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Electrogenic sodium pump in myocardium Masayosi Goto, Tsuguhisa
Enara and Iwao TATEYAMA (Department of Physiology, School of Medicine, Kyushu

University)

BEMHMESKEREL CTH % © Na 32
A, RBROKABBHT2 &, hbatro
BEAEIBASL, HRIIEREEEZRAEL 2
BRBETH 5. b OEEEES 2
hiE, FIELBRGHRETD 1R (Wood-
burys®), 1966), 8L Tv %.0#5 Purkinje f#
M TR D104 THIIA Na, (Na) 2353
%2\ (VassalleSD, 1970). L LAEBEZREY
T Cix (Na) idER cieh, BHEme
DEE TS Z LA, HRIXEEAR L E
frAEic ¥ - CREBIAYIC Na 28EHH L, 78
Flz#EcKE2RILTRY, »>Nadppe
K IRIY & 23572 Y & couple LTy 585
5, Ao X5ic Na-K Ry 7 LIFdh T v
%33)55),

o Na-K K713, 1) Eiic ATP 214
BUTHIL S, 2) BUCHET 5 4Rk Na-
K ATPase (%3 5 1 o #HEAEEE carrier
mediated transport TH v, 3) FAEIHE
KEL T3 L &K, NERH-Tv5E
FpNawwk v gtz b, »o, 4) ATP
SHRIIEONE TITiabh, 5) HOEREE
Z OHVE CEREHOERIRE T2 BT 5
v 5 (Langer3®), 19682:FR).

ﬁEuON%Kf/7#ﬁ%ﬁ%ukE§#
54232 L8385 iz &h (Thomas™, 1972 ;
Kerkut & York3®), 1971%FR), #, &L
TR, FREREOMEBICVEELFLEE TS
vy BERERE ST 3. Dopamine # -
acetylcholine 75 ¥ #&E B 0{b3/E» Na-
KRV 7 EBRET 2EERD Y (AscherD),
1968 ; Kerkut, Brown et al.3132), 1969 a, b),

BN RIEWE 2 AR R v 7

UREAL 2 RE T 2R D 5 5. EKE
PLICHEBL L T, R 7HEOZE T
M50 Na-K o REERE, 0Tk Ca, Cl, H
4#/&&@%ﬁkw§b,;h6@ﬁ%%,
E 7o PRI 331 5 BREIR I B RERREIC

> % AJREMEN B 559).

FRREET R, B8 71 % & %% (Nakajima &
Onodera‘?), 1969), ‘B##; (Kernan3d, 1962 ;
Hashimoto®), 1964), Eig#5; Taylor et al.sd,
1969 ; Tomita et al5®), 1971 ; Kuriyama et
al.39), 1971 ; Casteels et al.®), 1970) 7z ¥ T 8
WEhTBY, ZTRBEEL T LHMIETY
H7 Tk s (Page & Storm#), 1965 ; Tamai
& Kagiyama?), 1968 ; Vassallesn), 1970). 7z
RZOMERZBRSAHDOE DL VR, FfE
BRBICBT BFHREBBICLOD, Ric#H=
DO T, Na-K R 7z Lz electro-
genic Na-K pump O.LfFic BT 2 BHELEE
L THz,

[. Electrogenic Na-K pump

Na-K R 71z & 5480 Na o K
DRI & DEFEHR 1:1 Tl T, #lzid
2:1 520ix 3:2FTHBEH TR, o
R PRMMIES L U CERSERL, EE
MICBSBEEZTETH 5. FE FEOM
Fae Na-K R 7B EEMCEEREL 5 3
ZENFEHE TR BB, ZhE electro-
genic Na-K pump &IEAL T35, ZoNa b
K ok, RMEREETIX 3:2 ThBLE
hTv 3 (Post & Jolly®, 1957), L Lf#
BOHATOR—HWRBIVEDLIA2bN
TELY, ©LoZoEGERTHREOEE I &
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D FESC X VBT B L OB AE T
->T& T\ % (Thomas™, 1972 ; Kerkut &
York33), 19712:H8).

—%, Na-K R Flcsir 5 Na & K ol
EasEsic 1:1 Thhid, Kr 7 BRERL
%3 42 L 7 (electroneutral pump). L2
L, HRBEPSE O & GEEBICA A el T S
drpERE diffusion barrier MFEETIVIER YV
FOWEBIC & - CESEBIC R 5 Na» Ko
ERBFcRESET 5 & & BTFHREN
B. LT, b LENKREIHED S 5HK
B o KEBER, Ky 7OFEEic k> THL
QW BEAE, B KofEEiic L
VIEBSHEL D 5. ok 5 iz, electroneutral
Na-K pump ic X » T4, HiHAICEEERLD
BRHEbh 3RS 5. Lrl, 14V
R % Ay RN SR T SRR BE N B B TETE
F5 v REREL, HEo s, Na-K
Ry Fixelectrogenic ThH B LEXLH T LICX
> T OFRBHRCHHAS LT 2. L
U, ‘BMICHIT 2 RELNER, OFEE
iz i) 5 A 2o lon exchanger &L
ToRE RN (Langer®D, 1973) 7z EHLEK
EhE o REEIE: electrogenic pump OJEFEHIC
LEWCPD LT BETHY, TOTLHBVE
EBEMBLOERNER AL 600 DI
LTwa L5 icEBbhs.

fithicg X, Na-K Ko 7Ic & 3055
RFE BT 3 0k EitodEgoEn
jz, cation ©OFHH: anion OBBE bR\
b, MBERHLANE <, BEOIRREN leaky
current A/NTHBLERD Y, JEEHHE
Haicik Ol K ol Eiftic shunt & TR
DWW E N D,

TORVFICE D EEAZ, EFO Gold-
man'®) (1943) O TREND S D L FARHH
EEB. Bmok o i, Cl oFatEds/hs
v, Cl BREZEBCHHT S %A, 7o
FE Uiz WEER Ea i Goldman o3 X D

_ RT, (Kh+bNa),
En=F10 R} h (Na),

(1 (b 2REhA 4 oMl A5

DR

b : Na %M Pr. & K@% h Pk
DLk

R: 7 =esk, T:ihaeg, F:or
77 —EH

Trahd, LarLl—ikic Ki>bMNalk Th
b

~ RT ; (Kkh+bMa), ...
En= P In K, (2)
Fibb
erem/rr— Ko pMNak 3)

Xl Kk
L h, b bEEMA Goldman #HiT L
72my &, Kl oBbick L e/ o7y

FHEESER L bh 3% ThH % (Moreton®),
1968).

DoV TOZ DX d ERFHT ERT D
hTwiwas, Gorman r Marmor!®20) (1970
a, b) it CLiE M O IR IR B ORI 2
T K) O EE BRI L, 4°C KR ouabain
ERTFTTIERE 532, 5°CLUEDEEEK
E#EAET i (Kl ORBEOFIRTHE &
g & 72 0, NEEALSHEIRIE L Y E B
FT5ZLEFLE (M1A). $hbbZ O
ofEEM I 1) Goldman X, TRE h 2%
L2 By FRBBRLEERD 2N bR
LT3 Z b,

fi5, Mullins » Nodat®) (1963) i, B4
ARREBIC B D, DRy T ORFET D ERKG
DOIEENL Ene 12X 0 —MMIC

~ RT j, r(Klt+bMNa ..
Emﬂ) T In ]’[K]‘-I‘b[Na]o (4>

7 - Na #it /K BR o b
TREhbs S, TabbNar K1l
AR E B b & 3 ko Goldman o3l (1)
Ly, NaoAZHpichtdh s L i y=oo
T KoEMEMIZIES L, Ascher (Thomas),
19728 8) X & S ICB Y T DHIC X BEEBME,
X (1) & (@) RoETRERDEER, —KIC
7[Kli»b(Na) &3hid

E,=Eniy—En
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A) Na Bfh %Y AU MROBEERD (Kl AL ovabain OHE. ONE, @

ouabain {EFI2047#%. Ouabain {EfI F CIXEMRMBIRS X bh b C LIt ERE. Bi#E K oFfi
BRIC BT 5 FV/RT DfE%ZRT (Moreton, 196940). B) Na EfijE/LE v M LEHDEIER:
CHEXNBEEMOBSE (4V) & Na eflux & Ok, EVHEESA B S (Glitsch®,

1972).

