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Cardioprotective effects of the estrogen receptors modulators
in the conditions of experimental acute myocardial infarction

S. V. Pavloy, K. V. Levchenko, S. V. Gorbachova

Zaporizhzhia State Medical University, Ukraine

According to modern ideas, in myocardial infarction a cascade of pathobiochemical reactions is triggered directly in the ischemic
focus, leading to a disturbance in the metabolism of cardiomyocytes, the launch of “parasitral” energy-producing reactions,
the development of mitochondrial dysfunction, the complete blockade of the macroergic compounds synthesis, and as a result,
cells death. In this regard, in the acute period of myocardial infarction it is pathogenetically justified to use drugs that can affect
cardiomyocytes metabolism and restore the course of bioenergetic reactions in the cell.

Aim of study - to evaluate the SERM cardioprotective effects in the conditions of acute myocardial infarction modelling with
the use of the ST2 marker.

Materials and methods. The experimental part of the work was performed on 120 mature rats — males weighing 190-230 grams.
Small-focal acute myocardial infarction was modelled by the administration of coronary artery spasm induced agents — pituitrin
and B1, 2, 3 isoprenaline adrenomimetic for 3 days. The investigated drugs tamoxifen citrate (0.1 mg/kg) (reg. Ne EF3300),
toremifene (0.1 mg/kg) (reg. Ne 1705834), and also comparators — tiotriazoline (50 mg/kg) (UA/2931/01/02) and capicor (6 mg/kg)
(reg. Ne 11114) were injected intraperitoneally 20 minutes after the injection of isadrin for 3 days in the above stated doses. The
myocardial infarction development was confirmed by electrocardiographic study, as well as the appearance of troponin | in blood
plasma. The directivity and severity of pathobiochemical processes in the cardiac tissue, as well as the effect of the studied
drugs on them, were studied through the enzyme-linked immunosorbent assay of nitrotirozine and homocysteine concentration
in the heart homogenate and ST2 in blood plasma.

Results. Systematic administration of a coronary artery spasm induced agents to laboratory animals led to a gradual, progressive
ischemic lesion of cardiomyocytes. Biological markers of myocardial infarction Troponin, ST2 | were registered on the 3¢ day
after the administration of pituitrin and isadrin in the blood plasma of the control group. Using selective receptors modulators and
reference preparations (thiotriazoline, capicor) in experimental therapy of rats with experimental myocardial infarction promoted
the normalization of biochemical processes in cardiomyocytes. However, the effect of the studied drugs was unidirectional with
various degree of intensity. All the drugs statistically significantly reduced oxidative stress marker products. The most marked
effects were displayed by the selective estrogen receptors modulators toremifene and tamoxifen, which decreased in ST2
blood plasma level (by more than 46 %) providing realization of IL-33 cardioprotective properties. In addition, SERM can limit
oxidative and nitrosyl stresses development, leading to a decrease in the concentration of homocysteine and nitrotirozine in
the heart. Interaction of these effects of tamoxifen citrate in conditions of acute myocardial infarction modelling resulted in a
marked cardioprotective effect, increasing the percentage of animals which survived to an average of 75 %.

Conclusions. The cardioprotective effects of selective estrogen receptor modulators identified by us are an experimental
foundation for the relevance and viability of further research in this direction.

KapaionpoTeKTUBHI epeKTU MOAYAATOPIB €CTPOreHOBUX peLenTopiB
B YMOBaX eKCnepUuMEHTaAbHOro iHpapKTy Miokapaa

C. B. NaBnos, K. B. AeBueHKo, C. B. lopbauosa

BignosigHo fo cyyacHux ysiBneHb, Npw iHapkTi Miokapaa 6e3nocepenHbo B ocepeaky iluemii 3anyckaeTbCst kackad narto-
BioXiMiYHMX peakLii, Lo NPU3BOANTL A0 NOPYLLIEHHS MeTaboni3My KapZioMIOLWMTIB, 3amyCcKy «napasvuTapHUX» eHepronpoayky-
t04MX peaKLii, PO3BUTKY MITOXOHAPIaNbHOI AMCYHKLIi, NOBHOT 6r10Kaan CUHTE3y MaKpOEPriB Ta, sk HACTIZOK, 3arvbeni KIiTuH.
Y 3B'A3KY 3 LM aKTyanbHUM € MOLLYK HOBUX BUCOKOE(EKTUBHIX NMiKapCbkux Npenapartis, Lo 34aTHi BNuBaTv Ha MeTaboniam
KapaiomiouuTiB i BigHOBMOBaTM GioeHepreTUyHi peakLii y KniTvHi B rocTpui nepion iHapkTy Miokapaa, a Takox po3pobka HoBUX
METOZjB NTabopaToOPHOTO CKPUHIHTY eheKTUBHOCTI NpoBeAeHOI Tepanii.

