BIOCHEMISTRY AND BIOPHYSICS

EFFECT OF WATER-SOLUBLE ANTIOXIDANTS OF THE SCREENED PHENOL
CLASS ON THE R-ADRENERGIC SYSTEM OF RAT CARDIOMYOCYTE PLASMA
MEMBRANES IN VITRC

A. P. Khokhlov and K. N. Yarygin UDC 616.128-008.939.15-39-02:615,272.014.425

KEY WORDS: synthetic antioxidants; S-adrenoreceptors; rat cardiomyocytes;
adenylate cyclase; lipid peroxidation

Experimental and clinical data obtained in recent years suggest that changes in lipid
peroxidation (LPO) in cell membranes play an important role in the pathogenesis of several
diseases. For instance, cytotoxic effects in myocardial ischemia and hypoxia are largely
due to depression of activity of the biochemical systems that protect the heart from active
forms of oxygen, and in turn, this suggests that induction of LPO is a factor involved in
cardiomyocyte injury [9, 10]. It has been suggested [13] that the entry of Catt into cells
as a result of structural disturbances of their membranes, caused by activation of phospho-
lipases and proteases, is an important factor in myocardial damage. The role of other con-
sequences of LPO activation and, in particular, of modification of membrane receptor activity
[3], is not clear. The possibility of using various substances to compensate the depressed
activity of components of the antioxidant system of the heart in the treatment of ischemic
disturbances in heart muscle has been discussed in the literature [1]. Synthetic antioxi-
dants [4, 6], which are relatively nontoxic inhibitors of radical reactions [7], are promis-
ing in this respect.

The aim of this investigation was to study the effect of changes in the level of LPO,
induced by the action of synthetic antioxidants, on signal conduction in the B-adrenergic
system of rat cardiomyocyte plasma membranes, i.e., in the receptor system which plays an
important role in the pathogenesis of myocardial infarction [2], was studijed.

EXPERIMENTAL. METHOD

The followign water-soluble synthetic antioxidants beloning to the screened phenol
class were used: phenosan [v-(4-hydroxy-3,5-di-tert-butylphenol)propionic acid] and its
potassium salt (phenosan-1K}. Both compounds were synthesized in V. V. Ershov's laboratory
at the Institute of Chemical Physics, Academy of Sciences of the USSR.

LPO inductjon was monitored by measuring accumulation of conjugated dienes at 234 nm;
absorption spectra were recorded on the Hitachi-557 spectrophotometer (Japan). Fractions
of cardiomyocyte plasma membranes of Wistar rats were isolated by the method described pre-
viously [5]. Adenylate cyclase activity was determined by the method in {12]. The incu-
bation medium contained (in mmoles/liter): Tris-HC1 (pH 7.5 at 37°C) 50, cAMP 1, MgCl,

5, phosphocreatine 20, ATP 0.1, theophylline (.2, and also 0.5 mg/ml of creatine phospho-
kinase and 10® cpm of o-32P-ATP {specific activity 3000 Ci/mmole, from Amersham Corporation,
England). Samples were incubated for 15 min at 37°C and the final concentration of protein
of the membrane preparation in the same was 0.05 mg/ml.

When complex formation of 3H-dihydroalprenolol (specific activity 78 Ci/mmole, Amersham)
with cardiomyocyte B-adrenoreceptors was investigated, specific binding was determined as
the fraction of total binding which could be blocked by 1000-fold excess of L-alprenolol
(from Sigma, USA). Cardiomyocyte membranes (500 ug protein/ml) were incubated for 60 min
at 25°C in medium of the following composition (in mmoles/liter): imidazole 20, Na,EDTA
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Fig. 1. Dependence of specific binding of 3H-dihydro-
alprenoclol (10 mM) with rat cardiomyocyte plasma membranes
in vitro under the influence of phenosan (filled circles)
and phenosan-1K (empty circles). TIncubation time 60 min
(at 25°C). C) Concentration of antioxidants (in M), B;)
specific binding of 3H-dihydroalprenoclol (in cpm), B)
specific binding of 3H-dihydroalprenolol in presence of
antioxidants (in cpm).

Fig. 2. Effect of phenosan (filled circles) and phenosan-1K
(empty circles) in vitro on basal (1) and 10 uM isopro-
terenol-stimulated (2) adenylate cyclase activity of rat cardio-
myocytes. C) Concentration of antioxidants (in M). Ordi-
nate, quantity of synthesized cAMP (in nmoles/min/mg pro-
tein).
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Fig. 3. Concentration of conjugated
dienes during incubation of rat
cardiomyocyte plasma membranes in
vitro in the absence and in the pres-
ence of synthetic antioxidants.
Abscissa: 1) initial level, 2) in-
cubation without antioxidants, 3)
incubation with phenosan (10 uM); 4)
incubation with phenosan-1K (10 uM);
ordinate: concentration of conjugated
dienes (nmoles/mg phospholipid).
Incubation time 15 min (37°C). *P <
0.01 compared with initial level.

1, MgCl, 5, pH 7.4. Bound and free ligand were separated by vacuum filtration through GF/C
filters (Whatman, England). '

EXPERIMENTAL RESULTS

Specific binding of the B-ligand was found not to be dependent on antioxidant concentra-
tion in the incubation medium, even if the latter were present in very high doses — about
10 mM (Fig. 1).

1356



Raising the level of peroxide reactions in brain membrane lipids is known to activate
the adenylate cyclase system [8, 11]. With this in mind, depression of adenylate cyclase
activity would be expected under the influence of inhibitors of radical processes of membrane
lipids. In fact, inhibition of isoproterenol-stimulated cAMP formation was recorded in
vitro in cardiomyocyte membranes in the presence of antioxidants in concentrations over
10 uM, whereas basal adenylate cyclase activity was inhibited only in the presence of very
high concentrations of phenosan and phenosan-1K — over 1 mM (Fig. 2).

Analysis of the intensity of LPO showed that after only 15 min of incubation of the
cardiomyocyte plasma membranes at 37°C diene conjugates accumulated, evidently on account
of activity of endogenous oxidaiton enzyme systems, whereas in the presence of the antioxi-
dants, the formation of these membrane 1lipid peroxidation products was not observed (Fig,
3).

Physicochemical characteristics of membrane lipids, such as microviscosity, are known
to have a significant influence on activity of membrane-bound adenylate cyclase systems
[14], and the writers showed previously that the action of synthetic water-soluble anti-
oxidants in vive leads to a change in both lipid composition and structural characteristics
(including microviscosity) of the lipid phase of various cell membrane fractions [1].

It can be concluded from the facts described above that the action of water-soluble
synthetic antioxidants belcnging to the screened phenol class on the B-adrenergic system
of mammalian cardiomyocytes is realized, not at the level of complex formation between spe-
cific ligands and the receptor, nor at the level of regulation of activity of the immediate
catalytic subunit of adenylate cyclase, but rather at the level of coupling of binding of
B-receptor agonists with adenylate cyclase activation. 1In our view this may take place
as a result of a change in the physicochemical state of the lipid bilayer of the membrane.
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