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Pe3tome. I]envs — OIEHUTH COCTOSTHHUE CHCTEMBI T€MO-
cTa3a MpHU MHOTOKPAaTHOM M30JUPOBAHHOM M COYETaHHOM
MIPUMEHEHUH TUTIEPKAITHIYECKOM THITOKCHH U MEKCHJIO0JIA.
Mamepuanvt u memoowvi. B >xcriepuMeHTE UCIOIb30Ba-
JICh KpbIChI-caMIIbl (60 ocobeit) muanu Wistar. JKuBoTHble
MOJIBEPTaINCh TPEHUPOBOYHBIM IMKJIaM B Buae 30-kpar-
HBIX €XXEJIHEBHBIX BO3ICUCTBUNA: TMIIEPKAMHUYECKON TH-
nokcuu (I'KT') cyomakcumanbaoi marencusHocTr (O, —
9%; CO, — 7%); KypCOBOMY NPMMEHEHHIO MEKCHJIONA;
TUIIEPKATHUYECKON THIIOKCHU CyOMaKCHMalbHOW MHTEH-
CHBHOCTH Ha ()OHE KypCOBOTO BBeACHUS Mekcujoia. Pe-
3ynemamot. 11py M3011MpOBAaHHOM MHOTOKPATHOM BO3/IEH-
ctBun I'KI" cyOMakcumaibHOM HHTEHCHBHOCTH CO CTOPO-
HBI IJJa3MEHHOTO 3BE€Ha CHCTEMBI T€MOCTa3a 0TMedasach
TUIEPKOATYIISINS Ha KOHEYHOM dTare CBEPThIBAHUS U I10-
BBIILICHUE KOHLIEHTpauuH (UOpHHOTreHa. AHTUKOATYJISHT-
Has aKTMBHOCTH IJIa3Mbl KPOBHU XapaKTepH30Bajach I10-
BoimenueM ypoBHs AT 111 n APII, ormeuanach akTUBaIus
(hUOPUHOTUTHYECKOH CHCTEMBI KpoBH. 3ommpoBanHOE
30-xpaTHOE KypCOBOE€ BBEJCHHE MEKCH/IONIA COTTPOBOMK A~
JIOCh CHM)KEHUEM KOJIMYeCTBa TPOMOOIIUTOB W TUIOArpe-
raiueil. MHorokparHoe couetantoe Bozzaeiicteue I'KI™ u
MEKCHJ0JIa TIPUBOJIMIIO K THUIOArperalnud TpoMOOIIUTOB,
a TaKKe CIIOCOOCTBOBAJIO TMOBBIIICHHIO AHTHKOATYIISTHT-
HOW W (UOPUHONMUTHYECKON aKTUBHOCTH IUTa3MBI KpO-
BU. 3akarouenue. [Ipu MHOTOKpaTHOM BO3JCHCTBUU yMe-
PEHHOTO MO0 MHTEHCUBHOCTH pasapaxutensd B Buae ['KI
CcyOMaKCHManbHOW WHTEHCHMBHOCTH OTMEYalloCh YBEJIH-
YeHHE B KPOBU OTJENBHBIX (AKTOPOB CUCTEMBI T€MOCTa-
3a (aaTuTpoMOUH I1I, puGpruHOTEH), @ TaKKE MOBBIIIICHIE
APIl 1 puOpUHOIUTHYECKON aKTUBHOCTH TUTa3MBI KpO-

Abstract. Study objectives: The study was conducted to
assess the reaction of the hemostatic system to repeated
cycles of hypercapnic hypoxic training; exposure to
hypercapnic hypoxia combined with Mexidol; and
monotherapy with Mexidol.

Materials and methods. 60 male Wistar rats were used in
the experiment. During 30 consecutive days, the animals
underwent training cycles in the form of daily exposures
to hypercapnic hypoxia (HCH) of submaximal intensity
(O, — 9%; CO, — 7%); monotherapy with Mexidol; and
cycles of hypercapnic hypoxic training of submaximal
intensity combined with administration of Mexidol.

Results: In the case of isolated repeated exposure to HCH
of submaximal intensity, the response of the hemostatic
system revealed itself through hypercoagulation at the
final stage of coagulation and increased plasma fibrinogen
concentrations. The anticoagulant activity of blood
plasma was characterized by an increased level of AT III
and APR (antithrombin plasma reserve). Activation of
the fibrinolytic system was also observed. The 30-fold
course administration of Mexidol was accompanied by a
reduction in the platelet count and hypoaggregation. The
multiple combined effects of HCH and Mexidol led to
increase of anticoagulant and fibrinolytic activity in blood
plasma.

