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Background:
Energetic metabolism during myocardial ischemia and reperfusion is connected with cardiac function. T
rimetazidine act as a specific partial inhibitor of fatty acid oxidation with indirect increase in glucose
metabolism and many cardio protective mechanisms which may include diminished mitochondrial
uncoupling, enhances efficiency of mitochondrial ATP production and reduced apoptosis.
Aims:
To evaluate the efficacy of treatment with trimetazidine modified release (TMZ MR) in addition to
optimal standard medical therapy (OSMT) in patients (pts) with coronary heart disease (CHD) - stable
angina (SA), unstable angina (UA) and non ST elevation myocardial infarction (NSTEMI) in reduction of
primary endpoint composite of cardiovascular death, acute myocardial infarction and stroke,
improvement of left ventricular global and regional function.
Methods:
252 pts with high risk CAD were included in a prospective study for a period of 24 months and divided in
six groups in relation with type of CHD and addition of TMZ MR to optimal standard medical therapy
(OSMT). Patients were evaluated clinical and para clinical (biochemical analyses, electrocardiography,
echocardiography) at 1, 6, 12 and 24 months.
Results:
Treatment with TMZ MR in addition to OSMT was followed at 24 months of follow up by a significant
improvement of left ventricular function in pts with NSTEMI (p<0.05) and UA(p<0.025) in comparison
with OSMT pts. Primary endpoint was significantly reduced in all TMZ MR treatment added to OSMT
pts at 24 months of follow up respectively: NSTEMI -20%, p<0.001, relative risk (RR) 0.35), UA
13.6%, p<0.001, RR 0.29 and SA-7.7%, p<0.001, RR 0.19. Ejection fraction of left ventricle as a measure
of global function was significantly improved at 24 months of follow up in NSTEMI and UA TMZ MR
added to OSMT pts, only 15% of NSTEMI pts (p<0.05) and 9,1% of UA pts (p<0.05) remain with an
ejection fraction <40% in comparison with 35,7% of NSTEMI and 28,3% of UA OSMT pts.
Conclusions:
In patients with stable angina, unstable angina and non ST elevation myocardial infarction, treatment with
trimetazidine MR in addition to optimal standard medical therapy was followed by a significant reduction
in primary endpoint composite of cardiovascular death, acute myocardial infarction and stroke and by a
significant improvement in left ventricular function at 24 months of follow up.
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Oxidative stress and antioxidant systems evaluation in cardiovascular
disease
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Rezumat
Bolile cardiovasculare sunt principala cauză de mortalitate şi morbiditate în lume. Ateroscleroza la nivel coronarian are ca expresie clinică boala cardiacă ischemică manifestată ca angină stabilă, angină instabilă,
infarct miocardic acut sau moarte subită. Aceasta impune o mai bună cunoaştere a mecanismelor moleculare şi
metabolismul celular al miocardului. În condiŃiile în care patogeneza aterosclerozei este explicată prin ipoteza
disfuncŃiei endoteliale datorate raspunsului complex la agresiune, rolul stresului oxidativ şi al sistemelor antioxidante în bolile cardiovasculare reprezintă un subiect de cercetare fundamentală şi clinică. DisfuncŃia endotelială poate fi realizată de agenŃi virali şi microbieni expunerea la toxine, nivele înalte ale metaboliŃilor sau factori mecanici. Leziunile pot fi agravate de stresurile metabolice cum sunt hiperglicemia şi hipercolesterolemia şi
de stresul oxidativ. Factorii majori de risc cardiovascular prin intermediul mediatorilor ce apar ca răspuns la
aceşti factori de risc - oxLDL, produşi de glicare avansată, angiotensina II, TNFα - stimuleză la nivelul endoteliului vascular sistemele enzimatice si neeenzimatice răspunzatoare de generarea speciilor rective ale oxigenului.
Biomarkerii stresului oxidativ sunt biomarkeri de depleŃie antioxidantă şi markeri specifici: produşi de peroxidare lipidică şi produşi de degradare oxidativă a proteinelor şi a ADN. Peroxidarea lipidelor este un proces complex prezent din faza de iniŃiere a aterosclerozei şi se desfăşoară în multiple stadii. Metodele de determinare a
peroxidării lipidelor pot fii indirecte prin determinarea pierderilor de substrat sau directe prin determinarea peroxizilor care se pot realiza prin evaluarea totală sau parŃială. Imposibilitatea obŃinerii unei metode ideale de
determinare a peroxidării lipidice a impus evaluarea complexă a stresului oxidativ şi perfecŃinarea metodelor de
determinare a activităŃii antioxidante totale a plasmei şi serului uman.

