A FaE X A8 A2E

aLofo] ;]zL 3 32

9 $3d0] nA=

Vanadate ¢}

Ouabain o] =&

A A

0IAHY -

= Abstraet =

HIM -1

EEELIEE )

P33

Effect of Vanadate and Ouabain on the Contractile Response of Cat Ileal Muscle

Jae-Yang Lee, Jin-Sup Jung, Yong-Keun Kim and Sang-Ho Lee

Department of Physiology, College of Medicine, Busar National University

Vanadate is a potent inhibitor of Na-K-ATPase. Ouabain, the another specific inhibitor of
Na-K-ATPase, induces the contraction in cardiac muscle and smooth muscle. But, some
investigators observed the discrepancies between vanadate and ouabain-induced contraction
in cardiac muscle. The difference of vanadate and ouabain-induced contraction was investi-

gated in the cat ileal smooth muscle. The following results were obtained.

1) Ouabain-induced contraction was biphasic, but vanadate-induced contraction had one

peak.

2) Atropine inhibited ouabain-induced contraction, but did not inhibit vanadate-induced

contraction.

3) Changes in external Ca** concentration or Cat+ antagonists had a greater influence on
the contraction induced by vanadate than by ouabain.

4) Removal of Na* from incubation medium and high K* abolished ouabain-induced cont-
raction, but had no effect on vanadate-induced contraction.

5) Vanadate-induced contraction was potentiated in the presence of ouabain.
6) After 3 hrs incubation with vanadate, there was no change in intracellular Na* conce-

ntrations in contrast with ouabain.

These results suggest that vanadate contracts ileal smooth muscle through the mechanism

different from ouabain, and this is independent of the inhibition of Na-K-ATPase activity.

M

(]

Vanadate = Na-K-ATPase &
Aoz gzl ons? F44q %",%J-M A gwkol
ZA) & Balol gl micromole FX NAAE &
ATPase £4 5] 9380l Na-K-ATPase—;_.— o A 5
7] o] Bofl A4 Na-K-ATPase 9] specific regu-
lator 24 &2x=3 9Jc}?, Na-K-ATPase & specific

ZH3A dA e

A dAAPE EH 2 ¢l A ouabaint®i®o] A8
22,27,29,30) B] 761.57‘_]__33 FH8,10,11,18,1000]) i 42O
7171 =] &4 vapnadate = ouabain s} 7e] Na-K-ATP
ase & AT ozy 5L FHASE A4 A
o 4=7]— aieb. Aol A= Na-K-ATPase 8] o4 7}
positive inotropic T stet el & AL Q& oz
2xmE 3 9 o952 Myers 9t Boerth?® = vanadate 7}
A} 26| A positive inotropic T =E JEM U] ol
g F37F Na-K-ATPasge o] ogAlol #A#d-§ Xz gl

0\:11-,(]
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Table 1. Composition of bathing media(mM)

Medium NaCl Sucrose KCl1 CaCl, MgCl, Glucose  Tris-HCl
Normal Tyrode 136 0 2.7 2.5 1.0 5.5 24.0
Na-free Sucrose 0 240 2.7 2.5 1.0 5.5 24.0
100 K 38.7 0 100 2.5 1.0 5.5 24.0
Ca-free 136 2.7 0 1.0 5.5 24.0
K-free 136 0 2.5 1.0 5.5 24.0

AR n rugo =4 424 positive inotropic
F3bo)] 93t vanadate ¢} ouabain & 2Hgr]Ael F&
& FA .

