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Effects of suphan, a new cardiotonic agent containing succinyl tryptophan, on the entry
of Ca?*" into rat cardiomyocyies, its intracellular compartmentalization, and its exit from
these cells were evaluated in virro. It was found that the recorded sulfan-induced rise of
intracellular calcium was due to Ca?* entering the cell via L-type calcium channels, and
that a reversible reduction of its concentration in the sarcoplasm occurred through its ac-
cumulation in the sarcoplasmic reticulum and was blocked by the specific Ca**-ATPase
inhibitor thapsigargin (11 :M). Suphan did not alter the activity of Na*/Ca®* exchange in
a concentration range of 3-150 ug/ml.
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The cardiotonic action of many drugs 1~ buased on
their ability to activate calcium (Cua) exchunge in
myocardial cells. Ca** is directly imvoived n the
coupling of myocardial electrical and mechanical
activities, by virtue of which the force of cardiac
contraction is directly proportional to the concen-
tration of free Ca?* in the sarcoplasm A rise of
Ca? in response to cardiotonics mav be o conse-
quence of both the entry of extracellulur Cu " into
cells via voltage- and/or receptor-controlicd Ca
channels [5] and the mobilization of Cu " trom 1ts
intracellular depots, predominantly sarcoplasmic
reticulum (SPR) cisterns [7].

Suphan, a new preparation proposed tor use as
a cardiotonic, contains succinyl trvptophan [3].
Studies into the impact of sodium succinate on the
bioenergetics of ischemic myocardium have vielded
a large body of experimental data, including those
attesting to its membrane-stabilizing and hypoxia-
mitigating effects [2]. However, there is only indi-
rect evidence of how succinates and suphan might
influence Ca exchange in the myocardium.
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The purpose of this study was to examine, us-
ing the Fura 2-AM fluorescent probe for calcium,
the influence of suphan on intracellular Ca?* con-
centration in isolated rat cardiomyocytes (CMC).

MATERIALS AND METHODS

The following reagents were used: CdCl, and NiCl,
(Fluka); HEPES, NaCl, KCl, CaCl,, NaH,PO,,
MgSO,, EGTA, and thapsigargin (Sigma); Fura 2-
AM (Calbiochem); MnCl,, digitonin, caffeine and
epinephrine (Serva); and chemically pure HCl and
NaOH (Russian-made).

The procedures used to isolate CMC from the
left ventricle of rats, to load these cells with the
Fura 2-AM probe, and to record its fluorescence are
described in our previous article [4]. Intracellular
Ca*" concentrations ([Ca*"],) were calculated by the
formula: [Ca**|=K(R—R_.)/(R _—R), in which R
and R _ are the ratios of fluorescence intensities at
excitation wavelengths of 340 nm and 380 nm (F,,/
F,,,) at zero and saturating Ca’" concentrations,
respectively, and K is defined as K X(F_/F,), where
F=fluorescence at 380 nm of the Ca**-free Fura 2-
AM probe, F =fluorescence at 380 nm of the probe

complexed with Ca** [1], and K =equilibrium dis-
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Fig. 1. Time-course of the Ca response by isolated rat cardio-
myocytes exposed to suphan. The values given are means + con-
fidence intervals as calculated for 5-7 separate tests. Suphan con-
centratians (ug/mil): 20 (7), 50 (2), 100 (3); 50 pg/mi suphan+10 uM
thapsigargin (4).

sociation constant for the probe-Ca?* complex; this
constant, which was determined in a model exper-
iment using Fura 2-AM solution, equalled 140 nM
when calculated by Scatchard analysis.

The results were statistically treated using the
application software package Pharmacological Ba-
sic Statistics. Confidence intervals for experimental
values and the significance of differences between
them were estimated by Student’s 7 test, setting sta-
tistical significance at the 0.05 level.

RESULTS

Suphan elicited no Ca response from CMC in con-
centrations below 5 ug/ml, but raised, in a dose-
dependent manner, the basal (diastolic) Ca?* level
in these cells in a concentration range of 5-150 pg/
ml. When incubated with CMC for 5 min in the
concentration of 150 ug/ml, the recorded [Ca?*], was
[301£28 nM (n=4) vs. 13511 nM in the control
samples (n=9)], i.e., 2.3 times higher. No signifi-
cant change in [Ca®*] occurred at higher suphan
concentrations in the incubation medium.