Conclusion. After repeated exposure to a moderate-
intensity stimulus (HCH of submaximal intensity), an
increase of certain hemostatic parameters (antithrombin
111, fibrinogen) was observed, as well as an increase in ARP
and plasma fibrinolytic activity, which can be considered as
a manifestation of long-term adaptation of the hemostatic
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General Pathology

BH, YTO MO’KHO PACIICHUTh KaK MPOSBICHUE JIOJITOBPEMEH-
HOW ajjanTalyy cO CTOPOHBI CHCTEMBI TreMocTasa. Ycra-
HOBJICHO, YTO MHOTOKPAaTHOC NPHUMCHCHHUE MCKCH0JIa B
nmo3upoBke 50 MI/KT Takke CIocoOcTByeT (hopMEpoBa-
HUIO JIOJITOBPEMEHHOW aJanTaluu O CTOPOHBI CUCTEMBI
reMocTasa U MOXeT OBbITh HCIIOJIB30BaHO B KaduecTBe (hap-
MaKOJIOTMUECKOTO MPEKOHIUITMOHNPOBaHUS. MHOTOKpAT-
HOC COYCTAHHOE BO3JICHCTBHE TUIIOKCHH C THICPKAITHU-
eil Ha (hoHe aHTUTUTIOKCAHTA BBI3BIBACT y KPBIC OOJIee BBI-
paKEHHBIC aJJaNTUBHBIC U3MECHEHHSI: BBIPAXKCHHAS THITOA-
rperaiusi TpOMOOIIMTOB, HOpMATU3AIHs TapaMeTPOB Koa-
T'YJISIIMOHHOTO 3BE€HA CUCTEMBI TeMOCTa3a JI0 YPOBHS KOH-
TPOJIBHBIX KUBOTHBIX, HCUE3HOBEHHE B KPOBOTOKE MapKe-
POB TPOMOOTHYECKOH TOTOBHOCTH, 3HAYUTENFHOE yBEIH-
YeHHE aHTUKOATYIISTHTHOW W PHOPHHOINTHIECKON aKTHB-
HOCTH TUIa3Mbl KPOBH, 4TO CIIOCOOCTBYET (hOPMHUPOBAHUIO
CTOMKOM JIONTOBPEMEHHOM aanTaluy CO CTOPOHBI CHCTE-
MBI TEMOCTa3a y OTBITHBIX KPEIC.

KiroueBble cioBa: TUNCPKAITHNYCCKasd r'mIioKCusi, MCK-
CHUaoJ, reMocras
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system to this type of stressor. The experiments revealed
that repeated administration of Mexidol at a dose of
50 mg/kg also contributed to long-term adaptation of the
hemostatic system and could be used as pharmacological
preconditioning. The effects of multiple exposure to
hypercapnic hypoxia combined with the antioxidant
effects of the antihypoxic drug resulted in more evident
adaptive changes in experimental rats: significant platelet
hypoaggregation; normalization of the coagulation
parameters of the hemostatic system to the level measured
in control animals; disappearance of thrombotic readiness
markers in the bloodstream, a significant increase in the
anticoagulant and fibrinolytic activity of blood plasma,
which contributes to a stable long-term adaptation of the
hemostatic system.

Keywords: hypercapnic hypoxia, Mexidol, hemostatic
system
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BBenenue

