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Role of hemoglobin subunits in oxygen equilibrium function

A

I.iz L & Ic

~NES R BV OBBTMEEIROZ S0k
%, (DERRHIFME, (2~ »FIHEE R, (3)Bohr
PDRCHOLbEI 5. EEMICIE, BREEME
DRy ICH UBESEP & 7wy b LcBRE
i ic x4 % Hill (20) iR
vy - K
100 1+Kpn

BT, (1) ik y=50 o 3RS,
Pso (K=1/(pso?) T, (2) 12 n iz L 9, (3) 1%
dlog pso/dpH THRHT Bz LNTE B, (2),
G)OEEMERBFER L V5~ S L Lo flif
CEILBELTVB0RELT, Vb3 allo-
steric RHEETH - T, 7 O RKBHHEIL AT
ML REBERTW3H0ThH 5.
BEMICE, ~E ez ENER2ED
a BLXUYBR Uf\f,'f'f RN BB 4EBE (v
B) THBH, BFELHEE LRiE (Ostate) &
L7s W iRfE (R state) CiadkigE c B iz
PIFEHET % (Muirhead & Perutz, 25).
BEZTORREREATSE, ~ESnE
DR, BRBRICB - TBRECHT 28
FotEo v R state 2 5 BFEDF v O state
~E RS DY allosteric transition 33342 &
IZHEET 5 LR 5 (Benesch & Benesch,
4, 115, 33). —J7, BIF Monod et al. (24) 1331
TIERIEED &, —RICHEETE [E Mallosteric
PRERBET D201, FARF T2=y b
PEERENTVEZ &, BXOEMT (BE)
L THfEE Bic+ 3 ->0oREE LY S

*ORBRSEER S 1 A e e
Department of Physico~Chemical Physiology, Medical
School, Osaka University

ER

(Itiro Tyuma) *

LT EBMERGETH B EEATVS. L
> T, ~ES v E U OBBRTHEEEE LA
TR0, £V 7=y FoBEELED
BERzHLPICL, BREEE Lo EEE®EH
FTHZLBBATHILELORD. UTF, &
DITID - T2 HFIFE DB & 2% & 034770 - 7o B
FEEHLIC LTSI 5.

II. ~nEspEY Y72z b
DEBE L ZOBRFR TR

NEZREVORBRICHEY TSI A4S
VTR, BFRBAMESIERE ICE L, ~AMMEE
fEH, Bohr ZRLIFD NIV LD,
~NE S v U UBRIRIEHTREE DRI~ E SR
EUBRABETH LT, £V T 2= MEICH
BEERGBH 2 L e RT3 b0 Th 5 L HER
LEZEN Tz, LAL, 337w rEn
ESRECOMBREALTZ LIZOVTRT
BRI Y oEN L RBRH Y, XVE
BR T 7 e—F L LTAES v uh b
Lic a BB ToFEIEEN 5.

Z DHEOWZE O L LT, Benesch et al.
(8) 3 X 1% Horton et al. (21) ix=h Fi S8
SbOCRE~ET vty (HbF) o S8y
TH3YTaz=y b, 7, ORNDEDEEA~
ESmty, b Hb H (B) skt Hb
Barts’ (r,) Tix, 47wt URIKEREBMME
PE <, ~ARMEEEM, Bohr ZhE %Itk
LEVHBEBRDBRRBEE 2TV, EF~T
TrE v LA LEEHLER R CHE
TR L) RIEEREVESL T

5, ~ErerrovyTa=y MNEOES
FEEEbOTEHEL, B TANY, BAA
VIRER EOBERIC L s TEAICY 2=y b
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Fig. 1. Starch gel electrophoresis of hemoglobin '

 and subunits. 1. « chains, 2. (a+8) recombined,
3. 8 chains, 4. Hb H, 5. Hb A.
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Fig. 2. Oxygen equilibrium curves of isolated
@ chains, 8 chains, hemoglobin H, native and re-
constituted hemoglobin A.

Left : O B chains, pH 7.53. @ 8 chains, pH 7.02.
xHb H, pH 7.02. A« chains, pH 7.53. A« chains,
pH 7.02.

Right : @ Native Hb A, pH 7.53. A Native Hb A,
pH 7.02. O (a+B) recombined, pH 7.53. A (e+48)
recombined, pH 7.02.

Oxygenation parameters of hemoglo-

Table 1.
bin and its subunits
,__lﬂg)}lsi__\ 4log pso
pH 7.02 pH 7.53 4pH
a chains 0 +0.01 1.0 0
B chains —0.34 —0.32 1.0 0
Hemoglobin H —024 — 10 —

o+f recombined +1.22 +0.88 2.7 0.67
Hemoglobin A +1.22 +0.88 2.7  0.67

R TSR BT B~ E SR E Y s T2 =y bOE

BT B T L MERP &b, L Enoki
" & Tomia (14) %% 0% Bucci & Fronticelli (10}

S, SMLAMERASE S LB T
bl u b rnt o=y MCEETDZZE
P L. %% (Tyuma et al. 34) ik p-
mercuribenzoate (pMB) % Fvs 5135 0 FIRIC
WEEMLZ, RA~NEZury Hb A) 25
a B BEEHEEEL, A pMBuzhEh SH-
Sephadex (Eldjarn & Jellum, 13) B L UVA v
BT NEE ML > TRERRETDIZ L

WEE Lz,

ZOFETIONS a 19 B, sue< s
57 4—, 77y NESKEYE (Fig 1)
WEOECL Y E—KSTh Y, N SH &R
mAAthaﬁlw B $42.01 L EHAREICSE

. EEDLEIC kTR 167,000, «
%ﬁ%@ﬁ%kﬁ@bf%ﬂm~%ﬂMﬁ&o
T, B 4EE (B), BEREL UTHER
(= 2 Bff (@) OFHRIBICD B LBEZ B
3. B oS TES LOEKKISEET Hb
Hopzh & —%+ % (Benesch et al. 8, jo;:()x
Fig. 1). g4\ L3 C native 72 RAB T
5_tm,$ké%ﬁ9#5_kkxbﬁﬁk
FEALC, U SHERP~LDY 0.62L
Hb A offic g TR L, #EED, BRKEIC
ioT%EﬁA.&ﬁ~%®$—ﬁﬁkK5_
e pEEEEh s (Fig 1)

&, HEE o, p BEOMBREHEHKER Fig 2
Lt Table 1 @&+ & 5ic, W~ LHHE
HAEM, Bohr ZhRD allosteric ZhE &K
Wb, BRREMMET SHEOE I B aBiL D
L, HiciaT Hb A it~ T10~20
fEE. Thbb, bz 2 ik 4 BIETH
S THRIAED P BIL LEAIIE~T S v Y
vOEBBEIESERALEVOTH S, —
%, Hb H oipZTfmiik oz iz e
A E—3k L, Hb HidgE I bBRBEYIC S IE

BERHEDLEKTHHZ L DHER Sz, &6
2, @, B8 HTERERL L7 Hb A oA
1% native HhA w2 & ERI—HTE3ND,
BERE U7 M gEAMERERY Iz & native THAH T L
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DREIHE SN B, 73, HoF Ranney et al. (27)
i Hb A ZEpfEALEE U CHEE L7z a gy Hb
HBzrvznonrbEi#Em Lz Hb A igow
T, Antonini et al. (2) }& Bucci & Fronticelli
(10) DJRETHEE, B pMB L a0 B 8z b
Rz 62 6F/Em L Hb A itonT,
RO L EERC—FT ARREA TS
25, ICFSME BT 5 native Hb A 2ol
WL, SEPEOREERMELZARFLT
WP EBHET S LN TERY, L ERE
T B0 SH ER (~sbic ) 11~15)
BLUOEHERE Hb A onfi (8 19) ¥R
IRz e s, HYED pMB 23EFEL Ty
B RSB,

PLEOHEE « B SIOBMFTHIEIE, D, B
FBAE & AP I MRy L, allostericZhR
RREBET 50, ~EF v L STFRRA
FHr o sh sz LR EASKETH B LB X
oh, Hb H ciig#bicfEs 5 BmkiEE 0%
LB BT & v 9 Perutz & Mazzarella (26)
DEFEL T EXHET 5.

I, ~E/BEYMELUEAFERI(E
~NESOE Y OB KTk

~EZutEr M HEbDM X q BvThas
—FOEDO~LH MO A FECEE S WERFE
TEABEERL ST BRE~EIrE U TH S,
AR TERLINZS O & LT Hb Mosaka(=Hb
MBoston, a258Tyr‘32), Hb MIW’dtC(:Hb MKankakse
a287Tyr,32); ¥ XU HD MKurume(=Hb Msaskatoons
ST R 5. ZHABIIBWTT X/ BES
OHBND 8Ta (BIV 928 DEAFV LI
AL EEHBEA LTV ADOTHRMEAF VL,
58a BLW 638 DFENIEANLDE 6 BIALEEIC
AL MEBL TV DO TEME R F TV v LEER
Tv%, Wyman (35) iz khiE, o 2ot
AFDrDAIF Y — L HED oxygen-linked
acid group T%® pK NEEFE~T S L L
BHFEA~NES TR B2 LA Bohr Z1ED
EEThZ L5, HhM tidzhdboexF
VrRFud itk o TBBRENLTHSD,

100

% dxygenuhon
D
o)

(o] 1O 20
log pO. _

Fig. 3. Oxygen equilibrium curves of hemoglo-
bin A, MKurume, and Mosaka. O Hb A, pH 7.40.
®Hb A, pH 651. [JHb MKurume, pH 7.33.
B Hb Mkurume, pH 6.60. A Hb Mosaka, pH .
7.38. A Hb Mosaka, pH 6.49.
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Fig. 4. Oxygen affinity and n values of hemo-

globin A, MKurume, and MOsaka. at various pH.
OHb A, AHb MKurume. @ Hb Mosaka.

~LEENRBRILEh T3 nb, ZheFry
VDT . ) —VEREIC % E 75 phenolate com-
plex RF & 5 LEBEN TV 5 (Gerald &
Efron, 16).

Hb M oBH#D iS5 OIEFGITEE & 7]
WHICHEA LY 2000, TOBWEEZRRTZZ



4 hE—BMBERTPERREC ST A ~Es r Ve F T2y FOEE

LILLVABEKELTOERE~E v B vaT
WIZBT 5 a B HAEOEZRICOVTERLE
WEz N5 SRS, Figd B4l
FRU X5z, Hb Mowka OEH B8~
BIFEE/ER T L Bohr R MEE AR D D
N ol CHEBEEBHEFKTS 3725,
T LW BRREEEIEE KL, HhA o
1/5~1/10 2+ &7 (Suzuki et al. 31), Hb

S20b >

] \ ] L
0 20 40 60 80
% met Hb

1,0

Fig. 5.
globin A in relation to the oxidation levels.

Oxygen affinity and n values of hemo-

. : T T T Y
1.5F .
(o3
o
o |.OF h
°
05 .
T 1 T T T
3.0r e 7
<) v U
a__@o Sgv—o ')
s 20F o ]
O oo W g o
i ~]
1.0 1 L [ r ]
6 7
pH
- Fig. 6. Bohr effect curves and n values of hemo-

globin at different levels of oxidation in wide range
of pH. O control. @ 25% oxidized. [] 50% oxidi-
zed. [ 75% oxidized.

