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Pathophysiology of the vomiting Yoshihiko IWASE (Department of
Physiology, Kyoto Prefectural University of Medicine, Kyoto)
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VWTHREDLNTER. L LEHOFRICIZH
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IS (K1A). BEISEBRTSZLT
EER O & VY LERREOBEE TRL, RS
Bzs (M1B, B). *reBMANESCLERZ &
TERBG] 2 IS 7 & i iE i R
D—DTHE>Tv B, Lo THBBERUS
R I BB OBSRE S EEBE L v d 2 ik
LT, ZoMifl, RESLLEZEHETFLHE
ELTw3 (®1C).

nEH o EREREFZE & LTk Wang & Bori-
sonD) iz X % SREEBARNGE 25 & @ HE DM
T, EFEOEHPHK (vomiting center, VC)
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C. WHER, MEEIC ML T 55, MR
Bl & OROERR O REREC X 3 (B
RAED).
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R TR ETELOBEE L oML &
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i (CuSO,) T v, MEHIZBRAMBERIC X o7 dd
ZOBIZBANEAEN ANV — VIR X - T
TEs .

TRENT 4 VEVEIC X B R AR g
tvbh, ERORE®TO CTZ CEEERL

EH PR BESE 5. ZoRHL ik Wang &

Borison? oFEERIZESL. TiabbA X T
TRENT 4 vE 10pg/kg BT B L84%OD
MEM-FAER & 55§ (PARYEIEME, central vo-
miting). = D X VARE, FKEOTHREEHT
L C bR 5. %72 CTZ 2L
oA RCRTRENVT 4 vE 1g/kg BELT

BB S v, Zhick LRSI zo -

WiE BRICEA (40mg/6 ~14kg) 752 L
X - T EHBREIE S BRI U RRE, R
RS & OB ILROMEA vV R X > TR
BEPAR DS ERERE T 5 2 L IC X o TIEHANE S
55 (KEMEEY, reflex vomiting), Z
DEH L U TCIRR, FEMEE EE cOl
Br, EHIREIVEL AZPLTHS. T
bHH 0L ECEHORE L BRS TR EN
ElEL 3. bbrA0HAE CTZ %
BEE L CHIE I BRSO bhiz .
7o 72 URRERSRIE ¥ (3.2 mg/kg) DEEITIX
AR MENEH DR FERE TV B, Lo THE
T B AR U L C L IEIsR A L R
Z¥, CTZ 2HE+ 3 LIEHPEI 57424
5.

PAEOFT R bR RAREE & L Cignkd
e CTZ B2 b5, EHFRKIIMEL =
DIERBRAICEEL, HLERLEPLORE
BAVANVARCE - THREL, KEHEEL R
3. CTZ 37 RENT 4 v RHBRAOTHE
BoHE—0RBEEALEL bh, CTZ oBER
e CHEM AR RE & TR RMEIRE A 2
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ST X % 50%0iEHFERE 7T XHREE
5407 T % % (Chinn & Wang®). = onEn:
3 CTZ oRETHbNAEL D, $VTHE
BEEREET N 12007 o XEEREHLTD
EHEREC <5, kDX ) i REESR
X BRI X 5 PREELE L, Zh EnFAT
sEEREWER CTZ Tz Lick
Sz ez bns (BrizzeeD). YXF U R
o (0.1~0.3mg/kg) » L &ich CTZ icfk
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WAL, DI L OBARR b O SRR b
Exbh T3,

PEo X 5 iclEr % 8 2 ) 0L
fre v Tix CTZ BELEER I TV 5 ME
BEY ) S b PRV ZREBPEL DL T
5. Fx@E 7 BENT 4 VEEBERICEAL
EMC B S T CHEERRE &R VEER S
55 Th 5 (Grechishkin & Ryzhekov®)),
FoSRE L LTREIREORMEBEIC H 3
intercolumnar tubercle &z b, HIEFE
gz CTZ b AR A AR aIc Y E D B
Pash T (Putnam?),

T TEELATRER DRV OCIELDE
B GBI ORIRIC & o TR L L IR
SFEBISEERREDZ L TH B, Flzid/f X
Lxa TR ) UORER S 2 I v OFE
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(Laffan & Borisonl®), L7zA8 o THEk:0DEER
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BT, EEHTRKEIERCHEEELD
h32LThs. 0O SCEHFR~DORLME
PBEIUEOGEREER 1 iR Ths, F
Tbb—EHIcE L b T B EREFHEA~DOXR
DEERE, XE& % EW, DEE R
DEMER XU, FERTHD. ThiTHl
FOMERE, XE TR HEREMRERS LT
RS IER I, RO —HEE, B
BEGICA VANV RAERBED. bHAALIND
OERBIIFER CHEBCER L TBY, [ v
A DFE RN, ZERSF - vicBT oM
RualabhTuvie,

B. mEMHHR O ERAIEE

EHEHE L R E - TRATELITR
bhTEk. flxEEVHEE~EEWEEE
At s sz enTcE s Miller &
SherringtoniD). U #» LEERE D EKAE T
Rz eRnTEhbok

Wang —JRix 19364ELLRAE « DB (X =,
AR, FN) & FRERRAE CRE T HO BRI
2177 o CHEMEEEMOWEEL 1T % » T
%7, Z#o s\ Borison ZESHBIZL-T
FEWRPEESSFERESh 5 2 L IERL
2. ZONBESIEA~OWEBE & Y —EL
b o fo. FlzEZEr: (BREMIRESD,
retching), 7 ¥ % 2 (sneezing), & % K&} (cough-
ing) Th 5. B Sakai & Moril® ik & ¥ Ki
50 % _LHETERRE D b O ATE B IEIC
AV, HOERREEPOHS Z & 2 BicL
fo. 7212 LRI Lo =R M b FREREIY 1T /%
o Te BERF = TR O BELHE (8V, 50Hz,
10~1550f) 2RA L ZAEHEZEZ T L
MR T & 7~ (Borison & Wangb¥®), = DRl
FALZIMIK & 2 OB X O % OIEEOEKRE
(reticular formation, RF) 0o&EAHEH T & -
fo. T OBEHIE X B IR O REE
Z Y L C b B HERIC AT & B R %1 7
ot ELUEROEZ 3% TOEBRILEERE
Liz. bbAAZORHEFRERET S LER
I d 2\ VizEMoFE L 2ERZ RO
7%5.

P EoER» > Wang. &3 EREICIEM % 5
BT AHIRSEET S LRR LY, TOFR
b B B A B— DR S h R AR R AL
TR EMEAEREBEELEREL T2, &
BEHIC b E, BEE (XA v ot) oK
EEy, BmEIRE, DIEOBMEERLOTRREHE
BHZ b LEMTE LS. Lieddo THEH:
e OEER X CHBEROEH» & x TR
B BRI EME CH RN LR FICE ST
FETBLEzRELbEV. ThbLIZI
BELOBED= o — v VERTFELEEOK
DB X USEOMHEA VAV ZBHAL, Thb
DBEEA & h e BREE LB RE SR S
B. L7edo TRVEROENFRKE T ORE
TR AERREZ bRV v o T\,
B X 5 7 i AR AR AR & 2 D
SEED= o —v OB L > THD TERZ S
vz k.

AAFNE v 77 — VB X T b ZE &R
CFTIERTEB LY. TRDLENNEE
CREEOSM 0.5 mm, FE 1 mm O,
ThbOLIME T EELAEK (4V, 100 Hz, 40
) T5 L, HEEALEE DB CIRIERS K &
<7z Y, 1084k v 8BS X O TEEROES
BLCERNECEBHELEZ O, Th
#7enk (retching) & XA7S. FIBOKTHE3
LMWL L. F O & IR RO
120 mmHg 2% 60 mmHg iz, L3¥kix200[=/
AN1IBE/ SART T 5. 2 OZEEREZ 3H)
WAL R I IERE O AR OB AMAlR X U
PTRE, OREE, FMRICHE LBk TRIAR D
ECEEICES. ZBBORK TS Z 3
ot vy., =0 X b ZthEiEs FHl
R SE v Z LA T hidZEmEaEe L
CIERGOEFOHCESLPBTH 5 L
5. FoOEM L U CTRIRKERTRE 2 B <Ol
LChZEMSRZ S 2 & 2 bZEMIFRGE
e LcihERES L E 2 b B, Lichio
- Borison & 0ERICE F MM E 4L EH
(projective vomiting) ¥ u:#%E kb iz 22
LIERBIFTRETH D EAMEEL TS, b
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Dk ZIFEHSESD 5 ik s ~0ROHER
BRHEENA T LiId k3L vy,
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2.  WEHAPROERRT X 5 SEOEHK
. REFOTOEBOTH~ D 7 VIdHEHARK
%, C-12, 13, 144% Liu-Lim' Moffitt o atlas
T X BEBED VL, KRE : 158, #iEh : 100 cm
H:O. A:Tt, Rt : Zfl, FRIOGEEAFR (EFfE»
529 mm, X 25mm) Ok, EEHDO C-12 v
~L: B o ADFREERAL CRIBA DIF X % 0.05 mm
Lzt EOREHEEHOEFOZEL. C: EEEIES
# (0) CIEX 35, 3.4 mm OFIEKIT X BME:, FEEE
@ C-13, 14v -1 (A &1L, 1967).
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Swallow. Retch, Vomit.

GV e TV v
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Retch, Yomit,
]10-
10ece

M3, EBix=OEMESMEC X 5T, 2
M, MEIEREEO TEHES). AR X DEET, Z8nk
U PIET 5 SIEHISE > 2. R
1% Snider et al. H® P12 @ v~L ¢4 3.0 mm,
FEE 3.0mm. B:flikic X  KEMNZEERET, H
B B E 238 - 2o Bl X P11 o v
JVTHMAI 3.5 mm, FX 35 mm. EDOBARDEK
VT b FISAE AR Y. RO EOEBIIRIE
HRZRT (B, 1969)

HHE & LA X CRHEMEEEEE v
T Borison ' & 0w By LR IC B X SR
MK & B (50~60 Hz, 6 ~10V, 15~
30%p) L7chd, SRR AELINSTLLES
REZBNEP Tz, THDL LR ADEL D
B> TEERTL LEbOREBLORE
Rz bEHZ—E L. BB mEe
oL ERAB L ERSL TET 5 aghikE
O FEIBALT LBBR SN TH 5 =
EWGole. ZERIZE B LE (obex) oL ~)v
CEFH X YA 3.0mm, B 2.3<2.7mm
DAL TH S (K2A). = OWALIMBHFENT
T IERE D SMAKERR A D MR o B SRR I B
£, MREOEIMICIMETS. 0BT
EBOES 2 i 0.05mm BEIL T LIEH
RHOKREELAZ - L3 EDb5 (X 2B)
BBIESETH TS 34 mm CHIKT 5 L
Fis PB4 5 (R 2C). = o
WA D gL KR O AT R 2 AR T, TR0
WEHE AR FIRFICEE L RIc ks b EL D
hs.