=L T O
cHbsh32T5. Tihbbr=155TH7
ik BEENE 10mV, =10 T 18 mV 2 &
W5z richd., LALIALDOEERTNTE
BT LRETOETH > T, Na Hv 7
PR S W CIEEE OB A ISR Lo
BirehsZLbdH b o 5.

1. Elckt 3 electrogenic pump

O 1o B 1T % electrogenic pump DTFTE

i, 1) REREE, £ 2) KERTER F

IR OB L& B L, Zh b OBROHM
Hapy K, Na 7z & OEEZ b bHERIE v 518
BN OFEMELEET S L) FETHEHAS R
7z (Page & Storm®, 1965 ; Tamai & Kagi-
yama5?), 1968 ; Glitschl®, 1969),

¥, RLEOLHERBC TS L&, K
OFIEEM RP JET+ 528, ZOETR—HK
12 200C DIF ¢ 2 L . Coraboeuf & Weid-
mann® (1954) x> ki FOHHALLT, 1)

ISR CR M EE S K &l Px < Cl Fif
M Pey ikl LT Na @ik Pra 238K 75,
2) BBy KR ass L, Mkt o Ko
BEIEMET T3, 3) HklN Na oBVH
LBEAT 5 L) SEOFREERZIERHE L.
Délezel0(1960) 1z = h b DATREME R © ¥ DOF
DRI OV TRET L, 20~37T°Co#ifE Tk
MBS IS ITHESHEE i el L, Nernst oz
THHETE SN, 20CLT TR PRENIEX
D 3ELEELEEMOKTHIELASZ L,
F 72 = 0Bz sk » Na % choline chloride
TEH LB L HBET 525 Py 0%
WO & 5 85 1 o REME A e 2 L B EER
Liz. DWW TAELEDE, MEERET L&
DEBMOBLNREL/10BN THE T 2 F
2, KoBEAR®» LI el B e R
FrxZibhivz s, F200EHED
BEL, fuF, €/ 33— FEE (2mM) & O,
RS AT TId 0 ~37°Co L5 CEEM L
PEEHHEE AT 5 BT R 2 b, #ERA,
Na Ry 7 OR et x ZFL .
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2 LEFO (Nak, (Kl & X OBERN (Vm) 2k JIETERIRRFE L, 25 <Emill

DR A) (Nali, (Kli 0Z{b. FMRZEOEEIZL & b305 2%+ 5. B) JWER. 150
B omEE 1 ~9 5 TRKLTWw%S (Page & Storm*®, 1965).

Page & Stormi® (1965) iH.LF 12 8 F %
Na-K R 70K 0BG 2R A, &=
FAOELFESE 2 ~3Ciz 1 ~ 2 FBEREL T,
HWKEAK 250, Na, Cl, HO Z3hn&s & 7048
AxED, ZhE 27~28C (cE&FEFEINE L
S oREMOEL L N« A VEE, HO
DLELEBIR L7z, T ORE, EBMETINEE
1S URICIERE £ THAT 50l L, #il
W Na 2 KEB IS E% S 2hig & ok
Bl eEmo7e (K2). 7FImL%E105
DA TO Na), K), Vi @Fshs Kt o
EHFEN) & Va CERIS ok Ein) 23
LR, ZhicH bk X 5, [KEHED
O Vit Vi XDEL NSV, FEmERI0%
#1. WBRGFE S X CHNEHO R 2L

SAAsAma k1 5 Kk, (Nah, K OEWEL Vi,
B X OEEAL. Vi (Page ~ Storm?®, 1965)

(Kl (NaJi Vi A\
(mM/kg cell H,0) (mV)  (mV)
IR R 1E 58+4 193+14 4142 25.6+0.7
2 [Rf4%
(2~3C)
T hn & 8546 131+10 5542 61.3::0.5

10 7 %
(27.5°C)

Bz o sz L Va id Vi 2 K& 3R
5. Zofo Na JEifi kg HRERSD /-
v 144 mM, K ik 75 mM, (K), 10mM o
L &2 343 mM & 223mM k7 v, Na it
FKEREZZELIBBT 5. o KRIRE X
# ks> K-exchange I 453 k&<, §
UNEEAL D [E1E 23158 TR T 0 180 fiF b K
ERBIEDHERIENRB LY., ZhbDHE
Ak NaCl 2 R e B L CLB D b %
23, 107 M o ouabain TiZIFELICIE S
5. PLEOFT RO IC S M Na-K R o 7
PHEET 5 &, K e Na gt iaifiac
X9 1Xv/, ThY, electrogenic pump ic 7
DHBZLEWES.

#J5, #aoo Tamai & Kagiyamad?) (1968)
X aLERBLOLERHICOWT, ERE 4°C
WCRRE 1~ 169 ReIPRTERR, BIET 5 & v
W, Tbh» CHEELED LESE OHB’D
5T LR, LERHT 267TmV, LEFTY
1844 mV (T2 L EBE L (M3). 2
- Z O35 HRI% ouabain (1075~1075 M) ¢k
L, DNP(0.2~0.6 mM), sodium azide ( 6 mM)
Tl s h, RERFKRT O Na & Li icB@#t
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ORI O A 2 LML DL L. A, B) BLER

DIEBALDRFRHERS. BE B ER L Bhvb. C, D) HLFE~? noradrenaline (2.5
1077 g/ml) DFhE. ERH, A (C) F71Bh T D) s a5 o LiciiE. =,
W N F N EBE, HAEEZRT (Tamai & Kagiyamas?, 1968).

LTRLERELRZV. £-B KD 3R, B
IR DEE A B PR L 225 AT
1%, 10z Eo KC (26.8 mM) & %\t nor-
adrenaline (2.5x 1077 g/ml) 5. CERE 73B5
BEETEZLTHB. T OFFRITHREEY
%G % % noradrenaline 73 Na R 7 ic HHE%E
HELTBY, »2Z0RV7EMLTOHOE
HRREICEES - T AN R WES. R
# 7 adrenaline |2 X %8 v 7 Dk ERA
IRV THRRE TV 5 (Burnstock?, 1958).

ST Glitsch91916) (1969 ; 1970 ; 1972) 13

ELE Y PLEFICOWT—EOERIE S
T, 4~6C ol 4 BRRER, B
L& v o [Na), (Ki B X BN 2 HE
L, Na-K #7240 0 K #E & g o Na
BEZhZFRICEEFEL, K 2 LEER P ©
Na $hitd EoB@SmL HR Lz w2 b, SME
DK RO Na Ry 72 iEMAT 22 &,
7z Na PR L OB OFRE L Officix
ERERrRS R EHL L (M1

B). < LT Bir 3 Na-K R v 74 B
ORI B TBESh Ty s b0 L &<
BEEROLDTHZ v LY. 2o, OiF
T electrogenic pump OFFETENR, FoHt
v ¢ Purkinje # #t (Hiraoka & Hecht,
1973), EemmB D H =, BT =05
#% (Niedergerke & Orkandd®, 1966 ; Eharal®,
1972) B ETHIEAS TR Y, FEOFICYE
EEICHBLY 5B LEL NS,

