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Calcium is a universal regulator of mmmymetab~lic processes [4, 7, 14]. It has recent- 
ly been shown that Ca ++ ions can regulate free-ra~lical lipid peroxidation (120) also [i, 2, 
12]. Moreover, they cannot only stimulate l~ (in the region of low concentrations of about 
i0 -s M), but they may also exhibit an inhibitory effect (in concentrations of about i0 -~ M or 
higher) [2]. The mechanisms of this hiphasic effect of Ca ++ on 120 have not been finally ex- 
plained, although it has been suggested that ~e action of high Ca++ concentrations on LPO may 
be based on its interaction with superoxide anion-radicals (0~) [I, 9, 13]. 

The aim of this investigation was to study the mechanisms of action of Ca ++ on LPO in sim- 
ple model systems (ovolecithin liposomes, em~JL~ions of linolenic acid and methyl linolenate), 
in which LPO was induced with the aid of ~m ~-ge_~era~img system (Fe+++ ascorbate) [5], or 
with the aid of a system generating peroxide radieals--ROz (Fe+++ cumyl hydroperoxide) [8]. 

METHODS 

Ovalbumin was obtained by the method in [ll~ Linolenic acid C,,:s (from Reakhim, USSR; 
pure) was purified from oxidation products by c~re~m~tography on a silica-gel column [3]. Li- 
posomes and ufasomes (Cxs:s vesicles) were prepare~ by ultrasonic dispersion of the lipids 
(l mg/ml) by means of a UZDN-I ultrasonic disinteg~ratorwith a titanitun tip i0 mm in diameter 
(150 W, 22 kHz, 3-30 sec). LPO in the li~s~es ar~ ufasomes was induced in 50 mM phosphate 
buffer (pH 7.4) at 37~C in the presence of 0.5 mH ascorbate or 1 mM cumyl hydroperoxide, and 
also of Fe++. On addition of La 44+ ions O| Tris-HC1 buffer (pH 7.4, 37~ was used. Ac- 
cumulation of LPO products was recorded as the formation of malonic dialdehyde (MDA) spectro- 
photometrically (MPS 50, Shimadzu, Japan) at 535 ~ (e = 1.56-10 s Ff-~-cm -~) [i0]. The accu- 
mulated MDA (A NDA) was determined as the quantity of MDA in the samples at the end of incu- 
bation after deduction of the original q~tity of P~A. 

RESULTS 

Kinetic curves of MDA accumulation d~rimg auto-oxidation of ovoiecithin and linolenic 
acid, catalyzed by an Fe ++ + ascorb~te system in the presence of different Ca ++ concentrations, 
are shown in Fig. IA. It was found that Ca~-Fhas a twofold action on oxidation of lipids: 
In a concentration of 10 -5 M it stimulated~ aceumul~tion, but i~bited it in a concentra- 
tion of i0 -s M. In a more detailed study of dep~nde~ze of the action of Ca ++ on concentration 
in this system the maximal effect of ~ st~ationwas observed always when Ca ++ concentra- 
tions in the medium corresponded exactly to t~Fe ++ ~centration. In cases when the Ca ++ 
concentration exceeded that of Fe ++, the st~tie~ effect of Ca++weakened and gave way to 
inhibition of LPO (Fig. IB). A strict linear relationship was found between the Fe ++ concen- 
tration and the Ca ++ concentration inducimg~ stimulation of LPO (Fig. 2). It can be 
postulated that the stimulating action of Ca++is Based on its ability to interact with nega- 
tively charged groups of lipids (phosphate groL~s ~f lecithin, carboxyl groups of linolenic 
acid), thereby displacing the bound Fed~-iems [6], i.e., increasing the concentration of free 
Fe ++ ions, which participate directly in LFO ~talysis. If this hypothesis is true, it will 
be evident that on induction of peroxidati~of the methyl ester of linolenic acid, which has 
no negatively charged carboxyl groups~ no stim~latimg effect of Ca++ought to be exhibited. 
In fact it was found that Ca ++ ions, i~ the ~e~tration range from 10 -6 to i0 -s M, do not 
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Fig. i. Action of Ca ++ on LPO in model systems. Abscissa: A) duration of 
incubation (in min); B and C) concentration of Ca++ added (in M); ordinate, 
MDA accumulation (in namomoles/mg lipids). A) Oxidation of linolenic acid 
(1-3) and ovolecithin (4-6), catalyzed by Fe ++ + ascorbate system (0.06 and 
0.5 mM respectively): 2, 5) control; 3, 6) 10 -5 M Ca q-~, i, 4) 10 -3 M Ca++; 
B) oxidation of methyl linolenate (i), of linolenic acid (2), and of ovo- 
lecithin (3), catalyzed by Fe++ + ascorbate system. Incubation time i0 min; 
C) oxidation of methyl linolenate (i), linolenic acid (2, 3), and ovoleci- 
thin (4, 5), catalyzed by Fe++ + cumyl hydroperoxide (I mM) system. Incu- 
bation time i0 min; Fe ++ concentration: 10 -4 M (I, 3, 5) and 10 -5 M (2, 4). 
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Fig. 2. Correlation between 
Ca 4-~ concentration causing max- 
imal stimulation of LPO induced 
by Fe++ + ascorbate system, and 
Fe ++ concentration in incubation 
medium containing liposomes of 
ovolecithin (i mg/ml) or ufa- 
somes of linolenic acid (i mg/ 
ml). 