Mryate 22T HIZIEREE © FERHE S H
Tw5 (Kikuchi et al. 23). Zhicktl, Hb
Mkurume DIEH @ ${TII~ABMHEFERZX
MYy 380%HEagi—3 L, Bohr ZhEix
HbA Xy La5<, BEHEMMETIHbA &
FIEETH»S (b, 19)

ZDXSCELABEMEAF Y OFr v
CEBPEHRTH YV RN, al FHETIRIERI
B sTeREE L2632 L3 THER D
D, TNHLEL OREBEET B2 L LTES
2, BUEE TR OHERICIED 5 O BZYTH
55, )RAE, SR 4BETH T, —
FOHEMNIEFICEL LT 2510~ LB
FEREFER L. (2)La L Bohr #hRic >
WTRST LS ES Ty, )&
AFTE3ie &b EEAICIX Bohr %)
RiCFEELCwRv, (BERTIME? b AT,
Hb M o EEHEERZ S FHNTHN LTV 50T
%<, BEE;OHBVEELRZT T 3.

HbM LEHELZEL L LT, EF~ES R
EVHBTOAEDONLD S B Dbk —R
LIRELREASE DD, EEBLLTA N
LY BL, OIVOPT 2=y NEDOHEIER
PR LEBRSRBFE ST 52 2 L AL b
moi, FhFEh Haldane (12) 38 X 'Darling-
Roughton ZHE (11) LMThTw3. Zhix
allostericf# 5 HMEIRE OFREPIHERIC X » T
E LS 3 (Gerhart & Pardee, 17) o L¥H
PloBRRTH - T, IBESLLOCEBENS X
S5 o7z, .

2o 1L LCEH(32) 28 HbA oo T
WL DFREE L n fE3 X U Bohr ZhR e L
OHEREEEMNICGER LIcR&Ic L 5 L, e
LD T 212N T pso, D EILIZH
4% (Fig.5) 2%, Bohr ZHfid % 572 &k
Lz (Fig. 6). %7z, n EREBIEORE D
k- THESH, pH 0B8R ZT v,
BELSHiz~LICY T v REAML S W, BRI

BERCTYT VA ML LEBHRIESVTS

OB 2 b T35,
AT EER 5 pso B IO nfHEOK T,



R — B FETEEREC BT A~NES eV e T oy L OEHR 5

ek Adair (1) o HREMER 2> & S T
e, Tiabb, Bt~ EBBElL~ L 0K
Bh GkARCEBF LS RE) L EEL,
ROV OBBEEES LTV~ AITH
LTCRigHFE L oA RHILT 2 HEEREB X
FEhveEx 5L, BoBboRBEHEEER
FTARENLOEMBEAL, n fHL 50N pso &
EKTELDD EERENS, BETE, ~L0
Beflid i3z b & F#E o allosteric %~
u U U R ToER#EEIzE 2 T Ostate 12k
¥, OZ Y0¥ Ta=y FOBRBHEMMEIE
KTBeE25Z812kY, VAR IHEHRS
N5, —F, 5% Bt & h icREBIZBVTh
Bohr ZREOBENEE LBV RARVEVH T
Lk, ZoRRAL L IBRBEOENENZ O
BELERLFALTH 3 2 LeEERTB LD
<, ~ALRMEER & Bohr ZiE % —MICEH
Wt sz LixRECTH 5. ’
hE, WaERMb, 7ok z2350%miboRa

LEAET B P URTFIE oV THBRILENE D X
SEHHTAPOREEEELTL, wihe
— GO 2R L bERLS N IOREE FEAFRAY
Bfk) &, a POENER1IAT ORISR
TREE (RPFREOERTL) o onBx BB, b
L, & BHgHD~ L 0RBkcEE? <,
FENLWBT v niiBbEnd LT 5L, %E
OIREER L DFERDIE D KRV, Fi, VTR
RV Tazy NOTBRBRBIBELETBE, A
HUBIL SN ~T Y v € o ST 0EENEY
E50% Iz k7 DTS LIS 5.

IV, Hybrid ~E4OEY D
&SR

%@@ﬂ%fnfy,tkiﬁnﬂom%f
vy (@PBP) LAY IFRXI enESRE
v (MBM) BEAL, pH 4.7 ICREFRIKE
TREEFFIY Ta=y NCRET S, 22
TpH 2Ry & Tazy b3 04
LAEHRBAELT, RO4LGFEVETS.

@D B,0 +a,MB,M—— 4, D, M 4, D 5,D
+aMBM 4 @, MB,D

Table 2.
globins and their hybrids

Properties of donkey and mouse hemo-

pso (mmHg) 4log pso n AX*

Component at pH 7.10  4pH
Mouse a;Mg,M 12.3 093 24 37
Donkey a;Dg,D 4.7 053 23 21
Hybrid I a,D,M 144 075 2.0 3.0
Hybrid II @,MB,D 4.7 041 2.0 16

* The number of protons released during the
oxygenation of one hemoglobin molecule.

Hybridization & MEiFh 5 = o FFL T Ttano 5
(22, 29) Kk - THAR &R, BE~ES v
DEFHOBBRECFIHESRIZDTH 50,
MEE LD B L8 b 72 iC A£F % hybrid 47,
a@PBM B XU aMP, OMEIEEE VL b
DTH 5.

Table 2 iz % & 7 Riggs & Herner (28) o
FERERIBIZEIC X 5 &, aPBM offfEIE aMBM
CESEL U CERSRR A ME MK <, Bohr Bk
THBDIERL, &MBD 13 a,PRP iIEEILT
B R <, Bohr FEAVASv. i
b, hybrid 5F OREFETAEEEL T 0 B84
PDHEETEBRA~ES v roFh e I BT
5. ZDZ D, PRI LN 4EEDE
L UCoETBARE, AT < Bohr 318, %
FET2bDTH D LR L.

L L7235, 0% Antonini et al. (3)
&£ O Enoki & Tomita (15) Ic L - Tz bRz A
KXo NFTury (azcanﬂzcan) L Hb A (azAﬁzA)
® hybrid POV TORBIRE DL S 8
M FE RS —KICIIRSI T 2 b o TRV &
ERLTWAD, tbzid, ME~ES e oo
BERIZ, 1 X D135 BSERMEMI o0 Bohr ZhEA

CERVEERRVT, BLAEELVOTH D,

ayABan hybrid (2 135% Bohr ZiEBEKRED &
nF, 7l VElo Bohr AT S 0w ©
v E Y bREL, BREMEESCHE
FAEZva XD b/hE, F 7z, acangh
hybrid »» Bohr ZiR DRI HE~E V' r £ v
DHROEEZRL, BERfMEEZOVFRE
VY RTHD, B, M hybrid o nfEizfE~
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CETREVDOERIYRRAECR, WTho
pH ckvTd 2.0 P ET, ~AMFEEERX
HALPBFEER T3,

Hybridization iz —FD~EF v ¥ ity
TR («H) BHVv3E, ROXHiC—
FOFEDOHRBYT v A ML 7 57 hybrid 2%

100 T T T | —
80 ]
60 -
>
NP2 _
20F ‘ .
o L 1 1 1 1
-0 -05 (o] 05 1.0
log p )
Fig. 7. Oxygen equilibrium curves of half-met-

cyano hybrid hemoglobins.
0 azApzcan, O azcang,A. B aA(Bcan)k,
@ (azcan)*g,A. *metcyano derivatives.

Fig. 8.
metcyano hybrid hemoglobins at various pH.

- azcang A O, @, B azA(8canyk,
[ B (R (excan)*BA.

Oxygen affinity and n values of half-

R azAﬁzcan, -

AR PEREE BT A~E/ v EV 4 T2 =y POES

z b 5 (Enoki & Tomita, 15).
azA.BzA 4+ (azcan)*(ﬁzcan)*___,(azcan)*ﬁzA
A BA (B e A(Ban),
(azA)*(‘BZA)* + azcan‘[-]zcan_..__) azcan(/ng)*
+ (azA)*( B 2A)* +a,canf,can (azA)* Becan

ATH Hb M v REZQPTTAL

b hybrid OEEFRFHHEEX, 1#]% Fig. 78
T8 IART LS CHERIERELLDTHS.
T, D45TH, (@A, af(Bean),
oS B AV, (A Becan, (ZdEB LT n A1 1.0
TRELA~NABMHEERBERL TS, 20
BEixHbM eFULTh 3, Zhiikide, 4
ST L b B E IS T % IEF hybrid,
o ABcan, acanfA, T b ‘l)?’Fﬁ’: 12/ £, Bohrzj
Bz n L EBETH S, BEETEORN
Darling-Roughton #hfa bFH SN B L2 5
ThHBHH, 10 L) nfEiE50%mL HbA o
% 1.9 (Fig. 5) Tk LIER IR, BEFDOH
ERmERLTh B T 5L, 4BECRBYT
BETAEEY 2=y VEBSEASEDP R
ST 3EEiIE~ARHEEERSS R Y F
FESNDR, FAHEN»S K BHEICIIESIE
FFBLVvizZichy, BASRHEEERO
EHNELEHFASHhS.

—J5, $v 7 v * Mb hybrid fHEH % H#&
T3 L, EFTBBHIMEC OV T, aA(fran)a
(azA)* ‘Bzcan<(a2Can)* ‘3 ZAzazca“( ﬁzA)*, L 5 @5 {%
Bz biva, Bohr ZIRICOVThH, ad(Bean)
~ (azA)*‘@ann, (azcan)*ﬁzA ~ azcan(ﬁzA)* 7)%}25'1:
L, L EHEOHARTERB TV TFhOH
BT rA MEEhTwis edh, sUET2E
% hybrid, a,Afcan, L [EHEizi Bohr ZiE %
RT3 EBPERBSR S, Zh b oMRIIEmE
AR5 2 51F, 4 BRIz incorporate &
NREBIZ BT, BA 1 oA KDL, acan i
Bean 1 0 RRIRTAMENE v & ) Bl B 2 5
THHTE D, ZoBxeRMTen0E, T
X7 b ab, PA Iz T MERIREBIC B 1T
DHREEN 4 BRI BVTHRESRh Ty 52
Lok s, M, BREEAE Bohrzif & bic

azA( ‘chan)* m(azA)* ﬁzcan, (azcau) * lngwazcan(ﬁzA)*

.



