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Effect of Ultraviolet Light Irradiation on the Electrical and Mechanical
Responses of the Guinea Pig Taenia Coli.

YUKIMARO NAKAYAMA and TOSHIKO SAKURAI

(Received September 30, 1978)

The effect of ultraviolet (UV) light irradiation to the guinea pig taenia coli was
investigated by the use of the UV source of the 15W low pressure Hg lamp (short
wave UV=8UV), or 250W medium pressure Hg lamp (long wave UV=LUV).
Exposing to SUV at low temperature (4°C) for long time, taenia coli de-coupled
at the E-C coupling system, but the deterioration occured rather quickly at high
temperature (35°C). Immediate changes of the membrane properties were mainly
observed at LUV irradiation to the preparation stored at 4°C, and the spike ac-
tivity was enhanced. The frequency of the spontaneous spike discharge was also
increased and the active tension was potentiated with rising time and total size
to the LUV irradiated preparation. However, the sustained relaxation, gradual re-
duction of tension, was obtained in the fresh or longlasting stored preparation.
After substituting of Ba for Ca, readmitted to the normal Krebs solution, the sp-
ike discharge was almost inhibited, but the previous UV treatment maintained
the spike after replacing for each solution. After exposing taenia coli for ten min
in the Ba solution, LUV irradiation triggered the grouping spikes of Ba influx.
The suggestion obtained in the present experiment is that the UV irradiation aff-
ects at the metabolic sites of the membrane, and so the ionic transport through
the surface membrane of the taenia coli may be resulted as the secondary effect
of the UV actions.
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kel L o THRINTCIBERE LKW LR LT\ 5%, X512 Endo (1965)9 11 Bi— B ii%
MR BAT L, 350nm Ll EDEAREBEME RSB O ERHEL, BL
BB/ PRECEBEER LIDXEA 5 LHRB LT 5. 20D X5 wERGTT 554508
BHOBEIZ, WIhIRBE oo TEY, ThERECHEA»LBEETHE, %RCao
WD D ATP OB E 5 —BEOBBILEMRIGE BABAFIR LT 5 2 LIXEEV RV,
—H s\ T, F|IE Linnergren (1977)% 1 ATP 23260nmOEN B I RINDO C — 7 % HT 5
CERFIBL, BRHAD ATP OREESBETHHERL, Zucker & Nolte (1978)® D%
BEEDO—HMTH 5 MEFHEH OEBLERNTRELD, XERBETIRCHEDRL CHELT
Wi Ca fr RS, B X - THORHERTAZ L2BLLR LcBENLDY, H=hr¥—
DR OB EE E BB OS TFOERICEEER T 5 W iEM SRR I i,

FRE TR, 2<AkRZEDOVELEy FOERBBTFRHCEIBBHE LT, TOoEHR
OWTHRE Licb 25, HREPEGHEE Ca DE)RBIE LTk, XEBENRENE LW
RRB OO T, HALBERENIIEND, “Z0RBRITOWTHET S,

V] %

SEBR ITETE 300~400g DREME L% » F OEBMTEE (taenia coli) % BV i, B WTER
BHEELCHEDOEE GBHOAYEFHT 5T 7T~10mm, [EEM ¥ FRICES T s
20~25mm) DK% 4~6 FFEH L, 95%0; + 5%C0. DIWAH 7 A% 11 L1z 35°C Krebs ¥
e AR T 3¢fH] iucubate L, o, BAYHBHEROH & LTERBICAY, foffizd4°C
DERBHREF L W2 EBRREH & Ui, REFMIMIT24RMEZEME L, 10BHEXREL LT
BHEO BRI B LERC oW, EREXHH LTEDIR 35°C Krebsis T 3 K] inc-
ubate L, fHERDH LRAKCE -,

