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Double polarized excitable system of the nerve fiber and its action
potential. Masao MATUMOTO (Department of Physiology, School of Dentistry, Showa
University, Tokyo 142 Japan)

An excitable tissue, namely a nerve or muscle fiber was regarded as an excitable
system consisted of “field of excitation” and “active element” and the nerve fiber
especially as a double polarized excitable system, because its equivalent circuit in
resting state was constituted of two polarized layers.

On the above view point, the author stated the action potential of the double
polarized excitable system as the following.

In the double polarized excitable system, the inner layer is polarized Em by itself,
while the outer layer surrounding out side the inner layer is polarized Eo due to
discharge current of Em. Then the cell potential (resting potential) Ec, the potential
difference between in and out side of the system, is represented as Ec=Em—Fo.

Excitation is referred to the temporary change of the equivalent circuit of resting
state to that of excited state by temporary reduce of resistance of inner layer nearly
to zero, resulting temporary decrease of Em and change of Ec (action potential).
Through the event, decrease of resistance of the inner layer is the root of the
process, so was named active element, and the other electric constitution as field of
excitation. Theoretically calculated and experimentally recorded action potential of
this system showed every course of the action potential of the nerve fiber known
already, including overshoot or undershoot (positive after potential).

[J. Physiol. Soc. Japan (1980) 42, 3-14]
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Fig. 1, (I) Equivalent circuit of the nerve

fiber in resting state. IN and OUT : inside and
outside of the fiber respectively. IPL : inner
polarized layer, OPL : outer polarized layer.
Em :inner polarized potential (membrane poten-
tial), Eo : outer polarized potential, Ec : cell
potential (resting potential), E:15V, Rm:
membrane resistance in resting state (5kQ),
Re : membrane resistance at excited state (0-
500 Q), Rs : shunt resistance (5kQ), Ro : outer
layer resistance (5 kQ), Re : 1.5kQ, Cm : mem-
brane capacity (5 #F), Co : outer layer capacity
(20 ¢#F), K : key. (II) Equivalent circuit of the
nerve fiber at the excited state. Every elements
inside the dotted line effectively disappeared,
when Rm turned to Re (:0Q). Nomenclatures
in the figure represent the same as in Fig. 1, (I).
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Fig. 2 Ec(t) (action potential), Em(t) and Eo(t) theoretically calculated, when K was
temporarily closed in the circuit shown Fig. 1, (I). In A duration of close of K was long,
so appeared the spike and plateau, but in B it was brief and no plateau was shown.
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Fig. 3. Ec(t) (action potential), Em(t) and
Eo(t) recorded by temporary on of K in the
circuit assembled of the equivalent circuit of
Fig. 1, (I) with electric elements. Duration of
temporary on of K were 250 msec and 100 msec
in A and B respectively.
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Fig. 4. Ec(t) (action potential), Em(t) and
Eo(t) recorded by temporary on of K in the
same circuit used to record of Fig. 3. Duration
of on of K was 100 msec in A and B, but Cm
were 5.0 ¢F in A and 20.0 ¢F in B. the other
elements were the same as in the circuit used
to record Fig. 3.
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Fig. 6 Ec(t) (action potential), Em(t) and
Eo(t) recorded by temporary on of K in the
circuit assembled of the equivalent circuit of
Fig. 1, (I). Re were 100 Q and 500 Q in A and
B respectively.
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7% overshoot 235 b £ OFILIBHE OIETHEAL &
B h b B spike AL L Cuis\nicd &
Bbhbn, ek oMHLRITEREY &l
IhTws., LHLZOFKEIL 2ESBRESR
BT BB OBS BRSO EADOEBTH -
T, RPTHEE LI AI%EOBMR\Z LIRS
Ths. Lo LHRREDOS A 2 ESHEE
RO M O AL ORFE & e JHT BT O 1z
DEEANBAOBENES L Tt T
THZERHERENTHEA . WThR LTS
BROWEIC L » TRISNZTHASHEAT
HbHEEZOND.

& 7

A. ERENCE LR iR IR B
X AR EE O S MBI X BE Nz & 5 e [E
BThDHNBLTORTESRFDOEALEE) ORE
BEFRIRCE NS I B EE SR
—Tikiov. Ll TERBEMAD L » T2
R ORI 2 o CIIARIE SO BALEEM & 4
MBI BFEHEEP L TELD Z ENBE
ThHDH. TOBKRCREVCREBEER (M)
w TREOE, L NEHIG) EhbERIhD
SER LI L, BEHLEOEET X - THER
HEMEE L, ThIPREBEOBT L - TET D
B xR KA L TE 2 il MEEERALOREE
bFDRE &7 LRI, HEALFRIRILTS
FOMPCEETASZ LIXTERNTHASS.

