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Effect of Ca** on the contractility of isolated uterine muscle activated by

oxytocin and potassium-hypopolarization in estrous rat
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BEDT Pl dF el Aol @AV A7
24 2 o 39 vt = e =3 AzdMx F
EZo o] & B4 B 4=Aq Auld wal(Bozler,
1962; Talo and Kirki, 1976) velvde @40 #7)
w22z o olde o7 f Ao goo HEP A
Z73% ZF5e A% 4% do] o

A5 (Ca") & A xabe] I 34 (excitability) & =4
&9 (Coutinho and Csapo, 1959; Biilbring and Tomi-
ta, 1970; Osa, 1973) Z5AYS vl FAF 43 2
<] 8 = (current carrier) (Abe, 1971; Anderson et al.,
1971; Mironneau, 1973; Daniel and Janis, 1975; Kao
and McCullough, 1975) T2-43% 422 (excita-
tion-contraction coupler : E-C coupler) 2 = 285l
(Edman and Schild, 1962; Bohr, 1964; Hodgson and
Daniel, 1973) % &2 259 o8 oo dod ity
Aoz dulA AT 2 AP Fge A4 6y
% HET)A ER-55 ARAEZA=AY BE BF
Yo e
Y EZ=eloh, Axza v Fel g Az gem
ub bz Azt o) m&8 2o Q= AL v E
3te] Alxe] FHE F 4 9 v (Prosser, 1974; Kuri-
yama et al, 1977, Popescu, 1977) A& g2 re 2
ZaEd 923 4 (Sandow, 1965)0A o= o
ol dE2ch. ¢ FAZY $E24L Axsde
T FEY 2 J¥e N ged vd Yy
E Az g 2o wep £&9 3zt gatsA
i, FzAql Hel A5 FAZHA & W= Qe
THaEe] PRI FHHA gon ga Az
ole] ¢tez #9 (inpocketing) F& oY (micro-
wesicles, caveolae)Eo] By o|AL Mz o4 A

=% 1§ (sarcoplasmic reticulum: S.R.),

Fz2 FE5E AFE 9lvh(Kuriyama et al., 1977).

AL Y 439 FEe] golx Ay 2
T 4 9 344 92T (unitary smooth muscle)
o224 328 A4 et £54 0] 23 a (Aidley,
1971; Kuriyama and Suzuki, 1976a) k¥ o3& u+
4 A=E 28 veh} e 2 (Bengtsson, 1978) = A
T 4A%A £X ¥ ¥ 25} 97k (Kao and McCullough,
1975).

oxytocing] AF F£& o N B AFI
3=l (Marshall, 1968; Osa and Taga, 1973) <& 3
4 A2 GEEA 7 (Diamond and Marshall, 1969;
Osa et al, 1974) A% ¥ o F 244 gt e
(Csapo, 1962; Kuriyama and Suzuki, 1976b) A 2%
ol gor 1 ¢F7F AMd HARAq FLo @
e Ad = g1} (Berger and Marshall, 1961).

A2l A= & TS5 npA bR 32 (Bohr,
1973; &, 1978) A x9N FEKY) ¥=7 Z718
of stel Aol A ¥Te] Hu] FEA ] wgdgte
AP Eo] gl+w (Evans et al., 1958; Casteels and
Kuriyama, 1965; Bengtsson, 1977) 2t§-7& (K-
contracture) & f-#3ed ol lA] +F g o129 &
#E dT% 22E 2o (Edman and Schild, 1962;
Feinstein, 1966; Schild, 1967; Osa, 1975) T Eo =z
FEAA ALF L YA -‘?M}»‘é 4% (phasic contra-
ction) S AT 4L %A @

E =EdAd e 247 JE 7]’5_2--1 Azae] FEyg
€ #3449 2 YA oxytocind ZFo] 3
ATE ¢35 vlAe Q¥ BRI F2L A9
gol #%4& Hd=E FFA7 = oxytocin 1 LU. 1}
& 20mM g A Azdqe P4 FE 5]
wE ZGE AR 2ads Ao
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200gm ol $A7 ¥ daite Fe HEE
st FERE AR, AYAA FATA & F A
Lo AF =24 Age wohvsish