EE— BT R BT S R €Y« T2 2y} OFR

THBLVHIEERERTEELE, Zhbo
B 4 B LToBRBEDIFRIEIC X 5
THESHh, HEERBCRT 2 EHOEMEL
5L 0IERLTY B b ELBRS. &Y
Bohr R ic > Tix, ZOREE—FD
BIRBELDDZLETERY. LA, ~
ARPHEERAERREEY, BASHILRL4E
E S 2 B shhE, —Bo¥T2=y b
O~NLIRBEE LY T v A Meah Xk s &b
Bohr IR 13 sh 2 b D TH Y, Hb Mosaka
(31) 3 L 00 Hb Miwate (23) 1% a S0 REBE#H
% Bohr ZhE IR ICHEL RASBOERE
ER®EIEL T 2EAEBEETH B LT 51
AMBUTHAH, Thbb, AL allosteric
BT D B3, ~LBHEIER D& 5 23Bohr
B ) bEREEE D integrity 12 B KT

Iz,

ERmvEELLND,
V. 7= b3

Darling-Roughton #ht %7 < IR L7z
EERRED &, £F Benesch et al. (7) 3%
LOREEREBLAE v E VS TORTYy 7=
=y NOBBBEB I B L5 KEAHERE
Liz. ZOEBRMBIEIRO LS TH 5.

wE, BANES vy nb0%3 3o A I
Lz o7 Hb AR B R D= > 05 TRET
5. (DR HbAED1/2%EDT = Vv 7 ik
B YUY AEMZT0%ETBET 5. (224
HbA bt » s Hb A 4EREASTS. O)0%EE
Darling-Roughton Z)H 2435 & LT YRT
B3N, QOHAICTEREEL (4 VEBEI
TVEE RNz b S (Fig 9). 27, &

p=0.25
100 [ X . /{,
. d 20°C 4 - Y
gol 30°C 'g,/"é,x / /’g;
200 x /' X L 'x/
Zam Yy
’ - X
aof J / i o x 4
O /ﬁ / X / = .’a
O 20 47 r % ogx”
-; e /l ‘ o Tx—" . paall !
>~ 9 o4 os i2 0 0.4 o8 12 0.2 06
é . LOG PO LOG PO, LOG PO:
>|w
§ 100 B r .
- : I
o . - o 4
sol 30¢C f - 20°C 0,' - 10°C 7
4 4
60} g - 37 - 0/9
Y ¢
aor ,0,/,)( I o’ /’.x /’/
20} % - o 7 B x®
i e’ °
=X — L L ""x'/l ! X1 1 1
° 04 0.8 1.2 (o] 04 0.8 (o] 04 o8
LOG PO: LOG POz LOG POz
Fig. 9. Influence of temperature and ionic strength on the exchange reaction between
ferri- and ferrohemoglobin.

x 100% ferrohemoglobin. O 50% ferrihemoglobin prepared by oxidation with-1/2 equivalent

of ferricyanide. @ 50% ferrihemoglobin prepared by mixing equal parts of ferri-and ferro-
hemoglobin.



‘ 8 i

B, 1&A A VHRET TIRIBATR O M 5 il
X 2ffio Hb A AR DZh EEEIC—FT 5,
Fhbb, #ETS 2 FHb A ST 24 Hb
AZFiC LA b OEERE2 kv, Zhic
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On the geometrical illusion

Gou Ueda, Yoshio Beppu, Akio Sakai, Yétar6 Abe, Yasunori
Yanagidaira and Mizuho Tanaka (Institute of Adaptation Medicine,
Faculty of Medicine, Shinshu Unidersity, Matsumoto)

Geometrical optical and tactile illusions of Miiller-Lyer type were studied under various
conditions.

1. The Ist test which is related with changes of the slope and length of oblique lines
indicated that the amount of illusion was greater in aged subjects than in adults and psychotics.

2. The 2nd test in which the length of standard line was altered from 4 to 24 cm
revealed that the relative amount of illusion was nearly constant over the test range of 12 to
24 cm for adults while no constant values were shown over the test range for aged and
psychotic subjects.

The relative amounts of illusion for normal and neurotic subjects were less than those
for aged and schizophrenic subjects. The standard deviation of the amount of illusion was
greater for the aged subjects than for the other groups.

3. In the 3rd test where the illusional figures and the disturbance were presented
successively, the coefficients of correlation between b (the slope of a line indicating the result)
of the test A and b of the test B were 0.67 (significant at 5% level) for psychotics, 0.45 for
adults and 0.11 for aged people.

4. If the two fields of Miiller-Lyer figure were painted respectively with each of
complementary colours, the amount of illusion was greater than when painted with similar
colours. The difference of the amount of illusion due to the colour was less than that caused
by the geometrical illusion.

5. The amount of illusion caused by a tactile sensation was similar to that caused by
an optical illusion.

6. A coefficient of variation for the optical illusion of Miiller-Lyer type without base—
line was the least, compared with those of other types of illusion such as original Miiller-
Lyer figure, coloured figures and tactile stimulation.

(J. Physiol. Soc. Japan (1967) 29, 11-17)
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Ordinate : amount of illusion (%).
Abscissa : length of standard line (cm).

*Significant at 5% level
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The measurement of intracellular pH by DMO method and the
buffering capacity of the tissue after acid infusion

Kenji Miyao (Department of Physiology, Kyoto Prefectural University of
Medicine) o

1) Intracellular pH of dog’s skeletal muscle, rat’s muscle, liver, kidney and skin was
determined by Butler’s DMO method. :

2) The time course of intracellular pH of skeletal muscle after acid infusion was exam-
ined in relation to that of blood pH determined by the glass electrode. The intracellular pH
decreased gradually over three hours after acid infusion, while the blood pH which had fallen
deeply by acid infusion, gradually restored, showing a mirror image curve to the intracellular -
pH. The intracellular pH of the liver was kept at a lower level than the normal at 24 hours
after acid infusion, conforming to Yoshimura’s hypothesis of three step regulation of acid-base
balance in experimental acidosis.

3) The homogenate of muscle, liver, kidney, skin or bone of the rat was titrated to
compare the buffering capacity of these tissues. The buffering capacity of the whole organ
was the largest in the bone, while that of tissue per unit weight did not show much difference
between tissues. The buffering capacity of the whole organ was the smallest in the pH range
of 7-8 with most of the organs, while it increased considerably both in the lower and higher

pH ranges.

il

I #

PEsk X v #REAR o pH JIE R« o HEIC &
STEbIL TV 3, WwIh b % dtechnique
DEEER T L, RESCRKRED ETHERD 5.
Bl i3 s nFEN—> L LTHBENICET S5
BROMEETE L VEIECE - TROA LTSS
ERH D, ZoFEEL LT Wallace &
Hastings (1) % Conway & Fearon (2) /3 #lE
ML OERIBIE O I ERARD Z LI X - THl
R pH 2B L X 5 27, L L
b RER 7 LRI 1A LI X o TEEH
ShaRaTd v, RoOERBERSTHBP
b, FOSWBRICE . DEERBZ VLTV
LS RERD D, —FHBHYN pH 7 7 2B
iz X % pH oflEix: Caldwell (3, 4), Spyro-
poulos (5) Il (6) Fic X -~ TH =fHA, B
KA, MRS Y oRE RIS

* BRI IRRIASES | AR
URARMLE10H 1LH Z ()

(J. Physiol. Soc. Japan (1967) 29, 18-28]

THIEMTRE bRz, T OFEREEN TS
% NI OB O & & &/ S X
KERII LTz, BEOBMEIIEIRA R
HBEPLThHD., ElBECHEL CHEEEE

BRI RELDB. T CEEOMIETL

> b A O FRRIC T b TEA LS 5 Rk ERE R
BENEEh b Th %, DMO ikl Lic
LW E OREEM - 27k LIRS
EC B\ TR AR bR T A4 pH 0fb%
HREETH 5. Blb Butler (7, 8) HiXTA
FRIE S| trimethodine 3723 % tridione {3
MeE o % 5.5 dimethyl-2.4-oxazalidindione
(LT DMO rid) OR#A7HOTIEE
< DMO B 7 A0 VBT R id iE e %
Fracteo&ky, ThiIlEEEZNLT
o pH AEIGLTOMmTSZLEREHL
7o, FLTIhEEBTWE L LTHIRRONHO
o pH Z2HET 5 HEERER L.

AR o fk ¥ Henderson (9), Hasselbalch (10)
% Van Slyke (11) 1 fgo 7 v VT EOHE
SEREYL, TVYFR—YAR T A D v~V AL
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i%\ffﬁl?&ﬁiﬁ@iﬁ (Bies 77 VP 2E
W pH ORI EERREZEL 52 L 2HE
L, %7z Swan & Pitts (12), Schwartz (13) %
L Elkinton (14) &R A ORGHET &~ F
— VAR B MIESMNEETER 0 BRRE %
ML, EMENBEERMERNICBT %
BEETEOREICEET 22 L 2BAL T
%, —J5 Darrow (15) &3 = DIEEIERE 2 %
L, 7Y R~V 2RORDMPKEA A v r i
AAFA v R THBRNIZAYEZZ L%
fedr o, HoMIEERBE> A Na & & A
HOWEEL, EMEBAKMEAN Na &K
SoBEERLESZLERE LTS, Mla
WHE, SMEDRID = @ & 5 s A 4 s ket
19564 Tobin (16) Lk 5 TT7 ¥ K~ v A D
BERTHESh T3, 20L7V -2
BRU TIPSR E L, Th & s R
DFERIMEER DB L, RTA I r—
ATRBOFIcZh BB MHES N5 Z Lid k<
HMONIZ L THB, PLLTT Y F—3 R
ReTET7T e —Y 2B THLRD 450
BREPRAHESE b THRIED ES pH e
HREE R B,

1) MERSNE, RRCIiRoRREEM, 2) M
MERIRI X BIREER, 3) MRIRESEEIC X 53k
i, 4) FENCET S BEOBR X 2T E R
EESMCHRS B BEE. EA SR A
RO TR 2 K & v T HCl ® NaHCO, &
DEACEDERK TV F—V R, TAHw—
VARZBWTHFEL, ZhEFROBAITRIT S
Z D4 OORTF OB IS &7 RN
REBRLE. &L THRNCEREYE BRI
Hx oo BEXTEOREX, 1) =¥
F— ISR OB EEH W ERFHIC X 5 T
fTiabi, 2) 2> CHIBINIEOEEIER 13
DTSR o BIEEYE © 0T A2 BE
L, 3) SRICiLBR OBRS T & Pt
SNTLE ST, HIENROBERTEEDOES
BEETS. b7 Y F— v Rickt+ 5 44K0
PRI L Lo 3 B OSBRI X
% EEH bW 5 three step regulation DI

BTk, LA LARDZERE#HERD
BWEBR L2 VAR B0 TERHIRB X
WKz T DMO k% v TR o F4akk
BV, IF, &, Sofifommian pH
ERELT RLT a) HHOF RN
RO R FHEOE (NIROBEER OFE)
ik BpustiEo pH oEERBZ - Ty 55
E5»EEAL, Sbic, b) ZokdkHE
WG EEA MBI & HhidvFh oo
BEAPBELVRITH AP EHLPICEALL L
e, a) OFEICHLTEKkOME A, B 25
DEBEITR 572, A) Rige2w»TZoKEBH
offEr pH & Mk pH #flE L>-> HCl %
BRICERELT, Zo%k2RBEHICE > THED
pH ZlbEiERkLb D, B) F X320 T
O, K, P, B 4 >0l Eiko
#iieA pH % DMO iz THilE L, Zh % HCl
B W L R 5B I BV T E R FR A RS
HfaN pH & ik pH o2&k b o, %7k
b) DO LTk & X2 TR
@ homogenate % HCl X (8 NaOH = TH#§
ELT pH5~9 o#iHIcH- TZ OREME
HE L.

