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Abstract

In experiments on the isolated rat heart there were studied the effects of different doses
(21.43 mg/kg/day and 85.72 mg/kg/day) 2-ethyl-6-methyl-3 hydroxypyridine succinate
("EkoPharminvest”, Russia), on the contractile function of isolated hearts subjected to prior
doxorubicin model (20 mg/kg, intraperitoneal) of pathology. The dynamic of the power mechanisms
of ion transport was evaluated by imposing high heart rate (480 BPM) and increase concentration of
Ca*" to 5 mmol in perfusate. The results indicate that Mexicor at the dose of 21.43 mg/kg/day does not
provide a cardioprotective effect in this model of pathology. Mexicor has the cardioprotective effect at
the dose of 85.72 mg/kg/day in relation to the isolated heart, that is resulted in the recovery of the
contractile function of the heart and reducing the "diastole defect” (Str).

Key words: 2-ethyl-6-methyl-3 hydroxypyridine succinate, doxorubicin, reperfusion, isolated

heart, antioxidant.

Introduction

One of the mechanisms of pathogenesis and
progression of ischaemic alterations of the
myocardium is oxidative stress in the myocardium,
leading to damage of cardiomyocytes and related
violations of the functional properties of the cardiac
muscle [1-7]. The result of these complex changes is
the left ventricular (LV) remodeling with subsequent
progression to systolic and diastolic dysfunction, the
development of reinfarctions, embolic stroke, sudden
death [8-10].

In the present cardiology practice, along with
antianginal,  hypolipidemic, anticoagulant and
antiplatelet drugs, patients with CHF and acute
coronary syndrome are prescribed cardioprotective
medications. The antioxidants are of particular
interest as one of the promising groups of
cardioprotective drugs, allowing to save viable
myocardium, to limit damage and accelerate recovery
of contractile activity of the myocardium [11-19].

Main part

The research objective of this study was to study
the effect of 2-ethyl-6-methyl-3 hydroxypyridine

succinate in different doses on the contractile
function of isolated heart in model of doxorubicin-
induced cardiomyopathy.

Materials and methods. The study was
performed in isolated hearts of Wistar rats weighing
300+20 g. The experiment was performed with the
requirements and principles of humane treatment of
experimental animals. All rats were divided into 4
experimental groups of 8 animals. The first group,
the control was injected intraperitoneally with
physiological solution. The second group was
injected intraperitoneally with doxorubicin (Teva) at
a cumulative dose of 20 mg/kg once. The third was
administrated doxorubicin and Mexicor (ZAO
"MiraxBioPharma™) at the dose of 21.43 mg/kg/day.
The fourth group was administrated doxorubicin and
Mexicor at the dose of 85.72 mg/kg/day. The dose of
Mexicor was calculated taking into account the
coefficient of interspecies transfer of human doses on
the rat. Mexicor was administrated daily 1 time per
day. Animals were taken out from experiment after
48 hours. Heart recovery from animals had been
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performed under anesthesia by Zoletil (30 mg/kg),
than hearts were placed in ice (2-4°C) solution of
Krebs Henseleit the following composition (mmol):
NaCl — 118.5; KCI — 4.7; MgSO4/7H,0 - 1.2;
KH,PO, — 1.2; CaCl, — 1.5; glucose — 11.1;
NaHCO; — 25.0. The pH of the solution during the
whole experiment was 7.4. After asystolism aorta
was isolated and connective tissue was separated.
Then the aorta was cannulated and there was
performed a retrograde perfusion of the heart using
Langendorff method in the mode of flow perfusion
for 20 min with a solution of Krebs-Henseleit,
saturated with Carbogen (95 % O, + 5% CO,) at
37°C and at a pressure of 100 mm Hg and perfusate
speed of 10 ml/min. Contractile function of the heart
was recorded using inserted into the cavity of the left
ventricle a latex balloon connected to a pressure
sensor in  assessment equipment MP150
("BiopacSystems, Inc" (California, USA)). The
balloon was filled with distilled water, the volume of
which was sufficient to keep left ventricular end
diastolic pressure at the level of 3-5 mm Hg. Using
the original software program AcgqKnowledge
("BiopacSystems, Inc" (California, USA)), all rats
there were recorded indices of contractility: left
ventricule pressure (LVP, mm Hg), heart rate (HR,
BPM), maximum rate of myocardial contraction
(+dP/dtmax, mm Hg/sec), the maximum rate of
myocardial relaxation (-dP/dtmax, mm Hg/sec). Then
to determine the dynamics of diastolic tension of the
heart there was used the method of HR increasing to
480 BPM in concentration of Ca** of 5 mmol/l. To
create a high HR (480 BPM) the metallic cannula
there was attached a ground connector of electrical
stimulator, and left atrial appendage was attached a
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positive connector. After 20 minutes of perfusion
with a solution with a high concentration of Ca®
(5 mmol/l), the heart was subjected to electrical
stimulation pulses for 15 seconds using the
equipment STM 200-1 ("BiopacSystems, Inc"
(California, USA)).

To assess the spare capacity of the myocardium
there was used Tension-Time Index (TTI), it is the
index of the change in mechanical stress of the
myocardium, calculated by the dynamic curve of
intraventricular pressure by the planimetration
method (i.e. measurement the area under the curve).
The area under the curve was calculated by adding
areas of trapezoids, which is equal to the product of
its height on the middle line. The index of diastolic
dysfunction or "diastole defect" (Str;) was expressed
in conditional unit (cu). About the intensity of
cardioprotective effect of Mexicor at the doses of
21.43 mg/kg/day and 85.72 mg/kg/day we went by
the influence of the drug on the Sty

A statistical significance of the changes of the
absolute measures were determined by a difference
method of variation statistics, calculating the average
workshift values, the arithmetical mean probability of
a possible error (p) by Student tables. The differences
between the results were considered statistically
significant when p< 0.05.

Results and evaluation

Indices of contractile function of the hearts of all
experimental groups at the initial state and with
increasing the concentration of Ca2* to 5 mmol/l are
presented in table 1 and table 2.

Studies have shown that in condition of this
disease changes of contractility are characterized by a
negative inotropic effect (table 1).

