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Abstarct. Recent studies confirm the need to find means to correct ischemic / reperfusion injury due to 
the hemodynamic medicine, which are already known do not have the proper cardioprotective effects. 
Key issue is the possibility of drug effects on the mitochondria of cardiomyocytes that controls the 
aerobic metabolism and maintenance of ATP admission into cardiomyocytes. Moreover mitochondria 
are the target of ischemia / reperfusion injury and involved in the cardioprotective mechanism ischemia 
and pharmacologic pre- and postconditioning. Effect of nitric oxide during ischemic reperfusion directed 
to mitochondria, is considered as the ultimate goal of cardioprotection. Preconditioning effects is begun 
from sarcolemmal membrane and then is directed to the cytoplasm through a plurality of stages of 
enzymes, including nitric oxide synthase (NOS), soluble guanylatecyclase (sGC) and protein kinase G 
(PKG). Thus, the signal is transmitted to the mitochondria, where it occurs cardioprotection. It is proved 
that the mitochondria provides protection of the heart against ischemia-reperfusion injury by opening the 
mitochondrial ATP-sensitive K + channels and by converting the capacity of mitochondria. Metabolic 
modulation concept can be used in the development of strategies cardioprotection for treatment in 
ischemic / reperfusion myocardial injury. 
Keywords: meldonium, pharmacological preconditioning, ischemic / reperfusion injury, heart. 

A brief review on the mechanisms of meldonium 
action. 

1. Influence on metabolic rate
Over the last few decades in medicine 

"metabolic" trend has been developing intensively, 
which aims at the analysis of cell metabolism 
disorders in cardiovascular disease. Changes in 
metabolism in ischemic cardiomyocytes can be 
regarded as the point of application of medical 
effects, particularly with drugs that can affect the 
processes occurring in mitochondria directly. By 
now, it has been created a number of drugs that 
directly affect the metabolic processes in 
cardiomyocytes, which is known as "myocardial 
cytoprotectors"  [1, 2, 3, 4, 5, 6]. 

It is accumulated activated long-chain fatty acids 
in myocardial cells in ischemic heart disease [7, 8]. 
These conjugates of fatty acids inhibit additional 
myocardial oxygenation and intracellular production 
of ATP. As it has been shown in some studies, the 
delay of synthesis of ATP as well as the intracellular 
accumulation of long-chain fatty acids can reduce L-
carnitine [9, 10]. In his studies on isolated porcine 
heart A. J. Liedtkeet al. [11] showed that carnitine 

blocked toxicity of long-chain fatty acids during 
hypoxic myocardial injury [12, 13]. 

However, under normal physiological 
concentration carnitine stimulates the transport of 
fatty acids. However, at high concentrations of 
carnitine it is pumping oxidized fatty acids from 
cells, which lead to the destruction of the 
myocardium. The ability to reduce the size of infarct 
is caused by a decrease of L-carnitine content in the 
tissues of the heart, and the subsequent inhibition of 
fatty acid transport and protection of the outer 
mitochondrial membrane of myocardial mitochondria 

Meldonium is a drug, which can reduce the level 
of carnitine. It blocks the synthesis of carnitine from 
γ-buterobetaine by reversible competitive inhibition 
of the enzyme gamma-butyrobetaine hydroxylase, 
which reduces the carnitine-dependent transport of 
fatty acids into the mitochondria [14, 15, 16]. 

Under normal conditions, when there is no 
shortage of oxygen, energy of the myocardium is 
mainly formed from fatty acids (FA) and glucose to 
adenosine triphosphate(ATP).According to the needs, 
it is occurred the mobilization of FA by the signal the 
nervous system via carnitine, which activated 
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transport of FA across the mitochondrial membrane, 
where is supplied a sufficient amount of oxygen [17]. 

The result of mitochondrial β-oxidation of FA is 
formed acetyl-coenzyme A, which enters into the 
Krebs cycle, where ATP is synthesized. Another 
source of energy is a way of aerobic or anaerobic 
oxidation of glucose. However, myocardial 
metabolism varies in ischemic conditions. Short-
chain and long-chain FA enter the mitochondria, but 
there is not enough oxygen for the oxidation in the 
cell. Consequently, in the mitochondria of ischemic 
tissue it is accumulated metabolites unoxidized FA 
(acylcarnitine and acyl-coenzyme A (acyl-CoA)), 
which block transport earlier synthesi zed ATP from 
mitochondria into the cytosol. It causes a devastating 
effect on the cell membranes, which can lead cells to 
ischemic death. In addition, the accumulation of FA 
blocks the oxidation of glucose (it is studied during 
reperfusion of ischemic myocardium), and long-chain 
acylcarnitine contributes to reductions in ischemic 
myocardium, which leads to a vicious circle [6, 18]. 
The consequence of the toxic effect of non-oxidized 
metabolites FA is the blockade of  Ca 2+ -ATPase of 
the sarcoplasmic reticulum – calcium pump required 
for normal myocardial contractility. Consequently, it 
is necessary to restrict the flow of long-FA through 
the mitochondrial membrane for the correction of 
disturbed metabolism in the ischemic cells, 
simultaneously activate an alternative oxidation 
mechanism of the glucose for energy production in 
the cells [19, 20, 21]. In conditions of an oxygen 
shortage, it is more advantageous to use an oxidation 
of glucose than FA, since this process requires less 
amount oxygen by the cells. The formation of ATP 
through aerobic glycolysis requires 12% less oxygen 
than ATP production by the oxidation of FA.  

On the one hand, due to oxygen deficiency, the 
oxidized products of FA (acylcarnitine and acyl-CoA) 
accumulate in the myocardial ischemia, transport of 
ATP from mitochondria is blocked, cell membranes are 
destroyed, ionic composition is changed, and 
contracture of ischemic myocardium is developed. 

