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Effect of Propranolol on the Ca**-regulation of
Cardiac Sarcoplasmic Reticulum and Mitochondria

Soo Seung Choi, M.D.*

(Directed by Professor Kyung Phill Suh, M.D., Ph. D.}**

Propranolol is one of clinically useful antiarrhythmic agents and electrophysiologically classified as group
Il. And the negative inotropic effect which is not related to adrenolytic effect has been demonstrated with high
concentration of propranolol. On the other hand, it has been well known that the calcium plays a central role
in excitation-contraction coupling process of myocardium and also in electrophysiological changes of cell
membrane.

Author studies the effect of propranolal on calcium uptake and release in sarcoplasmic reticulum and mitochon-
dria prepared from procine myocardium to investigate the mechanism of action of propranolol on myocar-
dium. The results are summerized as follow:

1) The maximum Ca**-uptake of sarcoplasmic reticutum is inhibited by propranotol in a dose dependent manner.

2) The release of calcium from sarcoplasmic reticulum is not affected by propranolol but with higher than 1x107*M
of propranolol, rate of calcium release from sarcoplasmic reticulum is decreased.

3) Propranolol inhibits the maximum uptake and uptake rate of calcium in mitochondria non-competitively.
(Ki = 6.21 X 107*M.)

4) The rate of Na* induced calcium release from mitochondria shows a function of [Na*|? and is inhibited by
propranolol with the concentration significantly lower than that affect the calcium uptake in sarcoplasmic
reticulum and in mitochondria (Ki = 2,91 x 107°M). These results suggest that propropranolol affects the
intracellular calcium homeostasis which may considered to be one of the mechanism of action of propranolol

on myocardium.
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A EE Foll wel k9] 2o]S Ho)wn P8 o
Fol] 4 4188 H 2| 4] sarcoplasmic reticulum-2-
204M Ca'™ ZA)3k) 4 0. 1mM ATP 2sle) sk
sarcoplasmic reticuluma}g =}g2o] Hadhe &
o]-2-% (phosphate, oxalate )o] FEA3lz| %E A
ol 4 Fig, 1o|4 8} zbo| @l2 Lc ol Ca™FE ug
2= 19,12 nmole/mg protein®] Hu 42 e}
Waleh, olzlgt Ca™e) &<l uldle propranclol -2
F5E 3ol ook $UEH oAle ugod,
propranolol 3x10*Me] 7% FHn) E47 4.34
nmole/mg protein & & o Fol] wial] 77 %] A&
¥ g{ct(Fig 1, Table 1).

i) Ca™ el uigt Ak

Al sarcoplasmic reticulum-& ATP A /1% %]7P
ZAslol] wet Ca & AR F4E F oA YW

R ;‘}‘ﬂ’—“‘—i e 3kglet (Fig, 1). °]Bi
& Ca™ -fels dZoll4 ¥% 1.9 nmole/mg pro-

Table 1. Effect of Propranolol on the Ca**-uptake and release of porcine cardiac Sarcoplasmic Reticulum

Maximum uptake

Release Rate

nmol/mg protein A% nmol mg™* min™! A%
Control 19.12 + 1.55* 1.96 + 0.09*
Propranolol
3x10°°M 18.56 +1.49 ~ 29 1.854£0.14 - 5.6
1x10-M 16.26 +1.50 ~15.0 1.88+0.12 - 4.1
3x10M 14.38 +1.07 -24.8 1.81+£0.17 - 7.7
5x10™M 11.28+1.16 -41.0 1.73+£0.22 -11.7
1x10~°M 8.66+0.92 -54.7 1.19+0.19 -39.3
3x1073M** 4.34+0.35 -77.3 — —

* Each value represents Mean + S.E. of 6 experiments from different preparations.
** The value was obtained from 3 experiments.
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Fig. 1. Calcium uptake and release of porcine sarcoplasmic
reticulum measured by dual-beam spec-
trophotometry, Cardiac sarcoplasmic reticulum
(0.7-0.86 mg/ml) were preincubated 3ml of medium
containing 100mM KCL, 10mM MgC12, 5mM
NaN3, 20mM TRIS-malate (pH 7.0), 100 microM
arsenazo 11 at 30°C, 20 microM CaCl12 was add-
ed and followed by 0.1 mM tris-ATP to initiate the
ATP-dependent Ca** uptake of sarcoplasmic
reticulum.

tein 8 Hu4EE vehdglod, propranolol g 7tel
aep 3o F4E 27 FeAlele a2l wlE wHE
2] ok4g Mo|u} o] Fe+= propranoclol 5x107%
Mo} s57kx] o ol Hd) frel&we WIE AT
4 oo o} 1x1073 MY ASE £ 1,19 nmole/
mg protein © % &A%k FF4E By 3X 107% Md)
AE #u 45 Ca” FuE WY + dsi=HFig
1, Table 1).