II. & B8 5 &

A. EiaA pH ORERER
ROERTIE 8~12kg DR 6 LEHHL
o, B FASRLF Y —F TR
L, ST 1HE%chEkg Y Y 200mg o
DMO oA EHKSK & FARMICEAL, B
#‘Ih® 2 REMUETEE U R IiCARIME
pH JE Ao & FEF KRS OB A b
PR 2 BB L7z, 4 X VU VB & BRI
K B ICEROERNICEIME & eI
L, Z0O%AX Y v EREAKCECTH (4%)

40mg/kg DEIGITHEL, ERCERHHH

U~y 500 pg/kg BEIELTE OURRE
EIEHTEB W,

* X OEBTIHEE 200~250g OREE X
AIEOLEHALZ, DMO BXUA X U vk
REGELYVRCEROREFEA L. Thbd
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OEBEF AR~ —F TR LT

%z DREBFIRD DAL, FIRCEIE &
SlcfEIk U, BRAREHCOWTIE, AR

%ﬁﬁﬁm:@ﬂ%%mzk.:@;amﬂﬁ
Ehick X I REAYE B AR CPE L
R 2w BieroBMEeWRLT, Zhid
MR EERE, 7 0%k b SBaaeHl o
F5. MIRIE 72 HITEL L% O iiE & o EE
LCHiE I Ui, g pH JIE D 7z 0 ik
ZFENT Db S TERIEL.

DMO [ k3R PH Bk

DMO 1t Fig. 1 hrbtlvﬁﬂi%’l‘%LE
1 b o Bl— oW R AEENIC A
BrELE v, Sehxh BTt B&Ycbso

CHs

(5, 5-dimethyl-2, 4-oxazolidinedione)

Fig. 1. Structural formula of DMO.

50

N (6] H
o o (@]
T T T

Extinction (A ,5-220)

o
T

DMO (mg %)

‘Fig. 2. Standard curve of DMO.

CRZBEMED TR TH 5. DMO ik Fig.1 @
L5 aiERcr e — A0 b OB A Fv
HN2 0% 2 40HICr brER OV
oxazolidine & - T, 5.5 dimethyl 2.4 oxazoli-
dinedione t 725, TAVETF L ODLTHON
7- Tridione X2 @ 3 DB = FLENDH
T B, DMO (2fl576~78°C, 37°C
CEpfEREETe s pKa’ R 61305 TH Y, Ao
2B Th 5. Butler iz & 5 & 250 mg/
ml PAF o EEEE cBc A L <L %E
@&?émvk%ibfv5ﬁ REBRTHR
DR LICERALT, ZOBRECMEHEELT
K ote. SHICDMORMEET LT I R
BHAREY = — FELEALRCI L LMD
hHTwsd, DMO g cR@ish sz &
< HE T ERE R I T b B 2%, FERICEE
P E LD b0 1S 72 D O
¢$m1~2%6&5.DMO®4ﬁV@m%
SR TR TRL, B ARARIRERE 210me DL
FTIRBEEL, Aoz oRIEEREOHEINE &b
AR T B, OS5 TIRIGREE 215 my
T11x10%, 220my T 0.4X10* THBDT,
CHERACTESCHI TS EAHES.
a, DMO oJlEk
EAEdR
DMO m i ik o i DMO JREFE 4 75 5
TR L RGEE b O BMR R AR TRV TIRER
Riix, chifiv CRET 3. EERE 10
mg% DMO & (I) & pH 9 o7& 7 ERIRHEIR
(1) & ThOMAEREVHRML TS,

1) 10mg % LT T

e .

(mg%) ml ml
10 10 0

9 9 1

8 8 2

7 7 3

6 6 4

5 5 5

4 4 6

3 3 7

2 2 8

1 1 9

0 (5#) 0 10
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i L, I oE&E0RAERNER -
5, FAFho DMO% 0 D% 2 D53,
—F R —EEOEMI- T, hFE—E
BEORVEBERIC TV VTS, TR
B o R E S 4 R (Beckman) ¢ 215 mpy
& 220mp DWEEL B, TO2ODEED
By 2HERTREEORIEL L, T DED
%% L 3. F b b (Jacid (215-220)— Jalkali
(215-220)) k5. = Z i dacid (215-220) &
IEEREIR I D v T RO R 215 mpy & 220
g OWYEEENE L R L, dalkali (215-220)
LIREEIC LTk e 7 v TR ST 51K
HEDETH D, Z OFIE O BHE O ENE
4(215-220) 7 DMO o & BB 2R T

Fig. 2 [ZHEICWNEEDEDEE L D,
i DMO 0% mg% TRLIEbDTH S,
S OREREMR S SIS & 5 e, 0.6mg% DL
Tk DMO L = OWRINEIZERH T
5.

R L UEE O DMO ik

Fig. 3 134k X OMAiko DMO o o3irik e
HEICY = —< TRLELDTH 5.

BRI~ EROME & ) —EROKCHR
LTHREDzF— 225, 2O—FEE2ml
PRANELEICED SM oV Vg d4ml b
F—nx—F0 25ml #hiz, BB L TELS
B+ 5. WRIZFOT —-FASEO—ESR 20ml
LY, ThicHb - T=—FATlfishic
0.05M, pH 9 o vERiEEK S5ml LIREBER
L 15 5) EfkcEOSEETS. Zhbo
BB X v ekt o DMO REERIc = — 7 v
FEICHAT L, Kic ether S v BRIRASER LGy
B 5N 72 i DMO i3 3ic & v BRRAH I B
FLTkRS, 222 icneEbnies v
WKLY 4cc #RVHLT, Thi220yh
i, #ol-o 2ml) tm—F4 881 0.05M
pH 9 o7& v ERENE 2 ml 2%, fiFo 2ml
{1k 01N HCl 2ml %Mz, 202 20*%
NENETAY VEEREBECELSD, %
nERORPHC OWT 215mp & 220mp O
ETHRELZRETS. » < T Jacid (215-220)

Weighed Tissue

14— H,O added

Homogenate Homogenizing

J «— Acid Phosphate + Ether

Shaking &
Centrifuge

Ether Fraction

l +«—Borate ( pH 9.0)

Shaking &
Centrifuge

Borate Fraction

l

Spectrophotometry

Fig. 3. Procedure for DMO analysis.

& dalkali (215-220) % _ERRom<ic L TR,
I L VIRE  extinction DFEMDZE  A(215-
220)(= dacid (215-220)— dalkali (215-220)] % 2}
B+5 (L2 Lk Waddel & Butler o JE
EER L)

B MEREOBA I LEOAET 2ml &
EV 2 x— MEMPTBEEX B LosfiE
e AgkoFETET 5. DMO o i
BEEA 10mg% &SR E &
VBBRERCHRRT s g E Ly, Pk
HIEIC X 0 45 %5 DMO o [EIRZIF97% L LT
Hole, EF—FEL 23— b2 bOHIER
ERIIZWUTTHD.

Bk BEORIE MR PH OFE

FELHEBFEY =%~ Fho DMO &Y
oMl pH ko 5icik Fig 4 Rl
HEXEPHVS, TTIRENLE S ITHEA
pH (pHi) %k % 7= wicix#ifaslt pH (pHe),
Mgk ICF & Vi (MleNiRE), Ve (MAESt
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#%, ECF &), ffaksd o DMO e, ik
MK HFD DMO BEZ KRR THERD
. % 2 CHIKESME T o DMO B EEI3 MK sy
FozhicELwEEL T, EFELEOFEIR
LY mEE T mFEP O DMO EEZHIET
%, IMiEksri: Butler o 3 % v 7z 0.93g/g
(%) #MmdfL myEo=E & 8 L C A L
7. = L CHIlEsMNE ECF tho DMO BE %
R 5. WIS © DMO 8B % sk
3792k, ETFHEAE o inulin space FFH
Z oMo ECF &% inulin space 1z& v
L#%2 7T, ECF HhoRErzo ECF BxE
UT ECF £ DMO E* 3845, Mkt
V=x— reRPODMOEL Y ECF g

DMO B #5255 Y 2SN IcET %

£DMOBRTH 5, —F MKk BEiZ kD
mic LR 5. WA Lo —i %
&b, TOBREFRELTOL, Thi 120C
OERBICURMANTRE S S, Z0oERY
BERELTISBELEVZ L EHEID T
25, WYL BRAROERE KD, &
e THBKOEEREYT S, 22z
MR TH & D 2 OMifko inulin space 37z b
b ECF v zbn% ICF &r+5, 2L
TICF B% Pl T& & izskb-flaig DMO
BERU2b 0% Lo THIANE DMO e &
T 5,

Inulin space OPBIZIEH P LDRFLIT

' (pHe-pK)
pH; = pK' + log {[—gi(H—v—e)-\\;—T] x[lop ¢ p+|] - |}

Vi

pH; : pH of ICF
pHe: pH of ECF
pK' + 6.13 at 37°C
Vi + Volume of ICF
Ve + Volume of ECF

Ct : DMO Concentration in Total Tissue HpO
Ce : DMO Concentration in ECF Hg0

Fig. 4.
ular pH.

Calculation formula of DMO method to determine intracell-

1¥ 0.5% NaCl 124 L7z 1 % inulin %% 1 ml
EEBENCERN L TR L, KT inulin 40
mg/kg % AFAERKICED UTHIRE » 5

L, TAPEE L0 bIcT Y LG &
TV =R~ MERRRML UL BREAL,
Z DR 2ml iz resorcin alcohol 2ml, HCI
S5ml %% THRSCIREERML, 80°C niEk
K255z L THREE L, iEbIH
Kiz 3B LT, SlexEFTT 490 mpy
DEEEL L L WHARET S (Deane 0FHiz
£3) Z0X5iIcLTRD inulin space %
ECF bz THBERY Y O% L LTRL T
B, ERITHESNE pH O RIE (23) ik FF o
TERERBIT 7 2 BE B, Y pH 2 — &
— Model P w4ufn pH ZHIE Lz, » < TBL
Ltk o THREEI BRI -7 2 52T Fig. 4
OHXE S BV CHikE pHpH) 2FHE T 50
Th5.