Table 1
Indices of contractile function of the rat hearts (M+m; n=8)
The concentration of Ca2" in perfusate is 2.5 mmol
Animal experimental LVP, +dP/dt, -dP/dt, HR,
groups mm Hg mm Hg/sec mm Hg/sec BPM
Intact animals 87.3+9 2%* 1423+£162.2** -1265.24+173.2%* 248+32.1
Control
doxorubicin 48 hours 64.5+11.2* 1025.7+154.3* -1031.1£159.4* 2474+29.4
before (20 mg/kg)
Doxorubicin +Mexicor 71. 4+6.3* 11174179.6* -1108+89.3* 221434.9
21.4 mg/kg/day
Doxorubicin +Mexicor 86.310.4%* 1276+£189.4% -1259.2+149 3%+ 228+22.9
85.72 mg/kg/day

Comment: * — p<0.05 in comparison with intact animals; ** — p<0.05 in comparison with control group.

Changes in most hemodynamic parameters are
cardiodepressant. When the concentration of Ca** 2.5
mmol/l, the contractile function of the myocardium is
most affected, that evidenced by the decrease in

systolic pressure by 26% in comparison with group
of intact hearts, and the maximum rates of
contraction and relaxation (table 1) reduced by 28%
and 19%, respectively. HR changed little.
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A further stage of our experiments was to run up
the concentration of Ca?* to 5 mmol/I in the perfusion
solution. After 20 minutes of perfusion with a
solution with a high concentration of Ca*
(5 mmol/l), the heart was subjected to stimulation by
electrical impulses for 15 seconds. Perfusion of intact
hearts and the hearts of the control group by the

solution with a high concentration of calcium ions
within the 1 min was shown positive inotropic effect,
that was reflected in the increase in systolic blood
pressure and its rate characteristics. Thus, end
diastolic pressure increased to 20-25 mm Hg and
formed the " diastole defect"(figure 1a).

Table 2
Indices of contractile function of the rat hearts (M+m; n=8)
The concentration of Ca2" in perfusate is 5 mmol, stimulation by electrical impulses (480 BPM)
Animal experimental LVP, +dP/dt, -dP/dt, HR,
groups mm Hg mm Hg/sec mm Hg/sec BPM
Intact animals 127+12.7** 987.4+92.9** -1012.6£113.4** 240+24.1
Control
doxorubicin 48 hours 155+21.2* 533.4+154.3* -561.6+119.2* 273+30.44*
before (20 mg/kg)
Doxorubicin +Mexicor 135+19.9% 689.5+108.2* 611.9+151.4* 243427.9%
21.4 mg/kg/day
Doxorubicin +Mexicor 140+15.9%* 8214132.4% 778.6£163.9%* 254:420.5%*
85.72 mg/kg/day

Comment: * — p<0.05 in comparison with intact animals; ** — p<0.05 in comparison with control group.

Sty coefficient for intact group was 1.4+0.1.cu
(figure 3).

In the control group with doxorubicin-induced
cardiomyopathy in the cardiac stimulation with
submaximal rate (480 BPM) during the first minute
of perfusion of the solution with a high concentration
of calcium ions there was detected positive inotropic
effect (table 2). Then inotropic effect was neutralized,
there was observed a pronounced negative inotropic
effect and increase in contracture heart contraction,
that leaded to decrease in the power and rate
characteristics of contractility decreased, there was an

mmHg
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Figure la Exercise tolerance test with submaximal electrical
stimulation of a rat heart isolated by Langendorf.
Pressure profile within the left ventricle (Mmhg) at imposing qickened
heartbeat (480 bpm) within 15 sec. Ca?* concentration in perfusate — 5
mmol/L. Intact group.

The absence of a pronounced positive inotropic
effect in the control group and the group injected
with Mexicor at the dose of 21.4 mg/kg/day, suggest
the combination dysfunction each of the heart
contraction  processes and the mechanisms

increase in end diastolic pressure of 40-60 mm Hg
(figure 1b), and the "diastole defect" Str; was 8.3+0.3
cu, that indicates a significant damage and failure of
calcium pump of cardiomyocytes (figure 3).

The perfusion of the solution with a high
concentration of calcium ions leaded to loss of the
heart contraction rate by 46 % and relaxation rate
more than 45% in control group (table 2). The data
indicate that the perfusion of the solution with a high
concentration of calcium ions and base solution of
calcium affect the activity of isolated animal hearts
varying degrees.

1 2 34 867 89 10 11 12 13 ‘1 15 16 17 18
sec

Figure 1b Exercise tolerance test with submaximal electrical
stimulation of a rat heart with doxorubicin myocardiopathy.
Pressure profile within the left ventricle (Mmhg) at imposing qickened
heartbeat (480 bpm) within 15 sec. Ca®" concentration in perfusate — 5
mmol/L. Doxorubicin (20 mpg) given at a single dose within 48 hours.
responsible for the relaxation, the net effect of
whichis the failure of the calcium pumps of
myolemma and a sarcoplasmic reticulum (table 2).

In the experimental groups injected with
Mexicor, we see a cardioprotective effect of it at the
dose of 85.72 mg/kg/day (table 2).
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Figure 2a Interaction of Mexicor (21,43 mg/kg/d) on the results
of exercise tolerance test with submaximal electrical stimulation of
a rat heart isolated by Langendorf with doxorubicin
myocardiopathy.

Pressure profile within the left ventricle (Mmhg) at imposing gickened
heartbeat (480 bpm) within 15 sec. Ca?" concentration in perfusate — 5
mmol/L. Doxorubicin (20 mpg) given at a single dose within 48 hours.

Mexicor therapy at the dose of 85.7 mg/kg/day
resulted in a significant reduction of the "diastole
defect" to 5.3+0.3, that goes to prove a marked

mmHg
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Figure 2b Interaction of Mexicor (85,72 mg/kg/d) on the results of
exercise tolerance test with submaximal electrical stimulation of a rat
heart isolated by Langendorf with doxorubicin myocardiopathy.
Pressure profile within the left ventricle (Mmhg) at imposing qickened heartbeat
(480 bpm) within 15 sec. Ca?" concentration in perfusate — 5 mmol/L.
Doxorubicin (20 mpg) given at a single dose within 48 hours.

cardioprotective effect of the drug at this dose
(figure 2b).
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Figure 3. The influence of Mexicor (21.43 mg/kg/day, 85.7 mg/kg/day) on the Sty cu
(under doxorubicin-induced cardiomyopathy).
Comment: * — p<0.05 in comparison with intact animals; ** — p<0.05 in comparison with control group.