; II. EBEEOBE

Na-K &> 7 OEBEL~ O, Fhp
electroneutral #» electrogenic iz k - TH
72%. Electroneutral <& 344 1 1%, 1)
Na-K #v7ic k5 (Na), (K OZLaEs:
WIGREIENL AP Ic BT 2454 L, 2) [
JEFE LB RP o2z AL T AP o8y
PEELBELONL S, fi5, electrogenic
ThHHEEICIE, OO AP REHEIELE
b, ERO2EROE 2T, 3) Ky
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BB I ST s e L, 4
electrogenic pump iz & % RP o452 k%
AT AP c BT s WHREERD Y, SHICH
Hrihs, ZABICETAIHERE Z AR S
w, 1), 2), 4), o Tk AP o3& 0BT
B EOMROBBENBFEI DR, 3) OFf
RetEic DWW IR BN D 5.
Niedergerke & Orkand# (1966) (X =
LEgE KRR, Ca K2 Ringer #g iz 2085#
RAFELT, Fofo RP, AP, iUt Naj,
K) 0% bz B Lz, = 0fE, REmHic
1 RP WAL Tw 528, ok LiIEwichi
St L, BXO AP o overshoot {—
FHcE T 5 2 L BERVIEL. T O,
K} & Na) o fbziEkT s eicky, RP
O WO S HRNE N F i 75 (KD DM -5 <
oL, B KAE Ringer o>

—80+

—100 -

Membrane potential {mV]

~120

o1
IS

Na-K & v 7R Ic & - TRl K ok
PHET o7t LHER L7z, —J5, overshoot
Wk Na), oFdickseEx b h 3 0,
Na); oz k% Nernst ORIz H TEDTHS
L, FER & hie overshoot oAk, FHEME X
DL BEDIRPECT LBl TDT L
mowTiE, 1) Ry oM ) overshoot @
Wb w5 oA, 2) overshoot H{KANEIRK
7 Na S@tkokic X653, Ca zofli1 4+
Y OMEREL BB, W5 Ao FEHRARE
PHBEEERL, K70 AP ~oFE I
WTRBESTHR LTy,

2320y Eharal® (1972) 122 o & W 55T
T, RN T VLERE R KRE,
Ca Ri& Ringer iz 0izL, &bic1~3C
DAEI I 20~500F AR L, 2 OB L 7e
v o RP & AP o8 {bk FEHNC BB L7z,

: 5,10"%M Ouobain

50 ! 20
a b ¢ d oo/é)o
| | A
__ =60 :
o
& o %
s 7o s t !
= 90 o H
€ A €
i o/ o
g =80 S0
. s
g oo
S _ool
-
2 o
E-—IOO~ ° cc%' ©
1 19 1 ! L i} i ]

0 10 20 30 40 50 60 70 80 90
Time {min)

WAL IR (1~ 3C) (b, FIMRIGC 22 v Rl 7= L L o BGESAILR. A) 21
B VAV H T K (O 20mM, @ 10mM, A 5mM, A 25mM, [ 0.65mM)

o Ringer WiCHME Lo RP 0%k, B) fmitic 15 AP ok, a X Emiling,

b, ¢, do i pFiuEdL 10mM K Ringer i [CREm T, 10, 30, 50, 60, 65, 70, 75, 80
srE@ AP, C) RP O% (LI 35 X 1E9 ouabain o4t 10 mM K Ringer i cilfni. D) €
DOE D AP 0% (L. a, b, ¢ £ 1xFRF R CIUC A LAF R FUsk Lc b @ (Eharat?, 1972).
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bbb, KEMEEFETK 2L, Na 2Afsh
DR EMREC S WL £ 2 & bBEOHE
L, RP i3 —100~110mV 2T 5%, 0
W EER o (K i2f&FEL, 0.65~10mM
DEFETIIFIARFTCRIELY (K4). -
Na B0 0 AP 3oz~ 7ERL Y
L 7T N —FEH X b P IS & h, overshoot
Y 4255 mV ns —10mV ~EH LTy 32,
EEHE O BINE < RP 258551 b EFE A~
SBT3 L LICEEL, EHAST F—HE
HIELTL 5. ZoEEHzBT 3 Na-K#v
ZVE&H o overshoot ¥ L N7 T h —DREIED
EHEIZERD 1) OFEEEERET 5 & L b
iz, Na &#E0M5 @ overshoot o iz WEifE D4
v AP 3Bz RP 0% fkic X % 2 R b O T
Bz LRy, EEERP CROEAETT 5
LLbic APREETA L THS. BEHTN
&1k (Kl 10mM Ringer g TOEET, K
VIOERIC L VET S P —HHOEE R AP
NEET 32, BeE K 0RO DBY
W33 35 AP 3OS~ E %k > T
abortive L4232 L ThH 5. ZORKEILFR
BEO RP 0@ESHOBHARIT L b i ouabain
(5 X107 M) kL, (Cl), % (Ca), DEEIC
ELAEEEShv. »L LT, electrogenic
pump Ekik AP o IcEESFEET, L
BR YIS ORERNa) 2P L, MlERstoNa
DWERBEIERT Bk AP Zrie 7'
F—HOREIER S B RS h 5.

w5, Haas, Kern &2) (1970) XEFE £/
2, 4-dinitrophenol (DNP) {EH T o & =i
BHOMEMEE TR, BEERE K 0%
B&HE L, K electrogenic potential 23E#z
i AP OB Lic S5 F—HOMBIcEST
vy KERRHERHLE. $2b 505
mM DNP o# 5.3 AP oz 41 7EHKicEE
T 2@ Na oy & B e ZHHIL,
23K 77 MBS T s RS EEER
% 3 ~5 BNt 32, Ine OBz DNP
» Na pump #§lic Xk (Na); o#ike Na-

channel ##HYER ISR T & 3 O KA L
<, Is oL ki3 K-flux o 200~300%
OTLERESE S © iz, ERcx K-eflux
1210% piEk influx 1225~30% DA I & &
¥oTED, ToWke e s ToHEATERY
Lvd.
HORZOFETHEREFHPT 2D,
Na & 3585 L T electrogenic K pump
*{REL, DNP Bz ol ERLIHE T2
e, FRETERLAREERL oFEns
HEonsrEzik Na-K #r7ics g 5 K
e & Na gt o b L b 10 1 Tid s
, ZricfibH & o Bt & (Haas, Hantsch
B2, 1967) L rhiE, 1) p=LLEH TR
(KL,=1.35mM, (Na),=113mM o » & Na-K
HEEH: 8:1, (K),=108 mM, (Na),= 6 mM
DL 1: 10 b2fblL, FEE Na K>
KRS LFMILLIEREABZ L D BT
L, 2) KRy 7 oEgEEAME Er.=4+105mV
LIRS h, EEBEOBEN Vo Tk VakEr
ThBHhD, KRV IR X 3BRIEIAMEE Lk
D, EoBSETEYT 52, DNP offfT
R v TR E LT E T OB IRIEE,
zhEd hixmEshs 7%,

Z ® X 5 7z Haas, Kern 5% (1970) o R
L Helzik~ 7z Eharal?) (1972) 0B OMAH
FUTHBPREBREShTVERVE, [h
LR FOHEINR ST b —HO XD IR
BlEbebT v I ERFEI IS —HLT
5. o2 B ST L 7 electrogenic K pump
DELEEL, BERNa R E kit &k 5
Na) oEmzERLEXS. Lrl, —HKiC
B VMFED T T TR KOEEEE &b
iz Na® CapBltEnskcd v, By NafEifl
2 CaBHMNFET 5 & v 5 F3E (Rougier 550,
1969 ; Goto 522, 1972a) 7 b ThiE, KAEIC
LixKERoArLEL, KR 7OMMMEK
EL, HIENA A BEOHEERELE ERT
% Haas b0EZEPERIVEELEDZ IO
Ebhs.
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V. Na-K pump &0 #ouiEESD

B OO OUUHETR A1 A3 BB i MAE N
o free Ca P (Ca) icKELSh Tv % Z
LIk, WHEEHOWE & b 13 RV
(Ebashi 511, 1968). 7272 L, L DA 1B
WEeERRY, o (Cal BHEMENOSIEOER
X VET 5. D) MRREREROHEE L
%729 Ca o & & (Rougier 550, 1969 ;
Beeler 59, 1970), 2) BWEKORES /- ZH)
kI E L 72 Ca o 8 (Reuter 549,
1968 ; Baker 523, 1969, 1970), 3) #lapy®
Ca krg, /M, I bar R 7200
Ca fuAthic k5 Ca ofFEHR & M (Harris &
Opie?, 1971HH) 5 E¥Th 5 (K 5).

