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Excitation-contraction coupling

——A role of caffeine

Toshio Sakai*

I. #

TEENEN ORAE (B excitation) » HFFIN
#& (contraction) D FE&Iiz 3| 2 TSR I BY
LTiX, T Tic 1800 £4H 2> & Engelmann,
Retzius Hic X > TEBSh T, HEHEN
B ->TH D, # 2msec @ latency &R TIL
fEEfRIcE 5 (Spike-activation link), & » [
A7 2 07 7 ) BEFET 550, & DR
PEMRCA > THbOMBATHS LEX X

ill]

54, Kuffler (1946)i01%, Wiz O EHBF

CHME T, BAHE L SIE O BIE & -,
ThHOMICEERBRYEDS Z & & HRL
7z, WEBIEALICEE L TOSBIRF KA & v
BRI, b % Potassium HifE % 5| & B
L, ZoREE—ED K REBRERD
%305, JRBHENIFEED b HIERBICE 51
BT, 14y flux oFEH»HY, HL B
SBHBLESRMELEZ bh 5. Kuffler 03
kL TY, Sandowt® iz LiviE, EH O BHIHE
HBELAEMCRIESZ LR FA—HBFTd5
Lr=5.

Sandowt? 3EZE LIUEOMIC “—E LR
SHEF SIS OFE” ORMEREL, C0FE

$8 K iniz Excitation-Contraction Coupling (E-C
coupling BUE-IVKHERE) 72 5 AHOEFEIT

* WREHESER RS 2 £ HYHE

Second Department of Physiology, The Jikei

University School of Medicine

HolcBig o, BOZoRESEXEE RS -
kol 57z, 194948, A, V. HilB2 2 X
T, EED b OWEILEIC & B HIREBF O
RABPRT S THBILRIRHELD Y, ERD
B0 bieseo i oMThbhhidiz bl v
Bicbd o, g, HMETFERELZ v
BRAHEORE, BIOETEMSINTE
%, HEEIRADICHERE L RS O BEMSD A AN B
TEHRBREBBEREL2OHDERX 5.
E-Ccoupling it L Ci%, B ETELL 0FE
ERTNETROMHD DR ET Lo TRY,
B Sandow® i X Y 3 75 FREHLMT b
7z. E-C coupling Ff%2 L 3B Ic £ U BR
{9754t (electrical change) #»3#n{Afic mechano-
chemical &R Tdh BINHEESE (actomyosin) DZ
b2 XO0ETH» T OEFENEHICDS LB
zbhb. Lirl, ECcoupling b mx 13, &
KENC IR E CoRIBE TOZ LT, F
#HECIAAHNERFTH L. EFOLHES
BORFIUNE < & 5 BEME, BRHE, d5 & NI
B3R L = ) —EOSERE LRI E SR
THY, PUHERR L RICBERELEEN T
ZEshhEhbhkvTdbsrH. #-T, EC
coupling % Jigici3E L T Excitation-Contra-
ction-Relaxation coupling & $Ex bh 31,
Contraction-relaxation cycle DB & L %% 5
1053)
- REEERE OB, B Uzt < BE+
BRI bREICSHORECOL Eseb
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TThoHH, TOWRFEIHEECLIIVED
WAWABETERMTEbITE -, Caffeine %
v&bTﬁV6hél5K&ok®%,$ﬁ%®
B —o0FEL LTRY B b h e #iR
Thotz. Bin Axelsson & ThesleffD 1%, &
(K} Ringer W CEMHBPIBER T AT
b, caffeine iz &V IREAIZ L LI HiiE 25
HEERFA L. HELENC, FHEEFEOS
8% G caffeine % JH\ 7= iF9EE 1%, Riesser (1925),
Gasser (1930), Saslow (1937) &b T Th -7
2%, Axelsson, Thesleff DIk, 2% OEkE
fte LTHEBRRICE - 72
ARECix, BEIHEER o g BEL T
caffeine ZHEFALI-WMELBEL, Dby TFE
FHOBERIEIC b - TT R - TRICEBRRE
EEHL, TOBXFEBRRLZLicTS. B

BIGEEE 0#E, TEAETEAERSH

ot mz P, REEELEZEX R,
Caffeine fERICE L CHLEETH A 5.

. Electromechanical coupling
[c3x4 3 caffeine 1%Z|

WILE DB ST MIfESL > B caffeine % ¥
MLsia, —EBRE (SR THnM/1) LT
Tk, BILEMELD, FIEOERZ LA b
b, Lal, BEEEMEBSEIRESE
SHlg x5 x 5 &, caffeine WRINEFDH I B
MERmoELR, HLEBEREBRAONE, Zhi
caffeine ¢ potentiation ZhiE & =i 55DED6D,
ZORE, EEBEMOBE MO LBz

g

FE « PWiEERC 2T

b7\, Caffeine EZE® TP L &, Fme
R iRE T, 5mM BEMLOHAEIC
i, HIREAE U Z oWREE AT, LIS S
LCHIERICLED, LTAD, SOHEHRE
caffeine %M L7BEI0id, ZF L ighErse
F52, ZoOHEIAFAYET, REMLOX
KBTS L rigor IKBATL T, HEUBED
BENE-TLESD,
" Caffeine WM & % BULHEIC 4 b 5 BB
I LT b IR L CRR—0 b0 TH
%50, BEOBELHNOBECHES Z Lie T
5.
a) Caffeine- potetiation ZFRiZ->VT
{EYLEE caffeine ZAMAMRICTRMML 72EA, ©
P 3 caffeine WEIEV I V. L L,
caffeine I EEOHELEI TIXDHIBE L
TVBZ LidEr Th 5 5. Tk~
¢, caffeine FEAE LIE S LTHERSK LD
bbi, 225 671”1», HINHEIC B
i} % active state DIER 2% B . oS
X, BAF o R eREET, E ~C coupling »
WHkéﬁkk%%%kl&LTV6m#@%
@ﬁ% L o7,
£5F Sandow —JRIX6DEDD, HITHER &R
W B EFEOME (potentiator) D EFFFHL,
caffeine, NO;~ &z )B4 % b ® % type A poten-
tiator, Zn**, UO,** %% type B potentiator &
SE L.
Caffeine D1 mM JEE & I WIREIEAL & B
WEOBMBEERL, 0% 5 spike-activation-

potentiation 25ER

Mllll”

7 323 it oy e
Jusi vt maee s

iRRREREE} 1

Wit

—_—
200m sec

KR

[ CAFFEINE ,

5 mM

Fig. 1.
The relation between action potential and twitch tension on caffeine contracture. 28°C



TH—BTE « IEEEIC D\ T 1

link iz 2V THHHAMBERRL T +50

5.

EHFC BT 2 IEBNEAL & BILHER
BRoM <, BHHEMY —50mV i
T o B A S EIRERER L,
ORISR —20mV E TR
VERBMNELETHS. Lo
T, EHEMD —50~—20mV Off
SEPHEIEEFEET b0 THD L
9.

Fhit, —50mVd L)L Fmecha-
nical threshold, = ® v <)V COIEEIE
R OEEEEREE % Mechanical Effective
Period (M.E.P.) 2 L, ¥/ —20mV
M v~V % mechanical saturation & L, i
U EoBMECIEEGIECIZEEEZ B LE
Shv. Lz AN, caffeine, NO;~

B3, BLIHE & ORELRE 7 B L RO M E ik
mrBLh3LEEY.

1) Mechanical threshold »{&TF, Ei® —65
mV CIKERHET 5.

2) M.E.P. 0iEE.

3) DS LY OREMRRL, ZDZED
DIEEENIET .

4) Active state DIEESD,

Z ORIz electromechanical 7525k AMEIEEE
caffeine THZHEHIZ, 72 & 2BE»HTH
T tubles %% L T caffeine RN & Y A
iy Catt oLl s hicb o &
FBR B BODED

Axelsson, Thesleff 1% caffeine o {ER{EPTIZ
WBIFRE & & % 7273, Bianchi, bhvbhmER
P HIEMEACERY Anbh2FEEZEL N5
L, caffeine iz X - T HfEARES Ca 23144
vfeL, T tubles oM & HELRT
lateral cisterna BZOHICFA Tz Ca & &
HICHERET B 7o 0 IT, fIERRME D IRE AR
i, ¥ Ihs0THS5 ..

‘Sandow %1%, E-C coupling Iz 81T 31588
{ir. & potentiation DERE FHE S h 5 Ca &

=100

Membrane Potential (mV)
|
I3
e}

DERES
Do BT, IEBEAME O b ok

L - m oo m e Saturation

~Vd

- N E‘Z;g%e } Mechanical Threshold
Mechanical - Effective Period.

oz 4 6 &

Time (msec)

Fig. 2.