MeTta po60oTH — OLjiHIOBaHHS KapAionpOTEKTUBHMX eDEKTIB CENEKTUBHUX MOOYNATOPIB €CTPOreHOBMX PeLenTopiB B yMOBaX
MOZENNIOBaHHS! FOCTPOrO iHGapKTy Miokapza 3 BUKOpUCTaHHSIM Mapkepa ST2.

Marepianu Ta meToau. EkcnepvmMeHTanbHa YacTnHa poboTty BukoHaHa Ha 120 ctateBospinyix Lwypax-camusx Macoto 190-230r.
[piBHOBOrHNLLEBUIA TOCTPWIA IHCAPKT MiOKapaa MOZENoBany LUNSIXOM YBEAEHHs NpoTsrom 3 Ai6 KopoHapoCrna3mytyoro
areHTa niTyitpuHy Ta B1, 2, 3 agpeHomimeTvka isonpeHaniHy. JocnigpxysaHi npenapatu: TamokcudeHy umtpat (0,1 mr/kr,
reg. Ne EF3300), TopemicheH (0,1 mr/kr, reg. Ne 1705834), a Takox pecbepeHT-npenapat — Tiotpuasoni (50 mr/kr, UA/2931/01/02)
Ta Kanikop (6 mr/kr, reg. Ne 11114) yBoannu BHyTpilLlHbO4epeBMHHO Yepe3 20 XBUMUH NiCIA BBEAEHHS i3aApWHY NPOTAroM 3 AHIB.
HasBHicTb iHdhapkTy Miokapaa niaTeepoKyBanu enekTpokapgiorpadivH1M SOCHIIKEHHAM, @ TaKOX BU3HAYEHHSM TPOMOHIHY |
y nnasmi kposi. CnpsiMOBaHICTb i BUPaXEHICTb NaTobIOXiMIYHMX NPOLIECIB Y CEPLIEBIN TKAHWHI Ta BNIMB HA HUX JOCTIMKYBaHUX
npenapariB BWB4anu 3a 4ONOMOrO iMyHOEPMEHTHOTO BU3HAYEHHS KOHLIEHTPaLlii B rOMOreHaTti cepLst HITpOTUPO3UHY, rOMO-
umncteiny «Homocysteiney, y nnasmi kposi — ST2.

Pesynikratu. CrictematuyHe BBEEHHS NabopaTopHM TBapUHaM KOPOHAPOCNACTUYHOTO areHTa NpU3BOAMIIO 10 MOCTYMNOBOIO,
MPOrPECYIYOTO iLLEMIYHOTO YPaXXeHHS KapAioMioLmMTIB. Y nna3mi KpoBi TBAPUH KOHTPOIBHOI rpynu 3apeecTpoBaHo 36inbLLEeHHS
GionoriyHoro mapkepa iHhapKTy Miokapaa — TponoHiHy |, ST2. Y romoreHaTi cepLst 3adhikCoBaHO PO3BUTOK OKCUAATUBHOTO CTpe-

Zaporozhye medical journal. Volume 19. No. 6, November-December 2017

Original research

Key words:

hypoxia,
cardiomyocytes,
selective estrogen
receptors
modulator,
cytoprotection, ST2.

Zaporozhye
medical journal
2017; 19 (6), 731-736

DOL:
10.14739/2310-1210.
2017.6.114689

E-mail:
zsmu.smu@yandex.ua

KatouoBi croBa:
rinokcis,
KapAioMiounTH,
CENEKTUBHI
MOAYAATOPU
peLenTopis
€CTporeHis,
LMTONpPOTEKLIS, ST2.

3anopisbkui
MeAUUHUI
XypHaa. - 2017. -
T. 19, Ne 6(105). -
C.731-736

ISSN 2306-4145  http://zmj.zsmu.edu.ua 731



OpurMHanbHble UCCAEAOBaAHUA

KntoueBble croBa:

TUMOKCUS,
KapPAVOMMUOLIATI,
CENEKTUBHbIN
MOAYASITOP
peLenTopoB
3CTPOreHoB,
LMTOMPOTEKLMS,
ST2.