Krebs @& o #x, NaCl 120mM, KCI 5.9mM, CaCl, 2. 5mM, MgCl, 1.2mM, NaHCO.
15.5mM, NaH,PO,1.2mM, glucose 11.5mM THh %, Ba@ &\ 5 DXIEH Krebs %o Ca
@.5mM)DfRbvic, ThEiESRED Bazinzic Krebs®® T, ¥7-Ca¥k &\ 5 DIXIEHE Krebs
KDz & T, MBEEULESTERTIZ LI T, Ba iz CanBB8YBE T a8
T% %, ¥ Aropine Iz oW Tit 2x107%g/ml, %, Acetylcholine &2\ ~Tit 1 X1073g/mlas
BRBEC? X5 BRI INZ 7,

AR OBHFHERICOWTIE, HIFEE LTKEITOER A2 b AV, 25dnmO B B
AH4% (SUV) & 365nm A EAT SR B REREME (LUV) 0 &6 50— B3R N L
B L, oSO OWTKRE LS, SUVIBEITHLRTIEROAE ;2 LD, LofFEH
HEOLHHELRR IS, AR THENEBRER LDDE=XAF ~2FT D, oTh
MeBETAz 2wk h, BRI RHMGEOMBN/NEEOBEYE(LI Y, EEMEL

4) Endo, M. (1965) The effect of ultraviolet light on single muscle fibres of the frog. Abstr. XX-
III Int. Congr. Physiol. Sci., p. 810

5) Léannergren, J. (1977) Location of UV-absorbing substance in isolated skeletal muscle fibres.
The effect of stimulation. J. Physiol., 270 785-800

6) Zucker, R., & J. Nolte (1978) Light induced calcium release in a photosensitive vertebrate sm-
ooth muscle. Nature, 274 78-80
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EEEDCAILrOEER R 53O E#HHE Lic, LUV IZOWTH KEITOEHE A2 b
WELTRELTH 5D, ZOBRIBEGE IV BCERMEE LTHEIRTW5I8
ity F0Dtedd LUV OEHERZBE T84T, HIoKRERKBITEHG AT IR b
Vo ZZ TAERTIXSUV X 1I5W BB T%Z, LUV 12 250W D KERITZ Ao, SUV 2 i
BT AEATIMEREANTIT 24 KEIZ B E L, 35°CTIR305HEEXEME LTHEE Lic, i
LUVORBRFCOWCTIRFRENKEWDO T, HIUFELBETHZ &3 TE e, 2D UV
HTHOWIe X BT, EOAXEFTHIIOL, EEMLARCEHTELLDLTH
%o BiFITEX3I0mm, ARISMmOREE CTHIMCHLEEICHR S L, Krebs ¥ CH#ijE Lis st
et LUV EZRBE L, TORGESRLZEE L, BREIE—0 L  EREEDO L
AV, BRHEROBCIZ L O—HE2 ML LeBED e it fic UV 2253 X < B Ui,

¥ F

SUV o 5IzhE L REOBE

1) BRENC BT 5

SUV 3B LTOERE=RAF kWO €, 2R LCIXERB o9 R0oB L
Bz ERTFEINIC, L LEBEEN 4 CRBEhERBATAEOY v I AN LT UV
ZRE LICBARE, 10RHU ERH L EZR8BD bhisd» T, £ TFig. 1R X
5 1243 36 X OMBBERI R DRHMF T OV THE Lic, ZOKE, BREATUV ZEE L
ik, spike OPANIEEE Tl 23, RBADWHEINES L&D T &5 -1,

Ohr
LN, AL

24hr “m“ ”
lig

48hr % IM] Iomv

Fig. 1) Simultaneous recordings of the spike and tension by the sucrose gap method. Effect of
SUV irradiation for 24hr, and 48hr in the cold box (4°C). After UV irradiation for 24hr,
tension reduced to 1/5 of the normal muscle. Note disappearance of tension after SUV
irradiation for 48hr.

