3
FELEP o2, LALTFX T, B
BB EREMER L 7 BB 5 R0 5 ik
slow wave LtEEL THET AL 5cH 2 3
(Fig. 7). 7 R8B4TERE b VI EWHEIC BT
W, TR R A 2 E TR A
EHEBER A4 7 LR OBV B
PEELOFICERT 5D, ZhPBEMELIC
XL E ) PRERTERIL 1. £4,
RO REE OBBNC & b i 5 BROBHE
7% EiciERT % artifact 2 Bbh 5 (Fig. 5).
4. JEENVBALFEA ORFRIREE & i
WETIC & b7 ) REH OEBIBILIX, b5
M TFhgE b > THBET 5. Tablel L
Fig. 9 2103250 v ¥ F L 3ED R Iz o
T, WETAEREE, BEMCESBEMNILFERTS
% TORE & spike bursts ORI Z R L
ZbDTHB. ThbDRLEHPLDLPB LD
2, VHXoBBERBVTIE, WTFkebixo
THAT 2 EBEMREOHBHEERRES
Bltblr-> THBH T 5. Tib b EEINGE
HEBIc 34 L 7= spike bursts (34 8 cm/sec

DEHEE CHEFIBI~MEEL, 2 sec %icHERg
MiCEET 5. —7F, spike bursts DiER:
R SR A ISR 0 & AR £ <1
RBAIR ELTRIIERET 2EMIEH 5 25, 05
sec BETH Y, MUMERITIEL o ¥ kb
o, TR LT, HREET»EMO
level Tz 3~4sec Tdh V), BLWERDL
BERT L& biciiLic ik L CEHIIER
L, BAL»ITEALAMEE R LTz, ‘

X 2R B IEBHBALRAE O R RIAIRSE,
AT HRRE, FIERmARATIE Cix v &
XORELBERBEAFEE 2 72 ¥ » 5cm/sec
DERE CLET 5 (Fig. 9). BITH» b
FES~ DEIBIL, IO 2 S 7 B A
DT B & LS ICHBFER S 2 OHED
ELUCBIET 5720, S ERE i ik
HMEET5 (Fig. 3). Lkl o THEBEMOE
PR ~DOERITE L CBHEL, $7sec 2%
T BEREMORRRHZ Y X 0BALIZE
s Y SR ATEE NS b BITE £ IR RIE
EL, 2~8sec ThH3. thixv¥¥ozh
D5 ~10ETH 5P, FRHE TIRARICERE
LT3~4dsec k5.

5. JRENEENL & NIE & DAERE _

EEVEN & NEQORRTHNP S, v X0k
ERESHEIC B8 v T, spike bursts o3
SIBRsRIZN EE L @ 3rd wave »Ir E Y i
100~150 msec 451F L, #IEREILPNEEH
#ik level L5 & & Lizi¥—F L7 (Fig. 11).
I DrEORNER 20~30cmH,0 #5RL, #
iR 300~600 msec T 543, AHIREEZITL
EAOEMHETHO 1 ~2cm OBRAL T 1% 1sec
DEnZ bbb o, REMBOEZILEE,
interference voltage OEAIRER A X Y
100 msec RFiER <N THIRTS. LizddoT
ERAEE LRI L e L A YRIBIL T
HERT 5.

BT WTiE, HEHER 1 7 ZRE
o 3rd wave O EDIc—EEizix e %
FATT BN, FBHBHEAAL 7 iR+ 5 —E
OBESIGHER A4 7 © 5 b, FRECHEET S
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Table 1. The time for spike bursts of the
esophagus to appear (measured from the onset of
discharges of the inferior constrictor) and duration
of electrical activity in rabbits and cats

Time of appearance (sec)