l'mnepkanunueckass runokcust (I'KI) — maronoruye-
CKHI ITpoLeCC, KOTOPBI MPOUCXOAUT IIPU HEAOCTATOUHOM
CcHa0XKeHNHU KUCIIOPOJIOM TKaHEW OpraHn3Ma Wi Hapylle-
HUU €T0 YTHWIIN3AIUU B MPOIEecce ONOIOTHIECKOTO OKHUC-
JIEHWsl, IPUBOJIAIIAs K U30bITouHOMY Hakomenuto CO, B
KpoBH. B HacTosee BpeMs st oOecriedeHns BEKHUBae-
MOCTH Y€JIOBEKa B YCIIOBUSX TMIIOKCHH, COYETAIOLIEHCs ¢
TUIEepKaHUeH, NCIOIb3YI0TCS B OCHOBHOM CpEJICTBA UH-
TUBUAYyaIbHON 3ammThl. OMHAKO, UX MPUMEHEHHE OTpa-
HUYEHO M3-32 TPOMO3IKOCTH, OOJBIION CTONMOCTH, CITOXK-
HOCTH 3KcIulyatauuu u T.1. [ 1, 2]. IIpu neiictBum Ha opra-
HU3M THIIOKCHUYECKUX (DaKTOPOB HEMEMJICHHO MJIM BCKOPE
0oCJIe Hayasla Takoro BO3/IeHCTBUS BOZHUKAIOT 3alllUTHBIE
peaKIiy O CTOPOHBI BCETO Opranu3ma [3], B TOM 4ncie u
CO CTOPOHBI CHCTEMBI T€MOCTAa3a, HallpaBJIEHHbIE HA TIPE/I-
YIPEXICHUE WU YCTPAHEHUE MOCIEACTBUM BO3AEHCTBUS
TUTIOKCHH [4].

s Toro, 4ToOBI HUBEIHMPOBATH, WM, KAK MHHUMYM,
CHM3UTh HeOnaronpustTHele 3PQeKTsl OT BO3ACHCTBUS
OKpy’Kalolle cpenpl, HeOOXOAMMO MOBBIIMIATh HECTell-
n(UIECKyI0 yCTOWYUBOCTh OpraHu3Ma C Ienbio (hopMu-
pOBaHUS TaK Ha3bpIBaEMOTO <«d(deKTa amanTHPOBaHHO-
ctu» [5, 6]. Kpome Toro, agantanus K nepuoguuecKon uc-

Introduction

Hypercapnic hypoxia (HCH) is a pathological process that
occurs when the body tissues are deprived of adequate oxygen
supply or if oxygen utilization during biological oxidation
is impaired, which leads to excessive accumulation of CO,
in the blood. Nowadays, personal protective equipment
is mainly used to ensure human survival in conditions of
hypoxia, combined with hypercapnia. However, the use
of such devices is limited due to their bulkiness, high cost,
complexity of operation and maintenance, etc. [1, 2]. When
hypoxic factors act on the body, a protective response is
triggered immediately or shortly after exposure [3]. This
reaction is observed in the whole organism (including the
hemostatic system) and is aimed at preventing or eliminating
the effects of hypoxia [4].

To neutralize, or at least reduce adverse effects of the
environmental influences, it is necessary to improve the
nonspecific body stability and to enhance the so-called
“adaptation effect” [5, 6]. Besides, adaptation to periodic
artificially simulated hypoxia (hypoxic preconditioning)
in recent years has been effectively used in various fields
of clinical and preventive medicine, as well as in sports
physiology [7, 8]. To achieve the “adaptation effect”, both
pharmaceutical preparations and non-pharmacological
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KYCCTBEHHO MOJICJIMPYEMON THUIOKCUU (THIIOKCHYECKOES
MPEKOHIUIIMOHUPOBAHUE) B MOCICIHUE TOABI YPPEKTHB-
HO HMCIOJB3YETCsl B PA3IMYHBIX 00JIACTSAX KIMHHYECKOH U
PO IITAKTHICCKOH METUIINHEI, & TAKXKE CIIOPTUBHON (H-
suonoruu [7, 8]. JAns moctmkenus «dddekra agantTupo-
BaHHOCTH» MOTYT OBITh HCIIOJI30BaHbI KaK (hapMaKOJIOTH-
YeCcKHe Mpernaparhbl, Tak 1 HEMEAUKAMEHTO3HbIC CPEACTBA
B BHUJIE TPEHUPOBOK I'MIIOKCHEH.

Tak, mo mamueiM B.II. Kymmkosa (2004), rumokcu-
runepkanHudeckue 30-kpaTHble TPEHUPOBKU KPBIC Ha
npotsbkeHud 20 MUHYT € ra3oBbIM COCTaBoM Bozayxa O,
— 5,0% u CO, — 4,0%, npuBOAMIIK K aKTUBAIIUH TPOM-
OOILUTAPHOTO TeMOCTAa3a, YIUTMHEHUIO BpEMEHH CBEPThIBA-
HUS KPOBH TI0 BHYTPEHHEMY MYTH U YCKOpeHUto pudpu-
HOJIUTHUYCCKON aKTUBHOCTH [9].