2. Mitochondria @] Ca™ &5 X Relo gt

Propranolol 2| §1}

i) Mitochondria®] Ca™ -3y} ¥ dinitro-
phenol o] &JgF Ca™ 2loll w2+ proprano-
lol & &3}
15 M Ca™ 3 5mM Tris-succinate &3}l 4
mitochondria & Ca™ -&-uh-& jebd] 3huste] 385
wheol ] Ca™ 2 90 % o]4ke] mitochondriac] &4

l EGTA1.2mMM
16 y ONP 50 uM
3
Q
fo
E 2 TThe
R EGTA only
£
¥
3]
(@]
~ sk
s
S
S
..ET
3 4
s
~
~
o4
==y
o — . . -
2 4 6 8 10 min
Fig. 2. Effect of propranolol on Ca® transport and

dinitrophenol induced Ca** release of porcine car-
diac mitochondria. Mitochondria (1 mg/ml) were
incubated at 25°C in a 5 ml medium containing
250mM sucrose, 10mM Tris-HCI, pH 7.4, 5mM
Tris-succinate and 15uM Ca**, with or without pro-
pranolol, 0.25 ml of aliquote was taken and used
for determination of mitochondrial Ca** transport
and release as described in the Method. After 5
min incubation, EGTA-tris (final concentration: 1.2
mM) was added to chelate externally bound
ca** and block the further Ca**-uptake 30 sec later,
Ca** release was observed by adding 50uM
dinitrophenol; Control(e), Propranolol, 3x1070),
1x 107 M(0J), 3x10™ (A), 1x107 (A).

3l9] o] propranolol & 7pAlolls fejEA o2 Ca”
Srbo] zhashed 1X 1073 M9 FSeliAw A3 24
2 Jepdglel 4F% 52% 1,.2mM EGTA #Hsie
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FelA)A u ow e ol i wlojEA4 Ca™ HEg2 10
U9 g om EGTAW Haldt 74¢ F43 Ca™ o #
2] 2w 0.3 nmolee]stgicl. HY-ionophore 3l 50
¢#M dinitrophenol &£ succinate 7|A& 7ol &
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tochondriaol] &% Ca™ 2 A43] fejgglesdd
24| 27 302%9 4,80 nmoleo] Ca”§8]E& ng
ot
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Fanke mad)ly] ¢fs) 2mM EGTA, 30 4M ruthe-
nium red quenching®-g& AH&-k u} o 24| mitoc-
hondriat 130 M2} Ca™ ZEAjsllAl uke 58-F
50,30 nmole/mg protein® o Ca™ &% ngje
o o]% F4w Ca™ 2 A &5 AR felstgch

< 4 mitochondr-
g fekojE Al 2h4

2052 n mole/

A
Propranolol -& A7}t 735 sl
ias) Ca™ H4% 3 3ol FHt

2 yaon 1X10°M xx9 4%

B
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v i 1 ~ n
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min
Fig. 3. Effect of propranolol on the Ca**-uptake of cardiac
mitochondria. Experimental conditions were same
as in Fig. 1, expect that 130uM Ca* was added
in the reaction medium. Each aliquote (0.25ml) at
different intervals of incubation was rapidly mix-
ed with 2mM EGTA-tris and 30uM ruthenium red
to terminate Ca** uptake, filtered 10 sec after the
mixing and assayed for radioactivity; Control (e),
Propranolol, 3x 1078 M(O), 1x 10*M(l ),3x 10
M(A), 1x1073().
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Fig. 4. Effect ot propranolol on the Na- induced Ca-efflux
from cardiac mitochondria. The mitochondria {1
mg/ml) were incubated inthe same conditions as
in Fig. 1, except that the reaction medium contain-
ed 25uM Ca*™. After 4 min incubation, varing con-
centrations of propranolol were added (marked
“P") and followed by 1.2 mM EGTA-tris.
Ca*-efflux was observed by adding 10 mM NaCl.;
Control (e), propranolol, 1x10% M(O), 3x107*
M, 1x107* M(A), 3x107*(A).

mg protein®} 3 Ca™ &F4E wgvh(Fig, 3).

ii) Na'oll 23 mitochondria Ca'™ %zl ulz|&

propranolol ¢ g}

Na* o] 93t mitochondria W=} %3 F4% Ca
ol 2|8 A mA 15~25,M2] Ca't Zz) )
4 5MEQl 447 1.2mM EGTAS % 10
mM Na* ¢ 2 718t9¢ o mitochondria 9] Ca™ &
gl &5 w24 HF F 3,60 nmole/mg o} gl 2n
413 4 3ol propranolol & Askgk 44 Ca™ o e
= SekelEHow kAl (Fig, 4).