A BIEW

SR

INa Na
| 4 @ PalL
:OTDJ£
K
41"" Ca"'
|1

i

T T A
K5, [EA A ks s mian Catt o T &
(#ERX). A) B, B) IRMBI LG, KWRE
AR ORE LV LiETNRE 0D 5 b o, T
Transverse tubular system, SR : fj/Mafk, Mit :
IV FU 7. BEEA.

Na-K & v 723005 OUUREE 1B 5+ 5 &
FTHE, TS L ORI B « U & 7o
BEE O > E e BROBRICEE T3 LD
LEZDN BN, FROEFEEINEEE 2R OER
BaRTEER, Na-K w7 ofd s b gL
TERTHH VX LS.

ok D48, (Fisch & Surawicz!®, 1969 ; 4

FH30, 1969 ; i, FEESY, 19712MW) itXh
FEROERERE, 1) EER (T7Fy, 2
Yy, HEMeR=UARY) REBEODREIL
v, 2) mRAX R~ OVER IS
BICEEFLEL Ty, 3) R T =5
T VRIREAERR R A LTy, 4)
fatk~DERbED LV 2 v 9. L5 Na-K
By oKk Lr T3 Na-K ATPase 1
MRERROERECE I d v, ZoiMiE
THROEREEPKE oG 2 MmE+ 5 F £
(Caldwell 56, 1959) = {ER LMt L A
Bz s v, Na-K 2 v 7B ikEic w5+ 5 v
NS TBR L E ORI DA F AR
LTTdh 55 LHHSHD. BMOEBEERDIE
H#FIc o ToEL » 5 o 1) Hajdu 520
(1959) » K33, 2) Glynn!D (1964) Na-K
ATPase i b = OBICIB S D TH 5.
i L Na-K R 7olgn ok 5 i
B CHROERA Z RT3 MBI 508, &L
Ihpz@L, EERoFEHRERELZEL Y
z ikt o Na-Ca zeHuis@iLisk carrier
mediated exchange diffusion # FE#+ % %8
(Reuter & Seitz4), 1968 ; Baker®, 1970) »3f2
HEWEE ShTY 33N, = ofaffiiicov
T TICHRHRE LTRALEDT (85, &
B, AHED, 1972) BEMMIAENE T 52, EY S
2 Na-K o 7z & 0 4 U fpapysh o Na o
REARO=3 VY —%FH L ¢, Na &t Ca
RS, I ERE T Ca st~
RAHTBER 2L V52 L ThB. Daiz
FOERE R OER T Na Ko 72ME i Thid,
(Na); ohn e & % iz (Cajy 2880 UIGHETE /1
#k+5. Reuterdh) (1970) i thidz 0 X 5
5 RHALHL D &0,

KN e K : 24 #h Na;, Na, ¢

TEHEALE 5 T Michaelis %

Vg, F: 77575 —&% R:
HAER, T:iEeHRE

PRESLY B, Thabb (Ca) ik (Cal ikl
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6.
g, 1 biﬁj]ﬂnmﬁ'h 2, 3 """ 9@7(
1604 H ostsk. HANERTICIZ HBIRER 7
F7-hniEE#: AP 23 abortive ThH B
F b —EELTWEDS, WHEEH DR

I%Lkﬁﬁ%m#éaﬁﬁbr
Tn=k, (Ca}i=k, [Cal ;

ki, ket ktﬁ‘ﬁ§§i

B ER R ﬁiww%ﬁ@ﬁ%ﬂﬁiﬁﬂ

BRIFILT, MEBMVRERRNCEL 25 v
D To OB{LEBIFL, EBICHEES Taix

V—Ex. Oxt$icigi@hfiL Loy

BZEEHLMZLEE. AL LT, Na-K Ko
7R HREASt o Na JBEAE L, = iz <

PRHTEIE B <AL, Wm%ﬁT mf ]

IiE

L
J 3
@

5B

:70 80, 100 120
REZFELELT WD
60%?&@: 7

?L £%©%umﬁﬁ%ﬁﬁ %7 K-
FREEOEFHO S ik, BB L THH
mcEEShTeRerb, KLikbbsa
Na)i, (K}, OZHLIC & b 75 RP 0%y, AP

“bm{iééogm@ B L 7 RS
RSB

[ 6 13{KIR 4°C I 24RF R TERS, BINR D S
VA XOEFLEE OB & IWHER 0k
EEB U 72EE, STl CGRER) OFRTH 3
2, Wik, ¥ -7 RP 1xE4E, abortive
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bofe APRERLEEL 7 > —HERET
B0k, WHEEHOFIXBICRPEREL T 5
TERHBENTHS . RERFIC X VEERL
7= (NaJ; »3 AP # abortive |z 3 5 7% (Eharal?),
1972), ¥k L7 (Nak ik Na-Ca zefeffric x
v (Cali Z#4inL T (Reuter & Seitz1®), 1968),
AP oIl b b TINHEE S 0 B i K
EbebLicbolEx b5, REEEFTRE
BT VDEHTLEES TS (FEE, E
H).

V. Pacemaker potential ~o7&E

Na-K &> 7343k, mags Na@A, K
Bi) BoREBRICEREHC T 54 5
E, R O %I MR e X D IR
{LENBETH B, FE, MREHR ORI
THmE O Px LAC X BBESREN L 3Bl
Rt o B REBETE #% o il 5 ik posttetanic

DURATION N

DRI VE

120 :;

hyperpolarization 737 5h, Z a3 ouabain,
DNP iz oftss, 0. xZ, KRE, Nao
Li @z Yo X Vil & h, electrogenic
pump I X AEENRH DT LA FmL I T v 2
(Ritchie & Straub4), 1957 ; Straub®®, 1961,
Nakajima & Takahashi‘®, 1966).
M O NBEBTE 0 A A 2 F RO B
Wmorn LR 55, VassalleSh (1970),
Carpentier & Vassalle?D (1971) i34 XU o
Purkinje #HElz > v T, 1T Lo T overdrive
HBOBEOESHR L CHIME & o8 L T electro-
genic Na pump PNEEARKEZ L TWHT &
¥ BN Lz, T b Purkinje i % 45
4% 30~120 [E| O #BEE ¢ overdrive 5% & &, fi
KRBT L — D > TIER L RIS RS
D, EEILoobRccEE T 50, €
»% pacemeker potential 75 % ilfE W
RO FEIZERD, BEME EFA L, HBERED

20 mVY

50 sec

7. EEEEERT Purkinje SEOMINEPTERIC B JIET overdrive 0@ R, AP DRIT
DB DB AYRAIE L, 1355 120 [{l0> overdrive DI % 15800 1 120 B THEE L /e &
OELERLTH 5. BIEAIE overdrive DY M L, OBLBSMITH LD L&, Ez

overdrive {2 }-#/Z pacemaker potential @
W5 Z 2k (Vassalle®”, 1970).

2 M X, HI)R

FDY RXABRKTLT
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Y XAHETT 5 (®7). ZhboBHRIIINE
Na o Li B#i% 7z strophanthidin, DNP o
ERcHESh, BEEROFREOZEEZHL bR
Wb, P, Po O ERIZIZ6D T KT
Na-K R 7oiEt#fbick 52 b 0 LExbh
%. %7 Carpentier r Vassalle” (1971) 1%
noradrenaline 7% overdrive H DJ4HE &
Hl, FLEBROBSBEERT S L0, Th
» Na-K R 72 EHERT5 2 &, Ll
strophanthidin o & v 7 OHEIERICIZFER L
2B LB EEHALNCLTVS.