On the other hand, in hypoxia, glucose oxidation 
only occurs to lactate, acidosis and electrical instability 
of myocardium are developed, and arrhythmias arise. 
Thus, under ischemic conditions, it is essential to 
change the process of ATP production from FA 
oxidation to glycolysis. Thereby the need of the cells in 
oxygen for ATP production is reduced and it is 
prevented the accumulation of activated forms FA in 
the cells mitochondria  [22, 23]. Thus, it is important to 
use the oxygen sparing cytoprotection for the treatment 
of ischemic heart disease what are partial inhibitors of 
oxidation, activators of FA transport and glucose 
oxidation. All the preparations for metabolic therapy in 
cardiology can be divided into two groups: metabolic 
therapy preparations and preparations for the correction 

of metabolism. According to modern concepts, "ideal" 
metabolism corrector should prevent the accumulation 
of a large amount of unoxidized FA in the cells 
(prevention of cell membrane damage), activate the 
capture and oxidation of glucose by cells, inhibit the 
formation of lactate and stimulate the oxidation of 
pyruvate, as well as being able to prevent the formation 
of activated oxygen species (prevention oxidative 
stress). To the greatest degree, the "ideal" metabolism 
corrector may include well-known meldonium, because 
it affects all three components [24, 25, 26]. 

Cytoprotection mechanism of myocardial 
ischemia 

Meldonium belongs to a group of so-called 
cytoprotectors–antihypoxants, which provide protection 
and power of the body cells in conditions of ischemia 
and increased load. Mildronat is a structural analogue of 
the gamma-butyrobetaine (GBB), and therefore it is a 
competitive inhibitor of the GBB-hydroxylase – the last 
enzyme in the chain of carnitine biosynthesis in the 
body of humans and animals. Consequently, the drug 
decreases concentration of carnitine in serum, and in the 
cytosol, and mitochondrial matrixreversibly. By several 
researchers it has been proposed another possible way 
of meldonium influence on the content of carnitine in 
the body. It has been proved, that meldonium is also an 
inhibitor of carnitine reabsorption in the kidney, 
because it reduces renal transport of carnitine [27]. This 
mechanism provides a rapid decrease concentration of 
carnitinein the blood, which subsequently affects the 
gradual decrease of its concentration in the tissues. As a 
result, carnitine is not reabsorbed in the kidneys and is 
not metabolized again and excreted from the body 
immediately. Reduced carnitine levels has a dual effect 
on the human body. Limiting the availability of 
carnitine in the cytosol reduces the rate of activation 
and transport of long-chain FA to the place of their 
oxidation in mitochondria. In other words, in ischemia 
meldonium slows the rate of penetration and 
accumulation of long-chain fatty acids in mitochondria. 
Thereby it prevents blockage transport ATP from 
mitochondria to the cytosol and mitochondrial 
membrane integrity disruption due to the destroying 
properties of activated FA (acylcarnitine and acyl-
CoA).Due to the limited transport and oxidation of fatty 
acids in the mitochondria, their concentration in the 
cytosol increases, which is a signal of inclusion of 
alternative ways of energy production by aerobic 
glycolysis. It established, that meldonium increases the 
sensitivity of the insulin receptor to insulin and 
stimulate the insulin controlled glucose uptake that 
promotes the availability of glucose for inclusion in the 
energy production processes [28, 29]. 

At the same time meldonium activates the two 
most important enzyme of aerobic glycolysis – 
hexokinase and pyruvate dehydrogenase, which 
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involve pyruvate formed from sugars into the Krebs 
cycle, and it prevents the formation of lactate. 
Moreover, it is not only increased the activity of 
these enzymes under the influence of meldonium, as 
well as it is induced their biosynthesis. 

It is found, that the development of atherosclerosis 
and associated incidents of myocardial infarction, stroke 
and mortality directly correlated with the concentration 
of carnitine in the plasma of patients and increased 
levels trimethylamine oxide, which is a metabolite of 
carnitine because of its degradation by intestinal 
microorganisms [30, 31]. The explanation is that 
trimethylamine oxide, which is generated from 
carnitine, blocks macrophages capture of excessive 
amounts of cholesterol at its peak concentration in the 
blood, and return transport of cholesterol from plasma 
into the liver and the bile. As a result, the formation of 
cholesterol lesions can occur even at low levels of 
average values in plasma cholesterol concentration. 
This explains the mechanism by which meldonium 
significantly reduces plaque formation in the aorta in 
animals predisposed to atherosclerosis [32, 33]. Also, in 
patients with diabetes mellitus type 2 (DM2) of disease 
severity is directly correlated with the concentration of 
carnitine in the blood plasma [34]. This indicates the 
need to review the use of carnitine or carnitine-
containing products, as the degradation of carnitine to 
trimethylamine oxide significantly increased risk of 
atherosclerotic cardiovascular disease [30]. 

The only remedy in the world, which reduces the 
level of carnitine in humans, is meldonium. A pilot 
study in healthy volunteers, who received dietary 
trimethylamine, or its predecessors, has shown, that 
meldonium not only reduces the level of carnitine, but 
also reduces the level of formation of pro-atherogenic 
factor – trimethylamine oxide. Thus, the use of 
meldoniumto reduce to safe levels of carnitine and 
trimethylamine oxide is pathogenetically justified and 
purposeful way of preventing the development of 
atherosclerosis, and possibly the DM2.Consequently, 
meldonium is not only has unique cytoprotective 
properties in ischemic lesions of different etiology and 
localization, but also acts on the molecular mechanisms 
of atherosclerosis. Possible mechanisms of actions of 
meldonium is discussed in the publications of several 
authors [35, 36]. 