B. 2 XIDZF B oBEHmMOAE

fRE 200~250g %2 3 & BESOMTHtED
Bz b b, MR pH JEEOHEI
T~ ERROFHE TG E SBEL, 20
HELAET 2. —EEEOMBRIc—EROK
EM2TRES=2F— 225, TOKREY
=R — FO—MEWEEICS biiz, EOHME
BT _TEPCTh - e b RBOERICL 5
BEEOEIERLE /R v Lk, Lk
B0 TZ ZITRD Bivie b O RER & 2 ERE
BHOBRBEMEZR b D
BTN LS
NIbDEEZTIV,

T B 3 ERE )~ 7 %
FoIAR—F—, BOH T
A B CESRUERT), Eth
ESE (HEEic T HEY), pH
A — 2 — (EERERT), T
A (BHEERUERT) 2EERA LT
THE AR & ktangk Uiz, T
EWE L T X 1/500N HCI
& 1/500 N-NaOH ¥%fF
ALk,
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BEM o e 1T S EERE Table 1.  Normal muscle cellular pH
(wEq) 4B » 7R &K Rat Dog
dpH % kHkORE S B 2 ;“l’j 2 jzi
TR E R L. 1 698 4 7.04
p= 4B 5 7.05 5 7.13
4pH 6 6.91 Mean 7.09+0.14
T BIEEMTD S, 7 7.06
S Vil 1< n SEO .
DR OB E 721 3K bml 10 6.95
¥z, o pH » pH, X Mean 7.030.09
v pH, &bl 72 &+ Hh
&, Dog: 9.2 kg ¢ Time (min)
AB= Q? ri B 40 20 O 20 40 60 80 100 120 140
%7z 4pH=pH,—pH,
ChBHEMD f=4B/MpH L T3 o ]
UTERBEHDRS. L LB | Blood pH __—©
W LTR b icas e
LTEHET 3. i
] ‘ e 7.1 ./. o
C. RoMhOMEE Muscle Cell pH
Na, K i Lange #¥HE 70}
e THlE L7z, Clix Scha-
les & Schales 7k (19) 69t
WWTHIE L, BRERE: Van Fig. 5. Change of blood and muscle pH after acid loading.

Slyke %%{E (20) 2 M L7e.

III, &= B8 m &

A. RERNEBEEFEEOMIZA pH OREMNHE L
Mm% pH
1. EEHoMEN pH
Table 1 IZIEH X3 L RICOWTHEZARER
BB OMEA pH OfEEZRT. XA I TRIFE
PMEIZ7.03 CHEEKE(EE 4+0.09, K Cik7.09cHERE
Rz £014Ch 57z, 0% 5 ICHIKA pH ik
¥ pH X 94 0.3pH TBEMK T LA b
%, T OfEIRCERICE b i FRiEN pH ofE
(Waddel & Butler, 21) ¢ 3 X —FK LT 5.
2. WEAROFHRER pH 0L L ik
pH ORFERREE
Fig.5 B REL BV fED 1 HlTh 5723,

Blc Rz L ithic pH 2 L o Th 5. B
04y 0.3M HCl, 40mM/kg #%&IRAIC
WAL, BECHAMRASLO pH 2HE L
7z, iy pH & HCl AR X - TRPIES L
CET 58, UBKEEEDFHICH - T
Vw3, L2 UlEAIK o pH X #0304 Tk
&V EHEEBMZ VA, USRI ORE &3t
RERZICETLTWE SEEMEBL ERETE >
SFTw5, <im#E pH &HfEAN pH 0%
b L TH 3 L TESEGRE L LTELLT
WBZ LB, TOBLELIDLELL
FATcREE D Fig. 6 1TR7T.

o Fig. 6 cidEEIcRER, #tEiczhe
NEREEA A IRE, #ifgsR pHipHe) X
Uk i O K BEE [Kle, Na j#E (Na), Cl

> >
— -
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Dog:1.6kg Q 3‘0 60 90 I:'zoﬁme

E 253 Hi?l I(nzjeec’fiolr\\'1 £3kOmBMV3) (min)
.om AN
3 °\ g
£ 20 (Hco3),
- o’——-—‘°”’°
74 .
{ A pHe o””o\
73 \o/ o
] — . pH; N }70
- A A L]
3 140k (K ™, 6.9
R T
o
‘2 I130F W:’Je_o,.-o/°
= i /G\U"\D o
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Fig. 6. Effect of acid loading on plasma and
muscle electrolytes. in dog.

Table 2. Comparison of intra- and extra—cell-
ular pH of rat muscles.

Acidotic group

Control group (24 Hrs. after HCI

Rat — e Mg_i)

1 740 691 049 736 693 043
2 744 7.06  0.38 740 713 027
3 740 721 0.19 734 690 0.44
4 737 701 036 742 7.02 040
5 745 695 048 745 710 035

" Mean 741 7.03 038 739 7.02 038
+S.D. +0.02 £010 +0.11 +0.04 +£0.09 #£0.06

(* 5mM/kg B. W, i. v.)

Table 3. Comparison of intra- and extra—cell-
ular pH of rat kidneys °

Acidotic group
Control group (24 Hrs. after HCI
Rat Loadmg*)‘
Diffe-
rence

pHe pH; Diffe-

rence

pHe pHj

740 691 049 736 670  0.66
744 6.8 056 740 590 150
740 620 120 7.34 616 118
7.37 653 08f 742 662 086
743 643 100 745 675 0.70
Mean 741 659 082 739 643 097
+S.D. £0.02 +027 +£027 +0.04 030 +0.32

(* 5mM/kg B.W,, i. v.)

W =

ol

Table 4. Comparison of intra- and extra—cell-
ular pH of rat livers

Acidotic group

Control group (24 Hrs. after HCI

Rat . TLoading*;) :

1 740 720 020 736 660 067
2 7.44 7.33 0.11 7.40 7.02 0.38
3 740  7.26 0.14 7.34 6.70 0.64
4 7.37 6.79 0.58 7.42 6.57 0.85

(&3]

743 692 051 745 686 059
Mean 7.41 7.10 031 739 687 0.63
+S8.D. 4+0.02 +021 *+020 +0.04 +0.19 +0.15

(* 5mM/kg B.W,, i. v.)

Table 5. Comparison of intra— and extra—cell-
ular pH of rat skin

Acidotic group
Control group (24 Hrs. after HC'
Rat Loading*)

pHe  pHi Diff. pHe pHi Diff.

737 667 070 756 736 020

750 740 0.10 740 740 0

7.44 7.39 0.05 734 718 016
4 7.40 7.15 0.25

Mean 742 715 @ 0.27 742 731 0.12

+S.D. #+0.07 +0.34 +£0.28 +£0.11 =+0.12 =£0.11

(* 5mM/kg B. W, i v.)

W N =

wr
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3. HKhgsRAERA pH
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BRI E D P ERHEND BT, KIC
FR 'S BV TEREA 24 BftE o MAEA
pH %, BT, &, KEX EOEEIZOVT
FARTHR.

Table 2 %% X 2 OB ORMENI O pH
R, BRATGTE L3 24RRETICEE 2 S5mM/
kg B.W. 0#IGICHIRNICEALZS D TH
5. foiiar pH ik 7.0240.09 T - THHR
#FoHIEAN pH 7.03+0.10 Lz V&, T
v, R BRI Ov T oMIRERSt o pH &l
LERATFEE 0.38--0.06, SHEEEE 0.38-+0.11 LR
BEHOFEC X - TREENE VLD Th 5.
D F D24 I U CHIIEA pH B [EIE L
T 5,

Table 3 Z[REICHIE ¥ 5 & OMBASD
pH %5, BB cmiasE pH 3%y
7.41+0.02, #mAEN pH X 6.59+0.27, Z 03
1% 0.82£0.27 T » TERAT 7 /v — 7 TiaHilg
S pH 7.39+0.04, #RAAHE pH 6.43+0.30
TERE AT L 75 BAeEvL 3 icEbh s
2B, REPKTH VHFFHOFRETIH
v,

ofC.

Buffer capacity (mEq/pH/kg rat body weight)
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n
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Fig. 7. Tissue buffer capacity of the rat.

Table 4 13 % X 3 OfFfElLD pH TH 5 25H8
Hapy pH o IEH B3 ALERE T 7.10TH D RA
BT 68T LETOEE RVHT. THabBAF
TR 24REIIZ L MOBEEN RO S, Hoft
RGBSy ofkaA pH 2 HIE L TR,
control ¥ ; 7.15+0.34, EREFIEE ; 7.311£0.12
TH-7T, mﬁﬁ%mabéﬁmWPHuiﬁ
DOEFI %R T (Table 5).

B. ZiAiGoBEE

Fig. 7 3 44k 0fE {2 pH 5525 9 0f
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HELL 0T, MEERERS Y ORE
MBIz RBRERFRLC, ChEBRFEYIO
HIcHE U e REY Y OFRENIEER &R
L, ##nx pH 2777,

_®®m6%6m3w<,ﬁﬁ@%®ﬁﬁm
B—BEL, K THRIEC. 2 LTEE,
BF, BONEIZ/INEL 55, bob bEMEO g
Wy OEEMOMICEFREREVERRL,
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The changes in membrane potential produced by alternating
current in the frog skeletal muscle fibres

Hidenobu Mashima and Hiroshi Washio

Department of Physiology, School of Medicine, Juntendo University, Tokyo.

Although a number of investigations have
been done on the threshold of excitation to al-
ternating current (AC) in the nerve fibre (Hill
et al.l), 1937 ; Tasaki and Sato?, 1951), little in-
formation have been submitted about the repe-
titive responses to the suprathreshold AC in the
muscle fibre. Rosenbluth et al.) (1940) pointed
out the change in resting polarization near the
AC poles in the cat nerve. Katz and Lou3)(1947)
suggested that the cathodal half-cycles at each
stimulated point caused a local depolarization
which sumed during successive cycles and the
effective stimulating electrodes covered the
whole length of the fibre. Recently, Hirsch 2
(1965) reported the repetitive responses to AC
stimulation in squid giant axon. When the fre-
quency of stimulation increased, the spike res-
ponses became to appear corresponding only to
every second, third or fourth cycle. The present
study deals with the change produced by AC in
the electrical properties of muscle membrane.

Two intracellular microelectrodes were im-
paled into a fibre of the semitendinosus muscle
of the frog, Rana nigromaculata. One was a
stimulating electrode, the tip resistance was 5-
10 MQ, for current application, and the other
was a recording electrode, the tip resistance was
10-15 MQ. In order to avoid the movement, the
muscle was immersed in the hypertonic Rin-

ger’s solution (2.5 times the normal) made by

BEEEE  -BRE 7 ERERFRERFHEISF
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A

Fig. 1.

Changes in membrane potential produced
by alternating current with various frequencies.

A : 25¢/sec, B : 50c/sec, C : 100c/sec, subthreshold,
D : 200c/sec, E : 500c/sec, F : 200c/sec, in Na—free
Ringer’s solution. Upper curve in F is current, peak
to peak value is 3.5 x 10°7 A. Temperature, 20-25°C.
Potential calibration, 50 mV.

the addition of sucrose.

Applying the subthreshold AC (50-500 ¢/
sec) stimulation, the sinusoidal Qscillation of me-
mbrane potential was observed. The amplitude
of depolarizing half-cycle was equal to that of
hyperpolarizing one. Therefore, the mean level
of membrane potential was not altered (Fig. 1,
C). For the suprathreshold AC stimulation, spike
potential was generated by every depolarizing
half-cycle at the frequency less than 150 c¢/sec,
but by every second one at 200 c/sec (Fig. 1, B,
D). At less than 50c/sec two or three spikes
appeared for each cycle (Fig. 1, A), and at more
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than 500 c/sec only one spike was generated by

the first suprathreshold depolarization (Fig. 1,

" E). The maximum frequency to obtain the spike
potentials at each depolarizing cycle, was varied
with temperature and season. At 200c/sec,
the spike potential and the spike-like depola-
rization appeared alternatively, but after about

100msec they diminished into the simple oscill-

ation of membrane potential. The mean depol-

arization, which is the amount of depolarization
from the resting potential to the mean level of
this oscillation, was about 30 mV.