XTI HED B I IR B & B R B D S [2]
B HOE T % & IR AR Sl [E12E o P45 R R
o#FEH Rm (Fig. 1, (1)) % Re(=0) wdhux
Cm,Ex MO %D E FHFELTHESN
IS Lic L AEEOREE, Tish bREIRE
DEMEK BT L, Thictt-TExhE TF
ELRBMIIEETS. 20k 5 kIEF Rm 2
Re(:=0) wZ L35 20 THIERRE © E{iE
By EEREED e in D IGBNEL A REEL L,
HENED. Z OHAEY Rm 3BERERO
BB LD THD R INDINMDINE

WEIE L 40 e, BT, KR\ TiE
B OB LR T L BALO R R L OEK
BEOFEETA I E XKLL — kDb DT
HBENL LIIEWAZ RSO DF Gk,
B0 LR £ T AT RIEE T, £ 0
DAL T BEDOFO—HTH D L LT DT
BB, Lleh o THERIE 1T % B OBIL
B IR RBE D S EH 2> B Rm B\ 7o fill D 3 5
EETHD. TRBIE2ODHREEN LR X
RTCWBHDOTENE 2ESBEER L /50
fr. 2ESGBEBROBRY B0 X 5 2
s, BEOBIIENC LSO THS. Lo
LEBTE 2 CRMIERC L - T, Eeh
T FDIEYENTRA EEX R IZiE b, WL
DECRED ERELDT, =Dk 5h{iEx
WY EYE O REMEN D2, 20
OB REEFETS. BN b
B ESACERBEETN® R B OB 0%
BRI HoBEEz o ThS. L
Fodi T 2 B HEE R BT B IEE T B3
BREED L EHORNMEETH D,

FTEFBIIRGEL 2ESBREREL
TEBTOEEN RO X 5 IREETES & D
Rkt 0EREHOD LBELS
EEVEMOKBL IR, KR RD
RN 2, 3oflkRLchirTths (Fig
2-Fig. 6).

B. fPHAR R CAEEAKOEXIHS M
B, ThyBEOY LIEEILr b bR
ERE LTV BRI BEHRE, WRBHEORED
BN 2ESBEL DRI NS Z & HIER
I 2EDBREBRTHD LAKL, TOEE
TRDOWTEE L. ABCEWTULE LI
EROFH TR BBOEEITH- T, #
WIER X » T Bernstein OJFEFiY kit 5 X
5 FOEEEO—BEERT XD, BEIEHO
WAL D ERE LB A BN B IEB)ELL D
BB 2WTEELTHRL Y.

a) IEBETC O EEE LOEBEAHEAL, K
HiRm 22 Re(=0) A L, EHHOHE Re
ARM i RABECENBIERBA O £ 8 1%
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Fig. 3A,Bie/r&¥h 3 ko, & bRk
overshoot 23t %. overshoot D X1z ktk
FrERRBIc 15 Eo Dffiicifvs. LA L Re
2 Rm R % B FRERGE T R RSB B L
T B TH Y, undershoot (BEMEHETELRL)
% overshoot IWHIE LC/NTH D, Fizsk
ELTOBRenTHS. overshoot & under-
shoot D% BFIIERTHHICD hrhvb b
TOREB/TZ D X5 isENBE NS (Fig. 3)ouk
IEBYTC DIEE DA B BO B A S oD
BELVPBIOnEBACLE S, Lo L,
Fig. 308413 Rm 23 Re 1o/ b, iz Re 8
Rm ~o@iavwih b BEOMH & Bk &
SRDTEIDERIFRALERCEEZDRBI
L0hbbTHIZBERTHS. COXdRE
BRI 2ESBRERDEBHEMLOBE M TH A

5.

ERoHENRE 5 0 i1 BRI LV over-
shoot it Cm, Co DB, TR R L
undershoot 12t} Cm, Co DFEBEBNEE L
TRRL, EBD L5 B E I EERENEK
BREBL V@20 THD. 0L 5 ER
X » T undershoot 2B~ % #3825 overshoot
BT 2B LT B e ies. oh
LOEIIRLDDTHY, BRALI-TZ
REeRE I h b ORI BRI e 52, Bic
BRIZXOICZhDBIFCHRETHAFETHSD
NoZhEHE, BRANPLLOhAEREA
BROBEET e bRREREHACCEE Lk
Em(t), Eo(t) sXozchbofR¥FfE LTo
Ec(t) #7" L T Z hicfxi (Fig. 3& X0t
Fig. 4).

b) FBETOEHOES, bbb Rm »b
Re "D, BIOLOHFTERP B0 L IT
SBHCIERE M O L7, THROKE DS
PRI DHZ LIIHBRTHBS, Th Lk @R
iz overshoot ME X % X ' undershoot DE X
BN ERD, ThODOFRLP B R i
curve i X 3 1cich. BaxDERELE T
BUTH R D EEARAE « IRHEDIRBBALORE
BEHBLTEZIITR IS ANRSVER