»L LT, OfFic v T posttetanic
hyperpolarization APl DBEE X H B B D A
7z 5%, electragenic suppression 75 % Na
Ry 7k 5 BEREOMEERA S Y, AHEN
{EiEME noradrenaline XXV 7# ML TH
B EE TR LIRIER E RTHE Vb B &
vz X 5. Vassalled) (1971) I ER LB
T Purkinje ##E o BEIRRRIAREE O T X
V&L Hex T overdrive ShTvwa b, BZ
5 ¢ = ofEm electrogenic suppression AT
P EBPROEE Z B ICHH L TR Y, B
=7 n v 71 o ventricular escape HIRiEB
FABRBHEETARETHS I L.
¥, electrogenic pump 1ZiRFE S DIEENMNZ O
b O bEHERD B LHERISh, DEFREOR
Hicb s FHCEEL T v % AIEEND S
5. WwFhick X, Na-K R 7B
BMELS 3L wIHFRE, DIROWERERE, &
BIRCEEL CEATRELOBH 5.

vt 3 v

MIRAS O EBA 4 v OWBERRL EHERE L,
A OHIFSREIC AR 2 & E & R Na-K K
VN, B, R, VR, R, B
TR OBENREICEE T vbiuT
VAR, HICUEICR Y TR ROEEER OO
ER» b WO PR X9 IT, OEEE, IUHE
¥ BERORESICERRFELEL 5. iR
Bk En b oEBELY 2+ Na-K pump D045
B B EEIEE L 2 OIEEN, FEEAM, IX

MRS, BIUHBRRBIZESCOVTE
BLTAHELDTH 5.

B EBRTE S b AR A H T &
TERCR, — &Rz Na-K R 7k, Ak
MREORERRBICHFET2b0THE 20, &
BREGTE b, WERAEZAC X ) EER
BEERETLDOLEZ DN, &%, BELHD
WRBIZ OV TOWEDOREN IS LY. %
7z Na-K R v 7" M & IREBAL & iR E
RTLDTH Y, £ EKEHZE 2RBRE
B ST 2 EkD 2 5B ORMEE LTl
BshThwiBEbhis.
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EEffect of detergents on taste reception Takako Nuta, Takashi YaMA-
moto and Yojiro KAWAMURA (Department of Oral Physiology, Dental School, Osaka
University, Osaka, Japan)

Gustatory neural responses to ionic and nonionic detergents and effects of preliminary
treatment of the tongue with detergent on gustatory neural responses to acid, quinine, salt
and sucrose solutions were studied in rats.

Summated responses of the chorda tympani nerve to ionic detergents consisted of phasic
and steady state responses and their magnitude increased with increase in concentration
of the detergents. Nonionic detergent did not induce such responses at all, and reduction of
spontaneous discharges was sometimes recognized.

The magnitudes of responses to salt, quinine, sucrose and acid were usually reduced after
preliminary application of detergents to the tongue. However, in some cases, the magnitude
of response to sucrose increased after application of an anionic detergent and patterns of
summated responses were changed.

The inhibitory effects of detergents on gustatory responses increased with increase in the
concentration of detergents, and recovered with time. The inhibitory effects of the ionic
detergents on four taste responses were obviously different, but the effect of the nonionic
detergent was almost the same regardless of difference in stimulus. The inhibitory effect of
mixture of ionic and nonionic detergents was equal to the sum of those by individual
single detergents, and it is assumed that ionic detergents react with the taste receptor

membrane.
Based on these results and chemical nature of detergents, the nature of the taste receptor
site was discussed. (J. Physiol. Soc. Japan (1973) 35, 576-583)

key words : taste, chorda tympani, detergents.
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120, C;;H;0(C,H;0),sH, 0.1 M © pH 4.8) %,
1 A L iEMER] & LT cetyl-trimethyl ammo-
nium chloride ((CHy(CH,);sN(CH,);) Cl, 0.1 M
< pH5.1) BERERPLA 4 LRI L 107
~107'M DOEETH v 2. B, ThbRE
TEHRNLOT % LOME CERDE & A T
5. :

BRI, BRKIBEEOREBLBET 572D
24°~27°C Db D% P iz,

M. #% R

1. FREFAEEER ORFRBETICE
SEORMIEEAIZ BOBOEFICE X 72,
Fig. LicRT Lok, A F v iEoiEERILIEA
I A OTEERI CEBRMRES B ICE LV E
NED Bhie. 44 rHEoEER (107M) <k
Aty BA A EERIL bR EE AT
BRI —BEtEOEH RIS (phasic fH0IEE)
DEL, BHE—EBLVSVICETETL, €0
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(A) Anionic Detergent

B
MJ

T
(B) Cationic Detergent

*
(C) Non-ionic Detergent
1

(D) e
1

Fig. . Summated responses of the chorda
tympani nerve to 107!'M detergent solutions
applied to the tongue surface. (A) Anionic deter-
gent. (B) Cationic detergent. (C) Nonionic deter-
gent : no responses were induced. (D) Nonionic
detergent : spontaneous discharges were reduced.
Stimulus was applied at an arrow. Time in second.

VUL EHER LT (steady M) (Fig. 1-
A, B).

LA L, FEA A o HoEEA (100'M) o4
g L A P RERHEET (Fig. 1-C), »x o
T, BEBEIBLT HA LR bhiz (Fig.
1-D).

Fig. 2 X 3SEOEMAIORE-IEEHMRE B
OBDOLFICSERLE LD TH B, HEhicX
0.1 M &HEKDOFRMEBFESINE % 100 & L

o TR BE OIEMERIO & R R L. E#1Z phasic

HOFLEE, WL steady FHOIREERLT
Wa. A UHEOEERITIREE BF L <
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phasic #f, steady FHL ¥ ICiSZEESEM LT
D, FEA A CTEERIRE RS S o 7.

2. PUEEABR O LSBT 2 RE TG R O
HEEIES

HLPU®, —EREOEEREFICERNS
¥, IEHEFIE & OZ)S control level 24 ¥
2 E TKEE L7ctE, oMl COHRBEEIR & IR
FICEA R OSRMRBRESINE 2 RE L
7.
TEHER DR OB ofEfHIC X v Il oK
& JTAEET A2, EHRLEIC X B RERE
DINHIZIE & B RIREHE & o BRI HRE TR
DI b BT, Fig 3IR LA LR
BROMEM % 78 Lz,

(%) J 4—4&  intonic ( Rat 4 )

e— e Cationioc { Rat 37 )

Fon-ionic ( Rat 22 )

Conc. of Detergent (M)

Fig. 2. Concentration-response curve for deter-
gents. Abscissa : Concentration of detergents.
Ordinate : Response magnitude of detergents,
given in percentage relative to the response to

0.1 M NaClL

Fig. 313 0.005 M 2% = — R EHKITH T 2 2
2, B A UEMRREIC XY, iR
T AEPERLESDOTHD. HEENTIEHAE
EH S 303 br— A 0OF=— 2 ORE
B4 100 & U7l E &Y, BT iE e
BB ORMFEZ R LTS, (K 107°M,
1072 M) crRAEIEHERIEAE, 5 5T
BERRICETHN, 20#%, —EDL-Lick
CHEHE L. 100 M CidiEREg 3 < i
BROWMFEVAAVICEL, Tofflv vk
AR R Lictt, —B0 v E TEIE
L7z, IEMERILHE X 2 5I05EE LIk 2 1%
FEHARES B VEEL, %72, BELS
{/d (107 M D3fG) LIEMHANLERE 1 K
MR L TH %R EE Lsd -7k,

(%)
50 /
0
10 20 30 40 50
Time (min)
Fig. 3. Time course of effects of various con-

centrations of the anionic detergent on gustatory
response to 0.005 M quinine solution. About 5
minutes after application of either 1072 M or 1073
M anionic detergent to the tongue, the quinine
response was inhibited strongly, and then the
inhibition gradually recovered to the control level.
In the case of 107! M detergent, this inhibition
was strong, and did not recover well. Cross mark ;
103M anionic detergent, solid circle ; 1072 M
anionic detergent, open circle; 107* M anionic
detergent. Abscissa : Time in minute. Ordinate :
Relative magnitude of response. The control
quinine response is given 100%.