Abstract
Cardiovascular disease are the major cause of mortality and morbidity in the world. Clinic expression
of atherosclerosis is coronary heart disease – stable angina, unstable angina, myocardial infarction and sudden
cardiac death. All these involve a great need for research in celular myocardial metabolism and molecular
*

Adresa de corespondenŃă: Elena Bobescu, Spitalul Clinic JudeŃean de UrgenŃă Braşov, Clinica de Cardiologie,
Str. IndependenŃei nr 1, 500157 Braşov
Tel.: 0268425701, Fax:0268470318, E-mail: elena_bobescu@yahoo.com

14

Revista Română de Medicină de Laborator Vol. 8, Nr. 3, Septembrie 2007

this row was moved
from previous page
All these involve a great need for research in celular myocardial metabolism and molecular
mechanisms. The role of oxidative stress in cardiovascular disease was evaluated by both experimental and clinical studies. In this context the most accepted in atherosclerosis is hypothesis of endothelial disfunction because
of multiple agression factors. Endothelial disfunction could be produced by mechanic, viral or bacterial factors,
toxic exposure, high level of metabolites, turbulent blood flow, all this aggresion are followed by atherosclerosis.
These atherosclerotic lesions could be agravated by metabolic stress – hyperglicemia and hypercholesterolemia
and oxidative stress. Mediators produced in response to major cardiovascular risk factors including advances
glycates end-products, LDL and ox-LDL, angiotensin II and cytokines such as TNF-α stimulate generation of reactive oxigen species at endotelial level by a variety of enzymatic and non-enzymatic sources. Oxidative stress
biomarkers are biomarkers of antioxidants depletion and specific markers: lipid peroxidation products, protein
and ADN oxidative degradation products. Lipid peroxidation is a complex process, started from the begining of
atherosclerosis. Peroxide assay could be loss of substrate and total or partial peroxide measurements. Impossibility to obtain an ideal assay to determinate lipid peroxidation was followed by complex evaluation of oxidative
stress and development of total antioxidant activity assays.

Bolile cardiovasculare sunt principala
cauză de mortalitate şi morbiditate în lume.
Ateroscleroza la nivel coronarian are ca expresie clinică boala cardiacă ischemică manifestată
ca angină stabilă, angină instabilă, infarct miocardic acut sau moarte subită. Aceasta impune
o mai bună cunoaştere a mecanismelor moleculare şi metabolismului celular al miocardului a
cărui afectare ischemică reprezintă patologia cu
cel mai mare impact asupra stării de sănătate a
populaŃiei adulte şi vârstnice5.
În condiŃiile în care patogeneza aterosclerozei este explicată prin ipoteza disfuncŃiei
endoteliale datorate răspunsului complex la
agresiune, rolul stresului oxidativ şi al sistemelor antioxidante în bolile cardiovasculare reprezintă un subiect de cercetare fundamentală şi
clinică13 . DisfuncŃia endotelială este rezultatul
agresiunii prin agenŃi virali şi microbieni (Herpes virus, Citomegalovirus, Chlamydia pneumonie, Helicobacter pylori), expunerea la toxine (fumul de Ńigară), nivele înalte ale metaboliŃilor ( glucoza, homocisteina), factori mecanici
- fluxul turbulent de sânge la bifurcaŃia arterelor, accentuat de valori înalte ale tensiunii arteriale1. Leziunile pot fi agravate de stresurile metabolice cum sunt hiperglicemia şi hipercolesterolemia şi de stresul oxidativ. Factorii majori de
risc cardiovascular – dislipidemia, hipertensiunea, diabetul zaharat, fumatul, varsta înaintată,
stresul psihic şi fizic, prin intermediul mediato-