Thr).

c) F— o BEOH R W TEBTOEET
leb B Rm WA, BAOEINELBADIE
BB ORBOED\WTILEIE b) i\ T
BARIFFTH B, Re D 10 X 5 EBEA D
eBOENDHNL Fig. 6 0 A 35 X0 Bieks
THhbha. Rex 00841kt Em(t) izt
METELLERHERBCRS. LU Re i
BAHBEX (Hl21X5000) oBsir Em(t),
LT Eo(t)d ¥riid CETAE &7
BERBCRDIBELES. CORBIEHK
BEINDTHAH 50, 0, EBEMLOL
AEEN D LRl b, overshoot DE X3
INCTe B, BB < 7t b overshoot i
YT HMEBEREARD S bABBERLHED
5. BETHEEBILOFMIYERETHS
NEREBLEUOH LS. Do X 5 iH
SUITRECE L TEBTOEEC X » TRB 5
EHOBALOBENEOBREE TR ML
BT o LTI H8E L5 ERTHA
5.

d) #ILREBO MRS © SMEk (Fig. 1,
() e WTERELMKL, EHMOBEH
LI E0BMAOEII N TS EBE IO
BB Ysb0Thsrh, TOHEDOEMD
#f (Fig. 7,A) EBEMLORB E R vt
W BT OEE A < Rm O MR
2T RmCm BA—EThoHZ Lickb. CDk
5 e BMEEIEHEM LT 5 C Lk
WTHAHS.

LR XS wBEOB, SR Y ER
BEDEFFRY, ASEE O LIS
# pulse @M L4 (Fig. 7,B) wd B
DEFHEAE DB A & R DRBOBALBIHH
ha, ZOXSBBEBMEB I HEHRMEH
BT I WT, BRI LT bRERERESE
L7BE M XA L, B EL o e
EACHMBERYEHA LB L RSB
EHORBCELUL TS, AEBROEE I
EBTOEEIZE L Inwbi T2ESBRER
DHBEMOBBTHS. HKZ DX 5 iBE
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DEBMEBCHT S E Y i overshoot
AT B WOEMATED 5L bARTRFTHREY
CEXBHDTHDERILINTVED, HBW
ERTRE O D DOFER b ERMEO ST —
WEEThTWBrbAhic 2B 2ESBR
OBRSBEMLDOEBE LTERBBELETHD
Lahicw. OBREEETSMETHAS D
c) X UMY 2ESBRERLE L TL
DEBBMOADMAXET2HEEZDOMNL L,
EBEMRERIO\WT, Hithy7s Bernstein o
Y, B IXOHEHSELAERIhTWw5 Hodg-
kin @ ion i? ©oWTHBECEE L TAH X 5.

Table. 1. Excitable System=Field of Exci-
tation+ Active Element

Bernstein Hodgkin Matumoto

Field of
Excitation - - ©)
Active Element
(Excitable O (@) O
Membrane)

#-3* Bernstein O B\ CRBIMER
X - TEOBZAM AR, EiRORS, Th
Yo THRFEOBEEMMESE, Thitd, T
HBBMEEBNEBHBNTHD L5 ETHRE
DB ELERTHZ L, BEBMLCH
N-BNEBOEBNEDOF ZIFEELM & A
EhTWBHOTHREOEEN (MILEA) OfF
PEPNEBOBREC L - TERRHEIhBIC
BIATESHEMNORBII LRI DK, Ticb
% overshoot AN 5 & ERBH LM IR
CE L. D X 5 BERB oo ion 3
ThH5. OBV THHELCEBEORE
HECE NS BB OLANE bIIEEEA
OB E R IHBEDBFI L > TLDORER
NEFHIZIRDZ LI ELLERB I TV
LMo TIEEIE LD overshoot 1A% 3XT
DFEY RERBECEN 2 BEMNEE & A7 E
VbW, FOdBEEREOESR
FIMEE IO\ THEHE, »OoRTERERRELR
Bic e binvaiBicin- i BBl
20DPERERYEL HEEDUEIDE X

HEWTho# L EHBEALOKBO TN TEHE
B OEERBICR DL DTHSB (Tab. 1).
FRER L TEZORBER W UIEEELD
FBO L CRsRREIEETOEE & BEO
BOWBEKRDILDTHS (Tab. 1).

= &

TR OB IR BB X OVREIR AR E i [
Ber ERRAORIE LichE R, #RRBO Effim
BIBMNEM B LEAGEBEE £ O % AL
Em 0% 2 kWi B Eo toBEhici
Mo AR Ao BBO 2 o0 EER LU
ChoREHRTAEME X o THRINS 2
ESBRTHHZ &, FREERBOEMEE
EIEREBO Th O NG BEOEIRLFRA L
vz b, Em, Uichl- T Eo 23HE LicEi
ThHI ERABNI. TDOZ ENDLIEEENM
AR HE O B R B O REE 0 —RFR I IR
BOFhEBT L, BUOLORBRESCEEL
THhABMNEH LA EINE. COX5RE
EBDOFBITY > TIRSTEBOEAOZEL
NEORR LD, TOMOBKHEELEM
LEORDBETHS LEDREND, ROHERED
| (BEoEH) % TEET., £ 0MOBREY
ey TRECH, LITHRER TLTHE
DEN2ESBRTHLIIBACINE 2ESK
BERELOTI.