100% A42 F¥E ol F3 pH7.35¢] 429 Tris-
813 Tyrode 2o (NaCl 158, KCI 4, CaCl; 2, MgCl;
1.05, Glucose 5.5, Tris 10 mM, 12N HCIZ 3 A )}
5o A& Ful& SoA AT =48 ez A
Bz FH z24& Hese o] < 15mm, vhu] ¢
3mm, FA o 50mgd AT AWE uEel ¥
o]t Aol 1A FF HEFAZ F F4 507
o] A2 ARe ¥t AR THZAF Y F=2
A 3087 A A

AWE 100% 42 YWY ojFx pH7.35¢ 35°C
9] Tris-91% Tyrode £o] Eof gl o]F Falye
2 5 4947(£% 50mbell §A4 23S 53
A & 87 (isometric force transducer, Devicesl)
2 oA, 7157 (Device Aol F1E8A = 1A
%ok 3] 847 et oxytocin (Pitocin) 1 LU.Z +&%¢&
2R A7z 243 o 94 A2y FAFe=z R
He AeolgE EAANAN Zol-AF FAL 2y HW
A42& A s 242 o] (optimal length: Lo) & 72
(Biilbring, 1955)¢] AolelA A¥ & #oiH.

# 4 Tyrode 49 o} oxytocing- 107 LU.¥¥ 101.U.
A7 gAHez FEE FHA7E4 549 WE
2 fA2sg=z, A4 Tyrode 244 KCl& H7sto
g99 A5 =T 10,20,30,40 mME £3-% & 4
gue 295 fasgdeh. ® oxytecin 1LU.E 5
& 2047 AFF= A4 Tyrode 4-9o]A NaCl 16
mMg @l = @4 KClg 714 2§ FZ & 20mM= 7t
E K-Tyrode &4 (NaCl 142, KCI120, CaCl; 2, MgClz
1.05, Glucose 5.5, Tris 10mM, 12N HCl2 A 4)e =
AuAe AEFTL gog APFoH AYPER 2
& ¥ 2 AA omMo]A 4,816, 32mME F714 719
Al 2 FEd4 #23Tde =3 (area of contraction
curve), 89 27| (amplitude of peak tension), &
¥ % (frequency of contraction)& &A sk =2EE
#a FrdqA A4g Far] Ad o4d A3 2mMe
A zge T old AR Hlmstge

o 8 48 3

oxytocin0| X2 +H40 niXE= 2

oxytocing A9 AFgFHez 108 LU.F5 4
2717 3z 5z STFAE 83 A& AT
Ay F2g FAAo|H 277 YAF FHo2 F
Asgc. F4¢ Jd2 FAA04%=2 A28 E 100
LU.1A4 9 ;g 100%= We& = oxytocin Z F=
(1078~10 LU AA S A9 29 505 F 24
Aol =7 1ok, FY9) A& 102 LU.AA o] 3
B 3te] 80% A E.olZ o] F A A¥ Frdd 1 LU.AA
= A9 Fd e ol2dd. 3 EE 1070~107 LU..
oA Hoigle 40% W&l el 1 LU.el4+ 80%
Az F4% A=

o] A qEAq % 2 Hel =¥ 284
oxytocin ¥ 5 F7to] wa} FH =277 MAlE Fb
ste] 1 LU A8 A gel olan F&o] FHdz
Z2AETE 10 LU & 27 7] %323 (basal tone)
= 78 AE & UMk E oH3lEE FE F
Jte] et AW =5 1 LUGA FA3 AAg i
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Fig. 1. Dose-dependency of oxytocin-induced con-
tractions in rat uterus.
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Fig. 2. Dose-dependent changes in frequency of
oxytocin-induced uterine contractions.
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2% 4 992 £4T49 d9A4E FEed vH
Fode A4E F 4+ AN+
oxytecin 1 LU.2 £&0| &FE x=20M &