Frc 48RRI SUVO RS 1) 5 &L, ik spikexRBAE L TCHWARIFOLTENILL{ BN
WS, LT I EBI B OB ERE A B E I hic, ¥ HICBiERY LicHiic Ba (2.5
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mM) #{EH&RiL A, Fig. 1O TBRRET IS, BENBRSEREC D, +0 LcEE
B D spikelF BT IR, BafiffizelBohindote, —7F, B UERERE LIERSEH
DONTHFERBDOERELRLT-M, 488K IC de-couplingT A X B b hich ol Tibb,
Ba #{EfB3 % L0 HFEIEE D spike &k X nESilHENB ORI,

2) BRETRT5RE

35°C @ Krebs ¥ T#j% incubate LT\ 5[H], SUV #RBYt L& 5, Fig. 2”73 X5
Z, BT 2R 2 S HEEE LT\ o B 38 spike 23, SUV%R3045HIRET5Z itk b,
#6 MFEST 5 X 5wwie b, 607 FIMBS Tk spike Fft X155 HICIER L, X H w905 R4
TIX50~607 [ dFEfET 5 X H1iTin o,

iOmin 20 30 40 Afropine

. 4-"‘\‘]
90min / ‘ ]%m

Fig. 2) Effect of SUV irradiation for 30~90min in 35°C. Spontaneous spike duration is prolong-
ed for each tracing. Note disappearance of the spike and tension after atropine added,
depicted in the bottom record.

L2 LD X5 BREHHERT HITHL, spike DFIBIVENOKE X b Hr e
Lico Th, Z OFHfRY spike 234 LT\~ B4 C Atropine #{EH 35 &, spikeid i bicfs
L UVENDB2CEIEVAVE TR L, —7, RET2MTOBIERIEC S ESHE O spike %
RELTHWBID, ENFEE2REBIEVSVICTRET S EI3E» 2, BECX - T spike
MR HETHRMNE L, COBBENIVREIE VSV ETTET S, HABCEIIHH
MULTWB X5 RR2 58, #EVSAhboEHEZHEOLLCBHHCE TP LTW5,

i, BRETCRT3IEBEHONCTERABORBRE AL, HIER spike DR
DEER Lic b, spike RIENHHMAT A LRBEI N1,

LUV B&hc X 5 &R &

1) Spike 4B T 5%E

BNBOBERPBEVCEER=AAF -1 B T50, BEBREYHTCLI-TRHC LS
EHROFRI I, FZ THED LUVERED A2 LTCHIBE L& = A, Fig.
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JarpT o, BEPCHENREDbN, FiCHZM: spike BAE LWE{EAED bhic,

8 —_ ST~ ST~ T T~on
Bl et Seamd Mw\] 10mV
uv.

w
Fig. 3) Sudden effect of LUV irradiation through the quartz cell of sucrose gap method. a) Spike
frequency and tension increased whereas the spike size was suppressed. Complete recov-
ery was observed after UV off. b) Progressive change of the responses occured at the

beginning of the LUV irradiation. Note enhancement of spike frequency and tension, su-
ppression of the spike size.

* 3 spike it L CizdEMBAMbictE > spike SHEDO FENREBC b, FORE T 12 L
7o LxL SUV BHTHLIA X 57, BRIEHOFRHEIHEIER LIz, de-coupling A4
Uhik EOBIITED ORIehrwico TR EZAIENCE LTRBEERROE/ &1z, KBE
CXoTabEYDHRBIVZOAE I FTHM Lic, b spike FFE D LRI X b 5hffE
BAE LI DEELZDRD, thbo LUV RS X 2Kk ORI OE(LIZFHAYT, B
wEIT 5 ETORBRERE Lic, ¥4 LUV 0oRSIEY 5 58 k3% & spike OIEFRI
R HIRHETL, spikeDREFXH1/3ICE TRA Lice LLERITHEIRILHML, BEH
EIETSC L X v 05 HEIOKIE OBBOLOMEIZEE L (Fig.3.b),

