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Effect of Ouabain on the Interaction of Mitochondria with Calcium
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Department of Pharmacology, College of Medicine, Seoul National University

Many studies on the mechanism of the inotropic action of cardiac glycosides have shown the possible
intimate relationship between the mobilization of intracellular calcium and inotropic effect.

Evidence obtained from recent studies suggests that cardiac glycosides may increase the intracellular
Ca™ concentration through the release of this ion from cellular or intracellular membrane.

It seemed imperative to study the effect of ouabain on the interaction between mitochondria and
Ca™, because mitochondria are known to have a rather powerful Ca™ pump mechanism which may
have an important role on the regulation of intracellular Ca™ concentration.

The present investigations was made into the effect of ouabain on Ca'* uptake of mitochondria in
the presence of ATP and its dependence on K* and Na* in the medium.

The results are summarized as follows:

1. The rate of rise in the turbidity of suﬁerpfecipitation was solely influenced by ionic strength of
the medium, not by the species of ion, i'.e.( Na* or K. The higher ionic strength suppressed and
the lower enhanced the rate of superprecipi'tétion‘ respectively.

2. No effect of ouabain was found on the rate of supei'precipitation.

3. Mitochondria Hepressed the rate of superprecipitation, and the depressed rate of superprecipitation
by mitochondria was reversed by ouabain, and the degree of this reversal was almost identical in Na*
and K* medium.

4. Ca' uptake of mitochondria was inhibited by ouabain in the presence of ATP and the degree
of inhibition showed the dose-response manner in terms of concentration of ouabain.

5. In the absence of ATP, ‘mitochondria took up the Ca** in initial period but released it later.
Such uptake and release of Ca™ was not influenced by ouabain.

6. It is suggested that intracellular calcium mobilization by ouabain through the action upon the

mitochondria was due to inhibition on ATP-dependent Ca** uptake by this agent, not to the action

upon so called binding.
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3. Superprecipitation

uL-2-7 7 2 20 mM Tris-maleate buffer pH 7.0, 2 mM
MgCly, 2mM Tris ATP & 3.4 83 KCl 5} NaCl 5=
L 60mM ol A 100 mM 74x] W EA % o, Catte o}
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£ 3}, mitochondria 7} # 7}=l super-
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A8yl 0w, mitochondria A7} ¥ 104 7+ incubation
932 2mM succinate 8¢ 2 mM inorganic phosphate
= 2718 sbsla ATP = superprecipitation & A] 23t

mixture 7} 5 %
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Fig. 1. Effect of various K" concentration on ATP
induced change in the turbidity of actomyosin
gel suspension. Medium contained 20 mM Tris-
maleate buffer pH 7.0, 2mM MgCl;, 2 mM
ATP and actomyosin 0.5mg/ml of reaction
mixture. Temp. 25°C
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Fig. 2. Effect of various Na* concentration on ATP
induced change in the turbidity of actomyosin
gel suspension. Condition: 20mM Tris-maleate
buffer pH 7.0, 2 mM MgCly, 2mM ATP and
actomyosin (.5 mg/ml of reaction mixture,

