Chapter 7

Oxidation of Selected Lipids in Low Density
Lipoprotein: Effects on Calcium Transients
in Isolated Rabbit Cardiomyocytes

Kan-zhi Liu, Hamid Massaeli, Bram Ramjiawan,
and Grant N. Pierce

Abstract When LDL is oxidized by a free radical generating system, both cholesterol
and fatty acyl moieties within the LDL are modified. Oxidized low density lipoprotein
(oxLDL) can induce alterations in the Ca?* transients in isolated cardiomyocytes.
It is unclear if oxidation of the LDL fatty acyl chains (in phospholipids, triglycerides
and cholesteryl esters) or oxidation of the LDL unesterified cholesterol is more
important in producing the oxLDL-induced alteration in cellular calcium transients.
Therefore, we investigated the possible role of oxidized cholesterol and fatty acyl
chain peroxidation in the effects of LDL on Ca** transients. Cholesterol oxidase
(CO) treatment of LDL produced oxidized cholesterol plus H,0,. The H,O, peroxidized
the LDL fatty acyl chains, as indicated by an increased malondialdehyde (MDA)
content. The cell systolic [Ca?*] was significantly increased after incubation with
CO-treated LDL. Diastolic [Ca*] was unchanged. MDA content in the CO-treated
LDL correlated with the change in systolic [Ca?*] of treated cells. Catalase, a scavenger
of H,0,, inhibited MDA formation in the CO-treated LDL and prevented the increment
in systolic [Ca*] in the treated cells. A similar stimulatory effect on the Ca®* transient
was observed if cells were treated with LDL after exposure to only H,O, and not CO.
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Direct exposure of myocytes to H,O, (without LDL) failed to produce a stimulatory
effect on the calcium transient but caused an increment in cellular diastolic Ca?*.
Exposure of myocytes to CO alone (without LDL) produced a significant increment
in diastolic [Ca?*] and this effect was not prevented by catalase. These results
suggest that fatty acid peroxidation in the LDL moiety is more important than
oxidized cholesterol in the generation of ox-LDL-induced increases in Ca** transients
in isolated cardiomyocytes. Further, oxidation of in situ cell membrane cholesterol
will destroy cell integrity. Our data also underline the importance of adding extra-
cellular lipid in any study of the effects of oxygen free radicals on cellular function.
Under conditions of radiologic or chemically-induced generation of oxygen-derived
free radicals, cardiac dysfunction and damage may be induced by this process.

7.1 Introduction

The generation of oxygen-derived free radicals is proposed to increase during
hypoxia/reoxygenation and ischemia/reperfusion injuries to the heart [3, 4, 22].
Chemical, biological and radiological conditions can also induce damaging and
even lethal levels of oxygen-derived free radicals. One of the targets of the free radi-
cals is thought to be the cardiomyocyte itself. Free radicals increase the resting
intracellular [Ca*"] and thereby contribute to cell damage and death [6, 20]. However,
another important target of the free radicals is circulating lipids like LDL (low density
lipoprotein). LDL can be extensively oxidized by free radicals [38]. Since LDL is in
contact with cardiomyocytes in relative high concentrations [21], and free radicals
present in the interstitial space may have been shown to oxidize LDL there [15, 40, 46],
it is possible that oxidized LDL (oxLDL) may exert an effect of its own on the
cardiomyocytes. Recently, we observed that oxLDL can significantly alter the Ca*
transient in isolated cardiomyocytes [27]. The oxLDL greatly potentiated the effects
of free radicals on their own. In view of the significance of free radical-induced
damage to the heart [3, 4, 22], and the potential role of ox-LDL as a mediator in this
action, it was important to investigate the mechanism whereby oxLDL exerts its
effects on the cardiomyocyte Ca?* transients.