It should be noted that Sty in the group injected
with Mexicor at the dose of 21.43 mg/kg/day did not
decrease significantly and amounted to 7.4+0.1
(figure 2a).

Thus, the comparative dynamic analysis of the
indices of contractile function of the hearts of the
experimental groups has allowed to establish that
Mexicor at the dose of 85.7 mg/kg/day contributed
the maximum increase of stability of the contractile
apparatus of cardiac muscle, that proves
demonstratively a pronounced cardioprotective effect
of it.

A comparative analysis of the cardioprotective
effect of this drug has revealed that low dose of
Mexicor (21.43 mg/kg/day) does not have
cardioprotective effect in this model of pathology.

Free radical formation on the background of
reducing the amount of antioxidants leads to increase
of oxidative stress, that can be the direct cause of
cardiomyopathy and heart failure in doxorubicin-
induced cardiomyopathy [20, 21, 22].

It is known that different reactive oxygen
species (0%, H,0,, OH) have different capacities to
initiate the subsequent free radical reactions. A
superoxide anion (O*) has the lowest activity, and a
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hydroxyl radical (OH) has the maximum activity. OH
is formed in the Haber-Weiss reaction, with the
participation of superoxide dismutase and ions of
ferrous iron (Fe®* ions). One of the alleged reasons of
doxorubicin-induced cardiomyopathy is associated
with effect on iron metabolism: anthracyclines blind
with Fe? ions, that leads to the formatlon of hydroxyl
radical and promotes the release of Fe®* from ferritin,
further exacerbating oxidative stress [23-27].

So if in the cytoplasm of cells there are conditions
for the chelation or oxidation of ferrous iron to the
catalytically inactive ferric iron (Fe** ions) and thereby
decreasing the effective concentration of hydroxyl
radicals, it will create the conditions to achieve micro
molar concentrations of reactive oxygen species in the
cytoplasm of cells. Mexicor has a antioxidative activity
and plays an important role in the regulation of free
radical mechanisms [28, 29, 30]. As an example it can
be suggested that mexicor at the dose of 85.7 mg/kg/day
has the property of ferrous iron chelator and oxidate
Fe** to Fe*" [31]. In addition, monitoring the
concentration of Fe** may have a role in the regulation

Study of dose-dependent effect of 2-ethyl-6-methyl-3 hydroxypyridine succinate on the contractile function of
isolated rat heat / O.G. Kesarev, L.M. Danilenko, M.V. Pokrovskii, A.S. Timokhina, A.V. Khovanskii // Research
result: pharmacology and clinical pharmacology. - 2017. - Vol. 3, Ne1. - P. 3-9.

of proteins and nucleic acids. It is well known that the
activation of free radical reactions is observed in the
initiation and development of a number of
inflammatory diseases. This circumstance allowed to
call this disease "free radical pathologies". Activation of
the free radical reactions in development of free radical
pathologies is due to two main reasons: the increase in
the production of primary and secondary radical
initiators and participants of the free radical reactions
(the stage of initiation of the free radical reactions) and
the appearance of the catalysts of the free radical
reactions, of Fe?" ions in the main (stage oxidation chain
branching) [32, 33]. It follows that inhibition of free
radical reactions can be performed by capturing free
radicals and the elimination of catalytically active Fe**
ions” [34, 35, 36]. The latter is particularly important in
pathologies which are characterized by violation of the
integrity of blood vessels: stroke, gastric hemorrhage,
wounds, etc., [21]. Mexicor, possessing the property of
ferrous iron chelator and oxidation of Fe** to Fe** can
inhibit the catalysis of free radical reactions and thus to

. . - SN A inhibit  free-radical oxidation [28] (figure 4).
of free radical reactions: lipid peroxidation, inactivation (28] (fig )
doxorudicin
O OH OHR,
Cell
respiration
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Figure 4. Diagramming of the main ways of action of doxorubicin and iron, which catalyzes
the oxidative stress leading to cardiomyopathy and the application points of Mexicor

Comment: Fe — iron, FAD/FADH, — flavoprotein, GSH —

reduced glutathione, GSSG — oxidized glutathione, H,O, — hydrogen

peroxide, NAD(PH)* — nicotinamide adenine dinucleotide (phosphate), O* — superoxide anion, OH — hydroxyl radical, SOD —

superoxide dismutase.
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The second application point of Mexicor in this
model of pathology is glutathione. The concentration
of disulfide forms of glutathione GSSG in the body is
normally found in the tissue and blood of mammals is
maintained at levels many times lower than for GSH.
Oxidative stress can lead to a significant
accumulation of GSSG in the liver and release it into
the blood. The increase in the concentration of GSSG
in the blood plasma, in turn, can cause oxidation of
thiol groups of proteins basolateral membranes of
tissue cells and its inactivation. The main
mechanisms causing the depletion of the
functionality of the glutathione system in doxorubicin
model of pathology, are the inhibition of activity of
glutathione reduce enzyme from the oxidized form
(glucose-6-phosphate dehydrogenase), that leads to
critical decline reduced glutathione, and then to the
decrease in the activity of glutathione-dependent
enzymes of antiradical protection, activation of free
radical processes and death of cardiomyocytes [37-
41]. As directed pharmacological protection of
cardiomyocytes there is pathogenetically explained
the administration of drugs, whose action is directed
at correcting the glutathione system. One of such
directions can be the partial compensation of the
antioxidant load attributable to the glutathione
system. As such drug 3-hydroxypyridine derivatives,
which is Mexicor can be used [31].

Conclusion

Based on the results of study it can be concluded
that the maximum increase of stability of the
contractile apparatus of cardiac muscle was reached
due to administration of the Mexicor at the dose of
85.7 mg/kg/day, which convincingly demonstrate a
pronounced cardioprotective effect in in model of
doxorubicin-induced cardiomyopathy.

