
In 1897, A. N. Bach formulated a peroxide theory of

biological oxidation in his paper “On the role of perox�

ides in slow oxidation processes” published in the Journal

of the Russian Physicochemical Society of St. Petersburg

University. This work, which ascribed to hydroperoxides a

crucial role in metabolism as intermediates during oxida�

tion of biosubstrates, was really prophetic. Now the

important role of systems of enzymatic generation and

utilization of organic hydroperoxides in the regulation of

metabolism of biologically active substances and provi�

sion of normal functioning of various membrane�bound

enzymes has been confirmed by many experiments and is

of no doubt [1�4]. Moreover, from the middle of XX cen�

tury many works appeared indicating that disorders in

hydroperoxide metabolism can be important for arising

and development of many dangerous diseases, such as

atherosclerosis [5�9], diabetes mellitus [10�13], neurode�

generative diseases, etc. [14�18].

Low density lipoproteins (LDL) are the blood plas�

ma lipoproteins most sensitive to induction of free radical

oxidation [6], and we have shown that peroxidation of

phospholipids of the outer layer of LDL particles is fol�

lowed by conformational changes in the basic LDL pro�

tein apoprotein B�100 (apoB�100) and its displacement

from the hydrophobic zone of the particle into the aque�

ous phase that can increase the nonreceptor capture of

atherogenic LDL by the cells of blood vessel walls [6, 19].

Carbonyl�containing compounds, such as malonic

dialdehyde (MDA) and α,β�unsaturated aldehydes (4�

hydroxynonenal and 4,5�dihydroxydecenal) [3, 20] gen�

erated during oxidative destruction of lipid hydroperox�
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ides can react with amino groups of proteins and produce

strong intermolecular cross�links of the Schiff base type

[21, 22]. Similarly, aldehydes generated during homolysis

of lipid hydroperoxides into oxidized LDL (oxy�LDL)

form adducts with ε�amino groups of lysine residues of

apoB�100 molecules that leads to changes in LDL con�

formation [6�9, 23, 24]. Modified LDL are recognized by

“scavenger receptors” of blood vessel wall macrophages

and actively captured by these cells [6�9, 23, 24]. MDA�

modified LDL can also be recognized by other receptors

of macrophages, which do not compete with scavenger

receptors and may be termed “oxy�LDL receptors” [25,

26]. On intensive absorption of oxy�LDL, macrophages

transform to lipid�overloaded “foam cells” and secrete a

factor stimulating formation of their colonies. This results

in clustering of cells with lipid inclusions and arising of

primary pre�atherogenic damage to the blood vessel wall

as fatty streaks [6�9, 23, 24]. Thus, oxidative stress

accompanied by intensification of free radical oxidation

of lipids in biomembranes [6] and LDL of blood plasma

[6�9, 23, 24] has to promote arising and manifestation of

atherosclerosis [5, 6]. Our investigations [27] have shown

that the presence in patients with atherosclerosis such

risk�factors of this disease as hypercholesterolemia or

type II diabetes mellitus stimulates accumulation of oxi�

dized LDL, and diabetic hyperglycemia extremely

increases the oxy�LDL level in blood plasma of the

patients (Fig. 1).

Patients with diabetes mellitus are prone to develop�

ment of atherosclerosis, and cardiovascular system dis�

eases are the main cause of death of these patients [12].

Fig. 2. Effects of glucose additions on kinetics of Cu2+�initiated

free radical oxidation of LDL [35] isolated from blood plasma of a

healthy donor: 1) without additions; 2) with 25 µM glucose; 3) with

50 µM glucose.
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Fig. 3. Changes in fluorescence intensity (excitation wavelength

λmax = 350 nm) of products of L�lysine (20 mM) interaction with

different aldehydes (20 mM) during dark incubation at 37°C in iso�

tonic K,Na�phosphate buffer (pH 7.2) containing 0.02% sodium

azide for prevention of bacterial growth: 1) L�lysine + glucose; 2)

