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Uterine activity Hiroshi TAKEDA (Shionogi Research Laboratory, Shionogi & Co., Ltd)

I.Ix €L & [

FE, BEEMCARD L, —REMLEE
TH B, TOHRE, Mo THMETHS. &
IR BT 2 FEOBIIE L L, &E0
RTIESEOP TREE b DV 2 5. ZDJE

RS AFAIC & - TR KBRS CH B, —

FHFEOERIC b - T, EREMHC BIEET
B, TR —OBE T b b EERIREEIC Rk
BELTFELL-T, F—F—PBEb6>2{—H
LinoTwd., LieitoT, HlERCERE
BcBE L C 0 EREME, MLOEEE Lo T
RETBHENRD B,

¥z, ATHCUESL TTL %20, BiofE
FIC X 53R, SOBREIL BT, M TK
ZVEEPELTRZ bRV,

I. EBRFECONT

CRO Tyl E=%—1, noise NHE\ L=

= REOBESLERD S, K1 TiX, noise o
CBRL P EVCERER TR, CORGEThR S X

5z, 3 WFTOKEORMNMEERERE, HE
Hif oy, W2 MEERD D delay 04>
VBT, b kY OB B RS
T B

BB, MRETFES BRI, RBEES
1} 357 { mono-phasic 7z iEEEN % 06k
THRENTEAHOT, AMERCEYTHS.
FIES v 04, space constant 347 2 mm
0T, 1) bivbhik 2 A0S IEMEE 5
mm [5[E A7z double suction electrode
H, 2 WFORSEE IR CBETS LD
LT 5. X2iE, WEIEMEIT X - TS

Pressure
8
3
E
T
&

A. BRHIEE) 3, g ot i
= : £X ey e i
bbb DTl » TE IERIE 2 opr——eriton i it

2
oL

Fizin situ D FEENFE L, &
PRI IR ERE T, SEE
Bc ik BIEmE, L Te T
T RSB v T,
ZOELKEBE B L. H1
& SWERO TS EFEIC
—v (R B I3 ROREMR
# I, PR, A BRE
L, HEEEETELE D O TD
5. HEEMIC X 58T, B
DOBE 7 Yic X % noise RNET B
=% <, paper speed BRI E
Ryva—F—0fiEkitd L TH
T1, signal & noise ME RN T
v, Ll - T, fEiPic M1

oo | MV
Isec

e | mV
Isec

HRTERERIC X D v ¥ T EER S X OREh .



342 T O

®2.
hWicEEZR LI 0T, MRNEREC X3
BEERUC LS %, HMREEN G, MBAE
R T G T e & ©, B DN F — R
Hohd. oM, EBRREEREOHK
BRHIE L BELBEREL 5 e E2 bR 3 ©
T, EEMEERBTA5E, KRS T A -
—D—2TH 5. K31k, MaNERE (B
L) LRSIEMmE (FRT) 0% E 25 %
i, WHFERHFCEEOBEE 1mm HiET
PEA LIS BT & RS L7 b 0 Tdh 5.

B. HRETEE)
FTEOWNEE BN THLEIC, v F—a
Ay —rvi v, Fa—T3BE» > OWH L
HICKETELBLT, BETCEH LE. Zh
bOFTE, t b OBEE & FIRRE TR s S
BERBETH Y, BYESHETERE, 2P
RIEL 5Bk % 2O 5 BN TE 5.

M. RKILEVOER

FEEDE 2 b a—AL LTV EHEAD LD
X, AVEUTHY, i progesterone (LiE
IEHERFIC RF] K 8 v 5T X . Progesterone
2 X 5 F'E HieEtEoini % progesterone
block LIEA TE Y, HETFE ® physiological
condition 72y progesterone 5 iz I %
experimental condition % B+ 5. Proges-

WAIBHIRC X 57 v b FEEITAL

psec

M3, WG LI NERE O .

terone block DHFZ£1319274 H. Knaus 2%%
WY VX OWHFESH A pituitrin KL
72\, T7/b b physiological condition & L
T progesterone block % %K, U7-EizhsE
5. T0%, FROTERN progesterone
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Hoz bhaERbh Y (experimental condi-
tion), W. M. Allen, G. W. Corner, R. M.
Reynolds, A. I Csapo Hic X » T key #&
T B progesterone DIFENRTTH b, H
REFZER» LG, AR, BB, B, %Rk
Hil, #FH (B, RMOEBIRE LTEEFNFS
miz.

A. WHTFEMHcxT % progesterone D{E
A .

SBEHROTFEY OHH LB, Etk

Human
Geslational age

%<, oxytocin (50 #U/ml) iz k T, #hk
BRI UBRCRERME & L » 3 25, proges
terone (10 pg/ml) DIFHETHRFZ MH S h
5. LaL, 2EFEMN progesterone #5.T
block X34 L HEREIC L L i pro-
gesterone 23 in vitro CFEHRF 0EH &
block F2E&ix, EARBMME (n vivo T
X, BRI Lo, pERYVEEE»»S), B
EhL (in vivo TikBAME, in vitro TS
) 7 EpoERXT, ERAAI=ALDED
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HEEMEAFR ., Stander 5%, v FoEBHTE
5 OIHESREE S, 17 B-estradiol, testosterone,
progesterone MW-3 i T b X 2 BZEEHE
L, solvent effect ZRH L Tv 3™,

B. HRTFEOESN

HEFERR4C LTI, ShERE
CIEEHESED TEY. 200y X35
HERE, BREHTHEREO ¥ —BHbh
¥, BICEBEZ YD ATHTY, R
B, FLT, ZoRHCEH LTSGR
b, BEHBICIRRIET 5 238, oxytocin izt
LTHA ERZHNR V. & @ oxytocin &2
i, EREBEIC R TET 52, vhey
FXTAFI—UPBERY, FIEPEE T 5 0K
LT, BRERSHERCSE T 5 FH1D
39,

T, FRTFE ORRD 5858, BIRASR
ELTHENPKELSL->Th, HEERBALE
Bl blvETHB. M4 %A T resting
tension IZFAA EE XN 1 v, ZHIZHGORE
R, HER L CRERERE, EReLRRCR
Z53AThHY, toRREsVvEEREEZ
bIhd. LR oTHNVEVOELEEbIR W
R, #lxdEEm, HERY -7, HETHE
BERXLTE, BYfEr B THich 5.
EROL S B FEEEORER L k5 XAV
EUR, S, BAFESLVELEEZZDRBD

@, Csapo &k FEDIEEIEEN V/P (P : plasma
* 7243 +F ® progesterone level, V:FE®D
) LECHEEZLOLEZ TV,

WITIEIRTE OEALIC X 5 EBEE Oz o
TOR%. M5117 v+ OERIBEEFRTED
EEE, BB, BREZzoEzLT, ¥7
NRBIBBCEELIDDOTHY, kb
& %l (non-placental portion), i &i
DED L G, THRbOLBRERIEY T
7T (inter-segmental portion) 38 X OV
Fiz5Es (placental portion) % L3, il
OV TRBRRT 52, RBHESOESE
SHANZ AT, B TRYERb» 5. Csapo
1% = OJFEK & 5 %&M: progesterone iz X 5 local
block &2z THY, FH, t b CHREMELR
@ progesterone &%, D 2 ~3fEdH B L
COBEODL S 58, EHEEoOMIc, mEFO
AR, MR, Y v oNRO TR LRI R
&M% <, £f&% placental block & k.52
L Twa,

C. HEFE ® progesterone withdraw

FERFE O RES) O [ 2% progesterone
Td 5 &ThiE, progesterone source » & ¥
DELEL L - THEHESRESZ I T TH S,
B 6 ik, #EHR25H ¥ ¥ic ovariectomy 35 X
T8, placental dislocation (B5#s% FENEEN D
HBET 3) 21Tk o B OESMELE, I

18 days pregnant rat

Noa-placental Portion

AL AL AU LM A A Ao eme
Ao A.AJ'LF_ oW, 3\

Inter-segmental Portion

NN —— el 1 Lol il el
- .l||‘| - *" M| al, 1|L L ‘ - %r'l A 1 A Al
Placental Portion
e g e e WU DU S WP S A,

10sec 3mv

K5, ERZ. Y FFEOHWAMIC X HIEEEOZER.
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Wb, R, W@Bﬁmkkwtﬁﬁ%
WL, MIRICRE LA A V— ik o TR L
FhOThE. HTHME LI, EEHEMT
RECHHBBORE—vELBIOICRY, &
72 3 HFTOREIMED X < ko T, 51524 ~28kF
B, IEBESER»P OB M iz 2 5. TH
ik, FhFEhoRicii) % oxytocin response
B Hich DT, BZMESEIHEL, 4B TR
RRCET32EEZ LD LTV, ZoEEkL
HoER® progesterone withdraw T35 %%
Rl L dBiik, §1ICEREE L BRO
RIBRIC ko TR Bk ]} TEHP O proges-
terone BRESTEH, H2lchbD pro-
gesterone & & TEIEEMEOHICHHE 2 5 %

The Evolution of Spontaneous Activity
(ofter ovariectomy and placental dislocation)

», % 31z BIRIE#% progesterone 4 b5
ZAFC X YVEHELA 2SS X 2ENTES
», TEOEBRARRShhE bR,

1. HE9~12o e T, HEBIORK
R, FaE BT 5 L, KABMLEF O proges
terone jx 18~29 mg/ml » 5, 6 4
+220, %z, FEOBRKRN, 7y hOTEN
progesterone IOV T%, ZZLapHbh T
514)'

2. b FTE, EEHEEEHRLTL, &
RN L EIREw, T OBARFICHE
it & h 3 pregnanediol ZH|E TS &, WEIER
CERAED DRV, ZhIZEEDS i Ek
+ % progesterone i X - THIEBHERFE D

Oxytocin response

wammM/\~ummww«A\LJLMA/W¢MUMﬁJA\Mmﬂﬂj\\

é iﬁmﬂl Hg Hours O 3
&

1 ettt HHHHHH I P r—
EE e i e b SR

P ||N T

6. Ovariectomy 35X (% placental dislocation iz X BIEIRY ¥ ¥ FHIEBIMEDZEIL.

Exolution of Uterine Activily

48 Hours

SN TN | TAN

g

i i

ez et e At
2% sttt s P -

e ALt at et
) 4 Days
Supression of the Evolulion of Uterine Activity
mm*-zL/Jriiié-twwN~w,~memwf\AMMMlJf\ """"
T " P e it ottt H.ﬁ.ﬂ—'—f_,w_.

-'WWW S arasacsansn sl u s i s b thans | nad
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M7, Ovariectomy % X (¥ placental dislocation & X BHITIRY Y ¥ FEiEshi o L F7 et

4% progesterone DYER.
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FERT. LAL, b FOEEFEOIEEM L
plasma progesterone level OAHEHIZEH L T
WMEPED D THR Lin»I82325),

=7, B o %A, ikl V/P 07T
ELTHER D 5 8, PrmEdhlyFEo
progesterone level # & o7 BF2StHEERS
i),

20~

Oxytocin

—
—— .

Active pressure area cm2 /30 min.
S

1 1 L\ 1 1 ' 1
O Hours 5 [{¢] 15 20 25 30 35

Time after progesterone treatment
8. SBRERYVXFEESKH T 5 pro
gesterone DER.
3. HIR2A~25B O T ¥ X T, HEFERB
X OB o dislocation 217725 &, WENRA
b B it progesterone 25 L TR <
L, FHENBZ S i (missed abortion)™,
K7, MEDBEOY X T, BELBREES
BRU, #EE & 24FE 4 o 2 [F progesterone
Smg ForBELLERTH 3. LM
progesterone 5 U 75 354 2445
RYBECESEERL -5, FTRIEFT X
5 |z progesterone FEFITI1x, #5424 0%
H, Fhi ETEBEERRZ D b T, BE%
5L EAPIRED.
U bEOEBRERZL, HHELAO £ FEKE A

progesterone withdraw ¢ %» 2 H &R BT 3
B0 dislocation IR OFET, M OIN
ML, piYOEEDZ BT O T, pro
gesterone withdraw ©%¢H 3 Lizviin
s Q'aN

D. Active iz 7 Eizx%t3 5 progesterone o
ER

X8k, SBE#ROFECER ~<Vv—rE
B L, progesterone Z#H L7z & & DOIEH)
HOBEERR Lz b 0T, HEHIX3045H 0
IR HERhAR & BRTARRR O b — X X &R REAR
ErZENEEEE > TdODbL TS,

SBEROFER, MRt X, BeiE
Bifk% & o TV % A%, progesterone 5mg o
BETHIR L, 15RF#%ICIk oxytocin &aRik
LRI O K2 Y, ZORIGERTY Lick
z2%. ZoOfE, [F{EIX progesterone DKIE
BETMES K VP2 TERTE, BELEIE
EORR & B 5 EoRic dose-response EHf%
B L bhisl,

E. Parturition inhibition

Progesterone %5 v b DIEREHIRZ 1 ~ 2
HEZERT 5.

DE, v, v9¥BIVIv BT 3
progesterone block # 5 5317 3 EERIERB
XUEEFIET LS, ENVE Y b Tikproge-
sterone block 234 L@ Bini & 5 HEN
B %),

T, Hth¥sk% progesterone block 5
DRERICRD 2E 21, BEmMRL S 5. L
L, &b TidEEERSIic progesterone level
BBELD Lvbh, EREPTL Ty FOKE
MBBICFEIC S TY, vH oIl
FRILIZ 2 v T FTERBESA TV 30T,
progesterone withdraw 234>< & ¢ 3i%sk
D—H iz oTw 3 b0 LBbh3., %k,
Csapo iZ placental progesterone iz - 3 local
block 2 E=H L, £TEEEGHEC X+ % pla-
cental portion Rk OB E —HEE L2 T
B. LaL, 53R, oxytocin Eazito |-
Fix, 7z Y E&#izcBZ B DG, progesterone



FE OB 347

level o R fs oIS c trigger. A b
= XA DEFEPBGRSE Wb (—BAN 1R 5
b, BEAFHE (P o fil)—oxytocin Sydk—
FEIE & v 5 BUSERN T & 5 5,
oxytocin & D EHNLETH 5).

Progesterone block @ 2 77 =& I

LB IRE s 1Ll progesterone @ FE A~
DX, Ty vOBE2~3%L b3
N8, Zhic kB3 FE~OBEEEROIC pro-
gesterone [ZiXin/e D IWCEERA A H 5. 18
F o PIRIER N T8 BB B X @SR,
R L Lisvds, BICk - TREMSE M EME
kB £ TF 50T, BEICANDLERD
%. 7-72 progesterone block ik THEAEYERE
[FlholeTy FThHABND DT, TEEKDH
BRp—maEEsh w38, —F, FE~OF
ik, SbITEH~OESEERL, IRER,
AR, BMHERR E~ofERichbd bh, #
#pfFl L L T progesterone 1= X % I ILHE
S, MMEREHZ Y OlfiEd B EgshTe
7 21)29),

T, FEGHRCHTIEREMN TH 5
0, TEGMO BEE A X, SRS proges
terone $.5.7G progesterone fELIRREIC L 5 &
Wik 5 LE R E © progesterone level
DT RS O A MBS, EIC b
RTEVER D block RHPFATE S, ZORE
AL NE OBSE TR L, MIERIERL T
injury SRR Licizn & v 5 BGab
HBR®), L ORETBSBEFEL TV
. R X 3@, K ongs ook
BN ThR Y REV. LT, @5
mrEETuE, oREE Px ok
B D, Px O, 2470 after
hyperpolarization % & 472 5 Fp b bHES
n %3, Ko steady state efflux 7% estro-
gen-progesterone treated o v ¥ ¥ FH TH
M 3ELWMES b T v 50, —F, kR
zB8 L ik actomyocin synthesis i %t 4 %
estrogen OYEFSL, IHREEMEICHES actomy-
ocin BOBLBHEH S T3 73, progeste-

ko)l

rone DFEIHO VL DL Bbh 512950,

B3R, THIE b1, progesterone treated o 7
FEXFERBCERBERENEZ b o T 2HEE
e, Wb o electrical coupling Dk
/-G progesterone block # FLHH L Ty 5 2339,
%%%, Bk Lz & 50, v~ 72 T

, Mk CLEREY SV 0o B{LEMAT,
block mechanism % # % 72\, Progesterone
block 12z @ X 5 iT, RAFRO RN %v 3

9. Bstrogen M ¥ T E OIBMELE
(Bsks). BB : SNEEAE, T < N, BRE

0.5 mm,

TR T F B & h, BEEREO THIC

progesterone AEiFE 7z %, estrogen, go-
nadotropin, vitamin E 7 & L L THY 5
T35,

V. Adrenergic innervation

TEo B, HREEEL bR
2 BT, Rk BIZRRFE R 0 F TR A
I b DERCH, AR SRS IC B L CHBRTR
WRIEERS . SRR b b TE OfREETR
iz oC, Krantz?, Reynolds® 234 <hie
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review % 5 v T v 3% 3, FiF adrenergic
innervation iz L, Hillarp & Falck 7
—THRERBEERELT, BEL0EREDT
Tv 5, OwmandD ik, v FFEO cervix iz
g8y~ adrenergic innervation %, %7z utero-
vaginal junction jz adrenergic ganglionic
cell #FEBH L. 7w bz 2owTh, v MEEE
Iz cervix 3 LU vagina Rz £, bh
bR, THETEO cervix BLUOTEINE
A, v adrenergic innervation # %
w5 (E9) '

‘:;}b&m adrenergic transmitter (x40
VIRIBIC X - TBEL, MHRWIEIE 72 1% 17 B-
estradiol w5 T, MERBH E ik
progesterone #:5. G 3 2WEHTVI),
T 0 X5 RELOERER, HtRskickT 5
ek, AR EDBE D, BT O~R5 EBEE
ROV OR, ZOAEMMETRLTYS
EHICBEbhs.

FE ORI, SRR R W
B, #7=—-nTIoEEER BXIY, Fh
B LEMHIOMARIC X > TEES LS.