rilor ce apar ca răspuns la aceşti factori de risc –
oxLDL17, produşi de glicare avansată, angiotensina II, TNFα, - stimuleză la nivelul endoteliului vascular sistemele enzimatice si neeenzimatice răspunzatoare de generarea speciilor rective
ale oxigenului (SRO): ciclooxigenaze, lipooxigenaze, Citocrom P450, NAD(P)H oxidaza,
xantin oxidaza, lanŃul respirator la nivel mitocondrial, NO sintetaza14,15 şi epuizează sistemele endogene de apărare antioxidantă – enzimatice: superoxid-dismutaze, catalaze, glutation peroxidaze si neenzimatice: glutation, α-tocoferol,
ascorbat. SRO devin astfel al doilea mesager
transmiŃând semnale extracelulare care modulează expresia genelor implicate in bolile cardiovasculare, cum sunt cele ale moleculelor de
adeziune, gene proliferative, citokine, metaloproteinaze3-7.
Generarea SRO este o consecinŃă a metabolismului aerob. Stresul oxidativ este definit
ca situaŃia în care se produce un dezechilibru
între producŃia de specii reactive ale oxigenilui
SRO respectiv specii reactive ale azotului
(SRN) şi apărarea antioxidantă. Speciile reactive ale oxigenului includ radicali liberi ai oxigenului: superoxid(O2i), hidroxil, (OHi), peroxil
(RO2i), Alkoxil (ROi), hidroxiperoxil( HO2i)
dar şi non-radicali derivaŃi din oxigen: peroxid
de hidrogen (H2O2), acidul hipocloros (HOCl),
ozonul (O3), oxigen singlet (‘∆g), peroxinitrit
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Aims: To evaluate the efficacy of treatment with
trimetazidine modified release (TMZ MR) in addition to
optimal standard medical therapy (OSMT) in patients (pts)
with coronary heart disease (CHD) - stable angina (SA),
unstable angina (UA) and non ST elevation myocardial
infarction (NSTEMI) in reduction of primary endpoint
composite of cardiovascular death, acute myocardial infarction
and stroke, improvement of left ventricular function, reduction
of inflammatory syndrome and oxidative stress.
Methods and results: 252 pts with high risk CAD were
included in a prospective study for a period of 24 months and
divided in six groups in relation with type of CHD and addition
of TMZ MR treatment to optimal standard medical therapy
(OSMT). Patients were evaluated clinical and paraclinical
(biochemical analyses, electrocardiography, echocardiography)
at 1, 6, 12 and 24 months. Markers of inflammatory syndrome
used were C-reactive protein serum level and fibrinogen
plasma level. Anti ox-LDL antibody titers and total antioxidant
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status (TAS) serum level were used for oxidative stress
evaluation. Treatment with TMZ MR in addition to OSMT was
followed at 24 months of follow up by a significant
improvement of left ventricular function in pts with NSTEMI
(p<0.05) and UA(p<0.025) in comparison with OSMT pts.
Primary endpoint was significantly reduced in all TMZ MR
treatment added to OSMT pts at 24 months of follow up
respectively: NSTEMI -20%, p<0.001, relative risk (RR) 0.35),
UA-13.6%, p<0.001, RR 0.29 and SA-7.7%, p<0.001, RR
0.19). In NSTEMI and UA groups treated with TMZ MR in
addition to OSMT was significantly reduced at 6 months of
follow-up the incidence of high level of serum CRP (p<0.025),
plasma fibrinogen (p<0.01), anti ox-LDL antibody titers
(p<0.05), low value of serum TAS (p<0.05), in comparison
with NSTEMI and AI groups with OSMT.
Conclusions: In patients with stable angina, unstable
angina and non ST elevation myocardial infarction, treatment
with trimetazidine MR in addition to optimal standard medical
therapy was followed by a significant reduction in primary
endpoint composite of cardiovascular death, acute myocardial
infarction and stroke and by a significant improvement in left
ventricular function at 24 months of follow up. A significant
reduction in inflammatory syndrome and oxidative stress at 6
months of follow up was observed in patients with unstable
angina and non ST elevation myocardial infarction with above
mentioned therapy.
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left ventricular function improvement
and reduction of major cardiovascular
events, inflammatory syndromes and
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disease
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Aims: To evaluate the efficacy of treatment with
trimetazidine modified release (TMZ MR) in addition to optimal
standard medical therapy (OSMT) in patients (pts) with coronary
artery disease (CAD) - stable angina (SA), unstable angina (UA) and
non ST elevation myocardial infarction (NSTEMI) in reduction of
primary composite endpoint of cardiovascular death, acute
myocardial infarction and stroke, improvement of left ventricular
function, reduction of inflammatory syndrome and oxidative stress.
Methods and results: 252 patients with high risk CAD were
included in a prospective study for a period of 36months and divided
in six groups in relation with type of CAD and addition of TMZ MR
treatment to optimal standard medical therapy (OSMT). Clinical,
biologic, electrocardiographic, echocardiographic evaluation was
performed at 1, 6, 12, 24 and 36 months. C-reactive protein serum
level and fibrinogen plasma level were determinate as markers of
inflammatory syndrome. Anti ox-LDL antibody titers and total
antioxidant status (TAS) serum level were measured for oxidative
stress evaluation. Treatment with TMZ MR in addition to OSMT
was followed at 36 months by a significant improvement of left
ventricular function in pts with NSTEMI (p<0.05) and UA(p<0.025)
in comparison with OSMT pts. Primary composite endpoint of
cardiovascular death, acute myocardial infarction and stroke was
significantly reduced in all TMZ MR treatment added to OSMT pts
at 36 months of follow up respectively: NSTEMI –(p<0.01), UA
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performed at 1, 6, 12, 24 and 36 months. C-reactive protein serum
level and fibrinogen plasma level were determinate as markers of
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antioxidant status (TAS) serum level were measured for oxidative
stress evaluation. Treatment with TMZ MR in addition to OSMT
was followed at 36 months by a significant improvement of left
ventricular function in pts with NSTEMI (p<0.05) and UA(p<0.025)
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cardiovascular death, acute myocardial infarction and stroke was
significantly reduced in all TMZ MR treatment added to OSMT pts
at 36 months of follow up respectively: NSTEMI –(p<0.01), UA
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(p<0.025), and SA (p<0.025). In NSTEMI and UA groups treatment
with TMZ MR in addition to OSMT was followed by significantly
reduced incidence at 6 months of high level of serum CRP
(p<0.025), plasma fibrinogen (p<0.01), anti ox-LDL antibody titers
(p<0.05), low value of serum TAS (p<0.05), in comparison with
NSTEMI and AI groups with OSMT.
Conclusions: In patients with stable angina, unstable angina
and non ST elevation myocardial infarction, treatment with
trimetazidine MR in addition to optimal standard medical therapy
was followed by a significant reduction in primary endpoint and by a
significant improvement in left ventricular function at 36 months of
follow up. A significant reduction in inflammatory syndrome and
oxidative stress at 6 months of follow up was observed in patients
with unstable angina and non ST elevation myocardial infarction
treated with trimetazidine MR in addition to optimal standard
medical therapy.
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ABSTRACT
Trimetazidine [1-(2,3,4-trimethoxybenzyl)piperazine; TMZ] is an
anti-ischemic cardiac drug; however, its efficacy and mechanism of cardioprotection upon reperfusion are largely unknown.
The objective of this study was to determine whether TMZ,
given before reperfusion, could attenuate myocardial reperfusion injury. Ischemia/reperfusion (I/R) was induced in rat hearts
by ligating the left anterior descending (LAD) coronary artery for
30 min followed by 48 h of reperfusion. TMZ (5 mg/kg b.wt.)
was administered 5 min before reperfusion. The study used
three experimental groups: control (⫺I/R; ⫺TMZ), I/R (⫹I/R;
⫺TMZ), and TMZ (⫹I/R; ⫹TMZ). Echocardiography and EPR
oximetry were used to assess cardiac function and oxygenation, respectively. The ejection fraction, which was significantly depressed in the I/R group (62 ⫾ 5 versus 84 ⫾ 3% in
control), was restored to 72 ⫾ 3% in the TMZ group. Myo-

