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One-month therapy with trimetazidine sharply decreased the content of free radical oxidation 
products, lipid peroxides and malonic dialdehyde, in atherogenic low-density lipoproteins in 
patients with coronary heart disease. Activity of glutathione peroxidase utilizing lipid perox- 
ides in the plasma markedly increased during trimetazidine therapy. The data suggest that 
trimetazidine not directly interacting with free radicals attenuates the adverse effects of in- 
tensive free radical oxidation in coronary heart disease. This effect is mediated via activation 
of antioxidant enzymes, which diminishes negative consequences of  ischemia. 
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New approaches to the therapy of coronary heart dis- 
ease (CHD) attenuating metabolic disturbances in is- 
chemic cardiomyocytes are now extensively elabora- 
ted. Trimetazidine (1-[2,3,4-trimethoxyphenyl)methyl] 
piperazine, Preduktal, Servier) produces cytoprotec- 
tive, antiischemic, and antihypoxic effects on the my- 
ocardium and stimulates ATP synthesis by changing 
energy metabolism from fatty acid to glucose oxi- 
dation [1]. Trimetazidine normalizes ion balance, at- 
tenuates intracellular acidosis, inhibits platelet aggrega- 
tion by decreasing the content of thromboxane Az, and 
suppresses accumulation and activation of  neutrophils 
in the ischemic zone [1,14]. It was shown that tri- 
metazidine has antioxidant properties and affects uti- 
lization of oxygen radicals [ 1,8,10,14]. Trimetazidine 
decreases the content of lipid peroxidation products 
during intensification of reactive oxygen species for- 
mation under conditions of ischemia-reperfusion [ 10]. 
Moreover, trimetazidine increases the resistance of 
cells and tissues to prooxidants [8]. At the same time, 
our in vitro experiments showed that trimetazidine 
does not modulate utilization of oxygen radicals and 
has no intrinsic antioxidant properties [5]. However, 
the possibility that trimetazidine indirectly affects free 
radical oxidation can not be excluded. Our studies 

Laboratory of Biochemistry of Free Radical Processes, A. L. Myasnikov 
Institute of Cardiology, Russian Cardiology Research-and-Production 
Complex, Russian Ministry of Health, Russia 

showed that probucol (hypocholesterolemic drug) used 
for the therapy of  CHD activates superoxide dismu- 
tase (SOD) and glutathione peroxidase (GSH-Px), the 
key antioxidant enzymes utilizing reactive oxygen spe- 
cies and lipid peroxides [6]. Here we studied the ef- 
fects of  trimetazidine on SOD and GSH-Px activities in 
the plasma and erythrocytes and the contents of lipid 
peroxides and malonic dialdehyde (MDA) in athero- 
genic low-density lipoproteins (LDL, most readily 
oxidized plasma lipoproteins) from patients with CHD. 

MATERIALS AND METHODS 

Eleven men (484-2 years) with CHD were examined. 
The diagnosis of class I and II stable effort angina was 
made in 8 patients; medical history of 7 patients in- 
cluded myocardial infarction. After a control period (1 
week), the patients were withdrawn from antianginal 
preparations, but received monotherapy with 20 mg 
trimetazidine (3 times a day for 3 months). 

Venous blood was taken monthly from fasting in- 
dividuals before and during the therapy and placed 
into tubes with ! mg/ml EDTA. The plasma was cen- 
trifuged 2 times in a NaBr density gradient at 42,000 
rpm and 4~ for 2 h in a Beckman L-8 ultracentrifuge 
equipped with a 50Ti angle rotor [5,13]. LDL were 
dialyzed at 4~ for 16 h. Protein content was measured 
by the method of Lowry. LDL were diluted with a 
solution containing 0.154 M NaC1 and 50 mM phos- 

0007-4888/00/0010-951525.00 �9 Plenum Publishing Corporation 



9 5 2  Bulletin of Experimental Biology and Medicine, Vol. 130, No. 10, October, 2000 

phate buffer (pH 7.4) to a concentration of 50 lag pro- 
tein/ml. LDL oxidation was induced with 30 ~tM CuSO 4 
at 37~ The content of  lipid hydroperoxides was mea- 
sured on a Hitachi 220A spectrophotometer at 233 nm 
[5]. The content of  LDL lipid hydroperoxides was es- 
timated by the reaction with xylenol orange after lipid 
peroxide reduction with triphenylphosphine on a Hi- 
tachi 557 spectrophotometer [11]; MDA content was 
evaluated by the reaction with thiobarbituric acid [2]. 
To estimate the activity of  antioxidant enzymes in 
erythrocytes comprising not less than 95% enzyme 
activity, whole blood (0.1 ml) was mixed 1:9 with 
5 mM hypotonic K, Na-phosphate buffer (pH 7.4). Af- 
ter hemolysis, the mixture was frozen and stored at 
-20~ for no more than 1 month [6]. Cold chloroform- 
ethanol mixture (3:5, 0.5 ml) was added to 1 ml sam- 
ple on an ice bath, shaken, and precipitated by gem 
centrifugation [6]. SOD activity was estimated by in- 
hibition of NBT reduction with superoxide anion ra- 
dical generated in the xanthine-xanthine oxidase sys- 
tem at 25~ and measured on a Hitachi 557 spectro- 
photometer at 560 nm [11]. The amount of  SOD causing 
a 50% inhibition of  the reaction was taken as a unit 
of enzyme activity. GSH-Px activity in blood plasma 
and lysates was determined at 25~ as described else- 
where [12] with modifications [3]. We measured the ki- 
netics of oxidized glutathione formation estimated from 
NADPH oxidation in coupled glutathione reductase re- 
action using tert-butyl hydroperoxide as the substrate on 
an FP-901 chemical analyzer (Labsystems Oy) at 340 
nm and kinetic regimen. The amount of  GSH-Px oxi- 
dizing I lamol reduced glutathione over 1 min was tak- 
en as a unit of  enzyme activity [3]. The content of  he- 
moglobin was measured using kits (Biolar) on a FP-901 
chemical analyzer (Labsystems Oy) at 540 nm. 