=1,

A, PRI R R

= @ adrenergic innervation ¢ origin 1%,
1) lumbosacral ganglia, ii) inferior mesen-
teric ganglia, iii) uterovaginal junction o
ganglion 3% %25, MEHANICIE, E20
origin 7 BH T3 hypogastric nerve 3
bivd. ML, FEHMIEL 0T U
R, BRBOBECHERTAEL TH 5 0
T, MR X2 B0, SKECHRIIC
%45 transmitter OEEEEH O, trans-
mitter o diffusion iz k 5 4, BEIRE 5
O T BRI O A O, E 2 IR BT
7° electrotonic %7-ix myogenic i Eh v D
Ml iED 254, A5V ki, R
DULHEIC & 3 HFHlE~ D stretch 73 trigger
CRBEEREVRBLOND. Lo T, #
EHENR, EEXEMIBCEBEE - i
DHFEFESNE LD LEDN, BESEEDE
FISENTEERTF % v A8 . &7z in situ
T, MUNBERBORHCEE T H 5 Fh b o
T, #ERIMER O S-S oK mechanical
response 23k D HIF LT v B, MR E
Brix, B, +Ciz1895

no effect

4¢ Langley & Anderson 733§
‘k‘ Animal Hormonal conditions Results References %: LTwvw3 7);;46)’ #* @@’%, @j}%
. Rabbit in'situ ' castrate and esbrogen c Schofield(1952) NUNTS
& in site  term pregsant {~) ox R @@ﬁﬁ%ﬁ:ﬂ/% /:H\ﬁg‘k: "t 2 T
in situy  post partum (~=) or R 7 =3 7% 34
in vitre virgin, untreated [ Varagic(1956) E{B'f%@%f; ﬁ%ﬁAﬁg < %
in sita  castrate and estrogen [+ Setekliev(1964) E =3 .
in vitro castrate and estrogen C ;% é nf v 5 » T’ % 0)3573\ é
in vitro immature . [ Miller, Marshall =k - N
in vitro immature and estrogen [ (1985) %) » % Ziz 1 ({L-m Lﬁ_.
Sk 47 5, - -
in vitro Ii);:vgggigrgﬁg estrogen, R {#{ﬁ*ﬂ%%%@i’ ﬁ( TS
Cat in situ pon-pregnant R Mann, West({1951) BT a— )y X y@é%&g‘f
in situ  pregnent c
in situ non-pregnant ® Vogt (1965) EETbongvy, BRRIcAE
in sitw  pregnant [+
Rat in situ castrate (=) Labate (1941) é ;h’%?) é%fﬂ':‘}fﬁ z)) fa( I(\:‘»J‘?\ VC“, ’ﬁ‘
in situ non-pregnant R . > e i >
in situ mid-term pregnant " C or slight R < %7’2‘%%% k v A . 35 7LC,
Dog in sita  non-pregnant C followed by R Cushny (1906) B/ Frid organ bath g
in situ  post partum . (=) Rudolphk, Ivy(1930)
Guinea pig in vitro diestrus (=) or R Pf%ﬁatner, Isaac V(;? » 7;( D :%75) I T A=
in vitro estrus c 7 > . =t
in situ  estrus o c Hisse, Marshall(1969)  ~ VERSTIbDEEbh
Human ::Ln situ  follicular phase C followed by R Caldeyro-Barcia(l954) B "G‘, in vitro J)g@gﬁﬁ}i&
in situ  early pregnant [+ Theobald (1968)
& »
Monkey in situ  non-pregnant c Reynolds- (1965) %ﬁ@h }:) M‘gbl ID 6 .
in situ  non-pregnant c ‘Labate (1941) —
; . B. #5a—n7 3 vk
G; contraction R: relaxation {(-):
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P2 CIL, epinephrine (43 KR &
>T, FEE, i) X2 GELIHE, Sk
BRI, 1) o9 R GRE, EEIICITHE,
iii) = ®y M (GLicisE) o 3EizbiF T
VB, FEI/ME LT, EAEy XY,
Sy Ml vokkERIVEEY, Thbb,
ENLEy P OFEX estradiol g Eic kv,
LK, epinephrine JLICUHER J& & R T
LY, ¥7 immature 0 FETY, MWHERZ
%, epinephrine CHlfE3 523, 37°C » organ

bath Hriz 9 ~ 8 RERIMKE L Tk & &, IUMER

B RET5EXBESA TR0, —FH 7y
b D34, norepinephrine MERIXENL E
RIEBTEBN (BVEVRBOBHEE, BEN
ELELTH B, MIRKH, STRERITINE
RS2 4 bis), epinephrine (3% ICHiESOS
ThD., Eiz, B2 ¥ XD estrogen 3
X O progesterone THIMLE L TR &, K10
WWRT X o in vitro THMERGAADRS
B, Kk, REREEELTIV. #, RTH
LB X 5 R R i in vivo iz 0w T b BigR
Eh T35, ,
C. BRA»=X1n
PRI, AT a—ATIVIEEBTE
HE ORI, a BT receptor NIFTEZIEE
FT3L, —EBHTES. TabL, IWHERIE
V3, oI (phentolamine) @ block &h 3
DT a fEH, MR RIE B HEHTIK (propranolol)
T block &h 5 DT BIER & 5 Fi iz h D)
44)47)48)52)90), RIVE V’HQEEK X Z)fiﬁi‘;@%ﬂﬁé
adrenoreceptor ¢ number % 7zi% activity o
HWRE LTHRT 2D TH 5D Lal, 2
fEo receptor #HEL, ZhZhi OfERic
X BERZIR, BEThE, ERoaEEL
G T, ZOEABEE B L FERD
7 0 CRIfEE-on LT OBIRIZ OV T,
£ OEED ZMENDB. % T, Cadree o
Ringer ¥z » 379 v NFEHIX, 10*4g/]
» Ca TIUER N, 107%2g/l o Ca TR
5L, = h boFKEE phentolamine, pro-
pranolol CHEEES g Ay, i TR

e, BT a—NT I voERE, BRHRO
A X VBB X - THER 5T, e Ca RE
L OE (% BRPED0496089), Biilbring 51X,

epinephrine 2SJEMEIR % = FEFHO KBtk
%, HEXaFEGO Cl #fkE:, zhEh
selective [c#N& ¥, BHWH POEE B Z
Tz LT, MR, WEEEAE R L Ty 3.
*7-, MarshalDd,, EiEEHOT > bz o
T epinephrine BN E Ex KiE30 5%
FWELTYS., LrLanb, gL
sSkEoFE Iz 2T, Diamond, Marshall'9

RESPONSE TO EPINEPHRINE

ovmeconr S

1078
ESTROGEN ﬂ mﬁ

107
PROGESTERONE AWVM”WNMM%MWWWWVVKMUMK/

o ‘
TERM

R (0"3

|5min
[X10.,  Ovariectomy, estrogen &, progesterone

INE, IERRIIOREE Y > ¥ FEMR EX T 5
epinephrine DEFA.

BN D o THEEO L WA, EBIHRH
o> TBSBREVCEEE, 7y MOV THE
L, BTSRRI ST L BRETEEY
v o TV %, ki, KCEEHEMIHEL
5% TS M L iz FEf% epinephrine,

norepinephrine 2%, UfE (& b, U¥X), i
B (Fv b)) SEZELVRESHTEH0M
o<, EfA % EC-coupling 721k, contra-
ctile element % %\ %, AFRETFY&T
BMENRDB, #Fa—NT I rOER, i
zo BRI T % ELFRBREBIRSR
v, Thhb, ¥7a—-NV7IvE R K
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HER2 T 02052920V —21LT
cyclic 3, 5-AMP BEHSh, “hoiEgEL
AT A=NVT I VOIKEERR, FENC, %
BMIHITT5FRHB h T 5. Cyclic
3, 5'-AMP 3 adenyl cyclase iz X »C ATP
» B # K & 1 phosphodiesterase 2 & - T
SAMP 230, TEHCHT I HTFa—n
7 2 V{E B %, adenyl cyclase ¢ activation
LT UDT L ORENRD 555DEEN5),
Adenyl cyclase Z#D b @, HB\IX, FO
BEDO—H» p-receptor ThHBR LV HELZF
X RHSRAYIZ » 7= adrenoreceptor o ZAHEAEEH I
—HBESCeb DL LT, ELFEEShB.

D. REMEXE DA HEHE

U bR R BRI, HIROMER, &
WMOFERKICELT, POBRERBRL TV I
w5 Hizir 5 &, progesterone, estrogen
7z, oxytocin 7z ¥ IKHART, BEMLEEMN
B, BT, EAEERICSVT, 2ok
POERLTHS. 7, MROMFCELT
=B % T 5 progesterone L DAFEIC B
THRBED 5 8ENR S 5. Eylling i3, 15423 % 5
Dt hofifgs progesterone level 33, &
DATHHARIC X o CER T2 EEBIEL, &
bIZZ O propranolol ¢ block sh 3
#H» B, preceptor ATHERZEREL T v
B3R Z DB, BWED defense iz 0
DI BENRTE XS, E7-, Hicprogesterone
block #, progesterone %% B-inhibitory re-
ceptor ORFfELZ TIF5HEIC L - THAL T
28ELHB™.

L2 L, progesterone D{ERIL f-EERTEKD
EBEO5 0 v, ¥k, FEHD oxygen
consumption {ZB§L TiX, epinephrine 3314
Jm, progesterone 2B & RADIEAE » &
b3 OT, Wi o inhibitory mechanism x|
DHDELEZBNBD,

—%, EEEEROBTHHR, LMy E D
TFECNHEL B SERCEEDORE W TR
FIFS, oxytocin BEZME Kic#iks & 3
ERBES T30 THD, SERICH iz -

T, FENZERL Y3 BERS 3.

UEBTa—-nyIvolfEl, ®EiconT
DR, Fofbic ACh, 5-HT 4 75 % K
E¥%. Zhd, B X O norepinephrine
FEBIEEERE, ACh 238 atropine, 5-HT
2% dimethylaminopropylthiocinnamanilide,
norepinephrine 7% phentolamine THEAIT
KIS h3 0T, £hEh receptor RESB b
DrBbid. ¥k, succinylcholinep v FF
BRI A EME, R, o 2 e
BHEESHTERD), 4L LY oxytocin T
drive LTw 2R RESchHs. L LIEEE
BOMER L 5 R TR BIKY & 2%,

W, 5-HT LTk, ThekES ¥ 5
MAO 2% progesterone $¢5. G, estrogen
BECEKTIZ2HE (Fy MO, %/, ©boD
HIERBCET I 2FORHEESLTRY, %
D& ERMP BHEER bR B,

V. EEAREERTFEICONT

BETLORE L5 I, FEHIX in situ &
in vitro T& 57 behavior ZFTEMNL .
®11ix double suction electrode % FH\ T,
in situ ¥ in vitro 2R LA EREE T b
3. HIR2IB D 7 v b FEHOESMEE, B
B, BREzE T o0 5FRL, BRLTHS
b, Micat ko, FRBMERP-P) i,
L, HEROEEEORERA BN, 270
B (5mm [fE) oREMERFHEA LR D DR
v, P-Poxtfll, +ibn NP-P ©ix, P-P
CHRZ &, SRRELEE BT, HE, R
#itEdtiz 0 v 22 CRUHBIOR U R
BWHL T, in vitro 2 9 >% &, H305T, *
NENDOTRI AT LS, HERBEE T X
Siciz Y, RE, R X ks ERRA
bhs., Zofhix, P-PicvT& L. =
D& BRI 2, HAR LA,
in situ & in vitro O EBREHOEFFIFT LT
HZrE, 1) BB RRE IR OFE i)
FR 226 0 avte—VoFE i) mige
Krebs oz » CEROFE, & LndiF
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in situ

ATHISSINENESSIVENE

NP

L UAIUUULLL
rabrbind L A Sonh 4 F)

in vitro

o " T,
1 My HlJJ!]HIIHHInlMInH[
in situ
A A AN A LAt
P 10sec 3my
: in vitro
P
o u JLLLLLL L
Ll 1AL
10sec j2my

M1l EET v  FEOBRAMEIIICOWTC in situ 2 in vitro DAL P-P: fRiRIHTE

g, NP-P: P-P Ol

5ivs. Kz progesterone OHHEIREE LD
3 feto-placental unit 3 X U#EE» 5O
#x, progesterone block ¢ withdraw iz¥e
FU85¢. 77F progesterone block ¢ with-
draw ic X 3 {EEIPEIETRIE, in situ OBFA, Al
DR L5, PRYORHEERELTEO
T, ZOBH TR T % progesterone with-
draw & + % 0%, EHBEH B, TOFKT
b, g x5 P-Poblockd 2 4 =X i,
progesterone M#% T 7z &, MEFNFE LVILE
L7 n—KF L&z o\ (5 : placental block).
wic, EEFEORCH BN BELREO—
ROV TR D 5 ERRERERAT 5.
Hi2icmT & )i, SREROYFXTFEIEL,
AR 2 itz ol I —VEREBL, £h
Fho AN —viestis LB, 2 AR0ER
¥ HSAL T, BB, BEREFRIC & T
% (in situ). TFARDL S IL, ZOoD/ )V —
VEEREL, FELEOEETRETLE, 2
IFROHERE X FHIL, BEY, »7Y br]
BB L TV 3HEERLTVAS. 22T, BR
DESi, FHEERZUNL, HiEckEES
BREVEOIRL THTYH, 2AFOHERN
1%, time delay 28 ARICHAT, RRKREAL
BBERIT, PRYVAHLLEEEZ R LTV
5. oRSEE, CRoXY I, ~v—r[H

10 sec.

M2, FEERIOCHNBEOSEC X 5 EBEM
HoZEk.

DK E O LWL TEERD, —FHDOIUER
IBEQO LRSS, hFcBIA T h BHE
L, BED trigger Lo TV BER DM 5.
PTF, ZOEROLOBERICOVTBEELTH
X5,

¥ SHIRTEHOREGRL, firbfi~0
ESBE RO, R stretch it X 5
EERH Y, BERHOWNEN, b Ot
BETIEENE DL, RERELERC XM
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Bicbdbhs. RIEFEOMEEX, BRORK
FicXs, o) Lkebnd, ZOERTH
BB LEo7, BboryBby, RiFEH
EFCKE BRBZEBZFEL T 3ID08), Kzt
FXRED trigger 12 ix 30, FOAH=X
AtX myogenic & % @ L Hbh, Bozler i
endoplasmic reticulum ~OEEEREZEEL
T30, BEGRZ, Hro~EE b
ZEFVERL, TOERTHLND XM
BEHRbLOEEORIECERRD 30T, BE
CEREEOHEMICE, HEXRERSNS., #
zi¥, BRORET, HERMO delay & B
FIEEBECERL THThH, EERTHSEFIL, v
H5EThaV. RE, HROBEEIHLEELT
BB, UFXRLXLI OEIER, BRLECH
Y, MWEOHHE T, FEREFEREAZLTY
3. TR FEEOHMICE > T, MBEHT
CAFIESRTURVHRDZE, T, i
Y ORNIE L IFER R EER B VEEBRT 5.
DX 5 IRBOESEEREIBREIC X T
FARTHB L, HETEHREBOMO L thic
B, ThbblRERTY & VT (Inter-seg-
mental portion) i, FEEIHENT L v (K5).
FLT, MBS B Z - RS, 2T
block &hzHE,aEEsh3. =0 block ¢ 2
H=AHE LT, FEMESAHERL D ECGE
BALE S > TV 2E, MBS L THER
MBS hic WER EREES NS, TR
PRERICIESL &, FEREHRRY b HER~
LERIL, MBI —BRICk - TL 5 LRI,
L) OSERERLD - T, WEROS2H
HERPTETL 30T, BEAERODRNE
5b0EBbh3. b F0EAR, £REHD
VOT, TOFRHAEZOEEGHTE 2V,
THRPIHIC A bh 5 Piskacek o#fE (2&H)
<, Hegar 0% 1##iz, FEOME, HE
Er—EThvEE L L, EE#EEC, &
BRLTw3b0rBbhs. e FoFEIX
Bipo b 0 LT, HRBOETHE, X3k
BHTHY, BEREALTVEZOT, HED
EREFBBHEDOHREEHELTUDT 2ER T

gL, Fie, WO F—vb, Bz
ny, BEEBNTHLLSORILT, TR
FEEPHRCIET 5 iz S, it
iZ, PRIVDERDZ DL, Exhi¥k bk
.

V. & &

DE, bhbhoF—F —i o3z
2T, FEESEERE LR, MLk Y
hobs &2%5,. Marshall 3378 022k
BXEICET 5 review® ik, [ XiBb
% L&, —BRABRHZOPD LB T,
ERTFLoh, RAERE L) EIHEL K
o] LN T Vv 3 0B, EFELELFARTH
5. Ledo>T, FETORCELRIETZE
X, BrE>rEETHEY, DL TRAEOR
5L, WROHE, BIUSKREEIC, EE
W20, HirEy, FTEESVELTH
D, BEERE, BRCX3FEEOMESERN
BREECL T3 b0 LEBbhs. LT, &
h o factor 33, BHEIZ control % feedback
ThbHd->T, 547 behavior #rFEic
%M, $CoH behavior ¥, T-EOA&FESR
LT, Moo TERLTVS Y
DEBRIC, M, BRI TERERLLY, M
TEEBRERVE W, EIRICE b B R
L 2ob 0L LT oxytocin 3% v, T4
R, iR B X F T8RS, oxytocin
TEMALEESR oxytocinase D L7 &, Blkd
DRENE D 5. ki, A, BE
prostaglandin®9?), vasopressin??, ethyl al-
cOhOI®DIEFMRERE Eh Ty 3.

ST, ~RECTFEELDDOP5EE, KX
iz o7 X 5 iz, #EikZE, in vivo & in vitro,
FNVE VIRRE, EBREKM: ¥ 7, behavior 2
BRIC P b BERE VDT, —DODERER)
LR EHc R Uiz 55, ERERTH
v, mETH, —0o—2, LD TiITrhiE
T, BT, B EHviz in vitro 2o
B, clear cut v a— K& 530k
EREF—FHL T2 50, KR, B8
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B Y —2BOS AR ZDT, FZTab
NFBROIGHIZE, EELRBENERENS
Yo LES.

VI. & » Y [C

ZOHEIE, FEOWELSH UT, FABK
CTVREEDNZ. A OEKMHREDH %
LbHETETLAL, AEA V=X L0FHEEB
gei%, WYAHEE 2 b R EHEick o THEST
5. TOREWRT, FTEBZ, YBG O LB
ROXHRLELTIE, DLAREYLVZXS.
HE, IEHFEECTEEEMCL Y o0
T B Ak, BOTHETHY, BEROHE

DBRESTH B, LhL, EWEohosmEs

R LT, BEO—EHHLE L TOEREE KM
S BRI, HREBEMEL, SFrvAnE
TIEYTTS, WhiEMoaoFmeEHTLT,
HEREZ O F R~ DG b SBER DT ARVE
55 0. Jm, BEREZLBREFLEOLTV
DX, MENLBEVIDOHLFY, F2EL
DORHH>TZZERTEDLLDOTH Y, EPE
ZHEOHBPOBRETR R DS, B, WE B
LB eDHRIZTATVD L5 BEN LT
B, ZOERT, ARBHO5HICEE,
HTobtenrE, BRESEROLO»D,
APl c R sz b D, BXIY, E b
DFEETHLOREREBCTHMA L.
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Patterns of skin potential level during sleep Tadao Hori, Akio Miva-
sITA, Yasutomo Isit and Yosizumi NIIMI (Laboratory of Psychophysiology, Waseda
University, Sinzyuku, Tokyo)

The patterns of skin potential level (SPL) on the palmar surface of finger and on the
dorsal hand were studied on 25 male students. There were qualitative differences between
subjects in the SPL pattern through a night’s sleep. For the finger SPL, the most common
was a descending pattern (70%), characterized by a gradual decrease through the night.
The second was a flat-descending patten (30%), characterized by a flat pattern in the first
half of sleep, and a gradual fall in the last half. For the dorsal hand SPL, the most
common was an ascend-descending pattern (75%), characterized by a rapid rise in the
initial half of sleep, and gradual decrease in the last half. The second was a descending
" pattern (15%). The third was an ascending-flat pattern (10%), characterized by a rapid
rise in the initial quarter of the night, and virtually no variation from this value through
the remainder.

Finger SPL (10Ss.), dorsal hand SPL (5Ss.) and forearm SPL (5Ss.) were recorded
during sleep after 32hrs. sleep deprivation. Descending and flat-descending patterns on
the finger, and ascend-descending pattern on the dorsal hand and on the forearm were
also common. (J. Physiol. Soc. Japan (1972) 34, 357-366]

key words : sleep, skin potential level, skin potential response, individual differences,

regional differences.
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Time in
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An example profile for overnight sleep illustrating changes per minute such as

sleep stages, skin potential response (SPR ; F : finger, D : dorsal hand) and skin potentil
level (SPL). At the upper section, vertical lines show the number of negative (above the
zero line) and positve (below the zero line) components of SPRs in each minute. This fiigure
shows an example of a D type SPL pattern on the finger and of an AD type SPL pattern
on the dorsal hand. Note the dorsal hand SPL showing a rapid rise with the progress of
ortho-sleep in the first half of sleep, a gradual decrease in the last half of the sleep.
Shaded areas in the sleep stage profile indicated para-sleep states, which is common to

Fig. 2 to Fig. 7,
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SPL shift and occurrence of SPR on the dorsal hand. Note the dorsal hand SPL
showing a small rise in negativity accompanied with the high frequent occurrence of SPR
period in the fifth cycle.
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Fig. 5. The negative shifts of SPL during SPR-burst in the para-sleep states. Arrows

indicate SPR-burst accompanied with the negative shifts of dorsal hand SPL.
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hours

Representative patterns of SPLs during a day time sleep after 32hr sleep

deprivation. Subject in this figure who is the same in Fig. 1 showed same types of SPL
patterns during normal nocturnal sleep. Note the dorsal hand SPL showing an AD type
pattern and finger SPL showing a D type pattern.
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Representative AD type SPL pattern on the forearm
during a day time sleep after 32hr sleep deprivation. Subject in
this figure is the same subject in Fig. 6. Note the forearm SPL

showing a rapid rise in negativity accompanied with the high

LOTHBH, WIREBERTD
BRI IEARER & B0 2 & —
YERLTC S, Hilcic BREIERERIC D
st 2flowgrELIETDR, FDAl, FHT
AD BlE R+ oR@d bhiz. Hind & b4
DEBRFERICET 5 RY, SPL 0ERIEOE
BNEEA%RK 1 BHY X a (circadian rhythm)
EORBAEIC L5 DT, ERICXY
BESNIREThHI LELDNS.