The points of action meldonium: protection of 
endothelial cells and cardioprotective effect 
Another important pathogenetic part of the 

defeat of the cardiovascular system is the 
development of dysfunction of vascular endothelium 
[37, 38, 39, 40], the consequent remodeling of the 
vascular wall and formation of angiopathy in arterial 
hypertension, which creates conditions for stable 
high blood pressure, reducing the effectiveness of 
antihypertensive drugs, the development of 
atherosclerotic lesions of arteries [41, 42, 43, 44]. 

A special role in the regulation of vascular tone 
plays nitric oxide. Nitric oxide is the most potent 
endogenous vasodilator. Nitricoxide, acting via 
guanylate cyclase, increases the formation of cyclic 
guanidin monophosphate, accumulation of which is the 
causes of vascular relaxation. Oxidative stress and the 
high concentration of free radicals leads to accelerated 
degradation of nitric oxide [45]. The development of 
endothelial dysfunction in hypertension accompanied 
by apoptosis of vascular endothelial cells caused by free 
radicals and a violation of the processes of intracellular 
energy transfer, so the correction of free-radical 
processes and intracellular metabolism in the vascular 
endothelium is one of the conditions for the effective 
treatment of hypertension and endothelial dysfunction. 

In this regard, meldonium may be the drug for 
correction dysfunction of the vascular endothelium and 
inhibition of free radical oxidation processes, as plasma 
concentration of carnitinsprecursor – gamma-
butyrobetaineincreasesunder the influence of 
meldonium, which is first and foremost – its esters – 
promotes NO biosynthesis – nitric oxide, which is the 
main factor regulating vascular tone, and also affects 
platelet aggregation and flexibility of red blood cells. It 
has shown that the γ-butyrobetaine esters have potent 
acetylcholine-like effect on blood vessel 
tonusMeldoniumhas the same effect [46, 47, 48]. 
Consequently, there are carnitine-independent effects of 
meldonium that cause a positive effect on the 
microcirculation. It should be emphasized, that the 
characteristic feature of NO is the ability rapidly (in less 
than 5 seconds) to diffuse through the membrane in its 
cells synthesize extracellular space and easily (without 
the receptors) to penetrate into the target cells. Inside 
the cell, it activates one and inhibits other enzymes 
participating in the regulation of cellular functions, and 
in fact acting as a local signaling molecule.NO is a 
potent vasodilator, which is synthesized in the 
endothelium of the vascular wall, it quickly penetrates 
into the subendothelial space, and affects vascular 
smooth muscle cells.NO molecule reduces intracellular 
calcium by adenylate cyclase mechanism. This leads to 
the relaxation of vascular smooth muscle cells, improve 
microcirculation and endothelial function [49, 50, 51]. 

New concepts in implementation of 
cardioprotective effects meldonium 

Another promising direction of studying the 
mechanisms of action meldonium is a 
pharmacological preconditioning. One version is the 
inclusion of compensatory mechanisms by inhibiting 
the synthesis of carnitine. 

In addition, a number of authors attempted to 
explore a new approach to the possible mechanism of 
action meldonium [52, 53, 54, 55]. In a number of 
experimental studies have been proven the ability 
meldonium activate a cascade of reactions through 
ATP-dependent potassium channel system which 
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lead to the implementation of the preconditioning 
phenomenon. Thus, they provide endotelio- and 
cardioprotective effect as well as anti-ischemic effect 
through this mechanism. These properties are 

essential for highly efficient drug, which is used for 
treatment and prevention of diseases associated with 
endothelial dysfunction Figure 1.

Figure 1. The hypothetical role meldonium in the mechanism of ischemic preconditioning. 
Note.К+ АТФканалы – ATP-dependent potassium channel; eNOS – endothelial NO-synthase; iNOS – inducible NO-synthase; 
L-NAME – N- nitro-L-arginine-methyl ester; NO – Nitric oxide; РФК – reactive oxygen species; ЦОГ-2 – cyclooxygenase-2 

ATP-dependent potassium channels are the 
effector mechanism in the implementation of anti-
ischemic effect, acts as a distant ischemic 
preconditioning and meldonium/ Nitric oxide acts as 
a trigger of ischemic preconditioning [56, 57, 58]. 

In either case, its synthesis is carried out by 
activation of the inducible and endothelial NO-
synthase. Meldonium competing for the receptors, 
gamma-butyrobetaine, it reduces the concentration 
of carnitine. Due to the geomitric similarity gamma-
butyrobetaine to acetylcholine it activates 
endothelial acetylcholine receptors which lead to the 
induction of NO synthesis. It follows that the 
meldonium can be recommended as the drug for 
pharmacological preconditioning. 

Thus, the therapeutic mechanism and protective 
action of meldonium is its effect on carnitine levels, 
trimethylamine oxide and metabolic energy pathways , 
which provides a more economical and efficient 
functioning of cells under conditions of oxygen 
shortage. Antiischemic effects of meldonium are 
achieved by reducing the intensity of fatty acid oxidation 
in ischemia (oxygen savings) , activation mechanisms to 
capture and oxidation of glucose for energy production 
pharmacological preconditioning, which includes 
compensatory mechanisms – training through the 
suppression of the synthesis of carnitine, and induction 

of NO biosynthesis, vasoactive effects by reducing 
peripheral vascular resistance and endotelioprotective 
effect via induction of NO biosynthesis. 

