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The Calcium Release from Cardiac Mitochondria by Sodium and Potassium
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Dept, of Pharmacology, College of Medicine Seoul National University

The Na*-and K*-induced Ca** release was measured isotopically by Milipore filter techni-
-que in mitochondria isolated from rabbit ventricles,

The release of Ca** from mitochondria could be induced by 1—3 mM of Na* added in inc-
-ubating medium under the presence of (.5mM EGTA to prevent the released Ca’* from
-rebinding with mitochondrial membrane, The amount of Ca** released was increased by incre-
-asing the concentration of Na* added,

100mM K*, in itself, did not induce the Ca** release from cardiac mitochondria, the Na*
—induced Ca** release, however, was potentiated by the presence of K*, The potentiation of
Na*-induced Ca** release by K* was proportional to the Na*/K* ratio presented in the incub-
.ating medium,

Among the monovalent cations other than Na*, the release of Ca** from cardiac mitochon-
sdria was shared only by Li*,

The Na*-induced Ca** release could be also observed in the mitochondria isolated from liver
-and kidney, However, the Na* sensitivity was somewhat lower in liver and kidney mitocho-
ndria than in heart mitochondria, The release of Ca** induced by Na* in the mitochondria
-isolated from the experimentally produced failured heart was not different from that in the

normal heart mitochondria, and was not directly modified by 10-~10-5 M of OQuabain,

. From the experiments, it was suggested that the Ca** released from mitochondria by Na*
~could be used in excitation-contraction coupling process to initiate the contraction of the
«cardiac myofibrils,

Futhermore, it appeared that the phenomenon of Ca** release from cardiac mitochondria by
Na* and K* might be related to the inotropic effect of digitalis glycoside which could bring
-about the increase of Na* or the reduction of K* intracellulary through the inhibition of Na*,
K*-ATPase,
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Fig. 2. Increased Ca** Release from Mitochondria
with Increasing Concentration of NaCl, Mito-
chondria were incubated in an uptake medium -
consisted of 0.25M Sucrose, 20mM Tris-HCI
pH7.4, 10mM Tris-Succinate, 8uM CaCl,+
Ca% and 1mg/ml of mitochondrial protein.
At 3 minutes after incubation 1mM NaCl (O)
omM NaCl (A), 3mM NaCl (A) or an ide-
ntical concentration of buffer (@) was add-
ed in the presence of 0.5mM EGTA,
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After 3 minutes

incubation of mitochondria in a medium of 0.25M Sucrose, 20mM Tris-HCl pH7.4, 10mM Tris-Su-
ccinate, 8uM CaCl,+Ca% and 1mg/ml of protein, Ca** release was observed by the addition of the
followings in the presence of 0,5mM EGTA as described in method section: (A) Ca**-free buffer
(@), 1mM NaCl (Q), 1mM NaCl+100mM KCl (a), ImM NaCl+50mM KCI1(A), 1mM NaCl+33f

mM KCI(x),

(B) 100mM KC! (@),

1mM NaCl+100mM KCI (O),

omM NaCl+100mM KCl (A), 3mM NaCl+-

100mM KCl (A). The amount of Ca** relased was expressed as a percentage of Ca**loaded in:
mitochondria(ordinate) versus time (min.) after initiating release reaction (abscissa).
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Fig. 4. Influence of Choline Chloride on the Na*~
induced Ca** Release from Heart Mitoc~

hondria,

Mitochondria isolated from rabbit heart

were

incubated in 2 medium consisted of

100mM Choline Cl, 20mM Tris-HC! pH?7.4,.
10mM Tris-Succinate, 8uM CaCl,4-Ca®® and’
img/ml of mitochondrial protein. At 3 min-
utes of incubation release of Ca** was star-
ted by adding the followings in the presence:
of 0.5mM EGTA : 50mM KCI1(Q), 2mM NaCk