I @33 FI A= vanadate 8] 57} -Fo]
Na-pump oA glo] vehtte Aor F553 gor,
ATAZAAE ARAZHHGIGILT0) 4 422 &
Wl el A1 W}5196)) 4 = negative inotropié I
Vel o 24 ouasbain e thE ez BRI
Atk

B3 Grupp 5'9-& ouabain & RE FENA A4
o]} Alukol| A positive inotropic £#E velH Ak
vanadate o] W3l FdE AFFE mel ol & v
Eldle] Edel el Aluwbe]l A positive inotroic
g6 Jhebdl =u] wks| guinea-pig o ToFole] Alwk
o] A = negative inotropic £=t% ebivim 3H et
#3327 A = Hudgins o} Bond'?9} Ueda §4"
vanadate 8| 4-%7-40] Na-pump & oA oh= A 7}
ek shglet

2231} vanadate ¢} ouabain o] A F-Z A L
Zgo] wlm B2 ¥k gl AAE mekeld A
HIAZ e °]-§-<>]—°% vanadate &} ouabain ¢] =8 o

W Aol QAN AL A3t B AEE 44
st
A EH Y Y
1) 8Nz

7‘1_%5 34 % "?"‘E‘
WHl 0.5¢cm, o] 2~2
o A44-shget.

2) S99 =M

4G A5 $49 2L
s} gewd 37°Celd PHE 7.42 #Asiglz

Table 1ef]4] 129l =}
100%

0.5 23 A%, Nat oj4l Lit 9 choline & v 2] &
#] & NaCl 9] 4] lithium chloride & choline chloride

T e FEE A§3g0.
3) +53 &%
HEE AS 48851 Combo A ABL &
ZH7 e A% e BE 2F5E 9] Narco,

F-60)ell dAsd 557 (MKW,
2 534 43 (isometric contraction)g JEF 4
Q=S b, 37°Celq 100% 0% FF3t4a4 s &
AHog 1.5g A 045 BYPANE YL
ELT L

Narco Biosystem)

4) HZL Nat&H

AlZzW Natyz Lithium v o g Z3359},
Z- incubation 3+ & %34 1°C, pH 7. 20| A lithium $-
of (LiCl 147.4 mM, glucose 5.5 mM, Tris-HCI 11.9
mM)d] 4025k =EAA A xYH Nag AA%
% 61% HNOz9 60% HCIO.0] # 22 o &
gxl g 0.5ml &) 232 Yu 180°C= st
o 71 EE Edlegch vhAe Ax"d AE 0.01N
HClo] 5491 & flame photometer (Beckman Model
652210) 2 Nate] 5 =& Z2x3}ql.

MoE M A

1) Dol 3|1% HE2el =20 ojRl= vana-

date 2} ouwabain 2| 1}

343 R2ol ousbain & FEAALw 2710 g
GFo] rhgeisl 29 o el LARF vhA +5
of dolged zrlel dehd +5& B4 FaA
thit 4385 2505 gk

)} vanadate o] A £ vt Fke] eyt
c}(Fig. 1). Ouabain ¢} vanadateo] $&s r}epr}

40T HA5e] HUL F A4 2
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Fig. 1. Contractile response of cat ileal muscle

to 10™*M ouabain(Ou) and 10~°M vanadate
(Va). w: wash

At Ou

Fig. 3. The effect of 2%x107°M atropine on the contraction induced by 1073M vanadate(A) and '107*M
ouabain(B).
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Fig. 2. Dose-dependency of the contraction indu-

ced by 10-3M vanadate(O) and 10™*M oua-
bain(@). These values represent mean-
SE for 4 experiments.
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Table 2. Effects of Ca?* antagonists and atropine on contractile response by ouabain and vanadate

Drugs Oua:bain % of Vanz_ldate % of 100 K % of
(107*M) control (10*M) control (phasic) control
force(g) force(g) .

Control(no drugs) 2.37+0.32 100 4.8540.98 100 8.25*1.36 100
Atropine 10~°M 0.4510.03 18.99 4.691%1.24 96.70 l 6.752-0.88 8l. 32
Verapamil 10-M 0.110.01 4.64 0.214-0.02 4.33 0.7910.02 9.58
” 5X1077 0.32+0.02 13.50 4.64+1.06 95. 67 3.43+0.87 41.58
Papaverine 107*M 0 — 0.19:40.02 3.92 — —
” 5X1078 0.22+0.02 9.28 1.6540.12 34.02 0.8570.02 10.30

All values indicate mean--SE of tension(g) from ten strips.

