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Abstract. The effect of ryodipine on calcium outflow from tissues, on contrac-
tion force, the duration of action potentials and the relaxation phase time-
constant in the contraction cycles of myocardial strips was studied using frog
heart preparations. It was found that calcium outflow (ACa) as a function on
ryodipine concentration can be represented as:

2 x 1077
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A linear correlation exists between Ca’*, contraction blocking and the shorten-
ing of the action potential in the presence of various ryodipine concentrations.
Ryodipine (10~ ° mol/l) decreased the relaxation time-constant by about 20% as
compared to controls. It was concluded that calcium outflow from myocardial
tissues in response to ryodipine is due to blockade of calcium entry into the cells
and their output through the Na*—Ca’* exchange system. Frog heart myocar-
dial contractions are essentially under the control of calcium entry through
sarcolemmal calcium channels.

ACa = (ACa),,,
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Introduction

Blockers of calcium channels are also known to depress heart contraction force
(Morgan et al. 1983) and to promote Ca’* outflow from heart tissues
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(Hmelj—Dunai and NaruSevicius 1985). The aim of this work was to investigate
whether depletion of calcium ions, caused by calcium channel blockers-has any
effect on heart contraction parameters. In this context we examined the effects
of ryodipine (ryosidine, foridone, 4-o-difluoromethoxy-phenyl-2,6-dimethyl-3,5-
-dimethoxycarbonyl-1,4-dihydropyridine: used to block the outflow of calcium
ions from calcium channels in frog heart tissues), on contraction force, the
duration of action potentials and on the time constant of their relaxation phase.

Materials and Methods

The experiments were performed on frog heart preparations of Rana ridibunda.

The dependence of calcium outflow from heart tissues on ryodipine concentration was studied
in the following manner. After its extraction the heart was cut into strips and washed to remove
blood. The surface of the heart strips was lightly dried and after wet weight determination the
preparations were placed in oxygenated Ringer’ solution (mmol/l): NaCl-2.5, CaCl,-1.1, Tris
HCI-10, glucose-5, pH 7.3--7.4 for 30 min at 18 -20°C. Then the strips were immersed in the test
solution for 30min in a 1.0ml chamber. Ca®' concentration was measured with Ca®*-selective
electrodes employing a differential measurement configuration under resting heart conditions.

Ryodipine, the structural analogue of nifedipine, having a 2-OCHF, group in the 4-phenyl
substituent of I.4-dihydropyridine ring. was synthesised in the Institute of Organic Synthesis (sce
Kastron et al. 1982).

For preparation of physiological saline with 10 ° mol/l ryodipine 3.6 mg ryodipine was dissol-
ved in 0.3 ml ethanol and diluted with physiological saline to one |. In order to obtain the required
concentrations of the drug were examined (mol/l): 107,10 %, 3% 10 *. 10 7, 2x 1077, 10 °, 10°°.
Successive solutions of different concentration were used starting from the lowest concentration.
Measurements were performed after a suitable period to allow for concentration equilibrium to be
reached.

The action of ryodipine on contraction force and on the duration of action potentials was
examined on 3— 5 mm long frog ventricle strips, placed in a 10 ml flow-through chamber. Mechani-
cal activity was measured isometrically. For electrical stimulation, square wave stimuli of 10—15ms
duration at 0.25--0.3 Hz were applied. The amplitude of the stimuli was 3-—4 fold higher that of
the estimated threshold value.

The amplitude of contraction force (P) and the duration of action potentials, (T) at the
corresponding ryodipine concentrations were normalized to the outgoing values. The duration of
action potentials was registered at halfmaximal of amplitude. The time-constant of the relaxation
phase of isometrical contractions (r) was determined as follows: the relaxation process could be
described with the equation below (Isakov et al. 1981).

P =P, .exp— (/1) (1)

where (P,) is contraction force at a given moment, P,,, i1s maximum of contraction force, t is time
of discharge counted from P, tis relaxation time constant. This constant was determined by
measuring the time of relaxation at the P, = 0.36 P, level.

Confidence limits were estimated for P = 0.95 (i.e. @ = 0.05).
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Results

The experimental data relating changes in heart ACa’*, contraction force P/P,,
and the duration of action potentials 7/T, with ryodipine concentration are
given in Table 1.

Analysis of our results obtained by studying Ca’' outflow from heart
tissues in response to various ryodipine concentrations (Table 1) shows that

ACa 1
ACa | + VK/B

(2)

max

where ACa’" stands for Ca’’ outflow at' a given ryodipine concentration,
ACal), is maximally possible Ca’* outflow from heart tissues at B — o0, B is
ryodipine concentration, K is a constant value equal to 2 x 10~ "mol/I.

Fig. 1 illustrates experimental Ca’* values normalized relative to ACaj, =
= 0.32mmol/1 kg wet weight. The solid line in Fig. 1 was plotted as in (2)
complete with constants.

The dependence of Ca’* outflow from myocardial cells at various ryodipine
concentrations can be explained if we assume, that ryodipine favours Ca’*
outflow by affecting Na*—Ca’* exchange and blocking Ca’* entry in to the cell
through leakage of Ca’*-channels (Hmelj—Dunai and NaruSevi¢ius 1985).

The effect of the blocking activity of ryodipine on contraction force can be
predicted by the equation below:

B = (1 — P/Py) (3)

where P is contraction force at a given ryodipine concentration, P, — is
contraction force uside control conditions (i.e. without ryodipine).