C. MBI~ OROMERES O FlEE:

BERAD 12k 5 L BRI D 5 X HEEB R
DEE M S B LgETES) (swallowing),
B A S RAVZEE S 5. Hlx i RRR
= OUEHEEER TR EFRRE (5~68) 3 v i
ESAM (0.1 ms, 1 ~50Hz, 15~20V) 2 5%
% LEHEAET 5 (K3). BRAIEL:O#HT
BLLCTHESCIAHEO0EEZ NS VAT =
—¥ —CERBCH -7, TOESVELER S -
LM OMBECS U CHOERKE LS
ZLThB. ZhhidmPic X SWHEEE-THEK
FheEs vy, nBREMI X5 LIEREN
iz B 28T, 2R L CmEMOPREIL
R, MEHE, =X@RFHEE, EEcEIh
TR Y TRV IERE DHERR A ICIBE L CEET
BEvH. o2 LEET O AR—&icyilo
j:?k%\v

PAE D RIBEE T EE, ﬁ%@&@%ﬁ&@
EFEECERNL CERP RS2 E 2 bR
5. BETLEHLXE{ERHOBR K T %
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2, WRBRICEP DR OZE, B, HE
LBLICARSEVEVZ B,

Lied>CZ 2 CHETicBE3 % hiEsgic
DT Sumil?® DR E B3 5. Sumi jJEE
TREOMERE, BEICHAML T B bR
PR L OCBEIMEA v AV A ORRFLGEEIT R -
2. THIZ X3 LHETIC & WU T _EEEEaRE
20 OROMEGFEIANRAZKEL =T, 2
DHEESEEE, REMErOILEHETHLED
A VANV ZARHRA B RESHEREL T
BETICE» 5 e UTRILERE, 5%, &
HRESEE LTS, o THE TR
WA= o — v VAREBETTHRA L RER =
2— 8 UVHREPCHBREZTTES L ARD
bh, WTFOREcEroTVBE V),

BOE Sumil® 3 & 6 i Fhrodiig e LTy ¥
F RO HIHMAUE 2 BEKFNE T 5 & RKEHEDSE
W3y LT EBPFEESN, TOEFRE
BEHREEALTEBRT B ).

D. CTZ nBESAIwE:

A X CIRHPROBLSHBIC X 2EHOFE
OEBRMIRVEIZLD Tk v, 22T
Iwase et al®, Ikedal® 3 CTZ o BKHIE %
A&7z,

Wang et al. it X 3 & CTZ &R OICE
HTZDEAI T RENT 4 D XD PR
HAOERARTH Y, 22 CEZEMTLED
n, TRENT 4 VREBELPRKICERL T
EEEEZTOTEE VE VS, LiedsT
CTZ ESHMBEELEvh O 2EX D
nTE7z. Iwase et al. i CTZ {22t
T b BRI IR X - TR A AS
WET b0 LEx. 22T CTZ ok
EREVHET 572 o BERER (EX0.2
mm) THREY i BEEHE (6V, 60Hz, 0.1
msec, 15~20%) DEBRERAT. K4 DEN
REREEOEMORKE & CTZ OIALOE
K<, AKX CTZ 0 B&KHEIC L > THEL
B DTETH B, ERO B S EHET
3 LECERTELEAFRE SN, ZoREME
WA HBOKT L RRC, &3 0iEEie

C¥TT5 (@anAL). = 0 X 5 niEdR
5 & BAIRONEM: L FEA 72, o ICHIER 2 BA
CoOTPIBE T 5 & EHOBRIER L
Y, »5VEHEEAKRT L BIENSFHE &
ha (F4AT). 205 542 FERBIE
HELST. LrLAhoBE&THHERSH
HuEt OEEIHEIHRN W1Hz) T35, =
DFETARBENNZ Bic—Bl LBV & &
B X 3B 0EENEZ v v TR

EOBHRMEEE» o,

N

®4. CTZ OBKHHIC X D@ K OKH,
EOEXRIHEE (BRI & ICTZ ol (O,
®) 277, LG LEORH : OROH# (6 V, 60Hz)
TEWERTEESEZ 5. T hicifligduks
HE 23K B EE () L3IV CRENTENL
BRELIBELBDH B (B). AT DLH : @S DORK
TCEWEBRCELHEZ BE (£) Rl k%
CEH SR BHEEBD B (F). KEROTOE
WOTAOT VITHIEEAR (158) 2R7. #Htots
2 : 100 cmH,O (Iwase et al. 1967).

2 &1z i Al metoclopramide* (MC, 0.2
mg/kg) OBEERM Lic. Tibb MCEHE
%15»0408HIcE - T CTZ Hliic Xk 518
HiZ2 RIS & 2 o . Z0 S CHE §E
T, ERDTIVEORELHbNE» o7z, 40
43i» 105372 TRIEH O BB 7 b I3,
Z OIRIBEHBICH~T 2172 L KD 5 72,
MC 2851 T LR8OS RICE - CTHBICIE
EIEVIEE AR A bhie CEHEB0).

. MEnt& BRGEEH

MEH I S WL TOBREENCE L Tkl < ik
Alvarez?O) iz L 5 BB oW IEEHIS B L T b
B, ZHEZ R o CIEH-AE Z B EHC ST NED

* Metoclopramide ¥ X OV Sulpiride %3k
RELTHERASH ORI X 5.
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T—RAOBEE YR Y Z ORGP IS E
BDPHTHSB. b FOEBRETOHLE, EbiC
P AT A OB THHIEENC X ZWHERMS N
T3 (Alvarez?), LiAict MEREROBIX
ADBRLTVB Z e b/NEOEHZADE
ALEUHEErELZONS. LELZDBAIKR
X O BEE TG 72 B OILHE, EEEO—-T
LB ECERASBERT A ik b b0
TEOEHKEEZTZL RV, ERFEED
LB 7. :

B5. A XOmWHERHOKMERE. AR, &
KXOFER (E~07 Vv LRE), EEE BEHO
HEN. B:7RELT 1V {2mg/kg) T X 5E
A, FERGEESEL b iERE S EE
HORAIMEDSE C 5 (Hukuhara et al. 1957).

& Hic Alvarez OMIEEIFIXXBROBER L
EPOBETIEESK TS, Thbbxa
< Lanatoside C (0.12mg/kg) n#Eic k%
EHERSO L EXBTAY T AL LB EOES)
RBET DL, EHIIOKERE L THERL,
I RAEL 038) EAELBE 55 (07
). EHEEOE OEENI - ED 4 Hlic ST Bz
LR TE S (Smith et al.®),

CETH (REOHIER)

Z DR RNED A 1Y L 0.07~
0530 MHRE . MBEAKENT oo EBER T
FICFH 5 & e A ME LR+ 5. 1M
WhHoEL, BEBoO—HARBIZADIRAL.
ZOECED F— X REEFLTH3.
E2H (BRAEY o)

ZOHFTERIREICAEY L, 0.07~1.0%)
<. MM ENEC v, ThidATE

ECETLTEILRETS. 20oFERZ ZICHRWIR
RIS . RIBRCIRV ORI E 25
TYOFEMBEAT, MR, IR ORI S
AL, BRARZARC LR LEHSES 5.
F 38 (B~
BEXREEICRES L 0.07~05BIcE - T
ERRERICE > THIiET 5. ZORREEND
WBPBEOEICRES. - ORREZNEK, B
BRI AN I B SR T 5.

FAH (REOER)

0.1~05FM TREPERICE > THl % L,
blehrbE 1 #om, BFYIIMELLEET
b5, v

B 5 iR ic B L TS RE O RN ZE)
Mz boTHREOEEIIA LAy, 2EVE
DA EPERORENERTH 5. bHHAME
Mz & LTI EMEAAE L, WMRET T
BZ LGB, InB/NE BRI S
BHOENBZ ENRLEVRINICRERID 5.
PLEOF RS bUgH £ L TR EREDTL
HEEMOMEL PEERERTHS. FIEK
VERIRES, MEPREE, MESOESNER o T
%. Hukuhara et al.2Dpi( X CHifESH (100~
300ml) 7 RENT 4 v (2mg/kg, ) i
X B gL CIPIR A & B O BRI 0 FEE D D
R AT PR B O (B 23 A &, TERERE
I AEBRIE & BEE A o RIERIUE (K15), &6
WCIER AT ORI L R EESEH E . &
o OULHEE S B A MBI & OFRLMEA
VAN RIS BBMER MR OFET b IE
HREzZ Vs Bz bbbk,

%7 Schenk -& Frederickson®|z & 3 & F
X 2 OWEMEOIEKT B & B & (sphincter
opening threshold) iExtBRCTIZE N JE 5 42
mmH,0 2725 L. T AE TEH-EMN
EROMIRIERIFG D HAR L7 iR Th 5. R
BRCZ X7 Y VEERSES LEERES
29 A8 mmH,0), 7 e F~n=) vOEfd
B R EER ORI (50 Hz, 5 V) TiziEL &
% (16 mmH,0) & L BB PR EhTWA., &
DT L HbAEBETH-EMAICS T idEHEE
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R IEN OBEPFEL, BREMEROZE
EZFTRY, @ EWLTH BREMERD
BELURTI B LEZLRS.

V. 2R SHOHMEEE ZO DO EHE

fDILFEZR

BEF X RAEOEIMUTHEN NEEICHFE
+%. Wislocki & Putnam?)|z X - THEEFRY
BEMAELPOEHER TS, ThbbE
#1327 EERIM (glialoid cell, modified
glia cell) iC B A 72 EMIRMEAERE T, T OB
¥ 5N KE~ TR ER L C8HE T
B Lvbhic. £ 2 ORI T ik-RHEa P 23
oz k, TAVBIRBT )V Ew Ty RT 7 ¥
— PEENHHEOMRRE 2 B 52 L35
HhTws (Cammermeyer?D), *n1% Brizzee
& Neal® 1379 7R DI B D /= 2 —
v URBREBICEEL, BieRBEFOSN M
REOHIELSFETH L. bbHALT )
7 MR R ARG (astroblast) RO O
B icplTibEgscEry, 20RBE= 2
—a U~MEZ BB L ELZ bhS. FifMorest
Bxvsahgmc CTZ 25/, #hic X
% L BIRMAE (astrocyte) iflic 77V 7 ARHEAE
DEPEEL Z ORISR L BIEKLT
VWBZ bbb ol K6 IR IMEL L
EEODB/N=a—w (g BERT~150)BX
UEEOMCHRRME (BEE 1) 0 X - TS
nHREE (h) BEREA T 5. P EoiEBE
o BEEFRENEOLEZROFEFITITE
25N, EHOREESE O b O EERG
LTiviv., Eif Roth & Yamamotod® i
A2 X OB BT A M NMEROTIES HIE
PR U BMILE O SR Sh, {L¥ERED
SRS OBEEPHE STy 3. B H»
b IERENER O MER I B+ B (b A S % 1 F CO,
ZRI MO TV, BoIMEsMilEm T
b pH, pCO, it BZHOBVEMLAFIET 5 &
Wi, Flz % i¥ Masland & YamamotodD 13
Iy N CREFEHET 5L CO, I X B
RISHIH 22T 52 L2 bR EFIE CO,
CFESRCEEBRRLTYS 20, LArLI

DOFTR: Mitchell et al®® k- TEEEH
7z. L UIERE 0 BSMARS O MBI v SRR
T pMEERT o pH, pCO, 22k T2 L
MR DA HEEIC A b, Cozine & Ngai
BT X B L T OEWAIOMERESE L U CIIER
WEHOLEZFEEPILEN T2 X0 BHE
ICERYD TIEBIY 5 &\ 5. B2 ERERS KR
D L5 nBRERCBCT p0, pH I X MK
RECEERBREDNRESN D v ). BE
Hori et al3®) JZRfEEL72T v b CHRM{LFS
BREHE L cobEAREc CO, fi#zE 5
2 CHMRRREOETRE bz, LA LE
BEEAMATRE L 0EIEV LR T CO, DF
R LERHIC A Lh, Mitchell et al. 3%
2OfBTRH LML E—BKToI L E
BHB L. DkoX ) bR < i CTZ,
RS RAR B i & L CAERRREAMAE 1o bR
BHEPLECIGCTREIENS Z L BHL
ZEho2h%.