L�lysine + 4�hydroxynonenal; 3) L�lysine + MDA; 4) L�lysine +

glyoxal; 5) L�lysine + methylglyoxal; 6) L�lysine + 3�deoxyglu�

cosone. Measurements were performed as described in [40]; MDA

was prepared by acidic hydrolysis of 1,1,3,3�tetraethoxypropane

[41]. The figure presents mean results of three determinations; in

this and following figures, the fluorescence of a standard solution

of dehydrated quinine sulfate (0.01 µg/ml in 0.05 M H2SO4) is

taken as unit of fluorescence intensity.
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Fig. 1. Relative levels of oxy�LDL (the level in control is taken as

unity) in blood plasma of patients with coronary heart disease

(CHD) and type II diabetes mellitus: 1) control, patients without

signs of CHD and type II diabetes mellitus; 2) patients with CHD

without hypercholesterolemia; 3) patients with CHD and hyperc�

holesterolemia; 4) patients with type II diabetes mellitus on

decompensation of carbohydrate metabolism (HbA1c = 8.1 ±
0.03%). This and the following figures present the levels of lipohy�

droperoxides in LDL (oxy�LDL) isolated by differential ultracen�

trifugation in a NaBr density gradient [28] and measured with

Fe2+�xylenol orange reagent [29]. * Significant differences com�

pared to the control and preceding group at p ≤ 0.05.
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Literature data confirm an important role of free radical

processes in pathogenesis of the type II diabetes mellitus

[10, 30�32], and this induces an idea of common mecha�

nisms of free radical damages in atherosclerosis and dia�

betes mellitus. Under conditions of diabetic hyper�

glycemia, autoxidation of glucose is increased, and this

can be accompanied by generation of superoxide anion

radicals [33, 34]. Therefore, the dose�dependent intensi�

fication of free radical oxidation of LDL found by us in

vitro in the presence of glucose was not unexpected (Fig.

2), and the glucose levels in the incubation medium were

comparable with the blood levels of glucose in patients

with type II diabetes mellitus on decompensation of car�

bohydrate metabolism [36]. A pronounced accumulation

of carbonyl compounds occurs in blood of patients with

atherosclerosis [6], but in diabetes accumulation of

endogenous aldehydes is much higher (so�called “car�

bonyl stress”) and their production is determined by

other mechanisms [10, 30�32]. In particular, low�molec�

ular�weight α�oxoaldehydes, such as glyoxal, methylgly�

oxal, and 3�deoxyglucosone are mainly produced on

autoxidation of glucose [20, 37�40]. Similarly to MDA,

these carbonyl compounds easily react with amino groups

of proteins, producing fluorescent intermolecular links of

the Schiff base type [37].

We compared the rates of accumulation of fluores�

cent products during incubation of L�lysine with glucose

and aldehydes produced under conditions of both oxida�

tive (MDA, 4�hydroxynonenal) and carbonyl stress (gly�

oxal, methylglyoxal, 3�deoxyglucosone) (Fig. 3). The rate

of fluorophore accumulation during incubation of L�

lysine with α�oxoaldehydes generated in the course of

glucose autooxidation (glyoxal, methylglyoxal, 3�

deoxyglucosone) was significantly higher than during the

interaction of L�lysine with aldehydes produced as a result

of free radical oxidation of lipids (MDA, 4�hydroxynone�

nal). Thus, MDA is a less effective modifier of amino

acids than α�oxoaldehydes, and at the excitation wave�

length of 350 nm the fluorescence spectrum maximum of

the L�lysine interaction products with MDA is shifted to

longer wavelengths compared to the fluorescence maxi�

mum of the L�lysine interaction products with the struc�

tural analog of MDA, glyoxal (λmax is 495 and 425 nm,

respectively) (Fig. 4a). These findings are confirmed by

data on modification of human blood plasma LDL with

low�molecular�weight endogenous aldehydes (Fig. 4b).