References 
1. Kosarev V.V., Babanov S.A. Clinical 

pharmacology of myocardial cytoprotection and their 
place in the treatment of ischemic heart disease. Russian 
Medical Journal. Cardiology. Vol. 20, № 4(2012): 
187-188. (In Russian) [Full text] 

2. Mihin V.P. Cardiocytoprotectors – new direction
of Clinical Cardiology, heart. Arhiv Internal Medicine. 
№ 1(2011): 21-27. (In Russian) [Full text] 

3. Skachilova S.J., Caesar O.G., Danilenko L.M. [et.
al.]. Pharmacological ischemic myocardium protection of 
3- (2,2,2-trimethylhydrasine) propionate and evaluation of 
their antioxidant activity. Scientific statements Belgorod 
State University. Series: Medicine. Pharmacy. Vol. 1, 
№ 4 (6) (2015): 25-31. (In Russian) [Full text] 

4. Lango R., Smolenski R.T., Narkiewicz M. [et.
al.]. Inflence of L-carnitine and its derivatives 
onmyocardial metabolism and function in ischemic heart 
disease and during cardiopulmonary bypass. Cardiovasc 
Res. Vol. 51(2001): 21-29. [PubMed] 

5. Dambrova M., Liepinsh Е., Kalvinsh I.
Mildronate: cardioprotective action through 
carnitinelowering effct. Trends Cardiovasc Med. 
Vol. 12(2002): 275-279. [PubMed] 

6. Vilskersts R., Liepinsh E., Mateuszuk L. [et. al.].
Mildronate, a regulator of energy metabolism, reduces 

Meldonium 

Endotelio, and 

cardioprotection 

iNOS 

The nucleus 

of the cell 

COX-2 

Protein synthesis 

Aminoguanidine K+ATP channels 

еNOS 

L-arginine NO 

O2

Opioids 

Bradykinin 

Proteinсinase С 
Adenosine 

Са++ 

G белок 

Glibenclamide 

L-NAME 

http://www.bsu.edu.ru/upload/iblock/1a5/oktjjczm%20yzldjaeo%20sqxbeu%2017_1.pdf
http://www.bsu.edu.ru/upload/iblock/1a5/oktjjczm%20yzldjaeo%20sqxbeu%2017_1.pdf
http://www.bsu.edu.ru/upload/iblock/1a5/oktjjczm%20yzldjaeo%20sqxbeu%2017_1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vilskersts%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19325254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liepinsh%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19325254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mateuszuk%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19325254


Danilenko L.M., Klochkova G.N., Kizilova I.V., Korokin M.V. Metabolic cardioprotection: new concepts 

in implementation of cardioprotective effects of meldonium. Research result: pharmacology and 

clinical pharmacology.  Vol.2, №3 (2016): 95-100. 

99 

RESEARCH RESULT:  

PHARMACOLOGY AND CLINICAL PHARMACOLOGY 

atherosclerosis in apoE/LDLR-/- mice. Pharmacology. 
Vol.  83(5)(2009):Р.93. [PubMed] 

7. Sjakste, N., Kalvinsh I. Mildronate: an
antiischemic drug for neurological indications. CNS Drug 
Rev Vol. 11(2):151(2005): 68. [PubMed] 

8. Dambrova M., Daĭia D, Liepin'sh E. [et. al.].
Biochemical mechanisms of mildronate action during 
ischemic stress. Lik Sprava. Vol. 2(2004): 68-74. [PubMed] 

9. Simkhovich B.Z., Vitolinja R.O., Stivrinya M.I. [et
al.]. Prevention of ischemic myocardial damage by lowering 
the intracellular concentration of free carnitine. Cardiology. 
Vol. 27, № 7(1987): 85-88. (In Russian) [Full text] 

10. Dambrova M., Cirule H., Svalbe B. [et. al.].
Effect of inhibiting carnitine biosynthesis on male 
ratsexual performance. Physiol. Behav. Vol. 95(3)(2008): 
341-347. [PubMed] 

11. Aoyagi T., Sugiura S., Eto Y. [et. al.] // Inhibition 
of carnitine synthesis protects against left 
ventriculardysfunction in rats with myocardial ischemia. J. 
Cardiovasc. Pharmacol. Vol. 30(4)(2007): 74. [PubMed] 

12. . Kuka J., Vilskersts R., Cirule H. [et. al.]. The 
cardioprotective effect of mildronate is diminished after 
co-treatment with l-carnitine. J Cardiovasc Pharmacol 
Ther. Vol. 17(2012): 215-222. [PubMed] 

13. Li  M., Xue L., Sun H. [et. al.]. Myocardial
Protective Effects of L-Carnitine on Ischemia-Reperfusion 
Injury in Patients With Rheumatic Valvular Heart Disease 
Undergoing Cardiac Surgery. J Cardiothorac Vasc Anesth. 
Vol. S1053-0770 (16)30178-1(2016).[PubMed] 

14. Dambrova M., Makrecka-Kuka M., Vilskersts R.
[et. al.]. Pharmacological effects of meldonium: 
Biochemical mechanisms and biomarkers of 
cardiometabolic activity  Pharmacol Res. S1043-
6618(15)30171-7(2016) [PubMed]  

15. Yonekura К., Eto Y., Yokoyama I. [et. al.].
Inhibition of carnitine synthesis modulates protein contents of 
the cardiac sarcoplasmic reticulum Ca2+-ATPase and 
hexokinase type I in rat hearts withmyocardial infarction. 
Basic. Res. Cardiol. Vol. 95(5) (2000): 343-348. [PubMed] 

16. Liepinsh E., Vilskersts R., Loca D. [et. al.].
Mildronate, an inhibitor of carnitine biosynthesis, inducesan 
increase in gamma-butyrobetaine contents and 
cardioprotection in isolated rat heartinfarction. J Cardiovasc 
Pharmacol. Vol. 48(6): 314-9.(2006).[PubMed] 

17. Liepinsh E., Kuka J., Svalbe B. [et. al.]. Effcts of
long-term mildronate treatment on cardiac andliver 
functions in rats. Basic Clin Pharmacol Toxicol. Vol. 
105(6) (2009): 387-94. [PubMed] 