H6. H4MBEOMEN. AP : HH%EF, NG :

WEAE, SN : psRe%, ST :HUR, X: MRS
HhEE, XI: B, IC: AER, FLM:
PR, a: ME(LSGE LB, b ik
BT B = = — = VOBE. c: REFO
BB ORRHERE, d, e PUAIL & RAREF ] 2 ERE
THMME, IR D = = — r VT ORIRER
BEEFCEELTWS. ¢ BEFDO=x—RrV.
k : SSBRN O MREMHHER (Morest 1960 ‘

V. EHhigoE—= 1 —0OV;EE

R AR O BERAIR I X 2RO FR I H)
BOTE, FBOEMEEICL -T2 bR
BRI Y OZBRPBED HN 5. '

bhbhizsiz CTZ oflEid/ e kE
LERTIAT5 2 2FER D )RR 0B
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WRHEBNE . 22 oIS wL
TOFEHPROE—= 2 — v VIFFIORFER
Irte. La LHEE I & v Ui al s i R
PR B O TIEHPROBE—KEEZRLET 52
LIRBERETH S, Lo Thhbivik
1kt % 23 gallamine triethiodide T4 %%
FEBME LR, T b bR RO
VIRAE CIEH PR OB — = = — v VIEBOIRE
RS (WH 53).

=5 CTZ B (0.1 msec, 6 V) itk 5
R = 2 — v Y OIRERE S, SECE
M % i T & B R (20~60 Hz, 15~
20%)) OWEET TR RIC BT 5 PIHES 2
PRz,

£1., HuH s X CHEFOERKRCRT 5
CTZ QHEFRBIC X BIEFMBELHIR= =—r VD
JS% (B, 1970)

EON 147 63 (38, 25) 37
feent- .
apomorphine

(0.2mg/kg, i.m.) 132
CuSO, 1 %k

79 (42, 37) 21

(80ml, &) 138 76 (36, 40) 24
HnEE

Sulpiride

(0.4mg/kg, i.v) 124 20 (13, 7) 80

metoclopramide

(1.0mg/kg, i. v.) 143

(EHEHEA LD 0.7mm MEIORIARLS. &
v a RO g, Milk==—-=r
VOBETRT.)

17 (4, 13) 83

A. fbE¥szsless (CTZ) oBFEHRK
CTZ ~BZH % 52 B NBBIC X - TR
iR = o — v IEE R AT, BT
% CTZ oS (K438 &Y 0.7~15mm
SHAOFIA S CHEIEBIC X > CTEBEZRE X
Y 43mm ETHIAL, 20OMEBTHLTO
= a— v AEE R MRSMEE TR, 14T
D=z — v v ORI ERKE (BKEE
70/sec) # LT 35 (M7ARHR) Ficix%)
Tnvwbob b 5. CTZ oMkt 5

ZhAHD=2—w DX 20~100msec 2
BoTRESZVIEIIHERT 2= o2 — v
(63%) & CTZ jj c&EL 2L ZT RCRE
oo —uy (37%) cKBITES (R1). L
P INDDNER = . —n VIE—EORAL
EBCTHRELTHEELTYS. bH54T
DX D= a—n VREROMBEETRIAL
Pz k- TRV AET 5. Lo L CTZ ol
BT Do a— e VORESTREE 2
17~37mm OPEPSHFEL, ZOEESEMN
EEE A, & nucleus reticularis parvocel-
lularis OFFRESICHELETIHEETHS. »
2 BUEREAR D = o — v UIEBh i LR
BEC X AEEFPRM L CAEL™). Thb
HELHIDO T REN T 4 VEIRBACEE
#% ($9154y) <z CTZ BRI CuEn:H#x
=2 —u VET6~T9%DEIE CIEEEL L
BRI OEENEE-TwBZ L ERT. b
BB T DIEE B O63%IC 3 LERE 1%
CHE B EEE b o7, Zhicx Uik
&l metoclopramide % sulpiride ¢{316~
18% D= a—u VIRE L ICBEE Y, Eikp
WD=a—u VEEHPIZ LTS Z LD
»B.

bitve CTZ ppiko L B Y MBFICEAL
FERR AR & PRI & 2 DR TV 5.
CTZ iz = OWIE iRtk (h==
—u Y, PHERRHEED 5 VIR b ok
i) BELFEELTEY, Zhb0oER\EE
LEHFRCA v iV 2 EE o T2 —r ViE
BicEBrE2 CwBdeELbRS. BHA
HHFOPR~DOER#FL LTixEL LTS
Y Y IRMROBEEHEELS T LHBELD
3, bbaA CTZ 0MRERZZEERED
BBt sz e bELbh, SbEVFS
AGECOHEBEEZ Db L,
REBRBE OB/NMEROBIZE? & pH, pCO,
OERBHONDILES TV BN, RRCEE
FoOFBOMBES 2 EELH T Lick-
TILFZARESHALD» 1T & h 2BERHS
5.
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B. {k%AsieH (CTZ) oRERRK .
IEHRHEBETE 51T 0 CTZ o RE#
W (60Hz, 6V, 15~20%) 5% 0 JFBILA X T
I 0 F AR AR MBIV C v B KR F CERE:
HRO¥E—=_, —u /E@L’Ez%%géﬁé\a}
Uie. EAMERIRERIMOBE L i
ERUTHA. ThbbLEE Mkl EE
BOIETH B, MHOREDL BRI K~
FOEBRBROI LIV EThLAEY (HEL
). B0 & 57 CTZ KRB C{RHk L 3
HEZY 5 = 2 — v ITEEARIRIC X 5@
kSVLTEEK&%%%LTV5&%x6h

AT T T
B sy . (W -~ —

tr .}H AL LN B o
C ——++

QVMWWMM%%WMMMW

.............................

R7. CTZ oORERMBEELE XL EOEHE
W= 2 — r vV OREREOEL. A: BRERE
(#10Hz). B, C, D: CTZ» 1, 25, 50Hz DR HE
TR X B IS, AR LOBRIRENBOR

RERVEBE, RHE: 18 (WEDS, KBER)

TosvEEOHBZ ik CTZ 2 1Hz ©
RERHBLTHMoHEBE R v =a—a Y
T RIBREE 2 7850 TIT < L RVERINED B =
EThE. TR TIL, ZO=a—w T
1% 25 Hz OB T A v A NV R KRB ORI
B34 b, é%msmhmték%oﬁmﬁ
K&z,

ﬁk—;—u/OWKMQ%ﬁ%#H%%k
BELTOIL08H Y, Z0RHE» &R
M=a—-wriEzbhs. Z0=a—nvic
L CTZ o KRB BEREOIE & 20
#o rebound 2R EREp o, EcE
%%6:auﬁ%ﬂﬁFWﬁﬁéﬁ?@&¢m
D=a—n Y BRENEETE D L EERICE

Lz LTH3. ThbOEBKESELHD
#18) b 5V iE AN BT 5585
olc. T O E R TS SR T g o R
HOBEECEE—KTZL2bIND=a—n
VIREROEEEHCEERE L T3 L b
A5, LHLEL D= a—n v TRERK
BEORIRELTLI—EL T3 LiXEo i
holz. 'Lkﬁ§ofﬂﬁlﬂ:¢m©¥—; a—nY
DEFHH & IXELOGHERF OSSR EEET 5
LI,

UEbkdRz =a—w /E@ﬁ@ﬂﬁd‘i CTZ
ORISR DD ZBHAIKE Zx b T
HIREZER L ZosMiBRETcE L LTiTh
bivic. LB o THOBN.D = = —u iz
RTEPEECRERERZ 6RATV S, Ll
IHSDOEHPR= 2~ v OISO B
Birvbop 2EHFRE BT L —ET 5 ik
Wz V. BRI OESIC OV TIRE bieA
VANAO ARG, AL a—r U
BIOoMADYE, &5ICHAShESOME R
DETHB. ' :

VL #E @

W D JRABAETR I B U i, RESRIKEEN ST
BhoEL LTHER TR TE R, EHD
TRIBAE, RICHIRBFIC >\ O ER o En:
PR & BBHF OLERASI&H S Wang &
Borison &AM b TV B ICEBE V.

ZZTIZRETERA N TE B DFHE
B X ofic o TRL, SEbhvbha i
HicAe¥ERRBIe% (CTZ) 0B&EHRIC X 5
EHDFERE L 20 S\ IR 2RO =
a—u UEBIC OV TR, SRS A
SH-EEPIRICE J 3 AHAEEOZELE
éuﬁ?%%ﬁt%@&éﬂ+%ﬂ%m%£a
LEZENS. )
.ﬁ%&am%b@ﬁ%ﬁ%mm—%ﬁ&ﬁﬂﬁza
FIRBEAE) L OO EBOHNICRHT 5.

X N

DB
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%ﬁﬁ@&%ﬁ%hﬂ?éK*%%Kbkaﬁhme%%a
E&Oﬁﬁk?b 612.014. 3 : 612. 014. 469

& E--%(ﬁi%ﬂi%iﬁ#ﬁi)

On the relationships between the memBrane structure and the in- .
. crease in the respiration of frog skeletal muscle Masako MORIKAWA
(Department of Physiology, Tokyo College of Pharmacy, Tokyo)

The present experiments were undertaken to mvestlgate the possible role of the mem-
brane-stracture in the mechanism of stimulated respiration of frog skeletal muscle.

The oxygen consumption of skeletal muscle was increased by rasing K* concentration or
caffeine application. Procaine suppressed extrea oxygen consumptlon of caused by potassium
depolarization or application caffeine.

Glycerol-treated muscles, with damaged tubular system, still gave normal responce to
caffeine application, through it did not respond to raised K* concentration. Phospolipase
C, higer concentration desoxycholate, nagarse and chymotrypsin increased oxygen con-
sumption of resting muscles. Phospholipase C, higer concentration desoxycholate and nagarse
suppressed K*-stimulated respiration. Phospholipase C and nagrase suppressed caffeine-
stimulated respiration. Desoxycholate-treated muscle decreased the responce to caffeine
application and raised K* concentration. Chymotrypsin-treated muscle gave normal responce
to caffeine application, its responce to raised K* concentration was decreased.

