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- Abstract -

Effects of Vanadate on the intracellular Calcium ion activities
in myocardial cells

Jeong Ryul Lee, M.D.”, and Woo Geum Kim; M.D.”™

The effect of Vanadate on the isometric contraction, membrane potential and intracellular
calcium ion activities of rabbit myocardial cells were investigated, using calcium selective
microelectrode, filled with neutral calcium ion carrier, ETH-1001. The resting tension, the
membrane potential and the intracellular calcium ion activities were recorded in normal Tyrode
solution and compared with those in the contracture induced by 10 mM Vanadate.

The following results were obtained:

1. The dose-response relationship between the contraction of Vanadate and twitch tension

showed near-maximum response in 5mM with no corresponding changes in action potential.

2. The resting tension increased up to the amplitude of a control twitch in 10mM Vanadate

with resting membrane potential, hyperpolarized.

3. Increase in intracellular calcium ion activities proceded the contracture by 10mM Vana-

date which were restored to the control level in accordance with a decrease of intracellular

calcium ion activities.

4. The amplitude of contrctures by 10mM Vanadate were 90-120% of the control twitch

tension in which the intracellular calcium ion activities were increased about 70 times from p

Ca, 7.1 in the control to p Ca, 5.8 in contractures.
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Schematic representation of experimental in-
struments for recording intracellular calcium
ion activities(ECa), membrane potential(Em),
and isometric contraction in a isolated rabbit

papillary muscle preparation. The abbre-
viations were follows. D1, D2: Digital multi-
meters. C.R.O.: Cathode Ray Oscilloscope,
WPI, M707: Conventional microelectrode
amplifier, FT03: Force transducer

Fig. 2. Chemical structure of calcium-selective ligand.
N, N'-di(11-ethoxy-carbonyl)-undecyl-N, N, 4,
5-tetramethyl-3,  6-dioxaoctane-l, 8-diami-
de(ETH-1001).
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Dose-tesponse relationship of the isometric
contractile amplitude of a rabbit papillary
muscle and the concentration of vanadate.
The amplitude of a isometric twitch was com-
pared with that in normal Tyrode solution
which was expressed as 1.
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Fig. 4.

Isometric contractile response and action
potentials of a rabbit papillary muscle prepa-
ration in vanadate, 1.2 m M. Isometric con-
traction increased about 5 times in vanadate
which showed little corresponding changes of
action potential.
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Calibration of a calcium ion-selective elec-
trode with a tip diameter of less than 1 g#m.
Calcium-selective ligand with PVC was filled
up to about 500 um.
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Fig. 6. Changes of calcium-selective electrode signal
during insertion into a rabbit papillary muscle.

This signal indicated about pCa 7.2 intra-
cellular calcium 1on activity.

- L_____/.’—'_—;__N——
{(gm)}

- w0 k.
(V)

Fig. 7. Upper panel showed the increase in resting
tension of a rabbit papillary muscle prepara-
tion which could be induced by 10 mM vana-
date( ! 1) and lower panel showed the resting
membrane potential hyperpolarized about 10
mV.
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Increased resting tension of a rabbit papillary
muscle preparation by 10 mM vanadate which
is almost same as that of a isometric twitch-
(upper panel).

L.ower panel showed corresponding increase
in intracellular calcium ion activity which sli-
ghtly preceded the increase in resting tension.

Fig. 8.
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Table 1. Intracellular calcium ion activitions of rabbit
ventricular muscle cells in the resting and
contractured states. The contractures were
induced by 10 mM vanadate and the ampli-
tudes of them were 90-120% of the corres-
ponding twitch tension.

Resting state Contracture state

pCa 6.6 50

7.0 4.9
7.2 5.0
7.3 5.7
7.4 5.7
(MeantS.D) (7.1£0.32) (5.3+£0.40)
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ZF o]l TE A FodA AFxW B4 BEFE,

FA2 BF, TR AR AT 24 ol Al
Zuke] £4 3 A9 ZE
25|32 ol ch{Kretsinger, 1977; Cheung, 1982).