18. Drapkina O.M., Kozlova E.I. New ways to optimize
antiischemic therapy. Russian Journal of Cardiology. Vol. 
1(81)(2010): 82-84. (In Russian) [Full text] 

19. Aoyagi T., Sugiura S. , Eto Y.[et. al.]. Inhibition
of carnitine synthesis protects against left ventricular 
dysfunction in rats with myocardialischemia. J Cardiovasc 
Pharmacology. Vol. 30(4) (1997): 468-74 [PubMed] 

20. Vilskersts/ R. , Liepinsh E. , Mateuszuk L.[et. al.].
Mildronate, a regulator of energy metabolism, reduces 
atherosclerosis in apoE/LDLR-/- mice. Pharmacology. 
Vol. 83(5):287-93 (2009).[PubMed] 

21. Krivtsova E.I., Pavlova N.G., Ponomarenko Iu. P.
[et. al.]. Mechanism of the mildronate effect on the 
development of rabbit embryos during placental 

insufficiency. Biull Eksp Biol Med. Vol. 126(8): 182-5(2002). 
[PubMed] 

22. Suslin, Z.A., Maximova M.Y., Fedorov T.N.
Chronic cerebrovascular disease: clinical and antioxidant 
effectiveness mildronata. Doctor. № 4(2007): 40- 44. (In 
Russian) [eLIBRARY] 

23. Sergienko I.V, Malakhov V.V., Naumov V.G.
Antianginal and antiischemic efficacy Mildronate in 
treatment of ischemic heart disease patients with stable angina 
atmosphere. Cardiology. № 2(2005): 43-45. (In Russian) 
[Full text] 

24. Dambrova M., Cirule H., Svalbe B. [et al.]. Effect of
inhibiting carnitine biosynthesis on male rat sexual 
performance. Physiol. Behav. Vol. 95 N 3(2008): 341-347. 
[PubMed] 

25. Shabalin A.V., Ragino Iu.I., Liubimtseva S.A. [et
al.]. Effect of cytoprotection on the oxidative processes and 
endothelial function in elderly patients with ischemic heart 
disease.  Adv. Gerontol. Vol. 19( 2006): 116-119. [PubMed] 

26. Dambrova M., Liepinsh E., Kalvinsh I.
Mildronate: cardioprotective action through carnitine-
lowering effect. Trends Cardiovasc Med. Vol. 12, N 
6(2002): 275-279. [PubMed] 

27. Peschechera A., Scalibastri M., Russo F. [et al.].
Carnitine depletion in rat pups from mothers given 
mildronate: a model of carnitine deficiency in late fetal 
and neonatal life. Life Sci. Vol. 77, N 24(2005): 3078-
3091. [PubMed] 

28. Sokolovska J., Rumaks J., Karajeva N. [et al.].
Influence of mildronate on peripheral neuropathy and 
some characteristics of glucose and lipid metabolism in rat 
streptozotocin-induced diabetes mellitus model 
Biochemistry (Moscow) Supplement series B: Biomedical 
Chemistry. N 5(2011): 67-69. [PubMed] 

29. Oppedisano F., Fanello D., Calvani M. Interaction
of mildronate with the mitochondrial 
carnitine/acylcarnitine transport protein.  J. Biochem Mol. 
Toxicol. Vol. 22, N1(2008): 8-14. [PubMed] 

30. Liepinsh E., Vilskersts R., Loca D. [et al.].
Mildronate, an inhibitor of carnitine biosynthesis, induces an 
increase in gamma-butyrobetaine contents and 
cardioprotection in isolated rat heart infarction. J.Cardiovasc. 
Pharmacol. Vol. 48, N 6(2006): 314-319. [PubMed] 

31. Vilskersts R., Liepinsh E., Kuka J. [et al.].
Myocardial infarct size-limiting and anti-arrhythmic 
effects of mildronate orotate in the rat heart. Cardiovasc 
Drugs Ther. Vol. 23 N 4(2009): 281-288. [PubMed] 

32. Veveris, M., Smilsaraja B. Experimental
hypercholesterolemia and atherosclerosis model in 
laboratory mice. Baltic J. Lab. Anim. Sci. Vol. 70 N 3-
4(2000): 194-199. [PubMed] 

33. Sergienko I.V., Kukharchuk V.V., Gabrusenko
S.A. [et al.].  Evaluation of the effect of combination 
therapy on lipid mildronate factors of inflammation and 
endothelial function in patients with coronary heart 
disease. Rational pharmacological therapy, cardiology. № 
3(2007): 10-14. (In Russian) [Full text]. 

34. Liepinsh E., Vilskersts R., Zvejniece L.,[et al.].
Protective effects of mildronate in an experimental model 
of type 2 diabetes in Goto-Kakizaki rats. Br. J. Pharmacol. 
Vol. 157 N 8(2009): 1549- 1556. [PubMed] 