3anopoXckui
MEAULMHCKMI
XypHana. - 2017. -
T. 19, Ne 6(105). -
C.731-736

732 ISSN 2306-4145  http://zmj.zsmu.edu.ua

Cy, NPO LU0 CBIAYMIIO MiABULLEHHS KOHLEHTpaLii HITPOTUPO3MHY Ta roMouMCTeiHY. EKCnepumeHTanbHa Tepanis CenekTMBHUMI
MOZyNATOpaMu eCTPOreHOBUX PELIENTOPIB | pedpepeHc-npenapatamm (TioTpruasoniH, kanikop) cnpusna HopManisavii GioxiMivH1x
npoueciB y kapgiomiouuTax. [liss gocnigxyBaHmx npenapartis 04HOCNPSIMOBaHA, OAHaK Pi3HOTO CTYNeHst BUpaxeHocTi. Bei npe-
napaTtu CTaTUCTUYHO BIPOTiAHO 3HIKYBANM MapKepHi NPOAYKTY OKCUAATUBHOIO CTPECY, @ TaKoX KOHLIEHTpaLlito Mapkepa ST2
B nnasmi. HanbinbLu BupaxeHi ehekT NPOAEMOHCTPYBaNM CENEKTUBHI MOLYNATOPU ECTPOreHOBUX PELIENTOPIB TOPEMicheH i
TaMOoKCUeH, ki 3MeHLLyBanu BMICT y nnaami kposi ST2 (BinbLu Hix Ha 46 %), 3abeaneyytoun peanisaito KapaionpoTEKTUBHIX
BrnacTuocTei IL-33. Kpim Toro, SERM 3patHi 06MexxyBaTh pO3BUTOK OKCUAATUBHOIO Ta HITPO3WIBHOTO CTPECIB, NPU3BOASYM A0
3HWXKEHHS KOHLieHTpaLlii B CepLi FOMOLIMCTEIHY Ta HITPOTUPO3VHY. B3aeMonoTeHLiloBaHHS LMX ehekTiB TaMOKCUMeHy LuTpaTy
B YMOBaX MOLEN0BaHHS roCTPOro iHhapKTy Miokapaa Npr3soaunio A0 BUPAXEHOo KapaionpoTEKTUBHOM edheKTy, 3BiMbLuytoum
BIZICOTOK TBapWH, SiKi BVXXUNW, B cepeaHbomy 40 75 %.

BucHoBkW. BcTaHOBMEHI HaMy KapaionpoTEKTUBHI €heKTU CENEKTUBHUX MOZYNSATOPIB €CTPOreHOBMX PELIENTOPIB € eKcnepu-
MeHTamnbHUM OBrPYHTYBaHHSIM aKTyarnbHOCTI Ta NepCreKTMBHOCTI AanbLUKX AOCTIMKEHb Y LIbOMY HaMpsiMi.

KapauonpoTteKTuBHble 3QPEeKTbl MOAYAATOPOB 3CTPOreHOBbIX PELLEnTOPoB
B YCAOBUAX 3KCNEPUMEHTAAbHOI0 0CTPOro UHGapKTa MUOKapAa

C. B. NaBnos, K. B. AeBueHko, C. B. lopbauosa

CornacHo coBpeMeHHbIM NpeAcTaBneHnsaM, NpU UHgapKTe MUOKapaa HenocpeACTBEHHO B ovare MLEMUM 3anyckaeTtcs
kackag, naTtobMoXMMUYecK X peakLni, NPUBOASALLMIA K HapyLleHnio MeTabonmsMa KapavoM1oLmMTOB, 3amycky «napasutap-
HbIX» 3HEPTOMPOAYLIMPYIOLLMX PEaKLMIA, Pa3BUTUID MUTOXOHAPUANLHOM ANCGhYHKLMM, NONHON Brokaae CUHTE3a Makpo3pros
W, KaKk crneacTsue, rnbenu kneTok. B aTol CBA3M akTyanbHbIM SBASETCSH NOUCK HOBbIX BbICOKOA(MEKTUBHBIX NEKapCTBEHHbIX
npenapaTos, CNOCOBHbIX BO3AENCTBOBATL HA MeTaboNnam KapAMOMUOLIMTOB 1 BOCCTaHaBMMBATL TeYeHne B1OIHepreTu4ecknx
peakuuii B KNeTKe B OCTPbI Nepuop MHgapkTa M1okapaa, a Takke paspaboTtka HOBbIX METOLOB abopaTopHOro CKpUHUHIA
3hPeKTUBHOCTM NPOBOAVMOI TEPaNUK.

Lienb pa6oTbI — OLieHKa KapaAnonpOTEKTUBHBIX 3(h(HEKTOB CENEKTUBHBIX MOAYNSTOPOB 3CTPOreHOBbIX PELIENTOPOB B YCMOBUSIX
MOAENVMPOBaHKS OCTPOro MHGapKTa MMOKapaa C UCrnonb3oBaHMeM Mapkepa ST2.