(%)
1007

50

]

0 0.01 0.1 1
Conc.of NaCl (M)

Fig. 4. Effect of 107 M anionic detergent on
the response to 0.01M, 0.1M and 1M NaCl
solutions. Almost the same degree of inhibitory
effect was observed for all the responses. Ordinate :
Relative magnitude of response. The control re-
sponses to each stimulus are given 100%.

Wiz, Bl o7 BEOR—BREEBROISEI
B IETREEER OMBIZE LRI L.
0.1 M [ A LIEMRIE v c4, 0.01M,
0.1 M, 1M oA&EKDOE K T 2IHI%E
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Anionic Detergent

(%)
100

50

10 1
Conc., of Detergent (M)

Non-ionic Detergent

(%)
100} =
A d o
~X T
\\\\Q\:
50 ax
0 3
10" 1072 107t

Conc. of Detergent (M)

+ Cationic Detergent
(%)100 3

kiiifhj
50 '

W

107% 1072 107
Conc. of Detergent (M)

Fig. 5. Relation between the concentration of
detergents and its inhibitory effect. Degree of
inhibition (Ordinate) was proportional to the con-
centration of the detergent (Abscissa). Anionic and
cationic detergents strongly inhibited the quinine
response, but only slightly inhibited the NaCl
response. The nonionic detergent showed almost the
same effect regardless of the quality of taste stimuli.
Solid circle ; 0.1 M NaCl, cross mark ; 1 M sucrose,
open circle ; 0.05 M tartaric acid, solid triangle ;
0.005 M quinine. Ordinate : Relative magnitude of
response. The control responses to each stimulus
are given 100%. Abscissa : Molar concentration
of the detergents.

% Fig: 4 R L. 75 7 oftilni R EiEsE
F & B 2RI OFREOREOFE % 100 &
Lics & 0ZhZThoBEOAREOEERR
T TEMERIALERLE o BHE O BT SRE IR 28—
EVANVIEELEBOETHD. 2 ORE2L
ERBBOBRELZLLSETY, EHEFickY
FRECMEDREZT B LAHLMCHE -
7. :

Kiz, 3EOREEMEAIC>&, FEHEHIOR
B & MIRE DA 2 WO B 4R & 73
X, 4~5f|0FHELE Fig. 5 Rl X
CRT XS IeA F o HoiEHR L 3Eq + o
A CRIHSIRR Rz -7, Thbb, A

(%)
100

50

¥4
A CNACNIACN
Sucrosel NaCl [T, Acid{Quinine|

Fig. 6.  Summary of the inhibitory effects of
three different detergents (107*M) on four taste
responses. A ; anionic detergent, C; cationic deter-
gent, N ; nonionic detergent. Ordinate : Relative
magnitude of responses. The control responses to
each stimulus are given 100%.

A UEDIERRNIC X - Tk = — F DIRER R
bRELSTHISH, FOIIHEZT R VEIRE
DIHIR L OEVEHTH o728, A4 M
DOIEHEFRBLE T, FHREEIFRRBEOWH %
ZFie. —F, RUA L o HoOEERITH - T
b, B A UEERICIE L EoREICR T B
WHIRBIE L AR TH B0, BA 4 Vg
HAICRBESEIEISE LV b3 k&L
WhlEh, A4 U AEOEERIOR T b FHRIGE
T 2 IHEIIRICERED bk,

Fig. 6 ixpukoisZicst+2 10°M o 35
OIEHRIOMEBIREZR LI b DTH S, ik
BRFA A EERICE VR D K & &
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, WOTHA A AFHR], BA A L IEEEIO
Bz K& < & 52 7o, HRERIEA A 9E

HFI X Vb ARESHFl s, KT, BA
A UTEMER], B A IEERIONE T H 5 k.
B, % =—FEEOREEEA A o ENRID i
bRERMEBEELRL, KT, B4 g
HH, A A VIEERIDIETH - 72

W, EOREEA A EOEEAIL Y b, Ik
A A UEOIEMANC XV K& IH 2T 5 0
LT, B, F=—F0IRBxEoMcA S
VHEEOEMRIT, XYV RELMH Sh &
7, W, B, F=—REEORE, BAA UG
PEFNZBS A A AEMR X D IR B K E
b b b, BB TR oEmETR L
7z,

(%)
180

160
140
120

100
Rat 20 Rat 43
e Rat 85 ( 199C )

80 Rat 45 ( 38°C )

0

5 10 15

Time in Min
Fig. 7. Enhancement of sucrose response by
an anionic detergent (1072 M) obtained in 3 rats.
No temparature effect was shown in Rat 45.
Abscissa : Time in minute. Ordinate : Relative
magnitude of response. The control responses to
each stimulus are given 100%.

3. A A UIERMEHIC X BRSO/

B, —MicHmEiEER 2 FIC/ER &
ﬁékm%gmﬂ#émgm%ﬁﬁﬁﬁﬁwk

BB A TEHER TR L 7 A O FEIRE
uOVT@& W IGE DR BB b 34
ﬁi)’@ -7z,

Fig. 7 13 1072 M D&« 4 iEEH % EH &
Bl OIS E R L KR Lz b o T
5. 7B, T OREDHRIEE (19C) k
WTHEER (38C) B ThHBELEZZ & i

b, BECRE L CRESRESHHA LD, M
BIERHELZYVTHL0TRARVESZLD
ns.

4. REEEANC X BB — %k
A F o PEER O RTNEEIIC X - T, BRLPED
ﬁ%%ﬁ%ﬁ SN S — U NE L BT S

BAENS -7, Fig. 8 wx ozl Fig
S-ARBEDIFEERLIZLDTH B, BAA v
TEVEABLE G, BIARE 52X BEROMD DA

(A) (8)

Control

JJM

1072 [N

wa

0. 05 M
Tartaric Acid 1 M Sucrose

Fig. 8. Changes in the time-course of responses
to acid and sucrose by application of cationic
detergent and by anionic detergent. (A) A notch
became apparent at the rising phase of the acid
response by a cationic detergent, (B) The phasic
phase was abolished in the response to sucrose
and its rising phase became gradual by 107! M
anionic detergent.

(A) (B) (C)

Fig. 9. Inhibitory effect of a mixture of diffe-
rent detergents on taste responses. (A) effect by
anionic detergent (10°1M) alone, (B) effect by
nonionic detergent (107?M) alone, (C) effect by
mixture of anionic (107 M) and nonionic (107* M)
detergents. Numerals indicated in the solid bar
show the rate of inhibition of response to 0.05
M tartaric acid by detergents.
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Dual effect of low-K Ringer on the contractility
of bulifrog ventricle

Tsuguhisa EHARA *

Department of Physiology, School of Medicine, Kyushu University,

Fukuoka, [apan

When muscle is soaked in K-depleted
fluid, the activity of Na pump is suppressed
and Na ions progressively accumulate within
the cellsD®. A recent observation showed
that the electrical activity of bullfrog ven-
tricle is greatly affected under these circum-
stances?. The present report will concern
with an alteration in the mechanical activity
of the myocardium under similar circum-
stances, which is probably related to the
changes in the intracellular ionic environ-
ment.