RABBIT
Gotron oot Moot Dol e
(sec) ments (sec) ments
8 0.27 + 0.07 108
9 0,10 +0.04 41 0.29 + 0.12 56
10 0.26 + 0.10 55 0.42 + 0,15 49
1 0.42 £ 0.15 53 0.48 + 0.12 i4
12 0.52 40,11 46 0.46 + 0,11 43
13 0.61 + 0,13 40 0.52 + 0.15 45
14 0.71 £ 0.14 48 0.51 + 0.12 46
15 0.82 + 0,20 48 0.59 + 0.20 48
16 1,06 £ 0.17 49 0.47 + 0.15 40
17 1.15 + 0.21 41 0.46 + 0,15 45
18 1,25 + 0,25 52 0.52 + 0.17 40
19 1.36 +0.21 42 0.62 + 0.16 34
20 1,50 + 0,26 64 0.65 + 0,16 34
21 1.44 & 0.22 36 0.66 + 0,14 55
22 1.56 + 0.34 60 0.79 £ 0.24 40
23 1.85 + 0.48 40 0.76 + 0.18 38
24 1.99 + 0,30 38 3,25 + 2,06 48
25 2,18 £ 0.21 19 3.77 + 2,18 42
Total 772 855
CAT
Gnomn oo Mot sl
incisors (sec) ments (sec) ments
1.59 + 0.33 9
9 0.31 % 0.04 10 2.36 + 0.87 17
10 0,46 + 0,11 13 1.88 + 0,84 11
11 0.48 £ 0.24 7 2,08 + 1.19 8
12 0.51 4+ 0.09 11 1,98 + 0,87 12
13 0.88 + 0.22 6 2.47 + 0,88 1
14 0.92 + 0,19 7 3.57 £ 1.14 3
15 0.55 1 4.30 1
16 1.19 + 0.40 6 4.07 + 2,23 3
17 1.36 + 0.60 4 517 + 1.25 6
18 1.95 + 0,66 8 5,71 + 0.88 7
19 2,11 + 0,79 4 6,68 + 1,64 6
20 2.08 + 0.86 6 7.30 £ 1.60 4
21 2,08 + 0.83 6 6.20 + 3,06 4
22 2.59 + 0.73 4 7.88 + 2,65 5
23 3.10 £ 0.85 12 7.07 1,65 12
24 3.23 +1.05 9 8.28 +'1,66 9
25 3.42 £ 0.95 9 7.53 £ 1.25 12
26 3.69 + 0,87 15 5.66 + 1.58 11
27 4,44 +0.97 7 4,81 + 0.93 12
28 7.16 + 1.19 12 3.28 + 0,89 8
Total 157 171

Values are means + S,D.

o Rabbit

8y . e Cat

—

L ]
AM
8 10 15

Cm from incisors
Fig. 9. The time for spike bursts of the esoph-
agus to appeare (measured from the onset of
discharges of the inferior constrictor) during swal-
lowing in rabbits and cats. Values are meansz
S.D.

o—o Rabbit

o) e—e Cat

g L
¥
Foet

7F H
m
8 o |
~§ oL /| ] { |
[
3
g8

3 L

ondE |

WL .

. 1
. §_§/’H §*§—§"§‘}—§—§"}’ '
8 10 15 20 25 28
Cm from incisors

Fig. 10.  The duration of electrical activity

along the esophagus during swallowing in rabbits
and cats. Values are means+S. D.



THEBICF A EEOESEMENE 13

\ 4

L1 T T T T R T e e T T O R A A T S [

=S~ —

10 TR
0
1 A,l:\ L

13 I |r
S 3
14 (PTEAI
— iR —
15 L\

23 " o~ .
s —

2 e —— et u:

- e i ————

1 sec

Fig. 11.  Simultaneous records of electrical activity and intraluminal pressure from various
portions of the esophagus during swallowing in a rabbit. Three electrodes and three trans-
ducers are placed at 1cm intervals. Their sites are indicated in terms of the distance from
the incisors given on the left. Onset of swallowing reflex is marked by an arrow.
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phasic motor unit 257 % spike
bursts FNEL L EERBT 5 0
L, iz i+ % tonic motor
unit 26 L B b A4 71k, NE
P ERICR-7cd L b R BEN
B a7ew, EELE oFEEEIXHA
TR, IR REERIC I VT I R
THE 2 ~ SAEDPIRFHER A 7 D3 FE
ELTY, REEE L RDRVE
ABRLELERD b, %, LIF
L LiE Z oEfLic e 5 BREO TS
AR 7 &L NERLE L b
iz ot (Fig. 7).
FaOEREGIE B TR Y FXED
B4 L Ffkic spike bursts BREE