Jns  MenuKaMeHTO3HOM KOPPEKIMHW THUIIOKCHYECKO-
IO COCTOSIHUSI B KJIIMHUKE HCIIONB3yeTcs Tpymma Qapma-
KOJIOTHYECKHX TPENaparoB MeTa0OIMYECKOrO THIA JeH-
CTBUS, OJIHUM W3 KOTOPBIX SIBJISCTCS AHTUTUIIOKCAHT
mekcunon [10], mpencraBisionuii co00W CyKIIMHATCO-
Jepikamiee MPOU3BOAHOE 3-OKCHUNUpHanHA (2-3THII-6-
METHJI-3-OKCUIUpuInHa cyknuHat) [11]. 3amuTtHeri 3¢-
(bekT MeKcH0Na MPH THUIOKCHU OOYCIIOBIIEH aHTHOKCH-
JAHTHON aKTHBHOCTBHIO 3-OKCUITHPUIMHOB U aHTHTUIIOK-
CUYECKMM CBOMCTBOM SIHTAPHOM KHCIIOTBI, BXOASUIEN B
ero cocras [12].

Hcxons W3 BBIMIEW3IIOKEHHOTO, IIENBI0 PaOOTHl SBH-
JIOCHh U3yUYEHHE COCTOSHUSI CUCTEMBI TeMOCTa3a MPH MHO-
TOKPaTHOM HM30JMPOBAHHOM U COYETAHHOM NPUMEHEHHH
I'KT" 1 Mekcu1oI1a v BBISIBICHUE MAKCUMAIILHO dPPEKTHB-
HOTO PeKUMa IPEKOHAUITMOHUPOBAHHUS.

MarepuaJjbl 1 MeTOAbI

UccnenoBanust  BbimodHeHbl Ha 60  momnoBo3pe-
JBIX KpbICax-camiax IuHuM Wistar cpemHel maccoit
254,0+£27,8 1. Bece nkciepuMeHTANIbHBIC JKUBOTHBIE OBLIH
pasneneHsl Ha 6 Tpymm: 3 KOHTPOJIBHBIE U 3 OMBITHBIC
rpynmsl 1o 10 KpbIC B KaXKAOH.

OnbITHBIE W KOHTPOJBHBIE TPYMIBI Ha MpoTshkeHnn 30
JTHEeH e)KEIHEBHO IOJ[BEPTANNCh: 1-5 OMBITHAS TPYIIa —
sosaericTeuio I'KI" (rasosas cpena, conepaxaras 9,0% O,
7,0% CO, B Teuenune 20 MuHYT); 1-1 KOHTPOJIBHAS TPYII-
na — 20-MHHYTHOMY TIPEOBIBAHUIO B KAMEPE ¢ OOBIYHBIM
aTMOC(EpHBIM Ta30BBIM COCTABOM BO3/1yXa; 2-sI OIBITHAS
rpymnmna — KypcoBOMY IMPHEMY MEKCHIOTA B JO3UPOBKE
50 MT/KT MacceI Tema; 2-s KOHTPOJIbHAs TPYIITa — BBEIC-
nuto 0,9% pacteopa NaCl B ToM ke o0beme, 4TO U MEKCH-
nona; 3-s onbITHAs rpynna — Bo3aeictuio 'K (razoBast
cpena, conepkamas 9,0% O,, 7,0% CO, B Teuenue 20 Mu-
HyT) Ha (DOHE KypCOBOTO MprUeMa MEKCHJI0JIa B JO3UPOBKE
50 Mr/kr Maccel Tena; 3-s KOHTposIbHAas rpyrmna — 20-Mu-
HYTHOMY TPEOBIBAHHUIO B KaMepe ¢ OOBIYHBIM aTMocdep-
HBIM Ta30BbIM COCTaBOM Bo3ayxa u BBeaeHuwo 0,9% pac-
tBOopa NaCl B ToM e o0beMe, 4TO B MEKCHJI0IA.

Hmns monenuposanus KD ucnonb3oBanu kamepy, B KO-
TOPYIO TIOJaBaIach 3alaHHAsl CMECh Ta30B CO CKOPOCTHIO
15 n/mun. OcHOBOMH /15t ra30Boi cMecH sABsICs N, € KO-

stimuli (e.g. intermittent hypoxic training) can be used.

Thus, according to V.P. Kulikova (2004), 30-fold
hypoxy-hypercapnic training of rats during 20 minutes
with the content of O, — 5.0% and CO, — 4.0% in the air,
leads to rapid platelet activation; triggers classic intrinsic
pathway of coagulation, which is the longer pathway of
hemostasis, and accelerates fibrinolytic activity [9].