Ischemic heart disease is the leading cause of mortality
among both men and women in the United States, and in the
world. Clinical interventions such as coronary angioplasty,
coronary artery bypass graft surgery, or percutaneous transluminal coronary angioplasty are routinely used to reintroduction of blood flow to an ischemic region of the myocardium. Such interventions are unavoidably accompanied by
an enzymatic cascade of reactions that result in damage to
the myocardium, termed ischemia/reperfusion (I/R) injury.
This work was supported by the National Institutes of Health National
Institute of Biomedical Imaging and Bioengineering [Grants EB006153,
EB004031] and the American Heart Association [Grant SDG 0930181N].
Article, publication date, and citation information can be found at
http://jpet.aspetjournals.org.
doi:10.1124/jpet.109.165175.

cardial pO2 in the TMZ group returned to baseline levels
(⬃20 mm Hg) within 1 h of reperfusion, whereas the I/R group
showed a significant hyperoxygenation even after 48 h of
reperfusion. The infarct size was significantly reduced in the
TMZ group (26 ⫾ 3 versus 47 ⫾ 5% in I/R). TMZ treatment
significantly attenuated superoxide levels in the tissue. Tissue homogenates showed a significant increase in p38 and
p-Akt and decrease in caspase-3 levels in the TMZ group. In
summary, the results demonstrated that TMZ is cardioprotective when administered before reperfusion and that this
protection appears to be mediated by activation of p38
mitogen-activated protein kinase and Akt signaling. The
study emphasizes the importance of administering TMZ before reflow to prevent reperfusion-mediated cardiac injury
and dysfunction.

Although the etiology of I/R injury is intricate, oxidative
stress occurs due to an imbalance between free-radical production and the heart’s ability to prevent the damage caused
by free radicals. Numerous studies have shown that the
generation of reactive oxygen species (ROS) in the oxygendeprived tissue plays a crucial role in the cellular oxidative
damage that happens during I/R (Zweier et al., 1989; Ambrosio et al., 1993; Griendling and FitzGerald, 2003). The generation of free radicals that occurs during I/R has been reported by several groups (Bolli et al., 1988; Zweier et al.,
1989) and has revealed that ROS production peaks within
the first few minutes of reperfusion. Free-radical scavengers
(e.g., antioxidants) have been shown to protect the heart from
oxidative damage resulting from the formation of ROS during an I/R episode (Ambrosio et al., 1987b).