An hypothesis of the role of the action potential in E-C
coupling. Va = voltage causing release of activator Ca.(Sandow,
A, S. R. Taylor and H. Preiser. 1965)

BEEL, JEHEMD mechanical threshold,

mechanical saturation 2> &

dCca/dt=k Va (1)
(kdﬂ:f&kvuh @)
s BERINER BT L.

b) Caffeine ® i

EYEOKERE caffeine (order : mM/1) iz &
T caffeine #HEN AT 5 = L 1% Gasser?® LA
kb TR Y, caffeine ¥yl fF 5 B AER
BLTTifFabh Ty 2™, Larl, EC
coupling BfZE D 1% TEw Tl R EREAT /5
~ 72Dk Axelsson, Thesleff & 5L\ %
% . TR 7 caffeine FfE o BRI 38R LB AL
TS, B OS2 LITIENEY, %
7z 95 mM K,SO, LI X % P53l < b IEH
% L& R, caffeine WlESFAET 5.
BT T, EEF LD bk - THEE
NAREL RBEmMERFLTWS, Bib, EEM
e (o) = LIRBINESE 2 & & i3,
spike-activation link (EBIEAL « KRG A1)
ZOWTRARENECZ L2 b, ZOWRED
e & biskRZbhbh3am & 7« AR
steps T HEER LR TE L OIS %?C
BkE B2 7.

Spike-activation link #3JEWr+ 23L& oh
&M (BIEDOBEEL 25~3.0fFL T 5. &
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MR Vb 5 S F, BRAEIBICL TR

{ ¥ 3) Tcaffeine % 5 x T caffeine #fEIx
54y FeAE+ B,  spike-activation link (134 <

7.5 TV T activation step %> 5 contraction

~DIERE T4 T activation step B EH B

bDOLEZOLNIDDD, FPEIEHPES THA

FHOBFERERRS CIEEET L&D A
- DOMRLEEORS L bEXFO ETEFE—T
PBLVzB.

Caffeine fEF] & ixilic, BUNE 2y kT
Hapic Ca AT 3 L RFINMESES Z & &
Heilbrunn2®30 35861, Ca A 4 v 25
FEORBRIHT P DOREFZE LTV 5T LiZM
B TR - 727, Hodgkin, Horowicz335)%5 3,
K-fifg o KB b5y, precursor (P) iy

T —iEMEc S B activator (A) 28, BINEER

BHEEEE L 5 end product (E) i23&EET %

L% 5 —EOBY ISR PR AGE, P=l,
= @ et |~ — T —

A= (o), B=1-(P+4) | 282

L, BBEREE AT 5 Ca complex 23&E|%
CTw5 LHEE L.

Caffeine #fgizc 813 3 Ca OEEIz >V Tik
Axelsson, ThesleffD, Frank!® Matsushima,
Fujino, Nagai4®, Fujino, Fujino?, Sakai %9
2 X o TEDOINEIE R OB BT 7z B8 %
e bF OB BT 7 b IO, HL p
%, caffeine #ifE o0 FHic 1L MBS Ik 0 Ca
PARBRCIZBERS v Bbh s, BEelcR
%7z Axelsson, Thesleff % caffeine % I
S Eﬁ%&i@’l‘ibi}'{@o 7z %3, caffeine % T-
tubles %38 L CHIRIAIEIC/EH L, CanA 4
L% B & o ¢, MK, i sarcoplasmic
reticulum iZFEA LT3 Ca X 2 1T caffe-
ine-HHHIEVF B L2 5.

Bianchi (Z[EIfzIcHE % v T caffeine HyfEs
» Ca DB RBE L, MBAICEET 24—
Ca "EHicAFbL, Wz E T CRE5
Ca*t pEHET 5 2 & 2B L7099,

¥ 7 caffeine X EEG FSEICER LRV 2

LbmbnienT, Ca oka-fREhcmELE
REFT 55,

Sarcoplasmic reticulum iz caffeine H3EF3
5ZLRELOWFEEORD L LI H LRSI
3D, RAE[HH) caffeine WREDH S, FHiLBEALIL
BTT2EERD D, TG FEEMNE R
BEA LR caffeine 3EHE sarcoplamic
reticulum [Z{ER U CHEBE+5 Ca*t o kiT,
T tubles DPIARIC & o THERET 5 Cat* B
EEL, BREMCIZZED Catr RUUHERICHE
HLizlzp Db o b fERHES.

Lyotropic anion®®yx, caffeine Hjffg&HEK
SEBEHEALTRY, ZhidEA 4 v T-
tubles 1/ L triadic junction % —J& caffeine
R LBIEIC L TWB b0 EEZLND.

. Sarcoplasmic reticulum |C
xi$ % caffeine D{EH

Marsh®, Bendall® %z X 5 TERE
bW 3 relaxing factor (SfifE#)E) 1%, sarcopla-
smic reticulumis X {f transeverse tubular system
(T-tubles) @ bDsz bR vZ LBRFEES
T2 IDIHW2N50 | = ¢ sarcoplasmic reti-
culum jx, ATP, Mg 0BHETFT Ca £ 4 v %
ERTIWBEEELTY S, oEREA3
&, actomyosin izfES L7z Ca # ATP 4fED
THRNF -k o THRIBNICES BB EF
TrHEE b TvB b5, fig, Z&
TV H sarcoplasmic reticulum & i, #5ERHE
FEYEA T 5 lateral cisterna ©Z & T,
T-tubles X ¥ % Ca 0ERE, HMHEEAEHAT
HoTwdevbhb, fit » T, sarcoplasmic
reticulum OEH ZERICE “Ca Pump” L 3=
bz k52, zo Calth ZHEH
i, ATPase 0EMEic X3 Z & X MECAW
B, MCEERERIE RIS RICESh Ty
BN D 55,

A58 o E-C coupling 2833 & h 5 LARTIT,
Hasselbach (1953)2)1iyk DR/ BB %1775 - T
w5, 1% St. Gyorgy, Weber &/ J &)
viERYC, 553 ATP, Mg TINfis &, %
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D% % O BREORIEYYE & Nz THigE
SR THh 5, caffeine ZHILAE, &
Z AR, caffeine FRiic & - T, Hugt
L7702 ) UBERECINHET 2EE
R Ui~. /&, caffeine %, acto-
myosin HKZ (oFELEX DL
13725 » 7z. Nagai, Makinose, Hasse-
Ibach5® 33 X (8 Nagai, Uchida®® 3k
HTRROERETHE, Ca A4
DEERZ OBiS L B BRED B
T L &L, ZhE Bianchid®ig
ki caffeine SHENICES LT
w3 Ca 2T 52 L RFEAL, 2
b Bz, igmEdho Ca
25 caffeine iz X - Til#pf, actomyosin
DWEE b7eb LD ThHBH LEL
bz, BiF, Herz, A. WeberSD 4%
i3 caffeine HgfE» FIRMEF 1%, sarco-
plasmic reticulumiz X 2D TH B L
DN, reticulum o Ca Bty = &
&, caffeine ORAREH LML,
A%, 4y sarcoplasmic reticalum 23
Ca 2HuY Z LIEREED L %, caffeine
Pz 3 L@ Ca 2SEREL, caffe-
ine JBE 8~10mM/l Tix 20~409%
DF#EE M sarcoplasmic reticulum 2> &
BER B, Wi vz, reticulum o Ca
B Y AR % caffeine BNz 5z Liciz
5. Fi, &bic caffeine i R
ATPase #EMICIZBRE ZhEET
ik, ATP R RET 2 Lidhv
Z & &5 L7z, Procaine 23 caffeine #j
MEEWHT 22 LMo TV 30,
Weberiz X i, caffeine iz & 5 sarco-
plasmic reticulum » & @ Ca g%
procaine 2353 T L ¥ H R TH B &
V5187

P B —FHRRHE IR YR EE caffeine %
ER S5 L, HEENRUNER R BIE
Hik 2. B oRGE &Ik Z O NE
BixFEIET 525, BAEEREERSh

RELATIVE SHORTING PER CENT

Yer?
MO% Marsh-Bendali
factor .
ViaTP
1000 |
» /++
: +
600
200+
Caffeine
1 l<_-

(0] 10 20 30 40 50
Time in Min.

Fig. 3.
The contraction produced by caffeine on the relaxed glycerol
muscle (Hasselbach, 1953)

249

%
120 F
R
Mo e
lofkd
1]
90 f
H
8o F :'
70 ! 0
1 ‘O
60 ' J
0t Q
.
40 :’
J
30 b
20 b
0F \ Lee*" TIME IN MINUTES
0 PR N ol CET CTr oo ey (e Moyt M T A W WY S
0 10 20 30 40 50 60 70 80 90 100 110120130 140150 160 170
L CAFFEINE 1
COCAINE
PROCAINE
—_
Fig. 4.