Ca-
free

e 0105

& 10
Ca

190

10min

Fig. 4. The effect of external Ca*t on the contraction induced by 10-*°M vanadate(A) and 10~*M ouabain

B).

L=, vanadate & EL AHPE = FA o]sfe]
deiyt et ouabain o] A& {A olgtE A kel =
%t vanadate o] g2 stolA el @A E Byl o ou-
abain @ <FE& A A % T 24 7}el] £ ouabain 2 t}A
AP L A dbgo] el @2eo A wlstdA
<l #A84 mygrl. Vanadate = 5X1075~10-M ® 9]

A FEd wHAE %o AFEst Frlsigled
ouabain ol A& 107°~107*M H A FEe ¥ # 3k
o Z 459 T 5XI M EEd 4 107*M o) ¥ 3he
& Aol 7k viebubA wokeh(Fig. 2). o 45e] el
Y& 1073M vanadate 2} 107*M ouabain o] 4 ihebut

%9 2L A7 100Kl ol 25 E 43¢ o
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Fig. 5. The effect of 5><10 7M verapamxl on the
contraction induced by high K-Tyrode
solution(A), 10~*M vanadate(B) and 10~*M
ouabain(C).

48 9% 28%¢°l 9 h

o] & A o] A = vanadate ¢} ouabain 9] FEF 7
Z 3 d4ES Belt 10°M 3t 107*M & A48 2
242 FZsE A

QOuabain o] £] g 4=%u+-3-& atropine(2X10~M)ej
8 A9 oAAHg 0} vanadated] &7 5L
o 9%E& wx $Ho 24 ouabain-® vanadate 9}
=He] AW E T A acetylcholine & §2] 7] = 2
2] P& shAlstm gop® (Fig. 3 ¥ Table 2).

2) HlZ2] Cattszeol HE0|l R olxle
BE

Ouabain 0] J vanadate 7} Cat*o] gl& Lo o] A

= 420 $uEg oy A FeRe Cattel EEE W
A 7 &4 ouabain-& Catte] B%sl Zs}ite] wia)
ul 8] sk Frbshe 4hE B9 ol vanadate o] 7%
dl& A5 Catte] =1 FrlstdE 454 A=t
WAt FrpstA] @fo®A vanadate = ouabain
o ¥ Sl R Cattimo] wzsladl Boslx ¢

saeke] A FETY 5 mAE

Vanadate ¢} Ouabain ] 3}-&-—

3v TGCK

s~/

Pv va

i O, il
100K < Pv Ou

Fig. 6. Effect of 5x10-*M papaverine on the con-
traction induced by high K-Tyrode solu-
tion(A), 107*M vanadate(B), and 10~*M
ouabain(C),

+ Ao F2c(Fig. 4). Ca*te) 2842 vera-
pamil 5} papaverine®’s] ouabain =} vanadate &) 4=
Hhgel w2 F3E Hoy A5 (Fig. 5,6 2 Table 2)
100 K oll &3 54 <F 60% A 47 verapamil
(5X107M) F=ol|4] vanadate = o3-S wr=] gkor
21} ouabain o] &% 452 verapamil o] Zx]3}1x|
&% o] wlE) 13.5%ubel veltx gorel. wks
100 Ktell &3 424 <F 90% <]A] 3= papaverine
(5X107°M) F XA X vanadate o] &% 422 pap-
averine o] EASFA] &L ool sl o %P5 4
SHb-8-0] eyt o) ouabaine] o3 <28 oF gog
el debz] g3 o 24 Catts) RQghae)] g 53
X vanadate o] &gk 4%0] ouabaine] ¢ g 2= 2]
W AAA 4L d4ob ook
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X Ou
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Fig. 7. Contractile response of cat ileal muscle to 10-*M ouabain in the Na-free solution replaced by

sucrose(A) and LiCl(B).