Fig. 4. a) Fluorescence spectra (excitation wavelength λmax = 350 nm) of products of L�lysine interaction with glucose (1), MDA (2),

methylglyoxal (3), and glyoxal (4); incubation for 24 h, reaction conditions the same as in Fig. 3. b) Fluorescence spectra (excitation wave�

length λmax = 350 nm) of native LDL from healthy donor blood plasma (1), MDA�modified LDL (2), and glyoxal�modified LDL (3); incu�

bation for 24 h, reaction conditions the same as in Fig. 3. LDL were modified with aldehydes under conditions described in [42] at the ratio

of 1 µmol aldehyde per 100 µg apoB, and then excess carbonyls were removed by dialysis.
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In fact, the quantity of Schiff bases produced on

interaction of LDL with glyoxal and methylglyoxal is sig�

nificantly higher than on LDL interaction with MDA (4�

hydroxynonenal did not induce generation of fluo�

rophores during the 24�h incubation with LDL).

Similarly to the case of L�lysine, the fluorescence spec�

trum maximum for MDA�modified LDL is shifted to

longer wavelengths, with retention of principal spectral

characteristics revealed for the products of aldehyde

interaction with L�lysine (for LDL adducts with glyoxal

λmax = 425 nm, for LDL adducts with MDA λmax =

495 nm, at the excitation wavelength of 350 nm).

LDL that has undergone free radical oxidation initi�

ated by copper ions [43] or azoinitiators [44] can form

associates similarly to oxidized biomembranes [45], and

the aggregated LDL are taken up by cultured vascular

walls with an increased rate, i.e. acquire enhanced

atherogenicity [46, 47]. Modification by MDA increased

the aggregation of LDL; however, the aggregation rate of

glyoxal�modified LDL was more than twofold higher

than the aggregation rate of MDA�modified LDL (Fig.

5). And although MDA�modified LDL were absorbed by

cultured macrophages more effectively than native LDL,

glyoxal�modified LDL were absorbed by these cells still

more actively than MDA�modified LDL (Fig. 6, a and b).

Macrophages were isolated and cultured as described in

[48]. Note that similar results presented in Figs. 6a and 6b

were obtained by two independent methods of determina�

tion of the macrophage�mediated absorption of LDL: by

determination of content of intracellular cholesterol [49]

and using LDL labeled with fluorescein isothiocyanate

(FITC) [50].

A significant difference in cholesterol accumulation

on macrophage absorption of native and modified LDL

usually can be revealed at the optimal LDL concentration

in the incubation medium (about 100 µg/ml) [51]; thus,

in our experiments the pronounced atherogenicity of gly�

oxal�modified LDL manifested itself more clearly when

the concentration�dependent absorption of modified

LDL by cultured macrophages was studied (Fig. 6b). The

rate of elimination of aldehyde�modified FITC�labeled

LDL from the blood flow was studied after injection into

the rat femoral vein as described in [52]. Modified LDL

were eliminated from the blood flow much faster than

native ones (Fig. 7), and the fluorescent label in the ani�

mals’ blood was sharply increased about 1 h after the

injection of FITC�labeled native LDL. The fluorophore

peak upon the injection of FITC�labeled MDA�modified

LDL was markedly lower, and upon the injection of

FITC�labeled glyoxal�modified LDL the fluorophore was

monotonously eliminated from the blood flow (Fig. 7).

Thus, the MDA�modified LDL were eliminated from the

blood flow nearly 1.5�fold faster than native LDL and

nearly 1.5�fold more slowly than glyoxal�modified LDL

(Fig. 7). Our experimental data suggest significantly high�

er atherogenicity of α�oxoaldehydes (especially glyoxal

and methylglyoxal) generated under conditions of car�

bonyl stress during autooxidation of glucose, as compared

to atherogenicity of aldehydes (mainly MDA) generated

under conditions of oxidative stress during free radical

oxidation of polyene lipids. These findings allowed us for

the first time to sufficiently explain reasons for the known

rapid progression of atherosclerosis on the background of

diabetes mellitus.