14

15

16 b sl | e AEILCHIB L. Z 03Bt
| " T BRI X D 9038 < U CHIBL

17 kil % plateau ROEE{L (@2nd wave)
el LiEiE—3 L TR v, interference

8 e |1mv voltage DEKIFIER S 3rd wave
L P s — DEARLFAHTH X5 IcH 5. B
VR BITER Ci1k 3rd wave DIEE

20 ety i ]100cme L interference voltage » & KIRIER:

Bria—geT—RcAENEEIXZ
NI VBIET2EAER L. BB
[EBBRO TAMAERICR o 72b &b
EEEMoRM TR L (Fig. 12)
WEGECE VTR, OIS
SICHEE LY, FRHEER A 7O

24 ™ il et 3rd wave @ 32 BV T
ttormsvn . 2 ~3sec JATL, ¥ fFHE spike
L adaenih ikl AU DA
2 bursts O FEAERA L 3rd wave L O
26 bbbt s BREMERR A D DD o 7o (Fig.
41 8)
27 + . 1\1‘
V. & ®
. 5 sec ey 5 A .
Fig. 12. Simultaneous records of electrical activity BT L b 785 ﬁﬁﬁ@%ﬁb%{lf
and intraluminal pressure from various portions of the JREEICIX, RERUHEI BRSO IUE
esophagus during swallowing in a cat. The numbers BRIz 81T 5 b R AR spike

of this column indicate the depths in terms of the dis- . I~ e
tance from the incisors. Onset of swallowing reflex is bursts, SFRHHIEHEHED 254

marked by an arrow. 7, KRG bR~ OBATER Tk
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mE DRET % spike bursts »HER T
w5, HEEUHMED spike bursts RT3 H
—2RAL VR BER 2EOREYE TS LN
$BXOCHzB. THEREEESE»EEG
L FIR, FUHE ORSRERY L AL CH B motor
unit 25ERE N TR Y, »o, Zhdid
phasic & tonic ¢ motor unit 2 Lk-> T\
BDIEETFRLTVE, Z0X)EWOGE
#mRT % motor unit OME DR, KEEW
TERET 5 FIRMER L R OMERICERT 3
bOEEZONDDPG, WTICEET 3O
EEHOzMCY, b 2D motor unit
EXE T OMRMBOSLEBET B LT
& 5.

WHSE - AEAHIC BT S HEENEAS B X OWEEE
RIEFEAH OB T IC &5  EEIBM O RFHER
i, EEESEER I AERMZ LA
DT X, ZOWNMOBOIESNHAMLE
BEHICEATY 5 Z & £5RL T35, 7Tk
Doty & Bosmal®jxz (4 X, %=, ¥ L DOOK .
THEEFE D22 DAFIC DT, HETRED XS4 2
FERRBE & £ o FEOHEE 2 HERSMNIE
RLU, W&T 533 HHEEMOIES & mHhix
BEOEEMEZHEL TV L EHE L.
¥ 72 AndrewD) % Basmajian® {, [Gl#E 85
1T o T35,