2. SPL %% — 1 b HUEBMIRAL ORRFT
FE A U CNEMELALEE U 7 BTl & ZL YR
fre LT, EEWIICH 2om BEL T 5
WO S LIE» b ZhEh SPL #EH
L CHERETG L. BERES AT, NW24RT
TIKKIER 3 k CEEZERTELFED
SPL#% 4% L7-. Fig. 7 3% o 14, Fig. 6
LRICHEBRE ORETH 5. BIEIOKIHIRER D
WEPEERT 5 e, LEBORBEZ L - T
FEEDFEE CH&E L LD THS. 50 SPL
PE =, BiEX Y b EHORERSE <,
% 3 FH» bWiIc A FDREZR LTV 3.
ik SPL (Fig. 7 o) 134y (Fig. 6 Off
) X0 LEHERZ LeNBEEEERL,
ADFIoREER LT %, SPROMEBHFEE L

frequent occurrence of forearm SPR (Fr).

SEhEE RO FREY © &, Fig. 6 &
Fig. 7 »oB6»2 X 5cFH X v SPL o
EMEERZ LY. 0z ki, HibFEEE
LT X% SPR 0FEFEHICRELET2 23,
FOEBECRENESD 5 2 L EFLTY
5. o4 oG, DR FD A,
Biic ADBIORERROh. ZDZ LT,
B S & PR R ISR R B S A
SRL, ELBEOREED FE F Tk, EEBEINL
IR D ZBRVILERLTVS.

V. & ®

e 2\ idFEED SPL Ao RN 2
KB TEF) LODY), EEIREIC X REERE XY
3, SPL a)i)ﬁ/y75‘;%25)35)6)7)8)11)12)13)15) Bz Em
5, ER-EEFINEEL LTEYTHS 2 &
PRRENTE Tz, AEROBHE bR D H R
LRBIR Iz —E B R b e

#80 SPL iz &b h i ARER 0283 (A
[ErsaEd) & DAL« FD Blofki ¥ — Vg,
4% 61~106 hr OFAER D ZIED SPL iz b 3
HHRTBD, FE « Fifio SPLicixd¥ o



364 % & BRI KM DIEIR R A Y-S 4 — v/

B DRE) 2BVT, —RICHER L ARE
L ORICEN/RS L, AD B« AF Bk~
B—VERT O KEROREL T3
L, BE®D SPL 3o SPL L osiadiEm <,
FEOHHBRFES b v b ¥ B FERMETITERL D
SPL ik BREAFTHEESD B 2 L HEgE
ha.
FBOSPLAZ — iz b & D KERBEAER
Rohhd»okznizxtl, FEn SPL zix=
DORE—VRRLh, BAEREL LTEF
EOFPERERKEVEEZZLNS. £EOD
EBTix, D& . AF o ED T2 L
Te DEEREREHE « FEREISE OB L 3RS0
BT EIXTERI oM, —iic SPR oHE
FENEHHBIREKEDD L b DEITIK
{, AFEITREVLVIERE R LR &
Dz b, SPA R, ¥ECD I Y EVWIEE)
KEZHRFTIHARIAF RO — v & &
D, FEEREVKBERCE ¥ B LDAEIZWL
FDEIZ L v, EBKEXRFOKZBIZONT
EET 3581, M2EFOTEELE LTADR
PrEBlELZLND. BLEFEELIROIS
BAEAEE» Y T, FED SPL ¥ —
VERBLhBEAZLEED THEZE YT,
RERECHHEEH T2 208K, 2%b, 1)
FIREB L M L EBIR R L, BIRPRE
HEN T FEc B S5 8L, 2) S
BB L CTEMOREZ BRI T MBL 0
PMEDHEIZ L B3 L D L#HE h 5. Monroe
N X hid, BEOEENSTEROE (poor
sleeper) (X2 EREI D (good sleeper) X b B,
BEBE, m&INEE, SRL MRKERE v KESY i
LTCRY, BERMOE LY L HEREHORKE
PEEoTw3LnS, AFEI.AD R . DA
DR B LHFZEh B SPA DEBIKAEDE
L, BEREESHOKEL OXIRBERERET
3T liX, HicHEREHOBAZEREL LT
IV Chl, ThETrEBRENEZEEDOE
REEIC T 5 [HAAZS % 20 oA
Wi ol E R Iz L, SPL ~x—v o
BREBRRT 5 LCBED 298 TH 3,

8o SPL <% -, BERRESSAZ—vT
b5 DAL FDAEIZIRT & v 5 SEIOREN D
1%, BEHMLBIEEL T A% — v AERER
BB LExBbhizvy. LrL, SEO
ERVERZBIFCOTRD BEOHL xR L LT
BY, HEHOOHERD XELVETHIE, TR
EEOE VA Tixigo SPL b FD A X
Y & BiIcRVEEEEI 2T AD Blinv L AF
HMORBRRONBFEEE DY, APV RE
BREOKHFRTOMETIZAF — g2 T
FHBEREZED o TrHEH LTy
EEBERDTCLE I FRERDS. —F, F
Ep SPL 4%, DEI. ADAEI . AFEIo W
THORE L B ociZliz 28y, Lid
HENZ—VOHBESHTITFY BRECVDLD,
RE—EER UREHRIFSRE .

Craig et al® i3 = % o ZEEEKYE (skin
conductance level ; SCL) iz L+ 60hr @
WilRZDR 2, WIERAIIE R EEIR & WiR IR Tk
BL T2 PhhiReEE0fE ¥ —
YTHET B L, ERERREO AF RO
B, BERZEEIR T ARBIE L A EBERAS
hinw FRoEEEZRLT R Y, SCL <& —
VHWIRZIRE 0 CERARBERTI LR
EBHEsh T3, £E 32hr Wik X 2 WK
HEERIC b, Craig et al. OfgHi T 5 WilEZIE
ORADBHRSh B, Fig. 7 oficigon SPL
DREEEERR (Fig. 1) i, SO RS
BV COHEHABRONIZOIRI O i ban
hizv. L L, BiEo SPL 23 ADEI%SRL,
80 SPL L& BEOANF—vELB L
5 SEIORE R, WIEROMAER DI L
Ty, Bk ENEDE ¥ CIIERER L 13
DXV LEFRLTYS, Lal, H¥ERAT
DATEMACLE O EEM L RFT T 2 FiklE8kR
LT, $8 « LRI « BERHEO 3 505
SABHIEIC X Y FIFFTET & THY, 17
FEBROFERE LT, BAKERERICBWT
REANBZRETHoT. ZORTEEMECRY
B RBLZCH, SEOREY D b File s LT
ORBCEIELE LTHCS Z L3 TER Y
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TEMNEHBERLD. Lo TEMBEOHIGE
BHAEMALL U 7 FEEDDIIHEHLE LT O]
BROBMTHAETO TV LIkRSh, &
NODHMRICIEELETZ LR EHENS.

A[El0 SPL » % — v ok % TartWo SRL
NE— LWt 5 e, Tart @ SRL 34EAL
BHORE « THE - piffce EHmir e LT, F&
LRE»LEH LLEFEESTYBIzh i
PhbF, 80 SPL Sx—r kb LAF
Lo SPL <& — o LiZECHSED 5 hdh
n3. wikEThi<, SRL & SPL L oAk
CHHERRIIRIEBAS TR ST, —HHNR
gz © & 7 v 28, SRL pSEIR T B AIRAE
EHEbICL, FE-REID D, EBLEOCEE
THEUEH L Liegiro SRL BEBHERICTHE
CBALTVEOTRAEVHEHRENS. &
DEIZOVTiE SRL o BEERMZEOREE L
TELRRFNEZETIRETH 5.

SPL R&— L 0BRLYDBERETS LD
7Y, ETHEICRFTI&Ez LR, ~F—v
DEANLEE), OF DA F—OREWL T
Mz oW TomkERE shhiEkz Ev. Zh
m SPL 1cl¥ s Hetankate#w 3 ET

WHRIRR S hhZh b v FER EOMET
%bé.@@@%ﬁkm,%%uﬁmhi5k
M EERERF iAoz, %Iz hb0
BRIEDWTY R BB ERA .

V. & #

BEREBRAER X CRPEAEDL T HRICHE -
F94 « gifeo> SPL %, #&&HEIR20[E, MiiR%:
FEARIOE]C » &34k L, SPL ~x— v oA
2Ehiat L. SPL oZ&8hH » b, BRHE
Bz A, LS E D, FkEFLEskL
TAZ—UHET B L, 1) REEBIETIIED
SPL yx D# (70%) & DF#I (30%) 23 R b
h, F4%o SPLizix, ADZ (75%), D& (15
%), AF#I (10%) =20 % — R b h
7. 2) WiRGERTbLIETDR -FDAE, F
W ADEINR SN FIEBRONIzzD,
FEO DR « AF Bz OV TR TE P o

s, iz L bigo DAL, FD AR X OFE
DOADFEIZIR - Tk, ZTOBEAEPWIAIV R
A (circadian rhythm) & RRIEEICEKEL
EHETRE VI ERbP ol 3) kK
hre U TIEAE h SEikEo SPL G EERP
AD ol ERTZ &M 0, BilEEREEL
ALPR A S X EREEAL L X Y 2 v k&
HER L.
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H=<® carotid nerve ZERNT DHBREOLEED
ZEC DT 612,495 : 597.82

FOOH M T @RRIERREE-AEEEE)

Nerve fibers derived from the vagus group root in the carotid
nerve and their roles on the carotid labyrinth of the toad Kazuko
IsHII (Department of Physiology, Fukushima Medical College)

The carotid nerve which innervates the carotid labyrinth of the toad consists of fibers
originated from the vagus root and the sympathetic. Three groups of fibers are differentiated
in the former ; 1. slowly conducted fibers originated from V;i-root, 2. rapidly conducted
fibers originated from V;-root and 3. slow fibers derived from V-root. In this study the
physiological role of nerve fibers in the carotid nerve was sought in relation to this com-
position.

1. Chemoreceptor fibers were exclusively derived from Vi-root. Their mean conduction
velocity was about 0.3 m/sec, suggesting that they were nonmedulated fibers. They were
considered to correspond to the first group described above.

2. The majority of baroreceptor fibers in conduction velocity of 1~7 m/sec were derived
from the V,-root, showing the correspondance with the second group. They were rapid
adapting, and some of them made synapse in the juglar ganglion. In a few cases baro-
receptor fibers took origin in the Vi-root.

3. Fibers correspond with the third group were considered to be efferent to the chemo-

receptor cell, (J. Physiol. Soc. Japan (1972) 34, 367-374)

Key words : carotid labyrinth, chemorecepter, baroreceptor.
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I. #&

WA » bh s carotid labyrinth B3
BEBEOHMATR D & 5 KBNS 5.
Carotid labyrinth (ZBRME 2 & 72 5 HHE L
WErAL, —oOnEREERR L T3
(FHED). ZZBEZER B L CBKRL
S SELIEIE L, HILBM O BB, HEh
IR & FE 7 REEZ b > TV B 2 HB T ENRT
%% (Adams?, Anichkov & Belen’kii®,
Heymans & Neill®, Neil et all®, Ishii et
all®, Banisterd, Banister et al.®, Laurent
& KriegerlD). [EZF#H, BIOMLEZAERL
Y DsROEMR ST carotid nerve LB
Yy, EWMEES F4F + 5. Carotid labyrinth
DHHEREIC BT 5 AV OHE i X h i,
carotid labyrinth X ZZBHE X D & { DMk
B2, ERREMEERIY L DRORREX

CHEFN464E11 H24 A A1)

Bl % =2 TV T, carotid nerve 13 kS¥id &
BThy, BHHRRELTEE20ACEE
v 5, Ishii & Oosakid1s jx carotid laby-
rinth OREZEFIC L VFEL, (LETAR
2k U TR EL oS T, BMEmRRE
EOFER ERE LT3, 7 Ishil & Ishiil®
DI LT, TBHE, B X URKE R
ROBSHWBCEZARF OMEE KT L v
5. FThbb{bERERC N T 5 WO
FROFEZRER L Tv 5. AEDICLY,
carotid nerve HOHIEBMEOER L, ZOH
SERHE & e S, BB L TEREHR
CEREDPoTe. EEX 2 R b OREEHED
carotid labyrinth o3 2t H»c L X
5L Lk '

I.® B % &

RO R D R
FEREIM L LT 150~300g DX v ERERAL
7o, BEEME Lo bEMCEEL, Wz
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B, QR L O carotid labyrinth #@H L
J-. Carotid nerve OFEfTEHER LI-OL, &
AR Y carotid nerve ORI L Y KM TH)
¥ L7z. Carotid nerve DIt o #ix = C EIlT
LTRAY oML Y oML, SERIREEEICE
T5 KRCEHEFIWELCEBEEHL, X
EEHREEROHO T, RBMEREE 2
FRMRE O THINT L. BRI 2
FY OB L Y FIEEL, XEMERRE, BXO
RERAER L L b, TvoEflicbbkl

Fig. 1.  Experimental arrangement. The heart
was removed from the body and perfused with
Ringer’s solution. The carotid labyrinth (Cl) was
perfused with Ringer’s solution expelled by the
heart. An arm of T-cannula inserted to the aorta
was connected to the common carotid artery. On
its way another T-cannula was inserted. A syringe
combined with a manometer was connected to the
branch of the latter (P) to raise the internal pres-
sure of the carotid labyrinth. The internal carotid
artery (ica) was cannulated with a thin nylon
tube, drops from which were recorded with a
drop-recorder on the smoked paper. The external
carotid artery (eca) was also cannulated with a
nylon tube in connection with a three way cock
(c). Chemoreceptor and baroreceptor activities
were recorded on a fine strand peeled out from
each of the first root (V1) and the second root (V)
of the vagus group. cn, carotid nerve ; G, glosso-
pharyngeal nerve; Gg, glossopharyngeal ganglion;
Jg, jugular ganglion ; V, vagus nerve ; Sy, sym-
pathetic nerve trunk. .

7. TOXHIC UTREMREMR, &
L EHIRERE 2N L, SRR ERET,
carotid nerve iz\ 7% carotid labyrinth %
FEY 5 —EOMRREA L fER L . Carotid
labyrinth % @% 7z RECTHERT 5 eoic, A
ARROBERERLHEH L, BRESIRE TFH
L, AAREEROFIRY = 2 — v O—JElc
WAL TEEOMO—BEICIIMED DD
EHER, BIOEAFEESE L. NEHEINRIC
Mo =2—VvEEBAL, ZZXViENAE B
carotid labyrinth OEFK % TG ¥ X,
AAREECHRT 5 X O i Lie. E7HHBR
Kb H=a~VERBALT, ZHERCIVE
#y% carotid labyrinth NiciEAT S X5 L
7z, EBEE diagram % Fig. 1 it;xr L.
REMEHR X VA Yy b CT/MRHE
WEIEY, REEMIC X v carotid labyrinth
XV ROMEREE 2 B /MERERIC B v TH
B RERIV RS T 7 L.
BOMERES DIRR
EOMREERET B edicy v E VB
He®ER L. v vE 2 25%RkEAE 100
g »eh 05cc DEIE T R TFMERAICES
L, #1ERtIcE B & B 44 L 7. Carotid
nerve i carotid labyrinth & OFESIILL T
LT L, £ ok Y SERERIC X Y BER
PREL.

EEEE OWE

RO O CEE A MRERIC OV T
{LFEZ R, EXRREOTFE 2 R &,
carotid nerve #% labyrinth : OFEESEEL T
Uit L, £ oy H-E SRR L,
INRMERIC I B FEREME TG L, BRB X
VERMEMC LV EEERELHEE L. BD
HEHHRE T v Tk, ViBX Y x 5hioh
BHER X VILERARNEFEL, V. ROE
Bl X 32 bERBRBEOMEE D 2 ©
%, carotid nerve % labyrinth OfZEEHE <
TEWTL, ZOPREEE D V. ROBEHEERM
B X2 BREMEFHE, THL, BRIV
BAREEREC XV REHEELHE L.
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-5 AR R P94 4cm, HARE
Sl i: 0.2~ 1 msec, 2 ~10V ORIk %
B U, ety @m0 EE e L
Tix 0.5~ 1msec, 2 ~10V, 10~20c/sec DI
TERSEBRN & 5 L7z,

I. £ & #& #

A, BREMEEERR T O RO SR E

B DOREIEEARIL, WL O T IEMRE
YT % & Ebh s oeiivigg (Vi-1R) &
PRERARICHY T2 L B KOERsy (V-
) X VAR T3 (FRHW). Gaupp?id b =
VRN BIRAECHET 5 2 LI RARETS
5L, REMRBRLBHR LTV 5. L
L, 2B TRELOEHAE, Viike ViR
LIBRHRDOIIBZLBNTES.

T ORERRIARE, ViR, V. R
DU, FofKxPLEFAEY YRy TV
3R (few-fiber preparation) Z{EY, BIfEHR
PEH LAk R L, BEBROFN & 1k T
carotid labyrinth ¢ asphyxia ##j &+,
B 5 WIEAEEHIRE Y D.N.P. 2 A LTEE
SREYHML, Z0KdbbhsEIEROE
T ALERABHEORERITR o 7. Tieb
LBEHIRO N Z Ik W iERFITER L, 3
he e IR kP + 5 (Fig. 3A). %7
D.N.P. 2 x105g/ml ¥ & % 0.1 cc carotid
labyrinth PNiziEAT % &, KEORE s R
»nis. Fig. 2ic20 LHIHFRER TS,

BRI R T 5 ewic, BEEINRE Y
Ringer ¥ % AL, carotid labyrinth /K
L, ZOBRET HHEEREL L TERER
Wz PE L7 (Fig. 4 A)

Z 0 X9 ic UL AMME, [E 52 8 R
%8 Lz @ b, carotid nerve % carotid
labyrinth DiF< THWIL, BB X KR
DHECHIE L, Z0& EFET D E & ORHER
DOHIEM L Y FEEE EWE L Fig. 3B,
Fig. 4 B).

L {2y ofiR & HE
250G = 1z B\ TLEZABME X 5~ T

i l e I
L b

Fig. 2. Effect of D. N. P. on the chemosensory
discharge. Chemosensory discharge was recorded
on a few-fiber strand splitted from the Vi-root.
0.1cc of D. N. P. solution (2 x107%g/ml) was
administered (arrow) to the carotid labyrinth
through the external carotid artery. 1sec, 50 pV.

Ay A

it dt AL

Fig. 3. Activity of chemosensory strand splitted
from V;-root and the distribution of conduction
velocities of chemosensory fibers. A) A fine strand
splitted from Vi-root was considered to be chemo-
sensory when it responded to the chemoreceptor
stimulation of the carotid labyrinth. The dis-
charge disappeared aftter opening the flow (at
arrow) to the carotid labyrinth which was closed
in advance., 1 sec. 50# V. B) The evoked potential
of the same strand provoked by the stimulation
of the carotid nerve (1 msec 5 V). The conduction
velocity was calculated to be 0.43 m/sec, 200 c/sec,
50 V. C) Distribution of conduction velocities
measured on these 75 chemosensory fibers.