The purpose of the present study was to investigate which part of the oxLDL
particle is most important for producing the effects of oxLDL on the Ca** transient
of the isolated cardiomyocyte. Three major parts of the LDL lipoprotein moiety
(apoprotein, fatty acyl chain and cholesterol) can be oxidized [1, 42]. If the fatty
acyl chain present in LDL phospholipids, cholesterol esters and triglycerides is
oxidized extensively, a broad spectrum of shorter chain aldehydes (conjugated
dienes, malondialdehyde and 4-hydroxynonenal) is generated [11, 17, 42]. The
unesterified cholesterol in LDL can also be oxidized into several cholesterol oxide
derivatives [1, 28, 29]. Currently, it is difficult to evaluate which lipid in the oxLDL
moiety plays the most important role in modifying the Ca** transport character-
istics [24]. We decided, therefore, to examine if oxidized cholesterol in LDL may



7 Oxidation of Selected Lipids in Low Density Lipoprotein... 85

be responsible for the effects of oxLDL on the cardiomyocyte Ca?* levels. In the
present investigation, cholesterol oxidase was employed to specifically oxidize
the cholesterol in the LDL.

7.2 Materials and Methods

7.2.1 Materials

All chemicals were of standard reagent grade (Sigma Chemical Co., St. Louis,
MO). Cholesterol oxidase (CO) (Pseudomonas fluorescens) and catalase (bovine
liver) were obtained from Sigma Chemical Co. Other selected cholesterol deriva-
tives which were used as standards for the high performance liquid chromatography
(HPLC) analysis were purchased from Steraloids, Inc., Wilton, NH. Fura-2AM was
purchased from Molecular Probes Inc., Junction City, Oregon. Collagenase was
obtained from Worthington Biochemicals (Freehold, New Jersey). The cholesterol
supplemented rabbit chow was purchased from ICN Biochemicals Inc. (Cleveland,
OH). Lazaroid (U74500A) was kindly provided by The Upjohn Co.

7.2.2 Cardiomyocyte Isolation

Calcium tolerant, contractile, single cardiomyocytes were prepared according to a
procedure which has been described in detail previously [26, 30]. In brief, the hearts
from 2.5 kg male albino New Zealand rabbits were quickly excised, the ascending
aorta cannulated, and the heart retrogradely perfused with a Ca**-free then minimal
Ca?* containing solution supplemented with 1.3 mg/ml collagenase and 0.5 mg/ml
hyaluronidase. The heart was then removed from the isolation apparatus after
~30 min perfusion and the cells gently minced free in a petri dish. Myocytes were
harvested at 1 xg and viable cardiomyocytes adhered to coverslips which had
been previously coated for ~20 min with a 0.2 mg/ml laminin. More than 70 %
of the myocytes were rod-like shaped, calcium-tolerant, free of membrane blebs,
possessed clear sarcomere striation, did not spontaneously contract and excluded
trypan blue. Myocytes were studies in a Kreb’s perfusion solution containing (in
mM): NaCl 120; NaHCO3 25, KCl 4; KH,PO, 1.2; MgSO, 1.2; dextrose 5.5; CaCl,
1.8; (pH 7.4). All experiments were performed at a temperature of 37 °C.

7.2.3 Lipoprotein Isolation

LDL (density 1.019-1.063 g/ml) was prepared by sequential ultracentrifugation from
the plasma of male albino New Zealand rabbits fed a 1 % cholesterol-supplemented
diet [34]. Dithiobisnitrobenzoic acid (1.5 mM), phenylmethylsulphonyl fluoride
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(2 mM), thimerosal (0.08 mg/ml) were added to the plasma after separation of
the blood cells to inhibit lecithin:cholesterol acyl transferase, proteolysis and
bactericides, respectively [25]. Ascorbic acid (50 pM) and EDTA (1 mM) were
added throughout the isolation to prevent oxidation of LDL [25, 30]. The LDL
fraction was extensively dialyzed against 0.15 M NaCl, 1| mM EDTA (pH 7.4) and
stored at 4 °C. The protein content of LDL was determined by Lowry’s method [32],
and cholesterol (free and esterified) was measured enzymatically as described [37].
The absence of LDL oxidization during isolation or prior to their use in experiments
was estimated by an absence of malondialdehyde (MDA) reactive products [13, 27,
28] and oxidized cholesterol [28, 31, 41].