TRIHLT, AEHCBYTRENEOR
SRR ICIX E D OB RIXED i,
EXBEC X HEEPEHATH 7. &b
SRENE OEERITTESMCEEL TR Y, X=
TRELOEBTHTZRAMCHER T2z L
BTERPolz. ZOL5 REERHETARED
RIBGHER X ORIBERAL WD, gRER 0 fE8
MW LT X BT RO TVER, vH
FCIFEROBRBICE LA EEES N2 L
JBIBRMTHS. A X, X3, FALOREIC
B TREOIEBBALOE A2 A:E N Hellemans
et alM X VIl ENR TV 5. v XFoRE
BB TR, FHEREZR—TH D, &L
A EBIRERPZ VORI LT, FaTEE
LWEMIIZR L b L i BRIZERTE D b

e. LpbFECREBREH THh-Th, VIX
LR TRBECIZENEZEREHTD 5.
THhODEEIRELBRT 2HBEEROME L
&b ICRIMNEERS & PRREFOSB X V25 Y
FXOREFHBOERIIEF LB CRI—DE
MERTOIE LT, F= Tk LR 2 %5
DFEGR» b DH, TR TIIINHEER &
WERERFICOBET 5 L\ O B BB I FED
CHEEATE b OLEBEbRE. LML, VX
L %o 0BRSS BIEBIEAM O GE
HEZIELAER—TH D Db, ZORER
MICREHLENALND Z LI, EAMCI
BETCBE T 2 PR ORI X 2 EEICRE
bhvah b Ly, Lrd, BEMECEITS
T OIEENRR 03 R — 8 & 72 3 EERM 8T
HZERITE LN, BECIZEENRE L VT
bbb, EXMREH LA V—EEE
BRRLTVBZ L1X, RETHERD» S LH
bR EOE, REMHCHEET BA ORES
PO ORMEA v AV AR L > THE ST
PEBEOREME b - PIREENEET S
LERBLTVS.

AU 02 & SER B ~ OBATIIC BV Tk,
BUGHER D B HEO R AL 7 BRAELT
¥4+ 5. Hellemans et al9x 1 oBER
FTEBIC 38\ Tk, WETRE 2 ~ 3 [ OBREU =
224 7 %721k spike bursts MIEA i TIELS
HDRNL 7 BHBRT S LB, MM
Xt b, Th bz EhENIREER L N
EFCHET DO THS 5 L#E L. K3
BRE AT, Tho—EOEEEMEERL
TRER, B, vV XU TREESED X
NA 7, R TRBEEGEDO R AL 7 85%
NZERETLTRE L. Z0oZ kX, *=0
RIB OBERG 2 b B~ OBITHRRR 1 0
BIIERN LR THEILE2EST T3, X
2 ORPCOBITIT ClRBRZ L H L, NFF
BusmRELY b X il CBITERESET 5.
RIEH OUGERRD, HEER LimEH T HHL
HOTHED > T EHEE Z L DET &V
BB OUHERRDIDBD LFEETH Y, Shic
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SEWRHEME D R A 7 AR O UUHE & BB
ERDZOD L v iEEFEETNE, Fa0
RIEBATIIC B 5 NI B OTEEIHRE,
FFRONCIHEER OEIEZ D, 2w TH
EEH RT3 Z &Eﬁ%#ékwbkbn
. ‘

i LTy FORETE, %ﬁmﬁr
JEZIFLER & b B i~ lem o level THAsE
L, BESNE L PERSERE>, ki
&, HRBOIEFTBITT AN, RIHNERHER
[Eo level TISEDO®4 57w, FFEHIER
SA 7 ESEBECAER A A 7 R
HleERT 5 boeThiE, IR, &
WEOIEfTEbh BT L5, '

SFIA XOREOHBE T TIX, WT
L dIEEEMRRAELRVEVOIRED L
AEBEAWmE T spike bursts 3F4&ET 5
LS HAED NS 5. MERRIEEIFLES bR
ECOEROLTHCEL X, FHHFHRMEL
AT AR L CHRES D B 0w, —HICIER
Uhhavi, KERTRYYF, Fabdic
OB LISEEMSHEA L. Zhb—HE#
OIESHEMEFEA & L TEM IR level &
CIEHEEE, KRB R VIREN Th o . il
¥, SRR 7 bR @R ERE R L
7, FaciRe BB Tho. LLE
OBHIL, FaTRZOWMEPIE LA ELER
NHBER S, »OEMRIE EHRSENT S
Pvo gz (Fig. 1-B) i —H L ke
V. Finb b EMEAMEE L& AR A
47 3 BATE D DRI level TE%
L, IURERL - oWt PE5 2 212 4
5. T o TRATENCRA U ic HiFHER
24 7 b I RER I P & R L TS
BTsboLErbhd, Lo CHEEINHE
HENC B4 L o B EEE T series K b &
ZODRE S TIEERPOBRENTED,
hb @@%E@ﬁ:f"/&&_ YoTHRYSZE-oTD
ZLRIPBRDB.