5o 4+ Troponin-Cell Zsted Actomyosing]
A5 2 8oF FTH4Fo] dolUEE Hu, {417
v FE-F% 449 8 BAE FHI g
(Langer, 1973: Ebashi, 1976). A2 W 2% o]
24 sl e TAIZ JHA T A AR ¢y
7 212 (Ford and podolsky, 1970) vl E&=zjo}
(Carafoli and Crompton, 1977), &% £-%|(Langer,
1973; Philipson et al,, 1980) =28 Ca™*-Pump
(Martonos:;, 1980), &==¢ #4 o]& E2v Na/
Ca I8 Faxo fﬂtﬂ*‘\i o} x| °] £9 42
7} wH(Blinks, 1986).
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AsE AV T2 BAE = e 250
Ado=, & Adgolq9 kA A W Zg ol 2
+=9 p Ca 7.1(=790 M)E 2% A+F 0.322

B FE 2% 248n Mo] S ch(Blinks, 1986). =gt
Fa—Addd AFoe 243 42 & a3} T

AT EY Aol A2 F drnpukel] Age] 4}
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of T AT+ vpwbzin], At & 5-12 4] 7}e] 5
o AHEE obF vpuby %e p Ca Wl & AL
o] £7t53t7] = Eolc}(Thomas, 1982). F4lol %
F ol BF 480 EGTAE 4% g4z 4ot
Fo{2 PHoll4 Ca™2EGTAS 43 A4(E Q&
A& PH 7.0014 log K+6.44)—od Tz}vjc} 234
2] AHg-E= 2§ 9bE4] ¥hs{ok ghth(Blinks et
al., 1982).

£ 484 71 &3 Vanadateoll &% 2H& 4]0l 4 9}
T2 ZF olL BEFE(p Ca,53)= A=A 704
ZheEElv Faldd] deluvie AHET s A o] Tol) wbn
o3} g o] & BETIL FAldl J1EE e BE -4y
4 AT B4R Rol AAMEL; 238 3 S E
=& sHeAdel gk

Vanadateel] 2}8} <t 4] Aol &9 Fsis}
dojrid ZF Ad]be] Zoko) W ofdko] glgin A
Vanadate7t 42 A o] 48] w2 o3 AFu} 2
23 A9 Telg A F(Noble, 1979) Eob: 24 o)
22 5 (Tsien, 1983)v+ Na/Ca =& 71 (Reuter
and Seits, 1968; Mullins, 1981)el] J8¢ 3¢ 7}
4L 4 424 5 vk 24 NaK pumpell gt
A nasfobd o vk —pumpell ¥ &2 ¥ ep o
A & Aol Vel 7154 — Vanadateo]] &) % =had ore)
FE T Na-K pumpel] ti 3t A 1= wbeh s 4ko| gl
t}(Gadsby and Cransfield, 1979).

AT A 2o LAINAE 200d0] ¥ Na/Ca 23
71 A (Reuter and Seits, 1968)0] Al X ¥le| 4 olo
o #c]F o] H4LE Bl BF o) ge] ¥to® ol
A FRA fd 57 BE o]l 4R s Ee
T FEs Ul AlZ £029 g o] K4 WA
(Baker et al, 1969)% 47w —ok% ulgkos ¥

dd, FELE KU F Ude-Fag e
—r#—%h- olth(Noble, 1984). X272 Na/ Ca 2%
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2.2 94" (Mullins, 1981). o]Ze] Apdoleld
Na/Ca @#2 9219}2 E rev=3E Na-2E Ca® A
ol=, En,=+60mVEc,=+120mVZ X (Cora-
boeuf et al., 1981) E rev=—~60mV7} 8¢ ojxc} &

T3 Al A &) F 425 oo %
S8 Ao A s 2o FU -2 FE2 A F
22 oA" FHels.
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b2l okl sEFe] FAledl FUsed=" Na/Ca 28
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