The amount of the mean depolarization
during suprathreshold AC stimulation was inde-
pendent of the intensity or frequeﬁcy between
200-500 ¢/sec. When the resting potential was
changed by adding potassium in the external
solution, the amount of the mean depolarization
was élways about 30 mV, regardless of the rest-
ing potential ranging between 50-80 mV. But
when the resting potential was lower than 45
mV or the external sodium was replaced by
" choline, the shift of mean membrane potential
was disappeared, and the depolarization during
each cycle was never summated (Fig. 1, F). The-
refore, the shift of mean membrane potential
during AC stimulation is mainly based on the
increase in sodium permeability of the membra-
ne, in another words, on the local excitation.

The current-voltage relation was examin-
ed, using the same technique as Tasaki and
Hagiwara® (1957). According to Mashima and
Washio®) (1964), the membrane resistance was
3741 Qcm? and capacitance was 3.7 yF/cm? at
22°C in the frog semitendinosus muscle. Then,
the reactance for 500 c/sec is about 86 Qcm? ;
this figure is relatively small, compared with
the pure resistance. So, the peak current would
almost represents the capacitative one. The
ratio of the peak voltage to the peak current
was of the order of 10°Q and did not alter with

intensity of the current applied, although the
membrane potential depolarized by 30 mV for
the current more than 3x1077A. No sign of
the change in membrane capacitance was obse-
rved during AC stimulation.

As for the AC stimulation of 500¢/sec, the
second depolarizing cycle applied in the early
relative refractory period of the first spike po-
tential could raise the sodium permeability so
much as to evoke the local excitation but not
enough to generate the spike potential. Because
the sodium inactivation process is only partially
removed in the refractory period. Afterwards,
the local excitations are repeated by the succes-
sive depolarizing cycles. Thus, the spike poten-
tial is inhibited and the membrane is maintained
in the depolarized state. It is plausible that the
Wedensky’s inhibition is based on the same me-
chanism. ‘ '

The mechanical response of the skeletal
muscle to AC stimulation (20-1000 c/sec, for
half second) was separated into two phases (Ma-
shima et al.®), 1965). The early phase is a teta-
nus, corresponding to the spike potentials and
the later phase would be interpreted as a con-
tracture response due to the mean depolariza-
tion lasting after the cessation of spike poten-

tials.
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1. BHEYMTREMBICKTIH I+ 5 A
FOEBIEHNE

BIHEK - SBRAL - SHEER - & Ritt (L
WEPR A EE 2 A H8)

4SRiED LA, BB TFEHMRCIS T
3, ALEMBRRRC LY, BRI E T % acto-
myosin % & R IERBMEH IR T iT
bbb, BRI, FOREIERERD, e
myosin 12 DWTIIE LS AHTH B, £ IO
glycerol £ AH DL TIXL T 5 60~80 A
o thin filament OHRFHEET BT THS.

DR DNWTE~ bhRTX HPIYEERYE
RTHIe, HEHELME glycerol Fiiz v ~T
M#Y 200~300 A o2 density %43 % “thick
filament” HEDREGERETER L.

Z 2T DN % Hasselbach-Schneider ¥
CX o> THliaiiic- e & 25, ZoMmDEn
filamentous 7sASEAIZ NS L, 50~80 A o net-
‘work ROMERHED B 2 5 o, = OHEIT
ATP @b R0,

ZhdbEn “thick filament” % myosin T3
55 EE L, ¥Rty ATP-ascorbic
acid THH Lic & = 3T o filamentous Jph
IR LD T OMERMED actin TH A5 &
EERRR LI,

2. BRGICHITDITEMMBEFICONT

E42kE— - A0TH - 8K B (ILREXZ
143)

B ¥ 5 homogenates?s & 73 BE U #-_# (100,000 x
g, 6075 OibfZEM: ¥ RE LT, koRRY
Bi-.

1. E#X myofibrillar ATPase 33X 082 Y
TR = AR LT EhE5, 35% OtifgiEtk:
xR LIz,

2. B X 5> TH BRI dialyzate 13, EiF
LIBE A ERBREOMRIEELYR L.

3. EER A BLTE LR 5B S
b, BEARE T\ 5 I WAREENRD bh

5.

4. k¥, dialyzate, v v @35 ENL & b TS
B 10vol% piE4 0.89, 0.84, 0.5mM o Pi
EYe. Lol 084mM 188 » v & Ak
myofibrillar ATPase %#16%MHEL, 1mM o
ZHILZ ) 2 m — il R 10BE S € %
W ER.

5. ki k0 dialyzate OEEEML, 2mM
Ca™ DOEINE & » THRBIMHEh BT s
W Eh, 100C 5 4o #il e i LT LR
HETH 7.

6. Ll EoiligiEts aging X 0BT
2, EBI T~ BT b IR G LD
bhiz.

7. TR D S Ut RIS b RIS M A R
bive. ZOMEERIIEHO Fh & HIELT
1/3 BEDMRETH 7.

D EOREL b, BRI T 5 W ikitign
TOFEENRZED BN,

3. &% microsomes © Ca 274 5T
Ca Bticxi3 % caffeine &

BALH - E4KE— - X 8 (LR XE
14:3)

BER, caffeineflgfE i AT, T BITE-IR 8
DB 2 T 5 b0 F N FRE LTAL
I T\ 523, caffeine EMAE L LTI,
caffeine 23/ NakiciES L Tw5 Ca R
BHILEDELDBRTWS.

bhbhizhE ok, KEEHY O microso-
mes K54 % caffeine OFEf % 4 DAREN S
B L Tetnt, S[ENT caffeine DIEf % BEZc+
Bicdic, oxalate XEELVWEETT, XEL
T caffeine 12 ) % microsomes 26 Ca fEfi
DN TEBRE TG O 7.

1) Caffeine (7.5~15mM) ¥, 203 X ¢¢ 200
#M Ca 4T microsomes © Ca HE&HC
HLTEEAEEEY 52 .

2) Microsomes i & b #lifg U glycerol &5 (3



32 , b2 AN

—fG4E) 13 caffeine (7.5~125mM) X h B
EErRT. ChIEWSEMT T, microsomesic
ea Ui Ca 0#10% 25 caffeine (10mM) 1@ X
DR LT ET, A Weber (1965) 23EAF
DBHTOWTHE LTV 5 EFF TR,
Fh- O L Ca d&RIT LD glycerol D
caffeine [Uffi% B3B8 5 2 kMR,

3) X i, microsomes % millipore filter ¢
FrE LB (miliipore filtrate), 755 O cellu-
lose column ¥t X V BE %4\ active eluate
X% glycerol FoBigss, caffeine 12X HiX
R EET, EFRBREORKEMN myofibrilar ATP
ase DFEHD bHENDLIIZ LIX, 2) kil
Tez L BTRTS.

4, VU ALDILBHERE

B B (LAEEEEE)

VY A v ORECHEDPITE CRERD FELET
THRBEOEL, VvV A VREBROETEN
DicTEHDT, ERETRRETER L LT
febitus. FRT, ¥ 5 AMECHBRR LML,
ZO—WE V) AVBRER~NARTES EW)D
FER L ol zhicX by, f3k, Vv ) Avik
A RIGET 5 L BT\ nicat, 5x107 M B

ToRETECRIGL, 107°~10" M THED

RIGRHALND T ERPHLMIR T,

Vo) AVIIERCIBENRECH S 1M
R AFECRIGL, Wi « 27V £ ) Y ik
1079~1071% ¥ CIERKIG Lic. ArF YIILIE
Ty H ) VIRIZARKIE U, Fio, F3 - &
B EEC L EDBLEERL, F=—FCXE
DEERR L.

&4 OB PR BT HENTD L H THPER
BRIETY Y ) AvDERERABI LY, F
FULV OV AV & o5 THENMEEZEL, B
oo ST CIXEEMMERIEE AL DRI X
SrBhbhs.

vy asad pH 7.2 OEEHRCRWT, B
Bk« REOMEL AT 5 b OCMEER R T D
DIEE Y, FHRSBEEDZMHEIT 5 d0vHk
BT ALERTES.

5. CEHBE 05T OMEIEEDO KB
FE=SH - unfEk (ukEEER)

& #W

HENKBDO—D>7T H 7 5 % Dactylometra T,
RIS 8 r BB, BABRERER
hhA4 vl AR B L, TAGEEIE T,
5. A VAMARERNSH IR T BB HgH
B, FRAFO NI RMNBIELE T,
B DR A - TEET 5. o huddeh Ryl
LEBAOTGHAOEE L H M =277 7ICEHL
THTHETH 5. RBFBEMLs 7 ¥ OEFD
pacemaker ‘T b, FHElaL & A TEFOH IO
EHEchY, BEEYREL T 7 S OB
HEDLOICT 41— F A 7RER LTS,

B PR R, £O—20DF X
1 3 7 5 4 Polyorchis VRIETFRILI2 7 UIMT
LTCh, KoHRTEEYHRT S, L LT
I B BIR EE — o T E L TRINEER
LR HEIS B ENTE S, FRBACKD
eErbs bz kb, HROV X A0EEN
D i extrasystole #THET 5. Lo LEHER)
oL Bir b, compensatory pause A37p\>.
SR LIS & - COREAE b, SEHIIUED
MESRSNRS. FOERIEEBYOREER
@ pacemaker % ESHIE LIk R AT
Wh. FxH I 2T FIRBEHRERC6 s OIR RS
EEELRHD. hi l rBUBITTRLICE
AT, BIACRAME T, ORIhicfliz
ki, 45 AMERNT S, IR EY 2 15
FL, 28RE0IAEEAOHECERELEL .
HEFRE 4 7 HBIL 8 rIE AR LUICEART
i, 1EEM R ERCEY, Wk - HE) - ¥
Waiste, LiediaT, ¥ 25 375V TIRF
BRI, BBAD B WINE S ThitiTy
TRAMBEA pacemaker T, RAIEOHELR
FCEBFSE LD, RO PIER R
KTHLOEIERTS.

6. PEEASDORDMEA VL RDEAF IR
KEBRCHLETHIRICONT
IEIEE (kg 24m) :
Chloralose—urethane fEr & e L, MEBREL
fox 2RV, TRCRIMRERED £ 4 74 AR
Bl s XIETHREBRF L, UTORELE
7z,
1) BIEDEH S B T 2 Bt EEHEX
20~120 m/sec TH -Tc.



T

2) #960% o #Ifai: “spontaneous” ?C/%’éﬁq‘l,'c
¥D, FOHEEL 10~80imp/sec T, FoFEt
D TR TH - 1.

3) #180% o MR I\~ T, TR RAE bR B
OEBLHREBZ SR, B IMAOHEL L5 i
Mot BHHSEIED TRC LALLM
P

4) {RBHFIEEMED B\ TR AR
T &bR, MR CIEIRA LD iy
D, BHHIEDTHE» o, TR {EELFILFA
Bl X ORRO LT 5 1313 IRETCAD
, EfiEA v Ay “diffuse” i &84 FAA
AN B A > T DT ERR LT 5.

5) BT E v F T AT, PrlEd
FO—EEA Y — T H BB B L T
5.