CDX 3 LUVEBS X b, HHEM spikedIERIAILIC X % spiked DA & IR DOHEIEH
PRZFE L LTRDORICH, HoORBRFAKN3I~5HB0ERYAV5L, UVESIX
DRGSR b spike BAEXRET AHRNVBE I i, Tbb, Fig.d4ax Ach #finns
ELTWBREAETLUV 2 308RIRE Licd D TH 52, RrbHELAR Y 5 CBHER/IHE
IR BANOEE N HINED, BEPYAZ L Lo TEDIRBINEIDBIAE L o T b,

ik Ach #ife R OO EFEIC LUV 2 GRERAT 5 &, BERIOPE- T L HFREN
spike 23 F4 LIRS LM 5~105 flHek: Lico %7z, Fig.4,bi3 3 BRERRER LictiDEEE)
e bR 1 4MLUVEZRE LD TH D, TOKBE, BERMIZ3I~4mVEFREL,
BH &Y - e BT EIEE © spike BN RAEL, ThicfkoBNNELNIHATS D, T, R
Iz spike KB LN TWHEE TR TS &, v AkEspike CERETIHAI DT, IBIC
Fig. 4,c Tz, LUVIBSIBALE 308041 B 3tk spikeiBlbohifa®, ThHRBHZ Y- THHEE
BT 2H5HELRE LIz ERR LT 5,

DX SERRE Liciic UV 24 LicBawiz, BREHREIh, UV REOREE
FERFETHARTFELEALTCWA X5 Bbh b,

B OBBIZENOREH LLERHSLHELLERED b, Fig. 513Kk 2 B HERRE
FLicHie LUV 284 LcBRe B b h o UM REZ R Licb O ThH %,
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Fig. 4 ) Sudden effect of LUV irradiation to the preparation stored at 4°C for 5 days. a) UV ir-

Fig. 5)

radiation during Ach contracture induced the oscilatory potential. b) Hyperpolarization
was observed after LUV exposure, and depolarization or spike was appeared as the after
effect of UV. c) Spontaneous spike discharges were evoked after 30 sec from the begin-
ning of LUV irradiation and they continued for a few min after UV off.

NV

-

0V Imin
Afropine o
b
Jie
e e
ACh

c _M/\Ls,pftf ]

[ — 30sec

U.V.

Effect of LUV irradiation to the spontaneous tension response of fresh preparation. a)
Note prolongation of tension duration. b) Minimum tension was promoted to the maxi-
mum tension during UV irradiation. ¢) After UV irradiation, minimum contracture was
promoted to the maximum contracture by Ach.

¥, a) X2 0EBCHRBREIMEIE LR TWARETUV 2 100HERE LcboTH %,

B0 5 4RI EREENREFENR L b LARKC, BETIENOREIIH L TW
b, B UV Yo icth, HREMIEORRRHEIYED 3 ~5FERL, WL LIS
B X2 ROBFETHZ E235 5, ki b) T2 UV BENR—2ORBE 7L - TRELER
MIEEEERC L, ThiB &L Lt THRFFRBERAIERBENEBIT LT %, £OEE
Za) AUV - B35 SEHRIRTED, BRIWEOERE LW THbRL T W
5, THLERER 3 BEO oW THFEER, UV BHRIMERIADE - T Liso Tk b, R
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HELENREREIRTW B 20855, L LECiRAChRERTAZ LItk oT, IhKE
RHERRLA TR Enbd, UVRBSIFDOPNIRENRBEOG &L LTE LW TR
WHD, RABENREBCRBEEFTS LT &30 %, DT &3, HRCRT-ENR
BEBOBFET A LR LT\ 5,

LUV Bahe B bh 5iiig

UVREH OB R 2 CIEEBRIER Tk, HMBEROHPLRIUBHERRRE LicfH<iz. UV
BECHig B S v IFERN R bt Fig. 6 XRHEZOH LUV % B U’ O EZIRIRD
BER LD TH b,