THEFRLFIDTEHEEICEB VTS, MR
A XORE L FARCEEFREET 2R EI D

m%&#ﬁav%~znfmﬁﬁﬁﬁmﬁﬁf
Bbh 3 BSWEHIRB T LR TER
73>~971. LALYFFeBeTRERO»S 0
i~ 05~1.0cm o level TLIEULITEFRE
OEIEHEA S 7 BPEFICHRT S 2 L,
& B ICKREE > tonic motor unit 225 LB
b o spike bursts BNIRERTIX D B 5~
10sec g T Bz L 82 EETE, o
AL AN RIERERCEEL Ty b0k
Zzbhd, LEXS>T, vHXORETHE
BRI HERERATE T TH 2 vz 50
LA v, BER 13 v - F ORI 1sec
DAY CRET HTEHGEA AL I o TH
BRI EREASM L TR Y, WTICX Y T oI
BEREAT 3 LB N T v . RERICBVT
b, BREOLEEHA AL 7 G TE, WHs
NEVE Y ICH LTz, & OERLOFEREE S
LTRESBOBMIBEELELT .
Christensen & Daniel!'O) ¢ R o » FTEE
BE A invitro OEBRICIIE, BED
(1% 10 slow wave bi%ib VR, e
BTRENICRBET S L), RERTRH,
?%#%;ﬂ)?:@ﬁﬁ$@%ﬂam%ﬁm
slow wave LIETE S D @ki%tﬁ'ﬁ'é &
BTERIPoT.
AERSAERIC BT 2 BRAIES & BRATE
e Db\ IR IREEL R B AR b b,
SHBREE & NIE & OERITIEIEEIT L THERT
5. T bbb, UVFXTRERASA7RBEER
EZ5kiz 100~150 msec 4547 L T &L, *
aTCRIBLAY R Cd 5. Hellemans &
Vantrappen!® [ 4 X2 <C, A4 70
F23 3rd wave o3 FYic 05~1.0sec T
F5Le#ELTRY, Arimori et al®) § =2~
£ 7 HBBCNEEEPERTZZLERTY
B, —F, BATEH bEHRICE TS
OIFEFBENEETHS. bbhHAL, UFFL
XaTCREENPLOTHBHY, WL LT, #
FRIEZIFLER D HIEFIE T 0 level THRHEAT
BB, LA OREHEIC B v TIREET
B, SRS A 2 OHBRRESEL 3rd
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wave T 2 ~ 3sec {77 5 &\ 5 FEHRIER
Beifid, RSO L B ) BEE T o EE X
Zh X VM TRENEY water tight iz
AL L &m@Esha b0 L Ebh 3.
5, EIDDME e r DA TIE, BT
S BEHBENEE T EIESIP b 23~25.cm
o level THEEL, FHLLAT TH L VBB
BT Lhb, HEEUHE L I TR
BicHEY SV, CHEEONERLITIRNELRT
HZrriafL. AERCBIZ X200k
EAERES 5, ch i REsHGT AT
TLRTEARP LR, TTRRRZE I,
BATE 2 b IR ERIC 31T BIREIBAL O TR
XREBN BN & WER L L OFERIBRE L & 0O
EERTIE, xa0 THAHEICHT B8k
DOARBEFHEEBET S Z L XFETH S 5.

V. & #

MR L7 e xaz VT, Hik
BIUHETRECI T 2 BB OBEBEM L NE
OV TR U 7.