The recognition of an important role of oxidized

LDL in pathogenesis of atherosclerosis confirmed in

many recent works [53�56] allowed us to consider in a

new way the problem of widely used hypolipidemic ther�

apy of coronary heart disease (CHD) by cholesterol�

decreasing drugs, statins, which inhibit the activity of a

key enzyme β�hydroxy�β�methylglutaryl coenzyme A

(HMG�CoA) reductase responsible for cholesterol

biosynthesis in the body [57]. However, on inhibition of

the cholesterol biosynthesis, statins simultaneously sup�

press synthesis of the most important natural antioxidants

(scheme in Fig. 8). In fact, statins inhibit early stages of

cholesterol biosynthesis, but metabolites produced during

the subsequent reactions are necessary for synthesis of

both selenoproteins, including the most important

antioxidant enzyme Se�containing glutathione peroxi�

dase [58] and ubiquinone Q10 [57]. It has now been estab�

lished that ubiquinone Q10 (more accurately, its reduced

form ubiquinol Q10) and not vitamin E (α�tocopherol), as

Fig. 5. Aggregation rate of healthy donor blood plasma native LDL

(1), MDA�modified LDL (2), and glyoxal�modified LDL (3) dur�

ing incubation in isotonic Na,K�phosphate buffer (pH 7.2) at

37°C. Kinetics of LDL aggregation were measured recording fluc�

tuations of a laser beam (λ = 780 nm) transmission with a two�

channel aggregometer [47]; modified LDL were prepared as

described for Fig. 4. * Significant difference compared to control at

p ≤ 0.05.
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thought earlier, is a principal natural antioxidant protect�

ing LDL against atherogenic oxidative modification [59,

60]. Vitamin E is not synthesized in the human body, and

the demand for it is satisfied only by its intake with food.

Although α�tocopherol is transferred into peripheral tis�

sues by LDL particles, the oxidizability of LDL cannot be

lowered even by introduction of extremely high doses of

vitamin E significantly exceeding the daily requirement

[6]. Moreover, application of such high doses of vitamin

E can even be dangerous [61] because it is associated with

a possible accumulation of tocopheroxyl radicals, which

can initiate free radical oxidation of LDL and provoke a

further development of oxidative stress [62]. The reaction

equation presented below shows that α�tocopherol (α�

TOH) can neutralize only one free lipid radical generated

in unsaturated lipids of LDL (LO2
•), whereas it itself is

concurrently oxidized with generation of tocopheroxyl

radical (α�TO•) [3]:

LO2
• + α�TOH → LOOH + α�TO•.             (1)

However, fully reduced ubiquinone Q10, or ubiquinol

Q10 (QH2), which is the only lipid�soluble antioxidant

synthesized in the human body, can utilize two lipid rad�

icals concurrently with its consecutive oxidation to semi�

quinone radical (•QH) and the corresponding quinone

(Q), i.e., is more efficient as a trap of radicals than α�

tocopherol [3]:

LO2
• + QH2 → LOOH + •QH,

LO2
• + •QH → LOOH + Q.          (2)

It is also important that bioregeneration of ubiquinol

Q10 in blood plasma LDL can occur as a result of non�

enzymatic reduction of its semiquinone radical (•QH)

with ascorbic acid (HO−Asc−OH) [3]:

•QH + HO−Asc−OH → HO−Asc−O• + QH2.     (3)