35. Dzerve V., Matisone D., Kukulis I. [et al.].
Mildronate improves peripheral circulation in patients with 

http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sjakste%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16007237
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dambrova%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15208880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dambrova%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15208880
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liepin%27sh%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15208880
https://www.ncbi.nlm.nih.gov/pubmed/15208880
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.bsu.edu.ru/upload/iblock/1a5/oktjjczm%20yzldjaeo%20sqxbeu%2017_1.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dambrova%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15208880
https://www.ncbi.nlm.nih.gov/pubmed/15208880
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27569824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xue%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27569824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27569824
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dambrova%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26850121
https://www.ncbi.nlm.nih.gov/pubmed/?term=Makrecka-Kuka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26850121
https://www.ncbi.nlm.nih.gov/pubmed/?term=Makrecka-Kuka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26850121
http://www.ncbi.nlm.nih.gov/pubmed/?term=10.%09Erythropoietin+preconditioning+improves+clinical+and+histologic+outcome+in+an+acute+spinal+cord+ischemia+and+reperfusion+rabbit+model
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.bsu.edu.ru/upload/iblock/1a5/oktjjczm%20yzldjaeo%20sqxbeu%2017_1.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aoyagi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=9335406
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sugiura%20S%5BAuthor%5D&cauthor=true&cauthor_uid=9335406
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eto%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=9335406
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vilskersts%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19325254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liepinsh%20E%5BAuthor%5D&cauthor=true&cauthor_uid=19325254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mateuszuk%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19325254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vilskersts+R.%2C+Liepinsh+E.%2C+Mateuszuk+L.+et+al.+Mildronate%2C+a+regulator+of+energy+metabolism%2C+reduces+atherosclerosis+in+apoE%2FLDLR-%2F-+mice.
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krivtsova%20EI%5BAuthor%5D&cauthor=true&cauthor_uid=9777232
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pavlova%20NG%5BAuthor%5D&cauthor=true&cauthor_uid=9777232
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ponomarenko%20IuP%5BAuthor%5D&cauthor=true&cauthor_uid=9777232
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inhibition+of+carnitine+synthesis+protects+against+left+ventricular+dysfunction+in+rats+with+myocardial+ischemia.
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://elibrary.ru/item.asp?id=20885218
http://www.bsu.edu.ru/upload/iblock/1a5/oktjjczm%20yzldjaeo%20sqxbeu%2017_1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review
http://www.bsu.edu.ru/upload/iblock/1a5/oktjjczm%20yzldjaeo%20sqxbeu%2017_1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/?term=2.%09Management+of+alkali+burns%3A+an+11-year+retrospective+review


 

Danilenko L.M., Klochkova G.N., Kizilova I.V., Korokin M.V. Metabolic cardioprotection: new concepts 

in implementation of cardioprotective effects of meldonium. Research result: pharmacology and 

clinical pharmacology.  Vol.2, №3 (2016): 95-100. 

100 

 

RESEARCH RESULT:  

PHARMACOLOGY AND CLINICAL PHARMACOLOGY 

chronic heart failure: results of clinical trial (the first 
report) Seminars Cardiology. Vol. 11 N 2(2005): 56-64. 

36. Kalvinsh, I. Synthesis and biological activity of new 
bioregulator mildronata.  The experimental. and clinical. drug 
therapy. № 19(2001): 7-14. (In Russian) [Full text] 

37. Denisyuk T.A., Lazareva G.A., Provotorov V.Yu., 
Shaposhnikov A.A. Endothelium and cardioprotective effects 
of HMG-Co-Areductase in combination with L-arginine in 
endothelial dysfunction modeling. Research result: 
pharmacology and clinical pharmacology. 2016. Vol. 2, №1 
(2): 4-8. [eLIBRARY] [Full text] 

38. Provotorov V.Y., Korokin M.V., Pokrovskii 
M.V., Povetkin S.V., Lazareva G.A., Stepchenko A.A., 
Bystrova N.A. Endothelio- and cardioprotective effects of 
vitamin B6 and folic acid in modelling methionine-
induced hyperhomocysteinemia. Research result: 
pharmacology and clinical pharmacology. 2016. Vol. 2, 
№1 (2): 16-19. [eLIBRARY] [Full text] 

39. Molchanova O.V., Pokrovskaya T.G., Povetkin 
S.V., K.M. Reznikov Endothelioprotective property of the 
combination of the thioctic acid and rosuvastatin shown in 
the endothelial dysfunction models. Research result: 
pharmacology and clinical pharmacology. 2016. Vol. 2, 
№1 (2): 9-15. [eLIBRARY] [Full text]  

40. Ivlitskaya I.L., Korokin M.V., Loktionov A.L. 
Pharmacological efficiency of statins and L-norvalin at an 
endotoxin-induced endothelial dysfunction. Research 
result: pharmacology and clinical pharmacology. 2016. 
Vol.2 , №2: 25-35 [eLIBRARY] [Full text]  

41. Gumanova N.G., Artyushkova E.B., Metel'skaya 
V.A. [et al.]. Effect of antioxidants pQ510 and resveratrol 
on regulatory function of the endothelium in rats with 
modeled arterial hypertension. Bulletin of Experimental 
Biology and Medicine. Vol. 143 (6)(2007): 678-
681.[Scopus][Full text] 

42. Pokrovskiy M.V, Artyushkova E.B., Pokrovskaya 
T.G. [et al.]. Methods of Experimental Modeling of 
Endothelial Dysfunction. Allergology and Immunology. 
Vol. 9(3)(2008): 327-334.[eLIBRARY] 

43. Skachilova, S.Y., Kesarev O.G., Danilenko L.M. 
[et al.]. Pharmacological correction of L-NAME-induced 
oxide deficiency with derivatives of 3-(2,2,2- 
trimethylhydrazinium) propionate Research result: 
pharmacology and clinical pharmacology. Vol. 
1(2)(2016): 36-42. [eLIBRARY] 

44. Danilenko, L.M., O.V. Kharitonova, M.V. 
Pokrovsky [et al.]. Endotheliazation Mildronate and its 
derivatives in modeling L-NAME induced nitrogen oxide.  
Scientific statement BSU. Ser. Medicine. Pharmacy. Vol. 
22/2, №16 (2011): 58-62. [eLIBRARY] [Full text]  

45. Korokin, M.V., Pashin E.N., Bobrakov K.E. [et 
al]. Studying endothelioprotection and coronary action of 
derivatives 3-oksipiridin. Kuban Research Medical 
Bulletin. №4 (2009): 104-108. [eLIBRARY] 