1 U9XEIUR 2 0HEEREFRIGIIC
BiJ 5 tonic R IFBIEALIY, WETHE, T
HERE DIEBHIT ST LT 100~200 msec i &
hiz. '

2. ETRE, ML TRTSBATIICRET
% spike bursts OIEFFERIL, F =TI, &
FFHER 47 DB DS TRRFHER
A7 BRAET IO, UHX TR, FEEH
TER A 7 BRI A 7T U CHHER
L7z. S

3. TR, X oRBEEMHHICE TR
AT BEEBHHR AL 21X, T FOMBIET
ERAEIC BT 5 R AR N 7 E LU T
W5,

4. WETE:, UV X ORI THAHE A
3% spike bursts OEHERFEIZ, O REE
MEVLELIERELE. A8, ZOBMTIR
BB VTS, LIELVEEERGHER S 2
2% 05~15sec DFEMTHRIBHIC & L.
L»L, TORAL 7T VI sz

wWEkHSiEHhzB.

5. Xa OREEEHMTIE, WETICEbr
5 spike bursts DIEHEFIEIL third wave o
SEDiC2~3sec FfF LI,

6. HETRFICB 2 REH OIEBNBILIL, &
EICEXVBENRERRTRL, TOLGEHEERS L
Uﬁﬁﬁ%%%b<ﬁﬁbtf

Maeikdedich, TBERCHEEL KM Z W
TR B BEECELSBILBLETFES. 1
ERZXWL, BADTEREZWEEWENN =ik
B, FYE EHM, iHk it ZHBREL,
FIUEAZE L LI LEH WL £ 3. LB RHT
DEGIIH45ME A AEHELERETRVWTRELE.
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Sleep in parabiosis Koichiro SOGABE (Department of Physiology, School of Medi-
cine, Tokushima University, Tokushima)

Parabiotic rat pairs with chronically implanted electrodes for polygraphic recordings were
examined to determine whether slow-wave sleep (SS) and paradoxical sleep (PS) appear
synchronously in the two animals.

Synchronization of sleep in 38 parabiotic pairs were compared with those in 25 control
pairs united by their skins only. The synchronization rate was greater in parabiotic animals
than in control pairs, and the rates of PS 2-3, 4-5, 10-11 days after the union were
statistically significant, and the rate of SS in different periods was not significant. On the
average of all the results, the difference in the synchronization in parabiotic and control
animals was statistically significant, for SS (P<{0.01) and for PS (P<0.001). The periods of
synchronization of PS in control pairs appeared sporadically, while in parabiotic pairs they
appeared in groups. This result indicats the existence of a homeostatic condition for in-
duction of PS. It is clear from these results that a humoral factor is involved in sleep
mechanisms, and that it is more important for PS than for SS.

{J. Physiol. Soc. Japan (1971) 33, 719-728)

key words : parabiosis, slow-wave sleep, paradoxical sleep, homeostasis.
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Fig. 1. Survival days of parabiotic rats in
different operative methods. Shaded bar shows the
number of animals in which parabiosis was made
after brain surgery for polygraphic recording.
Open bar shows the number of animals in which
parabiosis was solely done or brain surgery for
polygraphic recording was made after parabiotic

union.

Photograph of a parabiotic pair.
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No. Days before Days after
Operation Operation