N S T T/ ——

U.v.

bﬁ:ﬁ::://~ ‘t::::/\» _Eizif//\

Fig. 6) Effect of LUV irradiation to the fresh muscle preparation. a) Sudden relaxation appe-
ared just sfter UV exposure and it decreased gradualy. b) Some types of the sudden
relaxation. Note the latent periods from the beginning of LUV irradiation.

a) BRELRETHZ L X THIEOKREINED L, MiEORHERD RT3
EHERLTW5, b) =20 R A DEATO UV BE & oBRE R LT\W5, EMDO XS
CIRGTBIME B RICHE, B, o tB3RPRCTOBECEET 254 &, BRER
< Ton], Toff| T LCTHRCRIETHEE L, ARO X5 CREFLHSFHEE»SEIE
ANBITLBDDBE END oo, HETWIRD UVRIELZ L, HrxgIeloc E®2RL
TWbe ZOBFIOWTIEB LTIV, Bb < UVEHRONFIREEYEOBEY R
BICRE LD TiXeuwWh BB I h b, b Fig. 7 CIMERERF 7 HR O T, 50Hz, 5v/
cm, 5sec DAFEERM L 3 HBICH L EOERRI E UV OfEAZR LT3,

W_Jm

— 3min

Fig. 7 ) Sustained relaxation of the denervated muscle (stored for 7 days) appeared just after UV
irradiation. Note unchange of tension against the AC field stimulation.

ML X5, UVRHERC—FNLBILENDOTRE (Giig) 244% v, 205HR
1. 5EDEIWMA DL » T bo L LTRHEZEILT % L ERCBILENIEHECBT
LiBD 50, OB T304 HRICTTOMEI ¥ CEE Lic, £ DHRMFIBICK 3 2 [k
Bz LA EERT, UV OfFAR L RHPBMOEREA R - T3 Z EXFBR Ik,

UV ®4f & Ba ofEH

1) SUV RB& w3 51ER

Ba (3E 0GB % #998 L spike O FTREMEZIER T 5, —RH Tk BafF HERCFROE 58
EEBHE D spike BFEL, ThictE s> Ba#firnBbh b, X LIIFAEKET 5 & spike DFF



No.23 (1978)

BRI ER 3% (Biilbring & Tomita 1968)7, * & T24B] SUV % @4t Lic#iic Ba #1E
BB L, EBETCRT 2 BaofEBie oW THE Lic, Fig. 813 FDEBRATH 505,
24FERER BN CRE Liciiic Ba AT 5% LEBHR S & & BIEE O spike BB I T
Do

B, Bmn 2
.\F DR N
30 40 50
DAY " D O
60 70 80

lg

MU oo, sossionsu 1 5mv

Fig. 8) Effect of Ba to the preparation of SUV exposure for 24hr, in the cold box (4°C). Active
tension development is transient just after Ba replacement. Note the de-coupling of the
spike and tension, and prolongation of spike continuity.

L7s L Ba #fff i3 —B M TR 3", TOHME IEBEH DO 1/3~1/4ThH %, EBHEHT
313 % Ba spike (380U Ed e L, #DD204 % T2 ~ 5 HzoBBEE CRET 52, 304
BCIXBHEORKT &—BM:o spikeFOBMMB R bhic, IHIA0FHRIL, 0.5~0.1HzL &5
CHEEMNMET L, spike DEILFF LI WA LI, T LTS RIHELBINILRME L
foo —7, FERREIH Tix Ba T spike 238045 LA LA R TH L\ 5 & LI o,

EIBI LTI, Ba fER® D spike SHE LR, BHIPTLTER EIMEIRS
DHERFH O TH B, UVESIC LY, FHOI0BEIXENZERT 52, ZoOEILHE
FIhd, —HRCTRELISHHETIL spike LR TW AR WL TEHRNIZS Ebh
Twigve ThRERO—ELEL DN D,