The effect of cocaine or procaine upon the mechanical
activation and the electrical activity. The experiment was
done in the normal Ringer’s containing 6 mg per cent d-
tubocurarine. The relative shortening per cent was calculated
from the contraction height of the tetanus obtained in the
normal Ringer’s without caffeine. The each drugs were used
at the time as represented below the abscissa and the con-
centration was as foﬂows ; caffeine, 1.4 mM : cocaine, 0.29% :
procaine, 0.4%. The solid line shows the mechanical acti-
vation which is produced by rapid cooling and the broken
line represents the electrical activity by means of the electrical

spuare pulses of 80/sec.
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TLE99, ElLem, T-tubles i@ L T
caffeine BYEAT 2 THBPH, EHLT
= OREEE )L 5 A sarcoplasmic reticulum &
g bEkD 5RO —2TH 5.

V. Rapid cooling [c & ZKBE
caffeine MIBF ORI
2T

1~2 M/l caffeine &G (H, % &)
RAE L, caffeine 2 FHHAECIEE L etk
<, ABBRRITE D LRECE LVIRADFEE
B 5. BHOFERY (FREORERD YD
Q¥ b 54y ImEEREEL, AR OET LI
LR S R, o DI, caffeine Hiig

i@%%kﬁb<ﬁ*QEM#ﬁ<f%tD 7€

- 96 mM K,SO, sy < b4 < Rk
BRE LN Z,41)56)57)59) |
b, UkERRs OFEBIci, (1caffeine JLE
X o T &b sarcoplasmic reticulum |2
8175 Ca OfEh, MEEPESICE>TVWBL
L. OBEREDS 10C iz SCLTIRE S Z
L, BRELETHD. £, TOREERIC
I . CHEZ I contraction-relaxation cycle %,
EEGCRT 2 BERW LK ELE2RE
BhH5,
P&k R 23, A o Ca 23 F7E
Uz < T O RIEI R~ 7o < Mfapy Ca Bdbh
EAVE B R VR T\,
Caffeine QLR O 5 F8 & UM L 72 B FBRAE ©
LEENC X - TUHEDTE D 15 % D T caffeine $5
HERLRE L [F1RE, sarcoplasmic reticulum @ “Ca
pump” AKFET B L BNEZLHNEM,
SysyE o chloride % lyotropic anion3$3)
LB DL, OWEREIZIEE b h, ©
DIENERE IT>NOy>Br>Clm th o7z
63), sarcoplasmic reticulum @ Ca FEEREZ K
FTEE5b0EE, Z o fHFAELY. &b
{, T tubles!® 2B UL TASTINHDAF
23, triadic junction MEE % 28 %, sarcoplasmic
reticulum ¢ Ca fE&HE% caffeine DER L1
FRLTET® LY, LLiBBHEEELTLYL

ZE o Ca HMT b T,
.

2R3 b2 R Y7 OBBRRHE2IHT2 L
DWEO©O DD B, Ca fEh, MEE» ATP i
RIEL T\ BRRED B AT, 1§33 sarcoplasmic
reticulum ORFBERE SH TIN5 51,

Z 4k, cocaine VI b Z DULHEREF I
U7 b X oo procaine (XA ICE)
%, xR L7-2n< sarcoplasmic reticulum & Ca
LoRBcEERERRD B L EEST. &
BEE B, DORRRSAE O EERRIBIC 7 &
72\ A%, active state DFER, I X OBk B %
SEIEN L, sarcoplasmic reticulum > Ca &9
THEEHELIBOEES.

oz e, Ca #EEEFHL Lz sarco-
plasmic reticulum [z & L, SBHOERAE
Hio Ca A4 viatEL, Lﬁ@ﬁﬁﬁ%ﬂ%
FhkbliztBbhs.

B5FAT 15 - 7o BEERRIRRZEIC X % L caffeine fL
HHOABHIC & - TRE h 7o ILHESR <>,
T-tubles Z4ERIZ LA 5\ 23, lateral cisterna
BELLRILL TS, Ca Mt & BER S
5k bBAbhie.

V. & B

EEEMRAEICEES T tubles DBy EAMN
filtr 5 AAFREERMEIC X ¥ triadic junction %
RT3 5 lateral cisterna @ Ca Jith % {21
T5h, EAEPHEMETT, Ca Y Zah
B1T15 5 TV B POMIANE Ui > TORER
WEREORIGE v 2 & 5. Calfeine (3 Z O
L—opBEEFEFELTYS 2 L RRESHh
e

I HE RSB L

X [i:3
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Effects of benzazoline hydrochloride on hyperglycoplasmic
reaction by the administration of adrenalin and
brain stem cauterization

Kingo Yoshii (Department of Physiology, Tokyo Dental College)

In the present study, effects of benzazoline hydrochloride on hyperglycoplasm were
investigated by the administration of adrenalin and by the treatment of brain diabetic
puncture in the rabbits, and the results were as follow.

1) Administration of benzazoline hydrochloride (5.0 mg/kg or the more) has thoroughly
inhibited the hyperglycoplasm due to an accelerated hepatic glycogenolysis by the administration
of adrenalin 0.1 mg/kg.

2) This hyperglycoplasm by adrenalin was increased 50 per cent by the adrenalectomy
with comparison of the controls, but this was inhibited by the injection of 5.0 mg/kg of
benzazoline hydrochloride.

3) The rate of hyperglycoplasm by the administration of 0.1 mg/kg of adrenalin decre-
ased in hypohepatic rabbits than those of normal controls, and this hyperglycoplasm was also
ceased by the administration of benzazoline hydrochloride.

4) Hyperglycoplasm by the brain diabetic puncture, corresponding to the result from
injection of 0.05mg/kg of adrenalin, was inhibited by the administration of benzazoline
hydrochloride in the ratio of one second, but this was not at all.

5) These hyperglycoplasmic responses were almost ceased when the adrenalectomized
rabbits were operated with diabetic punture after the previous injection of benzazoline hydro-
chloride.

From these results, it was suggested that the benzazoline hydrochloride could directly
block the effector cells of the liver which have usually been controled by the adrenergic
nerve fiber. (J. Physiol. Soc. Japan (1966) 28, 253-266)
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Sagital plane  Inserting position of
trephine craniotome
2 mm from purse-string
1 mm from sagital suture
14 mm under the surface
of bone

Fig. 1.
Position of diabetic puncture.
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Table 1.

Relation between blood sugar values and administration of ben-

zazoline hydrochloride
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Fig. 2.
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Hyperglycoplasmic response by the administration of adrenalin
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Table 3.

Effect of benzazoline hydrochloride on the hyperglycoplasmic
reaction by the adrenalin
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Fuvry iR B. h
5.0mg/kg BHERFICITIZL AL
ERHEIEEREZDTHS.
3) 10.0 mg/kg FHEDEA
BAEOWERGE»5 &, 3461% 2 flix
FEEALELARERTHY, o 140d 3R
Bic Z < EW s i g —@tE i oRm 20
H5.
Pk, B.h @7 Fvi ) v
HUTHERWEWEREZAL, £0 2.0mg/kg
TIRERLIMH %2, =1L T50mg/kg PR
SETRESCGECEIMERERS2 ¥ 5 0 Tb
5.

reaction by adrenalin.

(D) R 500 K ORI 5 )i benzazol-
ine hydrochloride % #Li& L7z 84 7 adrenalin
308 i B SR

BAE, 7 P ) viBmERSE, ®RESHh
o7 Rvi Y vysEEFMaRCE - Tvb
¥ % glycogenolysis Z{EJ 7= IZHED b D L fE
RKah<Tws, bLE3REETEE, ZOTF
LY B RIEBEE T Fv Yy vo
S e EERCETT2ETHE. Z0
BRuBR» bRFAHAICBT 27 FLvr Y v
WIS OB EIBFE L TH.



258 s

1) BB AHEIZ 31 5 adrenalin @i
VE I
-~ 7 FuvF U v 0.1 mg/ke FERRO UER MR
(1 RERRME) BERBI bR LYK, K
100 % b -7z, = CRMBHIHEK 1BR %
FB LB E RS L LTT R v ) vl
FHEERDTH % L 5-1) Mnkd>Tho
2. CORBHBFICOT FrF Y LBimEER
S, RHEE LT o KIS Y BEECEmER
L, 1z U 2 B[ H i 8 150 %144 o g
BMEERE L. 2% ) HROBIERE X
D, ZoOBHEOBMIERIGE50%E» Y BE -5

Table 4.