References

1. CpobomHOpaaWKaIbHOE OKHCICHHE U CEpledHO-
COCyaucCTass MaToJIOrud: KOPPEKIUA aHTHOKCHUIAHTaMU /
ATl TomukoB, C.A. boiinos, B.Il. Muxuu [u ap.] //
Jevawuii epau. — 2003. — Ne 4, — C. 70-74. [eLIBRARY]
[Full text]

2. Effect of ischemia and reperfusion on protein
oxidation in isolated rabbit hearts/ Z. Tatarcova, P. Kaplan,
M. Matejovicova [et. al.] // Physiol. — 2005. — Vol. 54 —
P. 185-191. [PubMed]

3. Jlamkur B.3. CBoOOgHOpagMKalbHBIE IIPOLECCHI
npu  3a00JIEBAHUAX CEPIAEYHO-COCYMCTON CHCTEMBbI /[
B.3. Jlaskun., A.K. Tuxaze, IO.H. benenxos [/
Kapouonoaus. — 2000. — Ne 40(7). — C. 48-61. [Full text]

4. The role of oxidative stress in myocardial
ischemia and reperfusion injury and remodeling: revisited /
G.A. Kurian, R. Rajagopal, S. Vedantham [et. al.] //
Oxidative Medicine and Cellular Longevity. — 2016. —
Vol. 12 — P. 275-279. [PubMed]

5. Redox signaling in cardiac myocytes [/
C. X Santos, N. Anilkumar, M. Zhang [et. al.] // Free

Study of dose-dependent effect of 2-ethyl-6-methyl-3 hydroxypyridine succinate on the contractile function of
isolated rat heat / O.G. Kesarev, L.M. Danilenko, M.V. Pokrovskii, A.S. Timokhina, A.V. Khovanskii // Research
result: pharmacology and clinical pharmacology. - 2017. - Vol. 3, Ne1. - P. 3-9.

Radical Biology and Medicine. — 2011. — Vol. 50(7) —
P. 777-793. [PubMed]

6. Christians, E. S. Proteostasis and redox state in
the heart / E. S. Christians, 1. J. Benjamin // American
Journal of Physiology—Heart and Circulatory Physiology. —
2012. - Vol. 302(1) — P. 24-37. [PubMed]

7. Roche, E. Role of oxidative stress in gene
expression: myocardial and cerebral ischemia, cancer and
other diseases /E. Roche, D. Romero-Alvira //Medicina
Clinica— 1995. — Vol. 104(12) — P. 468-476. [PubMed]

8. Cardioprotective effect of modified peroxiredoxins
in retrograde perfusion of isolated rat heart under conditions
of oxidative stress / E. V. Karaduleva, E. K. Mubarakshina,M.
G. Sharapov// Bull Exp Biol Med. — 2016. — VVolume 160(5) —
P.639-642. [PubMed]

9. I'puropses, E. B. dapmakosoruyeckas
KapJIUONPOTEeKIUsI HpU  penepPy3ur HM30JMPOBAHHOTO
cepmma / E.B. TIpuropee, . TI'.Topomosa,
I'. I1. IlnotaukoB /| Anecmesuonocus u peaHUMamono2us. —
2015. T. 60, Ne2. — C. 12-16. [Full text]

10.Benos, I0.B. CoBpeMeHHOE MpENCTaBICHHUE O
HOCTHHd)apKTHOM PEMOACIINPOBAHUU JIECBOI'O menynotnca/
10.B. Benos, B.A. Bapakcun // Pycckui meduyunckuil
arcypuan. — 2002. — Nel10. — C. 469-475. [Full text]

11. ®apmakonorus aHTHOKCHAAHTOB HA OCHOBE
3-oxcurmmpunnaa / B. E. HosukoB, JI. A. Kosanesa,
C. O. JlocenkoBa [u ap.] /| Ob63oper  no kaunuuecko
¢apmaxonoeuu u nexapcmeentou mepanuu. — 2004, — T.3,
Nel. - C. 2-14. [eLIBRARY]

12. Muxwus, B.I1. KapauomutonpoTeKTopsl — HOBOE
HamnpaBjeHHe KIMHUYECKOW Kapauojoruu cepama /[
B.I1. MuxuH // Apxusv snympenneii meduyunwvt. — 2011, —
Ne 1. - C. 21-27. [eLIBRARY]

13. Pharmacological protection of the ischemic
myocardium by derivatives of 3-(2,2,2-trimethylhydrazinium)
propionate and evaluation of their antioxidant activity /
S.Y. Skachilova , L.M. Danilenko , O.G. Kesarev,
I.S. Kochkarova // Research result: pharmacology and
clinical pharmacology. — 2015. — Vol.1, Nel (1). — P. 23-27.
doi: 10.18413/2500-235X-2015-1-4-25-31 [Full text]

14. KopoxwuH, M.B. N3yuenue
SHIOTEINONPOTEKTUBHOTO W KOPOHApHOro  JeicTBUA
IIPOU3BOIHBIX 3-oKCHUIMPHUINHA / E.H.ITamus,

K.E. Bo6pakos, M.B. Tlokposckuit [u ap.] /I Kybanckui
nayunovii meouyunckuu eecmuux. — 2009. — T. 4, Ne6 —
C. 104-108. [eLIBRARY]

15. Gorokhova, S.G. Cardiovascular continuum:
possibilities of coenzyme-q in correction of oxidative
stress/ S.G. Gorokhova // Kardiologiia. — 2011. —
Vol. 51(10). — P. 61-70. [PubMed]

16. Redox signaling in cardiac myocytes / C.X.C.
Santos, N. Anilkumar, M. Zhang, [et. al.] / Free Radical
Biology and Medicine. — 2011. — Vol. 50 (7). — P. 777-793.
[PubMed]

17. Miyata,T. Intracellular sensors for oxygen and
oxidative stress: novel therapeutic targets / T. Miyata, S.
Takizawa, van Ypersele de Strihou // American Journal of
Physiology. — 2011. — Vol. 300 (2). — P. 226-231. [PubMed]

18. 3opkuHa, AB. OKCIepUMEHTAIbHOE
HUCCIICAOBAHUEC KapAUOIIPOTEKTOPHOT'O }lef/'ICTBI/Iﬂ
HEKOTOPBIX OTCUCCTBCHHBIX AaHTHOKCHJAHTOB B YCJIIOBHUAX
Muokapanoauctpodun / A.B. 3opkuna /COOpHUK TPYHAOB
koHpepenuuu. —2011. C. 118-119. [eLIBRARY]