46. Sjakste N., Kleschyov A.L., Boucher J.L., [et al.]. 
Endothelium- and nitric oxide-dependent vasorelaxing 
activities of gamma-butyrobetaine esters: possible link to 
the antiischemic activities of Mildronate. Eur. J. 
Pharmacol. Vol. 495, N 1(2004): 67- 73. [Full text] 

47. Sjakste N., Baumane L., Boucher J.L. [et al.]. Effects 
of gamma-butyrobetaine and Mildronate on nitric oxide 
production in lipopolysaccharide-treated rats. Basic. Clin. 
Pharmacol Toxicol. Vol. 94 N 1(2004): 46-50. [Full text] 

48. Artyushkova, E.B., Pokrovskiy M.V., Artyushkova 
E.V. [et al.]. Endothelio- and cardioprotective effects of 
мeldonium and тrimetazidine in L-NAME induced 
endothelial dysfunction in the experiment. Kurskiy 
scientifically-practical Herald "Persons and his health".  
№ 3(2010): 5-10. [eLIBRARY] [Full text] 

49. Belous A.S., Pokrovskii M.V., Pokrovskaya T.G. [et 
al.]. Correction of endothelial dysfunction with impaza 
preparation in complex with enalapril and losartan during 
modeling of NO deficiency. Bulletin of Experimental Biology 
and Medicine. Vol. 148 (3)(2009): 511-513.[Scopus][Full 
text] 

50. Chernomortseva E.S., Pokrovskii M.V., 
Pokrovskaia T.G. [et al.]. Experimental study of 
cardioprotective and endothelioprotective action of 
macrolides and azalides. Eksperimental'naia i klinicheskaia 
farmakologiia. Vol. 72 (2)(2009): 29-31.[Scopus][Full text] 

51. Pokrovskii M.V., Pokrovskaya T.G., Gureev V.V. 
[et al.]. Correction of endothelial dysfunction by L-
arginine under experimental pre-eclampsia conditions. 
Eksperimental'naya i Klinicheskaya Farmakologiya. Vol. 
75 (2)(2012): 14-16.[Scopus][Full text] 

52. Danilenko L.M., Pokrovsky M.V., Novikov O.O. 
[et al.]. Pharmacological preconditioning e- (2,2,2-
trimethylhydrasine) propionate, new ways to implement its 
anti-ischemic effects. Scientific statements Belgorod State 
University. Series: Medicine. Pharmacy. Vol. 20, № 22-
3(2012): 13-19. (In Russian) [Full text] 

53. Pokrovsky M.V., Danilenko L.M., Inderova A.V. 
[et al.]. Endotelio- and cardioprotective effect in a series of 
3- (2,2,2-trimethylhydrazinium) propionate.  Modern 
problems of science education. Vol. 20, № 4(2012): 60-68. 
(In Russian) [eLIBRARY] [Full text] 

54. Danilenko L.M., Pokrovsky M.V., Korolev A.E. 
[et al.]. Mitochondrial ATP-dependent potassium channel 
of the application as an action point at distant 
preconditioning. Scientific statements Belgorod State 
University. Series: Medicine. Pharmacy. Vol. 22, № 12-
2(2010): 15-18. (In Russian) [Full text] 

55. Danilenko L.M., Pokrovsky M.V. Tatarenkov I.A. 
(2,2,2-trimethylhydrasine) propionate: role of ATP-
dependent potassium channels in the implementation of 
cardioprotective. Russian medical and biological 
messenger named after academician IP Pavlova. 
№4.(2015): 35-38. (In Russian) [Full text] 

56. Danilenko L.M., Pokrovsky M.V 3-(2,2,2-
trimethylhydrazinium) propionate: New concept of 
realization of cardioprotective effect. Research Journal of 
Pharmaceutical, Biological and Chemical Sciences. Vol. 5 
(6)(2014): 1419-1422. [Scopus][Full text] 

57. Danilenko L.M., Pokrovsky M.V. Tatarenkov I.A. 
NO in the signaling cascade pharmacological 
preconditioning in ischemia-reperfusion. Bulletin of 
Scientific Center of Expertise of medical applications. 
№1(2015): 40-44. (In Russian) [Full text] 

58. Shabelnikova A.S., Peresypkina A.A., Gubareva 
V.O., Levkova E.A., Dolzhikov A.A., Nikolaev S.B., 
Stepchenko A.A. Pharmacological preconditioning by 
recombinant erythropoietin as the possibility of increasing the 
stability of tissue of the retina to reperfusion ischemia in 
experiment. Research result: pharmacology and clinical 
pharmacology. 2016. Vol. 2, №1 (2): 25-29. [eLIBRARY] 
[Full text] 