Temp. 25°C
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Fig. 3. Combined effect of K* and Na* on ATP
induced change in the turbidity of actomyosin
gel suspension. Mediuim cendition: Same as
Fig. 1. & 2
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Fig. 4. Effect of ouabain on actomyosin superprecipit-
ation. Medium condition: 20 mM Tris-maleate
buffer pH 7.0, 2mM MgCl,, 60 mM KCI, 2
mM ATP, 107°M ouabain and actomyosin 0.5
mg/ml of reaction mixture. Temp. 25°C
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Fig. 5. Effect of mitochondria on actomyosin superpr-
ecipitation and influence Jof ouabain on this:
" effect. Medium conditon: 20 mM Tris-maleate
buffer pH 7.0, 2mM MgCl,, 60 mM KCI and’
actomyosin 0. bmg / ml of reaction mixture. Su-
perprecipitation was initiated with 2 mM ATE
after 5 min. incubation with mitochondria,.
0.4mg/ml reaction mixture. 2mM succinate,
9mM inorganic phosphate and 107°M ouabain.
were also contained.
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Fig. 6. Effect of ouabain on the surpressed superprec-
ipitation by mitochondria. Medium condition:
20 mM Tris-maleate buffer pH 7.0, 2 mM Mg
Cl,, 60mM KCl, 10°M ouabain 2 mM succinate,
29mM inorganic phosphate and actomyosin 0.5
mg / ml of reaction mixture. Superprecipitation
was initiated by 2mM ATP after 5min.
incubation with mitochondria, 0.4 mg/ml of
reaction mixture. Temp. 25°C
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Fig. 7. Effect of ouabain on the surpressed superprec-
ipitation by mitochondria. Medium condition:
20 mM Tris-maleate buffer pH 7.0, 2mM
MgCl,, 60 mM NaCl, 107°M ouabain, 2 mM
succinate, 2 mM inorganic phosphate and acto-
myosin (.5 mg/ml reaction mixture. Superpre-
cipitation was initiated by 2mM ATP after
5 min. incubation with mitochondria, 0.4 mg/
ml reaction mixture. Temp. 25°C
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Table 1. Effect of ouabain on mitochondrial Ca**
uptake in the presence of ATP,
Medium condition: Same as Fig. 8.

Quabain
Time T
10-4M [ 105M | 107M | None
5 min 15.9%| 20.3%| 22.7%| 25.1%
15 18.8 23.1 23.3 31.6
25 25.7 24.9 28.9 35.5
35 24.8 25.6 30.6 41.1
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Fig. 8. Effect of ouabain on mitochondria Ca** uptake.
Medium condition: 3 mM imidiazole buffer pH
7.0, 0.25M sucrose, 5mM MgCl,, 1.5mM
inorganic phosphate, 4 mM succinate, 4 mM
ATP, 0.33mM Ca*™ (labeled with Ca*™™),
- ouabain 107% 1075, and 107M and mitochon-
dria 1mg/ml of reaction mixture, Total rection
mixture was 5ml. Temp. 25°C
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Table 2. Inhbitory effect of ouabain on mitochondrial
Ca®* uptake. Medium condition: Same as
Fig. 8 and 9 and Table 1.

Quabain
Time
10"4Ml 107°M | IO’GM‘ None
5 min 36.7%| 19.19% 9.6%| 100%
15 4.5 | 26.9 | 26.3 100
25 27.6 | 20.9 | 18.6 100
35 30.7 | 37.7 | 25.5 100
40%
X 30% .
2 //\\ /
I / 7
209 < \
/
e
0% i T 107
S o
5 15 25 35 min

Fig. 9. Inhibitory effect of cuabain on mitochondrial
Ca*2 uptalte, Medium coditions were same as
Fig. 8.

Table 3. Effect of ouabain on mitochondrial Ca**
uptake in the absence of ATP. Medium cond-
itions were all same as Fig. 10. except the
absence of ATP.

QOuabain
Time
10M | 10°M | 107M | None
5 min 14.6%| 15.6%| 14.9% 13.9%-
15 33.0 31.2 32.8 33.3
25 30.2 29.3 28.8 28.0
35 22.5 20.8 21.3 20.6
0%
e ¥% 1
H

10%

T

Fig. 10. Effect of ouabain on mitochondrial Ca**
uptake in the absence of ATP. Medium con-
ditions were all same as Fig.8 & 9. except
the absence of ATP, '

=2 e g group Aol AE ol 7+ Gk & dose-
response 7} vhEltA obuisbgich. ‘

1 &

2 28 A medium ] FE¢ ion{Natz KMo &
Fol w2r actomyosin(AM)$] superprecipitation of
w2l 3k, medium ] ion FEIF F74E % maxi-
mum turbidity & %ol & A%FE 2o FYeoH, &
3] half-maximum turbidity ¢l =45 & 2] 7le] ion ¥
FE AT 5 2 o]8 e wstE K3t
Na' medium o] 4} Z-& Atz W@ o] & BefFx o}
vslgdeb(Fig. 1, 2, 3).
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< ARz nosgdr, Gergely'®, Katz'®, Tono
mura’?%5-2 AM 2] Mgtt-activated ATPass A T
KClFE7t S7tetel w2t 243& nastgel