K*-stimulated respiration is induced by the change in conformation of the proteine that
extend from outer to the inner membrane surface. '

Caffeine stimulated respiration is induced by the change in some of the excitory me-
chanism beyond the membrane receptor system.

These results seem to indicate that the mechamsms of stimulated respiration is the same
as that of contraction, but respiration is more sensitive than contraction as an indicator
of sarcoplasmic concentration of calcium. [J Physwl Soc. Japan (1971) 33, 578-588)

key words : skeletal muscle respiratiqn," potassmm ion, caffeine membrane-structure.

1. # £

BRSO B L e L D EFEIMEFF (excitation
contraction coupling) ##iz Ca** i X 5 ot
L CRITE L EED, Weberbliz k- T
EEFRICEBE 2050, WHEOBRE L
ZORENER L OEBRIE OV TR E YV ELZE
HEhTwizwe.

BHH & Ringer JRicB L, SHEDO K¥ RE
EHMEES LPSWERIL, ZORGOBR
FHBEIE L BN T 5 (Fenn et aliD)
CXoTK-PREA/MT B i) 0
FHBRBROEMIMEO R b 7 IRIRED
K*SHEBMIZB - THHBOBNE © T, ED

CBfnd64 3 A 1 BEA)

3v»ﬁ§ﬁkﬁ%@@KﬁﬁtﬁﬁﬁﬁE?5®?

RV LAEERSh B, —F caffeine 4 Kt &
iR ERG O BMEHEETZ NS 5 G228

»H35 (Saslow? |z X - ¢ caffeine ZhR & 4 A
Johi) ZebBEShTS, EBHIZ, &
DEEFHBREDOEMBFH O FE VX~ b TR
whhrvZ Xy, KX caffeine 283
Fa Y R TIREEMERAL Ty 30Tk
$, BEEALTOERTHS9 LOREEZLT
&z,

% 7-—7%, Novotony & Vyskodil2h), Kloot
328 5131 K* B LU caffeine oRinic X 58
FHEBOEIMIIESE & Fffc Ca*r ol
Bz X 0Bl shaZ L HEL, BEL
FlfknZ Lz RELTE k.

Zhoo#Ery, Kt Lt caffeine iz &



ERGOBRNBTHTS KR4 50 Caffeine $hE & JE E 0BGz onWT 579

ZMBEHBREOHMI, Catt DBEEEORICE]
ERIEh, FrzoBBCEREERRE R
BledzerELLNS.

AW T, K REZHENS ¥, caffe-
ine ZEML7ZBEOBEHEROEML ED
KRB OBRICOVT, SHICKRHETZEHT
procaine, ouabain Z¥EiM& ®7z Y, phospho-
lipase C, desoxycholate, B H 3 fEEESE 5 Y i
IV FHoMREZELS ¥ 2ESs, BXUT-
tubules #2WE L BERZ ROV THOBE
HEEEWEL, K" % 7z 13 caffeine #hno
BROBKBHEEROEMERE L. Eithbd
OFERICESEK B X O caffeine FhRE DI
oI F BBz OV TRE EITR - Tz,

I.% & # &

FERCHCEHR, /¥~ & = v (Rana
nigromaculata) OFETH; M. sartorius) T
E 2RV EEORBICHE Lictk, BRfafio
Ringer ¥&HIz303LLEHEB LI DTS 5.

Ringer oz 25 mM KCl, 115 mM
NaCl, 1.8 mM CaCl,, 2.15 mM Na,HPO,, 0.85
mM NaH,PO, ¢ pH % 72ic{fk->2bDTHh
5. BBSEFO K o8 e 88T 55K
1%, Mz KCl o= v 8is 3 BBENELD
X5 &Sien s NaCl oBE# U7z,

T-tubules B+ % Hkix, #% 400 mM
DEIE glycerol Ringer ¥kiz 1 RERE L
721, B Ringer #icBE+ 5 Howell &
Jenden 19 (1967) iz X - 7=,

Table 1.

BEERBEORER, Warburg #ES %/
v, Warburg IH¥IC X - T, 100%FEESHE
Db &T, 25C ERFHTHEEITE - .
F=? Ringer ¥z 40~80mg D% 2 4
BESE, TOBRNEER (/g wet weight)
R HIE L.

ML LTk, caffeine (Fichligi T3 K. K.),
ouabain (B x{kAk K. K.), procaine (= Sg#lsE
K.K.), glycerol (fn: #i3kT % K.K.), chy-
motrypsin (4{kZT % K. K.), nagarse (E#f
K.K.), desoxycholate sodium (Sigma), phos-
pholipase C (Sigma), phosphatidyl choline
(HtFETE K K) 2.

M. % & ¥ R

A. K* gpesagn, caffeine ¥pmic X 2@
HEE

W2 ER Ringer KiciE L BMENER
DECEBE L PWEMEE, 2EREL, *
Ok 89419 pul/g/hr (I5HOFH) T -
7z. Z® Ringer #gn K* B #ns ¢35 L
BREERTERIEML, FennlDs o v 5
K'-$®mpsohiz. +72bb 20mM K* &
EEPL LT, % Ringer ¥ o BB E
DK 6FEOEMER L. 20 K iz k 3
R E B OBINE 1074 M ouabain 5851 L <
big e A EELEF, 3mM procaine dEhE
TIRIEH Ringer g v vl TL
% -7z (Table 1),

K* o $4 L Flikic caffeine 2¥sL T

Effect some drugs on oxygen consumption of K*-depolarization, caffeine

application and 3 x107°M dinitrophenol in the frog sartorius

Oxygen consumption (#] Oz/g/hr.)

K* concentration (mM)

Caffeine concentration (mM) 3 x 10~°M DNP

2.5 12.5 20

0.5 1 2

Normal
107*M ouabain 78+12

3mM procaine 70+18 70+10

Means of five experiments+S. D.

85121 133+11 465466 474+54 82+15 205+71 496+53

83+ 6 81+14 75+13

501463
93+14 423+64 4531434 8017 159440 475466 522461
65+10 80x13 484134
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LRV R L) RBRRERROENAAZ LN
7o. La L, ZOF{E, I 5% caffeine 23
DEOLERRRDOEN I P o 2. TbbD
0.5 mM OFITEERSEMR L, 1mM
DOPEEICEEMNT 5 L, EF Ringer IRORFOHKY
2, 2 mMBERIMTIIA 6 FOELRL,

¥hp 5 caffeine fﬁ%mw&) bhiz. :Eft:

600{ (a)
2 '
=
N
o o
g ,
5 - vlo’o\o )
[«
=]
£300
£
p= |
]
<
8. °, g
N
Q '.A-.-.x_
it et el
5 - 60 . 120.
- Time (min)
| o
9007
i
\600 o—.—°—a='_"°."°--..-.;"’ ~~~~~
o s :
x>
=4
=1
-
a
E -]
=1
2300 \ : :
g : o
d‘ 0\0 PP .
5 8o 120
~ Time. (min.).

Flg 1

» caffeine FHhic X 5 BREEREOHINT K,
LRI 1074 M ouabain #BMLTHIEE L
EEAHZ Y, 3mM procaine BT
E - TIEH Ringer o v v E THH &
TL% -7 (Table 1).

Ringer ¥ iz 3 x107° M d1n1tr0phen01 &
T % L # 6 (EROBEHREOCHEMA A B
hi-. = o dinitrophenol #iEhNic & 2 BAREE
E o310 M ouabain, 3 mM procaine %
iJJuLf Hig & A BB LI -7 (Table 1)

. T-tubules G I BT 5 K*—xﬁ%io X
[0 caffeme ZhE

Fig. 1 13 Howell & Jenden!® (1967) @ jj‘
iz Lz s - T T-tubules %A L0
REBELRLELDTHB. IEED Ringer
e o1k T-tubules RS L7155 b
Teo THRBENEEROHEM R & b h, ZTORIK
TLIOS BRI TOMREMEEREBIC b £ » e
(Fig. 1a). 20mM K* #&#Ringerigf TF
VWERENE L R LT, T-tubules 23
Bihzlk, BWEBISOLLEVCBRHERES
RL, ZOHBIKETL, K Hinc X 28%E
WEOBMARH bR Kot Thbb T
tubules B iz KRR ROhih ol
(Fig 1b).

e @

.;1;',‘.-,‘8_ ..... oo
. e85y 0=
. .‘C—. R-]
N
S
>
X[
[ =4
2
& 300
E , LN
2 N
g B
(3]
L
o)
0 60 120

- Time (mln) A

Thé effect of glycerol osmotic’ shock on* respiration: Initially -both muscles were -

in (a) niormal Ringer and 400 mM glycerol (b) nger containing 200 mM K‘r and 400 mM !
glycerol (c) Ringer contdining 2 mM caffeine and 400mM glycerol: At the atrow one mdscle - -

(-0-) was transferred to a solution normal Ringer (or containing 20 mM K*, 2mM caffeme)
but without glycerol, a treatment to disrupt the T-tubules.’ B :
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Ringer ykHic caffeine #¥MN3 % L HEE
VEREHEEE R R LS, CoEREr K
Rizv T-tubules ZREEL TLE{LETRIE
DIEETR UTe. T EREICb 5 L BARHE
BOETOERMS% b (Fig. 1c).

C. Desoxycholate miusfro K -4hE B
X O* caffeine ZHE

Ringer ¥z 1mM desoxycholate (ULt
DOC rWed) 2y % &, 1~240%H
EORBSBES NS, 200 M LUTFOPWE
(200 M, 100 M, 20 M, 10 yM) » DOC ¥
TICIRIHEIES bz o7, '
IE% Ringer ¥z 10~100.M DOC % ¥im
L CHBREREOET A B » A, 200

eM F72i 1 mM i 5 L iR TERRIEE

Bowmrsggsns ks (Fig 2a)

%7z 20mM K* 25 Ringer ykHIz&L, "
b%mbbﬁvﬁiﬁﬁé%beVéfkw«

10~100M DOC % #ihid 3 L BRFRHE R &

BTN A EAS A LB R, 200M i
(a)
20mmkt 25mMK*?
-%—- imMDOC e
-e— 200pM POC -~ .
~s- 10OpM DOC /
—o- 20 pM DOC . /
£ /5-"
> g ]
~N 4
:1 o l,/
§ -
B 300 e —
3 ,/

a — “
S e .
~ —~ L~

o, x .~ —u
~ '/'/' -
—eemmm T
30 60

‘ ‘ “Time ‘(v‘rqzmlir;y.)
- Fig. 2

i 1mM ETRBIEES T B EHAESED
hiz. —5»o» L 2mM caffeine éﬁj][lk_
Lo TBHRREEREOHEML T2 HHicxt LT10
¢M~1mM @ DOC ¥l THi ABFEH
BRI AEBBR LN o T (Fig. 2
b). S
Kic&#E® DOC #&1: Ringer ¥giz60~
120438 LT DOC 4Ly & fEpk L 7. DOC
WERIE R Ringer d CRIER & 12 EH
BOMBEERL R L. Ll 100M PLE
» DOC w4 Uiz sk, K+ £7zix caffeine
BRI L7 RRIC B S 5 BRSRIE R E OIS IE
BTN E P o, BRI OBOBRER
EDORTOESZBENEL LB LK -
rkaav ikﬁﬁﬁﬁoﬁwﬁk%<ﬁo
7‘: :

D Phosphohpase C &Mgﬁj’; 0) K"- fjj%:ro X

3 U\ caffeine %hHR

Phospholipase C # 0.1~ 2 mg/ml Ringer
BHREEn T % L HolEoRE g Sh

(b) ‘
2mM Caffeine : AL
—x- ImM DOC /
~a~ 200pM o
'ﬂ
—a- 1Q0uM /
-~ —o- 20 uM 4 /
3 6001 A L
- n
q F
z R .
(=] i’
S /
> /
< DoC 4
S ¥
a - ) ‘ Y
g 300 J’ ,g/ 3
g :
w
2 a/
(=} 7
o ’
S <
I'
4
/
’l
,I

. 30 60
Time (min.)

