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Trimeatazidine: Effective Protector of Heart and Vessels
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Trimetazidine is a cardioprotective drug that normalizes intramyocardial
metabolism and stabilizes the ionic potential of cardiomyocyte membranes [17].
The drug directly influences cardiomyocytes and brain neurons and optimizes
their metabolism and function. The cytoprotective effect is based on increasing
energy potential, oxidative decarboxylation activation, and rationalization of
oxygen consumption (increased glycolysis and blockade of fatty acid
oxidation).

Trimetazidine maintains myocardial contractility, prevents a decrease in
the intracellular content of adenosine triphosphoric acid (ATP) and
phosphocreatine. Under acidosis conditions, it normalizes the functioning of
membrane ion channels, prevents the accumulation of calciumand sodium ions in
cardiomyocytes, and normalizes the intracellular content of potassium ions. Also,
trimetazidine reduces intracellular acidosis and elevated phosphate levels. It
prevents the heart from the damaging action of free radicals, preserves the
integrity of cell membranes, modifies the activation of neutrophils in the
ischemic zone, increases the duration of the electrical potential, reduces the
release of creatine phosphokinase (CPK) from cells, and thus the severity of
ischemic myocardial damage.

Trimetazidine reduces the angina attacks frequency, reduces the demand
for nitrates administration. Also, it increases exercise tolerance and contributes
to stabile normal blood pressure (BP) achievement.

The myocardium is a highly energy-consuming and energy-independent
morphophysiological structure. In the cell, we separate 2 ways of energy
supplying regulation-production and accumulation, in the case of the
myocardium, energy accumulation is onerous due to the well-developed
myofibrillar apparatus of the cardiomyocytes' cytoplasm [11]. Consequently,
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only energy generation is possible in the myocardium, and therefore a relatively
low content and a high rate of ATP hydrolysis are determined in heart tissue [4].
It is known that a complete turnover of the ATP pool occurs within 10 s.
Considering that more than 95% of ATP molecules are synthesized due to
oxidative phosphorylation, however, this mechanism of intramyocardial
homeostasis is disturbed in heart failure [2].

The regulation of myocardial metabolism is associated with the
concentration of gasesin arterial blood, hormone levels, coronary blood flow,
inotropic state, and the state of the heart tissue itself [10]. The tricarboxylic acid
cycle is a source of acetyl-CoA, resulting from the decarboxylation of pyruvate
and B-oxidation of fatty acids. Reducing equivalents (NADH and FADH)
supply electrons to the electron transport chain, which, in fact, leads to the
formation of ATP (due to oxidative phosphorylation) [8]. In a healthy heart, the
intensification of the above reactions is determined by the need for external
energy generated by the myocardium and the rate of ATP hydrolysis.

It should be noted that there is a stoichiometric relationship between the
rate of carbohydrate oxidation, NADH and FADH reduction, electron flow
through the electron transport chain, oxygen consumption, oxidative phospho-
relation, ATP hydrolysis, actin-myosin interaction, and myocardial contractility
[3,5] (Fig.). Thus, an increase in contractility leads to a simultaneous rise in all
the listed components of the system.
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Fig. Biochemical aspect of trimetazidine action [5]

Long-chain free fatty acids (FFA), glucose, glycogen, lactate, pyruvate,
as well as ketone bodies and amino acid metabolites, can act as a substrate for
intramyocardial ATP production. Such a heterogeneous spectrum of substances
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provides certain flexibility of myocardial metabolism; hence the following
concepts follow [1]:

1.Myocardial metabolism is adaptive to changes in the internal and
external environment. However, in HF, the degree of adaptability
decreases significantly.

2.Myocardial metabolism is a self-regulating process; this is
explained by the fact that the intermediate links of the tricarboxylic acid
cycle are mediators that control the main pathway of energy production.

3.Metabolites can also provide a plastic function.

Thus, myocardial metabolism is a complexly organized functional and
biochemical system that ensures the myocardium's coordinative functioning,
ensuring its contractile activity and the operation of ion pumps. Therefore, the
study of the mechanisms of maintaining normal myocardial metabolism in
various pathological conditions looks like a very promising direction.

Currently, trimetazidine is the only cardioprotective medication included
in clinical guidelines of noted cardiological societies, such as the European
Society of Cardiology and the Russian Society of Cardiology. Trimetazidine is
recommended for patients with stable angina [18]. Moreover, a growing body of
clinical trial results proves the efficacy of trimetazidine in patients with CHF,
including those with diabetes [6].

Trimetazidine, a piperazine compound is widely used in modern clinical
practice by cardiologists and internists. This drug belongs to the group of FFA
B-oxidation inhibitors [7]. It is known that the FFA oxidation releases a large
amount of energy, but this process requires increased oxygen consumption [9].
A shift in metabolism during ischemia towards p-oxidation of FFA is associated
with an even more significant increase in myocardial oxygen demand. In
contrast, glucose metabolism decreases, which leads to the accumulation of
lactate and, in extreme cases, to the development of metabolic acidosis [12].
Thus, trimetazidine selectively inhibits long-chain 3-ketoacyl coenzyme A
thiolase (LC 3-KAT), the final enzyme in the FFAB-oxidation pathway, thereby
increasing the rate of glucose metabolism [15].