RESEARCH RESULT:
PHARMACOLOGY AND CLINICAL PHARMACOLOGY


http://elibrary.ru/item.asp?id=21668083
http://www.medbiopharm.ru/sp/01-02-12-03-038.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+Ischemia+and+Reperfusion+on+Protein+Oxidation+in+Isolated+Rabbit+Hearts%2F+Tatarcova+Z.%2C+Kaplan+P%2C+Matejovicova+M.
http://www.fesmu.ru/elib/Article.aspx?id=47455
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4897712/
https://www.ncbi.nlm.nih.gov/pubmed/21236334
https://www.ncbi.nlm.nih.gov/pubmed/22003057
https://www.ncbi.nlm.nih.gov/pubmed/7739286
http://link.springer.com/article/10.1007%2Fs10517-016-3237-1
http://cyberleninka.ru/journal/n/anesteziologiya-i-reanimatologiya
http://cyberleninka.ru/article/n/farmakologicheskaya-kardioprotektsiya-pri-reperfuzii-izolirovannogo-serdtsa
http://www.rmj.ru/articles/kardiologiya/Sovremennoe_predstavlenie_o_postinfarktnom_remodelirovanii_levogo_gheludochka/
http://elibrary.ru/item.asp?id=9288224
http://cyberleninka.ru/journal/n/arhiv-vnutrenney-meditsiny
http://elibrary.ru/item.asp?id=20891621
http://rrpharmacology.ru/journal/Pharmacology/article/856/
http://elibrary.ru/item.asp?id=20885218
https://www.ncbi.nlm.nih.gov/pubmed/22117683
https://www.scopus.com/record/display.uri?eid=2-s2.0-79952041217&origin=inward&txGid=C7676B0885AA629B9F5526ACB8C6B063.wsnAw8kcdt7IPYLO0V48gA%3a2
https://www.ncbi.nlm.nih.gov/pubmed/?term=6.%09Christians%2C+E.+S.+Proteostasis+and+redox+state+in+the+heart
http://elibrary.ru/item.asp?id=26270221

RESEARCH
RESULT

HAYYHB W PE3YJIbTAT

19.Mams, TI'.C. ®apMako’KOHOMHYECKAs OIICHKA
THUIIOJIUIINACMHUYCCKUX npemnaparoB y 60J'H>HLIX
umemMudeckod  Oomesam  cepagma /0 [L.C.  Mas,
T.H. Masnopomosa  // Yenexu co8pemenHo2o
ecmecmeosnanus. — 2004. — N9 — C. 116-117.
[eLIBRARY]

20. Anthracycline-induced cardiotoxicity/ R. Hrdina,
V. Gersl, I. Klimtova [et. al.] // Acta Medica (Hradec
Kralove). — 2000. — Vol. 43 (3). — P. 75-82. [PubMed]

21. Doxorubicin (adriamycin): a critical review of
free radical-dependent mechanisms of cytotoxicity /
H.G. Keizer, H.M. Pinedo, G.J. Schuurhuis [et. al.] //
Pharmacol Ther. — 1990. — Vol. 47 (2). — P. 219-231.
[PubMed]

22. Anthracycline-induced cardiotoxicity: overview of
studies examining the roles of oxidative stress and free
cellular iron / T. Simunek, M. Sterba, O. Popelova [et. al.] //
Pharmacol Rep. — 2009. — Vol. 61 (1). — P. 154-171.
[PubMed]

23.Oxidative stress, redox signaling, and metal
chelation in anthracycline cardiotoxicity  and
pharmacological cardioprotection./ M. Sterba,
O. Popelova, A.Vavrova, [et. al.] // Antioxid Redox Signal.
—2013. - Vol. 18 (8). — P. 899-929. [PubMed]

24.Force, T Mechanism-based engineering against
anthracycline cardiotoxicity / T. Force, Y.Wang //
Circulation. — 2013. — Vol. 128 (2). — P. 98-100. [PubMed]

25.Menna, P  Anthracycline degradation in
cardiomyocytes: a journey to oxidative survival /
P. Menna, E. Salvatorelli, G. Minotti // Chem Res Toxicol. —
2010. - Vol. 23 (1). — P. 6-10. [PubMed]

26.Oxidative stress after anthracycline therapy in
patients with solid tumors/M Kocik, M.Zimovjanova,
L.Petruzelka [et. al.] // Casopis Lekaru Ceskych. — 2012. —
Vol. 151 (10). — P. 463-467. [PubMed]

27. Anthracycline cardiotoxicity / P. Menna,
O.G. Paz, M. Chello [et. al.] // Expert Opin Drug Safety. —
2012. - Vol. 11 (1). — P. 21-36. [PubMed]

28. Deferiprone does not protect against chronic
anthracycline cardiotoxicity in vivo [/ O.Popelova,
M. Sterba, T. Simunek [et. al.] // Pharmacol Exp Ther. —
2008. — Vol. 326(1). — P. 259-269. [PubMed]

29. Anthracycline toxicity to cardiomyocytes or
cancer cells is differently affected by iron chelation with
salicylaldehyde isonicotinoyl hydrazine / T. Simunek, M.
Sterba, O. Popelova [et. al.] // Br J Pharmacol. — 2008. —
Vol. 155(1). — P. 138-148. [PubMed]

30. Cardioprotective effects of a novel iron chelator,
pyridoxal 2-chlorobenzoyl hydrazone, in the rabbit model
of daunorubicin-induced cardiotoxicity / M. Sterba,
O. Popelova, T. Simunek [et. al.] // J Pharmacol Exp Ther.
—2006. — Vol. 319(3). — P. 1336-1347. [PubMed]

31. AHTHOKCUIaHTHBIE CBOMCTBa IIPOU3BOIHBIX
3-0KCI/IHI/IpI/IJII/IHaZ MEKCHJ10J1a, DMOKCUIIMHA U MPOKCHUIINHA
/ T.1. Knebanos, O.b. Jlroouukuii, O.B. BacunbeBa [u
ap.] 1l Bonpocwr meouyuncxou xumuu. — 2001, — T. 47.
Ne 3. — C. 288-300. [Full Text]

32.Clinical and  genetic  determinants  of
anthracycline-induced cardiac iron accumulation /
A.Cascales, B. Sanchez-Vega, N. Navarro [et. al.] // Int J
Cardiol. — 2012. — Vol. 154 (3). — P. 282-286. [PubMed]

Study of dose-dependent effect of 2-ethyl-6-methyl-3 hydroxypyridine succinate on the contractile function of
isolated rat heat / O.G. Kesarev, L.M. Danilenko, M.V. Pokrovskii, A.S. Timokhina, A.V. Khovanskii // Research
result: pharmacology and clinical pharmacology. - 2017. - Vol. 3, Ne1. - P. 3-9.