Adrenalin_ 35 X OB HPSRIERIG DRI 2 DAL
e AR & < 12 benzazoline hydrochloride D

TWBDThb.

I BIHEc BV TT F v ) vl R
ST L AT S v ) ik, BIRREIC
T TR T T K vy ViR B
TSRS D B\ VITIBfT Lic D THHDH
bahivwetEz N5,

2) B 5147 iz benzazoline hydrochlo-
ride #{LE L7840 adrenalin 3Bk &R

B EIHEI O T K v U v i K,
HBEFlCRFZ7 Fvi ) vBlEREL Y b
WB0%EE B LERDc. T TIDOHEMS
ha_&ZEp7 FLr Y ViBIEREY B h

DB - TED X5 KB
T2 e LR, S5K-2)

Effect of benzazoline hydrochloride on hyperglycoplasmic reaction

by the administration of adrenalin in adrenalectomized rabbits
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Effect of benzazoline hydrochloride on hyperglycoplasmic reaction
by the administration of adrenalin in the adrenalectomized rabbits.
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Table 5.

Effects of benzazoline hydrochlride on hyperglycoplasmic reaction
by the administration of adrenalin in the hypohepatic rabbits
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Fig. 6.

Effects of benzazoline hydrochloride on hyperglycoplasmic reaction
by the administration of adrenalin in the hypohepatic rabbits.
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Hyperglycoplasmic reaction by the treatment of diabetic puncture
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Effects of benzazoline hydrochloride and diabetic puncture on the

adrenalectomized rabbits

<, ZhR—BEORMEERERET sz L
oW THhR, ZoREZEEL, BIEHHA
TOHER & R T L The, ZoRRIIE
(D X 5T, ZDOEAORMEEER XL
FEEThoTe., BENRBI R e BIERRIZ 5
REETTHEH, DL bz ORERHOH
PPN TR IEEOERER AR ST, 5 IRH
Dz X7 40mg/dl Figic e CIETF L
7.
oz kit Bh AREBET Fvry vk
LIKERTARFTHA Z L EPE-TB
v, BEAGNTIEERET Fviy vok
WEIHT 2EHEET 50T
FirvrtwiZ LEEGEL
5. '
2) BRIt BT %

Benzazoline hydrochloride
to adrenalectomlzed rabbits

T01 234 5k
(2) '

Diabestic puncture to

adrenalectomized rabbits,

Fig. 9.
Effect of benzazoline hydrechloride and diabetic puncture on the
adrenalectomized rabbits.
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Blood sugar reaction by the diabetic puncture in adrenalectomized
rabbits administrating of benzazoline hydrochloride,
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Blood sugar reaction by the diabetic puncture in adrenalectomized
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Potassium, sodium and water metabolism in brain cortex
slices during maturation of the rat

Shoshi Kawashima and Tadao Ueda (First Department of Physiology,
Nara Medical College)

A study has been made of the Na*, K* and water concentrations in brain cortex slices
of rats in various ages, during incubation in KRP medium at 37.5°C under various condi-
tions. Na*, K* and swelling changed with age, in the experiments using glucose with meta-
bolic inhibitors (KCN, malonate) or nitrogen and no glucose. However, the remarkable effects
of both iodoacetate and NaF on them did not change with age. Furthermore the striking
difference between infant and adult rats were occured in the K* release and the swelling by
ouabain. From these results, it was concluded that the energy supporting the high K* and
low Na* concentrations and preventing the swelling of the brain cortex slices in infant rats
is mainly given from the glycolytic system and partially from the aerobic respiratory system.
And it was presumed that the cell membrane of brain in infant rats has a differet perme-

ability for K* from that of adult.
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o, TOERYT v FOWEIFEESZ LB
Bz Uiz, 1K (0.3~0.4 mm) WK TwEI L
vry—LOLicEE, 23K LE TR
Bliz. 20T,  50mg HEL, TLdF
2 Oy Ny) 2B, 37.5°C i 10ml o
Krebs-Ringer phosphate buffered solution (KRP) ‘
F(50ml FEOZHINVAUER) ICAR,

1 2 FRI80EI OEEE T iRE L 7. FTE DK
incubate L7-1%, W& L, WIHERLHERL

— e}

- ———
——

-

Na"

(mEq /7Kg W.W.)

100

N « EE——3F » FMEIA @ KY, Nat g X ORSRGH & FEEH & ORI

T, LTFLEEZRNR, FAEHROb 0%
R L. 7%, KRP OfIEROLS TD
%. Na* v: 150 mEq/1, K*:5.26 mEq/], Ca**:
5.64 mEq/l, Mg** . 2.63 mEq/], Cl- : 140.9
mEq/l, SO,** :1.315 mmol/], P : 10 mmol/l,
pH : 7.2. 8Hlic Na-t % Lic AL, Nat -
BEr—EicT ) NaCl BEZZE X TH
fil7e., NaF 0B8R mEs S 3BH7T,
CaCl, % KRP »blELX.

© KRGy ER A A o OE - B
EERIER, Mz T8
Ficow, 105°C o—&KEHEL
2%, BREL, KoEEH-
7z. 2wE, 0.1 N-HNO; =#j
&7, ik 500 fEICFAER
LT, #RpkEET, K Nat
EWE L. B, Bekion
WiRY, K*, Nat BETHH
Pri¢faiERY Y mEq/kg T
L.

200

1150

¥ ES

1100 .
eI o K¥, Nat 8L
KSBEOELFEH L 0K
1. BRE : MEBYR 26
K[UERMOT, HEBEK S T
incubate L7284, 20 K &
[ 1% incubation medium {2 7" F

TREERINT B TP LD E
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(x)

H2ZERD S Z &1k Terner,

Eggleston & Krebs® % 3\ %
Dixon? %z X Y pi&h THIC
MRS T3 LZHThHS.

EEOWE, ZoBEMET Y O
FEHECEY ES5EDIhERT
#E L7z, Fig.1 b Tableliz
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(N
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Age in days
Fig. 1.

Comparison between K*, Na* and K*+Na* concentrations in
brain cortex slices incubated in Krebs—Ringer phosphate medium
with and without glucose (10 mM), in oxygen at 37.5°C for 60min.,

during maturation of rats.
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Table 1. .

Changes in cation concentrations in brain cortex slices incubated

in Krebs-Ringer phosphate-buffered medium during maturation.

incubation BB\ T b e EME
(I % & : 83 mEq/kg) @ 90 %
0B, REBEL, Thicn7

Experimental conditions ; incubation time : 60 min., temperature :
37.5°C, gas phase : oxygen, glucose : 10 mM.

Days after birth

<1 10~11 30~35 90<(adult)

FoEOIER+ 5 K3 <,
#%oOREEERIZT Tho
7o, ThicxdL, BrmET
BizohT R yEoRRMC &
v KY o E<ky, mo
v b (EH#IOALE) THIE,
FIEME (101 mEq/kg W. W.) ©
2% Lieh, Zhic 7K
7B & RN T 60% = CEE
Liz. LU, $Eimoziic
RBER LT T, 22
D K+ ORBEE 1444 KHE30 H B
PHRRT v MAERIT IR B D HBFE 1ok
H oz,
weT, Nat REEH2 L,

H
o

Per cent swelling
o
Q

n
(=]

Initial {(normal)

Incubation {With glucose

without glucose 74.244.4 51.3+44 36+4

'Glucose{

83.3+3.7 8444.9 93.7+48 100.7+38

773445 71+18 64425 60£3.5
324+3

The values are given in mEq/kg wet wt. in initiation.
+Standard errors.

with (o)

without (o)
o

Fig. 1 65k 5K, Kt & )

BE L ISIERCR O RBEE & & Y #E
Ui ps K* 0¥ (ke X 9
3, Na* oI 7 F VO ERR
MoEL, BIEATH .
iR ofgtic & 5 Na-
space DD HTHHH LELZDND. F
7=, K*+Na* oEfic >V ThbRERLZ &
BV 250, ZTOBEEH0HETOT v I
BUTRT FygEoFEcrrbbTRERLT
T, DMERET 218, EXR0bRB. Zhd
b LBmRd s eELbN5 (Fig.1,2 ).
KSBEOEL : Zhicidsed, LREROY
BB MR OBALE ik~ 7= (Fig. 2).
bicB LTy, —BcELsT R, TF
THEOFECI VEARENTFOLNLDZIET
HBO., La»rl, Fig.2 tHbohd & 5z, A&
%8, 9HETIE, FTRYEOREC,IDL
¥, KRP #-¢ 1o incubation 12 BT
LIHLRF AL ERD bRV TR EDL, TR Y
v L A% 8,9 HE B8 L UCRITHER

9 20 30 20 56/ 90
Age in days

Fig. 2.