To treat hypoxia, our clinic uses a group of
pharmacological agents normalizing metabolism in
tissues. One of them is antihypoxant Mexidol [10], which
is a succinate-containing derivative of 3-hydroxypyridine
(2-ethyl-6-methyl-3-hydroxypyridine succinate) [11]. The
protective effect of Mexidol used for treating hypoxia is
due to the antioxidant activity of 3-hydroxypyridines and
the antihypoxic property of succinic acid, which is part of
this medication [12].

Based on the foregoing, the aim of the work was to study
the reaction of the hemostatic system exposed to isolated
HCH or in combination with Mexidol and to identify the
most efficient preconditioning techniques.

Materials and methods

60 adult male Wistar rats were used in the experiment.
The average body weight of the animals was 254.0+27.8
g. All experimental animals were divided into 6 groups: 3
control and 3 experimental groups of 10 rats in each.

During 30 consecutive days, the animals from all
experimental and control groups underwent the following
treatment: the 1st experimental group was exposed to
HCH (0, — 9%; CO, — 7% during 20 minutes); the Ist
control group stayed during 20 minute in a chamber filled
in with normal air; the 2nd experimental group was treated
with Mexidol at a dose of 50 mg/kg; the 2nd control
group got infusions of 0.9% NaCl in the same volume as
Mexidol; the 3rd experimental group was exposed to HCH
(O, — 9%; CO, — 7% during 20 minutes) and treated
with Mexidol at a dose of 50 mg/kg; 3rd control group
stayed during 20 minute in a chamber filled in with normal
air and got infusions of 0.9% NaCl in the same volume as
Mexidol.

To simulate HCH, a chamber was used in which the
specified mixture of gases was supplied at a rate of 15
I/min. The basic element of the gas mixture was N, to
which O, and CO, were added. The gas composition in
the chamber was controlled using a Microlux O,+CO,
gas analyzer (Microlux, LLC, Ekaterinburg, Russia).
The submaximal intensity of HCH exposure was selected
based on the available published data [13].

The doses of the medication for rats (5 mg per 100 g of
body weight) were calculated on the basis of the average
therapeutic doses for humans used in clinical medicine.
The necessary values could be easily obtained by using
extrapolation techniques and constants of biological
activity [14]. The duration of the drug administration was
determined experimentally. The infusion volume was
calculated individually based on the body weight of each
rat. All experimental manipulations with the use of an
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TopbiM cMmetnBani O, u CO,. KoHTposb ra3oBoro cocra-
Ba KaMephl MPOU3BOAMIICS MPHU MOMOIIM ra30aHaIN3aTo-
pa «Microlux O,+CO_» (OO0 «Mukpomokc», Exarepun-
oypr, Poccus). Pexxum Bozneticteus I'KI' cyOmakcumab-
HOW MHTEHCUBHOCTH OBLI BBIOpAH, UCXOS U3 JINTEpaTyp-
HBIX JaHHBIX [13].

Jo3bl mpenapara ais kpbic (u3 pacuera 5 mr Ha 100 T
Macchl Tejla) pacCUMTHIBAJIM HAa OCHOBAHUU CpeIHeTepa-
MEeBTUYECKHUX J03 IS YeIOBEKa, MCIIONb3yeMOH B KIIH-
HUYECKOH MEIUIMHE U METOJOM 3KCTPAOJISIINN AAHHBIX
C NPUMEHEHHUEM KOHCTAHT OMOJIOIMYECKOH aKTMBHOCTHU
[14], mmTensHOCTH MpHEMa Kypca mpenapara Obuia Ho-
noOpaHa 3KCIepUMEHTaNbHBIM ImyTeM. OO0beM BBEICHHUS
JUISL KXKJIOM KPbICHI ObUT MHAWBUAYaJICH U PacCUUTHIBAII-
cs1, ICXOJIsl M3 Macchl Tena. Bee akcreprMeHTanbHbIe BO3-
JeUCTBUS, KOTOpble OBbLIM HPOBEIECHBI C HCIIOIb30BAHU-
€M aHTHTUIIOKCAHTa, OCYLIECTBISINCH yepe3 1 yac moce
MHBEKIUH TIpenapara MEKCH/10J1a, TTOCKOJIBKY 3TO BpPEMs
HEOOXOIUMO ISl JOCTHKEHHUSI MAaKCUMAJIbHOTO TTHKa KOH-
LIEHTpAaLlMK Tpenapata B KpoBH [15].

