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== Abstract=

Different Mechanisms of K-induced Contracture in Isolated Vascular and
Intestinal Smooth Muscles

Ki Whan Kim, Sang Ik Hwang and Kee Yong Nam

Department of Physiology, College of Medicine, Seoul National University, Seoul, Korea

The activation mechanism of K-induced contracture was studied in renal vascular muscle
which does not generate an action potential readily and in taenia coli which generates
a spike potential spontaneously. Helical strips of arterial muscle from rabbit renal arteries
and longitudinal strips of taenia coli from guinea-pig’s colons, respectively, were prepared.
All experiments were performed in Tris-buffered Tyrode solution which was aerated with
100% O, and kept 35 °C.

Renal arterial muscles developed the contracture rapidly, which was composed of a small
phasic and a large tonic components, when exposed to a 40 mM K-Tyrode solution. In the
absence of external Cé++, however, no K-contracture appeared. The contracture induced by
K-depolarization was abolished by the treatment with verapamil, which is known to be a
selective Ca**-blocker through potential-sensitive Ca*t-channel.

K-contracture of taenia coli showed the contracture composed of a large phasic and a
-small tonic components. In the Cat*-free Tyrode solution, only the tonic component was
.abolished and almost no change in the phasic component was observed. The amplitude of tonic
component was dependent on the external Ca**; The tonic component increased dose-depen-
dently by a stepwise increase of the external Cat*, and this component decreased in
parallel with the increase of verapamil in the external medium.

The results of this experiment suggest that K-contracture of rabbit renal artery is the
direct result of the influx of the external Catt, while that of taenia coli is the result of

both Ca** influx and the release of sequestered Cat+.
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E QdAXF L 7185 (Device A]) o] Azt T84
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Fig. 1. Reversible contracture produced by high K-Tyrode on rabbit renal strip.
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<+ 36mM 2| Na*e] mbxls] o Foll o] 2 olgr g3k
= 7,

(1) diz=el K+

Rabbit renal artery |’

Temperature  35°C
pH 7.35.
%
100 1 - &/—@,
L %/ ‘Q
c R /
e eﬂb
c . /
2
¥ 1
2
o BOr &
»
E
- |
0 ﬁ&/ % " 1 L

i0 20 30 40. 80 100 mM/E

Concentration of K*

Fig. 2,

Dose-dependency of K-contracture in
helical strips of rabbit renal artery.
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%ig. 4. Sustained contraction induced by norepinephrine(NE) even in:
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Complete suppression of K+-induced contracture in the absence of Ca** within the media.

Rabbit renal helical strip
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pH 7.35
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Norepinephrine

5 mg/l
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Temperature 35 °C -
H 7.35

p .
Wat wt. 2.6 mg

Phentolamine
5 mg/l

Washout
10 min é
—
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tension 29
Normal K-?7rode-+—Normal
Tyrode (40mM) Tyrode

Fig. 5. Influence of intramural sympathetic nerve in vascular tissue upon K-contracture.
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Temperature 3s5°c
pH 7.35
Wat wt. 5.8 mg
pamit AL Extra-Ca
g9/l 10‘°M /A ‘/B mM
0.59
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Fig. 6. Contractile responses to angiotensin [ (A. I), unaffected by verapamil and a-blocker.
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44 Cat* HES smME 2R A= K*
FEE 10, 15 20, 40, 100mM 2 WA ZH & =, 106
mM o]stell 4= AEH Aol glgl et 15mM ol
2 K" 5551 371 #et A5 2AE SobE
100mMel4] Hulgh-& 2y H 59 Hok falef
A% A gl e 9JAA <= (phasic contraction)o}
APtz F ¥ & 244 43 (tonic contraction):
o H=tek Lol A4 E & A4 +5
ol 9T 459 27 AAE paHd IFY 2
g e Y FF0] ALHE FAE By

(2) M=Q] Ca** 5=l K-Z4= : 100 mM K-Tyrode
SR8 Ca™ FEZ 4RA $EE 1A g1 2,
4,8, 16 mM 2 §8A7 & o) K-F 39 Zoke] wapn
£ A< 2Y 8l Ealrh Ca*t ¥ErF A3} 23
ol ek A4 459 2% FeiAR EAn A
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Fig. 7. Dose-dependent contracture induced by K* in guinea-pig taenia coli.