ZORERT b bR W TA, 5
i oEMZEY Ec & ThiE, Ec=Em—Eo ®
Bk H 5. Ec ik fERoBIEBA LS EA
THAHNERY ST H-DMREM & 4 D0
fo. ¥ BB BEARTTEHIEREO FMEE O
ASBRBOEMNEre, LiatsT Em=0
Lich, FOYOBEEE T EMIITOER
BRI THHND, ThLiidEc=Em—Eo
DEEE X O Em i€ /e hiE Eo i3—2D
BRTEriESL C ERER LCUEEER
DAY ERCEE, B5\VIXEBEREOE
iK% BESHRETERVTER LAGER O
EHAE(ERS IO RS R »
THEI S EEEMNOREBOFLEL DROFHE



2 ERWRPER & T ER 13

e Ehie.

1) IEBYEALOREBITIEBY I O FEEREE & |
BEOBDOEEDOHECKETS.

2) {EEYTTOEE)S Bernstein O ES I 1T
% L5 RBEBEDO IR X b BEFDIRE
AR T D L\ 5 Bidic B D b o
LEE L CHIBEEM OEEIZIT overshoot,
undershoot % O fLMHEEHEDIFEBIBAIC B
TEREHMDORERT TN THIS.

3) kiR 2) OfEEBNEETTOIBEIRE R
—ThHo TAHEDH LR T HHETOMEICE -
TELLIES.

4) FEE)EALO overshoot DE; X, under-
shoot DRI IPHBOBE D LARE, FHH
BT TRAREK X - CES.

5) — B AR AE T O fih D A AR D TEE)
BT EARE L TRARRIIIENHR I Th 5
P, ZHL 2ESBREROEE L OIEECE
DTS EESBEMLOBHETHS.

6) WEBEMORKILULETTOES) (Wit
7zt impedance DZE{b) I X T 2 RAVICHE
DEMELETH > CHI D EEMLO—RAITHE
BIOBFE TR,

M gk, ERICE-T2ESBHRESRN
EOTOoNBTHD52, I0HEK

AR I TR ES 2 B RAER & &

7 LT OIEBYEALO R % BT % L OV -

BRI X o TRDIAERBIRR L. iR
MRS CTHEDHN 2ESBHEED LD TH
B Lk, PR o SR O SR EIE O
BRTHBH, BEHLTEOEE & L TCORDERE
DIEGIHBIBIERC L » TR IRA E ¥R
A T2 L LIeDEETHD. Lxvl, &
D L5 I EEYH T AR ST H B
L OWEED® T5. LUleddo THlEEMEN 2
ESBEERTHD I Lo TULR VO 4H
weEELLRS. LhL, ThEEISTS
e, Thbbl2EBBRERLARTI LR
Yo THIBEIRABEED S LT TRERI L
L DRI A TN,

EERZDO LS BBEEOFEEN—DTH L
KERIICIE S MR AED 2 E BB R T
BB ENFENERE LTRD LR, MR
HEOEIHSZOBALTE LI HDREDZ L%
PFELTIhbrHME LTRTARETHS.

1. ffaEsr Ec & Nernst o bEHE X
15 Em fEoHE

2EHBEERCE Tk Ec=Em—Eo o
BItRD B % b DIRFED AN DBEALE (REKDR
1ILEM) Ec QHEHEBEOEMN Em LIZFA—T
iL7svs. Nernst oF P KX »TRDBC &B
Hk% 01k Em offichs. Licsi-TEe &
13— L7 . Ec+Eo, T hbbiilag Ec
L FoRRBic BT 5 spike @ overshoot DFl
(spike £&&DFE ) 23K Nernst i HHEH
ShpEEMOERE (BN & i,

2. {EBNEALO overshoot Dt % im-
pedance DA

2ESBRERNOE NN D IEHEMLO
overshoot IINEBBMC LD LDOTH 5 1 b
impedance DOff & 1TEBERTHS. Lich-
C overshoot DK T 5 & 5 7z impedan- -
ce DWAFEBIBDOORIL VDT TH B, &
NEDOWTOBENIC & b AR 2 B MR
ERDEDIIFRA ERBNCRDTHA .