Marepuanbl u meToabl. JKcnepymeHTanbHas YacTb paboTbl BbiMonHeHa Ha 120 NonoBo3penbix Kpbicax-camuax Maccom
190-230 r. Menkoo4aroBbIi OCTPLIA MHGAPKT MYOKapaa MOLENMpoBanit nyTem BBEAEHUS Ha NPOTSHKEHUM 3 CYTOK KopoHapocnas-
MUPYIOLLIEro areHTa nuTyuTpuHa 1 1, 2, 3agpeHoMUMeTVKa nsonpeHanuHa. Viccnegyemble npenaparbl: TamMokcudeHa uutpar
(0,1 mr/kr, reg. Ne EF3300), Topemucben (0,1 mr/kr, reg. Ne 1705834 ), a Tarke pechepeHc-npenapaTbl TMOTpUa3onuH (50 mr/kr,
UA/2931/01/02) v kanukop (6 mr/kr, reg. Ne 11114) BBogunu BHyTPUOPIOLLMHHO Yepe3 20 MUHYT nNocne BBEAEHUS U3agpuHa Ha
npoTskeHun 3 gHeit. Hannyne nHdapkTa Mrokapaa NoATBEPKAaNM nekTpokapanorpacMyeckum UCCriefoBaHNEM, a Takke
onpeneneHrem TpornoHuHa | B nnasme kposw. HanpaeBneHHOCTb U BbIPaXXeHHOCTb MaToBMOXMMUYECKUX MPOLIECCOB B CEPAEY-
HOVI TKaHW 1 BMMSIHWE Ha HWX 1CCrneayeMblX NpenapaToB 13yyanu no MMMyHo(epMeHTHOMY OnpeaeneHno KOHLEHTpaLmu B
romoreHarte cepaua HUTPOTUPO3MHA, roMoumMcTenHa «Homocysteiney, B nnasame kposu — ST2.

Pesynbratbl. Cuctematnyeckoe BBegeH1e nabopaTopHbIM KUBOTHBIM KOPOHAPOCTACTUYECKOrO areHTa NpMBOANIIO K NOCTe-
MEeHHOMY, NPOrPECCHPYIOLLIEMY ULLEMUYECKOMY NOPAXEHIO KapAYOMUOLMTOB. B nnasme KpoBy XMBOTHbIX KOHTPOMBHOM rpynbl
3aperMcTpUpOBaHO YBENUYeHWe Gronornieckoro Mapkepa uHapkTa Muokapda TponoHuHa |, ST2. B romoreHate cepaua
3adhrKCMpOBaHO pa3BMTME OKCUAATMBHOMO CTPECCa, O YeM CBUAETENbCTBOBAMO MOBLILLEHWE KOHLEHTPALWK HUTPOTUPO3NHA U
roMoLMCTenHa. SKCnepuMeHTanbHas Tepanus CenekTUBHLIMU MOLYNSTOPamMm1 3CTPOreHOBbIX PELIENTOPOB 1 pedepeHc-npena-
paTamu (TMOTPMAa30IuH, Kanukop) cnocobCcTBOBaNa HopManuaaLm BUOXMMMYECKUX MPOLIECCOB B KapavuoMuoumTax. [enctane
uccnenyemMbix npenapatoB 6biro OAHOHANPaBMNEHHbLIM, OAHAKO Pa3HOM CTeNeHW BblpaxeHHOCTU. Bce npenapartbl ctatuctu-
YeCckn OCTOBEPHO CHIMKAamNM MapkepHble MPOAYKTbI OKCMAATUBHOIO CTPECCa, a Takke KOHLEeHTpaumio Mapkepa ST2 B nna3me.
HamnGonee BbipaxeHHble 3chpekTbl NPOAEMOHCTPUPOBaNY CENEKTUBHBIE MOAYNISTOPbI 3CTPOTEHOBBIX PELIENTOPOB TOPEMUMEH
1 TAaMOKCUChEH, KOTOpble yMEHbLUANU coaepxaHne B nnasme kpoeu ST2 (bonee yem Ha 46 %), obecneunsas peanvsaumo
kapamonpoTekTuBHbIX cBoMcTB IL-33. Kpome Toro, SERM cnocobHb! orpaHnymnBaTth pasBuTiE OKCUAATUBHOTO M HUTPO3UIBHOTO
CTPECCOB, MPUBOLS K CHIXKEHWIO KOHLEHTPaLMW B CEpALe FOMOLMCTENHA W HUTPOTUPO3NHA. B3aMmMonoTeHUMMPOBaHME AaHHbIX
apheKToB TaMOKCUdeHa uuTpaTa B YCNOBUSIX MOAENMPOBAHNS OCTPOro MHGapKTa M1okapaa NPUBOAMIIO K BblpaXeHHOMY
KapamonpoTeKTUBHOMY 3hdeKTy, yBenuUmMBas NpoLEHT BbDKMBLUMX XKUBOTHBIX B CpeaHeM A0 75 %.

BbIBOAKI. YCTaHOBMNEHHbIE HAMYW KApAVOMPOTEKTUBHBIE APEKTHI CENEKTUBHBIX MOLYTISTOPOB 3CTPOrEHOBbIX PELIENTOPOB ABNIS-
t0TCSl 3KCMepUMeHTanbHbIM 060CHOBaHMEM aKTyanbHOCTY U EPCMEKTUBHOCTY AaNbHENLLIMX UCCRENO0BAHMIA B 3TOM HanpaBreHUU.