Thin strips (diameters 1 ~ 1.5 mm) of the
ventricular wall were excised from the
bullfrog heart and mounted in a perfusion
bath at 19~20°C, and stimulated at a fre-
quency of 10 c¢/min. The twitch tension of
the muscle was measured isometrically with
a mechano-electric transducer attached to
one end of the preparation. The rate of rise
and fall of tension were also recorded with
electronic differentiation. The transmem.
brane potential was measured with conven-
tional glass microelectrodes filled with 3 M-
KCl. The preparations were initially per-
fused with normal Ringer solution (2.5 mM-
K) for 1~15hr until the twitch tension
became steady, and then the bathing solution
was replaced with low-K Ringer solution
(0.16mM-K) for the purpose of increasing in-
ternal Na ions. After 2hr of perfusion in
this solution the original fluid was reintro-
duced. The concentration of Ca was 1mM
throughout.

Figure 1 shows simultaneous records of
the tension and membrane potential obtained
during the course of the experimental pro-
cedures. The results of similar experiments
in eight muscles are summarized in Fig. 2,

* SR L AR R T R
{Received for publication December 2, 1972

in which five parameters for contraction
and relaxation, i. e. peak tension, maximum
rate of rise of tension (dP/dt)max), maximum
rate of fall of tension ((dR/dt)m.), time to
peak tension (TPT) and time to (dP/dt)max
(time to maximum activation, TMA) are
illustrated. TPT and TMA were measured
from the onset of contraction. As can be
seen in the figures, the peak tension was
enhanced immediately after the application
of low-K solution, and this potentiation was
mainly due to an increase in the rate of rise
of tension. This is the well-known inotropic
effect of low-K solution in myocardium.
However, when the perfusion in low-K solu-
tion was continued, a delayed effect appeared.
The peak tension tended further to increase
with increase in (dP/dt)m.., whereas (dR/
dt)m.x decreased. It is interesting that TMA
gradually shortend in spite of the prolon-
gation of TPT. Thus, the muscle soaked in
low-K solution for 2 hr showed a character-
istic pattern of contraction, i.e. rapid onset
and slow relaxation (Fig. 1c) in contrast to
the normal. These effects were reversible.

On the other hand, overshoot and plateau
of the action potential were gradually
depressed in low-K solution (Fig. 1 c). These
changes are due to the intracellular accumu-
lation of Na as reported earlier®®. A com-
mon effect of low-K solution, prolongation
of action potential, was also seen, so that
the relaxation of twitch began during the
plateau potential (Fig. 1c). Therefore, the
relative decrease in the rate of relaxation
seemed at least partly due to the prolonga-
tion of the action potential. It is of interest,
however, that the twitch tension tended to
increase in spite of the marked lowering of
plateau level. These phenomena are not due
to the intracellular accumulation of Ca,
because the muscle which was soaked in



Fig. L. Early and late effects of low-K solution
on the twitch tension of bullfrog ventricle. Record
a, in normal Ringer solution (2.5 mM-K) ; b and
¢, 20 min and 2 hr after application of 0.16 mM-
K Ringer solution, respectively ; d, 1hr after
reintroduction of normal solution. The differential
curve of tension (upper trace) and the membrane
potential (middle trace) are simultaneously re-
corded. Vertical bars are calibrations of 100mg/sec,
50 mV and 50 mg, from top to bottom respectively.
Horizontal bar, calibration of 0.5 sec.

low-K solution with 0mM-Ca for 2hr
showed a similar change in the pattern of
contraction when 1 mM-Ca was added there-
after.

The results clearly show that low-K
solution has a delayed cumulative effect on
cardiac contractility, in addition to its well-
known inotropic effect. It is probable that the
intracellularly accumulated Na ions altered
the kinetics of activator Ca so that they
enhanced the contractility and brought about
the specific contraction pattern of rapid
onset and slow relaxation. Considering the
present results together with the fact that
external Na ions modulate the contraction
and relaxation in frog heart®4), it is possible
that external and internal Na ions have a
reverse action on the contractility of frog
heart, or that the concentration gradient
of Na ions across the muscle membrane
controls the contractility. The immediate
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Fig. 2. Changes in peak tension (Q), maxim}im

rate of rise of tension (dP/dt)max, @), maximum
rate of fall of tension ((dAR/dt)max, %), time to
peak tension (TPT, V) and time to maximum rate
of rise of tension (TMA, A) during immersion in
low-K solution. All values are the means of -8
experiments and expressed as percent of control:
At 0 time the solution was changed from normal
Ringer (2.5 mM-K) to 0.16 mM-K Ringer solution
and at 120 min, vice versa.

inotropic action of K-depletion has still to
be explained. ‘
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Summation of contraction of the crayfish muscle fibres
generated by the voltage clamped stimulation

Moto MATSUMURA and Naoki HiINo *

Department of Physiology, School of Medicine, [Juntendo University,

Hongo, Tokyo

Since the work of Cooper & Eccles?),
many studiesH®)” have been done on the
mechanism of the summation of contraction
in frog and crayfish skeletal muscles. In all
these previous studies, however, the shape
of action potential as a stimulus or the
change in membrane potential produced by
stimulative pulse was not controlled. In the
present study, the summation of the con-
traction generated by the controlled depola-
rization was investigated with the voltage
clamp method.

The membrane potential of the short
muscle fibres prepared from the epimeralis
contractor muscle of the crayfish was clam-
ped with the ordinary intracellular micro-
electrode, and the membrane potential
change and resulting tension were simul-
taneously recorded. The holding potential
(V.), the depolarization potential (I7;) and the
duration of the depolarization were cont-
rolled so that the peak tension might be
around one tenth of maximum potassium
contracture. The temperature of the bathing
solution was kept at 17°C by the thermoele-
ments. The measured parameters for the
changes in membrane potential and tension
are illustrated in Fig. 1, A. The time course
of tension generated by a single depolariza-
tion is H (), and its peak valueis //,. I1, is
the peak tension of the summed contraction
by two depolarizing pulses, and its relation-
ship to pulse interval is shown in curve 0
in Fig. 1, B. It is found that 7/, is more
than twice as large as [/, when the pulse
interval is shorter than 0.5sec. H, is the
tension in the contraction by the second pulse,
which is the maximum of the difference bet-
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ween the summed and the single contrac-
tion. The curve ¢ is a plot of H, against
the pulse interval. H, is larger than the
peak tension of the single contraction when
the pulse interval is shorter than 0.5 sec,
and the curve ¢ shows the minimum when
the interval is 0.7~0.9sec, which corresponds
with the time of peak for the first contraction.
I, is mesured by subtracting the tension
at the time of the second pulse from the
peak tension of the summed contraction, and
the curve d shows the relationship between
H, and the pulse interval. H, will be a
measure of the capacity to develop tension
at that time during the contraction. From
curve d, it is apparent that this capacity is
maximum immediately after the first pulse.
However, for the short pulses as 20 or 50
msec in duration, this capacity becomes
maximum at the instant after 0.1 sec from
the first pulse.

In order to estimate the effects of the
duration of depolarization and of depolariza-
tion potential (V,) on the summation of
contraction, the ratio (/,/H,) was taken as
a measure of the second response. Shorten-
ing in the duration of 7, seemed not to
alter the ratio significantly. The ratio was
also independent of the level of 1/, The
duration of V, and the pulse interval were
kept constant and only the level of 17, was
changed in the range between —35 and —50
mV. If /, and I, were plotted against 1,
it was found that both 7/, and 11, were
increased almost linearly with an increase
in 7, and the ratio was always constant.