The dependence of B on ryodipine concentration R using the data from
Table 1 is shown in Fig. 1. It can be seen that this dependence agrees perfectly
with analogous findings concerning Ca’* outflow from myocardial tissues after
ryodipine treatment.

Furthermore, a linear correlation exists between contraction force and the
duration of action potentials (see Table 1).

P T—71°
P, Ty

4

where T'is the duration of action potentials at given ryodipine concentration, T
— is the duration of action potentials in the absence of ryodipine, 7% — is the
duration of action potentials independent of calcium current (see Fig. 2).

k=232 TT;=055



Table 1. Dependence of contraction force, duration of action potentials blocking activity and calcium outflow from frog heart on ryodipine
concentration

C(mol/l) 10-* 10°° Ix10°* 1077 Ix1077 107¢ 34+107¢ 10°°
Ca outflow — 0.05+0.02 0.09+001 0.1440.02 018+001 023+0.06 025+0.09 0.30+0.04
from tissues n=29 n=4 n=9 n=4 n=29 n=4 n=35
mM kg w.w. 0.88 + 0.04 0.86 + 0.09 — 0.62 + 0.19 — 0.24 + 0.08 — 0.07 + 0.01
P/P, n==6 n==6 n==~6 n==6 n==6
Blocking activity after

B=(I—P|P) 0.12 0.14 = 0.28 — 0.76 — 0.93
TiT, 095+ 0.24 0.94 + 0.06 - 0.86 + 0.05 — 0.72 + 0.02 — 0.60 + 0.01
Calculated from: n=3 n=3 n=3 n=3 n=3

P T 0.88 0.86 — 0.68 - 0.34 — 0.11

n = number of experiments
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Consequently (from equation 4), contraction force is proportional to the dura-
tion of the component action potential, which is dependent on calcium current
(T — T°) (see Fig. 2).
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Fig. 1. Dependence of calcium outflow from frog heart ( )(0} and blocking activity ([ — P/

max
/Py) (%) on ryodipine concentration (R). The solid line was constructed according to formula (2)
(see text) with K =2x10""mol/l. Abscissa: ryodipine (R) logmol/l concentration. Ordinate:
calcium outflow and contraction force as a % of the basal level.
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Fig. 2. Schematic representation of a frog myocardium action potential (AP). The measurements of
AP duration and designations of their components are indicated with arrows. T, — duration of AP
without ryodipine, T — duration of AP at a given ryodipine concentration, T — duration of AP,
independent of Ca** channels, 7* — duration of AP directed through calcium channels.
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Considering that the calcium ions carried through open calcium channels
are sufficient for activation of contractions (Pytkowski et al. 1983) it may be
concluded from the results obtained that ryodipine, like other calcium antago-
nists, depresses contraction force predominantly by acting as a blocking agent
for sarcolemmal calcium channels.

Does ryodipine exert an influence on the rate of relaxation phase of isomet-
rical contraction? Fig. 3 provides an example of a single contraction cycle and
the duration of an action potential recorded under control conditions and in the
presence of ryodipine (10~ *mmol/l).
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Fig. 3. An illustrative example of experimental recordings of a single contraction cycle and action
potential under control conditions (a) and following ryodipine administration (b) (10 *mol/l).

The mean values of the relaxation phase time constant (7/7,) measured
under control conditions (7,) and in the presence of 2 x 10~ "mol/land 10~ mol/l
ryodipine (7) are 1; 0.8 + 0.08; 0.77 + 0.13 respectively. Ryodipine decreased
the relaxation phase time constant about 20% compared to the control value.
At the same time, no appreciable difference between the /7, values in the
presence of 2x 10~ "mol/l and at 10~ °mol/l ryodipine was noted.

The shortening of the single contraction cycle at the expense of the relaxa-
tion phase following nifedipine, diltiazem, D-600, verapamil and perhexiline
administration has also been reported by other investigators (Morgan et al.
1983).

Since calcium is already excluded from the medium around myofibrillae at
the beginning of the relaxation phase (see experiments with equorine by Morgan
et al. 1983) it may be concluded that the observed decrease in the time constant
of the relaxation phase in the presence of ryodipine cannot be explained by the
involvement of Na*—Ca’* exchange during myocardial relaxation. It is possi-
ble, however, that relaxation time-constant shortening is caused by blockade of
Ca’* leaky channels.



Ca Outflow and Myocardium Contraction by Ryodipine 57

References

Morgan J., Wier W.. Hess P, Blinks R. (1983): Influence of Ca channel blocking agents on calcium
transients and tension development in isolated mammalian heart muscle. Circ. Res. 52, 47—52

Hmelj-Dunai G. N., NaruSevicius E. V. (1985): Dependence of calcium efflux from the myocardium
on the concentration of calcium channel blockers. Bull. Exp. Biol. Med. C. 11, 513—640 (in
Russian)

Isakov B., Itkin G. M., Murhasin B., Shteingold E., Shumakov V., Jasnikov G. (1981): Biomecha-
nics of Heart Muscle (206—232), Nauka, Moscow, (in Russian)

Kastron V. Duburs G.. Vitolina R. (1982): Synthesis and pharmacological activity of 4-aryl-1.4-
-dihydropyridines. Khim. =arm. Zh. 11, 42--49

Langer G. A. (1982): Sodium-calcium excharge in the heart. Annu. Rev. Physiol. 44, 435—449

Pytkowski B., Lewartovski B., Prokopczuk P., Zdanowski K., Lewandowska K. (1983): Excitation-
and rest-dependent shifts of Ca in guinea-pig ventricular myocardium. Pfligers Arch. 398, 103

113

Final version accepted June 17, 1987