3. WERBIC RT3 5

BEAR D X 5 v SR BB oD <5 (i[5 #1312 R TR
D EIEE D PRI R LIch O TH B b
LREMRPER S TW 3 A BRBCII SR
R DENTHS 54, Ao BB BIfR
W BT O F RO BERICH LT b5 EsE
LT ThL. ELGEARIHLEREDO L
XORTHAS. HEREEMHPE N THE
BENRBT D LeRDIMEIHDEED
BELIEF LR ETSHETHS.

4. Spike DIEMDOEIE, B S DR % spike
X3 % impedance DA IRAR

BUOMB TR VEIRHEME © E W
FIBEIRIE X - TBN 5 iR #ED spike DIF
FIIRBCETT5. 2ESBRC B W Tk
spike DIEH DIET L overshoot DEA, 7%
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bbb Eo(t)DETIR X - TS D, HADK
TORIER T plateau D FTTH Y, Erfl
SED—EDEM level ThHD. Z D spike
EAIR- CHELRE T % impedance ©
BLoOBERELVLLTTHS. ThHORD
BRI 2ESEROTEOHE L LTERDTE
ERMETHES.

5. @45k %517 % impedance DA

COBGIRY 2EFBAERCE VTER
Eh, ROTHEHRCEVWIHERZ S LI
SBOTCHL. MEBEHECESWTHHHEILED
BABERY D5 EIREA% - xR U
BREENENRS. L LIEH® w X EER
DI HH YK I BIREE IR D b s
ey, ELRERYEL THEEE+FOHS
R SEERBCRS T T, T LMK
SERE BHLERBYHECLT RigbZ &
K BILEBMOMEIRRS. = © B impedance
DO RBITBERERCE U GEBIEMLTR
haBEAFORIRENELRS. bbb
BILEMTREC L T2 BoBREB i bis
WA b L TREOCREBECE L THERD &
Fi#E > impedance DEALIBEISE. 2ESE
HEROENLERATHE EELDND.

L L B0 BB S EHECOWTThbh
e E D K TE M, giant axon 7ok
EOWTULREHRE Sh T o,

X 1y
1) Bernstein, J. (1912) Elektrobiologie. Braun-
schweig, Wieweq und Sohn.
2) Hodgkin, A L. (1951) The ionic basis of

electrical activity in nerve and muscle. Biol
Rev. 26, 339

3) Hodgkin, A. L. & Katz, B. (1949) Ionic Cur-
rents underlying Activity in the Giant Axon
of the Squid. Arch. Sci. Physiol. 3, 129-50 (386,
53-54, 61-62, 163)

4) Hodgkin, A. L. & Huxley, A. F. (1952) Cur-
rents Carried by Sodium and Potassium Ions
through the Membrane of the Giant Axon of
Loligo. Ibid. 118, 449-72. (22, 36-43)

5) Katz, B. (1937) Experimental Evidence for a
Non-Conducted Response of Nerve to Subthres-
hold Stimulation. Proc. Roy. Soc. B, 124, 244-
76. (53)

6) JLAFEIE (1975) BHEBABEVE i > BN EE O
BB owC. JLBIEES: 25, 365

7) BABHE (1970) BERLFRC X A2ABBRROH
BEBFOPR. AARAEEE 32, 581

8) MAERE (1975) (AL “AHHEK" OPE) #iEE
AL R, BRHER

9) WABHE (1979) FEigRMEo 2 BEHEEE R

THHE(L), H56EBAEBESALTRE,
369.

10) Matumoto, M., Watanabe, T. & Asakawa, M.
(1964) A method to determine the equiv-
alent circuit of the muscle fiber and some
results. Gunma J. Med. Sci 13, 252

11) MABRE, JERZBE, FHET (1973) FHEEHE
DOLEMEE & BELKMPHMESRE. B & 4 BEEE 35,
639

12) WABHE, FEET (1977) HEOBSEIREC
¥Vt % impedance DFAITOWT. HARAHEE
39, 173

13) Nernst, W. (1889) Die elektromotorische
Wirksamkeit der Ionen. Zeit. physik. Chem 4,
129-181

14) Tasaki, I (1959) Demonstration of two stable
states of the nerve membrane in potassium-
rich media. J. Physiol. (London) 148, 306-331

15) Tasaki, I. (1959) Conduction of the nerve
impulse. Neurophysiology section 1. 75p. Hand-
book of Physiology. 1
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B B BBRIS44E 9 H22H (£) 10:00~15: 30
& BlarveadE RLEHILXIE114AE 4 T R)
LEEHFE X B BoAE M EE

1. BREROSHEDIERRSIC DU T

FLEFR, MEEEE ok, B, $o4m)

WRBE & 2 %%z Biventer cervicis, Splenius,
Occipitoscapularis g & OEEH RO O g
BB G E Nz 1.