02 04 O6mbec

V.#fiexoh, Ve Bk RABES iz 2 o
e, —Blo Vi BRI D EEESEREE ST
2 ~ 3 AED/IMMERS 2 bz, DEHlicB
TERO/MNEHER N Z DD Z ERboTe. B
HEAARDILEZF/IMNRER B 2 Dhvie. Thb
O INEHETR DS (28/54) 1 carotid nerve
DERELMB K L 1 7 o spike TIHT, #l
WOBSE2EZ THHESRIELT, MErcHE
—mk et i Shie (Fig. 3B). #hofy
P B VTR FREMNO L2 S 2 ~ 3FEOHR
MEREBIS iz, 20 X 9T L THRD /IMRHE
WIZR W57 D{LESZFRMERR S h, &
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EHEAHE S, ToSHE Fig 3C
AL, BCRT X5, ZhdOmEEER
0.1~0.6 m/sec DEFHE H»H, ST kKAHWIZ
IvRES 7, V. Bl X v carotid
nerve MR T2 FREMOGCEEEDO DL
EIE—¥ L7z, T/ bbb carotid nerve K& &
NBLEZFBEIEDL VI RICAY PIRICE
T3, BRCoa—uv o8 TEVLEEZD
ho. EEEEOEPOTSTERMREEL
bha.
2. ESRBHEOREL tOME

BED T~ 2R L TEZAREOFEL L
b7, FOERAMLIZBVWTELLT V. B
» & carotid labyrinth offE Iz KisT 3 /NG
RNz bhiz Fig. 4A). 4B VTiERk
HLlirhole. —fllo V, B bBEEZEGR
HEEET 1 ~3RO/NMRMERB 2 bh, BFH42
BO/NFHEEERZ iz, Zh b O/MNEMERD
KE¥ix carotid nerve o BAZHIBITH L —
FREMEEL, BEMCE—OESZERMEL
iz &hiz (Fig. 4B). L LABLDED/N

(S 2
LTI THTTEIA T 1§ g

Fig. 4.  Barosensory activity of the fine strand
peeled off from V,-root and the distribution of
conduction velocities of barosensory fibers. A) A
few fiber preparation which was splitted from
V2-root was considered to contain the barore-
ceptor fiber when it fired in response to the rise
of internal pressure of the carotid labyrinth. 1
sec, 50 #V. B) The evoked potential of the same
strand provoked by single electrical stimulation
(0.1 msec, 7 V) of the carotid nerve. Its conduction
velocity was calculated to be 4.4 m/sec, 500 c/sec,
50 #/V. C) Distribution of conduction velocities
measured on 51 barosensory fibers.

BRI THEREMTE -, 2~3
BOEZFREOTFEPR Sz, 20N
CIBVT, Vi BPCLESZERERS £ h
TV e, ThbOEZEMRHMEL carotid laby-
rinth D& MERCKIL 2 ~ 3 FEOBIERD
RETIST, MEPREERRET 28T 5
i o7z, Carotid nerve JiBkic X 2 BRE
L& D PIE S hic Zh & EZARHE O EHE
X1 ~7m/seco@icdh 3. SIADBHEDTR
S IERED ik Fig. 4 Clom Lz, AEW
12 XX carotid nerve X V4B X v SEH 4 m/
sec DREFEREZ S TEMEL, 0.1~0.6 m/sec ‘
DBCGEERTRMEE oG R R T TR Y,

B O—E ORMETER IR A BV T= 2
—RVERELTCYS L v 5, V, RBichskT

'\_r//\)\/\/l Lt

cetagapad it aaaanert Yy "“'"MMMMMAMU"
~n

"'V‘HUMMMHHIIII "’\."Auunn RTTLEEEY
Fig. 5. Evoked potentials on barosensory nerve

preparation provoked by orthodromic and antidro-
mic stimulation. Two baroreceptor strands were
peeled off from Vz-root of the same toad. I. A)
Response to the orthodromic stimulation ; evoked
potential of the barosensory strand in response to
the electrical stimulation of the carotid nerve (0.1
msec, 7 V). Conduction velocity was 3.54 m/sec.
1.B) Antidromic stimulation ; the stimulation of
this baroreceptor strand did not bring about any
response on the carotid nerve. II. A) Orthodromic
stimulation ; evoked potential on the other strand
provoked by the stimulation of the carotid nerve
(0.1 msec, 7 V). Conduction velocity was 2.71m/
sec. IL. B) Antidromic stimulation ; electrical activity
was recorded on the carotid nerve as a response
to the stimulation of this barosensory strand. 500
c/sec, 50 #V.



#= D carotid nerve ZHERKT B MEHRE DEBIZENT OV T 371

BREVEREEEEH T R AERICIY
ERARHETH 0, ERAMRMES R
RS Coma —n Y ERBEL T RE D
ERED D TIeIc, ERERMELSL/MWERE
Wit PRI H% LT carotid nerve ZFHAE T 5
SREMERD . TOEREZRBMECI =
a—RVERETLLOL, BRELEVLOL
BEETS 2 L R’BERS hie. Thbb Fig
SRt Lo, M— V. BEV2bh il
—DEZRGHEE ST 2 RK0/NEHER T B v
T, —F TSRO, WFERBcE LT
LLBREMNRZ b B KL (Fig. 51),
— 5 TR L CHREM 2B 2 b
h, WFHEHEC R L TR BFRBEMIE LR
v (Fig. 51). +hbb=a—nVeRETS
ESARMENGEET S LR bhie. BE
DEERIC XV carotid nerve KB E hd Vi g
T BT B EE OB LR AR T D
D, Vi RICHICEE T 2 REOFE M B
IOV, e BT 3 EE O BRI ER A
BHETH o C, %F O— ORI TRIIRHE
HCma— v ERRELTVLZ LD DN
7.

B. BkaEmEH o R

EFT & X I RERREAR MU AR D
SR IEIT 5 = & &4 LT (Ishil & Ishiil®).
Sk B ORI S ER T D
D, REMEHIBIC &Y % ERICE(L
P o o e O IR LT O B T o
7o, EReAEW I X hiE V. XD 01~06
m/sec D4R O B HHEMGHE DS HIEE O KERY]
Iz 33\~ T carotid nerve leE b Twa &
5. & OFEEHEEE NIRRT H 5 TR
MWD, EEXINDORERHAT DI
KOEREITIE o7,

1. (LS RLRCHT 5 Pkl

= FREEIRE Y HH T 5 ERIR G T
BELERD, RERAESRS I V2 REEX
Bl L, EERoE by & carotid labyrinth
OGO E 7. Fig. 6 iR T X5
iz, BRI 38\ Tk Ishii & Ishiil® o

WEZ—F LT, 3R\ I 2 R AR R
30 LTHEEY, HIEEPILLTS LIED L O
. Ll Vy e X o T Rimg ol
i, BB CIRIEER 3T b s M X > T
YA EHET I LR PoT.
PLEDERL D, M ESHRL RAIEIC
PHEERLTCT, VL RBEEEEHLTY R W
LEZBNS.

wiz Vi 4R X U (LSS HHE & B T/ INBRHER
EY, L2 ARL Y ORLEREZH#LL
b, Vi iRz EKHICHK (0.5~ 1m/sec,

Sec.
40

30

20

10

5 10 15 20 25 3N

Fig. 6. Interval diagrams of drops flowing out
of the internal carotid artery. Closed circle: The
effect of the sympathetic stimulation. «— : Period
of stimulation (3 msec, 7 V, 20 c/sec). Open circle:
The effect of vagus group root stimulation. o---o:
Period of stimulation (3 msec, 7V, 20 c/sec).

5V 10~20c/sec) L, {LEREFEE OMHIZD
BoHEPCED b0 IFliconT, L0
I 5 Iigea carotid nerve & V2 fBEX YV AD
AT BEREL BNk Tihbb, carotid
nerve #EJiL, V. #8% B L T carotid
nerve [cFET 2 HREMERD . T ORE
2BORHBREHNCIBTIHEL. ROIDOHE
FHLEEAED TE < (4m/sec), O3 Fh
AZE D T 3B < (0.2~0.3m/sec), »0E
RraMEd -7z (8920 2V) (Fig. 7). Bz
+BBNOBCEHMEL, SERBESEXDIC,

AP CEEREETH S, Vo BRI i mEE

B D, LEZERELZAL TR CRD,
#H OEE OB C—REOFRE &R TR
BRBICHT AMEMRTH D LEL DS,
WL ORI IEFRHC BREF TR
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STV ERESpEBRLE.
2. Carotid nerve o Eis L D FE S h
5 Ve iRicEgkT 5 AR
Y L& VRkRE L7e F < o carotid nerve % 4]
WL, ToPRELVEBIEREFETSL, B
DMEREET&E TS B8 TE 5% (Fig. 8A)
HicH 5 X5, BHEFIEHOKE CEBOE
WDk, RHO/NSCEROE, HEHE

II

CROARKSARARARAARARAAAARRRARD

Fig. 7. Inhibition of chemosensory discharge
provoked by V,-root stimulation and the evoked
potential of the carotid nerve by the same stimula-
tion. I. A) Chemosensory activity was recorded on
the fine strand of V;-root and it disappeared
when the flow to the carotid labyrinth was opened
(arrow). 1. B) The stimulation of V»-root (1 msec,
5V, 10c¢/sec) depressed this chemosensory dis-
charge. Time, 1sec. II) Responses of the carotid
nerve to the single electrical stimulation of V-
root of this preparation. Conduction velocities of
these activities were 0.23 m/sec and 0.20 m/sec.
Large potential was considered to be barosensory.
100 c/sec, 50 pV.

Fig. 8. Spontaneous discharge on the central
cut end of the carotid nerve. A) Before cutting
the sympathetic nerve trunk. B) After cutting the
sympathetic. High amplitude potentials dis-
appeared, Calib. 50 £V,
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Stretch receptors in the infrahyoid muscle of a cat

Toshifumi MORIMOTO and Yojiro KAWAMURA *

Department of Oral Physiology, Dental School, Osaka University

The infrahyoid and suprahyoid muscles
are very important for the control and
fixation of the position of the hyoid bone in
swallowing, breathing, phonation and masti-
cation. However, up to the present, very
few reports are available on the controlling
mechanisms of the activity of the hyoid
muscles, especially concerning infrahyoid
muscles,

In the present study, physiologic properties
of afferent fibers in the nerve from the
infrahyoid muscle, especially of the nerve
fibers from the sternohyoid muscle (the
sternohyoid nerve) were analysed.

The experiments were performed under
pentobarbital anesthesia (Nembutal, 40 mg/
kg i.p.) on cats. After an animal was fixed
in a supine position, the sternohyoid nerve
was exposed by the ventral approach. The
cut peripheral end of the nerve was carefully
isolated under observation through a stereo-
scopic microscope to provide a functional
single unit of the nerve. Responses were
recorded in the same way as was reported
in the previous paper®,

The portion of the hyoid bone containing
the tendon insertion of the sternohyoid
muscle was sectioned and isolated from the
surrounding tissues. The isolated hyoid bone
was tied with a silk suture, and the other
end of the suture was passed over a pulley
and tied to a ring on which various weights
were hung to stretch the muscle.

To obtain phasic muscle contraction, elect-
rical stimulation was applied through a pair
of hook electrodes attached to the both ends
of the muscle.

Succinylcholine (SCh), which fires muscle
spindles selectively®, was injected through
a cannula inserted in the left femoral vein

* AR, TFIRTEETER ¢ KIRORSE A A
{Received for publication January 10, 1972]

under artificial ventilation.

The sternohyoid nerve consists of three
branches, i.e., the anterior, middle and
posterior branches. The anterior and middle
branches join together about 10 mm proximal
to where they leave the muscle. Many fibers
in these two branches showed regular and
continuous spontaneous discharges. The rate
of the discharge varied from 10 to 40imp/
sec. The stretch applied to the muscle
increased the rates of these discharges. A
sample record of the response of a fiber
from the anterior branch is shown in Fig.
1 A. An apparent dynamic phase was recog-
nized at the beginning of the stretch. When
the muscle was held at a certain length of

¢ i) b N
0 S :

20078 % 5 100 200 30 200,
Fig. 1. A : A sample record of the discharge

pattern of a sternohyoid afferent fiber which re-
sponded to stretch of the muscle. In response to
stretch of the muscle, an apparent dynamic phase
appeared. On release of the stretch, a transient
silent period was recognized. a and b were obta-
ined from a continuous record. B : Frequency of
discharge of units are plotted against extension
of the muscle by various weights. Ordinate ;
Impulse frequency. Abscissa ; Extension of the
muscle. Empty circles ; A unit in the anterior
branch. Solid circles ; A unit in the middle branch.
C : Inhibition of spontaneous discharges under
phasic muscle contraction. a ; Spontaneous dis-
charges of resting state. b ; Inhibition of the firing
under phasic muscle contraction. Upper trace of
each record is mechanogram and deflection down-
wards indicates contraction. Lower trace shows
afferent fiber activity.
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stretch, the rate of discharge remained
constant, that is, these discharges were slow
to adapt. After the stretch was released,
impulses stopped immediately for 0.2 sec,
and then built up again the resting dis-
charge. The minimum load which produced
a detectable change in frequency was about
3gr. Properties of afferent fibers of the
middle branch were similar to those of the
anterior branch. In Fig. 1 B, discharge rates
of units of the anterior branch (empty
circles) and middle branch (solid circles) were
plotted against stretch of the muscle for
various weight. The greatest frequency of
impulses obtained in the experiment was
less than 100imp/sec during maintained
stretch of the muscle. It seems that the
response of the fiber in the anterior branch
is more sensitive to stretch than that of the
fiber in the middle branch. The difference
of sensitivity between these two branches

control u%lrllnrlllu'llmum;wJlu W bl

10"

05 SEC
Effect of succinylcholine chloride (100

#g/kg). Numerals to the left of the records in-
dicate the time after SCh injection. The rate of
the spontaneous discharge (28 imp/sec) increased
to a peak of 88 imp/sec within 60 to 90 seconds
after SCh injection.

Fig. 2.

may not depend upon properties of the
receptors themselves, but rather may depend
upon the location of receptors.

Phasic muscle contraction induced inhibi-
tion of spontaneous discharges, and during a
recovery phase after the contraction a tran-
sient increase of spikes appeared (Fig. 1C-b).

The effect of SCh (100 pg/kg) on the spon-
taneous discharges is shown in Fig. 2. About
ten seconds after SCh injection, there was
a transient silent period of the discharge

and after that, discharges appeared again
and gradually increased their frequency. At
sixty to ninety seconds after SCh injection,
the rate of discharge attained its maximum,
and the effects of the drug continued for
more than five minutes.

Up to the present, there is no histological
report which indicates the presence of
muscle spindles in the infrahyoid muscle of
man or animal. However, the present results
on responses of afferent fibers to stretch
and phasic contraction of the sternohyoid
muscle are similar to those recorded from
primary endings of limb muscles®. More-
over, the effect of SCh on the receptors in
the sternohyoid muscle is similar to the
response of Ia fibers from the limb muscle
reported by Brinling and SmithD. Therefore,
our results confirmed the existence of
stretch-sensitive receptors in the sterno-
hyoid muscle of the cat and strongly sug-
gested that the afferent nerve discharges
recorded in this experiment were derived
from muscle spindles.

Ingervall et al.® reported that the location
of the hyoid bone changed with mandibular
position. Moreover, tongue movements were
always accompanied by movements of the
hyoid bone at phonation and swallowing®.
These findings indicate that hyoid muscles
are profoundly related to the movements of
the jaw and the tongue. Receptors in the
sternohyoid muscle contribute to reflex
control of the position of the hyoid bone in
various functional movements of the jaw
and the tongue.
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The action of g-strophanthin to buliflog’s heart
muscles in a sodium-free solution

Masaki NAKAMURA and Kyozo KOKETSU *

Department of Physiology, Kurume University School of Medicine,

Kurume, [apan

It has been recently found in crab nervesb),
squid axons® and mammalian heart muscles®
that the intracellular sodium concentration
(Na;) regulates the calcium influx in a way
that even a slight increase in Na; increases
the calcium influx and causes an increase
in the intracellular calcium concentration
(Ca;). Along this finding, an interesting
speculation about the mode of cardiotonic
action of cardiac glycoside has been proposed
by Baker et al.®. They suggested that an
increase in Na;, being achieved as a result
of an inhibition of the sodium pump in the
presence of cardiac glycoside, causes an
increase in Ca; and consequently an increase
in the amount of calcium released from
intracellular store during an action potential,
which could account for the positive inotro-
pic action of cardiac glycoside. Such a spe-
culation has been supported by Glitsch et
al.h, who found an increase in contractility
of cardiac muscles which have been loaded
with Na;. If the speculation is correct, it
-would be expected that cardiac - glycoside
can not exert its action on heart muscles in
a sodium-free solution.

The sodium jons in the Ringer solution
(112mM NaCl, 2mM KCl, 1.8mM CaCl,,
2.4 mM NaHCO; : mM is milimol. per liter
H,0) were totally replaced by the equimolar
lithium ions : this sodium-free solution (Li-
sol) contained 114 mM lithium-Cl, 2 mM
KHCO, and 1.8 mM CaCl,. The preparations
used in the present experiment were ventri-
cular stripes, which were prepared from
isolated hearts of bullfrogs (Rana catesbeiana).
It has been known that the excitability of
heart muscles can be maintained in the Li-

* hi G, BEEE  AVDRREEEE
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sol.®. When a preparation, of which excita-
bility was completely eliminated by soaking
it in a sodium-free sucrose solution for
approximately 60 min, was transfered into
the Li-sol., the action potential as well as
the isometric contraction were restored
within 5 min. The actual experiments were
carried out between 30 and 60 min after a
muscle strip was transfered into the Li-sol..
During this period, the isometric contraction
or the intracellular action potential was
continuously recorded by applying supra-
maximal electrical stimulations directly to
a muscle strip at an interval of every 30
sec. Even when no drug was applied, the
amplitude of isometric contraction and the
value of resting membrane potential were
slightly but gradually decreased in the Li-
sol.. The value of resting membrane poten-
tial in the Li-sol. was 60~70mV (30~60
min after immersion). The action potential
was shortened but showed a marked over-
shoot in the Li-sol..

Neither the isometric contraction nor the
action potential, which were recorded in the
Li-sol.,, were affected by the action of g-
strophanthin, even in relatively high con-
centrations. In Fig. 1, the effects of g-stro-
phanthin (1 x10~*M) on the isometric con-
traction and action potential in the Ringer
solution are compared with those in the Li-
sol.. G-strophanthin in such a very high
concentration exerted its powerful action on
both the isometric contraction and action
potential in the Ringer solution : the isometric
contraction was increased immediately after
the application of the drug and was soon
markedly depressed, and, on the other hand,
the action potential was initially prolonged
and markedly shortened thereafter. The
action potential was simply shortened when
the muscle strip was stimulated at an
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interval of every 5 sec..

The present experimental results support
the speculation proposed by Baker et al.2.
The reason why g-strophanthin can not
exert its cardiotonic action on heart muscles
in the sodium-free solution could be explained
along this speculation, since no increase in

1g]1min

L
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Eig. 1. Effects of g-strophanthin (1 x 1074 M)
on the excitability of bullfrog heart muscles in
the Ringer and the sodium-free solution. Isometric
contractions and intracellular action potentials
recorded from ventricular stripes are shown in A
and B, respectively. Records a and b were taken
in the Ringer and Li-sol., repectively. Moments
of drug application are marked by arrows in A.
Records 1, 2 and 3 in B were taken 1 min. before,
approximately 3 and 15 min. after an applicatation
of drug, respectively.

Na; of the muscles should be achieved in
this solution. It was confirmed during the
course of present experiments that the
isometric contraction could be significantly
increased by an increase in the external
calcium concentration, indicating that the
ability of contraction of the present pre-
paration was not saturated in the sodium-
free solution. The fact that no appreciable
changes in the action potentials were obser-
ved in the sodium-free solution suggests
that the changes observed in the Ringer
solution may be produced as an ultimate
consequence of an inhibition of the sodium
pump mechanism. Indeed, if these changes
were caused by a direct action of g-stro-
phanthin on the permeability mechanism,

‘they would be also observed in the sodium-

free solution. The action potential change
induced by g-strophantin in the Ringer
solution does not directly related to the
contraction change. It may be worth to
mention here that the action of adrenaline
or acetylcholine, which was essentially similar
to that observed in the Ringer solution,
could be demonstrated in a sodium-free
solution®,
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YREEZEC S 2 LT, SELEEIxeE<
BIW.EHAT Y XAZHW, ER &85 L 2FT
CIEREAXR2EEZES L, ez —EEET
EHEETHBEZEEDBIO5KL, 7Y Xa%
EACHEEG S CREREZ R FHELTS.