7.2.4 Preparation and Measurement of Lipid Oxidation

Lipoprotein oxidation was induced by incubation with CO+catalase at 37 °C for
60 min. CO and catalase concentrations used were 1 mg/ml each throughout the
experiments or as otherwise indicated. An aliquot of oxidized LDL was then applied
to the medium bathing the experimental myocyte (tenfold dilution). Lipid peroxida-
tion of LDL was assessed by measuring the MDA content of LDL using the thio-
barbituric acid reactive substances (TBARS) method [13, 28]. Freshly diluted
malondialdehyde bis (dimethyl acetal 1,1,3,3-tetra-methoxypropane) was used as a
reference standard. TBARS were expressed as MDA equivalents. Oxidized choles-
terol species in myocytes treated with oxLDL were identified and quantified using
HPLC. A modification of the technique of Sevanian and McLeod [41] was employed,
as described in detail elsewhere (18, 24, 28). Briefly, myocytes were treated with
various agents in M 199 solution for 60 min at 37 °C followed by washing the
cells three times. The treated cells were then homogenized in a solution containing
0.5 % Triton X-100, 3 mM sodium cholate and 0.1 M Tris (pH 6.6), transferred to
5 ml of 2:1 chloroform:methanol, and extracted overnight at 4 °C in the dark. After
the samples were lipid extracted as described in detail elsewhere [24, 28], the lipids
were then suspended in 20 pl of methylene chloride of which 10 pl was used for
HPLC analysis. The HPLC used included a Waters 501 HPLC pump, 116 solvent
delivery system, Waters 484 tunable absorbance detector and a Waters Nova-Pak
Silica column (3.9x 150 mm). Flow rate was kept at 2.0 ml/min and the mobile
phase was 99:1 hexane:isopropanol. UV detection of the peaks was carried out at an
absorbance of 208 nm. The Waters Baseline 810 chromatography workstation was
employed in operating the process.

7.2.5 Measurement of Cellular Ca’* Transients

The fluorescent Ca** indicator dye fura-2 was used to measure intracellular Ca
transients [10, 18]. Briefly, myocytes were loaded with 2 pM fura-2AM (acetoxymeth-
ylester) for 15 min at 22 °C, then were gently washed twice with Kreb’s solution.
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These cells were then studied in a chamber on the stage of a Nikon Diaphot
epifluorescent microscope which was attached to a SPEX Fluorolog spectrofluo-
rometer (SPEX Industries, Edison, NJ) [10, 27, 30]. Cardiomyocytes were sequentially
excited at 340 and 380 nm wavelength light and the emitted fluorescent images
of the myocyte at 505 nm were recorded and quantitated with photomultiplier
tubes coupled to a computer. Calibration of the monocytes’ fluorescent ratio
was carried out with the in situ method of Grynkiewicz et al. [14] using 20 pM
4-bromo-A23187 to obtain maximal fluorescence and 10 mM EGTA to determine
the minimum fluorescence [6, 14].

For each experiment, a single cardiomyocyte was selected under the phase contrast
bright field microscopy and then stimulated by passing currents via two platinum
electrodes spaced ~8 mm apart. The cell contracted in response to this field stimula-
tion which was set at a frequency of 0.5 Hz with biphasic pulses of 3 ms in duration.
Stimulation voltage across the electrodes as determined in air was 8—12 V.

7.2.6 Statistical Analysis

All results are expressed as mean+SEM. Data was analyzed statistically with
one-way analysis of variance followed by a Duncan’s post hoc test [25]. The level
of significance was arbitrarily set at P<0.05.