According to modern ideas, in myocardial infarction a
cascade of pathobiochemical reactions is triggered directly
in the ischemic focus, leading to a disturbance in the me-
tabolism of cardiomyocytes, the launch of “parasitral”
energy-producing reactions, the development of mitochon-
drial dysfunction, the complete blockade of the macroergic
compounds synthesis, and as a result, cells death. In this
regard, in the acute period of myocardial infarction it is
pathogenetically justified to use drugs that can affect cardio-
myocytes metabolism and restore the course of bioenergetic
reactions in the cell [1,2].

As of today, there are many metabolototropic cardio-
protectors, — antihypoxants, antioxidants, antianginal drugs
among them. However, the effectiveness of these drugs is
only proven in subacute and recovery periods of myocardial
infarction, the drugs are used chaotically, without a treatment
strategy from the position of evidence-based medicine. In
addition, these drugs in mitochondrial dysfunction forming
conditions are not able to regulate the good molecular-bio-
chemical pathways of energy metabolism [1].

A promising trend of new cytoprotective drugs de-
velopment used in hypoxic cells damage is searching for
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the compounds that could induce endogenous cytoprotective
factors (HSP-protein; HIF-proteins, NO) [2—4]. It is known
that these factors play a key role in the implementation of
compensatory-adaptive reactions of cells and activation of
endogenous mechanisms of cytoprotection in response
to hypoxia: inhibition of ATP hydrolysis and increase of
anaerobic ATP formation, minimization of energy consump-
tion, NO-dependent and humoral dilation of coronary and
peripheral vessels [5,6]. Experimental research of the past
decade conducted in this area have found a number of fac-
tors that can induce expression of chaperones, beginning
with preconditioning, heat-shock and magnetic field, and
ending with some drugs (antioxidants, triterpene compounds,
arimoclomol, adenosine, nitrates, valproic acid, estrogen,
etc.) [6]. Among these, special attention should be paid to
estrogens. Historically, the studies of estrogens were carried
out concerning their impact on the secondary sexual cha-
racteristics in females, myometrium mitotic activity, ovarian
follicular granulosa cell proliferation and others [7-9]. Howe-
ver, the detection of a large number of estrogen receptors
in tissues that are not classical estrogen targets, both in
female and male individuals, suggests that estrogens do
not only regulate reproductive processes in the body [6,8,9].
The new concept of cardio protective influence of estrogens
based drugs, that has been mainly developed abroad, is
based on a huge clinical material which indicates the ability
of estrogens to prevent or slow down the progression of
coronary heart disease, hypertension, paroxysmal forms of
cardiac arrhythmias, atherosclerosis - especially in women
with estrogens deficiency [6,9-11].

All of the above-mentioned provide foundation for the fur-
ther study of estrogens cardioprotective properties. However,
their direct hormonal activity and ambiguous effects on
the blood clotting system limit estrogen cardioprotective
drugs inclusion into treatment. In this regard, an interesting
trend is the use of the so-called selective estrogen receptor
modulators (SERM) as estrogen receptor agonists.

The unique pharmacology of SERM can be explained
by three interacting mechanisms: 1) the differential ex-
pression of estrogen receptors in specific target tissue; 2)
the differential conformation of the estrogen receptor upon
binding ligand; 3) the differential expression and binding of
co-regulatory protein with estrogen receptors [6,9]. The rela-
tive levels of two isoforms of estrogen receptors (ERa and
ERB) expression are believed to affect the cellular response
to estrogens. SERM can function as full antagonists, acting
through ERP genes that contain relevant elements, but may
play a role of partial agonists, acting through Era [8,11].

Taking into account all the above-mentioned, it is import-
antto study the SERM cytoprotective effects in the conditions
of acute myocardial infarction modelling. In recent years,
both experimental and clinical studies have shown that it
is appropriate to use the detection of a cardiac biomarker
ST2 (Growth Stimulation Expressed Gene 2) [12,13] for
the purpose of new cardioprotective drugs effectiveness
pharmacological evaluation. ST2 is a member of the inter-
leukin-1 receptor family. In the heart, ST2 plays a biological
role in the innate immune process, and also modulates
the cardiac signalling pathway. An important feature of ST2 is
the rapid, under ischemia, blockade of IL-33 cardioprotective
effect, which contributes to the heart remodeling and fibrosis
development[14]. With adequately selected cardioprotective
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therapy, the concentration of ST2 decreases rapidly, which
explains the prospect of its use for cardioprotective properties
of the drugs evaluation in the study [12—14].

Thus, the aim of our study was to evaluate the SERM
cardioprotective effects in the conditions of acute myocardial
infarction modelling with the use of the ST2 marker.