33. Disruption of a GATA4 Ankrdl signaling axis in
cardiomyocytes leads to sarcomere disarray: implications
for anthracycline cardiomyopathy / B.Chen, L. Zhong,
S.F. Roush [et. al.] // PloS One. — 2012. — Vol. 7 (4). —
P. 343-357. [PubMed]

34.Galey, J.B. Potential use of iron chelators against
oxidative damage / J.B. Galey // Adv Pharmacol. — 2007. —
Vol. 38. — P. 167-203. [PubMed]

35. Halliwell, B., Gutteridge, J.M.C.Free Radicals in
Biology and Medicine.Oxford; New York: Oxford
University Press. — 2007. — P. 851. [Full Text]

36. Chemical, biological and clinical aspects of
dexrazoxane and  other  bisdioxopiperazines  /
B.B. Hasinoff, K. Hellmann, E.H. Herman [et. al.] // Curr
Med Chem. —1998. — Vol. 5(1). — P. 1-28. [PubMed]

37.1n vivo and in vitro assessment of the role of
glutathione antioxidant system in anthracycline-induced
cardiotoxicity / A. Vavrova, O. Popelova, M. Sterba [et. al.] //
Arch Toxicol. — 2011. — Vol. 85(5). — P. 525-535. [PubMed]

38.Role of the renin-angiotensin-aldosterone system
and the glutathione S-transferase Mu, Pi and Theta gene
polymorphisms in cardiotoxicity after anthracycline
chemotherapy for breast carcinoma / D. Vivenza, M.
Feola, O. Garrone [et. al.] // Int J Biol Markers. — 2013. —
Vol. 28(4). — P. 336-347. [PubMed]

39.Elevated glutathione is not sufficient to protect
against doxorubicin-induced nuclear damage in heart in
multidrug resistance-associated protein 1 (mrpl/abccl)
null mice / J. Deng, D. Coy, W. Zhang J[et. al.] //
J. Pharmacol Exp Ther. — 2015. — Vol. 335(2). —
P. 272-279. [PubMed]

40. Metabolism of doxorubicin to the cardiotoxic
metabolite doxorubicinol is increased in a mouse model of
chronic glutathione deficiency: A potential role for
carbonyl reductase 3 / C.M. Schaupp, C.C. White,
G.F. Merrill [et. al.] // J. Chem Biol Interact. — 2015. —
Vol. 234. — P. 154-161. [PubMed]

41. Intracellular glutathione level and efflux in human
melanoma and cervical cancer cells differing in
doxorubicin resistance / E. Drozd, B. Gruber,
J. Marczewska // Postepy Hig Med Dosw. — 2016. —
Vol. 18. — P. 319-328. [PubMed]

Kesarev Oleg Georgievich — PhD in Chemical
Sciences, head the sector of technology of synthesis
substances "Russian scientific center for security
biologically active substances" (JSC "all-Russian scientific
centre BAS").

Timokhina Alena Sergeevna — Postgraduate student
of the Department of Pharmacology of Medical institute.

Danilenko Lyudmila Mikhailovha — PhD in
pharmaceutical sciences, assistant professor of Department
of Pharmacology of Medical institute.

Pokrovskii Mikhail Vladimirovich — Doctor of
Medicine, Professor; Head of the Department of
Pharmacology of Medical institute.

Khavanskii Anatolii Vyacheslavovich — Master of
Biological Science of the Department of Pharmacology of
Medical institute.

RESEARCH RESULT:
PHARMACOLOGY AND CLINICAL PHARMACOLOGY


http://elibrary.ru/download/elibrary_10434843_63780496.pdf
https://www.ncbi.nlm.nih.gov/pubmed/11089274
https://www.ncbi.nlm.nih.gov/pubmed/2203071
https://www.ncbi.nlm.nih.gov/pubmed/19307704
https://www.ncbi.nlm.nih.gov/pubmed/22794198
https://www.ncbi.nlm.nih.gov/pubmed/23757311
https://www.ncbi.nlm.nih.gov/pubmed/19954191
https://www.ncbi.nlm.nih.gov/pubmed/23256630
https://www.ncbi.nlm.nih.gov/pubmed/21635149
https://www.ncbi.nlm.nih.gov/pubmed/18434588
https://www.ncbi.nlm.nih.gov/pubmed/18536744
https://www.ncbi.nlm.nih.gov/pubmed/17003229
http://www.chemilum.ru/files/pub_klebanov_2001.pdf
https://www.ncbi.nlm.nih.gov/pubmed/20974500
https://www.ncbi.nlm.nih.gov/pubmed/22532871
https://www.ncbi.nlm.nih.gov/pubmed/8895809
http://www.prometeus.nsc.ru/acquisitions/09-07-28/cont09f.ssi
https://www.ncbi.nlm.nih.gov/pubmed/9481032
https://www.ncbi.nlm.nih.gov/pubmed/21046361
https://www.ncbi.nlm.nih.gov/pubmed/23999848
https://www.ncbi.nlm.nih.gov/pubmed/26354996
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schaupp%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=25446851
https://www.ncbi.nlm.nih.gov/pubmed/?term=White%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=25446851
https://www.ncbi.nlm.nih.gov/pubmed/?term=Merrill%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=25446851
https://www.ncbi.nlm.nih.gov/pubmed/25446851
https://www.ncbi.nlm.nih.gov/pubmed/27117108
https://www.ncbi.nlm.nih.gov/pubmed/27117108