ABBREVIATIONS: I/R, ischemia/reperfusion; ROS, reactive oxygen species; TMZ, trimetazidine; MAPK, mitogen-activated protein kinase; PBS,
phosphate-buffered saline; DHE, dihydroethidium; TTC, triphenyltetrazolium chloride; DAF-FM, 4-amino-5-methylamino-2⬘,7⬘-difluorofluorescein;
TTC, triphenyltetrazolium chloride; DEPMPO, 5-(diethoxyphosphoryl)-5-methyl-1-pyrroline-N-oxide; EPR, electron paramagnetic resonance; LAD,
left anterior descending; HE, hydroxyethidine; CK, creatine kinase; TUNEL, terminal deoxynucleotidyl transferase dUTP nick-end labeling;
p-, phosphorylated; ERK, extracellular signal-regulated kinase.
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Fig. 7. Evaluation of cellular apoptosis by TUNEL assay. Effect of TMZ on the apoptosis in heart tissues
subjected to I/R. A, apoptosis (green) was imaged in
infarct heart tissues at 48 h after reperfusion. B, increased TUNEL-positive nuclei were seen in the I/R
group, whereas TMZ-treated hearts exhibited a significant decrease in TUNEL-positive nuclei (mean ⫾ S.D.;
n ⫽ 4 hearts/group). ⴱ, p ⬍ 0.05 versus I/R group.
C, overlay of TUNEL-positive (green) and 4,6-diamidino-2-phenylindole (DAPI; blue) images from expanded regions as indicated.
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tion of ERK1/2, suggesting that TMZ has no effect on ERK1/2
activation in I/R injury (Kutala et al., 2006). It should be
noted that caspase-3 level, although was significantly decreased by TMZ, was still substantially elevated in the TMZ
group. However, the absence of any significant change in the
cytochrome c level would imply that the mitochondrial function was preserved in TMZ-treated I/R hearts.
Trimetazidine has been in clinical use for more than 20
years. It is an effective treatment for stable angina and a
potential drug for treating systolic dysfunction in cardiac
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failure patients. Both in vitro and in vivo studies have demonstrated that, during ischemia, TMZ limits intracellular
acidosis, inhibits sodium and calcium accumulation, maintains intracellular ATP levels, reduces CK release, preserves
mitochondrial function, and inhibits neutrophil infiltration
(Kantor et al., 2000; Tritto et al., 2005). TMZ has a positive
influence on I/R injury, endothelial dysfunction, and prognosis in patients with coronary artery disease. The present
study revealed that TMZ, in addition to its above-mentioned
therapeutic potential, could attenuate reperfusion-induced
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Fig. 8. Western blot analysis. Western blot analysis
results for p38, p-p38, Akt, p-Akt, ERK1/2, p-ERK1/2,
Bcl-2, and cytochrome c in heart tissue homogenates
obtained 48 h after ischemia/reperfusion injury (data
represent mean ⫾ S.D.; n ⫽ 4 hearts/group). ⴱ, p ⬍ 0.05
versus I/R group. The results show that TMZ treatment
significantly enhanced the expression of p-p38 and pAkt, and decreased caspase-3 expression.

Trimetazidine Ameliorates Cardiac Reperfusion Injury

ROS generation by its inhibitory as well as radical-scavenging properties. The ROS-scavenging ability of TMZ in the
present study is further augmented by its ROS-inhibiting
functions such as the inhibition of neutrophil-mediated ROS
production (Duilio et al., 2001; Tritto et al., 2005). Our future
studies will evaluate the potential of the antioxidant-conjugated forms of TMZ, which have been developed previously
(Kutala et al., 2006), for protection against I/R-mediated
cardiac dysfunction and injury under in vivo settings.
In conclusion, the present study underlines the potential
clinical significance of administering TMZ before the onset of
reperfusion, which may be valuable for patients undergoing
coronary angioplasty or percutaneous coronary interventions.
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Objective: To investigate the long term effects of trimetazidine in patients with dilated ischaemic
cardiomyopathy. The effects of trimetazidine on left ventricular function as well as its tolerability profile and
potential anti-inflammatory effects were studied.
Design: 61 patients were randomly assigned either to receive trimetazidine (20 mg thrice daily) in
addition to their conventional treatment or to continue their usual drug treatment for 18 months. Patients
were evaluated at baseline and at 6, 12, and 18 months with a clinical examination, echocardiography,
and biochemical analysis (C reactive protein).
Results: Trimetazidine added to the usual treatment significantly improved the patients’ functional status
(assessed by New York Heart Association functional class). The functional improvement of trimetazidine
treated patients was associated with a significant increase in left ventricular ejection fraction (30 (6)%, 32
(8)%, 38 (7)%, and 37 (6)% v 31 (8)%, 30 (7)%, 28 (6)%, and 26 (9)% in control patients at baseline and at
6, 12, and 18 months, respectively) and with a significant effect on ventricular remodelling. C reactive
protein plasma concentrations remained stable throughout the study in patients receiving trimetazidine
(2.5 (1.0), 2.7 (2.0), 2.7 (3.0), and 3.0 (2.0) mg/l at baseline and at 6, 12, and 18 months, respectively)
but increased significantly in the control group (2.4 (1.0), 3.4 (1.2), 6.0 (4.0), and 7.0 (5.0) mg/l,
respectively). No significant adverse event or changes in clinical or biochemical parameters were detected.
Conclusion: Treatment with trimetazidine added to the usual treatment for up to 18 months was well
tolerated and induced a functional improvement in patients with dilated cardiomyopathy. Trimetazidine
treatment was associated with a significant improvement of left ventricular function and the remodelling
process. Results also suggest that the inflammatory response was limited in patients treated with
trimetazidine.