Guinea-pig taenia coli

ternp 3E°C
oH 735
wet wt. 10 mg
concentration of calcium ion, mM/L
2 4 8
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¥

' 10 min

Tyrode-+}— K T K T —of- K b T
‘{‘;O(Jm_M.r— _+_1oo+ +1oo+

0
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Fig. 8. Influence of extra Ca** upon the K-contracture of taenia coli.
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f_ Tyrode ,
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K 100 mM K 100 10 min
Ca 2
Guinea-pig taenia coli
t%:w:: P9 35°C

735
wet wt.

Ca 0O
EGTA 01
15 mg

2.3 9o viely e

Fig. 9. Disappearance of tonic component of K-contracture in Catt-free solution.
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Taenia coli of guinea pig

Temperaturs 35 °¢C
pH 735
Wet weight 7 mg
Washout
Verapamil mg/l Ca.mMA with ncrmal Tyrode
01 0.3 L 8
¥ v (2
Isometric |
tension i ﬂ H 3
Vi =

[ 1 H
0 10 30 min

Fig, 10. Recovery from the verapamil-induced depression of contractility by the washout with normal

Tyrode.

washout with ndrmial Tyrode

!

Guinea-pig taenia coli
ternp. 35°C
oH 7.35
wet wt. | 10 mg

83
isometric 2l ]
tension 1
i . 1 .
10 min
X 100 mM ) KIDOmM } K100:7M ‘(TOOmM
Verapanzl \erapamll Veraparnil Vera,f}?'ml Verapamil Ver*r'aml
800m g5img '™  Qimg 1mg 1mg

Fig, 11. Dose-dependent inhibition of tonic compcnent and almcst ccnstant phasic cemponent in K-

contracture by verapamil.
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[

=
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o] 4459 3 (Axelsson and Holmberg, 1571), &
S FEZAA T 2318 AFe] Uit o1H & Keiree
contracture e} §-Et}(Bonaccorsi et el, 1977),
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et al, 1972; Norton and Detar, 1972), ©|$t 7|2
K* 2314 $7F2 Q¢ S 497} o) 249%
Aoz 4=} (Wahlstrdm, 1971),

Azdt Kt 352 15mMelatos ol ZFe|
dofv}&dl (Bokr, 1973), % F4-& HA44 & A%
4 4Ees T45 god d44 4 A3 F5
2718 vgL FBZ A dek FekFYolAwk &
ghA o 2 ZEA e A ste FH4Y 24L& & 44
A &3 AL QA F5& ez, R, =
57, $14 (stomach fundus)e} Ze] FEge] W&
BEE 24 L e A 5 & A 5
B olv} (Suzuki et al, 1976; Casteels et al, 1977).
£ A4 AAARE T8N0 FE AFHAAL nE
T FF5FIA Zong 2AAE Bd ZFe A 53
AR +HLE U S A3, AR $5L 8
ol AAFdAE & 44 33 AL 144
& MHolx glvh

guinea pig Aol A 44 450 ATy Catr
A Zaela Catte] fE1Re] delwy, 44 +5L
A =88 Cattel f4ld el =18 vx stgont (Ura-
kawa and Holland 1964), ¢]¢} Waid: A E 9
tt(Imai and Taketa, 1967). ol&l§t 4% AS}EL
K-A59 4144 423 234 Ao 595 Cat
FTFgol HErE AL FAGL Y.

2 AY A8 ¥e AEW-g Catt-free Tyrode
of =FA7]3 K& Yol &2F& A8, A8 9
A4 wbgol 4y %k 47 2mM ¢ Cattg
F7F 3] K- Zel Yejuvha, verapamil o2
K- %o] sials] A= A Ho} Er 4599
K-AZdAE 2 A Z9E 5 Ca* F9le] &3
Hel dejvbe Ao ARAT),

281} guinea pig 2K A-tolE A X9 Catt
FTEE RS A A4 AR w2 Wit 9dl
a 34 AEukel v sty AR A4ds Cattfree
Tyrode A= HAAH AL & 98¢ dtn 2%
4 Aol A9 gAs] £4AHE ALE Hol A
T KR35 944 A5 F2 A3 Aoy Catt
frelel Z1aleks, 44 AEe A2 25y 935
& Cattel] =4 RA--mvtx 4=,

Catt ZgkAl 2 19640 415 verapamil (Flecken-
stein, 1964)-2 A-ZelA] AHH 22 Ca** At &
25w ip4de] 29x g o (Kohlhardt et al, 19
72), HHEZAAE Ay oz Catt §94& Foe
Aol Zd s o] glo}(Fleckenstein and Griin, 1969).