(A) 50mM KCI+2mM NaCl(A) and ' Ca**--
free medium (@).
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Fig. 5. Release of Ca** from Cardiac Mitochond-

Cd Released, %

ria by LiCl,

Mitochondria were incubated in a medium
of 100mM KCl, 20mM Tris-HCl pH7.4, 10m
M Tris-Succinate, 8M CaCl,+Cat and 1 mg
Jml of mitochondrial protein, At 3 minutes
after incubation, Ca** release was initated
by the addition of following concentrations
of LiCl in the presence of 0.5mM EGTA;
1ImM(O), 2mM (A), 3mM (A), 5mM (m,
10mM (7)) and identical concentration of
Ca**-free buffer (@).
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Fig, 6. Na'-induced Ca** Release from Liver
Mitochondria, Mitochondria isolated from'
rabbit liver were incubated in a medium co-
ntaining  100mM KCl, 20mM Tris-HCl pH
7.4, 10mM Tris-Succinate, 8uM CaCl,+Ca%
‘and 1mg/ml of mitochondrial protein, After
3 minutes of incubation Ca** release was
observed by the addition of 1mM NaCl (Q),
5mM NaCl (A) 10mM NaCl (A) and an
equal concentration Ca**-free buffer (@) in
the presence of 0,5mM EGTA as descnbed
in method section,

Fig. 7. Na-induced Ca** Release from Kidney
Mitochondria,

Mitochondria isolated from rabbit kidney
were incubated in a medium of 100mM KClI,
20mM Tris-HCI pH7. 4, 10mM Tris-Succinate,
8uM CaCl,+Ca% and Img/m! of mitochondr-
ial protein, At 3 minutes after incubation
Ca**release was studied by adding 1mM NaCl
(O), 5mM NaCl(A), 10mM NaCl (A) and
an identical concentration of Ca**-free buf-
fer solution(@) in the presence of 0.5mM
EGTA.
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“Fig. 8. Effect of NaCl on the Release of Ca** fr-
om Failured Heart Mitochondria.

Mitochondria isolated from experimentally

produced failure heart of rabbit were incub-

ated in 100mM KCl, 20mM Tris-HCl pH 7. 4,

10mM Tris-Succinate, 8uM CaCl,+Ca and

1mg/ml of protein. At 3 minutes of incubation

the addition of ImM NaCl(Q), 2mM NaCl

(x), 3mM NaCl (7)) and an equal concentr

.ation of Ca**-free buffer (@) were made,
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Fig. 9, Effect of Ouabain on the Na*-induced
Ca*" Release from Failured Heart Mitochon-
dria. Mitochondria isolated from failured
rabbit heart were incubated in a medium con-
taining 100mM KCI,  20mM Tris-HCl pH7.4,
10mM Tris-Succinate, &M CaCl,+Ca’s, 1mg
/ml of protein, After 3 minutes of incubation
the release of Ca**was initiated by the addi-
tion of 2mM NaCl in the presence of (. 5mM
EGTA. The mitochondria were pretreated
with 107¢M (A), 1075M (A) or without(Q)
ouabain as described in method section, For
comparison, Ca** release from normal heart
mitochondria not treated with ouabain (@)
was presented,
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4%4 mitochondriazt FE Mok Ca* kS 0.4n
mole Ca**/mg, mitochondria o] 3} Yol ok 2=
AN 22 Carrfel A melal ofAgl del4 =
AZY w5 o] &5 & Carrofe] B 4 A,
A7 el A Yol Cat*felgol Wl FF—o]&F

7ol g 4 d& AdA, = deFool A AxT

T AR AxH= Na'-fddke] Cat*g 33
4 Y FER g0l 2 5 98 AdAT HA e
A= gls] # Eolvt, BEF A2 FH4Y4L T4 T4
e ge] A xSy Ca' FEd w3} 2A 9¥%& g
vl AFA = & o (Fleckenstein, 1964: Ringer 1883:
Weidmann, 1958) &34 29719 dubigdfa
A R zie] oot Ca'*(Reuter, 1973, 1970)%&

