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and prophase. DNA synthesis, preparation to mito- 
sis, and initial stages of the first and second meiotic 
division take place in spermatogonia and in the t'u-st 
and second order spermatocytes. These cells are 
apparently the main target of  the drug. On the other 
hand, the low total count of  mature sex cells during 
all periods of  the experiment is indicative of  dam- 
aging effect of  the drug on nondividing cells of sper- 
matogenic ePithelium , spermatides, and sperma- 
tozoa. 
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The effect of  glucose-base polymers (dextrans with relative molecular weight 10, 40, and 
70 kD) and vinylpyrrolidone (polyvinylpyrrolidone: 10, 24, and 40 kD) on changes in the 
sarcoplasmic Na + concentration in stimulated cardiomyocytes (1.0 Hz, 10 msec, 60 mV) 
were examined. In the concentration range of  1-100 ~tM, the polymer preparations 
produced cardioprotective effect on cells incubated under hypoxic conditions; the effect 
depended on the nature and molecular weight of  the polymer. Rihlocaine (25 gM) inhibits 
by 42% elevation of intracellular Na + induced by plasma membrane depolarization. Dextran 
40 is shown to significantly increase Na-blocking effect of  rihlocaine. 
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To produce preparations with prolongated effects, 
both natural (carboxymethylcellulose, dextran) and 
synthetic (polyvinylpyrrolidone -- PVP, polyvinyl 
alcohol) polymers with high biological compatibility 
and low toxicity have been used [3,6]. 

New preparations on the basis of  traditional 
drugs hnmobilized on a carrier polymer or nonco- 
valently bound to a polymer have the following ad- 
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vantages: enhanced pharmacological effectiveness, 
longer period of  action, and lower side effects. Using 
the aconitine model of  cardiac arrhythmia, we de- 
monstrated antiarrhythmic activity of the sodium 
channel blocker rihlocaine (R_HC) diluted in rheo- 
polyglucin (10% solution of  dextran 30/40) [2]. Under 
acute regional ischemia and reperfusion, the com- 
bination of  RHC with dextran stabilized basic helno- 
dynamic and cardiac indexes, thus demonstrating 
antiarrhythmic and antifibfillatory activities. At the 
same time, a certain decrease in the effectiveness of  
RHC was detected when it was combined with PVP. 
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Fig. 1. The effect of polyvinylpyrrolidone (PVP, 100 jaM) of various 
molecular weight (10, 24, and 40 kD) on sodium blocking efficiency 
of rihlocaine (25 p.M). The mean values are given (n=5). Here and 
in Fig. 2:*p<0.05 in comparison with rihlocaine. 

Recent studies revealed that low-molecular-weight 
polymer preparations (10-40 kD), dextran in par- 
ticular, can be uptaken by cells by endocytosis [5,8]. 
In order to exclude hemodynamic  effects of  polymer 
solutions and to estimate 'their possible direct effect 
on myocardial  cells, we compared  the effects of  
different combinations o f  RHC with dextran and 
PVP on the intracellular Na + concentration in intact 
and nonoxygenated cardiomyocytes in vitro. 

MATERIALS AND METHODS 

Isolation o f  cardiomyocytes and determination o f  
intracellular Na § in the suspension of  isolated cells 
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Fig. 2. The effect of dextran (D, 100 p.M) of various molecular 
weight (10, 40, and 70 kD) on the sodium blocking efficiency of 
rihlocaine (25 gM) under experimental hypoxia. Open bars: relate 
to dextran alone; closed bars: combination of dextran with rihlocaine. 

using the fluorescent probe SBFI was performed as 
described earlier [1]. To estimate the intensity of  the 
fluorescence probe and cytoplasmic sodium con- 
centration [Na +] ~, calibration was performed ac- cy~ 
cording to [4]. The sarcoplasm sodium concentration 
was calculated from the following formula: 

[Na +] oy~= Kd x kx (R- -R i , ) / (R=--R) ,  

where R is the ratio o f  fluorescence intensities at 
excitation wavelengths of  340 nm (F340) and 380 nm 
(F380); R~n and ~ are similar ratios at zero and 
saturating concentrations of  [Na+]o.. (150 mM); k is 
the ratio of fluorescence intensitie's at 380 nm for 
free and complexed probe (2.1_+0.1); K d is the equili- 
brium dissociation constant for the probe-Na + com- 
plex (20.8+1.4 mM). 

To simulate hypoxic conditions, the cells were 
incubated for 30 min at 37~ in the medium con- 
taining 0.5 m M  KCN and 10 mM 2-deoxyglucose. 
Electrical stimulation of  cardiomyocytes was per- 
formed in a MacLab System. 

Working concent ra t ion  of  RHC (1-allyl-2,5- 
dimethylpiperidole-4 benzoic ether hydrochloride) 
was chosen to correspond the mean EDs0 determined 
in the in vivo experiments,  i.e., to the dose that 
produces 50% maximum pharmacological effect. The 
range of  final concentrations of  polymeric prepara- 
tions in the incubation medium (1-100 ~M) covered 
the changes in its extracellular level during the long 
period after intravenous administration of  the pre- 
parations [71. 