Thus, application of the antioxidant ubiquinol Q10,

which is synthesized in the body for protection of LDL

particles against free radical oxidation, is in a complete

agreement with the pragmatism of Nature and is much

more advantageous and efficient than application of vita�

min E, which is irreversibly spent during LDL transport

in the bloodstream and, thus, is unreasonable. Therefore,

unsuccessfulness of attempts to prevent oxidative modifi�

Fig. 6. a) Uptake by cultured human monocyte macrophages of FITC�labeled LDL isolated from blood plasma of a healthy donor (1), MDA�

modified LDL (2), or glyoxal�modified LDL (3) depending on apoB concentration in the incubation medium. LDL were incubated for 7 h

with a 14�day�old primary culture of macrophages. Mean results of three experiments are presented. * Significant difference compared to

control at p ≤ 0.05. b) Cholesterol uptake by cultured human macrophages from native LDL (1), MDA�modified LDL (2), or glyoxal�mod�

ified LDL (3) at the apoB concentration in the incubation medium of 100 µg/ml. Mean results of three experiments are presented.

* Significant difference compared to control at p ≤ 0.05.
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cation of LDL in patients with atherosclerosis using high

doses of vitamin E may be explained based on the above�

presented considerations, and this has been confirmed by

results of recent clinical studies [61, 63, 64]. Suppression

of ubiquinone Q10 biosynthesis by statins has to be

accompanied by a decrease in its level in LDL of patients,

and this has been shown in many clinical investigations

[65�69]. Moreover, in elderly patients with atherosclero�

sis a deficiency of ubiquinone Q10 has been observed [70,

71] which is partly caused by the age�related decrease in

its biosynthesis [72, 73]. The intensity of ubiquinone Q10

synthesis in human tissues decreases with age, and, as a

result, after 30 years of age its content in human

myocardium is 1.5�2.0�fold decreased [72, 74].

Moreover, in patients with atherosclerosis the ratio of

ubiquinol Q10/ubiquinone Q10 in LDL is sharply (about

twofold) decreased [75, 76], whereas in healthy persons

this ratio is 95/5 [77]. And, finally, prescription to

patients with atherosclerosis of a diet with a limited

amount of animal fats leads to inhibition of the main ali�

mentary sources of ubiquinone Q10 [57], because about

40% of the ubiquinone Q10 pool in the body is compen�

sated due to its delivery with food [57]. Thus, the provi�

sion with the most important natural antioxidant,

ubiquinol Q10, is initially significantly lowered in patients

with atherosclerosis, and a long�term treatment with

statins has to still aggravate the deficiency of ubiquinone

Q10, and, as a consequence, promote the development of

oxidative stress [70, 76, 77] accompanied by accumula�

tion of atherogenic modified LDL.

A side�effect of statins which seems to be associated

with intensification of free radical oxidation of membrane

phospholipids is a disturbance of liver functions [78, 79],

which results in release of hepatic transaminases into

blood plasma. Free radical oxidation of biomembranes is

associated with disorders in their permeability, which can

cause a “leakage” of enzymes from the cell [3, 6]. We have

shown that peroral injection of rats with ubiquinone Q10

protects polyene lipids of liver biomembranes against free

radical oxidation much more efficiently than injection of

an antioxidant vitamin complex consisting of provitamin

A, vitamins E and C, and organic selenium [80].

Therefore, suppression of ubiquinone Q10 biosynthesis in

tissues with HMG�CoA reductase inhibitors has to be

accompanied by intensification of free radical oxidation

of membrane phospholipids. In fact, we found [81] that

the oxidation degree of liver biomembranes in intact rats

treated with simvastatin for four weeks was increased 1.9�

fold (p < 0.05) and the oxidation degree of liver biomem�

branes in rats with hypercholesterolemia treated with

lovastatin for four weeks was increased 2.1�fold (p < 0.05)

(Fig. 9). It should be noted that the increase in the

enzyme levels in blood caused by damage of the liver

membrane structures under the influence of HMG�CoA

reductase inhibitors could be prevented by injection of

patients with ubiquinone Q10, in accordance with results

of clinical studies presented in the patent of Merck & Co.,

Inc., USA (US Patent No. 4929437).

