
Biochemical Phnrmacology, Vol. 33, No. 8, pp. 136S1366, 1984. 
Printed in Great Britain. 

cec6-2952/84 $3.00 + 0.00 
@ 1984 Pergamon Press Ltd. 

EFFECTS OF BEPRIDIL* ON Caz+ UPTAKE BY CARDIAC 
MITOCHONDRIA 

ANTOINE Youmst and JEAN-MICHEL SCHNEIDER 

Laboratoire de Pharmacologic Medicale, Inserm U 195, Biochimie, Clerrnont II, Facultt de Medecine, 
28 place Hem-i Dunant, F 63001 Clermont-Ferrand Cedex, France 

(Received 22 June 1983; accepted 16 November 1983) 

Abeam-Isolated rat heart ~t~hond~a accumulate large amounts of Car+ at the expense of respira- 
tion-linked energy or of that provided by the hydrolysis of ATP by the ~t~hon~~ ATPase. At 
concentrations below 10 w bepridil has no effect on the lirst mechanism but inhibits the second. At 
higher concentrations bepridil depresses both. At low concentrations bepridil decreases proton influx 
into mitochondria in ADP-stimulated respiration while it has no effect on proton ejection in Car+- 
stimulated respiration, A preliminary study shows that bepridil inhibits ATP hydrolysis linked to Ca2+ 
absorption by mitochondria. The calcium antagonists verapamil, nifedipine and diltiaxem exhibit none 
of these effects. 

Bepridil is a new antianginal and antiarrhythmic 
agent. It depresses cardiac contraction and reduces 
oxygen consumption of the heart [l, 21. At cellular 
level the drug has been shown to act like calcium 
~tagonis~ [3-6]. However, when studies were car- 
ried out on sub~ell~ar preparations, these com- 
pounds were found to behave differently. Nifedipine 
and diltiazem did not alter the calcium binding to 
cardiac sarcolemma from guinea pigs, whereas vera- 
pamil and, to a lesser degree, bepridil decreased 
the binding to the low-affinity calcium sites [7, 81. 
Bepridil differs from verapamil in many respects. 
Thus bepridil is a less potent inhibitor than verapamil 
of the slow inward current in guinea pig myocardium 
[3] and in vascular smooth muscle of dog coronary 
artery [S]. In addition, bepridil decreases the dura- 
tion of the induced slow action potentials of frog 
skeletal muscle at a con~ntration far below that 
of verapamil. At the same time both compounds 
decrease to the same extent the amplitude of those 
potentials [9]. Bepridil inhibits contractions nearly 
completely while slow action potentials still occur, 
whereas with verapamil the two parameters are 
closely correlated [3]. Accordingly, a second intra- 
cellular action site for bepridil was suggested [3] 

Very recently it was shown that myocytes can 
concentrate bepridil up to 1.2 mM when the extracel- 
lular concentrations is 10 m and in the same study 
actin was identified as a possible intracellular site of 
action [lo]. However, other internal targets cannot 
be excluded, since mitochondria and sarcoplasmic 
reticulum react to bepridil below lO@I. We have 
shown that bepridil alters the activities of Ca-depen- 
dent ATPase from sarcoplasmic reticulum [ll] and 
of mitochondrial ATPase [12]. The inhibitor effect 
in the latter case can explain the decrease in oxidative 
phosphorylation produced by the drug [ 131. 

* B [(Zmethylpropoxy) methyl)]-N-phenyl-N-phenyl- 
methyl-l-pyrrolidine-ethanamine (ORG 5730). 

t Author to whom all correspondence should be 
addressed. 

Treatment with calcium antagonists decrease the 
myocardial lesions in hamsters of the myopathic line 
while improving the respiratory control of mitochon- 
dria isolated from the same animals [14,15]. These 
consequences may be related directly or indirectly to 
their protective effect against ~tochond~~ damage 
induced by metabolites which accumulate in the 
ischemic myocardial cells, e.g. Ca2+ [14,16]. The 
results of the present study show that bepridil, unlike 
verapamil, diltiazem and nifedipine, inhibits Car+ 
influx into mitochondria when the energy needed for 
this process is provided by ATP. On the other hand 
none of the above compounds affect the process 
driven by the energy from oxidation. 

MATERIALS AND METHODS 

Bepridil, nifedipine, verapamil and diltiazem were 
provided by Organon Laboratories Ltd, Bayer 
Pharma, Biosedra and Dausse, respectively. All 
other chemicals were of analytical reagent grade. 

Mitochondria from hearts of Wistar rats weighing 
300-350 g were isolated according to the method of 
Tyler and Gonze [17]. This preparation gave well- 
coupled mitochondria as indicated by the RCR of 6 
and the ADP/o ratio of 2 for succinate as substrate. 

Protein content was determined according to the 
Lowry method [18]. 