"The effect of desoxycholate application on the time course. of the oxygen con- .

- sumption of frog skeletal muscle. The lineal line show the oxygen-consumption of desoxy-

- cholate application- muscles, the dotted line show .that of normal muscles. Desoxycholate : -

2220 #M; 100 #M, 1'mM. final concentration. (a) Muscles in ‘rormal Ringer or. Ringer .con.’
taining- 20 mM:K*. (b} Muscles in Ringer containing 2 mM caffeine. ~
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DOC ~ Treated Muscie (a)

—=~200pM DOC 60’

i ” 120
600} —— joopmDOC 60
- e o 120’
o -+~ 20u4M DOC 60’ o
> . u 120’ RN
ES "
E ’ /A
Q. . , A
4 ?, ,/
g 300 /ﬁ/ ° g
g v °/}/’H
o 20mMK A /a Z
o' o
| &
/94.

30 60
Time - {min.)

DOC Treated Muscle (b)

—— 200§MDOC 60’ W
600 ..,
v ’,
—o- 100MDOC 60 A

-s- 20 pMDOCEO" / ‘
L/ B
"Ll
e
e

300

0, consumption (pl/g wet w.)

Time (min.)

Fig. 3. The oxygen consumption of desoxycholate-treated muscles. The lineal line show
the oxygen consumption of desoxycholate-treated muscles, the dotted line show that of
normal muscles. (a) Higher K* concentration Ringer tipped at this arrow (K* : 20 mM final
concentration. (b) The caffeinized muscle. Caffeine tripped at this arrow. Caffeine: 2mM
final concentration. Desocycholate-treated time : 60~120 min. Treated temperature : 20°C.

—eo— 2mMZCatfeine
600 _,
o= “ +P.C.

- 20mM K

| === v +p.C.
—— 2.5mM K
—_— o C.

- 4P.C
s b -
z :
< 300 :/
= o/ _—
§ P.C. /‘én/n/
V= *
2 { —
& —
(= ~
A
/ {'4:4” —
30 €0

Time (min.)

Fig. 4. The effect of phospholipase C applica-
tion on the time course of the oxygen consump-
tion of frog skeletal muscle. Phospholipase C
tripped at this arrow. Phospholipase C : 1 mg/ml
final concentration.

Phospholipase C Treated Muscle

—== 2mM Caffeine P.L.
—=-20mM K P.L.

200] /

3
kS | Phospholipld
oﬂ » .
B J. ./:%
/ek/e/°
30 €0

Time  (min.)

Fig. 5.  The effect of phosphatidyl choline on
the time course of the time course of the oxygen
consumption of frog skeletal. The filled square
(-m-) show the oxygen consumption of phos-
pholipase C -treated muscles in normal Ringer,
Ringer containing 20 mM K* and Ringer contain-
ing 2mM caffeine. The open circles (-O-) or the
open square (-[J-) show the oxygen consumption
of phosphatidyl choline application. Phosphatidyl
Choline : 50 #g Pi/ml final concentration.
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(a)

20mM K
~o—~ 0.5mg/mlNagarse
e ]
-a= 2 ’ P 4
600 2.5mMK e
- 0.5 /z,‘
- 2 o ’
’ L4
N 2
agarse ",' . /,
4
3004 < of
4 ° / A" a2
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Fig. 6.

O, consumption (ul/gwetw.) .

800; (b) ,
l'
’
. ;
2mM Caffeine '/
—°- 0.5mg/mINagarse
-~ | ,’l (3
-0 2 ','
600 S o
’ /
/
/" o
/’ A//b
,I A/ o
¢ O o
e
Naogarse
3001 o/
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[/
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'I
ll
30 60
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The effect of nagarse application on the time course of the oxygen consumption

of frog skeletal muscle. The lineal line show the oxygen consumption of nagarse applica-
tion muscles, the dotted line show that of normal muscles. Nagarse : 0.5mg, 1 mg, 2mg.
ml final concentration. (a) Muscles in normal Ringer or Ringer containing 20 mM K+*. (b

Muscles in Ringer containing 2 mM caffeine.

Chymotrypsin Treated Muscle (a)

20mM K s
-o= 0.5mg/ml s

—-a= | ’

6001 ’

300 S

Time (min.)

Fig. 7.

0Oz consumption (pl/ g wet w.)

Chymotrypsin Treated Muscle (b)

600+

300

2 mM Caffeine
-o=1 mg/mi
-b2

Caffeine

|/

Y

30 60

Time (min.)

The oxygen consumption. of chymotrypsin-treated muscles. The lineal line show

the oxygen consumption of chymotrypsin-treated  muscles, the dotted line show that of
normal muscles. (a) Higher K* concentration Ringer tipped at this arrow. K+ : 20 mM final
concentration. (b) The caffeinized muscle. Caffeine tipped at this arrow. Caffeine : 2 mM
final concentration. Chymotrpsin-treated time : 60~120 min. Treated tempeature : 20°C.
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5.
IE% Ringer yih ClEEOMRBEREL T L
TV 345z phospholipase C #¥Ein+ % L@
FMBBEOBMAR b, %7, 20mM K-,
2mM caffeine OFMIC & > THRFEHEED
0L T 5451z phospholipase C #3814
% &, BRI C LV TRREERDIKT
BHohe (Fig. 4).

Phospholipase C 0.1 mg/ml #& ¢ Ringer
R R ISAMREL, TO%ER Ringer
W& T 2 \lPe- T phospholipase C ALEEM & 1E
Bk U7z. Fig. 5% phospholipase C QL IC
K, caffeine 2 ML 2R OBRBNER L, &
& iz phosphatidyl choline 50 pg Pi/ml %38
U 7 B OBFWEROE{ER L TV 5.
Phospholipase C B I1XER Ringer ¥+
TOBRREERIEEHLRROEZ R L

23, K, caffeine ¥Rl CTLBRHEREDHE

INAH bz oTe. ToiE. caffeine ZIRAIL
72 %1% phosphatidyl choline %3&hN+ 5 &%
DBFEBEEOEMBEE S iz (Fig. 5).

E. BEASfERSENEG O K-3E8 X
caffeine g - ‘

BEHOREESR O nagarse ZiRMNT 5 &, 1E
“# Ringer #&f COMBHEROEN1 A b h
B8, b L K, caffeine #EMLCE
VERREEE LR L TV A nagarse iR
Y B LEEESED L (Fig. 6).

Nagarse #&# Ringer kb icfi 2 BiEL T
{ERR U7c nagarse QLB #3 TE 7 Ringer g+ ¢
RIEEH L BERRORBHEEREL R LS,
K+ ¥ 721% caffeine % 3{hn L T b BEE OB
AR o T,

F7-, BHASERES chymotrypsin % 0.5~
2mg/ml RIL THIEDR, BFENEE S
75.<, K* 3 X caffeine {ihnic X 5 BRI
BoEMbE LA B LTk,

2> ¥z, 0.5~ 2mg/ml chymotrypsin &
TeRingerfig iz 604 HIRIE L, chymotrypsin
SRR VERR L 7. = 5 L T {ERL7c chy-
‘motrpsin 4L % E% Ringer ¥ i AhT

MEMEELIE LY, ZOBEIERHCE
REGEAL T, 2 iz Ringer fErh oK+
BEPEMSETHER, EEHGRDLLS
X 5 hERFHEROEINZRD bhvind ol
L L caffeine #EMLEESRUEOEES
LB o CEFEG & FROBRERREOHE M
B bhie.

V. & %®

I Lo BB OSNRD K BEZRENS ¥
5 LB OMBERENMEE S, BREHRERL
DOEMT 5 Z L BB TV B, KRERT
LR OMBEEEOEMMPBES h 7z (K-
ZhEE) (Table 1). Caffeine s K* & Fik
CEEREEOBEINT 5 & & 2% Sarlow HEIET
DL OPEZIC L VHESH T\ 301080
(Caffeine Z5g, Table 1). K* 7z b Nz caffe-
ine O X 3 BFEE R OHINX procaine
BT 5 2 Lickvabhiz 7z 3%,

. dinitrophenol Z¥HEINT 3 Lick VEMT S

EEFEIE B BT procaine ZEMLTHEL AL
oo\ (Table 1) EFELPDRIHFOKREY
F—= e AVCRABROEREITR-TVE, &
D4 caffeine ZIEBHR BRIV E VD ]
BLTV3., 2LTZhb0zZ Xy, K' B
X caffeine ZEMILZ & EFOBMBRHEEED
#mx K+ 7z & Oic caffeine 33 b= v FY 7
CEEERLTRZA O TR BEEANLTE
ATsrErbhs.

Sbiz, ErALTK ik viEHkshs
TERNVE-EBERNP—o L LTHEDONa-RV 7
BhY, BEEEROEMORRN—2 LB X
b5, 20mM PL_Eo Kt 3 X (fcaffeine %
WML 0¥ 4 L BREERROHEME, 107
M ouabain ZEMLTHEERA B 2
(Table 1) = L X v, K+ 38X caffeine O3
fic X BEENEEOHNE Skou® 0\ 5
Na-R v 7EBEOEED L 5 nEFIcLsL 0
ThvwiBbhs. , _

Fe—%, K+ BEZENsEsL Catt 0
W% B3 5 2 & A% Bianchi & i@ XY #E
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sh, K ofmic X 5 BEEREOBIN
Ca** mEhE LBEERERES 2 2 b BED,
Novotony & Vyskocil?h), Kloot3 & iz X .
WESh, EELRBOHREL L T & 2.
# 7z Novotony & Bianchi?®yx caffeine i
3 K+ LEfgic Catt ot R+ 5 Z &
FHEL T 5. DEOEEIY K BIU
caffeine ¥EiNic X 2R EEOHEINE Catt
OFEHIT I LD LHREINS. '
DED X5 iz, K-8 caffeine Zhix ¥
niEEALT, Catt oFlticksb0LE
z b5, iR Novotony & Bianchi® i
1mM EDTA %4t CaCl, 7% Ringer &+
1z 3~5C T 1HEEHEL & U TIER LB
Ca** gioik K-#IR 3 Ee 3, caffeine 3j
BREEG LR bR LBEL, EED
FfEEZ L 2HR L TV 52, IERED
K%L <, BREERES—BEC AL,
ZDHIET Licfic, caffeine ZikiNT 2 L&
UBMEEEROBENT 5 Z LB RAON ERE

Liz2), “hesomEX Y K & caffeine Tix
* OVERERAL, TERFRCER S0 LEER
BT LT 3.