C mesplo afganTaluy K yCJIOBUSIM BUBapHs BCE KPBICHI
[IOMEILAINCH B CTAaHJAPTHbIE YCIOBUS COIEPKAHUS 3a He-
JIeITI0 710 HayaJla SKCIIepUMEHTaIbHBIX Bo3aercTBHid. [1po-
BE€JICHHME DKCIIEPUMEHTOB Ha KpPbICax OCYIECTBISUIN B CO-
OTBETCTBUM ¢ EBponeiickoil KOHBEHIIMEN MO OXpaHe Io-
3BOHOYHBIX JKWBOTHBIX, MCIOJB3YEMBIX B JKCIEPUMEH-
te, n JlupextuBamu — 86/609/EEC. Obe3bonmBanue u
YMEPLIBJICHHE >KUBOTHBIX MPOBOJMIN B COOTBETCTBHH C
«[IpaBunaMu npoBeneHHst PadOT C UCIIOJIB30BAHUEM IKC-
MEPUMEHTAIBHBIX JKUBOTHBIX» [16]. PaGora Obuia omo-
Opena stnueckum komuretom ®I'BOY BO AT'MY Muns-
npasa PD. («IIpotokom Ne 1 ot 29.01.2018 y»).

KpoBb a7 McciieioBaHus Y OIBITHBIX U KOHTPOJIBHBIX
KMBOTHBIX 3a0upasiack Ha 30- IeHb 10 3aBEPILICHUN Oue-
PEIHOTO SKCHEPUMEHTAILHOTO BO3ACHCTBH. 3a00p Kpo-
BU Yy BCEX TPy KUBOTHBIX BBITIONHSUIA Ha (OHE HAPKO-
TU3AIMU YTEM BHYTPUOPIOIIMHHOTO BBEJCHUS PACTBOPA
3o7a3enama B mo3e 5 mMr/100 T macce! tena. [locie Hap-
KOTH3alMU Y GUKCHPOBAHHBIX K MAJIOMY OIE€PALIUOHHOMY
CTOJIUKY KPBIC TIPOU3BOIMIIACH OLIEHKA OO0JIEBOM YyBCTBH-
TENBHOCTH IIyTEM CAABIMBAHHs KOPHs XBOCTA, IO KOTO-
pOii OlLIeHUBAJI CTENEHb HAPKOTU3ALMHU KUBOTHOTO. [Ipn
YAOBJIETBOPUTEIHHON HAPKOTHU3ALMU >KUBOTHOTO TPOM3-
BOJMJIOCH BCKPBITHE OPIOIIHOM II0JIOCTH U BBIAEICHUE I1e-
YeHOYHOTro cuHyca. KpoBb aist nccnenoBanus 3abupanach
B 00beMe 5-6 Mi1 U3 BOpOoTHOH BeHbl [17] B monmuctupo-
JIOBBIN T'paJyMpOBAHHBIM LINPUL], COJAEPKAIIUNA aHTHKO-
aryJlsiHT (TPEX3aMENICHHBIN 5,5-BOMHBIN IUTPAT HATPUS
B kKoHneHTpamun 3,8% (0,11 M)). KpoBs ¢ niurparom Ha-
TpHUs CMELIMBajIach B COOTHOIIEHNH 9:1.

Kommiekc MeToauK, MO3BOJISIOIIMN OLEHUTh COCTOSI-
HUE CHCTEMBl TeéMOCTa3a, BKJIIOYAJl HCCIEI0BaHHUE arpe-
ralMOHHOW aKTHBHOCTH TPOMOOLIUTOB, KOATYIISIIITHOHHOTO
3BEHA IreMOCTa3a, aHTUKOATYJISTHTHOW U (pUOpUHONINTHYE-
CKOM aKTMBHOCTU. B KauecTBe peareHToB JJisl OLICHKH CH-
CTEMBI I'€éMOCTa3a ObUIN BBIOpAHBI AUArHOCTUYECKHUE Ha-
oopsl ¢upmbl «Texnonorus—Cranmapr» (Poccus) ¢ wc-

antihypoxant were carried out one hour after the Mexidol
injection, since this time was necessary to achieve the peak
concentration of the drug in the blood [15].