7.3 Results

LDL was pre-incubated with 0.1 mg/ml CO in the absence of catalase. The incuba-
tion of LDL with CO alone will result in an oxidation of LDL cholesterol and the
generation of H,O,. An aliquot was removed and placed in a solution bathing the
cardiomyocytes and the intracellular calcium transient of isolated cardiomyocytes
was measured. In the control cells, the Ca®* transient is stable for more than 60 min
of stimulation [30]. Fig. 7.1 shows representative results of calcium transients over
time in cardiomyocytes incubated with CO treated LDL *catalase. Recordings were
paused after 25 s every 2 min in order to avoid photo bleaching the dye which could
have occurred during long exposure times to light. This protocol was used through-
out the experiments. A slow and steady increment in the Ca** transient was observed
after oxLDL was incubated with the cardiomyocyte (Fig. 7.1a). A striking increment
in peak systolic [Ca?*] during the transient was noticeable during the treatment
whereas the diastolic Ca?* level was unaltered. An inexcitability of treated cells was
consistently observed after ~16 min treatment with oxLDL (Fig. 7.1a). When the
above treatment was applied to cells but in the presence of 0.1 mg/ml catalase to
in-activate the H,O, (Fig. 7.1b), the amplitude of the Ca*" transient was not signifi-
cantly increased. A number of experiments were carried out to investigate the effects
of varying concentrations of oxLDL + catalase on the Ca?* transients in cardiomyocytes
(Table 7.1). The systolic level of the Ca** transients was not significantly increased
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Fig. 7.1 Representative recordings of calcium transients in cardiomyocytes treated with 0.1 mg
cholesterol/ml LDL oxidized by 0.1 mg/ml cholesterol oxidase (CO) (a) or 0.1 mg cholesterol/ml
LDL oxidized by 0.1 mg/ml CO in the presence of 0.1 mg/ml catalase (b). The recordings here are
not continuous but for 25 s then stopped. At the second minute, another 25 s recording was
resumed, followed by another 25 s recording at the fourth minute, etc. Note the increase in the size
of calcium transient induced after the cell was exposed to 0.1 mg/ml oxLDL treatment (a) and the
relative stability in the calcium transient recording in the cell treated with 0.1 mg/ml oxLLDL but in
the presence of 0.1 mg/ml catalase (b)

until the oxLDL concentration reached 50 pg cholesterol/ml oxLDL. This effect
required at least 16 min before statistical significance was achieved. This effect was
not observed when catalase was present during the treatment of oxLDL. The diastolic
[Ca?*] was not significantly altered at any of the concentrations applied.

To understand the mechanism of action of oxLDL on the Ca?* transient of treated
cardiomyocytes, the association of lipid peroxidation within the LDL to the change
in the intracellular Ca?* transient was investigated. MDA products within the LDL
were determined as an index of lipid peroxidation. A good correlation between
the oxLDL MDA content and the percentage increase in systolic Ca*" transient
was observed in Fig. 7.2.
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Table 7.1 The effect of varying concentrations of cholesterol oxidase treated LDL +catalayse on
calcium transients in rabbit ventricular myocytes

Time (min)
CO treated [LDL] +catalase 0 4 8 12 16

nM [Ca*]
10 pg/ml
Systolic 207+13 209+11 205+14 208+11 208+12
Diastolic 117+9 117+7 121+7 119+11 124+9
50 pg/ml
Systolic 224+25 243+30 276+20 310£38 35552 %
Diastolic 114+16 114=16 128 +24 13227 133+28
50 pg/ml + catalase
Systolic 238+25 242+27 252+26 256+25 260+21
Diastolic 155+25 156+24 162+23 172+27 18128
100 pg/ml + catalase
Systolic 235+49 287+62 32661 355+73 383+39 *
Diastolic 14742 169+45 183+46 207+52 227+51
100 pg/ml + catalase
Systolic 169+23 18120 202+21 208+29 221+27
Diastolic 98+6 103+7 118+14 119+15 127+24

Notes: Values represent mean+S.E.M. (n=4-8) *P<0.05 vs. control. If included, catalase was
present at ratio of 1:1 (mg/mg) with cholesterol oxidize. Calcium concentration is in nM

The efficacy of antioxidants in preventing the effects of cholesterol oxidase on
LDL was compared. Catalase I in a ratio of 1:1 (w:w) to cholesterol oxidase
completely inhibited MDA formation in the oxXLDL (Fig. 7.3a). Lazaroid, a novel
antioxidant, and vitamin E also prevented the production of MDA in the oxLDL but
less efficiently compared to catalase (Fig. 7.3b).