Howell), Eisenberg & Eisenberg et al.9)10)
X ERE glycerol &% Ringer #Eic 1R
HAIER Ringer Jic b &+ LT/ MVER (T-
tubules) XRE S B Z L, HIT/IMER~D
BB EORYVIABRBHRONEL 1D L
REBMELTS. LHLIZIOBHOT 4 5
AV MREETH D H/NERESIRILT B
#h¥HE (terminal, cisterna) 1% & EEEICE
RT3 RT3, AERTIOLHMUT
» K* 2L CEVBRRERREEZ R LIHO
T-tubules ®#RE+5 L K* e X 2835%
BEREOMMAL LN Kole (Fig. 1)
L»L, oLy caffeine ZEMLTHEV
BENEREY T T-tubules 2REEL T
b caffeine {IMC & 2 BREEBEOEMIE
L id o7z (Fig. 1c).

Doz & kv K28 Ca**&&ﬁ, T-
tubules ZREEET 5 Z L2 X IT X VIR AFEH

Lz 3T e EPbELT, HOMEE
WAT/NVER DR S oBfkic XV BIEREZ Sh
ZhpLiEshs. L L, caffeine ZhRi
FEoMBEIz X Vi A RSB ILRE
26, caffeine (X FEOBELLTIC/ERA L TEIE
RElERIT b0 EbhB. N bIE
HE®), /N2, Weberd® 5% caffeine 235/
Hﬂﬁikcﬁ?)ﬁ L, Ca** RS €O TRAY

LMELTVARZIOEZLINSOREE
~£¢c*§"6.

Tobias3® X fEDHERE & MERRIC 2 » THN,
phospholipase T T 5 & RO BB FR
Micknbhd., Lal, EASHESR CLHE
Lizh QRREEENESD i ¥ O REEZ LT
5. SEFEEEB/ERAT b & LT
phospholipase C 7z 5 0tz DOC &8, &H
SHEEESE L LT nagarse, chymotrypsin %
BT, :

Ficik~tz X 5 iz DOC oI E B/l
L, phospholipid nRE*&EFH LD LEX
b Tvs. Ebashi & LipmannDix v 40D
B O YN % v, DOC (R & A~
B, RBECREERNEEY, REOH
fmz kv ATPase {EMAIEISh B L 2
&1L T3, Bigg & Fuchs®ix DOC » 1 mM
B3 B Nk Catt oY AAE I
B B5EEMe D ATPase JEMEIHI L
WRTVS., AR b ixEEE o DOC
MBI EEAHIC L AR LT M
Natko Catt FEAZIETEEBZ L EWMEL
< v 3. %7 Hella & Podolskyl® 1% DOC
DIEFHTHEIOEREBE L T 5. KE
Ech 1mM DOC o © i OREB»EL
sz, [EEE DOC it 5 & Cat'-
ATPase nyEH ARz v Cat ol MEE
ShBREEEOHEMERNLAbh, BRER
BB Ci3 z » C ATPase JEHEISHIHE &
hzhicpiv Cat* EREOBD R D, BRR
WEENMET T30 CREVrELLNS.

Martonosi & Halpial® ZfFo /N4 &
phospholipase C ¢+ 5 & Ca** DY A
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7 %, ATPase OEMERILICHK & v 5 2
lisolécithine, lecithine w5 CEET S - &
X v &%/ Batk sk phospholipid 283 Ca*t o
BYRHRCEETH S LHEL TS,

" Blanstein®, Carvallo® & j% procaine,
tetracaine @ X 9 7z JRAFTARELANL, HHHREEE O
Ca* R IS % 2%, 2 Wi R FiRkELAS)
2%, Ca**, phospholipid O#EAICHESHICE
A hbHiFEeELZTWAB. %7 Bandani & Kar-
ler®i3 RFTRRERFID G O /MEfE o Catt OERY
RHEEMET B EHE L Tv 5. KY BXIV
caffeine ¥ifNic & 2EREHEE OB pro-
caine JBHICEH Ringer b o v RV & Cifj
flahiz (Table 1).

Pbkoz e, Kt BXU caffeine FEhnic
T o THRFEHEEREQCHEM L T v 58Iz phos-
pholipase C RN+ % £ 1057 & Y BRRIHE
BOETAEL NS (Fig. 4) FELY, K' B
X O caffeine iz X 2B HEE R OBIME Cat+
OWEHLBEBEE H v, Zo Catt 0B Iz
phospholipid PEELFREFZZLLTVSD

LEbhB. i phospholipase C JLiEfy
TH Bk caffeine ZhEA% phospholipid
DEMTHPEERH BB (Fig. 5) 2L XY
caffeine OJEFEAL L phospholipid iz H#Ek
BB E S,

B A ERESE OQUEE C1Y, nagarse 0 X )7t
mAkEEFEE, KY BX O caffeine #FEhnic k
ZRFEEROHEME T iH 525, chymo-
trypsin JUEfF ik K WinC & 2ERREE
BOBEIMORFEI Lol

JEOMREY £ sBERE L IRERE 2 BAIC
SEEL TS Z L xE#ETH B, AERTEH
VE A S REER OB T K- R0BH B
¥, caffeine ZhEITERH & RRICA Sz Z
L1y, Kr#RihmmERROERSTO=
VR A=Yz VOREMLCEERI SRS
LoTh Y, caffeine ZIFT LT DRI
ﬁb,%kpmmmwmdkﬁﬁaﬁ%#&é
LYo LEbIhD. '

PEoZzERY, KrXIO caffeme wWhnie

L OBRHBRROHIMIEEZ ML TREL, X
MLk Catt It X VRIS h B b o LIRS
ha, LaLK* L caffeine 0o g R0 FE o
BeERAL BN, K-ZF%, WAOE (it
&, BITNMERDERY) OBASTO 2 V&
A=vavodibic X v Catt kRS E,
caffeine Rk Zh & OEPIT  (Fi/ a5
&) ﬁmbrcw+&%%éﬁr%%£ &
haLifEgshs.

Tﬁk@l?t%ﬁ?cw+ﬁ@%%§§@
W% 7253 0%, Chance®, Jobsisl? b ik
Bt Cat* pffEy ADP % #hn& € 2 hasig
FEREZHEMSED L H/ELTY32, 2h
LB OV TRABRE LRI LT &R
v,

V. ® #

1. do¥=Fz v k) BHURETSO
MRFERESNED K BEEEN s €2 Y
caffeine, dinitrophenol # 3N+ 2 2 Lic k-
T, IEF Ringer & TR TEDK 6 o8
Rl

2. K*, caffeine 3 X ¢ dinitrophenol o
AIMCHEmL 2 BFEER T 104 M ouabain
EZEMLTHEEALERRALRED 5T,

3. K* 3 X O caffeine ¥InCHEIN L 72 ks
&R 3mM procaine OEMMC X - TIER
Ringer JEo Vv RV ECHElEhT L & - =
75, dinitrophenol ¥hniz X 5@%{%%%@&%
TN LR B B » Te.

4. T-tubules B LI fFoMRHERT
N0 K+ BEZHENSE CLBERREDHE
M4 bR, caffeine ML 7CBEIT
REABBRIEBEEOEME A B,

5. 1mM desoxycholate % ¥+ 2 L5
DHHET 2 RIBBIBE S hiz. 200p#M, 1mM
desoxycholate % IE% Ringer ¥gHic &N+ %
LBFEHEBREoEMBRA b, £ K-4R
1%20~100 uM desoxycholate D¥RIMITIXLD
BEIERDS 4 & hie 28, desoxycholate o J&EE
EHEL, 200pM 1mM 2§53 Lz o THEL
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&ivjc. Desoxycholate gz K*-$h,
caffeine ZhE & & 23 % iz, '
6. Phospholipase C & ¥{ind 3 L#\iED

RErBgEshs. ZoLs K48, caffe
ine IR RIS 52, EHF Ringer ho
ERFRIY B BT HHN L 7. 7535 phospholipase C
WLFBF5 iz phospholipid # 3B+ % & caffeine
ZhRH L DEIE L.

7. Nagarse i35 & K* B8 X O caffe-
ine ZhF Al & h, EH Ringer & ToEEHE
HEEEEM L.

8. Chymotrypsin G Ui f5 0 ELENYE
BRENMA 2 b h iz 2o K 2b i
caffeine ML 7z L = » K-FBE3El < h
B4, caffeine X ERAH & FfE ic %8 L
Tz,

9. K* JErsiing 7o 13 caffeine JMo e
ZEBD b s BRHEROHIME Ca*tt Eitic
EErdH5z . K- REEOBASFOLE
fLic X v 5l&EZ &h, caffeine FhFiIEDZ
BEUTORAEAT b L2 L, ¥c%20D
R HIA T B2 dicix, phospholipid 2345
BcERLT 3z e REHmLE.
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Movement of cytoplasm in plasmodial fragment obtained
by caffeine treatment. |. Its Ca** sensitivity

Sadashi HATANO and Fumio OOSAWA *

Institute of Molecular Biology, Facully of Science, Nagoya University,

Chikusa-ku, Nagoya, Japan

Plasmodium of the myxomycete is a
mass of naked protoplasm which consists
of an outer gel layer and an inner sol.
The inner sol shows the shuttle streaming
where the direction of the flow reverses
with a periodicity of about 2 ~ 3 min. When
plasmodium was treated with a 5 to 10 mM
caffeine solution (pH7.0), the surface of
gel layer of plasmodium is broken in many
places and inner sol is gushed out through
the broken places to form blister-like
structures on the surface of plasmodium.
Then they begin to separate into the caffe-
ine solution to form many small spherical
particles (plasmodial fragments), diameters
of which are about 50 to 200 .

The plasmodial fragment consists of
protoplasmic membrane, hyaloplasm and
granular cytoplasm. Granular cytoplasm
shows active movement different types of
from the normal one (shuttle streaming).
Its typical movement is a fountain stream-
ing-like movement. We found that these
movements of granular cytoplasm are very
sensitive to Ca** and its chelating reagents
(ethylene diaminetetraacetate (EDTA), and
ethylene glycol bis (f-amino-ethylether)-N
N'-tetraacetate (EGTA)).