rimetazidine (1-[2,3,4-trimethoxybenzyl] piperazine
dihydrochloride) is the first of a novel antianginal drug
class, the selective inhibitors of mitochondrial long chain
3-ketoacyl coenzyme A thiolase. Trimetazidine is widely used
for the prophylactic treatment of episodes of angina pectoris
at recommended daily doses ranging from 40–60 mg.
The anti-ischaemic properties of trimetazidine are unrelated to changes in the myocardial oxygen supply to demand
ratio, as heart rate, blood pressure, and pressure–rate product do
not change significantly either at rest or during exercise.1 2
Trimetazidine acts by reducing fatty acid oxidation and by
stimulating glucose oxidation.3 4 Subsequently the coupling of
glycolysis with glucose oxidation is improved, ATP production is
increased, and the deleterious consequences of acidosis and
intracellular calcium ion overload that characterise the ischaemic or hypoxic cell are limited.
The antianginal properties of trimetazidine were previously
shown in acute and chronic experimental conditions in
which the cardioprotective effects were related to the positive
effects on energy metabolism, hydroionic balance, coronary
microcirculation, and oxidative stress.5 6 Few data are
available regarding the efficacy of trimetazidine in patients
with dilated cardiomyopathy.7 8 However, long term data
(. 1 year) on the safety and usefulness of this treatment in
such patients have not been fully explored; nor has its effects
on the inflammatory process, an independent negative
prognostic factor in patients with coronary artery disease.9–11
The aim of this randomised study in patients with
ischaemic dilated cardiomyopathy already receiving conventional treatment was to investigate: firstly, the long term

effects of trimetazidine (20 mg thrice daily); secondly, its
tolerability profile; and thirdly, its effects on the inflammatory process. Patients were followed up for up to 18 months
after their inclusion in the study. Efficacy was assessed by
evaluating the patients’ functional status (New York Heart
Association (NYHA) functional class) and left ventricular
(LV) function (echographic changes in the LV ejection
fraction (LVEF) and volumes). The effect of trimetazidine
on the inflammatory process was evaluated by determining C
reactive protein plasma concentrations.

METHODS
General methods
This randomised pilot study was conducted at a single site
(Villa Pini, Centre for Study and Treatment of Congestive
Heart Failure, Chieti, Italy). The number of patients was
chosen on the basis of previous studies with trimetazidine
performed with a similar design.7 The study was conducted
in an open label design for patient convenience. Echocardiograms (for primary outcome) were recorded and rated
blindly by two independent investigators.
The research protocol was approved by the local appointed
ethics committee. All patients provided written informed
consent before participation. The enrolment period took place
from January 1997 through June 1997 and the last patient
visit occurred in January 1999.
Abbreviations: ACE, angiotensin converting enzyme; LV, left
ventricular; LVEF, left ventricular ejection fraction; NYHA, New York
Heart Association
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Figure 3 Changes in C reactive protein (CRP) plasma concentrations.
Data are mean (SD). ***p,0.001 v control.