The possibility of unfavorable consequences caused

by ubiquinone Q10 deficiency seems to be even more jus�

tified, because biological functions of ubiquinone Q10 are

far from being limited by its antioxidant effect, and it is

Fig. 7. Rate of elimination from blood flow of FITC�labeled

human blood plasma LDL injected into the femoral vein of Wistar

rats in the dose of 2 µg apoB per g body weight: 1) native LDL; 2)

MDA�modified LDL; 3) glyoxal�modified LDL. Mean results of

three experiments are presented. * Significant difference com�

pared to control at p ≤ 0.05.
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also an intermediary electron carrier in the mitochondri�

al respiratory chain. Therefore, suppression of ubiquinone

Q10 biosynthesis on therapy with statins can decrease

energy provision of tissues and, what is especially undesir�

able in CHD, lower energy provision of the myocardium.

In our experiments rats were given simvastatin in doses

adequate to those prescribed to patients with CHD, and a

significant decrease in levels of major energy�rich com�

pounds, ATP and creatine phosphate, was recorded in the

heart muscle as early as four weeks after the beginning of

injections of the HMG�CoA reductase inhibitor [82, 83].

The decrease in the energy provision of myocardium

inevitably has to cause disorders in its functions. Thus,

injection of rats for four weeks with another inhibitor of

HMG�CoA reductase, atorvastatin [84], was accompa�

nied by a significant decrease in the intensity of the

myocardium contractility [85] (Fig. 10). During oxidative

stress modeled on the heart isolated from the atorvastatin�

treated animals, the myocardium contractility was low�

ered much more strongly than during oxidative stress

modeled on the heart isolated from intact rats (Fig. 10). In

another series of experiments [85] preliminary injections

of animals with ubiquinone Q10 for six weeks increased its

level in the myocardium by 63%, and oxidative stress

caused in these rats a significantly lower decrease in the

myocardium contractility than in the control groups (not

treated with ubiquinone Q10). Oxidative stress also did not

suppress activities of the myocardial antioxidant enzymes,

SOD and glutathione peroxidase, in the hearts isolated

from animals pretreated with ubiquinone Q10 [86].

Moreover, the activities of SOD and glutathione peroxi�

Fig. 9. Effect of lovastatin (a) and simvastatin (b) on kinetics of free radical oxidation of liver biomembranes in rats with alimentary hyper�

cholesterolemia (a) and intact rats (b): 1) control; 2) experiment (typical kinetic curves are presented; quantitative data are in the text).
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dase strongly correlated with the intensity of myocardial

contractility (r = 0.91 or r = 0.94, respectively, at p < 0.05)

in cardiomyocytes of the rats pretreated with ubiquinone

Q10 [86]. Consequently, the decrease in the energy provi�

sion of the heart muscle under the influence of statins can

induce functional disorders in the myocardium which are

to manifest themselves more sharply under conditions of

oxidative stress associated with development of athero�

sclerosis [5, 6, 87]. A decrease in the ubiquinone Q10 syn�

thesis in myocytes on the therapy statins can lead to dys�

trophy of muscle tissue and promote manifestations of

such side effects of these drugs as myopathy and rhab�

domyolysis, the danger of which can occur upon applica�

tion of the majority of statins, especially in high doses [78,

79]. It should be noted that the story of clinical applica�

tion of the most promising drug of this class, cerivastatin

(“microstatin”, which effectively decreased the choles�

terol level in LDL at the daily dose of 0.4 mg) was recent�

ly terminated by prohibition of its production because of

frequent cases of rhabdomyolysis [88]. Results of clinical

studies allowed Merck & Co., Inc. to obtain a patent (US

Patent No. 4933165) on application of ubiquinone Q10 for

preventing possible cases of myopathy during hypolipi�

demic therapy of patients with CHD by drugs inhibiting

HMG�CoA reductase.