Exl 459 & K-Tyrode $9d] =% A K73 3Fe] 4.
ol el o] verapamilx el 2 sbgs] AR5 A 2.
5oz BHAZ, ¥ K-Tyrodeo] verapamil s s}-
E A9 uhole] &EF Hym Cat™ f90]
ArEe] g Avd, Y3 F5AL oo = &
T AT A%A 5L g ol R o) a-
AGA R dAFE A OB ol FAE 452w vz
8 AF Azel e whAlotel Q& okwka, verapa-
mil BE AgdHA of, a-FEAY Foz Fri}
48 & Ca*r 525 Q5% AT & g JFEE
AZhE 5§ A=A 549 A3 94¢ A58
7l fi3tq F7kA %Y Catt F2E A 7stz givh
& A gt -5 E Ca*™ X2 (potential-sensitive:
Ca** channel) g}, 4£49 w712 g8 & Catt B2
(receptor-operated Ca** channel, ROC) 2 33 9.
25 verapamil-& ROCHw 43L & nxz g
I 34 stz 9=k (Bolton, 1979).

guinea pig Z4ro] &l %X ¢ verapamil & A
AL KAEE 9o A9el 444 S5 &
Gl gddort A4 FE5 e FE FE ¥ 5
Aede Ao Hof H43] A KASY 944
FHEAELE AW Catt Tl Y Estzm Y=, A4
4 TH4EL A2 Catt fgl o Jgofdety 448
A

E3 Ay 45¢ sty AFdol verapamil &
AL A 45 UES 4% 205 FE FUH B
g EF zride A Catte] FE-2 qQuEaln
A 2E8E A FR2IAYLG BEAS Fag A
8} 2uk3) (charge carrier) 24 #8-3rcle Ador
AE & Ag A oo} (Bilbring and Tomita, 1970).

K-Tyrode g HfelA & e ZFEZAA of4dE
A3} e Ze] A AA weke]d e =
2y FFZAE o] ALERLY FrEl B it 5
g8 e 4 ot Aol ¥ A o (Golenhofen
and Hermstein, 1975; Lorenz and Vanhoutte, 1975;
Vanhoutte and Verbeuren, 1976). ¥ AHJAE E
70 ALY U dEYe] K-AFdA B a-AdA 2 A
338 B5Y 27t dAlEE AoR 2ol Ei =274
W w74l A wetel4] K-Tyrode §49 =42 AA %
th A Eubel GA] FEF HHA koo el o] Al
S5 42uee dosa gSe Jehiz gt
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A o] A g FEAYol B FHTAA, 2
FE9 K-Tyrode &ell4 dolvte K-A5 w47
& wal By 95ted, EAY AlFY3 guinea pig
Ay AL ol gt o8 A vebte
A9 H3E s, KA%d $49% Ca™ &
4¢ 48k obga Ze 2ES dYHh
1L 4599 KA%e & 44 53 & A%
A F2or Ho g udtd, AAFdAE & 4
A4 FE55 e 244 F502 T4 A+

2. Ca**-free K-Tyrode €M o4 A1 5% & # & 4‘—
E3lx ggtm, Catt 71 R 2 HJA4Hd KA Fo|
oelytel, ek AAFolA L Catt-free £ oA E
A4 5o WeA g, A4 F5ae]l et
v gFgkeh

3. K-Tyrode £y ¢] Ca*t B2 2,4,8, 16mM
2 9879 AR K-FFd4 4 534 =
Wil glgdet Catt BE Fukdl wdss 134
59 =277+ FrAs ek

4. A4 K-Tyrode &8 e] verapamil 5=
¥ #Ad e SAAZE FE ARY 459 2717
14 sle] zhshgd et
5. 1598 K4S 43
g gl 4y T g

ol4ke] A Axom Mol Ex AFHY KAFL
F2 A xS Ca™ FygoE dofrft, guinea pig 2
Fe] KA &L Cat* 413 A X A4 Ca™™ 4

o5l deidria AR

o e oAb 2

T

Folle Wl ZFAAY
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