BIV, SP, OCC fjsk Digiftic AR A N2 A
HIiKEEEC 2 M-NaCl A b ¥ 5 A& HINEB 21
ALTT o iEnD, I6E = 2 —» VISR
R hbz LR, BIVRIGETS ==
—r VIIBMHTED 5 bE v S ARRE LR T
% DA35MH, Group | JEETHHDN46EBD D,
SP 5% = o — r VT2 TR DR DO34E, 22{&
B, OCC &= o —r VIIS3H T BDOB D12
@, SUBDH »t-. B FAMIEZE CH Group
L&D = o —w v BIV 23(8(26%), SP 13{4
(18%),0CC 7T{H(13%) ThH ot thbisk=
2 — B VII—Fid b ORCIE B R LEIE RO
HRBCIEE R R E S ole. E B O L D
BIV, SP, OCC BEv S AHEE=a—nr VD
5%, BIV AR ORI, SP LRk
A X v, OCC AR RTE LT\ .

BIV ¢ 3 47{@e17{f, SP Ti339{F10{F, OCC
TEH2ZHBETF 5 HD = o — = VIVNEATE LT
BT EBRREhic.

2. A FEEEERRERCH T SREND
DA

BEHEE, WLEFH, REM—, MEFE Gt
X, B, B4R

B&Bo ETEERE ORI BER A RE LR
FTLEL LR TWD B ~AEERH, ARG
T EEB ARG & SRR B v o T A T
B0, BT OmERMIE & X8> 7 A8E L
V. 2O LIXHEA R TR
% fifaRt L B L T B4 5 Ml e Rin - otk
BhLOZ LERBRTS. AR Ty ~ i
HITHBAND S LEELEL LR BHIENLSDA
TrafEN L, LRt 2 HoMEBERSHERAEOIGE

ENEHENE SR 7 7T v — AFRETF O *
2 TN BRI 1 L5 4 SR
OYITHRBCH T B EEOEEC L v 2 By
e, BHREECKIET 50 e4 0469 % 5
®, REEELEL (median 25m/sec), D
HEFERIBOCR LI0Y oMBAUSE L, B, %,
KPP Fhr oL BB ERINE LR L.
= ORI O P X R O RTER R AR 2
EDHLDRBH T, HUTETHT3MEE
SEREHE L (median 67m/sec) sl o e BT 5k
R LG HIBE L, TR BIKEERECIGE
L BEERBECIRBA SRS, FLE
BB 2253 0d Ronbich iz,

3. THH XA OEEH L HTEHFCD
T

PR I, Steven Wise* (duX, &, $£4&
H « REENL NIH*)

EBH OB TERARC ORI E TR
L DREDRH DD, T OFITAFERM I L OVE
B - MEEHFOER OV TILE DBk
BABRIN TS, £ 2 TEEILY 4V OETC L

= o —r VIR R LB FHE & BB RSN s
PRAVCTTEETREAROGEMNERE Y B &
L, ¥-fRERTLoBERYHLr L.

3ED=H 7V ANDOEBCIFEHA VY v —%
EEL, BOBBERIALCHEERN RS = -
— e v REHEBI%EE L, KT OBIBI 5~10
pA BEOEBEE VA (300Hz) % inz THIK
FiTote. KEBEERRSMUE 1) 5 IR AR
@oWTik Woolsey HOHERITUD LTHHE
Ko L IFIF—RTHRESNELRA, b
IO BRI B 2 R 3B R B RS L 2 D &

LT DO RBEAL TREML, ILREDHNUEE
(LA TRV E D Lo RO I OEFI R A4 5
iz, EEHRANER X OERETNE o v T
ik, SRR EBNE AR B & I T E A ERALAS
EHT (45) oRIE\ERTHY, HREEHT



16 2
BEEHI IR I D L DRI MBETSZ &
Db Eicole. JEROBETHVWLRICEE
EERME T, BRBERC X Y ZhboRAro
MR EI AT EEZ DR S,

4 BREOMRM= 2 — 0O VEH

EFAR &, WERI—, & KE SlaEe
JEX, #4E - EAREEE*)

EEE (C, b)) THEALUM L FH * =
i, Ui Ui A Rt o pGEED 3 o bR IR
(spinal respiration) &4 U523, C3 VL THF
BEEINT Lic* = CTRFHFPRITA Clshofc. &
DBEEE, Y5 Ciop PI i FEIREF) O ) X A F2k
B 5 EEROFERYHES . £ T
FOMRERYRTT5 BT, ¥ TEHEESS
= (brain intact cat) & oWC, B/NEBEYHW
TEHOIFEE = - — » VEBOHEBZHYAL
fo. RawFrvIa—AEliisrT v —RATHR
BL, BEFETI Cpy O VA TEIRS v
IAT VBANERBREYRIAL, =2 —r VIEBHOM
BN EEE T 7. Crp DI CTHABA DEFE
b, BEHCEBREHAL, FRT5L, BRI
M FAHRS T 5FRM = = — ¢ VIEBLEST
HENTE. ThbIERERORSHE
LI BRES 2R L, REHR20~40, FHREHR
FE1320-50Hz C IR © BKBIBA L hbTh
(0.05~0.285) % 5&/7 LTRE LIAD B DD %>
fo. ThbD= . — e yREFZESSCKREE
OHRSHUE, BTh  ERRFERCHEY T 5
(08 NGk S (b