Cholesterol oxidase (CO) itself may have a strong influence on the cardiomyocyte
Ca? transient. Therefore, in order to exclude the possibility that CO itself may be
inducing a direct effect rather than the oxLDL, the effect on the Ca®* transient of
varying the concentration of CO=+catalase was examined in the absence of LDL
(Fig. 7.4, n=4-6). Figure 7.4 shows representative calcium transients in the cardio-
myocytes after treatment with 1 mg/ml cholesterol oxidase (CO) (A), 1.5 mg/ml CO
(B), 2 mg/ml CO (C), 0.5 mg/ml catalase (D) and 2 mg/ml CO +0.5 mg/ml catalase
(E). Recordings were only for 25 s, then stopped and the data saved before reinitiat-
ing the recording again for 25 s two minutes later. The CO was added at the time
point indicated by the arrow. Note the stability in the calcium transient recorded
from cells treated with 1 mg/ml CO (A) and the striking elevation in the diastolic
component of the calcium transient induced by 1.5 and 2 mg/ml CO treatment
(B and C). Note the steadiness of Ca** transient in the cells treated with 0.5 mg/ml
catalase (D) and the complete loss of excitability in the cells treated with 2 mg/ml
CO+0.5 mg/ml catalase (E). When 1 mg/ml CO was applied to cardiomyocytes, no
noticeable alteration in the myocyte Ca?* transient was observed except an inexcit-
ability appeared at 18 min (Fig. 7.4a). However, when the CO concentration was
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Fig. 7.2 The effects of varying the oxLDL concentration on the cellular calcium transient and the
LDL MDA content. Panel a shows the MDA production as a function of the oxLDL concentration.
*P<0.05 vs. MDA value at 10 pg/ml LDL. Panel b shows the percentage change in the systolic
calcium transient vs. oxXLDL concentration. *P<0.05 vs. control untreated LDL. Values represent
the mean+S.E.M. from 4 to 6 experiments using different cells in both panels. Panel ¢ presents the
correlation between the MDA content of oxLDL and the percentage change of systolic calcium
transients in cardiomyocytes treated with oxLDL

increased to 1.5 mg/ml, a striking increment in the diastolic component of the Ca*
transient of treated myocytes was observed (Fig. 7.4b). An immediate increment in
the diastolic component of the Ca?* transient appeared when the CO concentration
applied to the cardiomyocyte was increased to 2 mg/ml (Fig. 7.4c). The possible
protective role of catalase against this effect produced by CO was also examined.
The Ca?* transient of cardiomyocytes remained stable after 0.5 mg/ml catalase was
incubated with cardiomyocytes for 20 min (Fig. 7.4d). However, catalase at this
concentration failed to protect against the effects of 2 mg/ml CO on the cell Ca*
transient (Fig. 7.4e).

HPLC was used to determine if CO was indeed oxidizing cell membrane choles-
terol (Fig. 7.5). Cholesterol is a major component of the cell membrane (Fig. 7.5b).
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Fig. 7.3 The effects of catalase and other antioxidants on MDA production in oXLDL. Panel a
presents the effect of catalase n the MDA production. Panel b shows influence of vitamin E and
lazaroid on the MDA production. Values are the mean+S.E.M. from 4 to 6 different experiments.
If standard error bars are not present, then the symbol size was greater than the standard error of
the mean

One oxidized cholesterol species, 20 a-OH, was also detectable in the control
cardiomyocyte. This may be due to the presence of some necrotic cells in the prepa-
ration. Our cell isolation yield is about 70-80 % rod shaped, live, viable cells and
20-30 % rounded, necrotic cells (Fig. 7.5b). The most striking change in membrane
cholesterol after CO treatment was the appearance of 4-cholesten-3-one (Fig. 7.5¢, d).
4-cholesten-3-one became very prominent when the CO concentration was increased
to 2 mg/ml and cholesterol disappeared (Fig. 7.5d).