Plasmodium of a myxomycete, Physarum
polycephalum, was cultured by the method
of CampD. Plasmodium which had been
spread on an agar plate in a petri-dish
was treated with a 5 to 10 mM caffeine
solution which contained 10mM tris-maleate
buffer (pH 7.0) at room temperature (about
20°C). Ten to fifteen min after the addition
of caffeine, many plamodial fragments were
found in the solution. The plasmodial

O REETE], KIRICR ¢ A EREEERS T
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fragments were transfered into another 5
ml of 10 mM caffeine solution which cont-
ained 10mM tris-maleate buffer (pH 7.0),
and small amounts of concentrated solutions
of Ca**, Mg** or the chelating reagents
were added to the solution and they were
mixed carefully. The movement of granular
cytoplasm was analyzed by microcinemato-
graphy.

Expansion and solution of granular cyto-
plasm on the addition of EDTA or EGTA.

When 1 mM EDTA or EGTA is added to
plasmodial fragments, the active movements
of granular cytoplasm gradually cease and
granular cytoplasm expands to occupy the
whole volume of the fragment in several
minutes (Fig. 1 A). Brownian movement of
granules is seen in the expanded granular
cytoplasm, and granular cytoplasm (and
membrane) is deformed when pushed from
the outside of membrane by a fine glass
needle, suggesting that it is in a sol state.

Contraction of granular cytoplasm on the
addition of Ca**. When an excess amount
of Ca** (2mM) is added to plasmodial
fragments which is uniformly filled with
granular cytoplasm in 1mM EDTA or
EGTA solution, the movement of cytoplasm
is activated again. In 10 to 20sec after
addition of Ca**, granular cytoplasm begins
to contract, keeping its shape spherical
(Fig. 1B). 1 to 2min after granular cyto-
plasm contracted to a minimum volume
the outer gel layer of cytoplasm is broken
at a few points and inner sol is gushed
out into hyaloplasm between membrane
and granular cytoplasm (Fig. 1C). At last,
the whole contracted granular cytoplasm’
is spontaneously solated again. Then gran-
ular cytoplasm begins to show the fountain
streaming again in which the process of

.. the contraction and the expansion appears
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Fig. 1.

Contraction of granular cytoplasm on the addition of 2mM Ca**. The plasmodial

fragment had been treated with 1mM EDTA solution (A). On the addition of 2mM Ca**
granular cytoplasm it contracted at first (B-C) and began to show fountain streaming again
(D) (see text). Numbers described in photographs are time (sec) after addition of Ca**.

Fig. 2. Local contraction of granular cytoplasm.
The local contraction of granular cytoplasm was
induced by attaching a micropipett which con-
tained 10mM Ca** to the surface of the plasmodial
fragment. The plasmodial fragment had been
treated by 1 mM EDTA. In this case the contrac-
tion was propagating to the opposite side of gran-
ular cytoplasm. ' .

to be repeated (Flg 1D).

Repetition of local contraction and ex-.

pansion of granular cytoplasm is observed
when Ca** is supplied to a plasmodial

fragment by a micropipett. If Ca** con-
tinues to be supplied from the micro-
pipette, finally the whole granular cytoplasm
begins to contract. The contraction pro-
pagates from the side, where Ca** was

added, to the opposite side (Fig. 2). When

instead of Ca**, 2mM Mg** is added to
plasmodial fragment in 1mM EDTA solu-
tion, granular cytoplasm remains to stop
and fill the whole volume of the fragment.
Thus, the movement of granular cytoplasm
is Ca** asensitive. Recently, it was found
that the concentration of free Ca** of about
10°* M is sufficient for the movement of
granular cytoplasm®. , '

Myosin. B extracted and purified from
plasmodium shows the strong and rapid
superprecipitation on the addition of ATP
in the presence of Mg**, even if Ca** is
not present, for example, in an EDTA or
EGTA solution®. Namely, myosin B lost
Ca** sensitivity during its purification
procedure. This fact suggests that some
factor (like native tropomyos1n2>) other than
pure myosin B also exists in the cytoplasm
to give Ca** sensitivity to myosin B system
in plasmodium.

We wish to ’express our thanks to prof. N. Kamiya
and Dr. K. Kuroda of Osaka University who
kindly took microcinematographs for our specimens.

References

1) Camp, W. G. (1936) Bull, Torréy Botan. Club,
63, 205-210 o

2) Ebashi, S. (1963) Nature, 200, 1010 :

3) Hatano, S. & Tazawa, M. (1968) Biochim. Bio-
phys. Acta, 154, 507-519

4) Hatano, S. (1970) Exptle. Cell Res. 61, 199-203

key words : Ca sensitivity in plasmodium movememt.



{J. Physiol. Soc. Japan (1971) 33, 591-5923

Spreading depression under the effect of tetrodotoxine
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The close relationship between DC poten-
tial shift and glial membrane potential is
established by several authorsD23). An
eminent DC potential change underlies the
spreading depression (SD) which is fre-
quently observed in the vertebrate cerebral
cortex and its origin is still vague.

10sec ]250,N

Fig. 1. A : DC potential change by TTX. a:
Before application of TTX. The SD elicited by
repetitive stimulation is seen. Downward arrow
indicates the beginning of repetitive electrical
stimulation. b : 30 min after TTX. No SD is
elicited by repetitive electrical stimulation. Note
the absence of the change of DC potential level
after TTX. Broken lines indicate the zero-level
of DC potential. Negativity is downward in this
and subseqent figures. B: Effect of TTX on unit
discharge. a : Before and b : 15 min after TTX.
Upper beam is surface DC potential and lower
beam is neuron discharge.
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We intended to investigate the neuron-—
glia relationship during the SD to clarify
the origin of the SD using tetrodotoxine
(TTX) which is a useful tool because of its
depriving action of spike generating ability
of neurons without affecting membrane
potential.

A
c b a
B

Fig. 2. TTX effect on the SD. The cerebral
cortex is roughly separated into three regions a,
b and ¢ as shown in the insert of each record.
A :normal shape and normal propagation of SD
before TTX. The SD is elicited near the electrode:
a. B:Region b and ¢ are under the TTX effect.
The SD is generated with KCl solution near the:
electrode c. The SD propagates into b and a
region. Hatched area shows the TTX region.

imin [1mv

Cats were anesthetized with ether during
surgery and immobilized with Flaxédil
under the artificial respiration. The surface
potential of the cerebral cortex was re-
corded by three pairs of stabilized calomel
half cells. Indifferent electrodes were placed
on the occipital bone. Glass micropipette
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filled with 1 M potassium acetate was used
to record the extracellular umtary dlscharge

of neurons. :
Fifteen to thirty minutes after apphca—

tion of TTX (10-°g/ml) all the unit dis-
charge is completely abolished. At this"

moment, the DC potential level is not
appreciably changed as indicated by the
broken lines in Fig. 1A-a and b. The SD
can not' be elicited by electical stimulation
(Flg TA-b compared Wlth A-a'in the state
without TTX).

- However, the SD can be generated by
application of KCl solution in the TTX
region and can also propagate into normal
adjacent region (Fig. 2 B), just as the state
without TTX (Fig. 2 A). The propagating
speed of the SD is labile in the TTX

region :slower in some.cases or faster in

others than in the normal state.
These results suggest that the SD can
be generated and prOpagate w1th0ut neuron

dlscharges
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Potent|at|on of muscle contraction by high concentration
~ of picrotoxin
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Picrotoxin at a concentration of 10-2 g/ml
(ca. 1.7 mM) potentiates contraction in frog
muscle fibers without appreciably changing
the mechanical threshold, but decelerating
the falling phase of the action potential®.
It has been suggested that this picrotoxin
potentiation involves a suppression of
membrane conductance in the sarcotubular
system®%. In the present work aspects of
the drug actions at.a higher concentra-
tion (3 x103g/ml, ca. 5mM) will be
described. The materials, i. e., the sartorius
muscle of Rana catesbiana, and. general
experimental procedures used were the
same as those in the previous paper?.

When a small bundle of muscle fibers
was stimulated externally with brief pulses
to produce conducted action potentials,
maximum potentiation of the isometric
twitch tension was attained about 10 min
after the application of picrotoxin. The
mean twitch/tetanus tension ratio then
measured was 0.84 (range, 0.76~0.92 ;4
preparations), in contrast to 0.12 (0.10~0.15)
obtained before picrotoxin. Tetanus tension
was not affected. The potentiated twitches
were prolonged during repeated stimula-
tions. In Fig. 1 the twitch duration-at half-
maximum was increased by 279, and 469
in the second and third (and subsequent)
twitches, respectively, generated at a fre-
quency of 1.8 Hz. The peak tension first
increased slightly for several twitches and
then decreased. ‘

The mechanical threshold measured in
single fibers with 200 msec clamped-voltage
steps in solutions containing 107¢ g/ml
tetrodotoxin was —55.0+0.76 mV (mean-

*MHEAR, KN # o @RREEFREA
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0.1 sec

Fig. 1.  Prolongation of picrotoxin-potentiated
isometric twitches by repetitive [1.8 Hz] stimula-,
tion. Ten successive tension records.(1 ~10) were
superimposed. 40 min after addition of picrotoxin.
(3 x1072 g/ml). 22°C.

S.D., 20 fibers) in the presence of picrotoxin,
which was significantly different from
—50.0+1.25 mV in 10 control fibers (P<
0.001). Therefore 3 x10-%g/ml picrotoxin
lowered the mechanical threshold in these
fibers by 5mV. ’

The effects of picrotoxin on 1ntracellular"
action potentials produced by brief (less.
than 0.2 msec) intracellular pulses were
examined (Fig. 2). In normal fibers picro-
toxin affected little the rising phase of the
action potential, but the amplitude was
appreciably reduced (Fig. 2A, B). The
falling phase was prolonged after picrotoxin
three or more times the duration (at —50
mV) obtained before picrotoxin. In Fig. 2B
the falling phase decayed with two major
time constants after picrotoxin : 7.2 msec
for the initial 1 msec from the crest (ex-
cluding minor changes due to a dip to be
described) and 3.7 msec for the following
3msec. The decay time constant then

. gradually increased. Occasionally the dip

(arrow) was noticed at approximately 0.5
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|50mv

5 msee

Fig. 2. Prolongation of intracellular action
potentials by picrotoxin (3 x107%g/ml). Records
before (A) and 25min after (B) picrotoxin in
normal fibers ; and before (C) and 32min after
(D) picrotoxin in glycerol-treated fibers. Resting
potentials : —88 mV (A), —87mV (B), —75mV
(C), —95mV (D). The horizontal line registers
external potential. Arrow in B indicates a dip in
potential, Calibrations in A apply to B, those in
C to D. 22°C.

msec after the crest, coincidently with the
falling phase of control action potentials.
In glycerol-treated fibersD the falling phase
of the action potential was also prolonged
by picrotoxin (Fig. 2C, D). The f{falling
phase, however, decayed monotonically. In
Fig. 2D the decay time constant was 4.2
msec for the initial 2.5 msec from the crest.
The time constant increased gradually
thereafter. The double time constant decay
of the action potential due to picrotoxin,
which resulted in a minor plateau forma-
tion, was thus confined to normal fibers.
Intracellular action potentials successfully
recorded 10 to 25 min after the addition of
picrotoxin did not change appreciably
during the course of 2 Hz stimulations. It
appears, therefore, that some event after
the action potential in excitation-contrac-
tion coupling, e.g., inhibition of Ca accumu-

lation by the sarcoplasmic reticulum (SR),
is responsible for the marked prolongation
of picrotoxin-potentiated twitches during
repeated stimulation (Fig. 1).