http://www.bsu.edu.ru/upload/iblock/1a5/oktjjczm%20yzldjaeo%20sqxbeu%2017_1.pdf
http://elibrary.ru/item.asp?id=26673110
http://research-result.ru/media/farmacology/2016/1/1_2_2016_Pharmacology.pdf
http://elibrary.ru/item.asp?id=26673113
http://research-result.ru/media/farmacology/2016/1/3_2_2016_Pharmacology.pdf
http://elibrary.ru/item.asp?id=26673112
http://research-result.ru/media/farmacology/2016/1/2_2_2016_Farmacology_HCRqIiP.pdf
http://elibrary.ru/item.asp?id=26673128
http://research-result.ru/media/farmacology/2016/2/Farmacology_3_2_2_2016.pdf
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.scopus.com%252Finward%252Frecord.url%253Feid%253D2-s2.0-35648944750%2526partnerID%253D40%2526md5%253De5cfca6b895ea0c6d979e1bc3890df97%26ts%3D1476661177%26uid%3D7703681961476424732&sign=fbca4db8e1848c3ca2f0a40437c1ee8c&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.scopus.com%252Finward%252Frecord.url%253Feid%253D2-s2.0-35648944750%2526partnerID%253D40%2526md5%253De5cfca6b895ea0c6d979e1bc3890df97%26ts%3D1476661177%26uid%3D7703681961476424732&sign=fbca4db8e1848c3ca2f0a40437c1ee8c&keyno=1
http://elibrary.ru/item.asp?id=20885218
http://elibrary.ru/item.asp?id=20885218
http://elibrary.ru/item.asp?id=20885218
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1007%25252Fs10517-007-0212-x%2522%2520%255Cl%2520%2522%252Fpage-1%26ts%3D1476661177%26uid%3D7703681961476424732&sign=20204f0c514bcd51547f8cf3c1e0bd72&keyno=1
http://elibrary.ru/item.asp?id=20885218
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1007%25252Fs10517-007-0212-x%2522%2520%255Cl%2520%2522%252Fpage-1%26ts%3D1476661177%26uid%3D7703681961476424732&sign=20204f0c514bcd51547f8cf3c1e0bd72&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1007%25252Fs10517-007-0212-x%2522%2520%255Cl%2520%2522%252Fpage-1%26ts%3D1476661177%26uid%3D7703681961476424732&sign=20204f0c514bcd51547f8cf3c1e0bd72&keyno=1
http://elibrary.ru/item.asp?id=20885218
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1007%25252Fs10517-007-0212-x%2522%2520%255Cl%2520%2522%252Fpage-1%26ts%3D1476661177%26uid%3D7703681961476424732&sign=20204f0c514bcd51547f8cf3c1e0bd72&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.scopus.com%252Finward%252Frecord.url%253Feid%253D2-s2.0-77649189518%2526partnerID%253D40%2526md5%253D2cd53801f0b7c5c7da5255413ec0070b%26ts%3D1476899754%26uid%3D7703681961476424732&sign=6d526f3fda19531cba50861df41e313d&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.scopus.com%252Finward%252Frecord.url%253Feid%253D2-s2.0-77649189518%2526partnerID%253D40%2526md5%253D2cd53801f0b7c5c7da5255413ec0070b%26ts%3D1476899754%26uid%3D7703681961476424732&sign=6d526f3fda19531cba50861df41e313d&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Flink.springer.com%252Farticle%252F10.1007%25252Fs10517-010-0750-5%2522%2520%255Cl%2520%2522%252Fpage-1%26ts%3D1476899754%26uid%3D7703681961476424732&sign=192b8ef62f1401f5ddd60d09c7ce3906&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.scopus.com%252Finward%252Frecord.url%253Feid%253D2-s2.0-67449128342%2526partnerID%253D40%2526md5%253Dae0850ef16ce33de36302c16af009cd1%26ts%3D1476899754%26uid%3D7703681961476424732&sign=4f8c4dc252979b66545ea97f3609e95d&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fekf.folium.ru%252Findex.php%252Fekf%252Farticle%252Fview%252F684%252F617%26ts%3D1476899754%26uid%3D7703681961476424732&sign=6f5e04d21245903b38cb3c167123f5a5&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.scopus.com%252Finward%252Frecord.url%253Feid%253D2-s2.0-84861493175%2526partnerID%253D40%2526md5%253Df035e4c082b545e300e4bc34cb0dd87b%26ts%3D1476899754%26uid%3D7703681961476424732&sign=636816f241a2f119b93660db978b9bd8&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fekf.folium.ru%252Findex.php%252Fekf%252Farticle%252Fview%252F259%252F235%26ts%3D1476899754%26uid%3D7703681961476424732&sign=350a2d5ad9559713c36dcfa35c0585cc&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fekf.folium.ru%252Findex.php%252Fekf%252Farticle%252Fview%252F684%252F617%26ts%3D1476899754%26uid%3D7703681961476424732&sign=6f5e04d21245903b38cb3c167123f5a5&keyno=1
http://elibrary.ru/item.asp?id=20885218
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.rjpbcs.com%252Fpdf%252F2014_5(6)%252F%25255b211%25255d.pdf%26ts%3D1476661177%26uid%3D7703681961476424732&sign=71de2fcfca47d7fd969ab1df179d1fc0&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.rjpbcs.com%252Fpdf%252F2014_5(6)%252F%25255b211%25255d.pdf%26ts%3D1476661177%26uid%3D7703681961476424732&sign=71de2fcfca47d7fd969ab1df179d1fc0&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.rjpbcs.com%252Fpdf%252F2014_5(6)%252F%25255b211%25255d.pdf%26ts%3D1476661177%26uid%3D7703681961476424732&sign=71de2fcfca47d7fd969ab1df179d1fc0&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.scopus.com%252Finward%252Frecord.url%253Feid%253D2-s2.0-84911166488%2526partnerID%253D40%2526md5%253D07e2ca968f61085ebab0dc9e1df7214f%26ts%3D1476661177%26uid%3D7703681961476424732&sign=747fe01bf204f80e9b1686239e3e1c71&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.rjpbcs.com%252Fpdf%252F2014_5(6)%252F%25255b211%25255d.pdf%26ts%3D1476661177%26uid%3D7703681961476424732&sign=71de2fcfca47d7fd969ab1df179d1fc0&keyno=1
https://clck.yandex.ru/redir/dv/*data=url%3Dhttp%253A%252F%252Fwww.rjpbcs.com%252Fpdf%252F2014_5(6)%252F%25255b211%25255d.pdf%26ts%3D1476661177%26uid%3D7703681961476424732&sign=71de2fcfca47d7fd969ab1df179d1fc0&keyno=1
http://elibrary.ru/item.asp?id=26673115
http://research-result.ru/media/farmacology/2016/1/5_2_2106_Pharmacology_EZgloCW.pdf