2) LUV B3 5EH

Ba #EB LT\ A LUV 2 BEr3 % &, Fig.9,a.bicizn3 X 5i1c, Ba #a & IEH DKrebs
% (Cagg) CES|ILEBORIGN, FERHFOBELERR - THHT LT ol Tinbb,
Ba % CHOE LT\ 5E#5L Ca-free D&ETD D, EIEED spike 5 { K34 Bast +
VOBEANDORACERETZ O LHRAIND,

a) 1T FD X 57 Ba DN LTV AR LUV %5 FREIRBE LicDTH 5, MrLBHL
k5, Bagsrb Ca HicBE S 2 LEKIE, BETS Ba, ¥cixBHEo Cacxsd
D L Bbh b spikedt, B IIHERTHNFIEHMERBE L, L LEREHG TIXDALIRS

7) Biilbring, E. & T. Tomita (1969) Effect of calcium, barium and manganese on the action of
adrenaline in the smooth muscle of the guinea-pig taenia coli. Proc. Roy. Soc. B. {72 121-136
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BosCa Jlg
a
J—
uv. L
Ba—» Ca | 059

bmdw’%\

Fig. 9) Effect of substitution of Ba for Ca in the Krebs solution. a) Spike maintained for 20 min
after UV irradiation. b) Spike continued only for 30 sec, then the membrane activity
was completely blocked.

X 5 kB % spike 2330 HIMBL L7221 T4k LIEBEMIGBS B Lc, 2 DBE, W
ELENIELBLATIBEREH LTz Bat CaofR a5 3\ & Lidie b O EHER
nice

ILREREBEES HE O AV CBan s+ 3 LUVO B &4 &5 Lz, Fig. 10,aixBa
EH 5 i UV % 3 77[ERST LIcB A C, REERCAESBIEC b, 1 4R R FHL
spikes HE Lihw, BRI ZOBMEORE &AM LcBEBEN BRI i, - D X 5 /tspike
OFLEAE, UV 2o BRI BRF L, BORIEBIER UVEN LA Lico 8L
spike &2\ T, ERHFERF 3 U Eofc BakfFAI @ BcHE LE L, £53FLd UVIR
FH3 5L spike BB O G Tikis o,

—t

Y I p i R

uv.

__Jiomv

D b o o AP SN i0m

L —

Fig.10) Grouping spikes appeared during LUV exposure in Ba Krebs solution. a) Periodical
grouping spikes developed about a few minutes later of LUV irradiation. b) Irregular
spikes became to regular spikes during LUV irradiation.

Lickio TR b)D X 5 Tt l spike DRAE LTS HIc LUV 2BHT 5 &, Rixha)
ERBRBEIBSE L, h ¥ TRBEAL - B L spike 23RN v, ZTOREID 2/3 iEsE
Lico LOALENOKE IT00HEE LCBECE LWALRED DRt vics UVEEL
#% 4 7L spike DA HER S i,
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B i

UV OXEMHFERC X - T, BEEZT MRS, ExiX UHMBRN/DNRE $ S Ek
FFEBINIh, BrsOBEYEIRITZLIELIADHALA TS, L LK%
UV g onTiiErin, ZoFRABRC oW TEAEL 5% 0. Lo LK,
Zucker & Nolte (1978)% R EZABRBRHHIWHETEG T, BHETEXLHAKEGCARLD
BB BERo» Bz LE2RE L, Endo(1965) 238G 0h CHR Lc W2 BT 5E N
TEEELLTERERS,