Z DIGBRIE £ 14 F A ALK “back-
ground” DHEEHEETHEERELL b DL
Exbhb.

L1 =2 MY ERDCRITDIREHMBROK SHE
ERID B

REEM . KE B (JLREREIB)

Hagid, &= T — © kAR
75 & O da B bR o U R B — iR il
%, SO RIRREMEE O S, Bods, SRREIEE L
¥ X O N EIMRED B RN 2 EH L, 20
R, OB S X ONEHIT X B ER LN
WL,

4[ali%, chloralose 50mg/kg D TETHEEEL ,
Flaxedil C@b Lizc=7 b Y &V, kst
DEEHEEME LHR, LT oY 3.

(0 — (o> T el PR o B R AR v B — i)
WME Iz 5 &, BXHl TR R Ml s B By,
RMoORIBEL, 20250 RKFHEENE
bhiz. thiext LT, S&FMRrilL s
X, Fa bR, BEAEKEEREMIES R
Teh otz

(2) SRR EMZROFHC X > THLRE, L
RO 2 B0 REHEEMISHIC BT Bt o RE s
R, Thrhg 1 EMBT 3R08HT
6.7~16.0 m/sec, SEIMGHET 7.7~16.7 m/sec, %5
X OB 2 WAL B % RO ARE T 0.83~1.3m/sec,
FOFEMET 4.5~12.7m/sec TH -7z,

LN

& 3R 33

Q) o 2HORGHERML, B OBEE
FlEts, IR, FHERFREIHEE T 5 2R 234D
H, ZOFEERNDOT205LED .

(4) BRI LT, 82BN L BRI FE
50, H1BMI ) IERMHELL.

ELEDOBEND, =7 b Y OEEREHEDI
BHRDREEEMCIL, > 20BGibhk
X 5 e R E M KESEEO B MITREEL
b0 EEZBRS.

8. REEBEHICELITTHEMETFT HICE
EREORBICOWT

AR FENS TEER (JhRBEEAE)

RSO BICIE U CEERIER T 5% =
Lo ETH B, HIEREO B B HF
AT, SERA—ETL EERIEET 5 22
ZTPELTE R, o BHEIESS, K
DI WHRERIRCEBR T3 kb, ©
FURREERT & B Ao R TFoMERT Bcd 0
bOEELI. Lkd->T, COMECRIBHE
kD7 FLFy vy, JATFLF Y vREDR
EBIS U B va v T I B H A 177
v, ATASENTEREER 2D TICRERL
K DFEF AT,

1) %5 20C T iR, TERRE,
IR 2 ~ 4 B D I 23 % <, Ak B
IR LI, '

2) REMEEEL, EF, PR e AEANE
T, B2 02~17C e BA & EERTH, LD
HIBBIE ., fiEc 1~2C (TFRRER1°C)
DHDHEL, 5~ICDH DD d T,

3) E|HET (30—10°C), BB\ X EREA
(10°—-25°C) i xf 3 % IR o Kt k., fian & i
BEERASRIsh T,

4) 5°C LAF o ERET b i o BB AR
74, 0~30C p&—FEEIR T OME MR
SHEEERLIR.

L EoiERa»s, pEEek- 5B E0%
My, SRR LTIRE & A ERD B R
2%, 1~2°C 3s 1 O¥ 5~9°C DSt BIE IR
DIEEH L AROELR LIS LIEATREL
EEZB.

8. 5y MOBRBREFESONNTE



B il ;)

CBERR-SEHAE-PHER (i L Em)
SRR B MR By & TR IR EE L TR D
R BEERE Y BT LA SR
2OHhb. BAXzoMAEAL, 7y rEREHE
B Ak mitE (LUF BAT-BF) o biis
B LTERERV TR0 D L AR Ek.
T 5°C ofesc 2BMEH T &, BElE
BEMEkE BT ML, & oo BAT-BF (1%
SR E LTHISE I L. ¥, 3C 1304
IR L7848 % , BAT-BF 13 24f5icinL
}. —7 norepinephrine (NE) o #IRPIFRFEIEA
X -Th, BAT-BF @65 EH L. 2C
THAIETIC & 5 BAT-BF o2 NEw X %
LONENE LB -HIC, hexamethonium %
5 1 T 3C 304 RIBEFE L e, i h BAT-
BB L. Lichd > CRGIRERC X 5BAT-
BF o#imI NE LIADORTR LI 20O THDHE
EARBER BN, ZOHEDWTIERBE
TH5b.

vkic. methyl-thiouracil (MTU) #:5, FRIRERS
WY LS, BFRIEHEE 2 MTU £
s v % 5Cic 2 8EBHET %, BAT-BFD
BB B hic it otetd, 3C, 30550k
BEBoBY, MTU 45, FRIRMLoME
117z, BAT-BF 1 LR L%,

DL EogERs, PR A= w2 BAT-BF
LT, BEBENRFRALTWAZ e RThOL
Exbh, ZoRRBELTCETOEER L.
e, MmikEOZEb L HRMER L OBE, miE
DI E TR T HRTFEOCTHENFTH 5.

0. ZEHF—TILHEORS

MUBE LRGBS

DA 7 — 7 VRO R 2 T2 &k
7oL TR T LIk b e TR [ BT 5 2
LA E T T, BEERMEET, BMET
MFLEAE » Te SBEE/ M@ Z O » T & Dol
) avOEETESOTHS. filFlciboic
e g% A U TR ~ED X BRI X
DEESNG, AC X o CERENLEINT 5
L X EBIRN G L S R RFC Y, ok
REDPERRIIT S 10cps 2vh 35cps LA kic &
FT5. ¥ A IBOHTORINCEL - TH
Htig s A YEEIRI. 2hboMA X

D MERHEHABLAERIRCEE U EE LB
n5. EERCCERE, DAEREHTSEE
EEC L B0 L30Tl VIR LI EE MR 5
2BDTHS. ElFERNAMEIEA LD
TMEEREICMNE I D 2 & 7o R APe B
KETESD. 20X 5CERBOEER X O—E
RIS T CoMFEREOBERICER L Bbhs. K
B RANIREC X 2EMOBIETH BN, RE
WEEE LT BFETHD.

1. BERER CO; shmmOoRKELZDIEHE

BES— - FTEERS (LAt AEER)

kM D COz DT E LT, LAY A5
Wik, BMEEEE, FMRRIUESDYR S
AGHHEE DS ~1ehy, TOREOEMM, RE
DM B NTHE LD 57, BTk DX

DGR ES L, Lo b BEASRTRED
FERTWBHLOHER S A 70~ b 75 78
airsns, BH, NEb X TN, =
heHefE 2 0B R a2 ikt CO: SHmiil
e LRGSO R AR T

JRBRIL, FAGERELRCERELYANT S
R EoT, e —KBRRC XY, ZORET
LPETEREIMETHHDOTHS.

BEEF v ) T —H AR LIk, O JBEEH 5~
0B TIREREEERE L XF, Lih - TFER
CO DML, F v ) 7 —H AL LTURZERT
T THote. Fhe CO: DEMEIL, HEELE
By AW L - T, DB+ 52, *
v ) 7= A ARECHEEECL, FLACHES
Nighro»te. BEOWECIX, v v 7 fiEiml/
min DVF, BEEER, L7kVHENEHETH S
b ot FRARIOEEI, F3~4%
HHUEOBEEE L it o fe. EE
o time lag 1%, 0.1sec T, 90% response timé
iz 0.2sec, HHPEIT mean% SD 231 %LIT
Hote.

WEAMOIGHEE LT, AR & IEZC0: %
IR SRR I L, SERROBIE % 1T 7% - .
TR, KB R A FEIEEER, BT
165 cc (BTPS), % F 134cc (BTPS) T, &,
AEE, BAEELEIRE ORREY Rich, 27k
h OB RS .
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12. BERBEREORPKRILE Y OHRICOU
T

B OB KTER - BN F - NIERE L
B = . @3hiE— (LBREXERAR)

WMEBEESAT, %E © MEM gonadotropin
HCG) 3 3 hp z L1, HAOEETH 5.
Lisl, Fhd, GHOFRLE VERBECED XS
R 2 B, FIRE Uit dngs. Kk
1%, RPcHIng, AFef Fehle v
FEBPICEIZL, kDX 5 TRy B,

1) Estrogeni, (¥5Ho&OMAAkZ LA, K
oy, EFHEADL D SEEER L. TR S

7

=

35

& W
B, estriol DR HEEESINIEED b
R

2) 17 OHCS, % Xt 17KS 3, JEFE@mAL
LT, kgL, EEO TR, DEXLh
l/l—F'C& 7z :

3) ®i, 17KS o4EE T, BIFdkEE
2 oh B N450E, B X0V -+ VIZrE o LE D
Bk, BB EBEOETIRRI .

4) LaL, ACTH AR, IOV -V
7 AP REITL, BIBRETHEL, EFiR
NTWBZ EHH ST,
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(LRI AP

HBE - UREEnRS

e WERIL4E8 H23H (k) 108X Y
I RREEsERAE ER AR

HEEA IR - R

FESE (1965) HERAMBEEAZ O, AEBIE
ERFEL 2 CHE  WHEED Y v RS 7 A%
¢, A. Sandow f#d=% chairman » L -CBHw
fo. ThDEEE 7D b ERIRZ OFE OB
EDLENS L, BRNTA T8V VS DR
Sou B HHHED DT, B (1966) EEbHC
5 EDEHENRK I STz,

BEOELE informal 7a&TIIH >TenNEHD
ZMENES K, formal It TEH AL RIDWEE
XE, HEEAH Y, UrHIAENIIRFEED
ERREEDOREND VRE LI ORD -1z,

REESBHETHTFETH .

1. BELHBLERIDERICONT

BEIHEER REEKRE 248)

Caffeine LG BRIRIRE OLE)T, I - 7
% cycle L, MEEBHAMARETIUE, IX
WO b D XS TH .

Caffeine I HTTiabln Th, BHIHIEE
REC X ) TOBIERENI®E LS. ZO%ILED
BN LB TR H B, caffeine 52 5
Lick v, ERoinE dynamic tension 173
5.

DX REENL, REOCEEIEEIED
activation &t LA B 2DBIfREFLTCW5H T &
BEZHNG. M O WE TRETRETRS
L, —EORE (10CHE) FTiEbERIOMW
D, ToORERBZ 5 LMoY £ b, 5C
FIE T E D OFGRIIRRT.

b DI END sarcoplasmic reticulum HVE
fBwir b L, bound Ca % release T 5ThH5HH

LHEL.