&9 53

AZFE £5¢ AY HAdE FA AL oxytocin 1
LU. 9% sl Azoele g FEZ F7HAA
= Brle FE549 d3E A4 A4 F5d 2mM
A A B HEER AR (=Y D. #
% 2% omMaHiE 4,8 16mMz F74A7d wfz
TETAAY w3 L 12426(%), 204%5(%), 270=*16
(%) (RFLEZ2A, o8 AL)= A7 Agleh iid
S % AmMol A 87+6(%), SmMel Al 64+7(%),
16mMol 4 52+9(%) = FEolEdom AFY zse
A FE WHdA ¥ Hel7t e, z2Hx A
o HAE F AHE (F EE3ExFESFTA 1
A) AA #4 FE 2mMel A9 el dal  4mMe 4
103:9(%), 8mMelA 120+10(%), 16mMelA 126+
B2 234 F7HE 38E 1900 $R8 A
ol obvigiet. mMEA oxytocine 2 3] 23
Aol A Jrods D FEE FAHAAA F59
AL 77te BAAARE F5 249 WEE TLdd
34 A e A e F A e 2 st g R
oz 298 £ Jich o 449 HEAHQ dF =
B 4o 3l

=% A4 Tyrode S A Z5ut-e A AE Cafree
“Tyrode £ (NaCl 158, KCl 4, MgCl, 1.05, Glucose
5.5, Tris 10, EGTA 0.1mM, 12N HCl2 & 3)d 4 =
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Fig. 3. Effect of Ca* on oxytocin-induced uterine
contractions under the influence of 1 LU.
oxytocin,

uterine contractility in rat—
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Fig. 4. Effect of calcium ions on 1 1.U. oxytocin-
induced contraction in rat uterus.

oxytocin 10 LU.ZE AZZY F&2L A3 47+ ¢
geb. o) A Z Bol AlkE gl AFE 457 oxytocin
g 5 23 FHgo Az Fgo] uzA Pe
sobz A AE £ Al
Mzed 28 5z 20 422 &40 0 x|

E &y

444 Tyrode £ KClg F718te] gL 2
T FEE o4 AT $&49 WS Fadyg
Hzd 5). A4 deA Fm BFAY AT
Fol #ZF T= 10mMelA e FAH7] A Do
20mMo] M & FHA QA 450 F ek, 30mMe)
Ae A1z Al AA= 44T 2AY F2o] Yy
2y Azke] AvdA AEF Al FAHT Jay
TFEE At Z AmMel A e AEH F£E2Q 4 Fo
A58 F3Re] veel, zEz ol HAL A
4 Tyrode §4 o2 wfFA T A3z Aoz Hol
Axdd & 578 3= 7193 q 84 (reversible
phenomena) 2. 2 4 24& 4 9.
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Fig. 5. Different contractile responses to various K+
concentrations in rat uterus.
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Fig. 6. Responses of uterine contractions to various
Ca* concentrations in a 20mM K Tyrode,

Age] A4 A FEA 2mMAA Y AR g3t A
TEE2 Ve (=29 6). K-Tyrode &9 W 24
FEE 2mMEYE 4,816, 32mMzE  Z7A47)d wlg

FHEFAY WAL 13245(%), 247+16(%), 293+25
(%), 299+33(%)2, F&2UER 11748(%), 179+4
(%), 203+8(%), 220+9(%)2 Ax =HAF A=E
16mMe A Aol Aggte 2geh 459 A7E 4mM
A 111E2(%) =2 %7k Z718 F 8mMej4] 14547
(%)= %o 71t 16mM(151:-4%), 32mM(152+
2%) A2k A g el ol2ylon g4 A7l
W e & AHE 153+12(%), 450429(%), 613+
41(%), 675165(%)2 44 FrAstdd. & 4L
23 ES 2F Adezd Fo8dn, £554
o mA FrlE %9 A Agkwe]l opvE FR
2z 7F o] ARA As}E oxytocin @3 o)A & (=
9 3,4) & ¥4 e gt F 20mM K-Tyrede
£ F9 TF FE TR gH4o Ald ez 23
Heled o) F 2R A FHE 2 FY, £5F
A9 mAF FHFHEE 16mMo A zelz FHs] 3
715 8mMdAd A8 Helghd olzglen FF FE
F7tel e 7549 3 SmMdAA 13 o gy
oxytocin 9 & 39 ZF T4 HxH Reg v
W siet,