Compared with control patients maintained with their
usual treatment, trimetazidine treated patients’ functional
improvement was associated with a significant increase in
LVEF and with a significant effect on ventricular remodelling. These effects were significant starting from 12 months
and were maintained after 18 months of treatment. During
the evaluation period, C reactive protein plasma concentrations remained stable with trimetazidine treatment and were,
in contrast, significantly increased in control patients.
Trimetazidine treatment was not modified or discontinued
during the evaluation period. No significant adverse event
related to the study treatments occurred during the study.
Thus, patients with ischaemic dilated cardiomyopathy
tolerated trimetazidine well during up to 18 months of
treatment.
The clinical and echocardiographic data obtained in this
study are in agreement with findings of Brottier et al,7 who
reported improved LVEF and cardiac volumes in patients
with severe ischaemic cardiomyopathy after six months’
treatment with trimetazidine. Recently, Fragasso et al12 and
Rosano et al13 reported relevant improvement of clinical status
and LVEF in diabetic patients with ischaemic dilated
cardiomyopathy after only six months of treatment with
trimetazidine; the apparent discrepancy with our data, in
which LVEF improved significantly after 12 months’ treatment, may result from the differences in patients’ characteristics and, particularly, in the low prevalence of diabetes
among our patients (about 20%).
It is suggested that the effects observed here with
trimetazidine are related to the peculiar mechanism of action
of the drug. Trimetazidine is one of a new group of pharmacological compounds whose myocardial anti-ischaemic effect
is achieved independently from the changes in the oxygen
supply to demand ratio.1 3 4 The anti-ischaemic effect of
trimetazidine is obtained at the cellular level, by shifting the
energy substrate reference from fatty acid oxidation to
glucose oxidation.
In experimental conditions, trimetazidine exerts a cardioprotective effect by rapidly restoring the phosphorylation
processes, protecting cardiac cells against intracellular acidosis, preventing the intracellular accumulation of sodium and
calcium ions, and by reducing oxidative damage.14 15 All these
properties observed experimentally with trimetazidine may
contribute to protecting the myocardial cell against necrosis
and apoptosis. These two steps are considered fundamental
in regulating LV modelling and the progressive decline of the
contractile function that occurs during the normal evolution
of dilated cardiomyopathy.16
The preservation of LVEF observed in trimetazidine treated
patients may be explained, at least partly, by the effects of the
drug in maintaining the integrity of cell membranes as well
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as mitochondrial structure and function.17 In addition, the
increase of glucose oxidation induced by trimetazidine may
in turn enhance the resynthesis of glycolytic ATP and
improve contractility and microvascular function. Lastly, it
is also possible that, after trimetazidine treatment, chronically hibernating cells increase their energy metabolism,
become effective in producing contractile activity, and thus
contribute to improving the contractile response and to
limiting further decline of LV function. Data on patients with
ischaemic cardiomyopathy confirmed that trimetazidine
treatment improved the contractile response to a challenge
of dobutamine, without inducing any haemodynamic
changes.8 This amelioration of contractility is also evident
during dobutamine induced ischaemic dysfunction in
patients with coronary artery disease and normal LV systolic
function at rest.18
In addition to these effects, we observed that C reactive
protein plasma concentrations remained stable throughout
the study in patients receiving trimetazidine, whereas they
increased significantly with time in patients receiving their
standard treatment. C reactive protein is a biological marker
commonly assessed in medical practice to evaluate the
systemic inflammatory process. A proinflammatory state is
recognised in chronic heart failure and the degree of immune
activation corresponds to disease severity and prognosis. Peak
C reactive protein concentration measured during myocardial
infarction has been shown to be a strong predictor of global
and heart failure mortality during the following year.19 In
patients with heart failure, higher C reactive protein
concentrations have also been related to higher rates of
hospital readmission and mortality.20
Although our data need to be confirmed with further
specific investigations, they suggest that the inflammatory
process may have been limited in the patient sample treated
with trimetazidine during the 18 month evaluation period. If
the relevance of improvement of LV function and clinical
status appears prevalent, potential anti-inflammatory effects
have been previously reported with trimetazidine in experimental conditions.21 In a rabbit model of ischaemia and
reperfusion, the authors reported that trimetazidine reduced
neutrophil cell accumulation in the reperfused post-ischaemic
myocardium. In the clinical setting, whether the effect of
trimetazidine on C reactive protein concentrations is related
to its direct action on the inflammatory process or results
from its anti-ischaemic properties needs to be elucidated.
Furthermore, the reduced inflammatory process may be
related to the better metabolic status of either myocytic or
endothelial cells; this, in turn, provides a better explanation
of their physiological functions (contraction and coronary
circulation, respectively), less cellular damage and, lastly,
less tissue reaction and inflammation.
In conclusion, treatment with trimetazidine added to the
usual treatment for up to 18 months was well tolerated and
induced functional improvement in patients with ischaemic
dilated cardiomyopathy. Trimetazidine treatment was associated with a significant improvement of LV function and the
remodelling process. Results also suggest that the inflammatory response was limited in patients treated with trimetazidine. The effects of trimetazidine on energy metabolism,
hydroionic balance, coronary microcirculation, and oxidative
stress contribute positively to its beneficial effects on LV
remodelling and long term cardioprotection observed in this
study.
.....................
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accumulation of inorganic phosphate, Na + and
Ca++ in cardiac tissue. These changes are independent of oxygen supply or demand alterations
(Demaison et al. 1995; Kay et al. 1995; Cross
2000; Kantor et al. 2000). Trimetazidine selec-