2, H—misoiglcds LIFE$ Caffeine ©
i3]

MATERER (KRB AR 2 4: 1)

Caffeine 3. 1 mM BETH = VERBEHED
BnEa L, 25mM oL 10 mM o i

TAMHEAET. B-REE By, g0
MR 1 BLIPeRifiT 5 ke X » T, caffe
ine DFOZ NS OIERIHET SRS
P, BUNHE caffeine # & LR ZBE LICE
BX oI gD, 1I0BBIeRRCETS. &
7 caffeine #fE DR I HE R ET HIC HFI10E
BEL, MBEIOKRE JGEERENEBIEEL
V. K MR T Licts caffeine %4 ¥sRinger
Wed £ L, BIEO BRI ORRLE
3% M caffeine HfHIZ 112 BICIEE B, D EO#
Redb, caffeine 13, Zh2PABINGEL R 58
BTHHHETREIEASTL, PHERRKAS L
5 X b %, tubular system T3\ ~CHEEIiEERD
DBRCAERT 5 2 LR e,

3. Caffeine & microsomes © Ca ;E%E
BEK B - AkHEB (FLBEXRE 1EH)
FEk, bhbhix, BB O microsomes &xf

3% caffeine O {E A% FKIGEEHC oxalate 23
T HEMETF TR LTE 2, SEL caffeine
DRI R BEEW T B 7D, oxalateD NG
T3 & LT caffeine & X % microsome (5 EEF#H:
) 2B Ca RO FBR BT WEUTF OB
B,

1) 200 tM o Ca 4 T T microsomes &+
AL Ca 1, 7.5~15mM caffeine 1z X b
TEHE S i,

2) Microsomes iz X b #lifZ 17 glycerol # (¥
—pHE) 1%, 7.5~125mM caffeine & X b UL
fiarmnd. Ca BB Loh AP LSt E
1T 20¢M Ca FHTF T microsomes 1.5 5%
L Ca mfE& S BBAIIE, 7.5~ 125mM
caffeine . X » microsomes ic§iE Lz Ca 0fy
10% 23X AT 89, A. Weber (1965)
DDA OV THRE LT ABEH TR,
iz, Z ok Ca i X b glycerol f5o caffeine
X AT EEWHBREL T e, Co
LT OESRI L RBREND.
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3) Millipore filter 7% QN cellulose column
X b microsomes #fpFE L7 filtrate IO
active eluate 17 & % glyceral f5D3t#EA3, caffeine
X ) IR S, FEOREEN myofibrillar
ATPase DEp 5 bHEID BT,

4. E-C coupling ¢ HREEEHE
HHEE (LABEFETEHE)
FIFETE O BB IEC & bt - THIT 5

BEDOKREY cell-free system DWW THRET LT
Az,

FDEERE, a) Muscle—cell fragment o caffeine
% calcium & X 55, b) Muscle homogenate
o ATP Ui, c) Myofibril » ATP Wi, d)
Myosin B 548 0% P L-FE0 K.

k&% system 1o\ TEBEE ORI
TV o FRIDPELTHB &, U0 et
JGLTREEEOWAN & b h 5. TOREIL,
a>b>c>d TH D, system DBEEEILAIL
Tw5, ’

L7223 »C intact muscle fibre T& 5
FWEERL RY) o, SN0 IdEES
DIRFEEE & FHE R DD L VL BIESH S
ZDHEM E-C coupling @R\W\WTED X 5 iE
B b o b D EHIROWT, LR RED
TWw5b.

5. BF 8o Caffeine )i

BE B (FLIREAER)

F R 3 IR CER T C caffeine fyfE
ZXh, FoHiEHREE g% 7R3 K-Ringer
Wk, K X 25 NI R - e eik
8 1D Zo—tEiig % & 3 23, Kfifihic
caffeine #{EH &5 L HfHiE T 5.

Sucrose-Ringer ¥ pCILIER & FlkED, BB
LB S vl caffeine ffE BZZ S B, LL
EIEWRATIL caffeine #WFTEZEIRTNL,
CadfreeffhTthabhil kb . hxsrty

M FEBIEE B B> sucrose-gap IR THREF LT A B
L, IE% Ringer v 38°C TiL spike JHE%
D53 % caffeine DFEIXFXET, HF
WEELZFInnZ b % s » To. ERT TR
caffeine W X b —FBEHSBLEELE LT vk
spike 2B FERCENAEETS. LrL,

LR TR X spike 1Xp5ET 5 WED
IZEFLTXK%. Sucrose-Ringer B CILgLL
Jc spike 2% caffeine @ X b HbhiL, EETD
IE% Ringer ik} 3 LREORBE I LS.
K-Ringer ¥ #Cix caffeine 12 & BB OLIL
Wiz E A L.

6. —HBROLHAD Catt 14 V{ER

AR B (BB 1 4H)

KB »Fo Oy NafeLoRfBres &, 4+
o Catt BT &, LABCRML TR SEE
Eizokmig Catt WEC AL T #inL, 2.2
mM 75 45 mM D HEFHTL0EOREEILICR L
TIE 29mV oZ bER L. ZhE R E
BEROS EYEESH Uic. OO BRI
5x1077 L3 EiEEE D tetrodotoxin THEI R
T, 10mM Mn** i X - CIEAH205 LA iEE)
AL & T S R L. kD %R%
ZHRA A OO T T S b, FIRERE
D Ca'* A F VR TOAEHEMOEIEH 29
mV O & —F Lie. OIOREER X b #EhicE
XHoH, FE, J, B, FELRFE LY
v ROBE KT & R BLER, BAEEOTC S
BETEHZ LAHELMI 5T,

1. IIXWEHEOME &R

F BR-HBHE @ - #HEe (JuRk4en)

33 ARGEMIREN 1mm, HE 5-10¢ o
oblique striated muscle T b, f/Maf IS
FEELTWB, BWEME 3B5mV ThHsa Na-
free (Tris) ¥&H+Tix 58 mV KBS T 5. EE
itk K¥ 3 X0 Na* 1 # v /i X OB
CREL CIm 3B LR, EEEMIL damped
oscillation %73 train discharge T overshoot
potential 'k O afterhyperpolarization »3ZZHC
H5. EEBEME Catt o EBEIC X bk
L, #Ei: K* 0 EBEIC & 5. EHEL
DA Mn™ 12 X o THIHE R tetrodotoxin
TR 53 Ts. ERRIEK X - CER R
T&5. WL E D TR catch #D susta-
ined tension T RTINMEEFLT S, HBRBEEN
W 25mV TR 10mV OIS X - TR
FeH:-3%. Sustained tension % Na® o 4>, Catt '
o, Cl- oA chiii & h 5. Caffeine TR
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P #050% A S fifaNRER X 5IEBEM
DI ST B 23\ 3 B caffeine contracture
WBRETS. < OREGEMHMIEELABRENT Sl
b Nk L PSR TR L, TOREE S R
R TR E PR D REDLHRLTWS

8. XEPHICLDIESHEEL

ER B (EREXE24H)

7 = N OB RN EEEZRA LIE
W ATHRBC X - TEF BEEM L aEEL
Fo. BELL T ol Ci IS M BT LAz
DPNE b - TIERRERCEE L s@ - Fliuc
X o TR HEOF B, 2 A XD AR
7 INRET B, 20CTIL 150 ¢/sec £ A 2L
T A 7 BT DA 500 c/sec TILEMD 2
AR T DHBRTHEITEY O BIEEA X H30~40
mV RBER Ui v v GRS RE)
ELCEETAEBMOANTHE IR, 0T
BB HE Na fass Ringer ¥rbe 20mM K-
Ringer % T Uls\. G L x28 (500¢/
sec) EEDOWTOEN-EEBFE L HififaEo
IV E— Ly ARRDTHED &, TR LTI
BIIEARRESRT, ZO1 vE— & v ALFER
BEeaT 5 Th X b/ hE ot

9. THPRICLDERGOREE

HBHRE - LEMTF (HERBEKE 2 430)

H = N ORI AR BES R A Iz, EE
FLDZELEERE L 2 2 WEihiEo 58 %17 5
=, HoRWMARES (LB) i LCIHEHRER
2L T B, LIRS RN 2 £ 5 ik
THBH. 200¢/s L LORBEHCIRIEEBAMOW
Sz D LB 5. L Laghifiig
7 X BEOEEHA I X b FEEEO8F 2 B 2\
. D Na kI35 & PHRGBITREEL
IewA, ok &b 1000c/s LUFCIEEMIED
20% BEQWMHR AR LN, Fic@ UBEORK
o BT ERBIE X D 2 5 B IR TR %
KEBFRED LI, D EOEEMLFER
GBI X B T R T HE D I R B %R
REROFBERCERTRENC &, £OFRE
BB RO NELESRCS B 2 L1F
zbhhic.

10, THRBEICLDOHOFRNIELBERR
HogE

FH 8- #EEE (ukER)

BRAT = NVLERHERCERESEZ T
L, BN#owv L% D summation & iXBR B AT
KPR 5 R e ket e U L 55, COf
BB O R E X L BERE LR - TR
L, ¥ ENE%E 20cycle 75 1000 cycle
DOETCE(L IR D & &, FHEEACHE > TR
AT, —ic 20cycle, 10 V/em BIEDQBET
BROWMHDIEXH B, gD Na kit s
LEGEMEIUE T E B R L, Ringerdic i) %
BmO SEEEOREZD OB EL K. i
Wo Na B r0t Ca BERBEALL DL, Filk

I (Cattl/Natl? o izE ke L T ZE

U, BIUEE R - eflik & 5. /HED Na &
KCE &2 IR T b In ki RfEo A
B, ZHIKHEHEL D XA HEKRE. BT
WEFRMOCEET S &, BE O TE T

BB BT, BRI RE Lo, B
Eas, #HEMRmEL, RMaER X hELLT
MIRRNRERS P WD ERBETHEELD
ns.

1. FRHORERBICHITIEBLEA4
DR

BF 4 FERE (HRERRE)

G OMEIEY Mot BIIHT 5 Lk
B 2 DML Licas, Mn™ o&Rieb3, Wb
BB W IRBB LB 4+ v, Nitt, Cott, Fett,
Crt++, Fe*** 72 X3 Mn** [ 0.355 0.5 mM
TENEy MABEO ARMEREX DB &%
sucrose gap EWOWH/NEmIETHEND. X
Bz b o F v ORERhRISE Catt 1w X -
TWBHZ ex Al HIusE Catt »n26%, 4%,
6 52y, e BT Tl nEl
Mn** o o+ VOBRED 2~ 6 fHic & H e hidin
5, Cat' 23 LM e )is U CRIERE
Mn** CEXELT. Ibic K o F (&
3 K+-¥%) ©o ACh I, Ca*™, Ba*™, Sr**
WiETe &% FEOBR SR 4 ik 5mM Lk
T BT &b, Bb < TR o Miak ke
Ca™* ronbaA v IELTW2EE2DL
ha.
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12, BEFHSH Myosin-B D igifigk

BIGER B i (LIRE RS 243

BE PR A£F 5~ b X b Weber-Edsall %
. "C natural actomyosin (myosin B) #:EHE %
i, B, & KCl filc ATP Rhnc X h 258
Vii% turbidometry X DB L. ZOEE
1) whibigelt, 2) MubBEEo 4, a) KClgE
J&, myosin B Epiftry, Mg, Ca** @Ek X
O ATP &y, b) ATP X ov Mg*',
Ca™ BEDHNY, o) BAEDOHEY, LD
COZ, FEMOThERMCIITILI LD
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Zbhad, LaL invive 12 % 1) 2 ITHHEREA
SlidingFiic X % &> 5 {FAE F 7270,

Fie, BUBORE XA~ oL
W12 THBHN, ZhixFEZH < actin, myosin
DN L e bled L Bbh3. 20Tk
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