3 12,12, 9 3

1 5 8

1 5 1

1 6 12

1 10 13

2 6, 62 19

Table 1. Survial days of rats in which brain

surgery for] polygraphic recording made after
parabiotic union.
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Calculation for synchronization rate.
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D i . -
s following Experimental group  Mean$.D. Gontrol group WeanS.D. | Significance
parabiosis
944 812 811 834 817 784 718 761 )
2-3 765 735 617 611 T6IERET | 756 753 708 702 42545 DS
526 689 666
864 832 824 M5 148 132 128 101 )
4—14 707 650 648 644 114£9,18 715 636 645 640 6872485 - X
625 595 539 503
836 790 170 531 713 111 710 655 : .
- " " N
=1 614 643 605 TR 633 619 521 FhOL1ES x
828 736 128 118 708 685 618 6.7
8—19 §92 663 653 637 69.8::5.94 655 639 626 625 6562213 %)
529 . 511
801 730 130 728 778 128 705 689
10 —11 712 639 683 614 14392 66.3 659 657 641 §1.9+447 DY
66.8 637 528
12 —13 817 181 717 MI 802 760 757 721 )
44 704 635 662 TAZEARS | 698 683 602 669 69.6:£6.65 X
621 561
711 733 120 725
14 —15 112 165 45 611 1235654 115 123 109 683 1042414 X
§6.0 588
Total 1244013 691258 P<0.01

X Net siguificant
Table 2.
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001 Thot. PS OB L& A% ~6H
(P<0.01), 11~12F (P<0.001) CHEENRH L
h, &F 7Tk P<0.00l b - 7.

Synchronization rate of slow wave sleep in parabiotic rats.
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DHEBEE|Z: Tirvinv (Fig. 6). LaLzo
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[P 8]

Days felloving Experimental group Mean+S.D. Gontrol  group MeantS.D. | Significance
parabiosis
384 358 354 300 304 213 189 185
2—13 2877212 226 18 2114834 182 168 143 59 156+8.07 P<0.02
108 4408
494 412 310 337 294 281 240 228
] 295 282 217 2638 31.2+8.98 188 117 153 153 188+1.13 P<0.01
195 187 10 54
451 404 356 314 439 334 210 192 .
— 59, 361012
§—1 261 229 185 33 "', © 183 149 146 g0 X
. ' 434 403 400 311 378 342 240 228
8—=—9 ;| 303 270 232 154 2924192 | 225 194 158 98 21.3:+9.78 X
i 59 57
389 356 338 308 30 217 40 221 ;
10 —11 301276 255 202 289466 226 217 190 188 224+6.29 P<0.05
114 164 145
467 342 331 308 Dl w2 332 293 254 :
12—13 206 186 180 116 2142981 251 235 217 203 236+145 X
S| o118 56
‘ C | 384 290 269 1258
=15 . | 332 325 2181 95 15849507 | 255 180 185 164 224184 X
140 105
Total 29.149.2 2.0+04 P<0.001

3 Net significant
Table 3.
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EEHCHMERETR I v o e L oTY
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Synchronization rate of paradoxical sleep in parabiotic rats.
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Characteristics of transient current in the atrial
myocardicum of the frog

Issei SEYAMA *

Department of Physiology, School of Medicine, Hiroshima University,

Hiroshima, Japan

Since Draper & Weidmann (1951)) repor-
ted that the rising phase of the action pote-
ntial of Purkinje fiber was closely related to
external Na concentration, several observa-
tions have been made with various heart
muscles in support of this notion234,
However, it has recently been shown by
means of voltage clamp techniques that
calcium as well as sodium constitutes part
of transient current during activity of
myocardium®8)?. Preliminary experiments
have been performed in an attempt to
characterize the transient current under
sucrose-gap voltage clamp conditons.

Preparation : Strips of 0.5 mm wide and
5 mm long were extirpated from the atrium
of the bull frog after pithing.

Solutions : The Ringer and the isotonic
sucrose solutions had the same composition
as those used by Rougier et al®. Thirty
per cent Na Ringer and Na-free Ringer
were made by replacing Na by Tris on
equimolar basis. Na-free Ringer with 9.0
mM Ca was prepared by adding 7.2 mM
Ca(Cl, to Na-free Ringer.

Sucrose-gap chamber : The sucrose-gap
chamber had five compartments separated
by four rubber membranes.