To get adapted to the vivarium conditions, all rats
were placed in standard environment one week before
the experiment. All experiments were carried out in
accordance with the European Convention for the
Protection of Vertebrate Animals used for Experimental
and other Scientific Purposes and Directive 86/609 / EEC.
Anesthesia and euthanasia of animals were accomplished
in accordance with the “Guidelines for the Protection
of Animals used for Experiments” [16]. The work was
approved by the ethics committee of Altai State Medical
University (ASMU), the Ministry of Health of the Russian
Federation. (Protocol No. 1 of January 29, 2018).

Blood of experimental and control animals was taken
for analysis on the 30th day after the completion of
the last experimental exposure. Blood collection in all
groups of animals was carried out under anaesthesia
(zolazepam solution administered intraperitoneally at a
dose of 5 mg/100g of body weight). After anesthesia, the
rats were fixed on a small operating table. Pain threshold
was determined using the tail flick test, which allowed
assessing the degree of anesthesia. If the anesthesia level
was satisfactory, the rat abdominal cavity was opened and
the liver sinusoid was excreted. Maximum blood draw
volume for examination was 5-6 ml. Samples were drawn
from the portal vein [17] using graduated polystyrene
syringes containing an anticoagulant (trisodium citrate 5.5
hydrate, aqueous solution at a concentration of 3.8% (0.11
M)). Blood was mixed with sodium citrate at a ratio of
nine parts blood to one part anticoagulant.

The complex of methods, used for an overall evaluation
of hemostasis, included the study of platelet aggregation
activity, coagulation cascade of hemostasis, anticoagulant
and fibrinolytic activity. To assess the status of the
hemostatic system, diagnostic reagent kits manufactured
by Technologia-Standart (Russia) were chosen. The
measurements were performed using the Minilab (Russia)
and Trombostat-2 (Germany) coagulometers. Peripheral
blood platelet counts were performed using a Drew-3
Hematology Analyzer (USA). The platelet aggregation
activity was determined using a Biola Aggregometer
(Russia). The level of antithrombin III was evaluated
using a SF-46 spectrophotometer (Russia).

All digital data obtained during the study were subjected
to statistical analysis. The findings are presented as Me
[Q25; Q75], where Me is the median or the sample mean;
and [Q25; Q75] are the 25th and 75th percentile.

Based on the fact that not all observed parameters
obeyed the normal distribution, the statistical significance
of differences among groups was evaluated using the
nonparametric Mann-Whitney U test. If the p-values
were less than 0.05 (typically <0.05), the differences were
considered statistically significant.

To process and store the obtained experimental results,
databases were created using the Microsoft Excel
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MoJb30BaHUEM KoarynoMeTpoB «Munninad» (Poccus) u
«Trombostat-2» (I'epmanus). [logcuer konuyecTBa TPOM-
OOIMTOB NepU(pepUIECKON KPOBH MIPOBOIUIICS TIPH ITOMO-
M TeMaTojiorndeckoro anamusaropa «Drew-3» (CIIA).
Omnpezenennie arperarioHHON aKTUBHOCTH TPOMOOIIH-
TOB OCYIIECTBIBLIOCH MTPH IOMOIIU arperomerpa «bromnay
(Poccust). Yposenb antutrpombuna Il ouenuBancs ¢ uc-
noJib30BaHueM criekrpodoromerpa «CD-46» (Poccus).

Bce nmdpoBbie naHHbBIE, TONyYSHHBIC B X0 HUCCIEN0-
BaHWsI, TTOJIBEPTaJINCh CTATUCTHUECKOH oOpaboTke. [laH-
HbIE UCCleI0BaHUN npencTasieHsl B Buie Me [Q25; Q75],
rae Me — menuana B BBIOOPOUHOH COBOKYHHOCTH; [Q25;
Q75] — 25-it u 75-i nepUEHTUIIb.

Wcxons u3 Toro, uto HE Bce HAOIIOAAEMBbIE MPHU3HAKU
MOTYHMHSIINCH HOPMATBHOMY PACIIPEIIEHUIO0, T0CTOBEP-
HOCTh Pa3JINYMi OLIEHUBAIN TPU ITOMOIIN HETapaMeTpH-
yeckoro U kpurepust ManHa- YutHu. Paznuuus cuuranuch
JIOCTOBEPHBIMH IIPH YPOBHE CTaTUCTUUECKON 3HAUNMOCTH
p<0,05.