2§ 74 o] 4AH EAY AE Bk FE F
=7} A g w54 Aty ez Ry 3
HJo 279 FE2E AYAE T F£5o €S
AT TR 254 2A He AL E 4 AR
o}

20mM ZEF (=g T 1 LU. oxytocin(2g ez

Z S&d AAE I

FT5o] &A" Fddd BAEY nAE vz &
o AL AL A FEd A FE 9T oA 6
a3z, FE3dEE A4 BF FEAH £ oxytocin F g
el A Fot ofEF Holx TF FES ZEd
vtet FolEol 8~16mMAAE AT o388 PgFeo
2 &40 &4 AFZ AHAA o g = A
do 27 oxytocin 8% A AN BFE FE
oAl olv] AL Bold, BE I AL 25
FEo wet Fohsle] 3mMolA A9 Fdigle] o2y
9 o5 AdFgE 274 AR YT F AL =2
5 7] 50mg/mg(AH/zAFA)e = wsg gk
vheh gLt

o
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Fig. 7. Effect of Ca ions on the uterine contractions
in a 20mM K medium,

il &

A7 AT g9 A8 Texm FEHo Fi
Aoz Paisted, FEFAL FelAd dete
(train of action potentials) EX7]8} A WEo] A
9 8l #47) (period of quiescence)’l =z r}eh
doh, FEAE B8RS 7 A2 AA st
an Rk B3 A sbg FLd (Kuriyama and
Suzuki, 1976a) ©] & FAA A FEA Wil 5144
A E o ZF mEw glvh, 28]z o] A2
FERY HEt &5 P4 ARF ez 2 dAy
Yedcl(Osa et al, 1974). FEAGe] dexgozm
7122 7hFe] Aol A4 (tetanus) 4L Hold
o7l Y9 A Fd WHdAdg ZFAY wx
(Bilbring, 1955; Marshall, 1968) 2 Al 8|9 4
Fx o] (Csapo, 1962; Mironneau, 1973) ul&] gte] # R
vz A 2o}

ATZTL 222 Add g F2Y43 GFE F o
2ol AE WEES A Ed diEzAe) AT
AZZAA AdAd £5 3 oxytocing  EA 2

ez 49z Yo (Kuriyama and Suzuki, 1976h).
E AFAAE 4374 9 2N AgA a2 o
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q z2& A% dAsA FASFAH.

oxytocing FFHL HEE FAA7H AHESE
dodlE §F ALTE Azwdyg AL HHRAd=
(Marshall, 1962; Osa et al., 1974) o]&l & ZF ¥
W3les 87 YESF(Nat) F340] AR 7lddd=
(Marshall, 1968) A #1=w], =3 oxytocino] 37
T A At AddE glv(Berger and Mar-
shall, 1961). oxytocine ¥ %o wet = T4 nl
A= 52847 2 2ast ¢ (Kuriyama and
Suzuki, 1976b). & F=5}l ¥& A AN E ATE
A zutel ¢}A ukA ¢t (resting membrane potential) &
W oHagle]l ¥5AY T WE A A4 AL F
7 WAy &A% WEs 25 Fohe, B4 2
Al A ALFe] s F47171 glo] FFAGe A
& W sle], FEot & A 2AAAE ZEAST
WY& AlgtAl 2z A S5 FREYAGE Rze]d. 9
g &23E Pl oxytocin FEE HA T €4
A w2 ZelA AR A AL AA 107~1
LU A R =47 T8 dvte 44 e] glok(Kuriyama
and Suzuki, 1976b).