Fig. 2 shows an example of the experi-
ments, where the membrane potential bet-
ween pulses, (V,) was held at either depola-
rized or hyperpolarized level. If V, exceeded
the mechanical threshold potential, the
tension continued to be increased during
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Fig. 1. A ; Description of the parameters for
membrane potential and tension. Holding potential
(V,), depolarization potential (V,), holding poten-
tial between two pulses (V,). See text, for (I,),
(H,), (H,) and (H,). B ; Tension parameters of H,,
H, and H, are plotted against time after the start
of the first pulse and are illustrated by the curves
b, ¢ and d, respectively. Curve ¢ is the tension in
a single contraction. Membrane potential was
changed from —80mV to —40mV for 0.1 sec.

pulses (Fig. 2, A). As are found in Fig. 2,
B, C and D, however, if the level of V, was
below the mechanical threshold potential it
did not show any effects on the tension
parameters. - These ' results were imcom-
patible with the findings of Dudel®), and the
discrepancy will be studied further.

‘When the second pulse was applied shortly
after’ the first pulse, H, was moré than
twice H,, and H, was larger than'H,. These
results are qualitatively consistent with the
finding of Horowicz® that the time integral
of tension for two pulses is more than twice
that “for a single pulse in frog skeletal
muscle. Therefore, it is suggested that a
certain facilitatory process in ‘excitation-
contraction coupling is built up after the
first pulse. The cause of the facilitatory
process will be an increase in the number
of -activated myofibrils or an increase in the
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Fig. 2.~ Effect of the holding potential (V) bet-
ween stimulating pulses upon the summation of
the contraction. V., was —50mV in A, —61mV
in B, =84 mV in C and —117mV in D. Three
traces were superimposed. Initial holding potential,
—80mV.

degree of activation in each myofibril. The
present results suggest that the latter cause
is more probable than the former one, be-
cause [H,/H, is rather independent of the
level of V', and the duration of V, within
the certain range and the hyperpolarizing
pulse between depolarizing pulses has no
effect on the summed contraction. It is
interesting to compare the present results
with the findings of Ashley & ‘Ridgway!)
who showed larger Ca-induced light-emis-
sion by the second pulse than by the first
one..
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Na-K ATPase activity of isclated sweat gland from monkey

Kohachiro SUGIYAMA, Ken HOTTA and Hiromi TOKURA *

Department of Physiology, Nagoya City University Medical School, Nagoya
and Primate Research Institute, K yoto University, Inuyama *

It 1s known that the sweat and its pre-
cusor are hypotonic and slightly hypertonic,
respectively, comparing with the plasma3),
therefore, secretion and reabsorption of
electrolytes must occur in sweat gland as an
active process. The presence of Na-K ATP-
ase activity from which the energy for
transport may be supplied, has been demon-
strated in sweat glandb?.

We investigated the kinetic properties of
ATPase activity in isolated sweat gland coils
(secretory coil and proximal duct) obtained
from the sole of adult monkey, because their
properties are similar to those of man in
respect to the reabsorption of sodium®.
Also, we examined the developmental chan-
ges in Na~-K ATPase activity of sweat gland
coils in relation to their morphological and
functional development.

The specimens were dissected out from
the sole of three newbones, four child and
nine adult monkeys. They were immersed
immediately in the medium containing 0.25
M sucrose, 1mM EDTA and stored at
—20°C. Sweat gland coils were isolated under
a stereomicroscope (x50) and homogenized
using a small Teflon homogenizer at 0°C.

ATPase activity was assayed at 37°C in
a 1.2ml of reaction medium (see the legend
of Fig. 1) containing 0.1 ml of homogenates
(10 to 40 gland coils). The Na-K ATPase
activity was calculated by subtracting Mg
ATPase which was defined as activity in the
presence of 107* M ouabain, from total ATP-
ase activity in the respective medium.
Activity was expressed either as moles of
P; liberated per kg of protein per hour or
nmoles P;/gland coil/hour. The rate of P;
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liberation from ATP was constant with
time up to 60 minutes under the conditions
employed in these experiments. The maxi-
mal activation of ATPase was obtained at the
Na concentration between 100 and 150 mM
in the presence of 10 mM K. In the presence
of 100 mM Na, the maximal activation by
K was obtained at 10 mM. The Na-K ATP-
ase activity was not dependent on the
concentration of Mg between 1mM and
3mM at 1mM ATP. The optimum ATP
concentration was approximately 3mM.
Maximum velocity of hydrolysis (Vu.) and
Michaelis constant (K,) of this enzyme in
the standard medium at 37°C obtained from
the intercept and the slope of Lineweaver—
Burk plot were 11 moles P;/kg protein/hour
and 1.1mM, respectively.

The activity increased with temperature
up to 45°C. Above 45°C, the activity decrea-
sed as shown in Fig. 1. When the logarithm
of the activity was plotted against 1/T
(Arrhenius plot), the diagram consisted of
two straight lines giving different slopes.
The values of activation energy calculated
from this plot were 2,600 cal. and 14,000 cal.
at above and helow 40°C, respectively. This
fact indicates that the maximum energy
release from ATP can be expected to be the
most efficient at 40°C.

The Na-K ATPase activity of single sweat
gland coil on 3, 9 and 30 days old monkeys
was 0.76, 0.94 and 1.00nmoles P;/gland
coil/hour, respectively. The corresponding
values for child (1 year old) and adult mon-
keys (4 ~ 6 years old) were 3.574-0.87 and
9.55--3.06, respectively. The Na-K ATPase
activity of sweat gland increased by 32%
during 27 days in newborn period and that
in child and adult monkeys became 5.2
times and 12.6 times higher than that in
newhorns. These elevations of Na-K ATP-
ase activities were well correlated to an



increase of protein content in single sweat
gland coil as shown in Fig. 2. On the other
hand, specific Na-K ATPase activity, ex-
pressed as P; liberation per protein, was
remained constant as 5.614-1.00 moles P;/kg
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Fig. 1. Effect of temperature on the Na-K
ATPase activity of sweat gland coil in the sole
of adult monkey. Medium (final concentrations) :
2 mM MgCl,, 10 mM KCl, 100 mM NaCl, 0.2 mM
EDTA, 100 mM Sucrose, 20 mM Tris-HCI buiffer
(pH=7.4) and 1 mM ATP,
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Fig. 2. Correlation between the Na-K ATPase
activity and the protein content of the single sweat
gland coil. The regression of y on x are shown.
The correlation coefficient is given as r. (Q); new-
born monkey, (A); child monkey, (@); adult mon-
key.
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protein/hour throughout all ages.

The protein content in single sweat gland
coil would be the indication of the growth
of sweat gland coil in monkey sole. It in-
creased 4.8 fold in childhood and 11.0 fold in
adulthood comparing with that in newborns.
These result were similar to Takayama's
reportl® on the human sweat gland.

Study on Na-K ATPase activity of de-
veloping system has not been explored
although Klein® reported fivefold increase
in specific activity of the enzyme from chick
ventricles during embrionic period. Ernst et
al® and Bonting et al.2) have observed that
Na-K ATPase activity of salt gland of sea
birds increased and decreased considerably
by treating the subjects with various salt
diets. The sweat gland coil, different from
these organs, its specific enzymatic activity
dosen’t change from newborn to adult and
activity per gland coil is well correlated to
an increase of protein content. It is known
that the maximum sweat production of the
gland is proportional to its size, depending
with ages® while the Na concentration in
the sweat produced by moderate stimulation
remained constant up to adolecent?®. There-
fore, it may be concluded that the intrinsic
sweat gland function is already fully de-
veloped at the time of birth.
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1. A new simultaneous method for me-
asuring total respiratory resistance and
compliance, 453-466.
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2. The action of tetrodotoxin, procaine,
and acetylcholine on gustatory receptors in
frog and rat, 467-4175.
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3. “Glycerol effect” in various kinds of
muscle cell, 477-489.
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4, Effects of cold exposure on the syn-
thesis and release of growth hormone and
prolactin, 491-503.
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5. Effect of ovarian steroids during early
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and mid pregnancy on uterine protein meta-
bolism in malnourished rats, 505-516.
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6. Effect of high-fat diet on thermal
acclimation with special reference to thy-
roid activity, 517-531.
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