RESULTS 

Three-month therapy with trimetazidine decreased the 
incidence of  anginal attacks from 4.6+1.0 to 3.84-0.4 
per week, reduced the demands for short-acting ni- 
trates from 3.9• to 3.3+0.3 nitroglycerine tablets/ 
week, and improved the tolerance to physical exercis- 
es (the time of  exercise and performed work increased 
by 182+59 sec and 3.8+0.6 metabolic units, respec- 
tively; 601+54 sec and 10.9+0.9 metabolic units in the 
control, respectively). 

One-month therapy with trimetazidine sharply de- 
creased the contents of  lipid peroxides and MDA in 
plasma LDL from patients with CHD (Table 1). The 
amount of  LDL lipid peroxides and MDA decreased 
by 46-48 and 44-64%, respectively, 1-3 months after 
the start of  therapy. However, there were no signifi- 
cant changes in the kinetics of  Cu2+-induced free ra- 
dical oxidation of  LDL in the plasma of  patients trea- 
ted with trimetazidine for 3 months. Before the start 
of  therapy, the lag phase of  in vi tro LDL oxidation 
was 63.0• min and V =1.60+0.14 nmol lipid per- 

m a x  

oxides/min. After 3-month therapy with trimetazidine, 
these parameters were 55.0+3.4 min  and 1.50+0.29 
nmol lipid peroxides/min, respectively. The data sug- 
gest that parameters of  LDL oxidation in vitro do not 
reflect the state of  plasma antioxidant systems and are 
less informative, than the content o f  in vivo accumu- 
lated lipid peroxides, probably, due to the absence of  
endogenous plasma factors (e.g., antioxidant enzymes) 
affecting LDL lipid peroxidation in the model system. 

Trimetazidine had no effect on SOD and GSH-Px 
activities in erythrocytes, but markedly changed GSH- 
Px activity in the plasma (Table 1). GSH-Px activity 
in the plasma 1 month after the start of  treatment 

TABLE 1. Activities of Antioxidant Enzymes in Erythrocytes and Blood Plasma and Content of Free Radical Lipid Oxidation 
Products in LDL from CHD Patients Treated with Trimetazidine (M+m) 

Parameter 

Glutathione peroxidase activity 
in erythrocytes, U/g hemoglobin 

in blood plasma, U/ml 

% of control 

SOD activity in erythrocytes, U/g hemoglobin 

Initial level 

6.00• 

0.220• 

100• 

738• 

Lipid peroxide content, 

iJmol/ml plasma 

% of control 

MDA content, IJmol/ml plasma 
% of control 

1.77• 

100• 

10.1• 

100• 

Therapy, months 

4.20• 

0.480• 

218• 

779• 

0.97• 

55• 

4.8• 

47• 

4.90• 

0.480• 

218• 

770• 

0.92• 

52• 

5.7• 

56• 

3 

5.40• 

0.560• 

255• 

647• 

0.93• 

53• 

3.7• 

36• 

Note. *p<0.05 compared to the initial level. 
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Fig. 1. Correlation between the content of primary (a) and secondary 
(b) products of free radical oxidation of blood plasma LDL lipids and 
glutathione peroxidase activity in the plasma of CHD patients treated 
with trimetazidine. 

2-fold surpassed the initial level and remained high to 
the end of observations (Table 1). Unlike cytosolic 
GSH-Px [9], plasma GSH-Px [15] can reduce oxidized 
phospholipid acyls without their enzymatic hydrolysis 
[4]. Free radical oxidation of  LDL phospholipids du- 
ring atherogenesis results in their oxidative modifica- 
tion and rapid uptake by monocytes and macrophages, 
which cause preatherosclerotic damages to the vascu- 
lar wall (lipoidosis) [4]. During trimetazidine therapy, 
plasma GSH-Px activity was inversely related to the 

contents of lipid peroxides (Fig. 1, a) and MDA in 
LDL (Fig. 1, b). It can be hypothesized that plasma 
GSH-Px is one of the most potent natural antioxidants 
protecting LDL from oxidative atherogenic modifica- 
tion. The decrease in LDL lipid peroxide content with 
increasing GSH-Px activity during trimetazidine ther- 
apy (Table 1) and the interrelation between the con- 
tent of oxidation products and activity of enzymes re- 
sponsible for their in vivo utilization and formation 
(Fig. 1) confirmed our assumption. Hence, trimetazi- 
dine does not directly interacts with free radicals, but 
attenuates adverse effects of  free radical oxidation in- 
tensified during CHD. This action is mediated by ac- 
tivation of natural protective systems (antioxidant en- 
zymes). Since free radical reactions play an important 
role in ischemic myocardial damages [4], these anti- 
oxidant effects of trimetazidine in vivo compensate the 
negative consequences of ischemia. 
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