£ AY(2d LDO e Fz AR AdE T
o] ALY AFEH o F oxytocinF L 1072 LU.YE
AAeln A7)7 dAF FHoeR FAHR LS FE
Z7be W ez, F39 A5 SR 2 AHY
Azt B% F71gle] 1 LUA AL gkl o2
get. FEFAge] FAE Ao vty A 39
Wz AL A3 42 &5A% 799 d=g A
% 7] 7tel vl e FErPEe] (Marshall, 1968) = 33
9 2% F¢ Uy 2549 d=d wHet FopE
2 2 A¥ASE $A4dE £33 4944 Ed 2
Hae e, oxytocin FE F7te]l W £E5UE9 F
e FEsh) 398 arle Z2A 434 gede
2 2.(Berger and Marshall, 1961)7} 9 E8 ¥ 484
A5 2 QA

Z4re oxytocino] A xut ¢&A 9 A FHA
25 AA 5ol dolrl#A oxytecin F-E4 4 7
Ao d%e dmAdate FF0] evh(0sa et al,
1974; Daniel and Janis, 1975) Fal4ql A4 =4
b, B AYeA Az #gd AARE AL
A & F2 oxytocin 10 LU, 4% gelH = 3
o] AF dojtA Psked HE AFES 4H (Csapo,
1662; Hodgson and Daniel, 1973)3} # ¢ X st Akl
2, o= Azdqe fEe] & A AR ALT
Aot FEAGe] A3 WP HA ged d¥G=z

(Burnstock et al., 1963; Marshall, 1968) A= 5 = 9l =k

FES o Fo| Gl Krebs 244 A4 T =
7% st BEAY FE Aold AL AdAm
T AL AE BobAY oy e FE Fil=E
5 A st A3Ee] TRl dolxd ddd
© 22(0sa and Taga, 1973)7F gleon utd F2]9
A4 73L& AdAet= A A (Csapo, 1962)%= <},
B AP (=Y 3,494 = oxytocin 1 LU. <& &}
A Ze FE Frbd w8 3z e Fidn $5
717EE Aol ZFHe azle i Folst dis. o
A9 FA7ld e LEol stabilizerz A9 F L& G
Yl ¢} (Kuriyama, 1968) &% Hl=s 248 Aoz 3
A4E ¢ A, g 9 FFol s ggo] &
&8 oxytocing] E4ZF Adle Wgoes #HLL 3
A ¥t 5% ¢ Y@lvh = oxytocin 1 LU. 9 &
el A A e AH e e A AFeE fuEE
29 279 A9 gera (Csapo, 1962) 4] L9 9]
Zgo] FrtdE FH arld e 3§ HHot gdda
HA4E 5 Al

ATZAAE Axde 25 F=v Zo15e g
T ARl deojrie Awdd FFol AAE FMar-
shall, 1968) T%4 ] dalgdz A= A 27
FE A= Bz v4Y0] ARGE vnx ¢
(Pulkkinen, 1970). & & F= Z7}to] vle Aty g
ol A4 A7 20mM W A = £ =5 30mM
FHE A &5 AeAdz eI Fegad
= 44 Eo] 9+ (Csapo, 1962: Daniel and Janis,
1976). B AFAAZ(2Y 5) #4F F= 10mMIE
TE&ol F45 20mMel4 Hz A9+ 30
mMel| 425 A o] vl bt &4 AyAGg A
dA = 3=t

5 Az 2FAL] | FEAFA 27} o] Lo F
AE Aolztz »=rl(Fatt and Katz, 1953) € ¥,
WA Fol ZEe] AFAolge Ardle] FAFY =
4 (Fatt and Ginsborg, 1958), Z-1¢ 8 (Hagiwara
and Naka, 1964), AF® 43}<(Niedergerke and
Orkand, 1966) ¥ guinea pig 2 4% (Bilbring and
Tomita, 1970) 5ol W&z e 34 AF2e FEA
ol AAA = W FAFS F7} s o] o] Agolzt
= A (Ca spike) (Abe, 1971)3} U EEF 4] o
Fodg v+ 4 (mixed Na~Ca spike) (Anderson et al.,
1971; Kao and McCullough, 1975) o] 9le] ko]
FHole XA VAN A= 444,
Azoae 4% ¥ 2 AZIe Hed YEE
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—%39 s dwe]l A AT 55 nAE ¥