2# A @ed 45 7H £l mitochondriad}4] Na™
o &5t §e5 & Ca**ale] 428 E-C couplinge]
1§43 Cartd A¥ehT BHHAE G2 &
ek, |

Digitalis 24 a7t A2424& FA471E 2
$-& EC couplings] 315 239 AoE QFHn
got, ojmg 1A et A9 E-C couplingel}-
ZA% Adrtl Wt obd B Ho] welh
BA7ZR] dF 22g AFE Fg 2 Fxda-
4-¢ JeldllE 529 digitalist] 2332 E-C coupling:
o AASE 84F 7Hedl ATATY energy vl 4k,
Azee] A4, zEm Z457 4 actin,
myosin, troponin-tropomyosin system, E& A2
AAA 4A 5 Al ErHE 93e AgHdosn
FlAA] o) 24l ) exchangeable free Ca** 5 Enl-
& F7MAA ke A Belv. Hekd digitalis A2}
AL A& THEE v doldE ol g Cart o)
78 & A1AE el Aol A Fad FY s
2 Az gt (Lee and Klaus, 1971).

g A xg & Na*, K'Y 554 o] F, & AP
FRHell4] otz FEIE s Natg sz,
FAO Sl A iz K'g FolEelE 494 Nap~
umpd] &F-L Na',K*-ATPased] 9sld Falsuf;
(Skou, 1965), o] ATPased] %4 digitalis 741}
FAlo] sl FolstAl dARATgE Ade] A LA
9l vk (Albers, 1967; Besch et. al., . 1970; Glynn,.
1964; Repke, 1964; Schwartz et, al.,, 1969). o]# 3~
ATPase ZA 9 Al digitalis ZAwda7F =
FE&T A Zappael4 ged b Fista, fdFH
Ao sd, 2 dAF 5t digitalish a5
o] ZAAxAA 2} vleska(Llee et. al, 1969 Rep-
ke et, al.,, 1963: Repke, 1964), = 559 Fo w-
2 A4E3 Ao FESE ¥ (Akera et. af 19
69: Allen and Schwartz: 1969: Erdmann and Sch—
oner, 1973)&vh= A Fo = digitalis wimkz]8 A4
FgrA3 A4 B2 A en AdadAst Q& A
o8 FFH g, ; .

A71g FANA £ AgA A o] Na'e] 42
mitochondriae] 4 &) Ca**g &3 festz, K-
o] o] A7t ¢ W& Na*/K o] wjs} 45 Ca'™
%8 7} o] % Zr}bele dA-L, mitochondriazl 428}
A% Az Car 24T dFo] FAS L g
2, Azd Na'9 371 d(®x) K*9 L} digita-
lis Wedmle] 9§ -Na*, K'-ATPase &4 o A4z
2 292 4 & Aolgtn B digitalis ¥ =)

o oL rf
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+ dﬂﬂ% TFRHA %
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107"M o] 3ol A & Al
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7 Na'$7F 2 K245 29tz st} (Lee and
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tion)-& Na*-sensitivedlt glass® ©L= microelectrode
£ Ahgste] A Purkinje fiberoll4 A=z 43
Na'® 473 23550 # 94 oF TmMo]gos o]
W FEZZAFEY ouabaing AT AL Na‘o] 11
mM A2 FAAsgrt AR 4es B B
obzbebaL sl et

3% Akera and Brody(1978)= computer ®nF 4
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o) Wl £EF27] FSrFgvks(Na* transient) o] 2
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e F el G MR AE ke, in vivod] A =
Al Ze+e) Na*, K*-ATPase® JAlstmed 2438 &
S Az Na'$7F 2 (=E) K'3H&st 2340
2 mitochondriad)| 4 Ca**§8 5 Frlslrzs AZ

9
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