5. rhfsix O ORRKERE & IR BT

# OEE FA B WER—, (s
NEX, E-AE - BERIFRE)

LRORE EABEEOEZ AL - T
R U Uicdhid & =203, —RehEEORIK
B R L, A0 00uHEREL THLEYES
BHBETES. T X5t 2 ORRK
YichEring 5 &, BETEME CRELYH
»5. LOIVBRREROBRENE &, BRE
FB BT EEMGOESYIH L, Thib
BU_ARETBE, ERERMGOROHERME
EHeE S BBEABFY O &R T, &KX
REROHSEEN IR BEEZES> X5

A
=

24

#%

wich, i« BHEEcHES S REAEEL G %
5. BNEROBENFE L, FA—RHIE—R
CEAREBHESYERL, bl - BH
OHRHEET X 5 BEABFLYOERZT. &
D & 5 BB BRI AT LIRS0
BEFS. ChbOBE,ND, BNERORE L
BRI 25 AR - BAAEEI~OHIH -
RBHE, £ LTERLIEBABFYOERC
TRED ¥ COMBBBONLERYER L.
T TL BRCEBEABELOER T LAT
5. FRMEOTNTEABRBELOERT
Tz Ly CER. FOBRACLEBOEIELT
Lic.

8. (FowiEOBEEXE

famEFk, $%kE &, KRIE (X, &, &
)
BELhLLIAECTLRECRIE, To®H
BEEERC L > CARELTW5 2 ERETE
BXhsLowhkoTE. BEEREORE S
3, avEVRLAAIDE S TOREENM,) T
137c{ distress call THA 5 LEZ DB T 5.
POV - B OV TR OBBFERS O
HYRE L. FOBTHLHERL BMLEER
REVRBD LR, RECTORELET LR
Ar—vi FMEnzi-B#indioslicoic. L
DUBET 5 LEOEESEA L, Bz~
VIR,

COFEERYANDBI DM A S F K 3
(Meriones unguiculatus) D<A 7 vk VE
fiz (CM) B XUBEMREBEMYTEHE L. B
L 30kHz % 51 S — LT TREE
BFEMNIAE S e, FROFECK T2 Bk
HRRBHE, BEORFBHI5PEEE TR
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P, BEHER CRBEEY S, BEMPER
FTHCIBEEIEFITHA > LRI h.
EEELOMMEREE CMo i BT 525,
HF LD =B THEROBHF TR TS L)
CEbhic. ¥leroBRrbRL L, BERT
BITREETHZELIFD 2 5 = X A58 T
Wb EHEIR.
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EFHDL/6FTTIA5E, BMREEEY 450m
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fo. DEofBRE, BERERBENEL DL, &
MR & MBEEOBOBRWRIMNTHE v, MK
EECBEZINPEHOBI L, ToOfRKEE, K
IMERDETLEEIMET LT 2 EHRLTW3 X
Srbh . BHEBEEY 450m Osmol B iz
B 5 EHRMROFOBI AT, ThickRS
5 L Bbh 5 RMBREL O ZRIE T E L
EMECBETLRbR.

8. HUMERICE 22 =aF v ORE

WAFGE, MUBE ok, ISER, £8)

= aF VY RLMERCS 2 5 2R LB
B, EEON X OV X PIBVIMERR O I HiE
BEELEER L. KB LcRABEOREEL
L, Wil #-3 2/8%20cc A L %= B Ol
/NI PRE % Laser-Doppler BE#EE . T JIE
Lic. 23 a@OANEABRLERNE - LT
B L, EE 40y OMBIRATIGE LM L. L
2 LINEPITEELL 8 R peak Wi Lol
LiA®, LERE © peak B (10~20448) &
13 peak phase 2 &7« 7. ¥ Jo puff EIHAHET
zohT, peak HOFEBA DEAIDIL 7t
wyc.

WERE: L7 DO KR E 2 4SS BEFEAH = =
FYBRER L, ERCR LKA HoXEED
/NI A MR B 2 IR A8 - CHIE L. It
FIT105 B TEHE L peak ©E Y, FoBEAE I
WA L, DMBUT R E o L, #9305 T

&% 17

peak it ot-. F A MOFHRNEABICOER
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BFRVERR, FHFE, BREE GLIREX, &
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SHEE L E o b B RERRELS O AR S
RAXYT VT 4 (PG) EE, (IDj=0.1ng/ml)
TR, IKRE PGFe CEETHE L, BERET
i35,

AEERD PG 8% RIABETHIE LI EZ 5,
PGE &1317.04ng/g tissue wet. wt. (n=12),
PGF &127.53ng/g tissue wet. wt. (n=5) ‘T,
B~ 0 PGE £13 0.36ng/g/min(n=10),
PGF £1% 0.29ng/g/min (n=5) CH- 7.