¥2& 493 v &4 85 2 (Kuriyama, 1968) 24 =
44 & ZF7ts 22 (Bohr, 1973) of« Zweo] v &A%
o #Adte FEs A AA Aotz AAE F
S & AY(a2d 6, DM E LF 20mME A3
A Al Zg T Fotel W £5 S,
= 2 AHY A 2T FAASEA. AHY &
he g T AA 444 g9 24 FE
Z7ld] we e 79 (Ca influx)e] AH MRSz
A% g Q. E AET A i gA R Fa
T FAL T Aol A2 FE FAs T T
Ad & 9% vXdaes F5& & ddlevt o
Agtez F&o wxst A% sztel Fo% 482
A3 e o7

| 2

379 A ATE d4e 494 5= oxytocint
ZEel £33 uAe £3E A, = FF I
oA AELde FE ¥Eo WE FE2d9 HIHE
A g3 2L A2 dsidh

1. oxytocin® A9 AFgHozr F= 1078 LU
B Fx ZFAGH AFT Awd £52 A3 elH
277 ARE FHez EFAAG e, TR F7t
o et FEe 377 Fohatg.

2. oxytecin 1 LU.E &40 " AZTITHA
B = Fbd v £2349 WA AAZ F
Ayn gadgon AYs ade A9 EEs
dath &9 Fd geol g A $l oxytocin 10
1U.25 20 oAl 3.

3. ZEL 10mMEE 4&& WAz Fe 571
of wet Fauzs A ass Fssged 30
mMej A} -8 A Zo] pehrt 40mMe] A & 230 FH
&gl et

4. ZF 2mMz AEITY AFZAN FE F=71
Fogte] wal #5344 @A, FEU=g BEY
37|17k 25 F7std

ol e Az mol AT AL ATEY A
43 4%3} oxytocin FHGol FyHeo)e ALFH 4
el e 53 FEALY WFAFA FF FoAd e
Aoz Ais Y+
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—ABSTRACT—

Effect of Ca* on the contractility of isolated
uterine muscle activated by oxytocin
and potassium-hypopolarization

in estrous rat

Sang-Ik Hwang
Department of Physiology, College of Medicine,
Seoul National University

(Directed by Professor Dong Hoon Shin)

The influences of Ca* upon the contractility of
isolated uterine muscle were studied. Longitudinal
muscle strips were prepared from the rat uteri in
estrous stage, and the contractions of these strips
were promoted by oxytocin treatment or potassium-
induced hypopolarization. All experiments were per-
formed in Tris-buffered Tyrode solution which was
aerated with 100% Oz and kept at 35°C.

The results obtained were as follows:

1. Oxytocin (1073 1.U./I) promoted small, irregular
spontaneous contractions to regular, rhythmic ones
in an all-or-none manner. As the concentration in-
creased to 10 L.U., both frequency of contraction and
amplitude of peak tension were increased.

9. In the activated strips by oxytocin (1 LU.),
the area of contraction curve increased dose-depen-
dently in the range of 4~16mM Ca* while the frequ-
ency of contraction decreased, and the amplitude of
peak tension was mnot altered significantly within this
range. In Ca*-free media, however, contraction was
not developed even under the influence of higher
concentration of oxytocin (10 1.U.).

3. Potassium promoted the contractions of uterine
strips in proportion to an increase of K* concentration
in media. Spontanecus activity increased dose-depen-
dently to 20mM K*, but contracture appeared above
the concentration of 30mM K*.

4. In the hypopolarized strips by 20mM potassium,
all parameters were increased dose-dependently in the
range of 4~32mM Ca®; area of contraction curve,
frequency of contraction, and amplitude of peak

tension increased all together.
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The above results suggest that external calcium
jon is essential for spontanecus uterine contraction
and oxytocin action to uterine muscle, and it parti-
cipates directly in action potential as an inward

<urrent in potassium-hypopolarized state.
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