Na' o] 2J& Ca™ -fej2h-go] W& propranolol®]
AY & Fig 5olAek gtow Ca F444-& oAl
¥ srach |3 2 3x109MEe o3k oA
2 ngoer 3x10°Mold 64 %, 3X107* Mol 4 88
%2l oA & mol: sigmoid ofAte] Sk eI AHS
vehy d ek

iv) Propranolol ] mitochondria Ca™ &4 dA]

Fale) gty £4
Ag wbtlol] of F3F upe} ol yhgedujo] fre) Cd*

100 (
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-5 a4

Log (propranolol), M

Fig. 5. The inhibition of Na* induced Ca**-efflux from car-
diac mitochondria by propranolol. Experimental
conditions were exactly same as in Fig. 4, except
that 15-25 uM Ca** were contained in the reaction
medium. Ca*-efflux rate (nmol mg™' min™") was ob-
tained from the mean Ca*™ release rate for the
periods of 30 and 60 sec after addition of 10 mM
NaCl. Ca™-efflux rate in the ahsence of propranolol
was 3.60+0.25 nmol mg™ the absence of pro-
pranolol was 3.60£0.25 nmol mg™ min™". Each
point represents mean + S.E. of 5 experiments.
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5 24k, ubgdu fe Ca™x w3l =2
27] Ca¥ &4 $58 24§ A3, 27 Ca¥ ¥4
F4e 8g Ca™ ¥r 27kl =g} Michaelis Me-
nton P Aol w2z of4hd ML (Fig, 6) =f 24|
#Ho Ca™ &4 (Vmax)t &9 0,65 n mole/mg
olgla Kmx| (Bld Ca™ F+%xo 50% F+55&
NolE Ca™ F5)v 11,67pMo|gicl

i propranolol o] F7ksl Aol 42 Kmz)w ¥
37t gz 3 Ca” F4 £xubo] thadhe A A
Q) 4] ofake mglow Kiz (Ca" FHE5EE 50
% oA 8= propranolol & %) 6,21 X107 ¢ Me]
st (Fig, 7).

v) Propranolol & Na® el 23 mitochondria

Ca™ felodA azte] 58 ke 44

15~25 uMe] Ca'™™ ZAfstell4 587 Ca™ & &+
A7l F Na' #t 55 Aol =} frelss Ca™y
gleko g Ca™ fej&ss 2H37 vl 24 Na' o
o Ca™ felEdxv 3o £33 7,43 nmole/mg ol
g3 Ca™ FelExe “S7 2K 49 Na'sk o

4% 24 (Fig, 8).

\.
N

- 04 3
lo

% Contro!

T

13

- 0.3F

o]

£

c p— -
<

© . —4
= 0.2}. Propr. 3x10 "M
ol

!

o

(&)

k)

B}

T

@

O 1 A - 1 -y
5 10 15 20 25
(caty, um

Fig. 6. Effect of propranolol on the rate of cardiac
mitochondrial Ca**-uptake in the presence of
various extramitochondrial Ca** concentrations. In-
cubation medium contained in a total volume of 3
ml, 250 mM sucrose, 10 mM Tris-HCI, pH 7.4,
2.5uM rotenone and 3 mg mitochondrial protein.
Ca** uptake was initiated by adding 5 mM Tris-
succinate. Uptake was terminated by using the
quenching technique with 2 mM EGTA-tris and
30uM ruthenium red. Data are the means of the
initial rates obtained from 10 and 20 sec periods.
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Fig. 7. A double reciprocal plot of the rate of Ca**-uptake
by cardiac mitochondria taking the data of Fig. 6.
Symhols; Control (), Propranolol 3x 10 M(4).

* Ca** concentration producing half-maximal up-
take velocity, Mean + S.E. of 5 experiments.
** Propranolol concentration for 50% inhibition of
Ca* uptake velocity, Mean 3+ S.E. of 5 ex-
perinments.
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Fig. 8. Effect of propranolol on the Na*induced Ca**-efflux
rate in cardiac mitochondria. The mitochondria
were incubated in same conditions as in Fig. 5.
After 5 min preloading period, 1.2mM EGTA-tris
was added. 30 sec later, Ca**-efflux was observed
by adding varing concentrations of Na*. Na* induc-
ed Ca*-efflux rates are the mean values obtained
from 30 and 60 sec data.
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Fig. 9. A Hill plot of Na* induced Ca**-efflux rate in car-
diac mitochondria taking the data of Fig. 8, where
v is the velocity of Ca**-efflux (nmol mg™') and V
is the maximum velocity of efflux at saturating Na*
concentration Symbols; Control (), Propranolol,
2x 107 M(A). The values in square are the Mean
+ S.E. obtained from 5 different preparations.
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