Na-blocking efficiency of  the drugs was cal- 
culated from the formula: [1--(ANat/ANao) ] x 100%, 
where ANa t and ANa0 are changes in [Na§ during 
30 min incubation of  test and control samples in the 
absence of  the drugs. 

The results were statistically analyzed using Phar- 
macological Basic Statistics package. The confidence 
intervals of  experimental values and the significance 
of  the difference between them was calculated ac- 
cording to the Student 's  t test, taking 5% as the 
minimal level o f  significance. 

RESULTS 

The diastolic [Na § .. in the sarcoplasm of  resting 
cells was 8.3_0.6 mM (n=5). Stimulation of  cardio- 
myocytes at a frequency of 1.0 Hz (10 msec, 60 mV) 
increased intracel lular  [Na+]cv to 16.5+1.4 mM 
(n=6). Therefore, the mean difference (ANa) be- 
tween the basal Na + level in the intact and stimulated 
myocytes was 8 mM. 

The effect of  polymeric preparations and RHC 
on induced rise of  [Na+]oy~was studied in two series 
o f  experiments,  using intact  cardiomyocytes  and 
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nonoxygenated cells under conditions of "chemical" 
hypoxia. 

First, we investigated the influence of natural 
(dextran) and synthesized (PVP) polymers on the 
potential-induced enhancement of [Na+]ow Dextran 
with molecular weights of  10, 40, and 70 kD and 
PVP with molecular weights of 10, 24, and 40 kD 
were used. In the concentration range of 1-100 ~tM 
none polymer changed significantly basal or stimula- 
tion-dependent Na + in intact cardiomyocytes. RHC 
(25 gM) inhibited elevation of [Na+]o.. by 42+5% 
(p<0.01), while the basal sodium level in the pre- 
sence of RHC did not significantly differ from the 
control. 

Estimation of Na-blocking efficiency of com- 
binations of  RHC with dextran of different types 
(1-100 gM) did not reveal marked changes in RHC 
activity. Combination of PVP (100 txM) with RHC 
decreased the inhibitory effect of  the latter (Fig. 1). 
There was a relationship between the ability of PVP 
to decrease Na-blocking activity of RHC and the 
length of PVP chain. In the presence of PVP with a 
molecular weight of about 10 kD (PVP-10) the in- 
hibitory effect of  RHC was 36_+4%. However, under 
PVP-40 taken in the same concentration, blockade 
of sodium inflow into cardiomyocytes was no more 
than 21%. The effect of PVP results probably from 
formation of complexes of  RHC with the polymer, 
which decreases the concentration of  free (active) 
form of RHC in the test solutions. 

Thus, the effects of  dextran and PVP on phar- 
macological activity of RHC differ significantly: in 
contrast to PVP, which demonstrated the antago- 
nistic effect, addition of dextran into the incubation 
medimn did not produce significant changes in Na- 
blocking properties of RHC. Interpretation of the data 
obtained should take into account the behavior of the 
polymers in aqueous solutions: the molecules of PVP 
maintain predominantly linear form, while dextran 
molecules (in particular, of greater molecular weight) 
demonstrate a tendency to form globule-like structures. 
At physiological pH, RHC is a weak base, and its 
hydrophilic properties impede incorporation of RItC 
molecules into the hydrophobic dextran domains. 

Under  conditions of experimental hypoxia, the 
mean difference between the basal and induced sodium 

levels (ANa) was 17 mM. Preliminary application of 
polymer preparations in final concentrations of 1, 10, 
and 100 ~tM produced a dose-dependent decrease in 
ANa. The degree of Na-blocking effect of dextran 
decreases in the sequence dextran 40>dextran 70> 
dextran 10 (Fig. 2). The effect of PVP is less ex- 
pressed, and dependence of PVP stabilizing effect on 
the size of a polymer molecule is not significant 
(data are not shown). 

Among possible mechanisms of the membrane- 
stabilizing effect of polymers one can consider their 
ability to increase the oncotic pressure of the extra- 
cellular medium and detoxification properties re- 
sulting from the ability of polymers to bind the low- 
molecular-weight membrane-active substances re- 
leased from cells. 

Study of the combined effect of RtlC and poly- 
mer preparations o n  [Na+]oyt under hypoxia revealed 
the most active combination, i.e., RHC+dextran-40. 
After administration of this combination, sodium 
elevation in the cardiomyocytes was not larger than 
25% of the control (drug-free) level. In the presence 
of either preparation alone, ANa was 76% (dextran) 
and 55% (RHC) of the control level. 

Comparison of these findings with those ob- 
tained in vivo shows that further study of combina- 
tions of RHC with dextran is prospective, and this 
combination can be considered as a potential anti- 
arrhythmic preparation. 
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