Trimetazidine (1-[2,3,4-trimethoxy-benzyl]
piperazine HCl; TMZ) has been found to have
cytoprotective effects on ischemic cardiac tissue.
During ischemic episodes, TMZ maintains cellular ATP levels, limits intracellular acidosis and
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Pepine 2004). Because serum NO levels can be heavily
influenced by dietary nitrogen intake, we fixed the
dietary nitrogen intake to 1 g/kg/day of protein per meal
during the week prior to PTCA.
Patients (n = 11 each group) were untreated or pretreated with TMZ (20 mg per orally three times a day),
begun three days prior to PTCA. Blood samples were
collected from all cases just before starting TMZ (baseline), just before the PTCA procedure (0 hrs) and 4 hrs,
24 hrs, and 48 hrs after PTCA. Blood samples were
drawn through antecubital vein, and sera were separated
and stored at –70°C until analysis.
CRP measurement
CRP was measured by particle-enhanced immunonephelometry (N Latex CRP mono, Behring Diagnostics,
Marburg, Germany) by using a 1 : 400 sample dilution; a
range of 2.4-220 mg/ml was covered (normal values < 5
mg/ml). The intra- and interassay coefficients of variation were < 1.5% and < 2.7%, respectively.
TNF-α measurement
A human TNF-α cytoscreen ELISA kit (Biosource,
Cat No: KRC 3012, Camarillo, CA, USA) was used
according to manufacturer’s instructions and the resulting yellow to blue colour intensity was recorded at 450
nm by a Sorin-Biomedica microplate reader. The intraand interassay coefficients of variations were < 4.2% and
< 7.5%, respectively.
Measurement of NO products
NO was determined by quantitating the stable NO
oxidation products, nitrite and nitrate. First, nitrite concentrations were measured by the Griess reaction (Green
et al. 1982). Then, samples were incubated with nitrate
reductase (0.1 U/ml, Boehringer Mannheim Gmbh,
Mannheim, Germany) for 30 min, and nitrate was
reduced to nitrite (Bories and Bories 1995). The nitrate
level was determined by subtracting the nitrite concentration from total (nitrite + nitrate) concentrations. The
intra- and interassay coefficients of variations were < 5%
and < 7%, respectively.
All chemicals were purchased from Sigma
(Steinheim, Germany).
Statistical analysis
Data were analyzed by using with Mann-Whitney’s
U-test and Pearson correlation analysis in SPSS for MS
Windows Release 10.0® (Redmond, WA, USA), and p <
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0.05 was accepted as the level of statistical significance.

RESULTS

Demographic data about cardiovascular risk
factors and medications of the patient groups are
shown in Table 1. The medications are listed
(statins, ACE inhibitors), because these may heavily influence the levels of inflammatory markers.
No significant differences were found between the
groups regarding risk factors or medications used.
The coronary artery characteristics of the patients
before PTCA are shown in Table 2 in order to
describe the type of ischemic heart disease. There
were no significant differences between the male
and female patients regarding risk factors, coronary artery characteristics or biochemical data.
Pre- and post-PTCA biochemical data are
shown in Table 3. The baseline levels of markers
were not significantly different between the
untreated and pre-treated patients. In contrast, all
parameters were lower in the TMZ group than
those in the matched control group in the pre- and
post-angioplasty periods. Interestingly, in the
TMZ group, CRP and nitrite levels were significantly lower than in the control group at each time
point in the pre- and post-angioplasty periods.
TNF-α levels were significantly lower than the
control group only in the post-angioplasty period.
Additionally, total NO levels were significantly
lower at 0, 24 and 48 hrs, while nitrate levels
were significantly lower in the TMZ group at only
48 hrs.
When the time course levels of the biochemical parameters in untreated and pre-treated
patients were compared; significantly lower levels
of CRP were detected at all measurement points
in the pre-treated group. The peak levels for CRP
were reached at 48 hrs in both groups ( p < 0.0001;
for each) (Fig. 1). TNF-α levels at 4, 24, and 48
hrs were significantly lower ( p < 0.0001 at all
measurement points) in patients pre-treated with
TMZ (Table 3). In both groups, TNF-α reached
its peak at 24 hrs (Fig. 2).
NO activity peaked at 24 and 48 hrs in the
pre-treated and untreated groups, respectively.
Significant positive correlations were found
between TNF-α and CRP ( p < 0.001; r = 0.620),