Per cent swelling of brain cortex slices after incubation for 1hr.
in Krebs-Ringer phosphate medium with and without glucose (10
mM) in oxygen at 37.5°C, during postnatal development.

L, 0REZ+&5 LEEEERL, BRI v b
255 ThEDE@A0%) FE G b ol Th
WRL, 7FoEGRmEns e, I5SHEET
bR oY, RUL0HBE XV &
BEREZICELN, IEIB%CLEEEST.
Pk, BIFH o FA4 L BEOELCRALE
RIS O HETE, BRRZEE, EIREORE L&
EEGEE T LEESRS. ThidvbYw
Mcllwain® D¢ O FEE BB O S & e b k<
—F L7zhiiE (Fig. 1,2) Az bhTwva T b
H¥ 5. Bz hicBEELT, ERRS ORIl
EREP LB TR (Fig 3).
TRy, E%I00 B, 30 BALEB L
LCERAELPEDONDS, E incubation
kY EVERRS OB 2R 555, Thic
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Fig. 3.

Dry matter contents in brain cortex slices before and after
incubation during maturation of rats. The slices were incu-
bated in Krebs-Ringer phosphate medium with and without
glucose (10 mM) in oxygen, at 37.5, for 1hr. Points with
vertical bars represent average with standard error for seven
or more determinations. The other each point represents
average of experiments in parenthesis for the examples be-
fore incubation, and averages of one to four experiments,

after incubation.
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mEa/Kg W.W.
9]
o]

After birth
® 2hrs.
x | day
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© 90 « <

5 %% 80
Incubation time (min)
Fig. 4.

K* release from brain cortex slices in different ages and time
course incubated in Krebs—Ringer phosphate medium con-
taining 10 mM glucose in nitrogen, at 37.5°C.
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FEST v O ICIZER i ZER
Boohsd., FlzE, K7y oM
WA OEEO K EBE (Fig.4 4
#ifE) 1% 102mEq/kg TH 3, N,
FieBVv Tk, 54%ic 35mEq/kg
IETL, 165%iIciEddcicEEs
EOBWDEFRL, 6047 b BbE
T, HID20%LTFich 57, L
L, 4EH% (28E) 0Ty rox
hbixzh2h, 83, 41, 31mEq/
kgedh v, 6055B» incubation 4%
KRV TORESTNERE L, EER
PHTBEKT vy bOK2METH S
7o. L»L, ZOEERDOELVZ
&Y Whittam® 2B cxfE (1
[ > incubation 4% %, 90%7%7%)
TR B PICR IR P T,

LI AT, ZOEREMCERS
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RERICEEE T, BT v M
e R, HRMEPRICEREFL
T3 EEZRELLHDOEA
Yh, TORBEERET B2
%, KCN, <u o8, =— FEE
B, BIUshiby —FEoME
Az X 2 BB R~

KCN g

WML —2 & LT,
KCN #fv7-. #BE 1 Whit-
tam® DB IIT B R L
T52Y, EXAvz1ImM %
@A, Table 2 IRT X5
REMWC 8 v T ik, 304HE®
incubation iz £ ¥, K* {E1%46%
DL, Nat 1350% 080, L
»b, EBo 3pjL H Kr+Nat
EEHEML T3 2 L35,
Zhicg@EhkL T, Bbis
Zo5Twd, LiL, $17 v b
(7~8H) vz K* o izb
T216%TH Y, Na* ML
10%ic L ¥% o fz. K*+Na*
Fuix KCN o FEizphpb 5§
160 mEq/kg Hift T, ZHhid4)
#iE (Fig. 1) i biziEZEL v
DTHB. Eie, BILLFEALL
Zoh¥F, 1mM » KCN o
IR, $17 v Mok D RED
HHZ LR ST

< u VBROKE

W&, Krebs-[A]3% % JHET
5~ n vBOBERRNL.
Fig.5 i&#+ X 5ic, 10mM o
vu VERIZE Y, BT v MY
o Kt 3 61.5mEq/kg
(%) » 5 44.5mEq/kg 2%
T (A= 27 %), Nat it 113
mEq/kg 75 135mEq/kg iz H
MLTws, 2LT~vu B0
BEEIMz XY, Bib, 30mM

Table 2.
Effects of KCN and iosoacetate on cation contents and per cent
swelling in brain cortex slices incubated in Krebs-Ringer pho-
sphate medium containing 10 mM glucose, in oxygen at 37.5°C,
for 30 min.

Cation concentrations (mEq/kg wet wt.)

‘ Swelling
Rat (]l)gl\g/ls) K* . Nat K*+Na* %
e 627+33 113473 1743476 145426
= 34 (612) 163(6) 197(6) 40 %6)
=1 . B
A T SACRPTLLY S 29(3)
(1A4) (3) (3) (3) (3)
) 704429 892449 159451 1.0+19
g 58(7) 102(7) 160(7) 3%7)
Lg R s 148 (3) 172 (3) 5.(53 )
AAA) (3) (3) (3) (3)

Averages+standard error (for six or more determinations).
Number of determinations in parenthesis.
IAA : jodoacetate, Infant : 7~10 dats old.

a
5oL a
I3
(N

Na*
o
« 100 -
> /"-‘_—:
-~
5 |1
E 23
o .
%
x .
o L]
o .
50| o
- K‘
o
o

Adult (0 A) Intant (e &)

o 16 26 30mM
Maionate conc.
Fig. 5.
Different effects of malonate on K* and Na* concentrations in
brain cortex slices of infant and of adult rats after incubated in
Krebs-Ringer—phosphate medium with 10 mM glucose, for 30min.,
in oxygen, at 37.5°C.
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1w & 9 K* % 27 mEq/kg (B 855%) L1729,
Na*t i3i#fiic EH L7z, LaL, $h7 vy hoZh
1%, 30mM~w L ERIc kD, K¥ 13727219%3
4, Na*ix 9 %OEMEH 7720 T, Lad,
10mM = w VR, $17 v MieBVYTRRERE

g — FEERR O R

RT, BHEROBEERTH S, 2 — FEERR
TAA) DER &R~ KT v FOREIFH O
K+ #EEx 1mM IAA © X YV 73%0Ed (i
WBiclie L T) &, Na* 360 %o#EmzERL

Table 3.

Effects of NaF on K*, Na* content and per cent swelling in brain
slices incubated in Krebs-Ringer phosphate medium (Ca** free),
containing 10 mM glucose in oxygen, at 37.5°, for 30 min.

All values are average of determinations.
Infant rats are 7~9 days old.

Cation concentrations

7 (Table2). L2L, ik, N KCN =
v UERIZ X B KY BEORADED & B E
CHEI L TR A Db Ah o7,

o KON ®<m Vgl X a8 riko b
BY, $15 v bERACEERCBVTY, TAA
L BBEBIRT v FOBALFATLHBIENR
7o, Thbt, ImMIAA X 0%y b
BB o K+ JBE 133043 @ incubation iz & y
67%3k, Na*ti356% D#EME &Lz, 2D
R, TAAIC X 5 BIERERBE VLD
ZLERLTVELOTH S,

NaF o> 2728

TAALSEAT LT, RIU < Akl
ROMHEATH S NaF ofEH
BHi~jz. Table 3 wH bR B
L5z, NaF 12 IAA LRI,
RO B 5 BB 1338

NaE (mEq/kg. wet wt.) 7 Swelling lci(zér(;rfnin W78, TE ORI OB

Rat gy ~ K Na®  K™+Na®™ (%) L EBECREEICERA L. T

. 0 62.5 120 182 16 4 bbb, R7 v O H o

E 5 32 170 200 30 2 K+ ygei3 5, 10mM NaF o

<1 1 134 203 216 495 4 LY, ERERS0, 80% b

TN A GVt

El w 16.6 185 202 457 3 oo Rie, $17 v MeReTh

%7z, K* o 2 h i, zh¥®

n, 40, 70%cH Y, Na*t 0%

2 i, 35, 55% Th o7, L

2 70} o Adult %, =@ NaF o413 1AA @

~e— Infant BA&IC LT, BEXS

< sol &, BricHhT v ok THEE
El' ° Thol.