Materials and methods

The experimental part of the work was performed on 120
mature rats — males weighing 190-230 grams. Experimental
animals were obtained from the Institute of Pharmacology
and Toxicology of the National Academy of Medical Sci-
ences of Ukraine. Small-focal acute myocardial infarction
was modelled by the introduction of coronary artery spasm
induced agents — pituitrin (1 unit/kg subcutaneously) and
B1, 2, 3 isoprenaline adrenomimetic (200 mg/kg intramus-
cularly) for 3 days [15]. The investigated drugs — tamoxifen
citrate (0.1 mg/kg) (reg. Ne EF3300), toremifene (0.1 mg/kg)
(reg. Ne 1705834), and also comparators — tiotriazoline
(50 mg/kg) (UA/2931/01/02) and capicor (6 mg/kg)
(reg. Ne 11114) were injected intraperitoneally 20 minutes
after the injection of isadrin for 3 days in the above stated dos-
es. The myocardial infarction development was confirmed
by electrocardiographic study, as well as the appearance of
troponin | by “Immulite troponin | Kit 100T” (“Siemens”) in
blood plasma. The directivity and severity of pathobioche-
mical processes in the cardiac tissue, as well as the effect
of the studied drugs on them, were studied through the en-
zyme-linked immunosorbent assay of nitrotirozine (“Nitritros-
in” (ELISAKit “Hycult biotechnology bv”)) and homocysteine
(“Homocysteine” (“Axis-Shield Diagnostics”)) concentration
in the heart homogenate and ST2 (“The Pressage ST2
Assay” (Critical Diagnostics)) in blood plasma.

The normality of the distribution was assessed by Kolmo-
gorov—Smirnov (D), Lilliefors and Shapiro-Wilk (W) criteria.
When the distribution was not normal or when we analyzed
ordinal variables, we used the Mann-Whitney U test for two
unrelated samples; for a larger number of samples, we used
Kruskal-Wallis H test followed by the Games—Howell com-
parison. A comparison of groups on the basis of attributes
was performed using ¥? criterion with an analysis of contin-
gency tables. Data are presented as the arithmetic mean and
standard error of the representation of the mean value. The
relationship between the studied variables was determined
using binary regression analysis. The results were processed
using the statistical software packages SPSS 16, Microsoft
Excel 2003, and STATISTICA for Windows 7.0 (StatSoft Inc.);
for all types of analysis a significance level of less than 0,05
was considered as a significant difference [16].

Results and discussion

Systematic administration of a coronary artery spasm
induced agents to laboratory animals led to a gradual,
progressive ischemic lesion of cardiomyocytes. As it can
be seen in the Table 1, an increase in the biological marker
of myocardial infarction, Troponin I, which concentration
averaged 1.77 mg/ml, was registered on the 3 day in
the control group blood plasma after pituitrin and isadrin
administration. Simultaneously, myocardial ischemia cha-
racterizing electrocardiographic changes were recorded
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Table 1. The influence of the studied drugs on pathobiochemical changes in the blood plasma and homogenate of the rat heart with experimental

myocardial infarction

Groups of animals
(n=10)

Troponin |, ST2,
mg/ml mg/ml

Nitrotyrosine, Standard unit,
Iglprotein

Homocysteine, Mmol/l

Intact group (n = 10)

Control group (myocardial infarction) (n = 10)

0.25+£0.02 11.4£1.59
1.77 £0.34 472 647"

0.14+0.03
1.3+0.27*

04011
3.7+0.88*

*: p <0.05 in relation to the intact group of animals.

B R o [ T s A Y N S Y S 1 5 N S Y O O R 1 (e w9

Fig. 1. Electrocardiogram of a rat with Q-myocardial infarction.
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in these animals. Taking into account the peculiarities of
the experimental model and the diffuse nature of ischemic
myocardial damage, an increase in the ST segment from
the isoline and the amplitude of the T wave depression were
revealed (Fig. 1).

An expected result of such changes was a statistically
significant increase of the “soluble” ST2 receptor (sST2) in
the plasma of the rats with experimental myocardial infarc-
tion. Itis known that the receptor ST2 (suppression of tumori-
genicity-2) is a representative of the interleukin IL-1 receptors
family [12-14]. ST2 exists in two isoforms: transmembrane
(ST2L) and “soluble” (sST2), which is not bound to the cell
or membrane and circulates freely in the circulatory system.

A number of studies have shown that interleukin-33
(IL-33) is the ligand of the ST2 receptor [12]. Hypoxic damage
to cardiomyocytes and fibroblasts, excessive pressure and
stretching are the main momentum of the IL-33/ST2 system
activation in the heart [14]. IL-33 performs its cardioprotective
effect in the interaction with the ST2L receptor [13-14]. At
the same time, sST2 is a “trap” receptor, connecting with
which, IL-33 is disconnected from the signal pathways and
is unable to realize its cardioprotective effect [13]. In this re-
gard, increasing the ST2 marker concentration is of practical
importance in the diagnosis of cardiovascular diseases, as
well as therapy effectiveness monitoring in both experimental
and clinical studies.