Oxygen consumption was measured with a Clark 
electride using a Gilson oxygraph (IC-Oxy). The 
reaction vessel was placed in a water bath at 30” 
and contained the following, in a fmal volume of 
1.6ml: 130mM KCl, 3 mM Pi, 6 mM succinate, 
2.4 J.N rotenone, 0.6-l mg mitochondrial protein 
and 3 mM Hepes buffer pH 7.2. Proton movement 
in the same solution was followed by a pH electrode 
(Ca 14//02, Philips) connected to a Philips ionometer 
(PW 94/4); according to Vercesi et al. [19]. 

Calcium uptake was determined by a specific elec- 
trode (IS-561 Ca type, Philips) according to Simon 
et al. [20], as follows; a tinal concentration of 4 mM 
succinate or 0.2 mM ATP was added to 5 ml of 3 mM 
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Fig. 1. Ca*+-uptake by mitochondria from rat heart. The free calcium concentration in the medium was 
determined by a specific electrode as described under Materials and Methods. The experimental 
conditions were as follows: 5 ml of 3 mM Hepes buffer pH 7.2, containing 130 mM KCl, 2 mM glutamate, 
2 mM Pi, 1.5 mg of ~tochond~~ protein and 4 @f rotenone, were preincubated at 30” for 5 min, then 
10 fl untying 200 or 100 nmoles of CaCh were added to the sue&rate experiment (left) and to the 
ATP experiment (right) respectively. Calcium uptake was initiated by adding succinate 4 mM or ATP 
0.2mM final concentration. The solid lines represent the control experiments, the broken lines the 
experiments in the presence of 4.25 fl bepridil. The dotted line (the A’fP experiment) represents the 
experiments without mitochondria, which was necessary to evaluate the amount of Car+ remaining as 
Ca-ATP complex, the same recording was obtained when the experiment with mitochondria was done 

in the presence of oligomycin (1 pdrng protein). 

Hepes buffer pH 7.2 cont~~ng 130 mM KCl, 2 mM 
glutamate, 2 mM Pi, 4 ,&f rotenone and l-l.5 mg of 
mitochondrial protein, at 30”. A decrease in free 
(Ca2+) was followed by a decline in the electrode 
potential. The electrode response in mV to the free 
Car+ is given by the following experimental equation: 
E = -36 + 28 log (Ca2+) where the Ca2+ concentra- 
tion is expressed as nmoles of Ca2- in the medium. 

Fig. 2. Effect of bepridil on Ca*+ uptake by rat heart 
mitochondria. Results are expressed as (%) of control 
obtained in the same conditions as those of Fig. 1 except 
that the Car+ concentration was the same in all experiments: 
300 nmoles CaClr in the medium (0-O) ATP as the source 
of energy, (cro> succinate as the source of energy. Values 
are means 2 SE.; the number of experiments was at least 
5. The control values were 2% * 26 for 7 experiments with 
succinate and 304 2 19 nrnoi~~~rng protein for 5 Al?P 

experiments. 

In the presence of ATP, the response was weaker, 
due to the formation of an ATP-Ca2+ complex. In 
that case, the standardization gave a linear relation 
of 0.37/l nmoles between free Ca2+ and total Ca2+. 
The rate of Ca2+ uptake by mitochondria was calcul- 
ated from the recording of the electrode response 
by subtracting free Ca2+ measured 30 set after the 
addition of substrate from the initial Ca2+. The elec- 
trode technique was used by many authors to study 
the energy-linked influx of Ca2+ into mit~hond~a 
[21, 223. The kinetic parameters V,,, and Km we 
have obtained (see Table 1) are very close to those 
reported by the literature [22,23]. 

Mitochondrial ATPase activated following Car+ 
accumulation by mitochondria was measured by re- 
cording directly the rise in acidity. 

RESULTS AND DISCUSSION 

Uptake of Cd+ by ~~to~~o~dria. Mitochond~a 
accumulate Ca+ from the surrounding medium until 
the extramitochondrial free Ca2+ concentration is 
approximately 1@4 [24]. This process is induced 
either by energy from respiration or from ATP hy- 
drolysis [2.5,26] and depends on the presence of a 
specific carrier [27,28]. The results presented in Figs. 
1 and 2 show that at concentration below lO@M, 
bepridil did not affect the binding of Car+ to its 
carrier but rather the energy supply mech~ism in- 
volved in the Ca2+ influx into mitochondria. When 
the energy was supplied by respiration, succinate 
oxidation in our experiment, bepridil tended to in- 
crease the rate of Ca2+ uptake. On the other hand, 
when the ATP was used to promote the Car+ influx, 
bepridil completely abolished the processThe speci- 
ficity’of the drug, at low concentrations, in inhibiting 
the ATP-linked calcium uptake into mitochondria 
was con~~ed by the experiment shown in Fig. 3. 
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Table 1. Effects of bepridil on the kinetic p~ameters* V, and Km for Ca” 
flux into ~t~hond~a 

Source of energy 

Succinate oxidation 

V, Km Wf) 

ATP hydrolysis 

V, Km W) 

control 
Bepridil 

4.25 FM 
8m 

* Both parameters were calculated from a Lineweaver-Burk plot for 
@a*‘) = 100, 80, 60 and 20 @f in the smxinate case and 37.5, 30,22.5, 15 
and 7.5 ,&I in the ATP experiments (as nmoles/min/mg protein). 