E ol U E DS B, HRHTT v

OB R oE K RE, K

o . o Nt BEORRIMISREER

. , _ _ . Ik DR HBE DU B, B

0 100 200 300 400 SUERRIR D 2 & FRE T % FHI

Ouabain (M) T, BTy FOZRER

Fig. 6. <, W17 v b OERETFED,

Different effects of ouabain on fall in K* concentrations of brain
cortex slices of infant and adult rats, after incubation for 1 hr. in
Krebs-Ringer phosphate medium containing 10 mM glucose, in

oxygen, at 37.5°C.
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Reduction of K contents and swelling in per cent of brain

cortex slices after incubation for 1 hr. in Krebs-Ringer pho-
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-7 EBR) Fig.6 Tbs. Thehdl, 10
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/100 c & ¥ E 7. 100 M i@ & 9 #iFE
1320%iz A L, $%ER50% D IcL EE o
7o. L bRig R 100 M pEEERBETH
72, BRT v TR 200pM Bz b iET
D TEREBERRELE . Thbb, B
ez kv, zoMgTo K RECHHT 3
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=T, REIC—EEE (10pM) » Ouabain %
Av, oREHEBEBLEDOLSIL, £0%)
BENEB»ERA g 7). FE#Z THIE,

sphate medium with 10 mM glucose by 10 xM ouabain, in
oxygen, at 37.5", during maturation of rats. '
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Fig.d 203X 51c, HET v M eI v b
F B 5 &, 60435 ™ incubation 21z B3\ T
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Fig. 8.

Changes in K* and Na* concentrations in mEq per kg dry
weight of rat brain cortex during maturation. Vertical bars
represent standard error (for six or more determinations).
Number of determinations in parenthesis.
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anoxia O T TfT;
& % RBRITHR:
5DTHBH. -
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275 45 122~23fF a8 in o3

GAL, WFAVBRE =XV F— L OBIR
WD T O MRS O HEIDINND223) 5
%, anoxia M—K{EMIZ I F+ L, i Na*
DEESEEICET bh b L OEEREREIRIL
7228, anoxiaMHEKR L BE1T v Mz 2T DR

‘BI%R 215

HHIERORNIINR
£ % H10Samsont?
Na*-K* stimulated-
in iz X 3 PEFIC T
+#% T, Fhid4E

RicEte iz DT
Bk, 20
I ATP BARFKS L m55EER, N &EHET TRk
BET Yy MREITV 2B EEREN
LOTHAHH LWRTES. ZLT, LALH
Sy BT, BEORBROERE,
RORFERBIZLY, BxXVX—PER, Th
bOMITIZSELETRL, HF4rOEEiER
ROBCHE SN TV BHINEVDTHS )
EEZ BN B, xS, SEEERENERION
HEZE & L THEL, HEMROHEIE BHR
Rk, WMREOHEEOREDD LIEE HE
BH L, Nat joxhBIiREZEEEN10H B
B3 LVS e ERoExeXETS Y
DTHHH.

D&, MlgFrs K oHERESES
Ouabain® %AV izREIC2CTTH 20, B
Thdo K BERST v MEEHLEER
T3 (Fig. 6, 7). £ Z 5%, Z @ Ouabain ik
EIERLT w30 THS 5 h, B oh
b FA v ORBIEEICEEERT S LELD
RT TR %2 v o 38 & LTk Whit-
tam!® 3 X 8 Yoshida et all® o#E1RH 3.
SkoulDpx g Dy 5 Nat-K*+ ATPase Ic/Ef+
BRETHHLLTVE. R, dox
x5, Ouabain ic X BN, B¥oEs
X VERDBZLELEIBRTRETHAH
2, THIZERIZEL OFEFEELELTSTH
%5 23, Ouabain 2EFT %10 ¥ VERRICE <
{2o&, ZOERAEHTHENTHE LV HD
1z &3, TP oEpY > BHIEE, ATP-

ase JBEE (EM)Y L¥HplITFzLELOLDD .

Thb. WTFRbAEHROHS L Ouabain DVEH
E L oficix, ThEERHZHIIED 6N
ReDTHS, FIZEETRVE —HROBE
THWBERED V) COVTECEES LVE

ORER eI L0THD.

Y, lR7 v FTiXO0
HLTS, BEDX
7zOuabain Iz X 2z, BHicBFEmbhTwe
B L ATPase DR 520 CRHEHATE &
WESIES., b LRI vy MEBTIhERD
BLLTH, ¥17 v NeBT 55 K BEMR:
DBFFIXTT, BERPLZINX—2 2TV
Bl AVREEIDETTRIEDT, Hi7
v MEBIZ B CRIBEOB BRI b HEEL
FEALAThEAOR KBRS,
LB, Zo Ouabain ik 2HELEN
oF% (Fig. 7, 8) it—F XL T30
ﬁ,7¢x7xu§—€k7xx7¢fw:g
& —EOESHEM th Y, kEicFig8ic
TRENTHBMEEOWBRERY Y 0 KY BE
Tk, Nat BEOHDTH B, ZhbdbD
BIoEBTFHEFRTS 5. .
BRI, BENET A LICLVBISE

- EOBEARRE, M oMEELOR SR

REmy, Zhn S8 REmcRaD L
BRERE L B3, ZhiEoWThEBRHE &M
Ziceds, L L—iR I 2 v 3 ERIZBY
TEBT B VBARIOECEISh T3,

® ¥

Krebs-Ringer phosphate medium (KRP)
T, '37.5°C »Fic incubate L7z, FHHFHL R
2T 37y MNRMEESR PO K, Nat 8Xor
KyoRE#ENFEL, BrOEHEDOT, RO
EExi.

1. A:FR&HOT, KRP T 60455 [H
incubate 33 LB OABL O B ER) KX Y.
K* ORHicERnERND o0, AEKOK
BYRTONET FUORECLY, BRALE
EHF UL bIHAR Y (8910%), L LR
vy FOFEREXT FUERNL bRz v 2 H70%
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HbDHH, vy oI N, ik k3ERIIESR
anoxia® FTfihbhiz b D Th 52, Al
X FERIIFREMET LS L2 AICEERD
Z0THHH. Thibb, MER»LEESH
BE= XX~ (ATP) 3%, MRHERISA b—
RCEL T DICINBET H D, 582£L7 anoxia
5Lk, ZORERRIORREOETICNE
7 ATP BSAFES L 28R, N KTk
PAES v ML IZ Ak VR HERENZ
LOTHAH LERTES. ZLT, LibY
7y MTBCTIE, BEORHBRORIEE, #
RORFEICLY, BoXVX—WER, Th
LOMICIIEBUETHEL, IF4 rOEsiE
CEDOEICEBE SN TV AEHNLEDTHSH
LEZ bR B, Pz, SERBERIENESIOR
HE8 L L THEHEL, MEHEEOMEIE, R
2, REOHBEORKEFENO LIEF 2 HE
AL, Nat icxh@IRE BN 108 B L%
KHEAB oz ik FRoEr e RHET 5
DTHH5,

2&i, MEEb» s K otizREs w5
Ouabain® %\ icBic 2T Th 3, B
R0 K EERST v VREHLEEY S
T3 (Fig.6, 7). £ =535, Z o Ouabain X
PLERLTCB0THS S b, BEE oh
B F Ay OREERCEEER T EELD
NTOTOOREIH & v 78R & LTk Whit-
tam!® 5 X {0 Yoshida et all® LR D 3.
SkoulD iz v+ 5 Na*-K*+ ATPase icfEf+
BREETHZLLTVS, HdE, BdofEr
%% 5, Ouabain i2 X 21EH 2%, BMOFES
X VENDZZLELIBRTRETHAH
P THICEBEREL DEHFEVNELTBETH
A5 8, Ouabain 2MERT %12 &I E <
(o5&, ZOEMBETHEHTHS LV HID
©z L%, AT OERY 2 BHBE, ATP-

ase JBEE (JEM)Y LBHplITFsLEILRBD .

Th5b. WTFHLEHRDOHEE Ouabain OEH
REE L ORic, ThEZEHZFHEED N
BReDTHS, FIXETHETXVE —BROBE
LTEBEED V) COVTEHVEE S LWE

AERZED ST, b LAESHEROENIRNA

HEEEOETH 5 LHE Sh 5 2310Samson!?
CEBET v F» S 27z Nat-K* stimulated-
ATPase {34475 ¢ Ouabain 2 X 3 BHEICER
b0, E%2IBBREERTE% T, Thidd
“BIHEDObLOD2/ETHY, BRI v FTIRO
Tholclvd, ZOELBLTH, FHEDOR
7zOuabain ¢ & AR, BiBRERLhTY
BHE L ATPase OEAfRAH b 721 TR TE &
VWESIZES. b LT vy MEBTIhERYD
BELTH, $17 v MickiF 28 K BEHERS
DT, FBERPLZXNVEF -2 LT
BN IRLEZLBIETTREDT, $17
y MBI B TRECEEEIC LB L
FEALLThEZLR LY KEDbNIS.