	13. Pharmacological protection of the ischemic myocardium by derivatives of 3-(2,2,2-trimethylhydrazinium) propionate and evaluation of their antioxidant activity /  S.Y. Skachilova , L.M. Danilenko , O.G. Kesarev,  I.S. Kochkarova // Research result:...
	14. Корокин, M.В. Изучение эндотелиопротективного и коронарного действия производных 3-оксипиридина / Е.Н.Пашин,  К.Е. Бобраков, М.В. Покровский [и др.] // Kубанский научный медицинский вестник. – 2009. – Т. 4, №6 –  C. 104-108. [eLIBRARY]
	21. Doxorubicin (adriamycin): a critical review of free radical-dependent mechanisms of cytotoxicity /  H.G. Keizer, H.M. Pinedo, G.J. Schuurhuis [et. al.] // Pharmacol Ther. – 1990. – Vol. 47 (2). – P. 219-231. [PubMed]
	22. Anthracycline-induced cardiotoxicity: overview of studies examining the roles of oxidative stress and free cellular iron / T. Simunek, M. Sterba, O. Popelova [et. al.] // Pharmacol Rep. – 2009. – Vol. 61 (1). – P. 154-171. [PubMed]
	Annotation. The study of endotelio- and cardioprotective activity of finished dosage forms – tablets, film-coated, containing 10 mg of phenolic nature KUD-975, was shown a statistically significant decrease in blood pressure and the coefficient  of en...
	Keywords: endothelial dysfunction, arginase inhibitors, the compounds of phenolic nature.
	Introduction.
	The endothelial cells line the luminal surface of all blood vessels and are involved in numerous regulatory functions, such as the control of contraction and proliferation of vascular smooth muscle, adhesion of leucocytes and platelets, permeability a...
	Although nitric oxide appears to be the major vasodilator released by endothelial cells in a vast majority of blood vessels, other substances, some of them still unknown, may play a role as well. Furthermore, soon after Dr Furchgott's discovery, it be...
	A decrease in nitric oxide (NO) bioavailability has been proposed to contribute to endothelial dysfunction and increased peripheral resistances during essential arterial hypertension. Given that arginine is a substrate for both arginase and NO synthas...
	Because of high activity of arginase – the enzyme destroying L-arginine in a mucous membrane of thin intestine, 40% of arginine arriving with food destroyed in the course of absorption, and its remaining quantity arrives into a portal vein. Accepting ...
	Using the concept of preferred structures and methods of computer modeling techniques developed synthesis of phenolic compounds containing a heteroatom directly related and heterocyclic structural fragments. The design of the molecular structures of t...
	The purpose of research – the study of cardioprotective activity endotelio- and finished dosage forms – tablets, film-coated, containing 10 mg of phenolic nature KUD-975.
	MATERIAL AND METHODS OF RESEARCH
	Literature
	Results.
	Filippenko Nikolaj Grigor'evich – Doctor of Medical Sciences, Professor
	Department of Clinical Pharmacology and Pharmacotherapy
	Malorodova Tatyana Nikolaevna – PhD in Medical Sciences, Associate Professor; Department of Pharmacology.

	1. Макаров, В.В. Синантропизация, ветеринарная эпидемиология и зоонозы / В.В. Макаров // Ветеринарная Патология. – 2011. – № 4 (38). –  С. 7-18. [eLIBRARY] [Full text]
	2. Методические рекомендации по применению комплексных антибактериальных препаратов на основе монтмориллонит содержащих глин с энрофлоксацином и тимолом при колибактериозе птиц / В.А. Антипов, А.Н. Трошин, Н.П. Зуев, А.В. Хмыров, В.Д. Буханов, А.И. Ве...
	3. Эффективность композиционного препарата на основе наноструктурных монтмориллонит содержащих глин при колибактериозе птиц / Зуев Н.П., Буханов В.Д., Хмыров А.В. [и др.] // Сборник: «Актуальные вопросы ветеринарной медицины и технологии животноводств...
	4. ExPEC-typical virulence-associated genes correlate with successful colonization by intestinal E. coli in a small piglet group / P. Schierack, N. Walk, C. Ewers, H. Wilking, H. Steinrueck, M. Filter, L.H:Wieler // Environ Microbiol. – 2008. – Vol.10...
	5. Intestine and environment of the chicken as reservoirs for extraintestinal pathogenic Escherichia coli strains with zoonotic potential / C. Ewers, E.M. Antao, I. Diehl, H.C. Philipp, L.H. Wieler  // Appl Environ Microbiol. – 2009. – Vol. 75, №1. – ...
	6. Егоров, Н.С. Основы учения об антибиотиках: учебное пособие для студентов биологических специальностей университетов. / Н.С. Егоров // М.: Высшая школа. – 1979. – 456 с. [Full text]
	7. Тараканов, Б. Г. Механизмы действия пробиотиков на микрофлору пищеварительного тракта и организм животных / Б.Г. Тараканов // Ветеринария. – 2000. – №1. – С. 47-54. [eLIBRARY]
	8. Пирожков М.К., Ленев С.В., Викторова Е. В., Стрельченко С.А., Тихонов Л.И., Скляров О.Д. Диагностика, специфическая профилактика и лечение при бактериальных болезнях животных // Ветеринария. – 2011. – №1. – С. 24-27. [eLIBRARY]
	9. Пейсак, З. Болезни свиней / З. Пейсак; пер. с польск. под ред. Д.В. Потапчука, В.В. Петрова. – Брест: ОАО «Брестская типография». – 2008. – 424 с. [Full text]
	10. Эфферентная терапия / под ред. А.Л. Костюченко. – СПБ: OOO «Издательство Фолиант», 2003. – 432 с. [eLIBRARY] [Full text]
	11. Разработка монтмориллонит содержащей матрицы биоактивного сорбирующего раневого покрытия / К.Н. Касанов, В.А. Попов, М.В. Успенская [и др.] // Научные ведомости БелГУ. Естественные науки. – 2011. – Вып. 14. – №3 (98). – С. 168-173. [eLIBRARY] [Ful...
	12. Применение фитоаскорбоминералосорбента при колибактериозе телят и дизентерии свиней /  В.Д. Буханов, А.И. Везенцев, А.А. Шапошников [и др.]  // Научные ведомости БелГУ. Серия «Естественные науки». – 2010. – Вып. 11. – №9 (80). – С. 99-103. [eLIBRA...
	13. Применение активированной монтмориллонитовой глины в остром эксперименте на цыплятах, зараженных колибактериозом и сальмонеллезом / В.Д. Буханов, А.И. Везенцев,  А.А. Антипов [и др.] // Актуальные вопросы ветеринарной биологии. – 2011. – № 4 (12)....
	14. Учайкин В. Ф., Новокшонов А. А., Соколова Н. В., Бережкова Т. В. Энтеросорбция – роль энтеросорбентов в комплексной терапии острой и хронической гастроэнтерологической патологии // Пособие для врачей. М. – 2008. – 24 с. [Full text]
	15. Заземление – Самое важное открытие о здоровье? / Клинтон Обер, Синатра Стивен, Зукер Мартин // Перев с англ. – М.-ООО Издательство «София», 2012. – 320 с. [Full text]
	16. Руководство по конфокальной микроскопии / Штейн Г.И. – СПб: ИНЦ РАН, 2007. – 77 с. [eLIBRARY] [Full text]
	17. A comparison of fluorescent stains for the assessment of viability and metabolic activity of lactic acid bacteria / T. Zotta,  A. Guidone, P. Tremonte,   E. Parente, A. Ricciardi // World Journal of Microbiology and Biotechnology March. – 2012. – ...
	18. Anderson, C.R. Complexities in tetracycline analysis chemistry, matrix extraction, cleanup, and liquid chromatography / C.R. Anderson, H.S. Rupp, W.H. Wu // J. Chromatogr. A. – 2005. – Vol. 1075. – P. 23–32. [PubMed]
	Filippova Olga Vsevolodovna – MD-PhD, Professor, Pharmaceutical Technology and Pharmacology Department.
	Tishin Anton Nikolaevich – Postgraduate student of pharmacological department.
	pharmacology_2_4_2016.pdf
	фармокология и клиническая фармокология — ENG
	Фармакология_декабрь_2016
	Minoxidil was administered intragastrically (i/g) in a dose 0.5 mg/kg 60 min before the administration of L-NAME in odd days of the experiment (every 48 hours). This dose of minoxidil is chosen by us, based on the literature data on pharmacological pr...
	Sildenafil was administered i/p in a dose 0.5 mg/kg 30 min before the administration of L-NAME in odd days of the experiment. This dose is chosen by us, based on the literature review of study of a possible correction of ischemic-reperfusion injury of...
	Results.
	Assessment of the microcirculation level in the retina in experimental groups was performed by the LDF on 29 day of the experiment after ophthalmoscopy. The results are shown in table. 4.
	References
	References
	1. Broiler chickens blood protein spectrum as a result of lysine sulfate addition ti diet  /S. D. Chernyavskykh, N.A. Musienko, L.N. Yakovleva, Zh.A/ Borodaeva// Science news of Belgorod State University. – 2012. –Vol. 19. – №9. – P. 156 – 158. (in Ru...
	2. Lysine Sulfate in broiler diets / I.A. Egorov, E.N. Andrianova, A.S. Yanenko, N.I.  Zhivina// Aviculture.  – 2012. – №9. – P. 13 – 15. (in Russian)  [eLIBRARY][Full text]
	3. Boyko, S.A. Efficiensy of using lysine sulphate in broiler feeds / S.A. Boyko// Farm Animals. – 2013. – № 3-4. – P. 106 – 108. (in Russian) [eLIBRARY][Full text]
	4. Tanumihardjo, S.A.  Vitamin A: biomarkers of nutrition for development /S.A. Tanumihardjo // The American Journal of Clinical Nutrition. – 2011. –Vol. 94. – № 2:658S–665S. [PubMed]
	11. Topuria, G. M. Minerals metabolism in broiler-chickens fed on rations supplied with Germivit / G.M. Topuria, L.Y. Topuria, P. A. Zhukov// News of the Orenburg state agrarian university. – 2014. – №6(50). –  P. 87 – 89.[eLIBRARY][Full text]
	12. Adaptive response of broilers to dietary phosphorus and calcium restrictions / X. Rousseau,  A.S. Valable, M.P. Létourneau-Montminy, N. Même et.al // Poult Sci.– 2016. – №12. – P. 2849-2860. [PubMed]
	13. Всероссийский научно-исследовательский и технологический институт птицеводства [Электронный ресурс] // официальный сайт – Режим доступа: http://www.vnitip.ru (дата посещения 25.11.2016) (in Russian)