A

e
®
Sucrose Va

19L_

® D
Li Va
Fig. 8. Contractile response of cat ileal muscle to 10-*M vanadate in the Na-free solution replaced by
sucrose(A) and LiCl(B).

olg}d A3t ouabaine)] & FEFAE 39
Ca+*2 Z#5 o] L3}xu}l vanadate &) 7%= ouabain
Bt AEZgie Cattg Fdd s ZFFe] v =

' AE A e

3) 8duf Na* ®MH7} #5520 olle &

Ozaki =23 QOzaki @l Urakawa®®: guinea-pig
&) v)sael 4 ouabaine] &g FFe] Axd Nag
ZA4e AQR T sty o] HZel o] B o 3

ool 3|3 F T4 ouabain & M=t} AEd] Na
B2t S e £59 AEst v SR

&
ouabain ¥ vanadateo] 23 45u-3L wl a3}yl
v}, Na¢] sucroser}t lithium o i
ouabainel] &8 &% A vehiA ¥
(Fig. 7) vanadateo] o8 543 AFAEYdA
el Ak el E B U g (Fis. 8).

=3k Nate] gl S|4 ouabaino] A Alef
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(]
® 0
Sucrose U
B
® ®
Sucrose Va

Fig.” 9. Contractile response of cat ileal muscle to 10™*M ouabain and 1073M vanadate in Na-free Tyrode

solution replaced by sucrose.

(A) Vanadate was added after the administration of ouabain.
(B) Ouabain was added after the administration of vanadate.

A

Ca-free Va

u  Va

Fig. 10. The effect of pretreatment of 107*M ouabain on the contraction induced by 1073M vanadate in

the presence(A) and absence(B) of Catt,

= vanadate ¥ $&5& fFE¥A# et Nate]l gle £
el A vanadate 7} FAF #edl X ouabain & A9
43028 $EAS A Tapgd o (Fie. 9).
FAgolo 4 vanadate o <54ub-2o] ouabain ¢}
2]

g8 ojm e LeE AAs}r] Hstd 10M

ouabain &A}5be] 107*M vanadate S =447 A=)
59 =77} ouabain £A5HA &L Ayt P w2
2715 9l vk (Fig. 10-A).

olob Eab 84l Cattol EAFA & oo
= F9s+g = Fig. 10-B).
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Tig. 11. (A) Effect of 40 K-Tyrode solution on
the contraction induced by 10~*M
ouabain.

(B) Effect of 100 K-Tyrode solution on
the contraction induced by 107*M
vanadate.

(¢) Effect of the addition of 10-*M van-
adate and 107*M ouabain on the con-
traction induced by 100 K-Tyrode
solution.

4) D=x9| K*0| ouabain 3} vanadate o 2|5t
L= n|X= g

guinea-pig & 2 ol 4

£33 40AATT 2astgsl AEed aFme

K+t24 4%¢ f8A71F ouabain 3} vanadate & =

24# % GEESY AT WAL A Fig 114

A Bl upelgo] ouabaine] &3 Sk A9

Casteels!®?-& ouabain o]

2 A18E A 235 1084—

150 +/?
Ouab (10741
/
e

1601
130

120

B + Van { 10 "4?
100losge T~ +

0 1 2 3
Time (hour)

fig. 12. Time-dependent effect of ouabain and
vanadate on the tissue Na content. These
values represent mean—+SE for 3 experi-
ments.

Tissue Na Content
{% of Control)

—
=
(=)

velA] gAY mlekslgl o} vanadate 8 73 el &
Bagdeq wrl v Z fFe] fuHglel, =3
vanadate of] ¢}3F %uk32 ouabain ZAA = 1}
el ow] = =5t FA-golel4] ouabaine] &8 =

ARGA A9k hAA R 439 25 W% Fob
selel. wela ouabaine] 23 45 ygrzyg ik
elof] & ol A 5 2=k vanadate & 7ol Aol o3F

+ wR ged ¢ 47 ok

5) ==& Nats=of CHEt vanadate 2 ouabain
of g&t
A x Na*te <gko] wlgt ouabain 3} vanadate £}
515 RAT A3 ouabain g 7 Sl =
283 o A=z Nate] 3271 $715 924 vana-
date 9] A$ele AEy Nate] EEe oje gz
Bl A) R Eakgteh(Fig. 12).