At 10 ,uM beprldil almost abolished Gas+ in&m in 
the presence of ATP. Addition of succinate restored 
the influx to its control level At higher ~n~ntration 
the drug, even in the succinate case behaved as an 
inhibitor. The question is whether these concentra- 
tions of free bepridil do occur within the cell? As a 
matter of fact the most accumulated drug in the 
isolated myocytes was shown to bind to actin [lo]. 
The data in Table 1 indicate that bepridil did not 
interact with the binding of Ca2+ (K, is constant). 
On the other hand, the changes in the V, may reflect 
an alteration in the proton movement across the 
mito~hond~al membrane [19, 121. 

AT~~e-~~~ke~ retdcm. Addition of ADP or 
Ca2+ stimulates oxygen consumption by mitochond- 
ria. ‘This stimulation is accompanied by absorption, 
in the ADP case, or ejection, in the Caa+ case, of a 
known amount of H+. The oxygen consumption then 
returns to the original state 4 rate. The absorption 
of H” in the ADP-induced state 3 is specific to the 
mitochondrial ATPase. On the other hand, when 
Ca2+ is transported into respiring ~to~hond~a elec- 
trophoretic~ly in response to the negative-inside 
membrane potential (9) established by electron- 
transport-driven vectorial H+ ejection, the mito- 
chondrial ATPase is not involved [28]. Figure 4 
shows that bepridil has a very slight effect on H+ 
ejection during stimulation of oxygen consumption 

succinate 
I 

::_ 

Fig. 3. Succinate-dependent C!az*-uptake in the presence 
of ATP. Control experiment (left) and the experiment 
in presence of lO#f bepridil (right). The experimental 
conditions are reported in the legends of Fig. 1 except 
that the added CaQ was the same (2~nmoies) for the 

expe~ments with or without bepridil. 

by Ca2+ while it inhibits II+ absorption induced by 
ADP addition. This inhibition was paraflef to the 
decrease in oxygen consumption and in ATP syn- 
thesis 113‘). From this and the direct action of bep~~l 
on isolated mitochondrial ATPase [ 121, we may con- 
clude that bepridil is an inhibitor of ATPase-linked 
reactions: such as Ca2+ accumulation in mitochond- 
ria. Moreover the inhibition of Ca2+ uptake by mito- 
chondria (Fig. 2) is related to the inhibition of ATP 
hydrolysis as can be seen in Fig. 5. Interestingly the 
inhibition of a-activated ~to~hond~a1 ATPase by 
bepridil (Fig. 5) has the same profile as that of 
isolated ATPase at pH 7 [X2]; i.e. inhibition reaches 
50% of control at bepridil concentration around 
10 @Vf. 

The other calcium antagonists (verapamil, nifedi- 
pine and diltiazem), known for their therapeutic 
similarity to bepridil, did not affect calcium uptake 
by heart ~tochond~a (results not shown). I3ut this 
did not exclude a possible role of these drugs in 
controlling the calcium transport across the mito- 
chondria. Indeed, diltiazem has been shown to in- 
hibit Ca2+ e&tx from heart mit~hond~a by the Nq’ 
Ca exchange pathway f29]. 

150 

Fig. 4. Effect of bepridil on proton efflux during the stim- 
ulation of mitochondrial oxygen consumption by Ca2+ 
(0-Z) or on proton uptake when oxygen consumption was 
stimulated by ADP (H). In the two cases mitochondria 
were respiring on sucoinab as substrate Ca2+ and ADP 
~n~ntrat~ons were 0.2 n&I. The control values for 3 dif- 
ferent experiments were 221 f 20 and 3912 13 ng ionsf 
burns protein for ADP and Car+ experiments 

respectiveiy. 
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Fig. 5. Effect of bepridil on ATP hydrolysis induced by Ca*’ 
flux into mitochondria. The reaction rate was measured in 
terms of rise in acidity due to ATP”- + Hz0 # 
ADP*- + HPOfJ+ :H+. The control values for 7 different 

experiments was 150 2 20 ng H*/min/mg protein. 

To explain the full effect of bepridil an intracellular 
action was suggested [3]. This suggestion is supported 
by the ability of the drug to enter the cardiac cell 
[lo] and to alter the function of ioalated mitochond- 
ria [13] in such a manner as to spare Al’?. This 
property might be very important when, if oxygen is 
lacking, calcium fluxes massively into and accumula- 
tes in mitochondria thus depleting the cell in ATP. 
Whether this is what actually happens within the cell 
remains to be demonstrated. 
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