4 FFERICHTIEBMERCETIHE
B2 BADDOSSRI/—HY TP HFAR—
4 — Bilokinase D% DNT

RE & FEEE, RIEETF, THRETF
(BX, B, $H)

Bilokinase (KERRHMIER L 7= BASRE
BRCITIRAI /- VorEtitiER2ET 5
®ic Bilokinase & 454 L7z, 19694F) 4H{ER
LEELEIE R R T 5 od iz, AEED
RECHILLIEEREZ > 5 L BUATHS. b
hbhiz, FEROBNL BRI LThI8—K

i
&

%

fEE LT, HEH»SOFRIMNEERELT 5
HOWMEETEV, MERIET7 & b vOtRAR
XM OMEERZERE LD T T EHRET
5.

HEE LT, 0B SEFERWE. 2E
L, B.T.B BEABRIC X » CHE OHFEER TN
L7z b DR Ls.

77 FN— 2 —jEME, Ca WRINZENET + 7Y
VRS, B X ONIBREARIRIC X » THRIE L e,
AHHEZ (A-A KR EFES), (1) BRH 210051
KT, (2) Thic Osborn BFIEE 0210705 &
SEHMEEMZ 5. B) chit7x v & EEmM
X TRfAT 5.

PAEDBREI X > CHREPEREILBRIAET,
FRFICERIE =B ssL (EB72 b vE, T
BB, Bz O BORIEL TkD.
Z OILHES Bilokinase # &L EH TS /v a v
ThHD. REREFOLEL LTI, T2 vy
ErhD pH ik 7.0~75, RERML0SLIN, RE
£'~8CTh5.

A-A#yx, (1) BHho BK MR F 2HBET
%. (2) BK @@ Esr 5 % v, (3) Bk
ZEL, LWHFIEERT 50T BK OFEENH
Wik e LCISHTRETH 5.

5. GSR HIHIICEE 53 2 Figinns

EREE, RREFZH], BAEAR (B &,
H—EH)

EEEERETCRHOBA 2R LI, SEE)
IRIAANE LR LHBOBA 2R LY, BN
EERPEYF ARG EMH LIV T5z &k
EBRHLNhTW5, £ Thhbhix, #iE B
BT A TR AT 6 L 7osho D ARAE S I AR SR i
HZERT 50TV LOBEER L, HiE
MREHO—>THS GSR 2igEic LTER %
D, YV VEBROR2RAY, 75 72F
1 /VCIERHMEL, ATFRTC, BIRHE» DR~
EILSREMIC X Y AL T spontaneous GSR
T OEHEE MR iR Fl 8 (1 50R) T X %
evoked GSR %58k L7c. « L TANBMRE, #
B 1iRe, MEMRE, REHRDOS boVwThs
DHROHFIRIKIGER 5c/s OREBEIRMEH
2 23f5.2 C evoked GSR ~D%HE % H7-.

L ORER, MHOBER, KPR R b



2

L WWTHRBFEHER, BB, KEMROIE
THote. . AR bOMRD 5 bANBMHR
LB MRD= 2 —r V5 AR LRI D,
RSB OB & GSR I DR & % g
BT 5L, BRAEEHEE 20m/s~30m/s O
EAEHERE (A0 ) oHiE & 3tz GSR #IHIBH b
N, £7220 5 b AWK X 5 1E %25
RCHhDE, FHBWTHIED 55T L8bd»
7.

6. HIENERMIC R-BEERSRICHITDIH
HEOBMFH L RBEEFEOEEM

BI—¥F, =HoARFEL, kB & EEX,
R, —42)

T v~ L ORFEBSFRIIC R W T 2B OHhEE
Y27 A (GTa %k, GILR) RREEOKE ROV
T ERARREBZ B Twinwy. bhvbh
132D YR T AOFIFHEREEIT 2177, RS
Be GII FHREimpiSkiaEE s LCE
B1LTvBEDTRLRL, 2hd e GlaR a4 8%k
PBER—R L IR >T, BREPOBEDRENEZ DD
HE AT AB2EoTVWBT E M-z, TTIC
Z OMROE R LETOMERITRS.

B OHIE > R 7 AR & LTRRDIT
i, ZOLBRELZTMET 2 L3 TERW. L
PLYATAHERORTLELAILESE, Ldh
LHETHBILLILERTCOWTENT5 2 L5830
EHThHs ZZTHENKRE LT2ERHCLS
BHNERREEEL, Hiks JICEEATHML
bhicReEx . HE @Em—wEeHke (8
), £5IRTT GEAN-AEENRE (W) &KbY
EEEE (hfh AL, Ar £753) 25T
TDRF A— XMWY THBHETSH. T AL
Ar T OWRILEHIE LTV AT AD—EE R
kDB EIRFELD. ZOERBARLE LT
DIFhD—HEEETHELIRFLERS. Thic
DWW FRR2E &, Hurwitz O FBEICLD
RE®LEBRIT LAE TS Ar DREVWEERITE
FETHDHT ERbh ot BE B Ar= 0TI
BEERH VAT AL LTOBmMIER DEESRT
HMlEBTHSS5. GII ¥ RF AXRELMSTH
THHH, TOXSBMIROFEIRUELS VA
FADREREZEDD. ETILZhLDOROF
HECKRERT A VEFFORERFIFE AT 2Dk

% 381

MEFRARTHS. ZhdEDERNERRT
Fr FEHERC X D BENCHE»®, ik
AE——ATRZANAATY Y Fe SRTFARLBE
BRI VBEEOERGTOWTRL2Z ERTRL
7.

1. & oMK CO; SAEIRDOFT 12N « S
aXib—-2av ’

W HER (K, R, H—4)

R CO, FREICRT 251 HEE £ 7 L1,
Grodins (1954) LB ohREINTED, £
NFNRBEZFT Tw5B. £ OHE U
% breath-by-breath DIFEEFHE L T Tk
2, MBEBE—E T4 air flow 37 b Lfijai
S8 (Va) 2EGZRE LTRVE->TWHT L
TH5DH. ZDDTNHDETAREDEHEKREL
FEBTERV. LT THBHEDLIATAORT
¥ET % % X 57 phasic air movement &R
CO: IO % 7 /L2 E > T2,

R, B, —BEEo=>rKa4d5. I M
B rhen X BB, ISR, Miarg
D=2 T by, i ifEimm e, e,
fa, FERX VKDL, ThbeSIERRT 100 {E
OIFAP LD, £D—D2>—DH, KHKFTIL60
ml QmEIziEY L, CO; %%, Controller 1
Lloyd 0oEBX%d & LTHEMIEN Pco: @
B URIB, 3 XCREEREEFRL2TRS =20
ES2RESES. EF SN oscillator D%
neural drive & LT, BT bic, K[EHER,
2v 7547 vA FRC /s & OFETF %0k U<l
24l %« DIffIREPREZIND X S5 IT L.

EFNCEE A DHEED CO: Z/MASREDLEL
ORISR ER IR, BERE, L DTERT
— 2 RBERECHATE S, ¥, ZTOWRK
SicE ET SEEROFE S, Eldridge 5%
BRAFR LA, HBA#HEZERIESELh
CHAI LT, Va lxtiihng 523, Paco, b LR L,
EBERC B S5 X 5 7x homeostasis 13 % Hivix
ot EBREOEREECEELT, EFAD
BHEE S, BRic controller DB 25 Uiz,

8. 7N 77 —ikHIEROE POBEEREM
RiRIGHE (FEK, &, H—4£H)
TNAT TR A—-EL, ThiCFHEA
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KEBOASLARIMEZ DL EIC X - T, IERE
LR BFAMHECEBTAT 7 —EOBERINE
LT, TA7 7~ EiEEROF T 5BREM
RREAXDEE L.

8~104 4 ZALDTNT7 7T—FE LY H—EL
ot &, TOFREMIBAWHROAKIC X S
HEDOFETOLNEL BRT, FERETOE
RRELREL TS L Bbhrok
—H10~129 4 FADRNTAT T 7~H% b

bk

U7~ LTCHERLEBEMIMECL BRDEER
VN, EhkERDIDLDHL, PHLHIER
BH b,
ORI LT AT 7~ EBROBER
¥ 5L, HE ROLBTHRMAESEZEER
2, FEAETORBERE,L, WEETIRIR
LiFDoEmBA LRI,

TAT T —EBREMOREEOERI LT
T TR L OB R B LT ‘

FINEEBFRERAEES

B B BBf464 6 198 (4) FEl1sskky
B i TFRERELRL-S, BAEBIAYESHE

LHERE  FHRLE

1. R%OBAa2=y POEFHLY ZARH
RILREE, 3B EES (BK, B, $£—4H)
REWIEHSRBOBBHW KR CIEILL, &
EEPHEACBE LicidThs v ELIR
A BIEX BhTt w3,

Z DIMEDRIE, BOBREZAROEJEES
BHEINDIS5E-T, TORMEREEICH
AT HEESFBEIN. KIBORELSSIBESRE
BOFEHE, BECKE Uhvwd 5758 & O
LRI X > TR ES DDA DHIE, FBEINERE
BoOMED, FHBRAEFEHORES, HDVIEE
DHER K-> TRZHDDLEFEIND. £ZT
Br=y FEBXETREWEOMER LT
%, HEEES L LR IV CH S i
ENhB08ED M. LrLEBERSURW=
= F OBEIEEELZ T b o,

—FRICIIBOREREY DORTERS, L
LEHEERERCESFETS. ZhdbikEo
BEFABCL - Td, BRABCE > TR
h5dDT, LOREIAREEREZERYS
5. REPHEC X - Th==v F OREHEITV
HLUB LMY 5.

HRIBIIRHISNAGIEEA A + LV A DB BT, JEIR
BHERIC X - ThEAShD. RRITFOIRR
BRI RBTIE S E VIS Clovgs, i
HO¥ 2= VIBRGHREELZT 5. KEIXZ
N OHEOEFMIEEIC X » T—ERFERNT
WAHLDTHY, FIEEF VKT HIEHKIER
BOMEEZEET 2 HET RV,

REPHEC L > TH== v V BIH, H=>=v
F MR IhAUE, AR REROMIE] & RO
EE BT T2 OEER ERTS. Thidikli=
=y PORBEEEM, ==y F ORELEDIE
BBHZ LS, HRELCHEIEBETENT
E~ETRRBOEFD T vV AREDOT 5 B
MDD TIIEDD 5 H.

2, BBREET ) FR— 2 —DEBRHFHICD
T

X%, BHET, FREE (B KB, B
)

TIFRIVROHEKET 77 N — % — (T.A)
1%, 2M«KSCN iz X » T X h % Astrup
type DFEAE L, 0.9% NaCl ik - T &h
LR L CKAITE D,

Astrup BIZXEL XN 2M « KSCN HhHzks
BRLTEDRBCIRANLHEETHHHE
MDEOWTR, Fl»D5.

sEirbhbhix, BHFOSS523 7 —5v7
7 ¥ — & — (bilokinase) OHHEEE L ChZk &
Tt vEERTOHE (A-A RLWRE) 2ER
L2, TohEss T A ofifigks LCEET
BErBEIrEVS L HRKDHMETHS.

2T, SEEANLARZ—~BX5 v F OEIE
B]ICOWT, BEOHAE T. A kR L2H &,
E ORI LT EOMEERR DETH 50
CoVWTORNRITS Litie, T.A. DESBSH
COVWCORBKREBE L, ik, RERCHEEY
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T.A. DIEBSHORBLEE L.

BHOXRERIRRDER I THS.

ANARR—

&k 2%

BEE, M, RE, M, OB, B W, L B
SRER (mm?) :

164, 156, 156, 149, 117, 38, 30, 13, —
BEAHHE

A-A, KCl, KCJ, KCl, KC}, KI, A-A, KCl,—

S v b
fig 88

B, B, R, BB, M R L, B
VAR (mm?)

124, 308, 26, 99, 123, 27, 19, 113,—
AR -

KSCN, KC}, KCl, KC], KC}, KSCN, A-A,

KCl,—

W T 7 72— & —HaE & UCREAE (5F)
Lol 54, KSCN @i sF U d—#
Hcicl, &REo T.A M2 R & 5 BEK
X, BEAESIHMEERER T & THLT LY
Fed Bivie. s, ~NAAZ—DOFHO T A 4
HizBI L ThE, A-AEBEBEDTT<hTn 5 L
L MERD BT,

3. Microelectrode 2]+

WABE, JLREE, HhEr @EL E
k)

HIENBRE S OB CEMEERSFEbh T
HBTTIRA LY, Lichso T microelectrode H
BOWRCHET A AmbE . BREIZLOEEN»
BEREL A MERK TR, B, FEER
Ez mFnEE bRV LBEEZRD. bhub
FTEROVENPSZHORZERL S 20E,E
5 BEEE b, FhicBT 53Ry
BT BTV CTHIERIT > D THRET
5.

EERAE E LTV 5 AERSI VY 7 A
DEE 2mm OHOT, LMILONEL~B
deisic g W HEEEDESIINED 1/2~1/3BE
=, zomic 2M-KCl sol. #7213 0.7% NaCl
WaiELib0oRAV. SRR (05 mm)
PEALT—HOBRE L, BEOLMRIHEZIHK
2 M-KCl sol. % 7213 0.7% NaCl #+ic, 1) 1 mm

e
a

&
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KXW, 2) 10mmiz L, SNk oRREEZ S
DEHE LTERB ICRFEZHIEL, SbL
DEIESLEBOLMEIILE 2 gl (254
V) CHL, BEPE, 3) 1mm, 4) 10mmiE
LA 0B, HEZEE Lk, 1) XK
2) DfE» LEEREDEN, REXPME LK, o
eV 3) & 4) OERCKRE-FHTHERE X =
INDOHERY» BDEEEY 10mm HEHIZE LS
BT EILEE B OO0 A O S B2
BEWTHEETHZ L2H-. BERAEREWT
ﬁxw@ﬁwcaﬁﬂen,iﬁoﬁﬁm;or
BZhBRESZR LAThELbRVEETD
5L, BENEIEFOTHKTEVWIRICES
THAHS T EMBHEIND.

T BOREIEDH = AR (50 p), ¥ = — LK (15
£) OEFOWEE, Fhih b OEPM/NERD
THTEVWRIGE, EELEOEMBOER LA
SELTCDS, FOWBUIHE 9/ X < 10k @
order DHDTHHZ E&H T,

& HTNOLGHE - 14 B I © voltage
clamp =& :
WABE, JEREE, BEET @EX, &,
k) '
HEEENI T TR S =L OBEHRIT OV T
El&s:ic X % voltage clamp 8 D — OISR %
gL, EREEOSMEE LG A LR
TH-"C, WHEMEZREBET SHREREICOWT
[P Lz, X B2z OFRREIRO—IF % kb
voltage clamp32Er % B\ 535S I ks 054
LRBRCIRVS B X 5L Lich DD v T voltage
clamp 217V, BEMRKITOVTZ BhFR
L BRI R TR - DO THE T 5.
PTAEHELS, MEEKEZCLTS. Sk
L CBWTHAEE:, BHEEERE clamp ©
HEETLASFBRTDY, MREEE CIER
R IR W TARENZIRE Lo, i
S HErEEE clamp FiCE b 2 N E EBHIE CIK
BV TVIBARIC RIS L, IAT#C all or none
TH5. HEBHEORERS THEERRBDLND
%3, all or none T\ DVLBHE OEBEAORE
2 STt all or none THRVWDLFAHICXSHD
LiExng, SEIVCCRBWIHSEEERE
clamp THIRI A B 5 BREA THIVEAM & B
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Hbh 53 X0 clamp BE T, clamp #i %/
bRICT 5L, HBHREXOHMM AR S ERDS
Bbh, TOoBRRFMEZACLTHOIAREERD
FBIRLECH 7. = OBRIEIAF X EALE
b T 5 clamp BEE% zero KREITAN
1Al X BV F OB DRI zero M)
# 5 25 Hodgkin HOEAHEECOWTOD
BERLI2LBABHOTHD.

AR EBHOFEBED conductance (Hl2E Gna,
Gx) Ok ESL dD & +hif clamp % zero
CLESECRLOBRA» L THRT DI THS
7, BRHORBRRCX > THRAEERIEDbNS &
Fhif clamp BEESZEL LT HAR S BROKE
BARLETHS. SERFEAMEEROERDIK
HAR#ETCHH T LEPHEESND.

5. h T BIEGRGHICHK >HB choline [[Y
BlcoWT
BiEpl BEEX, H—48)

BRBOEEEINELZD £ < BAYT, SH#iNa

% choline CEHT HHER, BRIV T
acetylcholine {fER BT B IEER A DI 5, &
ZCIEERIEE Y LT, choline & acetylcholine
TRbT BB DRI MR HBRET LT H .

BEfE W THE%L choline-Ringer #iz 3
5 L K-{fE020% DREHRER L . SNkeE
U ER Ringer #iz3 % & S LIRS HEML
Fo. Bz bOB%KIL6 x1075g/ml tubocura-
rine iz X W E Xhiz. B4 D NajRE®D Ringer
¥ %> B choline-Ringer B ZEEL & & & D
choline ILiEINaiRE & BIRICH -2, EX
acetylcholine #)45 d #& Na iith CIIRBR Lishr o
#z. Tetrodotoxin Z@E&{EL T, choline X ¥
acetylcholine ¥k & % IC BERIERE L FRICRR
L. NBDBEZEDHIC LI > T choline
WEOILEVIAR & T D, RKRMIKAE
Tt 7. i choline I T AESHE BT it
SLaEL, MBI X ) HFUORELE. —F
acetylcholine 308 K- ix choline D4
LV AN HICIEE L, HNE TR L.
Choline IU#EDBEMEBNBIZ TIT, BHBMETIRE
FRTCREATBMESBRE S, EEHETIE 1 7R
FRFTIREE S ER Sh .

LLkX Y, choline WRITHIREDRFTHIN S

&

BRI 0OTHY, BEMEIBEROBREESS
TORKERBEL LTHLbhIcdDEE T
# 72 choline IWEFENIIEE I LT Q=20
BRMB A5 h B © T, choline OXKIFIIERIC
¥, choline X {ZErOWEDILE T E—EDIL
ZERIESETT 5 X 5 cibhi,

6. SR/ atko Ca** &Y =R &, ATP
hydrolysis {2 T

EEEE (BEEKX, $40)

f/Matko ATPase 7&:, 3 X% Ca-uptake
REVIRERENETH D, £ ORNBEREHEED
Tk LERRBERPERLT 5 L vwbhTwb
(Inesi & Watanabe, 1967 ; Hasselbach, Makinose
& Feihn 1970). % Z CAEBR T < FEEH
BHOSEERG/ AR EZ VT, ZORERET L.
XHiZ, BRETHEEZEIIRVEEDREED
caffeine, thymol, sodium desoxycholate % {giFf
L, &ML SEEG/Nako 20C kX 5C
&#TF T Ca-uptake fE% FH~7z,

T DFER, SEEG/NMatko ATPase &k, 75
Uiz Ca-uptake fEvddtic, REKFHETHD,
I5C2EE LT, |, ®EKRCKVT, &
DRt $ & 4R B DS ORI I E AR R 2SR
3L L7, U b, Ca-uptake 62 ATPase 7&#:
Lo rate 1120C, 5COVWTFhTCHRLT & -
z.

%7z, {EIET Tk Ca-uptake B IEICH 5
%5, Ca-capacity 1320C DL h & F—ToH -7z,

1 mM caffeine 03 5 BER/Matk o 5°C &
Ca-uptake BEIER BT OHE L U D3kv-Hy
HWERLE.

Thymol inzB4rakms/Matkad Ca-uptake fFEy:
0CEKTTIMHENS. ERFHETTIFZO
MEE X SIERTH - 7. 20°C, 25 oM Ll LD
AEECiT uptake Lic Ca?t 73 1 760 Ol
THEmERL, BEOERZIX-THE<L ko
fz. L LZ O 5C £ETFTRED bh
¥, caffeine *[Ric, BRTE H % 23, Ca?t
@ uptake fEZ 1 L 7=, —fiRic Ca-capacity &
thymol JREE DBV L.