As the studies showed, an increase in the ST2 con-
centration in the blood plasma of the rats with experimental
myocardial infarction correlated with a statistically significant
increase in markers of oxidative stress — nitrotirozine (Ntz)
and homocysteine (Gct) — in the stunned myocardium
homogenate. The development of nitrosating stress (Ntz
increasing by 91 %) on the background of the shift of
thiol-disulphide equilibrium towards oxidized thiols (Gct
increasing by 89 %). Under cardiomyocyte hypoxia, these
pathobiochemical processes are able to cause a cascade

of irreversible processes leading to the death of cardiomyo-
cytes. Thus, the development of nitrative stress leads,
through peroxynitrite hyperproduction, to the irreversible
inhibition of mitochondrial respiration, directly interacting with
the iron of key enzymes active centres, and also nitrosating
the S-, N-, O-elements of thiol, phenol, hydroxyl and amino
groups of the protein part of these enzymes; and in a stron-
ger manifestation of nitrative stress, it irreversibly oxidizes
them. In conditions of ischemic damage to heart tissue,
the antioxidant balance shifts toward the prooxidant[17,18].
Accumulation of proteins oxidative degradation marker
products occurs, especially Ntz, leading to the disruption in
the functioning of proteins, especially the respiratory chain,
and as a result, the death of the whole cell. Simultaneously,
due to nucleic acids damage, oxidative stress leads to the in-
hibition of the genes expression responsible for the synthesis
of endogenous cytoprotective factors (HSP-, HIF proteins),
as well as antioxidant protection enzymes — catalase, su-
peroxide dismutase [19].

Using tamoxifen (0.1 mg/kg), toremifene (0.1 mg/kg),
thiotriazoline (50 mg/kg) and capicor (6 mg/kg) in experimen-
tal therapy of rats with experimental myocardial infarction
promoted the normalization of biochemical processes in
cardiomyocytes. Therefore, as it can be seen in the Table
2, all the studied drugs reduced the concentration of nitroty-
rozin in the heart homogenate, with a parallel decrease in
the content of homocysteine. However, the effect of the drugs
in the study was unidirectional, with various degree of inten-
sity. All the drugs statistically significantly reduced oxidative
stress marker products. Selective estrogen receptor modu-
lator toremifene and compound with antioxidant properties
tiotriazoline, as it is shown in the Table 2, were found to be
the most active in their effect on the oxidative stress indica-
tors, as they reduced the concentration of nitrotyrosine and
homocysteine by an average of 60 % and 70 %, respectively.

Interesting data were obtained by studying the character
of ST2 concentration in the plasma of animals with myocar-
dial infarction experimental therapy. So, it can be concluded
from the Table 3, that the concentration of ST2 was com-
parable to the effectiveness of the drugs in their effect on
the content of oxidative stress markers, although tiotriazolin
showed slightly less activity. An important feature is that
the obtained values of the ST2 concentration correlate with
the number of survived animals in each experimental series.
Therefore, the lower marker ST2 concentration, the larger
number of experimental animals survived on the 4™ day of
the modelled pathology. Based on the ST2 concentration, it
is possible to construct a series of the studied drugs in de-
scending order of their efficiency. This series has the range:
toremifene — tamoxifen — capicor — thiotriazoline.

The prospective use of ST2 as a marker for monitoring
the drugs effectiveness is explained by the integrative
properties of this biomarker, reflecting changes in the three
main links of myocardial infarction: hypoxia, inflammation,
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myocardial stress. As a “receptor-trap”, sST2 binds to
IL-33 and limits the realization of its cardioprotective effect.
A number of studies have shown the relationship between
the development of oxidative stress and hyperproduction
of sST2 [12-14]. In addition, due to the limitftion of IL-33
biological effects, the cytoprotective activity of HSP and HIF
proteins is also limited [5,20]. It is known that the induction of
HSP and HIF proteins is the most conservative and universal
system of cellular response to hypoxia. The ratio of the HSP
level to the total protein level in a stress-affected cell is so
large, that the amount of heat shock proteins in it reaches
15-20 % of all dissolved cytoplasm proteins [4,5,20]. The last
one with these proteins expression and synthesis induction
in a cell under hypoxic conditions a number of researchers
associate with the initiation of adaptive molecular-bioche-
mical cell reactions in response to hypoxia. In this regard,
the established ability of drugs to reduce the concentration
of ST2 allows us to make an assumption about their ability
to influence the content of HSP proteins, thereby activating
the processes of rapid cell adaptation to hypoxic conditions.
This statement is especially true for estrogen receptors
modulators - tamoxifen and toremifene, the mechanism
of cytoprotective action of which in conditions of ischemic
genesis pathology is explained, among other things, by their
ability to increase the content of HSP and HIF proteins in
the cell, as we have shown in our earlier research.