3 2@ A ¥ NaCl medium o} 4 = KCl medium 5}
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22 A5E L Az, o] T2 Asbe Na'sf K*
medium | A 8 o] glo] FAF AFAE v =9}
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ATP-dependent Ca*" uptake 7} ouahain off 2]éte] A
R wFolzbal Aba¥ gt

AT WA A Cat'2] distribution 3+ metatolism of] =]
% CGE Agdt oAE A 9AT 24 Fehn
Ank CG & “ATP £ 349 wtake 5 &= Ca'™
ko] Wl ¥el e uof 49 Ca't transzort mechanism
o] 8FS u| =]} o} 8=, CG & SR?, mitochondria?®”
1.9} coll membrane?® Sl o g Ca™ binding &} char-

acter of| W 3B Fo] free-Ca’" fraction & F7HA71&

O ;2

Ca*™* releasing effect & inotropic action &) 7ixle] A%

=Ha gvh
v B A8l A ATP 7F 2435 &% medi-




—FAe 839

um o] 4 mitochondria &] uptake &= 2] -& uptake & 4]
7k8] 7 shol| wiel o}A] release 2 VEMA G IL o] 9F L
mitochondria ¢+ Ca**¢] A}3 zF8-¢l] ouabain & W & 3F
4 "] A]A ohulslg v} (Table 3, Fig. 10)

o] Are] A A% A43A ZA=R v]Fe] xel mitocho-
ndria ¢] Ca** transport HAAAA FAF o] wlAe]
Zayrta g 4L ¢ A ut mitochondria ¢} . Ca*t
release o] o}t =Lurl= ATP %ZH 3]"’“ A4 Catt
uptake of] oS- Faldt L u)HL Ao 2 A8 qy
2™, ouabain ¢] mitochondria ¢f ¥ gk 0194' e g
£ o] kB¢ inotropic action ¢] F1A ¢ g 9911-& F

27 sk ek

= =
1D #4A mitochondria 8] Ca*™* uptake o] v]z]&=
ouabain 9] o 38 A3t el

2) Superprecipitation 2] E£& % F71&-C ionic stre-
ngth ¢l &l o & ¥k jond] FTHNa® F-2 K

A ke gloln

Ionic strength 7} %oml Eetze] F7Hge Fas
3L ionic strength 7} Yo Felx 9 Fr7182& A5e}

At

3) Superprecipitation &| &% 71§ ouabain ¢
gk wmA 4 gzl

4) Mitochondria = superprecipitation 8] Z&t% Z 7}
& Z&AAn

Mitochondria o] 2]& A8ls
ouabain o] ]3] 3]l

o] 3|lExgrL Natst K* medium o] 4
B Aol E LAY = gt

5) ATP Zx] st A m1tochondr1a4 Ca*™ uptake +
ouabain of] 23] A= glaL, o] oA
9 x5 Frkebdl wel Frbebgic

6) ATP 7} A5 &¢ 79 mitochondria 9]
Ca** uptake & Z7)dl & uptake & 3901} A 7ol {7
kel whul Cat*e] release B viEl¥la, o] uptake &
release o] ouabain -2 ¢ 8k-S w|31x] ol slgic)

7) Ouabain ¢} mitochondria o] =& 2}&£.0 7 o3
A Catt o] FL ATP ZAlol 25t Ca™* uptake 9]
AAlel 9 Ao A= v

superprecipitation -&

Ze INE

AZ 3 ouabain

(P ENRL 20 Yxohel F4 A4A g
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AAE =)

. Mitochondria®] Calcium Uptakeel] ©] 3] 3= Quabain®] of 3F—
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