Lz, =0 Ouabain Itk 288 LE4
DEf% (Fig. 7, 8) k—F X HEBELTV 50
W, 74RA7 YV T—ELTF AT F TV AA
7 —EOESHEMD thY, kEicFig8ic
RENTHEMEEOHLBERY Y © KT RE
T, Nat EEOWHDTHBNR, Thbd
BEOEBTFHERTH B,

BRI, BMENTET Az LIV BIERE

EOBFEREL, M OWERLORIIER

Beiny, 2, S5 e B cRsD L
B L B, ZhiE OV THYECRN &M
270, L L—RICHIA 2 v 2 BRICB
TIHBI B VERIZOECBEILTY S,

7 &

Krebs-Ringer phosphate medium (KRP)
@, 37.5°C O Fiz incubate L7z, HEHER
T 57y NREES AT o K Nat 52Ot
KRGOREEHFEL, BxOEHEDT, RO
BE i,

1. A:F&%&MDT, KRP # T 6043 [
incubate §~ % L B DOEB O BE (FER) I XY
K* ORHICERBERRD 7. EERORK
BYRTHMET K VORI LY, ok ¥
EoFLALHEAE Y (§10%), L LT
v hOZRNRT FUERMEZ bRy 270%
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18) Kamakura, K. (1965) Presented at XXIII Inter- Btk
. . national Congress of Physiological Sciences
JEHL, TR 19) g% (1966) B0 b5 §], 667-674 I (72mEq/kg W.
BANa*tikig g, 20) Ak (1966) E3o HW &4 5, 783-789 BRI v D FRIX
> 32 21) thE—Ep « 9 FFBLEZER 5T (1955) .
%%’%ﬁ*ﬂﬁﬁfk 1 '%ZE?ELG, 6779 ’ 100 yuM Ouabain iz
B: Efit4k 22) Kawashima, S. and K. Kamakura (1966) Jap. J. ThoTe. T,
K+ % Nat o Physiol. (in press) , EA L ORI 0BG
R fL 2o 23) §kA M (1965) Symp. on Chem. Physiol. and .
b LT B3R Pathol. [-10, 180-183 iT (3 HIDFH85%)
HB % gk DML FLiR A

Tl EE e

LR BZ 0 &

% 30~35H D
,ui@%mﬁkk;%@W&Q®EAM%w
EHBAILTRZ 57z,

2. HRS&ME (N) ToER

N, oF, 7R ufE-KRP i, KEEEz
B TR LR, E42F 1 & 3 ZBIrEH
Thole., LBL, ELBEORCZOEMLED
T, 7o 2B L2 E DB
- B K BEREgcTER» o

3. MERPRHERC X 5558

A:1mM KCN #HwT, k15 v + &
Hells U7z 23, 304yfjo incubation 2k b, K*
5T v b T16%, FR7 v b T46% & KZE

NED iz, Wi Nat oA b 1 & FIE
T, BB TLFERLENFD i,

B:%hkEicvn VBBICLAREEFR,
30mM= m LERIC X U K* i, g7 v b
TEhERN, 55%, 19%, Na* oARZzLZ
h, 40%, 9%7T, EHRERD .

4, EEREERE HVvcER

A :1mM 03— FEE ((AA) T XY, &
5y OREET RO KT REZ (3053
incubation), Zh £h73%, 67%HD L, Na* &
EE1X609%, 56%MEM LT, BALICXZERD -T2,

B:M@ﬂm@@w%ﬁ%&&MAkﬁ

, W15 v P ERT v b ORICIEEE RN
,m?sb Bhtcznot IAA L Z & 72 % D ELE
4, RRTENEVI L TH Tz,

5. WE¥ W H F4 v ORESERICEBEERT
% L\ B Ouabain iz & BB ¥ 477 - 7z
10 #M Ouabain Z#FEiN L7z KRP (7 F v §E) &
©604yfi incubate +% 2 %7 v b (7~8 H)

XY BB
18HBizix10% & 7z
vy FETOINE.
6. LEOREN»D, 997 v P ERRT v MK
FREROH F4 et 2 ZRICOE iR
Ci.

]

7 v MMEBEYF 0BEK", {ENa*t iRt

BF 5 = 3V X — O KERSYIE T OFRFERICKTE
L, —ES R R EFEL T2, B
c$hs v b o K ot 2EEHEERT v b
DERLRZEEZLORD D LERTE S,
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26 i EE—7 » MEGH D KT, Nat % XOOKZ I L S E DRI

WHL, 7 Foc L 040%icBd Lz, oo
HANa 3131E, KL Kot OBE 237 Lz,
RRMEHMEIC BV C LEAEE R D - 2.

B: EREGTOMLELZ L b 7z 25,
K* ® Nat 0of&X Y LESEICEIVIE- &
D LB lbnsBo ok, TFuERH2D L15
HEETRBMEERED S, BE T v F)15%
e EESD, TRUEREVCEI0OBEE LY
AL B Z D BE40%IZ Lz, w“TFhols
b30~35H D TR T v bR 5Tz
,uiwgmdkki%ﬂmwﬁwﬁAm%m
EHBILTRZ 5.

2. HREMH N) FToFEE

N oF, 7Fy-KRP mic, REREY

Bo TR LS, E42 1T X 5 BILREH
Thole., LhL, EL{BEOEVZDOEMHLD
T, ok 2SR R E LTI
B KYEERHETE RS,

3. MERFHERC X 5 K8

A :1mM KCN 2 Hw<T, R&i5 v + %
H#E U7cAs, 3043 incubation jz kY, K+
BHEES 7 v FT16%, T v b T46% L ksE
PRED BN, Mz Nat oA b 1313 FfE
T, BALEC B TLERZENED bhk,

B:%kEiivw L BRI L3EEP RN,
30mM«~ r VBRI &V K* HHE, REIT v b
TENEN, 55%, 19%, Na*t oBAXZHZ
., 40%, 9%7T, EHLEENRD -7z,

4, MREERIAERE v £

A:1mM 03— FER(IAA) XY, R
%7 v OB PO KY BEI: (30457
 incubation), ZH ENT3%, 67%H> L, Na* i
BE1160%, 56%BMUTc. BALICIZZER S - 7z,
B :NaF (10mM) 04 bI12iEIAA L
BT, 19y FERT v N ORICIZEEE R
Fdohhoic., IAAL = b5 2 DREHLE
2, RCEREVI L ThoT.

5. WEIH F4 v OReBilas c EEERT
3 vbi b Ouabainic > X ER 1T - 2.
10 #M Ouabain % #EfIL7< KRP (7 K ) +
605y incubate 35 L 45 v k(7 ~8 H)

BB R o K* Jidxti (72 mEq/kg W.
W) 018 g T258, BRIy b0 2 i
1/100%ic & ¥ % 5 7. 100 uM Ouabain iz
LV 480% (&&) Kk50% Th 7. £ T,
10 oM (—EREE) &b bV, E4 L OROBI%
ELBRZ. AEENEET (3 H0FH85%)
Tholehd, Z0%, FF0EMeEicthaic
FOEEIAL B VI2HE XY FicAicBiic
WAL, 14A Bizi340%, 18H Bizixl0% L &
ST F LT, ZOMHEIIEKRT v P ETOS .

6. ULDORHE™S, 17 v LT v Ml
BBEYIFO N F 4 VEkiestt 22RICOEH
L.

%

7 v AR 0EKY, ENat ofERHC

B3 % = XV X — O KIS X OREERIKTE
Ly, —H iR RICERFEL T3, B
CHh7 v b0 K icxbd 2 EEEEERT v b
DENERZLRZLONDB WHTES.