To sum up, it has been determined in the course of
experimental research that the studied drugs in the condi-
tions of experimental myocardial infarction have complex
cytoprotective effects aimed at oxidative and nitrosating
stresses reduction reducing the concentration of ST2 marker.
The cytoprotective effects of the above-mentioned drugs
established by us were manifested in the increased number
of survived animals on the 4" day of myocardial infarction
modelling. The analysis of the obtained data demonstrates
that the leading mechanism of their cytoprotective effects is
the ability to reduce the concentration of the ST2 marker. This
property of the drugs is unidirectional, however it is realized
in different ways. Thus, the antioxidant drug - tiotriazoline,
is capable of binding the cytotoxic derivatives of the ROS
to its SH-groups, thereby reducing the concentration of
nitrotyrosine and homocysteine. Thiotriazoline showed less
pronounced effects in relation to ST2 marker concentration,
which prevented it from fully implementing cardioprotective
effects. Under the influence of tiotriazoline, the percentage of
survived animals on the 4" day of modelled pathology was only
50 %. Capicor proved to be more active, providing a decrease
in ST2 by 33 %, and increasing the percentage of survived
animals to 60 %. These effects of capicor, in our opinion,
are explained by the combination of gamma-butyrobetaine
dihydrate with meldonium dihydrate which, on the one hand,
ensures the oxidative stress localization and on the other
hand the normalization of biochemical processes in the mito-
chondria, reducing the lactic acidosis development. The most
pronounced effects were displayed by the selective modula-
tors of estrogen receptors — toremifene and tamoxifen. These
drugs, in conditions of experimental myocardial infarction, due
to the modulation of heart estrogen receptors (ER), caused
conformational changes in the ER molecule and the release
of HSP70 proteins from the complex with it and the input of
the latter into the mitochondria. However, the decrease of
ST2 in blood plasma (by more than 46 %) provides, in our
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Table 2. The effect of the studied drugs on the content of oxidative and nitrosative
stresses markers in cardiac homogenate of rats with experimental myocardial

infarction

Groups of animals

Nitrotyrosine,

Homocysteine,
Mmol/l

(n=10) Standard
unit/g/protein

Intact group, (n = 10) 0.14 £0.03
Control group (myocardial infarction), (n = 10) 1.3+0.27
Myocardial infarction + Tamoxifene citrate (0.1 mg/g), (n=10)  0.65 + 0.14*
Myocardial infarction + Toremifene (0.1 mg/kg), (n = 10) 0.52+0.12*
Myocardial infarction + Thiotriazoline (50 mg/kg), (n = 10) 0.5+ 0.09*
Myocardial infarction + capicor (6 mg/kg), (n = 10) 0.68+0.11*

0401
3.7+0.88
2.7+0.14*
1.1£0.1*
0.9+0.08*
29+0.12*

*: p<0.05 in relation to the control.

Table 3. The impact of the studied drugs on the content of ST2 in the blood plasma
and the percentage of survived animals on the 41" day of experimental myocardial

infarction
Groups of animals ST2, % of survived
(n=10) mg/ml animals
Intact group, (n = 10) 11.4+1.59 0
Control group (myocardial infarction), (n = 10) 47.2+6.47 40
Myocardial infarction + Tamoxifene citrate (0.1 mg/kg) 271.7+4.2* 70
Myocardial infarction + Toremifene (0.1 mg/kg), (n = 10) 227+3.72 80
Myocardial infarction + Thiotriazoline (50 mg/kg), (n = 10) 36.8+4.12 50
Myocardial infarction + capicor (6 mg/kg), (n = 10) 3221341 60

*: P <0.05 in relation to the control.

opinion, the realization of IL-33 cardioprotective properties. In
addition, SERM can limit the development of oxidative and
nitrosative stresses, leading to a decrease in the concentration
of homocysteine and nitrotirozine in the heart. Interaction of
these effects of tamoxifen citrate in conditions of acute cerebral
ischemia led to a marked cardioprotective effect, increasing
the percentage of survived animals to an average of 75 %.

Conclusions

1. Modelling of the acute myocardial infarction led to
the significant pathobiochemical and electrophysiological
changes in the heart tissue.

2. Experimental therapy of the rats with acute myocardial
infarction with SERM and reference medications had cardio-
protective effects, such as decrease of the oxidative and
nitro-oxidative stresses markers, decrease of the serum ST2.

3. Effect of all medications in this study was unidirec-
tional, but in the varying degrees. The most effective were
Toremifen and Tamoxifen citritis, which decreased ST2
function more than 45 %, at the same time the percentage
of survived animals was 45 %.

The cardioprotective effects of selective estrogen
receptor modulators identified by us are an experimental
foundation for the relevance and viability of further research
in this direction.
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