Trimetazidine also increases pyruvate dehydrogenase activity, restoring
glucose oxidation and glycolysis balance during ischemia. This leads to a
decrease in oxygen consumption during the synthesis of adenosine-5'-
triphosphate (ATP), a limited increase in intracellular acidosis, and a decrease
in calcium ions' accumulation in the cytoplasm cardiomyocytes. Correction of
energy deficiency leads to stabilization of the plasma membrane and membrane
potential [16].

Another mechanism of action of trimetazidine that may be important for
patients with CSD, including patients with CHF, is the direct inhibition of
cardiac fibrosis, trimetazidine reduces collagen accumulation and CTGF
expression in cardiac fibroblasts, as well as NADPH oxidase activity and ROS
production, compared with placebo [18].
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Data obtained from an immense spectrum of experimental and clinical
studies conducted among experimental animals and chronic heart failure
patients demonstrated that trimetazidine has cardioprotective efficacy and is also
amore unified drug than nifedipine and propranolol because trimetazidine doesn't
possess any influence on hemodynamic parameters.

Trimetazidine also exhibits a mitochondrioprotective effect [2], limits
ROS generation within cells, and suppresses the infiltration of myocardial tissue
by neutrophils. Statistically significant data were also obtained regarding
trimetazidine-mediated stimulation of the mir-21 molecule, which modifies the
intensification of proapoptotic death of cardiomyocytes by inhibiting the
Bax/Bcl-2 and caspase-3 genes.

Summing up the above, it is worth noting that despite the multifaceted
study of the problem of cardiotoxicity of chemotherapy drugs, it is far from
being finally resolved. The use of trimetazidine in doxorubicin and
cyclophosphamide-induced disruption of the functioning of the cardiovascular
system, due to the multi-directionality of its pharmacodynamics, can become a
very promising direction in the prevention of cardiotoxicity caused by the AC-
mode of chemotherapy.
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Tpumerasuaun: 3pPeKTHBHBINA MPOTEKTOP CepPALA U COCYA0B

A.A. ABarnmsH, JI.B. Kaktypcknii, JI.LE. 'ornamsuiau, A.B. Epanocsin

TpumerasuauH, COECAMHEHHWE IMIEpPa3UHA, LIMPOKO NPUMEHSEMOEe B
COBPEMEHHON KJIMHUYECKOW IPAKTUKE KApAHOJIOraMu U TepaneBTaMy. J{aHHbII
npernapaTr OTHOCUTCS K TPYIIe HHTHOUTOPOB B-OKUCIICHUS CBOOOHBIX HKHUPHBIX
KHCIIOT. M3BECTHO, YTO MPH OKUCIICHHH >KUPHBIX KUCIOT BBIAEISIETCS OOJIBIIOE
KOJIMYECTBO JHEPIUH, OAHAKO JAHHBIM mpouecc TpeOyeT MOBBIIEHHOTO
notpetyieHust kucnopoaa. [Ipu uiieMun MpOUCXOAUT CIBUT MeTaboym3Ma B
CTOPOHY [-OKHCIIEHHsS CBOOOJHBIX MHPHBIX KHCIIOT, YTO CBSI3aHO C elle
OOJNBIIMM pPOCTOM MOTPEOHOCTH MHOKapia B KHCIOPOAE, B TO BpEMS Kak
MeTa0O0JIM3M TIIFOKO3bI CHUKAETCS, YTO MPUBOAMT K HAKOIUICHHIO JIAKTaTa W, B
KpaiiHEeM ciyd4ae, K Pa3BUTHIO META0OJIMYECKOro amuao3a. TakuM o0pasowm,
TPUMETA3UJINH, CEJIEKTUBHO WHTHOMPYs JUIMHHOIEIIOYEYHYI0 —3-KeTOAInI-
kodepment A tnonazy (LC 3-KAT), xoropas siBisieTcs KOHEYHBIM (pepMeH-
TOM B IYTH [-OKHCJIECHUS CBOOOIHBIX JKMPHBIX KHUCJIOT, YBEIHMYUBAECT TEM
CaMbIM CKOPOCTh METabO0IM3Ma TIIFOKO3bI.
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Sphutwnnwghnht. upwnh b wunpubph wpymbuytn Yuonyw

U.U. Udughdjul, L.9. Yulwnnipuljh, L.G. nghwoyhih,
2.4, Gpuunuub

Sphubkwnwghnhtt whybkpughtiwghtt dhwgnipnip juytnpkt oquuw-
gnpdynud E dwdwiwljuljhg Yihuhjulwt ypulunhjumnd uprnwpwb-
ukph b hunbtpthunttph Ynnuhg: Uju phinuuhengp wwwnjwund L

wquwn  Jwpyuwppniubph p-opupnugdwt  huhhphwnpubph  fudphte
Zujnth L, np dwpwuppniubph opuhnugnidhg wquuynid b ks
pwhwlnipjudp tubpghw, uwluyt wju gqnpépupwugp wwhwbenid L
ppYywsth uyundwt wybjugnid: Pokdhwih dwudwbwly wnbnh £ niuk-
unud  ynipuhnpwbwlnipjutt mnupwpd nhyh wquun upyw-
ppniutph p-opuhnugnid, hisp Juuydws L upnwdjuuh ppdusih
wwhwbownlyh k| wykh dké wgh hbwn, dhtynbn qniynquyh iynipw-
thnjuowbiwlnipniup wwgqnud k, hyp hwtghginid E jujunwunh Ynt-
nuljiwi b suypuwhbn nhwppnud’ Uknwpnihl wghnngh qupqugdub:
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