34 7+ 7R

a E

Vanadate 7} ouabain 3} 7ro] Na-K-ATPase & 7
oAl A W Eel4? HAZAA F5E KA
7 w)o] = ouabain 3} & Aoz FLIFEA o
AL Fvigde A2 A4

2 A9 As) 54532 A ouabaine] AL £
Zo] 220 2 e}t o vanadated] A wd
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4Z0] Vel E o 4] ouabain 5} vanadate o] &&] -
9% 429 o] A= Bikos ousbaine] o3
el 420 yanadate o} 2E] atropine o] ¢
qEE kel
Thomgen 5} Larsen®2. 8] 7t 4] vanadate o
& #4545 FE5)sh atropined] &3 G3FE UA
iy stgon Cutler 5102 274 4] 0] F el 4]
ouabain &) &Ll JAFTT nugers 2
A7 Astel dx 3t
X APAst Y Catte] ¢g1¢ wl: ouabaino]|i)
vanadate 7} $&&¢ $UAAoY gy Catty l‘g—i
w3t olgt +59 wbgs Catte] AgAle] gt it
okE el o] E HBGth. & vanadated] 7
2 Cattdl 571 Zs15le £ ouabain ¢ 74
2w 7hEA] 4-3-8kA] 3 verapamil o]} papa-
verine ¢ &) 8] 4 X vanadate ¢8| 43432 ouabain
of S Axch 3ol Agel.
gl4] vanadate 7} 432 14
ol e AERe Cartol
Ao A4
Ozaki ¢} Urakawa®’ guinea-pig ] o 59 o] 4
2] B Nato]l gli= Alejell 4] = varadate &= A AHg-f
dlAgl Aelgl e 5-& Al Alvhy stg on, Ueda
F7ol A Nate] choline o]} K+

& oo

Q.
T

of]

do do ol
nw e —l ”

)

ouabain

2 A
WA BeaA g

540 % guinea-pig 2 A

o2 A= Al A ouabain & F£EE& FuAl A
slx]u} vanadate & 45 FUAAvln rade
E2A A=z 8 ¥ Nate] vanadated] 5 ojul o

g v xR Z9-E & 57 g %’%%*’1 A= Na*
% sucrose; Litoe 2 ulx]§ 2 w] ouabainel] £]3}
&5 A JebvA gtet vanadateo] & 4
2o AAgAdAL) 2& 2B Yeges =
ouabain &) 5}¢) vanadate & ZFLAHL o £Fo
277} ouabaine] & Wel H8 og Frsel o
et o 24 vanadate of] &3k 4Zu-3o] Na-K-ATP-
ase Ao 7= A FHE & b Uk ol
A4 107°M vanadate - 34175k X P& A
o] = ouabain o A 9} T 4T Nate EEol o
ol & B ANEHE SDEAR e

E APAs nxze Kte =z 2] d % ouabain x}-
vanadate of] ¢]3t 98¢ 33 Az} ouabain-g A
o #&%E A7 A B3 o vanadate = A A5
A xrp Z gFo] fFHEHg . o]ale]l = ouabain
2] A5 A vanadated] 2 £E2L TS =515
o v} (Fig. 1).