Sodium desoxycholate fLER48EA5/MatkDCa-
uptake FEVE 20°C T thymol LHE DB & i 5L
LTWwi. Tinbb, 20°C, 5C fifh © 3 4 ¢



o

%, —i% uptake L7z Ca’ 3FOHEETS. C
DBEHI25 M P EORETEHESh, Fr5C
TE Lo :

1. SitsiEoniEE s z0EH

FEER, AR @K B, JESE)

B ICRET 5 B F = VBB OB
ks, FlMEE, REKHFORLTSLTED
X5 BT oo R B L, BERAE —EOH
K CHMEEHE U, SEEREIRESx, P
ULHEEEE %oy PHEHIZHE X ZHV, Xe—x P
LT kc=ax (a>0) L7 5dD% CBl, x.=ax
(@<0) L55bD% CH, % =const. 755%
D% A, x=const, 75 b D& BALL
72, UL 2 —x PR LETHELWGGT2D0%
C. B, C: 2, A B, B, Bl& U7z, BIREVITI,
AA:, AB:, ACry AcClry BeAr, BB;, CA;,
CCr, CcClt, CleAr, C'Cr, CCr DI2EERH
2 bR B %, EEe, Co A, C., Bc DIET
FHESRS LTTL.

Sartorius, semitendinosus ZT L B R,
rESEEROLT, EECR EB L. Fi

EINE L E YRR B

A
=

%lll'!a

% % 385

20°C fifgoiEAo 1 BE & 2 HE T, a s
113D B S BE O LTS bhvig v, AEE
Blom, Zo—He gk T, AdA: 11 semi-
tendinosus THIK- /L A DRHGERIE 218 U7k,
A.C: 13 sartorius THEEBEKOE b K,
B.A; i sartorius ‘¢ Ca jEfE% Ringer D10
f5i Lizig, %72 CcCr 1% sartorius 75 THIB
L AR 2 2L X 8720, CrA: 1T sartorius
ERECARBEEC LSRRI TWS
Wi x—x FHE kT, BERARLEFRRZE
BRI ERT 5 &, BRO—KiifEEIELD,
BEko=kihgnEbh, ILITEETE, [
BOBHABFEITBETL DA bR, i,
BloExRcipted BEIT, 8OFTREEL,
8 B HZIMERE LS8 0FREET
53DbHbhi. .

Z OOl 1/2 INEE A B S EDORE t L3 D O

I HEIRRE t2 DR (

S, WL SRR 1A L

T BMEL, i xDfEpkD bh.

A
=

B W EAMEEI0H2 B () FHRIKN30S5 XY

B PR EBfRE
YFHRE L E =X

1. TEEMEDOKRNEY AR BICXTT DI
RoWE v

HE%&,%Aéik,MK B (@R N
i, E3E)

BB v FC, TEREORERILEVOD
B2, R > THESTHT LT TRHD
nTW5H, Lrl, TORERLEYOESEDR
Hid, BREOBIITE B 0P, HUOHEMTX
5H0NE, BESHrTIhTHEY. £2T &
R &S & R EERET SR DOFHERRWT,
ZOEAER L. 7x¥s prolactin L FEREH
DERE FWDZELD B THRET L. FLERH
vk, 1H, 38, bDEELx AURKTE 7
v FOES L DL, “C-leucine #&ir pH
7.4 ® Krebs-Ringer bicarbonate buffer T 3
B incubate L7:. Incubate #%, #TZE & medium

mEERKEHRE (TH)

L%, #nFh Bl 4 1T polyacrylamide gel: disc
electrophoresis V), B L7zgkEHR/LEV &
prolactin’ OHREZRE L T, ThLhDHK/L
TV DER L FWBDTREE L.
BERALEYOERE, Tv b7 D T b,
100g HEHDVTD, HkicE > TE BiLHEd
FTHORRE LT, DSy 7 TR
, 100g thEH D ThTFrCEmM L. 5k
BLLAREBELO K B R THWROEDHML

Tz ORI D 7 R 5 ERENRREER ©

EERTELRIHFLT BERT IVROH
BAF ST LCB®RBDHLEXOND. ¥,
DLEOEER, R TV AHMRIT X SHTE
DFFRRLEVERDKET R, m@%wozm&
RHHATES. '

—%, prolactin D&KL & HUWIE, HEFILE
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VOBELLB T, Ty b TELIIHD
iz, 100g wEDDcEdeiEmli.
MERABADOERK EHE, wWThbilfiick-
TEE TR L. BEHOSHRRBRDE, KEF
NEVORRBRPC X HDDLEHE BN, SRS
1%, RE&/LEVE prolactin DS OBE MK L
EVOFHBITCLBDIDEHRLNS.

2. —ooFH LW Eo XS F ALER (BF
VCG) [cD T '

YrepdERE, D 1R (KB, B, $—4H)

HET R~ P ARER (VNG) ©owTH
FMEE S LUMSEERE LRSI THRE L.
A& rho ECG ~OHEcET R TD
5. WEFEBEOHEHBLERZ HERIEN (ENG) o
B & % z T, —RH VNG & FERicEAR
(W—7F) 2B EHBTESL, Thix VCG &Y
BAEVE®RDOL—T T 55, VWERICEF
VCG :RAR.

FHEE LTi3d D ECG % x=1(); ¢, B,
LUT, EFNELERLENCHEIUTCXE
2% y=g() L, tRHELT V(r, ) %
zi:ThiE, ECG OBAThiBKTH 5.
Lz O~ TH (BARA) ECC 0FHTEEE
WEFEAZANTE ZEBFIRAEREITHS.

AED ECG ZHBHIfER L., B-BEE (E1
HHH ) %7 Frank OF#E LRI LR,

ZOBD ECG BHR I REBEC—LANE
CHAE L Tw 5. £koL—~7oHic, X, ¥
(R LEBBNIV), /NO3HEDOL—THED B
ha, Xi3QRSK, ik T, /MEPREYL
Twiedd, BHOREKNFECX VSO
b5 LB bhi.

*7, BARE K. K. ® ATAC501-20 #FIf
L% ECG 2455 L L. FixismE
hedb.

R () —&D VCG A iz 28 ECG
POt EREELTURIELIDLEZ NS, (2)
N — 78 ECG i/ ECG (Bi%&) © P, PRS, T
BT 5, REMSEOREVHEZEEL T
5. (B8 : RAEBEEE, 31, 404 (1969)

3. CR EMZE oM ABEATRICERT
BhE

& ¥ &

MABHE, JERET, FHET @B E,
B — A TH)

ABREIE % DR » 5% AR+ T
SEBHEREED, Lieho THOEMERIELE
BCLEHMRBPUINCHA IO L LTED
Shs, £HRRCERTLERBERRRA TR
TOBECZO XS BERERF>R-EE (Ricz
fvz CR IR & FE.S) %5818 LBk Ih 5.
EREDHEE» BT D X 5 e LTS h ik
RECEPNIEIPNER SN DTHS.
ERShEVWRBEEZE 5 L3R B CEE
BERETHHBRHREET TR ORDOWTOHEIL
2R Lbbirv. EESR IRV 1) i
T O V() > 5 A S5k (RigE) E () 280
HIRCR® 5, 2) KOk V) 2 EXSERERR
A DD out put 1 SEE E() 2k bHhHk
DZOPARETH DT LB - 7. 1) €onT
BT OERE XOGIRE T CIiRE Lie (s
FERAEES) OTSENL 2) oW TEHEpH
& EBE DM AL THEE, £okE & LT EE
¥, EEBOXEBEBR S HE © pulse ito X
V) 25 E() ~OZBMAERICITPREZ L%
%1 B D oscillogram 1 X - TR Uiz,

4, SEBNEf0 over shoot [T ZHIE B
KILPHREBREZ B TOER

MABHE, JEREE, = kk— @EX, E,
HE—T)

TREVERID over shoot IToOWTHFDOEE T
HLREEMICRT HBMOELD b Dicid
over shoot 134 { &<, ThNFEHN IS
HE WAERCXHNBBEOBRETD) K
DEIEROEHC L > THbhW DD THBLT
BT TR 2EICE » THE LBSERE TR W
TRELALFNHRERRY L LCSEMBRCE L
HDERAWCINEZR L. ZOREZEI BV
TREN EHBEOEIISGORR 2 E > Bkgk
DIE, BEMEREERLCS&OEIRE (1 1volt)
BEbh 5 O TEFDERND zero KiBiLTE
LWHHE I B Vb BIEEIEMITF O£ D
BAOID RN SEERO—HTH 5D THE
HEBLOBRES, AN X b over shoot 334K H
b -k D REEIBRET 5. Eir ol
ZHR T OO SBEREOI/MC X D4 2L



THT EBRShT.

kO R BEER S ENIR VR ORB O
BICR L CERCH - cRERREER L ZhE
SHHEERCANNEBERRORTRE LIS E
L Bz over shoot BSBLbIL S, Th & FxHiiix
®§E@%§ﬁﬁ&,%®§%®NﬂHK§LT
REWBEZIR Y X RERBEFRC LEZH
EERACALNEEECE L FiecEscE
) rest. potential CR 5 ETIRENS after
potential (under shoot) 7RI 3. TH XS5
LCTEBIERID over shoot & after potential i
FORERAZLBICTEHDTHD, resting poten-
tial PNEBEILTIN B EBOH IR K> T
Wa T &, 5T rest. potential (IFEB L72E
ROBRTBROBEI T E I\ bl T, over shoot
% after potential OFEAEDRHEATHH LWV S5 T
LBTES.

5. B0 bR rICEBINHHEEFREF O
i

MEARX, Kt # (&RX, E, $24EH)
10%g/ml DE 7 r F* 2 VHRY o H oADK
TSR R R U CHINEIE T 2 R S w D
&, FOLEIEHEMOHIMIL 2 FEHTELD
BERHIERZE LT VW L EbhbhiE S T
H]E L.
3x103g/ml DY/ bFTVERAVHET
b e F ¥ v ORE FCREMEEERE CRIEL
FERBIEEE 2 v PR —LD —50mV i
L—55mV 79 5mV KT L& 3x103g/
ml Q¥ 7 r b ¥ Y VIIEBEMO EFHETIXIZ
LAXEERE L ko7, THMEOHRHE 3
fEE e ph bl Lt gz, £ LT 1073 g/ml T
Babhith o277+ — BB TRIORD T
Sh, FoORK LR LIENIBBEROM AR D
Nz, 14Tz OMAEERTHE, BEDR
ERLEBEA OTEAS & 1 msec [Hid 7.2 msec,
7}(0) 3msec. [8i% 3.7msec THotz. /' Er~—
JVRAER U C/ME R R BIRE SR L7 iiRkET B
TEEER DEENS A DIV, TRABTHEFE
WL, 77} —eEMOMBIEADL N »
Fo. 1 GICrREERITERAS D 2.5 msec i 4.2
msec ‘T, FOHELEWCHEM L7z, ORI
77 F~ SO NBRECRET S L LR
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DB R PRIV BEINKEEAIE
FEIEE T X DERMESER S, ThIZEIRETH
RiERBIb 5 T, ERBERETH BN
VRS E 2o d Ly, EBRWERIED
BETWREZ v &2 vigyMatks bo Ca ik
EIEECER LD, Eird LMk
BEEMSEROMEZRD 550N, /R T
* o v hMNakBEic SRR T, BlES
hi-ZHBER OERPRMREIET LT, /ME
HEOBRWEER AL O b 5. EWK
EHEAIC T 7 + — SR O REEDO = v &
I RVADEHIRLCIDLDT, E/RrALFY
VYRENEWE Lt Rkd 77t —fArEbR
DOTIHRVWHEEZ BISD.

8. #FIRMER O TRERSIEEHE

LHEAFE, FIAER (EHK B, JEGER)

BRI RRE T B IR R 2T 0 DR BEIT
IORBCAERDBEE, HEVIEERIKEC
¢s<m6%ﬁ,%naotﬁﬁ&ébﬁ1ﬁh
BEATHE, KOMEIGEED b Ok dh
5. WE, WEEE Xm, THREEER Xe, T
EphiERE R Xr LT L, £S5K 4D Xm Bk
B Lol ELNEHOBELLNS. Th
% No.1 :¥%%, No. 1 Tl '

(XS IXr] weoneeeeesenmsesmninsnnnnsannnnnns(l)
TH5, {kam?b>§ LOE LTS O
IXmI ceserasesireeesisanas ......(2)

Licy, N>2a%xah% %z Xm HREIC
LlHieEbhsbowNo 3, No 4, No 5 &ix
Y, ZOH

¥k No. 3 TH D,
V¥ No. 4 L7 b,
¥ No.5TH%. %7 No. 6T
XM CONSE «oeorrerennsrssossarnnrssrassennenes (6)

TRt X HRT 5. WiT Xm BRETETIC
Fbh s No. 7, No. 8, No. 9 T

[XmQIXr] worevemerenimminsnsiennniennnin(7)
LBb0% No. T2 L,

[Km = || weeeeerisrniie e (8)
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# No.8r¥+5%%, NolrFEUL
@M>m1mmmmmmmmmmmm@

¥ No. 9 ¢ H %. %7 No. 10 1z No. 2 D¢
Xm 3+ %. No. 11 {3 No. 3, No. 2 i1 No.
4, No. 13 }x No. 5, No. 14 3 No. 6, No. 15 1%
No. 7, No. 16 ix No. 8 pifictd 5. Ll Lol6%E
FeRR EORF ORI - T bR 3%
L, B4R SLBHIGHLZED TbP Y 5 5E
THZLEMRTE, ThEic LT« DKWL
MEERIATHC ERTREL D,

1. Ringer HHMMELICHT IHNBELD
SRico0T

FIRER, EHAR (EMX, B BSEHR

RAV =L EHGHOBBREHEORES, Rin
ger MHRZEL IR, FoX 5t
LhEEEL, TOHERTHL, bhbhofi
okl o2 L. Tibb, B NaCl-
Ringer #, 1/2 NaCl-Ringer ¥ (64.2mM), 2
f& NaCl-Ringer ¥ (256.6 mM), 7 KCl-Ringer
#% (10 mM), i KCl-Ringer #, & CaCl,-Rin-
ger # (8.4 mM), 35 X0 CaCl-Ringer i 7
BHOKRRCHER LR L, E¥ Ringer ¥
DEFREHBICLT, WBE2T-7. SEERC
ISR X, TIMEEEE Xc, it AR
Xe 2w, XX P, Xr-X FHEcE b

FBEAFERF L HE F S

B B EEFM64 9 A25H
% P iLBERRESEE
HERE  ERE—

1. RBEEROBERL r BIICHT 35
MESORLFECoT

FHE M, MBEEE (b, E, $o4m)
FH r ERHIIE « ORROMESHEIT L b
(BB E SR LRI 52 LRA DN TV
B, EEROMET I VTR ZN S OSHEIT KR
BABIC X D r MIAORAE M LA Uiz
PEVIEHECL > TRZbIED, HBViEE
& LCHIg 0@, T b bt msec BAP
TR HRARE I EEM OB E LTHzEs
NBTEBE ot L LD 7 MR+
BAMROEREORES, EROEH LD

LRROBRA, D, BEEIEET L.
2o, Xe/Xr, to/ti BOBEDTo72. REL,
tyy te V3 1/2 UUHER ORTE OIHEME & 72 AR
DFFHITH 5.

1. 43, 2#£ NaCl-Ringer ¥%CiX, control
L hXr OESET L, Tiobb, HikEN 2 E
&L, REMTCE, HIERRESFR LT
1/2 NaCl-Ringer {5 Ci3ES LHE L, 1HEH,

2AB L, REBRKRELARR L7, BiNaCl-

Ringer ¥ CI3lEEH 2L L, control DREFEMEN
ErsEtEoRE L b, REBIZX VABIKTR
Einotk. .

2. & KCl-Ringer ¥ CVx, INHE, stfErsttic
HELe D, RoIFRNEBERD, BHROHX
LB, 5l&o3&XoRbMBEDLNI. T
hic L, B KCl-Ringer J#&Ci¥, control &}
N, FRALERRIEP-RB, #R, REoL
REZRLEND, REMCREIAR LT,

3. & CaCly-Ringer ¥ TlI, REDET,
7 BUNCIAES OB ABERD b, 23V TR
MR X N7z, B CaCl,-Ringer 3GV, #otiiEn
BEL OV, (b/t)r OEEFHEERL LD, KXo 0
EbEEE -7z,

1) Ueda, G., Beppu, H. & Beppu, Y. (1971)
Proc. Internat. Union Physiol. Sci. 8, 573

SRS THIEO>VTELBER, Thdhb
DANBR o1, v HRORFIE D X 5 In
temporal pattern- #7R¥ 5% X Y BV E -
THETHZLIBEECTHILEZ OB,
SEOERTIRIZBOFH* 2 2 AV, #IKE
X E MR CTH 5 n. semitendinosus & KK T
MLTH— y BEORSZEBIEL, RYEMR
g X 7 D% 4 pattern % ¥ msec
DEweE>CTHELL.
DR B+ TdH 5 n. suralis Flikic X H 10
msec DINDOBRFCREHERM R b h, Xic
49~121msec DHIHEHBE Ry, Th



%

5k & 200~900 msec T H » TEI L FFEN
R v BHENRD B, TOX 5 IR
$—F 4= - — late facilitation &5 ppattern
V%, n. suralis OEE®D 4.0~14.8 {558 ORI
LDI9KD y D 5 H 9A (474%) WFEDD
nic. fholofkizowCit late facilitation 1378
DO o 7. REMIETHD n. plantaris
Hgcix, late facilitation ZfE7ZR- 7o L @
pattern % 7R L7ofiEDs 70.0% & - 722, hfife
T% % n. gastrocnemius-soleus FiFKiT X - T&
17.6% kW TRD bz & s » 7o, Late
facilitation DEFEERICOV T, HERIEK
POEEEXT HERIEL, «EFHEORT
Wb % “after discharge” & iFRIANCIER LT
FHEI D OBRA B EET b0 LEL DN
5,

2, LAIEEE(Ch) YT & O ORIRIRIC R & B
># 3 dorsal root reflex (D.R.R) O#HIC
20T

WMABA, & K% (dbkx, B, $048)

UFHOER x = BatGic, EEWKET (37C)
T, MR IOCTFETEOKENRCHIBETH
BB CE—FEEmE 5 &, FETEOERM
REER X D9 6msec DEEFTHEMDERN
WH X, FOBA ORI 6 msec, IRIE
13 100~200 pV Th o7z, Flikds X CE R
DHESPEE P ZIHETD, SERRLELSS
EHhz,

D kS REMSEEHRECSEDONET
"1k, Crs OEXORELZ YN LT DL OBRD
RE VR OBED B To T L
B, FREID.RR ith 3B TH S LHETE
Ihic. L THOEHBERKO—HREELLND
#IE%E Crs OBITUWILIZELL A, TDEE
WEAIZHCERT L. O, LitoH
EEFEHTLR0LE X b B, EBIT Cens
Thy OF S CHEEZBITANCEAEB2C) 75 L,
SAEMBRORIE, RiRwie beFLIHERL
o kix, ZOXSBBMAPERTAHLDLND
D.R.R. LAHRMER DO LETETEDD
LEZBNB.

o KBS MRESETEA, EhRmE
pFEEATEhER | ~NFEEXRTHT P

A
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HbhTWwb0T, Tt sEEEov
<ATHD.RR D ESLBRABEHTE S0
B LAl 2%, ¥ 8msec OERFTHEMOE
RepEH Eh, —HFREWRMEREFES S
CFEEACN ~VFeXaEct 52, The kil
D | ~VFEEROMTHHRED L  ABAITE
HERhTwinw,

ZDX D N ENRRE R TEARED X S
TR ARSI E R % D O T D W T HER DR
Tiwg, Bkorhiixz ey, iR TRIE
UHETCRHCERINL LD, X055
WEA OMEILOWVT X HIFMLAHT 2D T
w35, :

3. DEREEH

WA Ctx, R, 43E)

SERRER U A L DU EEEISE, posterior para-
hippocampal gyrus, Fik[E #3 5 35 #f parahip-
pocampal portion of lingual gyrus, FjgEik[ED
b & ORHELE X A BEIRRE EMRE
EFRsEE R prestriate postsplenial limbic cortex %>
5, KFKCHET S wnit Bz bhie,

ZD> b, BAEEDGREE T SO0
BEONFMCDHIEET S wit BHDHOT, F
02 A HHEF & OBES DI D.