The by-product of cholesterol oxidation by cholesterol oxidase is hydrogen
peroxide [43]. The possibility exists, therefore, that the effects on the cardiomyo-
cyte Ca’* transient produced by oxLDL may be due to the presence of H,O, rather
than oxLDL itself. Therefore, the effect of varying the H,O, concentration on the Ca**
transient of cardiomyocytes was investigated (Fig. 7.6). A significant increment
in the diastolic Ca** concentration of treated cardiomyocytes was observed. The
greater the [H,0,] that was applied to the cell, the faster the diastolic [Ca*] increased
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Fig. 7.4 Representative recordings of calcium transients in the cardiomyocytes
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Fig. 7.5 Representative HPLC recordings of cholesterol species in the cardiomyocytes +cholesterol
oxidase treatment. (a) Standard cholesterol and oxidized cholesterol species, peak 1:4-cholesten-e-one;
peak 2: cholesterol; peak 3: 20 a-OH cholesterol; (b) Control cardiomyocytes. (¢) Cardiomyocytes
were incubated with 1 mg/ml CO for 60 min at 37 °C; (d) Cardiomyocytes were incubated
with 2 mg/ml CO for 60 min at 37 °C. Catalase was present at ratio of 1:1 (mg/ml) with CO in
(¢) and (d)
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Fig. 7.6 Representative recordings of calcium transients in myocytes after exposure to
10mM H,0, (a), | mM H,0, (b), 0.1 mM H,0, (¢) or 0.1 mg/ml oxLDL oxidized by 0.1 mM H,0O,
(d). Note the difference in the time to a change in diastolic [Ca?**] after addition of various concentrations
of H,0, (a—c) and the increment in the calcium transient after cells were treated with 0.1 mg/ml
LDL oxidized by 0.1 mM H,0, (d)
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(Fig. 7.6a—c). 10 mM H,O, treatment produced a rapid (41 min, n=4) increment
in the diastolic [Ca®*] of treated cardiomyocytes (Fig. 7.6a). 1 mM and 0.1 mM
H,0, also produced an increment in diastolic [Ca*'] in treated cardiomyocytes but it
required a longer time to develop (10+2 and 28+2 min, respectively, n=4-6)
(Fig. 7.6b, c). However, the effects of H O, on the cell Ca’* transient were very
different if LDL was present. If LDL was preincubated with 0.1 mM H,0, and then
this oxLDL was incubated with cardiomyocytes, an increment (54.4+4 %) of the
systolic Ca?* transient of cardiomyocytes was observed (Fig. 7.6d) (n=4).

The time to contracture of cardiomyocytes after treatment with varying concen-
trations of H,O, was also measured. The cells first lost excitability and then
suddenly shortened to a rounded state indicative of contracture. A very rapid con-
tracture (2.4 +0.3 min) of cardiomyocytes was produced by 20 mM H,O, treatment
(Fig. 7.7). When the concentration of H,O, was decreased to 0.1 mM, a much longer
time was required for cardiomyocytes to develop a contracture (28 =2 min).

7.4 Discussion

The treatment of LDL by CO alone will oxidize LDL cholesterol and generate
H,0,, which in turn can oxidize lipids in the LDL moiety [29, 43]. By including
catalase in the incubation of LDL with CO, we can negate the effects of H,O, and
separately define the roles of cholesterol oxidation and fatty acyl chain peroxidation
in the effects of oxLDL on Ca?* transients. Several lines of evidence suggest that it
is fatty acyl chain peroxidation rather than oxidized cholesterol in the LDL moiety
which plays the primary role in the oxLDL-induced alteration of Ca®* transients.
First, a good correlation was observed between the MDA content in the oxLDL
and the in-crease of systolic [Ca®*] in the treated cells. MDA is an indicator of
lipid peroxidation [2, 19]. Secondly, catalase effectively protected LDL from lipid
peroxidation and also protected against the change in Ca** transients in the treated
cells. This would further support the conclusion that an interaction of the lipid
peroxidation products in the oxXLDL with cardiomyocytes may play an important
role in modifying the Ca®* transient. The protective effect of catalase against the
MDA production in the oxXLDL was more efficient than that of lazaroid and vitamin
E. This would suggest that LDL peroxidation was primarily induced by H,O, since
catalase is a more efficient chelator of H,O, [9, 39]. Lazaroid and vitamin E are
good general free radical scavengers [8, 12, 35, 36, 45]. The peroxidation of LDL
lipids by H,O, may also have been potentiated by presence of pM Fe**. Lazaroid
has some metal chelating antioxidant properties [5] and its ability to inhibit MDA
formation would give an indication that Fe>* may have had a small contributory role
in the H,O, effect. Third, H,O, treatment of LDL induced the same increase in
systolic [Ca?*] in the cell that CO treatment of LDL (- catalase) did (Fig. 7.5d).
Together, these data strongly suggest that H,O, induced fatty acyl chain peroxidation
in the LDL and it was these products which caused the change in systolic Ca?* levels.
Conversely, when LDL cholesterol was selectively oxidized by CO in the presence
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of catalase, no change in systolic [Ca?"] was observed. This clearly rules out oxidized
LDL cholesterol as a mechanistic factor.