The actions of 3 x107% g/ml picrotoxin
meet the criteria for a type C potentiator?,
i. e., it lowers the mechanical threshold and
prolongs the action potential. The observed
lowering of the mechanical threshold might
imply a direct action of picrotoxin on the
release of activator Ca. Alternatively picro-
toxin might affect only the accumulation
rate of activator Ca by the SR®. There is an-
other possibility which could not be excluded :
assuming that the potential difference
across the SR membrane determines the
‘mechanical threshold’, the threshold poten-
tial of the SR membrane could remain
constant in spite of the lowering of the
ordinary mechanical threshold (potential
across the sarcolemma). This could occur
provided picrotoxin decreases the mem-
brane conductance in the SR without af-
fecting a conductance component in series
with it, and provided these series conduc-
tance components are in parallel with the
sarcolemma.

The sarcotubular system must be re-
sponsible for the picrotoxin-induced plateau
in the action potential, since the plateau
was absent in glycerol-treated fibers. It
thus implies that the conductance of the
sarcotubular system contributes to the
normal action potential.

Supported by grants from the Ministry of Edu-
cation and NIH (5R01NB 07201-03).
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Studies on the role of the membrane-organized lipids in
the membrane—bound enzyme activities and their
localization. of »‘toad skeletal muscle
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Department of Physiology, The Jikei University School of Medicine, Tokyo,

Japan

Dunkley et al.D suggested that the ATP-
ase and AMP-deaminase were firmly at-
tached, while adenylate kinase might be
more loosely bound on the surface of frog
intact muscle. Sato” reconfirmed the above
results and pointed out that the active site
of ATP-ase might be localized in outer
and inner sufaces of the muscular cell
membrane and that of AMP-deaminase
might only in inner surface. It has been
reported that the phospholipids might play
an important role in the enzyme activities
(Martonosi, A.3956)). On the basis of the
above results the activities and localization
of membrane-bound enzyme in skeletal
muscles and the role of the organized
lipids in its activities were studied in the
present experiment.

The whole sartorius muscles obtained
from Japanese toad were used and all
experements were performed at 20°C. Mus-
cular cell-membrane fragments, i.e. sar-
colemmas were isolated by the method of
Hotta?.

Three kinds of sarcolemma, namely outer
surface-treated, outer and inner both sur-
faces-treated (with 109, ethyl-ether solu-
tion) and their control were incubated for
three hours in Ringer containing 3 mM
ATP ; at various times samples of. the
medium were chromatographed and analy-
sed spectrophotometrically for nucleotide
content and compared with its control (see
Fig. 1).

Typical data through whole experiments
were presented in Fig. 1, where the medium
concentration of each nucleotide has been
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ATP decreased

plotted against time. In outer suface-
treated sarcolemma the ATPase activity
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Fig. 1. Conversion of ATP to IMP via ADP
and AMP by membrane-bound enzymes in 10%
ethyl ether-treated toad sarcolemma and its con-
trol which were incubated for three hours in
Ringer containing 3mM ATP, At various times

v--¥ amount of IMP

samples of the medium were chromatographed and

analysed spectrophotometrically for nucleotide con-
tent and compared with its control. Outer surface-
treated sarcolemma was prepared as follows ; after
fragments of minced skeletal muscle were treated
with the 10% ethyl ether for about 17 min, then
those were obtained as sarcolemma.
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Fig. 2. Conversion of ATP to IMP.via ADP

and AMP by membrane-Bound enzynies in 10%
ethyl ether-treated toad intact muscleand its con-:
trol, which were incubated for two hours in R'ng'{ar’s:
solution containing 3mM ATP. At various times-
samples of the medium were chromatographed
and analysed spectrophotometrically for nucleotide
content and compared with its control. Treatment
of the intact muscle was carried out as follows ;

" “after 5min on the muscle soaking at room tem-
perature in 10% ethyl ether, it was removed and
placed in Ringer.

increased and the adenylate kinase and
AMP-deaminase decreased rather than
those in control. On the other hand, in both
the outer and inner surfaces-treated sar-
colemma, all the enzyme activities of ATP-
ase, adenylate kinase and AMP-deaminase
decreased more than in control.

Then, after the intact muscle was treated

. With 109, ethyl ether solution, the experi-

ments were carried out as mentioned above
(see Fig. 2). According to the data obtained

. by the present experiments the activities

of membrane-bound enzymes existed on

-the outer surface of membrane or at least

around its vicinity and also they differed
from those of the inner surface of the
membrane. However, in the experiments
of the intact muscle treated with -ethyl
ether, a considerable amount of IMP was
produced, and on the contrary little amount
of AMP was detected. Therefore, AMP-
deaminase  activity might be accelerated.
It is of interest that the curves of these
produced nucleotides -showed similar pat-
tern to the control curve (see Fig. 1).

The above experimental results might
suggest that primarily the organized lipids
could play an important role in enzyme
activities, secondarily the membrane might
not always consist of the bimolecular leaflet
of protein and lipid layers, so-called “unit
membrane”, but at least a certain part of
protein and lipid molecules might be com-
posed in networks.
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Local activation of crayfish phasic and tonic muscle

fibres with linearly rising currents
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. It has been shown that the'accommoda-
tion process of excitation-contraction coupl-
ing mechanism in frog fast muscle fibres
is dependent on [Ca),, and is eliminated by
caffeine, - suggesting that the removal of
bound Ca ions from the transverse tubular
system or from its vicinity may be the
cause of the accommodation?. The aim of
the present work was to study the accom-
modation process of excitation-contraction
coupling in crustacean phasic and tonic
muscle fibres?. _

A limited area of the surface membrane
of the abdominal muscles of the crayfish
(Procambarus sp.) was depolarized by apply-
ing .current pulses to a glass pipette
(diameter, 20~40 u) whose tip was in contact
with the fibre surface. The accommodation
of excitation~contraction coupling was ex-
amined by measuring -the  threshold de-
polarization for producing a just perceptible
contraction attained by the final peak of
each triangular block of linearly rising
currents (duration, up to 30seci.. The
standard  experimental solution had the
following composition (mM) : NaCl, 230 ; KCl,
6 ; CaCl,, 15 (pH adjusted to 7.2 by NaHCO,).
. Fig. 1 shows a typical relation between
the threshold depolarization and the dura-
tion of linearly rising current pulses in the
deep abdominal extensor muscle fibres. In
the standard solution with 15 mM-Ca, the
threshold depolarization was almost constant
over a wide range of current durations
from 0.5 to 15 sec, starting to rise slowly
only when the current duration exceeded
some 15sec. The values of the threshold
depolarization at the flat part of the accom-
modation curve ranged from 40 to 60mV.
‘When [Ca), was lowered to 1.5mM, the
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ascending slope of the curve showed a
reversible marked increase, indicating the
increase in the rate of the accommodation
process. The ascending slope in a low-Ca

-solution tendéd to become steeper with

time, and also with repeated membrane
depolarizations. This increase in the as-
cendmg slope of the accommodation curve
by lowering (Ca), was 1nh1b1ted by the
addition of Sr ions (10 mM), but not by Mg
ions ’(10 mM) which could.inhibit the in-
crease in the rate of the accommodation
process in frog fast muscle:fibres in low-
Ca media®. Caffeine (0.5mM) not only
eliminated the increase in the ascending
slope by lowering {Ca),, but also reduced
the flat level of threshold depolarlzatmn by
more than 30%. Mn ions (10 mM) did not
affect the ascending slope, but mcreased
the flat level of threshold depolarlza‘clon by.
more than 409%. Similar results’ were
obtained on the carpopodite extensor and
flexsor muscles in the sheliped leg.

The time course of the decay of the
accommodation process after the removal
of a linearly rising current pulse was
studied by determining the threshold depo-
larization for 100 msec rectangular pulses
given at various times after the termina-
tion .of a conditioning subthreshold linearly
rising current pulse?. As shown in Fig. 2,
the threshold depolarization which had
risen to a high value due to the accom-
modation process was observed to decrease
exponentially with time. to return to its
initial value®.

On the other hand, the threshold depo-
larization in the superficial abdominal
extensor muscle fibres was constant in the
range of current durations frem 0.5 to 30
sec even when [Ca), was reduced from 15
to 1mM, and further reduction of [Ca),

‘produced a quick loss of local contraction
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Fig. 1.  ‘Accommodation curves of excitation—.

contraction coupling mechanism in the .deep.
abdominal extensor muscle fibre of the crayfish.

_obtained in solutions with 15 mM-Ca (open circles)

and with 1.5mM-Ca (filled. circles). Ordinate :.

'threshold depolarization for local contraction at-
tained by the final peak of linearly rising currents
Abscissa : duration of linearly rising currents.
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.Fig. 2. Time course of the recovery of thre
shold depolarization for. 100 msec rectangular
current pulses to its initial value after the removal
of a subthreshold linearly rising current pulse.

The curve was obtained on a deep abdominal
extensor muscle fibre in low-Ca solution with 1.5

mM-Ca. The duration of the conditioning linearly

irising current pulse was 3 sec. Horizontal dashed'

‘lines represent the initial: value- of threshold
. depolarization.

- . in response to membrane depolarization up
- to 100 mV. Consequently, it was not possible

to observe the increase in the ascending

- slope of the accommodation curve in crayfish

tonic fibres. When these tonic fibres were

" made to contract with 100 mM-K (equiva-

lent Na removed), the contracture tension
was miaintained for many minutesD. If,
however, [Ca), was lowered to less than 1
mM, spontaneous relaxation of the con-
tracture tetision took place within 1min
after the application of the contracture
solution. In both crayfish phasic and tonic
fibres, caffeine (10mM) produced contracture
tension even after the loss of local contrac:
tion in response to membrane depolariza-
tion in low-Ca or Ca-free media, indicating
the presence of intracellularly stored Ca
ions.

"These results indicate that the accom-
modation process of excitation-contraction
coupling mechanism in crayfish phasic
muscle fibres may be essentially the same
as in frog fast muscle fibres. Though the
local activation method failed to observe
the change in the rate of the accommoda-
tion process in crayfish tonic fibres, the
dependence of K-conractures on [Ca), in
these fibres suggests that there may be no
qualitative difference in the accommodation
process between crayfish phasic and tonic
fibres. It may be that, in crayfish tonic
fibres, the relation between the threshold
depolarization and the amount of bound Ca
is very steep, so steep that the accom-
modative rise of threshold depolarization
occurs quickly during membrane depola-
rization. While in crayfish phasic fibres the
threshold depolarization may be more
smoothly graded with the amount of bound
Ca, and can be observed as the change in
the ascending slope of the accommodation
curve by the local activation method.

- References . .
1) Parnas, I. & Atwood, H. L. (1966) Comp. Bio-
chem. Physiol. 18, 701-723 )
2) Sugi, H. (1968) J Physiol. 199 549-567
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