AEBRTIZ, BE2ZETHEEOHE LKL, LArLERGO XS e/ aEIRFBET, 20
FEBRFEGECOBELE oS EMSLMRYRETEDS L5, —BRONBTHEST
UVZEEL, ZTOEEr o THRHE LOTHSER, UVOEE, J (LR & XE»
LR, RERME, BESHENLBEC Y > CTHRBSIVCERANESLD LV, FIXIXER
(4°C) N CERBEESUV #Bif+% &, Fig. IcRbhic X5 EOFERNIIDE hHELF
oy, RE-IUREBIEE, ThbbMRaRcEI oot o Ca EEieg, 2EE
%%, Bi#EB (de-coupling) +%, LiLZhsEiR (35°C) 2 &, [ UEHE SUV T g
RERRE CEA 2 R b, spike bENSIBEELZ 50 TH5 (Fig. 2), i, BEBRER
TEHoTHERENE S & spikelt T BRI RN Rc-TL %o ThiXFig. 3TRLAD X5
LUV % B4+ % &, spike DIERIUEIVE Z W BHENE L Ie 5D TH B, LIk - THMENIHE L
Sk U TR ENE bR b, L LE OspikeDIERBMEMFAIMGR & » 7z DMIARBTH %28
—ORFEZLNBDIL, HL OHRCHEEL TS EEBbRTW5, B Y X 2 ORERET
UV RER LD TRV E WS Z L TH D, 2F h—FICEM LTRE LT\ /- spike DY
R aiEh, BREGRBREE T LEDTHS, Ebic Fig. 4 Tix, UVIB5EBEEE
BT bHHT, BELYS L spike 2% Lo b (A a, b), BEHKEG[ LBEFicspike
DBRELED D (ARC) Ie E4 4 VOB X2 CIHBRBLAKABE I L, ILERRK
FOBREFCix, UV RS X - CTHLMENRA 2 3B R TR ORRRHOER L &
BRDd LI (Fig. 5) ZhicK LT Fig. 6, 7Tt UVIREICfiztiZ L, 5 LEETS &
WO L LWRERA LD TH D, ZORFIHHEROH I IOCBREREFEIRN7THLU L
DHTIKBEINICOTH D, WMHEBOH TIIMEMEEDEN UV X - TRRENIIER
R, TOWHENMRE LD TRRWAEELORD, EEFERORVHTREBHEI L
T 5 AREMEA R < (Shibata 1970)%, HigRIG% FiPEEE Ca DA LBE ST TE L T,
UVBEHIZ X » TN Ca BNRAH IO THS 5 W5 E2F &, Taylor et al. (1970)V4
REBLTWAX57%, BEoBSEMNE Na-Kpump 28 UV 2 ko CTEMLEIR, BB LTWic
2B o B IR fEi R s b D EELENDELLLTH b,

¥/, Ba @ oW TRARKEOES LT 2RT L LCEATHC A I {AbLR TV 5.

8) Shibata, S. (1969) Effect of prolonged cold storage on the contractile response of strips of
rabbit aorta to various agents. Circulation Res., 24 179-187

9) Taylor. G. S., D. M. Paton & E. E. Daniel (1970) Characteristics of electrogenic sodium
pumping in rat myometrium. J, Gen. Physiol. 5§ 360-375
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(Biilbring & Tomita 1968, Hotta & Tsukui 1968,'® Suzuki ef af. 19640) LasL Fig. 8
Fig. 1A CRONS X5 ERATSUV 2RBET5 L5 5FHEREIE S hIEIIIMEEL
T 55 spike I3KR & LTI TW5b, 2D X 51 BaizEDBE ci1k CaofRfTa Tz &
NTEBDTHBMD,Fig. 9t Rbh 5 X 5icBaw Cargf 2 ol Fh E CHEEL HE LTV
Ba #E\WH LT Ca RAMATBRIC /8 5 IR BEHE 2 002 B 1T TH B 23(Fig. 9, b), FHUVZR
HLTEL L E@RETRRT& 5 (Fig.92), ZogiconTh UV BREORBARITIER
L, B CanBi et LTBRRELETH LW 2 ERTRR IR, ¥bK, Fig.10c X5k
UV 23R 7 ##b spike DRBEFD—D0 Ll T\ 5%, Zhix Fig. 3 THiEH LAY,
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