stimulate oxidation of methyl linolenate in an Fe 4+ + ascorbate~ system (with a concentra- 
tion of Fe++ of i0 -~ M). 

It was postulated previously that the inhibitory actio~:~of high Ca ++ concentrations on 
LPO is based on its interaction with O~ radicals [i, 2]. If this hypothesis is true, in LPO 
induction systems not dependent on O~ formation s no inhibitory effect of C& ++ ought to be ex- 
hibited. Comparison of the results obtained (Fig. IB, C)~shows that whereas high Ca ++ con- 
centrations had an inhibitory effect in an O~ dependent system of LPO induction (Fe++ + 
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TABLE i. Effect of Ca ++ and La 4+ Ions on 
MDA Formation during Oxidation of Linolenic 
Acid by Fe++ + Ascorbate System (M -+ m) 

I MDA accumula- 
Ions added Concentration, M tion~ nanomoles/ 

mg fatty acid 

Control 0 23,52__.'2,04 

Ca2+ 
La~+ 
Ga~+q-La34 

I0-~ 
I0-~ 

10-4+10-4 

26, [7fl::1,78 
30,00_2,18 ~ 
17,91 ___1,06" 

Legend. Incubation medium: 0.05 M Tris- 
HCI buffer, pH 7.4 (37~ 0.i mM Fe++, 
0.5 mM ascorbate. Incubation time 7 min. 
Initial degree of oxidation of linolenic 
acid 1.88 • 0.21 nanomoles MDA/mg. *P < 
0.01 compared with control~ 

ascorbate), in an O:z independent system of LPO induction (Fear++ cumyl hydroperoxide) this in- 
hibitory effect was absent for all the three lipids studied: ovolecithin, linolenic acid, and 
methyl linolenate~ 

Incidentally~ not only Ca ++ ions may have such a biphasic action on LPO, but also other 
cations with high charge density, capable of releasing Fe ++ ions bound with negatively charged 
groups of lipids, and also of interacting with O~ radicals [9, 12]. It was found that in the 
absence of Ca++ ions, addition of Lallf ions to linoienic acid ufasomes in a concentration 
corresponding to that of the Fe++ ions present stimulated MDA accumulation (Table i). On the 
combined action of equimolar concentrations of Ca 4+ and LA +++ (when their total concentration 
exceeded that of Fe++)~ an effect of inhibition of peroxidation of iinolenic acid was observed. 

The results as a whole lead to the conclusion that stimulation of LPO by Ca ++ ions is 
based on their ability to liberate Fear+ ions bound with the negatively charged groups of lip- 
ids, thereby increasing the concentration of catalytically active Fe++ in the system. Weak- 
ening of the stimulating action of Ca++ and the inhibitory effect of high concentrations of 
Ca ++ ions are due to their interaction with the superoxide anion-radicals. This biphasic 
character of the action of Ca ++ on LPO can evidently be realized in LPO induction systems that 
depend on generation of O~, and with lipid substrates containing negatively charged groups. 
In this connection it is worth recalling that a similar biphasic character of action of Ca ++ 
on LPO was found previously on natural membranes (microsomal and mitochondrial fractions of 
myocardium), in which NADH- and NADPH-dependent oxidases functioned at O~ generating systems 
[2]. 
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