The time-course of the Ca response by CMC
was biphasic (Fig. 1), with a rise in Ca?* during the
first 2-7 min after the addition of suphan to the
incubation medium being succeeded by its fall in
the subsequent 2-10 min. It should be noted that,
as is illustrated in Fig. 1, the Ca?* level declined to
its initial value toward the end of the incubation
period at suphan concentrations of <50 ug/ml, but
not at higher concentrations.

Examination of the mechanisms underiying the
suphan-induced elevation of [Ca*'], in phase I and

its fall in phase II led us to conclude that the ele-
vation was determined by the entry of Ca ions via
the L type of sarcolemmal Ca channels. This con-
clusion is based on two pieces of evidence: 1) 60-
70% decreases in the Ca response of CMC to su-
phan in calcium-free medium and 2) a virtually
complete inhibition of this response by bivalent cad-
mium and nickel ions (0.2 mM CdCl, and 1 mm
NiCl,), which are selective blockers of L-type Ca
channels (Fig. 2). The activation of Ca?* entry by
suphan appears to be due to its high content of
potassium ions which may cause partial depolariza-
tion of CMC membranes and opening of potential-
dependent Ca channels under in vitro conditions [3].

Systems maintaining [Ca?*], at a low level in
CMC are (in order of decreasing functional signi-
ficance) the SPR ATPases, the Na*/Ca?* antiport,
and the Ca-ATPases located in the sarcolemma [6].
To determine what role the SPR might play regu-
lating the suphan-induced rise in {Ca?*],, we used
the specific Ca-ATPase inhibitor thapsigargin (10
uM) [7]. In the presence of this compound, the
kinetics of the Ca response in phase 1I was found
to have changed (Fig. 1), so that the period of Ca®*
removal from the cytoplasm became 3 to 5 times
longer than at the same suphan concentration in its
absence.

In the presence of caffeine (10 mM), which
depletes Ca?* stores in the SPR and prevents Ca*
reentry, the kinetics of suphan was monophasic.
Amiloride (40 uM), an inhibitor of Na*/Ca** trans-
port, did not affect its kinetics.

The results presented above indicate that su-
phan stimulates the entry of extracellular Ca** into
CMC where it accumulates in the SPR. Because of
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Fig. 2. Response of rats cardiomyocytes to suphan in different
media. 7) Control; 2) calcium-free medium; 3) medium containing
0.2 mM CdCl,; 4) medium containing 1 mM NiCl,. *Significant
difference from the control (p<0.05). [Ca*], was measured 5 min
after adding suphan at 50 pg/ml.



P. A. Galenko-Yaroshevskii, A. I. Khankoeva, and A. S. Dukhanin

[Ca™], oM
600

Time, min

Fig. 3. Ca response of intact (7) and suphan-treated (50 pg/mi) (2)
cardiomyocytes to epinephrine (10 nM).

the augmented Ca?* accumulation in the SPR, sub-
sequent activation of these cells may be expected
to result in enhanced Ca release (an effect charac-
teristic of cardiotonics stimulating B,-adrenergic re-
ceptors). To check this possibility, we compared
Ca?* concentrations in control and suphan-treated
(50 pg/ml) CMC. When the Ca?* level stabilized
(which happened after 20 min of observation), cells
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in the control and test samples were activated by
adding 10 nM epinephrine, and its was found that
the rate of rise in [Ca®*] and its maximal value in
the test samples were 1.8-2.2 times than in the con-
trol ones (Fig. 3).

In summary, this study has shown that the im-
pact of suphan on Ca homeostasis in CMC is de-
termined by its ability to raise the diastolic level of
Ca?* and potentiate Ca?* exit from the SPR in re-
sponse to humoral (and possibly electrical) stimula-
tion. These properties of suphan are consistent with
its pharmacological actions on the heart in vivo.
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