	ларин.pdf
	Minoxidil was administered intragastrically (i/g) in a dose 0.5 mg/kg 60 min before the administration of L-NAME in odd days of the experiment (every 48 hours). This dose of minoxidil is chosen by us, based on the literature data on pharmacological pr...
	Sildenafil was administered i/p in a dose 0.5 mg/kg 30 min before the administration of L-NAME in odd days of the experiment. This dose is chosen by us, based on the literature review of study of a possible correction of ischemic-reperfusion injury of...
	Results.
	Assessment of the microcirculation level in the retina in experimental groups was performed by the LDF on 29 day of the experiment after ophthalmoscopy. The results are shown in table. 4.
	References
	References
	1. Broiler chickens blood protein spectrum as a result of lysine sulfate addition ti diet  /S. D. Chernyavskykh, N.A. Musienko, L.N. Yakovleva, Zh.A/ Borodaeva// Science news of Belgorod State University. – 2012. –Vol. 19. – №9. – P. 156 – 158. (in Ru...
	2. Lysine Sulfate in broiler diets / I.A. Egorov, E.N. Andrianova, A.S. Yanenko, N.I.  Zhivina// Aviculture.  – 2012. – №9. – P. 13 – 15. (in Russian)  [eLIBRARY][Full text]
	3. Boyko, S.A. Efficiensy of using lysine sulphate in broiler feeds / S.A. Boyko// Farm Animals. – 2013. – № 3-4. – P. 106 – 108. (in Russian) [eLIBRARY][Full text]
	4. Tanumihardjo, S.A.  Vitamin A: biomarkers of nutrition for development /S.A. Tanumihardjo // The American Journal of Clinical Nutrition. – 2011. –Vol. 94. – № 2:658S–665S. [PubMed]
	11. Topuria, G. M. Minerals metabolism in broiler-chickens fed on rations supplied with Germivit / G.M. Topuria, L.Y. Topuria, P. A. Zhukov// News of the Orenburg state agrarian university. – 2014. – №6(50). –  P. 87 – 89.[eLIBRARY][Full text]
	12. Adaptive response of broilers to dietary phosphorus and calcium restrictions / X. Rousseau,  A.S. Valable, M.P. Létourneau-Montminy, N. Même et.al // Poult Sci.– 2016. – №12. – P. 2849-2860. [PubMed]
	13. Всероссийский научно-исследовательский и технологический институт птицеводства [Электронный ресурс] // официальный сайт – Режим доступа: http://www.vnitip.ru (дата посещения 25.11.2016) (in Russian)