BEERLE» D2 bt/ unit OFITIE, X
R “on” HIEEd - THET 50N
Hote. .

EITHERE, gk, LRk EiEk»SRE
B DS BRI & X T\Win b 250 b, Rl
S5 5 unit 1 DR ERIWTHEP,
zh BidgEE “on” RUSERILh -7,

FOMORETHD S b, SMUBHRES XOHE
W MAlRE 248 processus tegmentosus lateralis
nuclei pontis 7» HiFEEE “on” FGAERT unit
Bz SRR, B oy bAT, BEEEE
ORI “on” RUSIISMABRIRIC X » THik
EhsbhDLHELND.

WS AT, WEROMRHERZIXD,
EREEKTEHEGE8HHDT, T ORBHGIRIT
ABHOEOEbIC X LB LS, RHHKE
DEN Y X AOHKICEE T B REESE X b
5,
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4 #IRELI© quantal content BT DOEE
FHEEE

MHEEE ok, &, 4m)

Katz © quantum {31 X 5 &, JEE) Rk
BT 5FD ACh 7> 571 % packet D3RI
W SHB/MNERER. (moep.p) 24T, M
AV TNRL X BEIRER (e.p.p.) 1T m.e p.p.
CHYT S8R, bbb quantum REKE -
THELN 5.

EIREE Mg, iR Ca Ringer i CHRIRT 5 &,
m.ep.p. DRKEITRIFTENRTVA, e.p.p. M
INER gD, ZDEXH4D e.p.p D quantum
Hvx Poisson 441 Leht 5> ©C, NEOEB)H
RFBC XS e.p.p. D quantum EOFEE,
3 74% quantal content (m) i e. p. p. DEEFEL
No 55

N

m =logW

X -TkDdDBh3,

LDHFEL X »TkdBh5 quantal content
OHEEMER m', T OEHEFRER S.E(m) L +5
&,

S.E. (m)
ml

=+"v(log m)’

(272U o(log m) 13 m' O IKIED5EL)
LBBHDT, m OEEEERIOBLUTE T % 0
WA E B/ NRITE Nmin 13

Nmin=M:#

Lib. Nmin 03 m'=16 CEEHE 15522 D,
08=m'<2.9 OFEATIT, HFTRE 200 LThiT
TaTH5. FiowxiE, RIT&E 200 L1534
B, M B08~29 7B X 5 RERKHE
2T NEE B,

Quantal content DHEE m' DE{LOFZK
BiX, - REC X > T#ESh, m 21308~29
DL EOFEEHED (P<0.05) 11 25% LT T &
5. EFEORM (P<0.05) 11 40% LT T X
v,

5. BLEBOIRBELEHOHE
WEEE, WEEE ok, &, 45
HERNBEOmMELE L, OEFHFOEe X
LN, £F0OmMKROTRSOEELZZITS &
LENBDT, FEINERCETL0LI1TE

£%

2 TWB EEZBNS. b, XBEABEIRE
OIRMOELEIREE LT, FEHEEELBOER
@ nembutal, gastrin ¥ }X (% noradrenalin #HT:
X 5Z%, RFRERITFC X VHETICEL
7.

SEERVE urethane-chloralose CHEEE L7z% 2T
DNWTfT o7z,

A& (4mg/kg) ® nembutal ##ET5 &,
SHFMERIEEAEELRVOR, EIEDIRED
RMIFLIHERL, BEC ETHC LD
k. ZOLERFEERL EHLE L, B
DR ITIZ L A BB BB ofz, 2D
A, mEESHPROEENRE IV EECX
DiEd B X ATWAST®, nembutal T X - CE
BOMmBSENT 5T LE2TELTW3.

I LT, gastrin (67/kg) OB L »
<, BOWRE ORI LYERET ¥ THATS
ZEBD T, TOLELHMERFELZT
T, BEOREDIZEALEE R o7,

A& (5 pg/kg) @ noradrenalin € X 5 &Er 1
EOEREFFLTC, —RRCEE DRI OIEM X
WAL, BFAEERETRLE 2LTzhbdo
e oBh T, BOIREDIRM DX E, Ik
EOLRERAEBRI., TO T & » b, HENE
12, Bom%E X b %3 < noradrenalin @ fE I HE
ERCRET 5 X5 CBbh 5. 450 nembutal
CEsEboME b, HELELFOomED
noradrenalin {Zx}3 % AISHED B A3V B3 —ERES 5
LTWBDTHA 5.

6. ANEER, BEHE =1 -0 OBEEsS
OFH

VeBREerE, FOHHEE ek, #, SHipsmE)
AR TR O MR MITEEIIR L L DR
L, ERBRROLTRE, EARHAIOR
BCAS. Mk, MESOEILOEHRIZME
Bof=a—rritisT, dEREHHEINT
HWENMEESh, HEBEOR=2—RrVITX-T,
LTI IS L EBRFHINSG., bhb
37 78%, HErbE—=—rVvOlRER
ER L, BRI A T B BERH, 48
L, HEREOZL~LT, HEOLEREED
5 R THHEESR 2SI LTy
6' .



e
ZORER, HEK, HEERK= - —r ORI
KRR U, UFORERRT = 2~RVvOH
FRTWBZ EBPEEBAIh T 5. Titb
5, HETE, 1) WAk, 2) Bk
Ho 28, BT 1), 2) Off 3) RBERE
#, 4) EIRREE O 4 BB S, bRl
sEgice L, 1) vErRoiEE-EImE,  2)
VIR -, 7o 3) IR0 RA
SEEE FhETNE TS5 ETRHESTBNS. T
niTx L, 4) EobRRRRRECHEE LR AR RR
ZH LRV, BEIMERHCEEED L3l
HESEERL, FREREEZET ST L THRE
ST bhb.
el & BB X CIE iR AL = = — 7 VOIS
2R L OBRicoWT, SbERThE %
AR PR IR ARSI L, ATEREET, B
FEPTENTILA VoL AEERINER R
X iz, SEHEE “Av” B LR AT T
LR OBAOKER B E, &b, 1) BR
W, 2) @ESLE, 3) EESEHO3 MK
STED, HOBELECEE LR 5O,
BRIy, 1) oRR, 2), 3) o1V
SLAEETHS. chitkt L, BiEmHAc
1Z2), 3) DAVALRBEEOHRTHY, 1) O
ﬁﬁ@“f7”&ﬁ@%ﬁ%ﬁﬁﬁ@@§ﬁm%
BEL U, SR 2 T R ORI
WECERET AR TRT.

1. 4 H = OIRImESNXECHES
BEEm, AEXE (dok, H, B)

3y % = OIRRER RS T B B T8
HEBROBERTE NS0, SHEE side down
% fibre (SD fibre) & head down TG
%37 fibre (HD fibre) & RAVICH ~ 7. E
% pIkA8 (overhead light) Ti%, AEHIR & &
b, HEBESEOR)EBRCIR O, EOERITK
LD TRE LEBERRT L EBbb,r Y, &
N BE LB OERICEIT HIEENRDDL L.
FFREEORB TR Lk level down 2 &%
CRARSAEOBINR b, WICIER O
Bcix SD fibre 1338k % & » TV ARIDIR~D
SeHRE VIS, SO REROMRERL,
#7- HD fibre ‘Ti¥, WA OIR & % %% (field
038) ~OIRNIEEY:, F175 (feld 0207) v340H)
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HTHD, 2hbDZ EFEPENCR LTED
X5 LB CH > THIBTH - 7. EBRVIK
BEBEWTHRAKOZ E8vi, BEH, T
IR R B T DR CER S8 i
CRREARISREEDOTHhE & bie, BEMETO
level up &RFHE NI,

TR OE4E, £7 SD fibre iXEIHERK
izxt LT horizontal optokinesis oD K & & 7R
L, BEZE 7 flip back 273U, MEZ EZE L
stripe drum % [AliE XS TITIERBRTH -
7z. Drum [EiE0¥4, EEMEAEKTIZ flip back
BT BV E D, HEIRCEEPET -
TWwbZ Ehbhoiz., £hick L HD fibre X
HD FRIiCREFTEWEERZRTS HD FHH
VT DM D BISERRE i ofe, TDTE
13, HD FRCEBEANZG TEFGEVISE
R LS %55, HD OBEii: optokinesis 23]
SR & Fedatkiic level down L, FMEAY
T TOBEARIL WH O LEbs, ¥z
drum OREEECH UTIRIER X d@FA LR T
Ehbht., WFhic L5 SD fibre & HD fibre &
TP ERREORMENKELRERDY, SDITH
HEHEVWTHEESREBC A LSBT, £O
BEHCOWTSHBOFEOLERSE L bhi.

8. IIERIPREROBIEN R TRICHLIETY
3

HE 0, = EEA, SATHE ok, BRED
FERR DI, FEENC X - THEBREOEMM
RTINS, BEAIRE S OFIBEN, PhE
RELFHOHADEECK » TRESH, O
5 LIKEUARYE, WRER L permeability DRI%K
5. WHERBECKY ZBMOERE, BLo
BAeT, IIBORmEE—~CHHTHLEXD
N5OT, IEEESRIEOFEERER MY 3
5. Xz THENE, PREROEFRICE JIET
FE D\ TR A A DIFIRIEEOE 2> AR %
5 % L& A7 [ARIT air space O respiratory
advantage [ 2WTDEEZITIR o7z,
IFRTARRE, =&F YRRV CIIREmRON
1/4% % - TS L 7o, 3EChF im0 18
vk, #® narrow end %, ftb O 11X air
space D3 % broad end a7z, EIHO lyﬁ
vk control & U7z. fRIR10HE H 2> HIFERIEHIR
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X Wi %17\, Pos Pcos, pH, Het % [[—oii
WBiTB Wk, X bz Siggaard-Andersen /
®/5 4%y, HCO; , # CO, B, base excess
RSz

L, O: iHERE, CO; BAEMN, WREED
BT X > TEbLLREWHOTHNE, MK Po;
VI L, Peoy 13, T 5z LBHFEI L 3
2, FROZERE X7z, pH 1% Peo, 0Z{bITH
ELTETL, mitho HCOs™ i3 CO; ED
EmdEECTH 7. Het 13, HEOBER -
T, TOWMCEEENR bh 725, Thig,
Po, OB S Mip O BOETEH S 2
LBbhD. kB, MIFoBETENLD
ZIHBHLN. BLERELIETL, Th
¥& hypoxia K XHEEFEDOLD LBbh, HiL
B WEO A 7 2 DIRAEVE, £ AFCIRRE
ChrzEBbys. Dok, FRAE
I U-Frc BB RICIFEREFCRPhL TV T
&5, air space (D respiratory advantage V1%
igwEBbhs.

X 19

1) Tazawa, H., Mikami, T. & Yoshimoto, C.:
Respiratory properties of chicken embryonic
blood during development. Rospir. Physiol.
Vol. 13 (in press)

2) Tazawa, H., Mikami, T. & Yoshimoto, C. :
Effect of reducing the shell area on the
respiratory properties of chicken embryonic
blood. Respir. Physiol. (in press)

9. KEENOERNEICLZFzv o7
R o

FETH, SAES (X, EHEN, 4£m)
EKIVFRESFTERAVT, [UEERRZHE
TBE, ki3, DuBois DALY, Kik
BEKy 7ARNEEOMIZ, VY — 2 phignm
i, T OHE XL VREBHELAIEL TW525, T
h TR, BHRKFEOTERROTHEIKESD
LTS, HRESF = v 7 - VL THEEYETS
EBHFTBEVTE, BREEL’IZ, FREORE
PP, BERL D REIBERLTHBTLERTF
BMIh5, bhbhiy, 2hi @5 k- », [k
B, Ry Z7ANERE bic, A-DEHL, 2v
Vo 2RAWT, £y 7 ANERIIENECH
Hionidtie, M-Sk slEanEs, &

METH Y, FEHRACKEERL Bl E L %
7o, bhvbhit, E¥ACATHCSF = v 7231
THREZBE® D, Fry ZEofiho7, MK
[EEHOKKE-MRNERRC X —FT 5 &
BEb0, BRF=v 7 NTRRELL. TD
F = v 7SV TRIER NI T, RigHE
XY, [EERZEREAIET S L, FRKFOIE
Bk, BIEOERI Vs hicAkEL{LD, F
= 7SN T OREFERCH BN S, X TTH
BRiT, MKHERE OEGEE Sh A KEIERE »
&, EEAR, AIF =97 -UL7 %ML
R &R, FEREOEFPREEL DAL T
WHEDBHBRG, DL XY, BEROTE
EHOMKE, F=v /- LTOFERXBER b
&, o TREHBHITIE, KOEHEFOEGME
EVFECANTH S LEBbhS.

10, THERROHDHEOFMEKE MR E
DM ORI C 2T

mEBEE, EAKE (ok, ISHEW, 4£m)
CO DffifkEtheS] (DLco) DIEH Sk mEk sl
EMEZBB T HEM, b bR (tc)
H#E T 5 Z &3 Roughton 55iz{k » TIRIEXh T
R, TOHETHHEEOBRELMBAD tc
EHETDLEMAY ZARSHBFEECHD X
STHATCAVLZ LR THErONG5ES5
X TW5B, &5 CO BFRMBMANIEE LA
O Hb L EET 54 KORISEREYEZ BED T
i, Do dbm Qo) & MEHCTRED 25,
HABEEE L, D=HtxFoxQcxte & LTE
bIh5, LehoT e 2lET 5L, DL &
Q. LEFA—0FET, LibFERCHET 5 -
ERPEELWEVZ DS, 1EEEEC Y - T
Bhs DL b Qc bHM» A RS X Ciikgo
RESHOMELZRIH L L 5. Loan
D $XT Qc OREVFHIC S FHREORES
HOBFELZ TS5 X5 RBIEETESE BIE tc
DHEVITGEDOFELZER T 5 UEMHS 7L
i3, 22T CO ZRALLBETOW Tk
CO DME~DIBMEI/NIWD, —F Tk Hb
LoFmVEEEZE L, —fKic CO LRMmMERE D
EEHEIX P WX VEDY, Por B5EL KB
SN THAT B, Liht» THBEIERTD CO
LRMER L O AEEZRVWCRIET 5 & & 1
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VISIREE O CoHl, 2l Qc RlET 2 L %
LRREREVCRESh D, 2oc L EMRE
CX-Tx N5 Dico DHRICEERS Qco &
CoH, it X » THESNS Qoo & DRI
MR X HEIEEOELNSFENS VER
wz kit s, ThiciEfilg Poz 2 700 mmHg
LB REMTET b %15 - THl
ETEXBEBIE, Qco & Qom &OMickT?
EBIFEICNS T, FEERADOPESTE
AEEI B Evwz5, L LEBROHZEOEE
13k Pos & 500 mmHg 275 X 5T 57455
AT BABME 10 & > Th Qco, Qon DI
BITEHRETE DR LT

N, BERNBSLUFIIRARET 35 —E5H

EHER, FHRER (uk, BE, 453

BRSNS, & T amylase 73T BT 5L
T 2~ THW S % amylase &% HlE
FTHZ XV fikbhT&k. L, KiE»
5 D amylase 13RS D 275 BTFMIR~ D S
CBLWOIREL DS, Ty MEHERERZER
L, _LIBRIREEIR-PINRSRIER I & BEE flush out
WL 2R 4K T & b EmEREREL, UT
DER & 1T - To. FBERWKELEE flush out i
Krebs-Henseleit ##% fiv>, amylase ] & i 1
Smith & Loe OFEx AW, LEHEEEIRE
% —5E (120 mmHg) > L% flush out %28,
10, 4cmH,O &% 7284 pancreozymin (Pz)
1.5 U/ml $#5§%51C X % amylase Fid & D X
5Bt T 5. BEANE 10emILO DL
[ CUEE A amylase izt UFAIR N amylase B2 %
BEHERCHEA L 2. LU P2 E5REZ 01
U/ml W& F+5E, BENELZ ERIETHM
WRINC 1T T 5 amylase Bi 5B iid % DA LTx
Mmootz ACh 1077~10°M T X » CTO&EKZ X
N5 amylase HIRLDOWVWTIE, Pz KX - CTO &
BZENBSWHEL, BETIE ® %5 %, ACh
BEZR BT D Lich o T, FIIRA amylase fig 55
EPHEART B EEBHRD Dhi.

DL Eo#REEENED LR LER E © Pg,
ACh 5 & v 5 o DEMUENE - oA Bl
S5 WKERE X D i X B amylase BSEER X D
LPIRAICS B X B DT LRTFT.

XBir, MBS REREOMI I, BEMH

tERERE DR TIIRELTHY, M LEE
BARORBRAIEOLEREZRLTWS,. $im
BERICHIT LIz amylase DA WERIIX ST
MR ERFRT T T Sinv.

12. REMERREEREICL D VY FIREEISH
EOWE

EHER, FRNS (Jbk, BE, 43)

BT O R VT, BIEHEEE S
FHCHEFRTHS.

5%, BRXOKRE2 BN ERAE T
B W E L. AEEE, 175m® OFRIRE
—15~+15°+0.3C", 855+ 5% (5°CLLE)
HIHATHELRDOT, ROBBEEFEL TS,

1. FiEs 5% 3md/min | D A, HBKEE
VE#910[E/h THB.

2. EN~NOERREHILE, RIFLEMTIED
NS> BT,

3. AR D AN DS, HHEZER L O Eas
WrfTd=a )RV 2L TV5.

4, [REEREER LTS, WRRAEE Y EiE
g, BAREIEHEREETHA VRXECX
S THET B 5RE L > TS,

5. R (FrErv sy a—L) OBEBT
XoT, BREBS /7 vVIvA I —~F5— KX
TWnW5,

6. FRXNETrEVYSY a2 —LEEHET
S, BEEBFARELIHL V5.

7. B0, BRETeRV(A)THLR, #
HER6LA VICTY 5 EERE b A2 T
5.

ASE L ERCER LR, S%IE 16C o
BAV, WERE —13C 2 TRTRET SO
9 1R 0, ZTDHIE —13°1£0.3°C DFBH I
BEEok. HNKUBLRERE L OEEZEP/NS
WIBAW LB TREL L. BENLIY A
M4+ (17E) 2 ~10C CHBEhTH 55, #
BFEOER, BE, BEFCERTEELLN
LEERRD Dh T,

KR RESI LSS s X ETmd s Loy
ADRENERETT 70, BIF RIS 21T
W, Ty AOEBEIRIT, KE, BEES
ZHIEL, BESOLER, LAESOZEL, H
WHEME OE « REMROLKEZT T\ 5.
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AFEE, HEEASEMFOR 1 EEHRRY
MEBRE (BB KX - Tfibhic.

13, DEABERE7EFILIY VERBORN
KEXICLDIER

MakE— (bX, RE, 4IH)

a Y VB R OR BT ST B EEDE
acetylcholine (ACh) O# 8B+ 58BE T W
P, KETOHETR VT ACh 2B 4«04
FHIEREIC X » THIZELTETW 5.

Fii3 Fellman iz X - CTI969EFFE Ihic B0
kEkic X b5 ACh O{L2MEEERCETOHR
Phnz, SEBREY2oM £ CHIETREE L.
BEkic X B HIRRIE 020M T » % 25, BT
it ACh #e F7 v 4HRLTx Bh% acetyl
hydrazine (AH) % 0.07 N HCl 4 # vacifufsf
Ied LIEH T 58, HHEOFD D0.5 ml 25T
wo2ml OFEEZBEL, Zhi AChgr
LT 5. BB T, 20 2ml fid ACh
Bt ACh £ T LHHET, %
Fo& AH 2#{lgs SisH¥ 51k 0.07N HCL %
FEIOml LELTHZ EBbrolk. LT TH
e SR T 54 AH ERllET 5 L &
L, bETAHZEKRL, ThEiFERELL
T ACh QEIER R XM EDEAZHET S
FBRELE RS OBBTRELHTD B,
Zh Tz ORNRERICX S ACh EBEOEH
HREE- L EEXDNRD.