PG AHiBAEFE D indomethacin (IND) 3ug/ml
TOOSEARNET S &, PG 4BR L OWHE
ICE A Ledd, BRIGEOK X S
CHER Ui, & DRI AR RN 3., #1 5HT
Pt histamine DFEEL 5 17\,

AEARN LT 5 PGE Bt B RINE 4 E
THEMEREL ETh B0, PGF B3 BIELUT
THD. Lichi>THRBEOHHEILE . PGE
CraeELZORS. ¥z, IND 2E B BiLo
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it s, Llbas, NEM PGE i3 spike JE
AT B & L X v IREH O RM L Tw
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B twitch fiber OBA L Rl7 H RS
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ATz T TrRALh TV, KERTE, ®
B b=V X T catch %BH LA 300-400pm
o ABRM ofilE * AT, Ksfiw s 0 %
mechanical activation ¥ X ¢F inactivation {2
W R L.

K#fg o tension D% B DI IOGHED
rete (¥ K BEW#E L. KEE L peak
¥ X O conditioning K B Ltest
contracture tension OEfR% "3 activation
curve kinactivation curve 3B R H -
to. A Ca BEX 1/10 @35 & activation
(% 100mM Ll EoKBE T LHH S hic
threshold (35-60mM) 3E\v K BET Tl &
AEES I ot B UE CaE T inactiva-
tion curve MEREKofcBB L. Ca BE
% 2 {232, M activation (XIHEER X R
inactivation (334 X 17z, inactivation DOEFR
i Ca BEOEhbbT L EOLETR
L7-. ABRM #% Ca-free TFroEggE®THL
L, 460mM K %5 2 THIMTE T biawas,
\T460mM K FZE Tz Ca 297 (10mM Ca
REM) 35 EMBIEE L. CoEELEH
£ D peak tension {3 460mM K w B I h 5K
Rk LTig 3 his. Zhizd60mM K it &
% inactivation *EMNCRTIDOEEbLNS.

tension

11
D{ER
NE—5B, BE B, XHES GLREX, ¥
—H&:39)

Verapamil 3.0 X CFRHIC I W THREIR
FEEEIME TSz Lxmbh w5, bhbh
1, = ERGOE—GREDO BB LU
IefatE %% verapamil OER % BE L.
verapamil OfEBIX T OBECKE L, ERBE
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MEERE 475 L. SENIERE verapamil
o twitch #EIER OB 20w #E L.
twitch tension I, 0.lmM verapamil iz X b3
e, POZBHCER (25BB3IFE) X
h, FOBRECED Licn3045# TH  control
PEeRi-hic. A—&HTT, Bkl X0ES
BMOKXEIRFEIRT, BEEMORFRE
DR O EEREAOBEAIRD bhi.

H T LB OIHICxTT 3 Verapamil

* -, twitch B¥aR%% 2 B 5 T, active state ©
duration 13 15 fEREE Eh, ToBLEAR
#n Lk, ¥ 7SRRI (100Hz, 500msec #ik)
CXBREIToEmEI AT, Lrd—R
twitch B Ch 7. AR I HBEMDOFEHR
HEhOWE L. T b, KY #fgo activa-
tion curve ¢ threshold %3 verapamil ¥z X b Bj
LOERCBE L, EBRE KN © X % #fE 0
peak tension {BEK U7-. 7 3-TmM caffeine
X a#iE S verapamil & X hEBrcEM IR
fo. Blkimd &5%, verapamil o twitch B
fEF & active state ¢ duration 7t b ' IC
intensity o ZLOBIR, o REINGEHEBEE
TEROBF I ErgmEShic.
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HEOIEOHEBEFHAARD b,
BlED&ERI 74 = vaRERE 2 A LTE
ROEHEB~OYLOF L H T2 — L 7 3
v, PR 2 v S LS IBBR LT3
EETRTHDEELBRE.

15. BEBMEICLBZATFA—-N7 IV B2EE
DESHEEL

BER, BEEN (GJIEX, E—4m)

T a=NT I VORUE I OEOREHERT
ST BRI DELT 5 = & ANREBHE ORI
BETHBZ EDBHBR TS, 0 EEESE
HBUSATHLMNCT B, BEILc L2
A7 a—n7 v BRBEEOEIARE L.
B B OH EFEEBFEE, 7 VEIBELAE
DHERIAE E B ZB/BT va =2 (BH) e
Fr7A7 1L/ m—n0 (DHA) (25-20nM) &%
37C, 6 HMRILEY, AERZFREC X D
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(Life Sci. 23 : 1405, 1978 ; Pfliig. Arch., Eur. J.
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Bt s 2 BEHYRE T o G &5 (50
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