The length constant under sucrose-gap
conditions was estimated to be 1.2~1.35
mm®?. The efficiency of controlling the
membrane potential under sucrose-gap
voltage clamp conditions depends largly on
the width of the center node where measure-
ments are made. If the membrane resis-
tance during activity decreases to 1/10 of
the resting value, the length constant will
decrease to about 1/3. In the present
:experiments, the width of the center node

* HIL—IE | R AR —
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where measurements were made was 200~
400 4, and that of the sucrose compartments
adjacent to the center node was 1 mm.

Results : Under normal conditions, the
mean resting potential was estimated to
be 66.0+7.0mV (10 measurements). Upon
step depolarization of the membrane, a
transient inward current was produced
and followed by a slowly increasing outward
current. The equilibrium potential for the
transient current was estimated as 24.5+
1.0mV on an average 10 measurements,
leakage current not corrected). When Na
concentration was reduced to 30 per cent
of normal value, the equilibrum potential
was decreased to — 3mV. Removing ex-
ternal Na completely abolished the transient
current. As the intracellular sodium con-
centration in the frog atrium is estimated
as 23 mmole per kg of cell (wet weightlo),
Na equilibrium potential is calculated to
be 40 mV. When the extracellular sodium
concentration was reduced, the equilibrium
potential for Na should change to 58 mV
for 10 fold change in extracellular Na con-
centration. In this experiment, a slope of
53 mV was obtained. Therefore, it is rea-
sonable to assume that the transient inward
current is carried by Na ions. When Ca
concentration was increased to 5 times
normal value in Na—free solution, anomalous
rectification associated with moderate de-
polarizations and delayed rectification as-
sociated with strong depolarizations were
both enhanced without any sign of transient
inward current. However, a small (4.1 per
cent of control) transient inward current
was observed in Ringer containing tetrodo-
toxin (5 x10~7 g/ml).

In order to study the effect of membrane
potential on the transient current, two step

~ pulses were applied. A conditioning de-
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polarizing or hyperpolarizing pulse with -

varying amplitudes and a constant duration
(900 msec) was followed by a test depolariz-

ing pulse to —20 mV and of 300 msec dura-.".. ’

tion (Fig. 1). The peak amplitude of the

transient inward current associated with

the test pulse was plotted in Fig. 2, in a
value relative to its maximum value, as a
function of the membrane potential -of the
conditioning pulse'. The line in Fig. 2 was
drawn by equation ,
‘ 1

hoo= A
: V—40
Lresp( =)
in which Sand V represent the slope factor
and membrane potential, respectively. The
value of S was estimated-as 3 mV, and the
membrane potential where the transient
current was half activatéd was —40mV.
The mechanism of the transient current
was fully activated at the normal resting
potential.

Based on these observations, the tran-
sient inward current seems to beé carried
by Na ions. Although no mesurable amount
of the transient inward current was ob:
served in Na-free solutions, the small
current remaining in tetrodotoxin-Ringer
might be carried by other ions such as
calcium. '
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.Fig. 1. ' Effects of conditioning membrane po-"

tential on transient inward current associated with -
the subsequent test step depolarization in the frog
atrium. Top figure, the transient current associated -
with the test pulse without preceding conditioning
pulse. Left hand column, the transient currents,
when preceded by hyperpolarizations of -23mV
and 30 mV. Right hand -column, the transient
currents when preceded by depolarizations of 0.8 -
mV and 17 mV. Upper trace in each record re-
presents membrane current (white dot at the

"béginning of the record refers to zero current

level). Lower trace represents membrane potential
displacement from the holding potential of .—40

~mV. Upper vertical bar, 1 x 1078 A ; lower vertical

bar, 20 mV ; horizontal bar, 500 msec.
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'Fig: 2. Steady-state inactivation of transient

current in normal Ringer. Ordinate (he) is the-
peak amplitude of the transient current in a value

‘relative to its maximum value. Abscissa is the

potential of the conditioning pulse. Open and filled

“circles represent the case where the holding poten-
‘tials were set at —40'mV and —41 mV, respecti-

vely. Half-filled circles represent the case were
the membrane was held at the resting potential
(—60mV). The open circles with arrows are from
Fig. 1.
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