Results of our double blind placebo�controlled clin�

ical studies revealed a significant increase in blood con�

tents of oxy�LDL in patients with CHD and hypercholes�

terolemia upon long�term treatment with different

statins, and in some cases extremely high values were

recorded [6, 83, 89�91]. Thus, treatment with pravastatin

(40 mg/day for six months), simvastatin (20 mg/day for

two months), or cerivastatin (0.4 mg/day for six months)

induced a steady increase in the blood level of oxy�LDL

by 30%, more than twofold, and more than sixfold,

respectively (Fig. 11). It seems doubtless that the observed

prooxidant effect of statins is associated with the suppres�

sion by these preparations of ubiquinone Q10 biosynthesis,

as follows from the scheme presented in Fig. 8. And

according to this scheme, which suggests inhibition of

selenoprotein biosynthesis by inhibitors of HMG�CoA

reductase, we have recorded in patients with CHD and

hypercholesterolemia treated with pravastatin (40 mg/day

for six months) [6, 83, 89] a sharp decrease (nearly five�

fold) in the activity of erythrocytic Se�containing glu�

tathione peroxidase (Fig. 12), which is a key antioxidant

enzyme responsible for reduction of toxic lipid hydroper�

oxides (LOOH) to corresponding alcohols (LOH) on oxi�

dation of reduced glutathione (GSH):

LOOH + 2GSH → GSSG + LOH,             (4)

which prevents homolysis of lipid hydroperoxides

(LOOH) with production of active alkoxyl radicals (LO•)

[3]:

LOOH → LO• + OH−.                     (5)

In our double blind placebo�controlled clinical stud�

ies [6, 83, 89] patients with CHD and hypercholes�

terolemia treated with pravastatin (40 mg/day for six

months) were concurrently given ubiquinone Q10

(Pharma Nord, Denmark) (60 mg/day for six months),

and this not only completely prevented the prooxidant

effect of the statin but sharply decreased (more than four�

fold) the level of oxy�LDL (Fig. 12). Although the com�

bined treatment of patients with CHD and hypercholes�

Fig. 11. Blood level of lipid hydroperoxides in LDL (oxy�LDL) in

patients treated with pravastatin (2), simvastatin (3), and ceriva�

statin (4) for six, two, and six months, respectively, as compared to

the corresponding controls; (1) the level of oxy�LDL in patients

not treated with statins (control) taken as unity in each study [6,

83, 89�91]. * Significant difference compared to control at p ≤
0.05.
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statin + coenzyme Q (hatched columns); values of the parameters

before the treatment (dotted line) are taken as unity [6, 83, 89].

* Significant difference compared to control at p ≤ 0.05.

1.2

0.8

0.0
oxy�LDL

Parameter value before the treatment

GSH peroxidase

R
e

la
tiv

e
 u

n
its

*

*

1.6

0.4



MODIFICATION OF LDL UNDER OXIDATIVE AND CARBONYL STRESS 1089

BIOCHEMISTRY  (Moscow)   Vol.  72   No.  10   2007

terolemia with pravastatin and ubiquinone Q10 failed to

completely normalize the activity of Se�containing glu�

tathione peroxidase in the patients’ blood within the

observation period, the enzyme activity was decreased

nearly threefold less than on monotherapy with prava�

statin (Fig. 12). Thus, inhibitors of HMG�CoA reductase

possess a pronounced prooxidant effect, and long�term

therapy with these drugs can provoke not only disorders

in liver function and myopathy, but also induce the man�

ifestation of atherosclerosis because of accumulation of

atherogenic oxy�LDL. We have shown (Fig. 1) that such

risk factors of atherosclerosis development as hypercho�

lesterolemia and type II diabetes mellitus are also risk fac�

tors of arising of oxidative and carbonyl stress [27]. If the

supposed scheme of atherosclerosis progression is cor�

rect, the principal drug treatment in patients with CHD

should be directed to suppress oxidative stress (possibly,

by addition of ubiquinone Q10 to hypolipidemic therapy

[6, 83, 89]) and carbonyl stress (by normalization of car�

bohydrate metabolism in diabetes mellitus [92]).
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