E

X B¢
1) Krebs, H. A., L. V. Eggleston and C. Terner
(1951) Biochem. J. 48, 530-537

2) Whittam, R. and R. E. Davies (1953) Biochem.
J. 55, 880-888

3) Whittam, R. (1960) J. Physiol. 153, 358-369

4) Schatzmann, H. J. (1953) Helv. Physiol. Pharm-
acol. Acta. 1], 346-354

5) Glynn, I. M. (1957) J. Physiol,, 136, 148

6) Terner, C., L. V. Eggleston and H. A. Krebs
(1950) Biochem. J. 47, 139-149

7) Dixon, K. C. (1949) Biochem. J., 44, 187-194

8) Elliott, K. A. C. (1946) Proc. Scc. Exp. Biol. and
Med., §3, 234-236

9) Mcllwain, H. (1957) SR #iFERD4E/LS: (FRR
H5h, BIERD, £F% F P163

10) RJIIER (1966) fixd & #iE R (BANDEE 6) (75
RAEZMILAE BEEE 'R P201

11) Skou, J. C. (1962) Biochem. Biophys. Acta, §,
314-325 ’

12) Lowry, O. H., J. V. Passonneau, F. X. Hassel-
berger and D. W. Schulz (1964) J. biol. Chem.
239, 18-30

13) Whittam, R. (1961) Biochem. J., §2, 205-212

14) Yoshida, H., K. Kaniike and H. Fujisawa (1962)
Jap. J. Pharmacol,, 12, 146-155

15) Caviezel, R. and W. Wilbrandt (1958) Helv Phy-
siol. Acta, 16, 12

16) Caldwell, P C. and R. D. Keynes (1959) J. Phy-

siol. 148,
17) Samson, F E., H. C. Dick and W. M. Balrour

(1964) -Life Sci., 3, 511-515



277

-

#]

N4 ADETHRREIMRILE 612, 438 : 595,
787

Prothoracotropic hormones in an insect, Bom-
byx mori

bk BEF) - BAERTF - LG BR '
Masatoshi Kobayashi, Mieko Suzuki, Masa-
yoshi Yamazaki

ERETE RGBS
Sericultural Experiment Station (Sanshi
Shiken—jo) Suginami~ku, Tokyo

(PRFN414E 4 278 34

BB B ROBETAIRY 550 S 51T
el ey (FEALVEVERIEI=Z254YY)
CX-oTHFEIhD, HiglResiTs ook
E V ORERR » BN X SN MRS Wl b
SWShBRMERIEA vy Hrrey)
- THRIh5.

e, ORI E Y DLFROWTIRT D 4
BRTWinh o teh, FEEDIZ L VX TDTRE
NE VIEEWEDLR A A = O B & hic (b
oo HAFT, 1958). Lok SRLE TR E Y
M EsE L, Khoe VG ENEENE
R KBRS Eedbs o b A L. 7
BER S oWT L offifb &S T I hi it
L (KB, 1962), 5T 2 DILFRITER %
~, 22FEORH bHEEEIhI: 2mg OffhE
VSR, FORE, AR r= S5 ADRE
B, IR-A=27 b5 4, UV-ARZ FF AKX
PR~ A—2sr= 56D RE 2 &, 20
MR VAT e~ Lie—F Lic. 2T, Mk
AEVEERR XOHRMD BMb Lica VAT =
~ NV OEIEMY 1 = ORRIMATIRIREE (Xt
i) 2HAVCGEN, WThi 002 g ThsLE
ViEEERT I EEHLAR L, RREZATRA
Fhrevp EETHI LR IT LD TRIBLE
(IER B, 1962).

7, Tl il (1961) (LAKEEER KA
NEVERYBEOTELETS C LERD, ThiEg
BB TH D LG Lichd (/)] - T, 1963),
WE REEERRE AT IR T W,

ARFFRE DL O EERATI DR E
HETFOMALZBLDOT, LT+ OFEL RN

5.

FF A 2 DL DIME—FEEEDTHOT
bR EE Y, 0.1 M BEEHEETE THIE L,
EWH LB Y LD, BRSERECRmRERET A v
KTHEW L, BOBMTZREY TR -1, ZOR
EREL LT60 pg THA = OXEHETK LT
FR e VG R TR R .

DT, DN T VI OB ETTIT
w5478, BESRERC X HKE, pH, 240
e Y OMERHE L, cheBRapEre¥
haZ EEHbLMT L.

Fze, bolmbgEy B cERERA
= v ol ERRTEY Rl T, ©¥r|
38, #7213 DEAE-, CM-tte~X D14+
S e b 7T 74— RITIR T,

S AEE MRk 100 mg ~ 0.05 M BiALE
#w PH6.9) ¥ Nk, €7 v 7 v 2 x G50, G-
75, G-100, ¥ 7213 G-200 % F T X ATGRYIT
Tote. &OERT, Bk VigERHEL G-
50 ERm b TH B, G-100 Tt hERS
ZEnambhic.

DEAE-w e —XHhFArom= b T7 4—¢
kY 150 mg ~ 0.01 M BEEEZIE (pH 7.5)
%%, DEAE-trm—XHh 35 a%ME L eid,
ok L e VB EE RS Shigh o T,

CM-e2nre—RXH5hsmr< b 757 4~
A4y 150 mg -~ 0.01 M Bi#EERE (pH 6.0) %
%, CM-tir—xA5 %@L, pH % 75
 F e bl L, pHTS RELTHA LI LI
1M AlEK &L THE L, R 05N FfEy
— AT AR AL B, Bhhi#EonoX
SothT, #VRESEE KL VIEEIRE
hic. _

M EOSERT, ©AiBREE s/ v— T e —
v 2 VEERTHHH, WHOKMIZ CM-+
Ar—XATANMERTED, MEOHERIX
S THER IR EEEY R L.

frk, CM-ter— X35 A THLICEY
Ry w s L, 0 1pg RSB L
tee A, MERRITTTIEEZETIEL
Foit, SEEESHE A IR S O BK TRk
THEERE ORI 5T,
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The amplitude of H wave and the magnitude
of reflex

O RE OB

Teruo Nakayama

REBRFESERE 1 LB
Department of Physiology, Nagoya Univer-
sity School of Medicine
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BRATRED, 55 —EORMETHT BIEHE
(LIS OR & SI—ETH B0, Bk
MESSBEE > T, REBHC L 3 EHELO
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24 33 42
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Fig. 1.

H waves of the human gastrocnemius during
passive (A) and active (B) extension of the
ankle,

Arrows indicate the humps which appear 3.5
msec later than the onset of the action poten-
tial. Note that TA>TB, KA<KB. Single sweep
record is enough and better to see the differe-
nce of A and B. In this record, however, 20
responses were added by an averaging compu-
ter, simply to show that the change of the wave
form was not due to possible instability of the
response. The computer was triggered 24 msec
after stimulation.

#

RKEIERIGOML, HBEEOHAIBIGRIER
DHONDHETHD. LrbRERRITE OfE
L LABRAITE B LI LIERZ 5.

A DR E R B A (30~50V,
i 0.5~1msec DEWE) #H525L, By
v 7 AU BIEG ARG B L, L OB
KREEMC L »> THOEEHEL (HFE) MRS
h3. T TRERCRZSA?TTETS & LIkl
bEmbhTE D, FIoANBMITIRAEET
FWTRRHPMEET B2, ZhbORBI B
THEYTZHE TS L, +OEMAHELACEIT
BORAD. WHPIVBCIBI LT LB D
3. I{HEDENZZEH LLTWEE LI D
23, BROFMACER Y TRES x5
ZEH—DoDFRATHAS.

AR OHB e B3 &, FEE/BO
B X VPR T 50, BUELOHED
X b 3~4msec I Nk & AR, /&g hump
BnHB (NER). BED BBV X - T4
PILHE LTV A AL, IEEBA O X D hump
FCOREM (Mo KA HY) 1k, B KB <
BRTVBLS LEA L, e hump X h A
FTIIAREL LTS (TA>TB). L» LiiE
DDV DOFN, HBEOWMAIIRTHS (|[Ka—
KB|>|TA-TB|) fodic, £t LCEBHEM
OIRMITR, ThobbRIH IMFH Ih T3
BOHBEI L BT, PMEL b txloik.
MBI, B B\ ERBMI T REDIH S h
TWBRIZIL, JEX b hump % Taik & <, hump
L DA E TN, BiE OHRIVEE DR
HI O RTHD DT, ke LTHEORN
KEBOTH5. T b bERORHELT
(K> TA, Bin B KEEX) IIITHEI LT
3.
% BRI X » C—fic kinetic 728 230
HIh, tonic 7eBEERAWINTHEE LR T W
5. AR TR AEROROBRSEN B KT 5
», TOBEENIEHOKELXE BB CILE TS
L, Bba tonic & B b /MEHOKRE D
ERRED, R WTLRD AR
. M EBMIE & B L, CORBERMNEL,
> T kinetic & Bih s KR OMEI R B
CAOBEBEbRS DR THHASET N E S

ZhHOBEENBKRD L SICEL .
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(1) HER=->0RF, 37 bkinetic & tonic
D= =y b OFEFHOMTHS.

@) BWARIRIG, 5%\ ERNCR K O
{RAE « 31 & Bl BT, F & LT tonic 7nfj
MAEDBENC A LT 5.

(3) Kinetic & tonic © NMU 375 LTE<
BDTHA M, FEOMICITEEEN LN D
Y, Efre SEFRLEEY ST TS,
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