The effects of CO treated LDL on the cell [Ca?*] were very different than the
effects of CO or H,O, in the absence of LDL. Exposure of cells to CO without LDL
produced a loss of excitability, an increase in diastolic [Ca?*] and eventually cell
contracture. Systolic [Ca?*] was not increased as was the case when cells were
exposed to oxLDL. It is very likely that oxidation of cell membrane cholesterol by
CO produced nonspecific membrane damage resulting in a leakage of Ca* into the
cell. HPLC data showed the generation of 4-cholesten-3-one in the membrane with
a corresponding decrement of membrane cholesterol after the cardiomyocytes were
treated with CO. In isolated cardiac sarcolemmal membranes, oxidation of mem-
brane cholesterol resulted in significant changes in the Ca?* flux and an increase in
passive Ca>* permeability characteristics [24]. Catalase, the specific chelator of
H,0,, did not provide any protection against the effects of CO on cell contracture.

At higher concentrations, HZO2 also has its own effect on the intracellular dia-
stolic Ca** level and can cause cardiomyocyte contracture. Our results agree with
other studies that this effect of H,O, is time and concentration dependent [16, 20].
There are several mechanisms for the increase in the diastolic [Ca®*] caused by
H,0,. These include: (1) an inhibition of sarcolemmal Na*-K* ATPase, resulting in
intracellular Ca?* overload via Na*-Ca?* exchange [23]; (2) nonspecific membrane
damage caused by sarcolemmal lipid peroxidation which renders the sarcolemma
leaky to Ca® [44]; (3) H,O, might depress the sarcoplasmic reticulum Ca** pump
function which may lead to Ca®* overload in the treated cardiomyocytes; (4) accelerated
calcium influx through voltage gated calcium channels [20, 27].

The findings of the current study have significant pathological implications
for the heart. Cardiac dysfunction and damage produced by oxygen derived free
radicals may be important in ischemia/reperfusion or hypoxia/reoxygenation condi-
tions [7, 33]. Chemical, biological or radiological challenges from the environment
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due to pollution, accidents or warfare may also increase the generation of oxygen-derived
free radicals in the body and ultimately lead to the cardiac dysfunction and damage
shown in the present work. Previous work has demonstrated that LDL can potentiate
the effects on Ca?* transients of oxygen derived free radicals on their own [27]. Lipid
peroxidation is thought to play a critical role in in vivo situations where oxygen
radical mediated tissue damage is important [2, 17, 42]. Our study suggests the fatty
acyl groups found in LDL phospholipids, triglycerides and cholesteryl esters are the
most important component in oxLDL for stimulating the Ca?* transient of isolated
cardiomyocytes. Oxidation of LDL free cholesterol does not account for the effect
on the Ca** transient produced by oxLDL. Protection against LDL peroxidation by
antioxidants like lazaroid, vitamin E and especially catalase may have important
clinical applications. Clearly, in view of the differences we observed in the effects
of H,0, on cell function in the absence or presence of LDL, the present data dem-
onstrate the importance of studying free radical effects in a medium which contains
circulating lipids. These data provide important mechanistic information to help
explain how damage to the heart can be induced when oxygen-derived free radicals
are generated under conditions of excessive exposure to chemical, biological and
radiological compounds. The data also demonstrate the importance of using anti-
oxidant agents to prevent this damage.
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