ZOFEERAWT= Y YIEEIEERNETHD
B =LLBIH R OKSEH b T 5ACh
SxHIE LR, LE%R Ringer ¥k CHER UL
ROBLHBERY 3 FlfTev, 3 & LR
oD ACh £, FBETS XOFIBTL
Bl ubEmERLE. BEHNEINLTT AR
L oG <5 BiCc G-EDTA % &% Ca-
free Ringer ¥ C.ORBEEN L FRKRLERE 141
Tl -1, i X5 ACh BoOuskimizza
BHoNT ot TOT L EEMFNERELE
WHEADERE LB LEERZTT IO TH
5.

14, Norepinephrine 0P RIc & LIFTSIER
BOFE
BEEN, TEEE FERER bk E, #

& ¥ &

— 2 FR)

ELBILASE R XV Mgk » T norepine-
phrine (NE) OEEIERIC 2T 5EZHZ A
XgBoLBHMBNTEY, NE »53ES5 2 M
BDEENETH D EEL DTS, EoEfE
PFELSHEERZEBIRLZEPRE TN T
5. AFERX NE ORIV D EZHESS
EDX 3 ETHrERFTIZEIC X o T
BislfEOMBEREMSIEROBFEZM S 5 & L
7.

EERENYINE Wistar R4 R 5 v b ((KEH 250 g)
T, —FiRAr Y —C80% OISR IR &
T4EMMAE Le. MBHCE I r ) ~Tl4% D
MEli% & UiEREE 52 7. REOMINIEIEH
BERTHRECATH D, Atk ICBERHER
DIERABH BRI, ZhbDF v Fic NE (2¢8/
7)) BERVTE— VR T CREIRNC 305 [
BIEALK, y—3I A2 —~BEHFZH VW CEE
B, REE, ik TR, BYEHEERIHLEG
B % R CFRCER L. 4 NEEA3S
BIEAENR X b B, migEEEIsIE: (FFA)
VLR EIE L.

NE O AREFHABSIREE LR SEP, 20
FREAREEHERCRI VTSRS, LBE
FeRfHHE D LR IR K TH » 72,

NE o AR FFA v L% B &/ 3§
7o. ULd LElghh &R cix NE OESMERSE L
o il b 5T NEFEARTO V-~ iZHE
BERICHERTEL, SO NERISEAEDTH
Pofe. TORFBRIBERER NE OB A
Ao Zi7e 5%, FFA O XU NE X5
FFA DA% {REIRTVWERHDITEDD O H»
HEITVIE .

DLEDREIFIEB RN T » F TEABHLELF
B NEOESEHBR T WT HEFHLMAIE
L EERLTED, EIRFEOTEMEEEIER
OEFPLOBRLHHZLETETSE H DO TH
5.

15. & omAERERRRE © IR IER—RIE S
ERRRRICDULNT

BE B LEBE EEEN, #ERER (G
X, &, B—HEH)

b b OMmiEEEIREE (FFA) OisikEER % 7
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AP BT} FT— 1T Lo THIF T 554, FFA
BIFFIER O R X £ 5 Bio ¥ Eln»7edicho
TR S bOSENR R T d 5. 16k,
McCarthy & @ isopropanol-KOH 43 7 A & #
Z ARV HED, —BRHNTHIBEEDIBE
LIGEEREL, LOMELPEENS. bhbh
1 Treeman LBFEERLIHEE S » < + IkOE
BRERAY, 20x20em O L~ } 2 2[EAFEEE
T3z LicX-T, i2iF5%4% FFA o4l
KB LIc. ZOFET X - T, BREFEFEFOIMEE
FFA OIREEHER LIREZEIE U 7. RE2EIRE
1 EE{RIM%%, norepinephrine 50 pg/10 kg {KE
B TS L1551, mBEFFAREE, 503k
63 Eq/l 7> 5 7944109 pEq/l it L/ Lz, Z D
WD FFA OISR O%LE 55 &, myristic
acid (Cuoo), palmitic acid (Cpeno), stearic acid
(Cis0) DEFEEE D 9% DI A, oleic acid (Crg1) DY
m, FTinbbafiisEE 0% DR, € 2 AHafulE
R D % DREfNA3 4 Ufz. Norepinephrine # 5.z X
- TH#k FFA OIREREERIL, TRAEHE TIRRS D
TN T BERTD > 7. —7F, BHIEERHR
Mm%, glucose 100 g #FEMKE L T 1
V¥, FFAJREEI429+42#Eq/]1 5> 5250+254Eq/1
LA0BIET Lz, ZORD FFA OIREERDE
1kvx, Cuco, Cie=0, Cis-0 DE-% DN, Cisa,
Cisz DEZBOEA, TibbEMIEE D% D
hn&E 7 REAFAREE D % DA TH - 7z. Glucose
5 X % FFA ORgRE# R DZE{LIE, norepine.
phrine 5 X > THEURLELOFMESL L ¥
Thoic. '

DL EDRERITOWT FFA IRE OXH & I8
J%® doublebond/ & /L & DAREE % 25 &, Y =4.09
X—0.04, r=0.942 (p=0.05) T H v, WHEIIIE
DOHE»HZDOLEERAEIND. Tihbbe D
1i4g FFA OREERRERIY, % OREDOZERITHIE
LTEETBHDLELBNS.

16. FpNHEDERAN & glycerol effect

BEME (FLIREX, HF—4EH)

B = Ei5% non-electrolyte #&TWKITH
LR LTRE, TORCRTIHEC XLV Z O
non-electrolyte 242 BIRERT 5 &, g
action potential #4351 » 50k 5§, INHE
ZHEURY, bbbl OBMNERE 2 S

A

I =S 395

—BEDBEE, SNV non-electrolyte %3
glycerol ‘T - 72D T “glycerol effect” & 7¢-3iF
7z,

Z OWEI SRR RSS2 RE L Tk
{EZ X VIRE L TR Sz & non-electrolyte &
LT urea Z VWicHEHICETRHEN, T TR
FRFN464FE 4 H O AARLAHZSMETRR L.

Z D%, glycerol # FiVWIBESLRABTHB T
& FES B, action potential DEjfA], electro-
tonic potential DTS, IHEME DI & WKE
X transverse tubules (T-tubules) DEFE D & 4
LB T LCES Z EPRB SR

b, 1) T-tubules OERRVEFRLD 72
2P B OBFRICRRIELLeTL, 2) %
hBRHEOAE IZEEREL 55, 3) Lih
-C, HEEHCHHIE T-tubules DEZEZZE X HF
WX D IREEN: 2 R ET L, ElomREdEme T-
tubules DERHZELT 5 T & WK b IHEHESE
b DA FEMSHEIND.

11, hT L BHEICKTS 2 Mn** O{EH

KHE #, dt &— &HART, BK B, Xk
HHEE (FLIREX, H—4EH)

Mn** % Ca*t OEZEEM:ZFRACHH T 5
ZEBHBITWS, H=ABTHEMETLT
HE-IEEE BT 5 Mot OERERET L

1mM Mn*t % twitch tension TR ZE
{E23ERD B, 3mM 55 10 mM D&
TILBE KA L C tension OHPEINERD HL 7
mM Bl ECRELGIMRINBSE Dz, T OMR)
FE Mot 2BRETH LD, IEEELTH
23 %. Twitch tension OIIHIRFIZ 51T % resting
potential 75 &UNZ action potential DA & XLk
B B 2 e B L3RR B in v,

K-contracture (100 mM KCl-Ringer) @ peak
tension }x Mn** JBREKELTCHE X h, 20
mM Mn** EETFCRZLCHTHS h 5. £

~ contraction time 35 X O% half relaxation time 2%

& D TIRECAKTF L CERCERT 5. Mn*t 77
ETTH K {ERRICI NS BANSIEER TR T
2 TW5H,

Caffeine (5 mM)-contracture 3 Mn** F#ETF
CHE B sl Xh, peak tension ZET 5 E T
e ) RRHZET 5,
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R DOREIR Mt BEERENCE AL,
terminal cisterna %> 5® Ca*t @ release % i
L, FEsic uptake fE% HIMFIT MDD S
TLEBITETD.

18. ERGBHERFOERMEIC ST

AT ¥ i, SR (GLREX, #
ZATR)

bhvbhix 14 X O/NEH> B myosin B & native
tropomyosin ZHHHERL, EkzhdE Ca &
DRIz OV, BHBORE L ORBRF 21T
W, ROXSERR LT

1. 5% myosin B 0#BEE: Ca KFHEZR
RL, £ Ca {KfFEN 1 pg WD trypsin T
105835z Lick ViRl

2. EiBf5D native tropomyosin ¥ Ca &FF
oWk shhic actomyosin R/, T 7xb
%, trypsin VB #5#5 myosin B, trypsin L3
%45 myosin B, FH#H5H S myosin & actin
ZRECHBEL, #he 2:1 KRALEER
actomyosin KxtL, £® Ca KEHZELIE

b #%

7. LrLERINx T X oBETNIHL, Bk
BOX 5k - & ) LicBitiBdiB ORI A v
LTRSS highr o7z,

3. 250 ¢ §iied glycerol AFETEIER; bundle
% 4 pg FjfEO trypsin TLOHRHET 52 LT X
D, Z® ATP RfEtkic ki3 5 Ca (KEMIIHR
L7z. Z @ bundle e E#ihE L OB Onative
tropomyosin FIEHIT 5 &, %D Ca KEFHIIE
SEL7. L L, FiEf5O native tropomyosin D
BELEBHRGDOFNTIER DI D5k o7,

4, Bi%%5 trypsin A8 myosin B ¥ X OENK
actomyosin 25t L, “FiE#5D native tropomyosin
2%, FTEiERGD trypsin FR glycerol AR
wxt L, B#E5D native tropomyosin 22 Ca &
FHELETIEEZErBRENDIIE, B
HEFBHOLXERBTRETSH 5.

L EOEREHED» B, FRHIEWTD Cafk
MR HEE L TW5 DR native tropomyosin T
BV, BXERBAFELRT LoD, BHEEE D
7 EHGFULTIREBLTVWE D EEX
bhs,
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A. V. Hill &
W OB, HEXER

B Eh B O RR

—A. V. Hill ##B0HA72E

(fhiR) EMEREL 1% 2
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(EEp, B5HE, 1365, 4,200M)

BIEO ¥ el X 5 LBXIE, 7 A
V. Hill B8RS0 IEER LEFEEERY
L, WM R BEEREOESGEIT-& D
BHE D EBUNETLS.

MR R & U CRAIEL, #iRRitiEiie
BiF oo T AR LT DX DRI
Exwcc Hill Bns X5eExEshidh
Elbinz L, REDIEEE > THREDOES
MBI VEE- &Y LTy, Hill B8R
ek Tinoice + OHAOIEED BHRLIZT
Lh, ExHo H Gasser X DILFERL i
X o TEARNCEESEL b, ERO2ERHD
ENELZ, XDREHREOHEENER LTS
Frk, LT, Zhiss EOMMEHONED
FRICED LF DN B ET, SHLOMiIAET
WA WADEERR Y, ZOEREA TV S &
Hill %% SEEHEOELZHE N TWHE WS
T 5.

WwWsETHL, A V. Hill 0&ED 2 KK
EBORSEE Y, TOBECEYZERNKBONE
ThHY, ~FF—HCEEh BRI THECHEDIE
FUNELEHEE LD DOLES.

L OEPGOEFET IV TED GEROEY
ik, HBTHEBOMRCHEShiz L3
Vo ThBEHWZ L ThD, £ LTEL, £8EF
CEEBEEBMEIE T TWS Z LT
%. A. V. Hill o> 5 X bICEATHEMAE
BE STV EREFERLTHRIOL S IRE

HRESER AR AT HE
4 B L =

BRSO hiEvwER S,

X Bz, 2Fmazivy O, AEOFHEIC A.
V. Hill 0FEE LT, AEZ4AHEETDHD,
K- P BFETDHY, WHAHAFETLDS, K
HAEICH 5 LEPNTVBLLTHE. B
HEAEEARK A V. Hill otz scHESH
fez ¥, ZLTENSBROHAHY OREOE
TEREKE D, =HICEEESOF Lok
CEEEVHT Y, CORBOERITE > THIT
PIENSE LWRST 5.

B 2w d, BHRBL RN BIIEE
T e LT, R F4E, iR omRETD

FERHB LIV, ThThPEEP LRI DD
C DEFITH - THLTRERNAD O ERITI
 BLELZPDLTHS.

DTFRAZEQHKRZEFT, REDERICLE
.

(1) WIEEONE, @ ShEgooHEE
DT LRET DO, (3) BT BHmT
BB H-EERHR @) HEHMRTISEOMH
it 31 5 EEEEREOKFHSH, ©)
BENEHEMEL TR LTL > THREND
EBIRREOR A L i, (6) IRANFAEW X HIHE
poRE=x ¥ ~, (T) EBROEFIFERR
O -HEL, ) SRERETOHO & X
DORNIES A, () AT SEREE, (10) B
BeAmEERROER L AR ST 2L OXE,

(H6R) MR LA 2,
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FIERFEBFRQAUBEERSHER

FXN EPD

e : RF4T4E 3 A3LAFH 3 R~ THy

% AREEYOORE

7 EAKE, FE=, ARIL=, FE &, EE
5, MHER (R

B R, RRES, BE B SARRAR

SIEM : FAEER X W Y ERE=HHER2E 3 EER

RIHFE I EVERABD D, TEASh.

xS

L AKSEE (BIRTA) 255 194 [EmSE
HRRFSORZRALRDE LR EShRESBE
BRIV EA B, EES L LTEY AT
BEETHz itiotk.

2. TVvi— M MERIROWT., BEEHBEICD
WTDT V7 — bER B0B) BEL - D
T, ThikoWTREIN.

3. 2AIDE L, E2RHFEFEE2D LT, LT
DTV — Y EREBEBZHL LT, ERALDE

SIKENE L E -7z,

4. LAKEDDOSHEDORED. BIRE
2ZERBICHBZRENFELT, 2HED
ZEATHRELETORARTHES. £ES
LLTH2~30KT, 2EOERZEE, ¥k
SBXVLIHARRERELRD, TOLTHEIRE
ZEEHRL, REOBETORECERELRS
EHT 5.

FRIMEEZERIL, SFOREOBMBEHFR
KERMmTELX51ILT 5.

FARRFEBYLQAYTIEARBRR

E W m

B MBF4TAES H4 H  FRil0~128
BBRET S5V FRFL
& (BRFRRE) SRR, AR=ER, £RILD, 5

BRIEDR, ®ARKR, HE % EE B, MA

HE
F& : BigR—

=

£ 3

1. “AR4AEELLAIKIE © FEARE” &
BIBNEBSOBEC DL SEER LT 28
ELTARShI.

2. ZESTRIREOELERZRL, (RS
YV, 2~30FHOEERTR -1

3. FOEERLHELT. ILI.P.EEERRS
BIUHRBZBL2ODEERHECSDWTEER
LSOEXEROZEBIHFE S L. ThicknT

WO THFEBRN S, HEOERELDET LS
EHCED7z. ZhEHRIL, F#ES, B4E
TREBENMRMATAZ &L L .

4, FHERECESEABLTABEOERR
RDDZ LT BH, SILEAEEKRET, HXT
FROBEREDAT, HKEERIDIARD
BERERDZNEDLL VR LI ETCEEAE
PERTH L ZHLART.

BRAEZERA % (FERER) &5 2 &

B W HEFATE 4 AI0RG4%5 ~ TR
% P AAAEEAERNORE
HOR  (Boheg) TRIEE, BHgs, EE B
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1. WELKEEES (BE) oRFSE—HE
ERER L7z,
2. k55 A48 (128~158) BETFEOH
BEELADHFECOVWTRDOFENSRE LTz,
(1) BfCEEHBEESHRE
(2) AMEEEFCETH VRV ATFED
HeE
(3) BAUTEELBFEELOTHEE & kM
HEHA~OH Lk EFHIH ;
HEHERFEELATERRELTWRLEL.
FRELEORRE, ChETOEBELLTEE
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1) EFEEEE~OLBEIFN T HE O H
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(@) b ko#, FofronTtaER0RR
kD, WEREL~DBE LTS,

P, ZORDEEBEERS,»LEERCER
REBREVTOL L L.

3. AHEEBFCETLIVEIYA (K55
B7H, X&KTHER) ORKIE, KDL S
P Ule (BIARAERE).

4, ERBHCETHECOWT

BHBEBE I VFAEABTLLODAY v HTDOWT
WE SN, EHEORERMNT TV TR
Lz, ‘

5. ZE&TEH

EFATEETES, HRREZOLE, hoF
Bar—fFrT, bHHTH BT LR, FK
L.

6. Tofh L

BEg®

WEFI4TAES A4 HEHR 1~ 35
EHEW /7Y FRTL
(Eﬂﬁ‘mﬁ) %‘ﬁ Ey jKFEﬁEEB’ Tﬁ[ﬁ]ﬂaiér @}%IE%,

HIHHEE, WEHE—, BILER

EMETOREL XS THEZT 5.
HEEZEAS
H OB
%
He R
Es

1. 4 BORfTbh i EEESRTHRSHR
xh, FO2. OTFELCLHHFOETHHIRE
hie.

2. WIFMGEEATSARADBORASTED
(BAM64E5, 6, 9, 11H%XOMAUTES, 4
AOHERELME, WEEEERROEIEH
sAOEE (33%, 9, 10, 115), I=<AaY7
7 4% AY BT BEE, 3 XCRAM6EER
LPFHONEE) DHhE Shic.

3. 5E7HEREFED EEELEFCHTS
SURTY AL KOWT, FOFE, WE, &KX
A DRSS HE S, '

BIR D e oW T ORI BT,

4, BRATEERBLEEHE IOV, #E
ZEAOKESHIRAFRSh, FHREERR~O
SEERLLT, £FERPDRO XS BERSH
Shic.

(1) fheeamiiss Bty bEEEE D

W OEMK O,

(2) ERA¥RHEORERROTSE

(3) # otk » DY ShifEOEL

() EBEYLAEBEERS, ¥HE - WkE
L% EXEERSEELBLT, ABELOEHE
BBk, TriT, KEREREC H¥EE
W oUE.

5. £k « ZERBMOEE L4t & DBk
BT aHEc oW TEHES» LHEAY DY, B
ANERC LPHEREIN. FRAREOHNE
BnHEIhic.

6. ZETKORMTELT, HFEEESLL
THETRERPEEEYS X, BEOERERDY
HEHEIhBZ L LT

7. FOMEKREC KT HEBEEHEFTOWT
BRSAH S Tz, Bl

B IR
1. ¥E#EL (5A4H)
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SERAAKBOBEIYEERRLARARCH
EB3hi.

ERE,P D, WEEZELEDIHE SH, B
MTEEEZCET 55 A 4 BEEERL00RE
AL Shi-.

¥/, FEELEER L LCREERSELD
FLEFAL, BRAR=SKBLLEEE» DHE
ShiFEkShi.

FADHREREEER £

2. FF#B4& (5H5R)

BEBREL L FRLHE 3 XCRER TR,
FTRTCERSNz,

3. #4% (5H%6R)
ATEFERET OV TORENFA I L.
bR G S BEOBES~OBMT OV THE
ER¥HBbhiz. LA E

R

H Fr:Bf47T4ES5 A48 (K) 1% 0m5~3 5

B BB sSSvrsFa v

WREE @A (BEX), BiE (KEX), 4K GEX), BHGREX),
B (BRK), #8E LK), % GEX) (SFeg)

xS

1. THEHFAREGYLTEZERERED
BHEAFHICOWT

PEEILBI3H B S h 7= B 3IEMAEERES
&, FEBFEACTHVTHREL L. AR
REHYEFEZERBGEOREFETOVWTY
DEZHEEHEL, TOEOELIEbD—HHITE
L, “TOEBECOVWTEFAZENME © —>
ZRATEREL, SEECLENR BETEE
B¥o 155~ 25 oREE © ARERaEr
HEATD” 2, TheBEERELRBEHS
TEHRRELR*

B LREERHEORBECH /- TiL, EB
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