F—.—'4

t 2ol B WP 459 Bk

Vanadate ¢} Ouabain &] z}8—

Bose®, Rider %

4ol A ouabain &

9% 77 guinea-pigé 2 Awel
Az fell mFxe] Kte] £

A= FE5uLo] Vel x gl stgdom Ueda
5402 guinea-pig 8] ARl A ouabain & Kte] 2
S 4R 434 2 mhE YA Zsged

FA R eta

vanadate & AEPL b F5¢
951"’}

E-3] Rider 5182 Az 9] Ye] 1559 K+rE]sld)
ouabaln.—] T&FA7F JeEA & AL ouabain
8 FXE Z7147) At incubation 7| & AR AE
72+ A3rt velvy] Wl Ee] Kte] ouabain e Fs)

£ Agx o= L34 Na-K-ATPase ¢ ouabain

I AFE Ueagesd UdehdE A 11 gk
1t e,
Wl o] AAEL ouabaine] &I 2
A F5EIHF JehdA vt AL AR
ouabain o] &3 422 £+ vanadate o} 2] o=
4= Az ool Az Natixe ¢Zshe
Aoz 534,

o] Aol oig] dTFxaEo] guirea-rigd HAF
w0 g a4 A 2EEY Kl Ga s
F%0o] ouabaind] &3] AAlgct slgoy L A4
9 A AE A2E 57 gl P ol &k Aol o

1o

K
ol

- 8,21,23,

HAE £ 489 AS2AE FEgs & 4 dov
ouabain o] 3 T iﬂ-“) Pl 8 xpg i
A EE FRO wek Aol B HoE gAY 71
wzel T T4 AoldlA & = v A A

2 Azl d3 B4 ouabain o] Na-K-
ATPase & Ao 24 2314 08 A3y Catty &
E Z7}A7] A 1525 catecholamine & 58] 3233,
AR eEA 28 FLE vebd Aoz Ba gl
e g Sﬂ%—icﬂl A ouabajno} ol simeo e
2% FUsEAd ARAE kg7 %Y %1 %+ 9l
w} ouabain 01 Na-K-ATPase & Fo|s}A] A3t
1 s Eell® o] T4 oA 7—}%0 F5<
z}—%sﬂr AAE d@dg AAn A
. &} varadate &) A $= I\ ATPase—«
A4 AT QAR LAY Aol 4 &
Sl & ouabam s AFE Aol &
5¢t varadate & =le]3) < o
TR obFH 9L nAA
3o =4 vanadate 9] 45482 Na-K-ATPase &
Aok AR WAL Q& A= Ak
Varadate = ouabain 3} ¥=2] Ca-ATPase & o)

ol
-

> 0 N

mlo

o o

ho s
i

ok

_,Vlrlr

= e 2 N
o Al Mg
_?L
i
dr
ol

K
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Shi §l7] el 4542 Thomsen 3+ Larsent®o] &3t
<A FZgd 2 5824 sarcoplasmic reticulum ¢
Ca-ATPase & A st Az Cattex & Z7147
L2A FHE FEARAAL 22 el T«H?. BEa
ARL oS F78 wopopnl gl Ao ® AR

2 o

Vanadate &} 3|7} & o} +534§] NaK-
ATPase & ojA]e}7] = E3x& T4l $5te] Na-
K-ATPase & oA s} ouabain 519 249 o] &
R A ohest e AEL dqvh

1) OQuabaine] & ebvte 5L 2% peak &
el 9ot vanadateo] alAE wQ peakwhg
2+

2) Ouabain o] 28+ <32 atropine(2X107°M)df
e e A3 o vanadate 8] 4L G
< wA ggeh

3) Ouabain & ¢ &k
4 Cat¥E 2 Ca-AgA ol
gkt

4) g8 Nato] glgnl $& nFEY KrEA shof
A ouabaind] &3t FFUFL A4 et Gge
2} vanadate o] 9|t 45 gL WA wykeh

5) Vanadate of] &] 3l 422 ouabain £ ¢ v} &
% 7H5 gl et

6) 34 zb5¢k incubation ¥ A=} vanadate &= oua-
bain 3} &z Al¥W Nate] pxo J3F& oAA %
st et

o] A4l Aztz Ho}l ouabain 3 vanadate ¥+
o2 A A& 3 H LA A FEEE 24
7l A2 F334d.

4%2 vanadateo] #3 9%
B3 HEA
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