Juist 06paboTKM M XpaHEHHsI IOITYYEHHOTO IKCIIEPUMEH-
TaJHHOTO MaTepuasia co3aBayii 0a3bl JaHHBIX C UCIOJb-
30BaHHEM peIaKkTopa 3JCKTPOHHBIX TaomuIy Microsoft
Excel 2010. Craructudeckyio o0paOOTKy MOTYy4YEHHBIX
pe3yAbTaTOB OCYIECTBISUIN MPHU MOMOIIM MPOrpaMM Ma-
TeMaTuyeckor craructuku JmpStatisticalDiscovery v
6.1.2 u Biostat 5.03 Ha IepCOHAIBLHOM KOMIIbIOTEPE.

Pesyabrarthl

Pesynbrarel nccnenoBanys oka3arenei CHCTEMBbI TEMO-
CTa3a y KpbIC, 3apETUCTPUPOBAHHBIE TIO 3aBEPIIEHUU H30-
JINPOBAHHOTO M COYETaHHOTO 3(0-IHEBHOTO BO3JCHCTBUS
I'KI' cyOmakcuMaapbHOW HHTEHCHBHOCTH M MEKCHIOIA,
TIPUBECHBI B TAOJHIIC.

Y sKCTIepUMEHTAIbHBIX dKUBOTHBIX IO 3aBEPIICHUN U30-
muposanHoro 30-nHeBHoro Bo3neiictust ['KI' cyOmakcu-
MaJIbHOW MHTEHCUBHOCTH HaOII01a1ach aKTUBAIIMS Ha KO-
HEYHOM JTare CBEPTHIBAHUS HAa OCHOBAHWU YKOPOUYCHHS
BpeMeHH nonuMmepusanuu GpudpuH-monomepos (BIIOM)
Ha 14% (p<0,001)). Ilpu sTOoM KOoHIEHTpanms GpudpuHO-
reHa nosbimanacsk Ha 19% (p<0,001). Co cropons! aHTH-
KOAryJsIHTHOW aKTUBHOCTH OBUIO OTMEUEHO YBEJIMYCHUE
ypoBusi antutpombuna III (AT III) u anTUTpOMOUHOBO-
ro pe3epsa (APII) mia3mel kpoBu Ha 14% (p<0,001) u 8%
(p<0,001) coorBeTcTBeHHO. PUOPUHOIUTHICCKAS AKTHB-
HOCTb IIJIa3Mbl KPOBH NoOBbIanack Ha 18% (p<0,01).

Ilo 3aBepmennn kypcoBoro 30-gHEBHOTO MpUEMa MEK-
CH/IOJIa Y IKCHEPUMEHTANIBHBIX YKUBOTHBIX CO CTOPOHBI
TPOMOOILIMTAPHOTO 3B€HAa CUCTEMBI F€MOCTa3a BhISBIIAIOCH
CHIDKEHHE Kom4yecTBa TpoMOoruToB Ha 5% (p<0,01) u ux
arperanmonHoi ¢pynknnn — Ha 17% (p<0,05). locToBep-
HBIX U3MEHEHUH OCTaJIbHBIX ITOKa3aTesIel CUCTEMbI TeMO-
CTa3a NpH JaHHOM BO3AECHCTBUU 3aperMCTPUPOBAHO HE
ObLII0.

ITo 3aBepmienun coueranHoro 30-kparHoro 20-MuUHYT-
Horo Bo3aeicTBus ['KIT cyOMakcuMalbHON WHTEHCHBHO-
CTHU U KypcoBoro 30-1HEBHOr0 prueMa MEKCUA0A CO CTO-
POHBI TPOMOOLIUTAPHOTO TEMOCTa3a PErHCTPUPOBAIOCH

2010 spreadsheet editor. The findings were statistically
processed with the help of JMP Statistical Discovery v
6.1.2 and Biostat 5.03 user-friendly biology and medicine
oriented statistical software.

Results

Table below shows the results of the study of hemostatic
system parameters in rats in response to 30-day exposure
to isolated HCH of submaximal intensity and exposure to
HCH in combination with Mexidol.

Table

Hemostatic parameters in rats recorded at the end of
30-day exposure to hypercapnic hypoxia of submaximal

intensity and exposure to hypercapnic hypoxia in
combination with Mexidol
30-fold exposure
Research Mexidol HCH+Mexidol
methods _ exido +ivVlexiao
G =i (n=10) (n=10)
484.0 455.0%* 487.5%**
Platelets x10° /| | [475.0+494.5] | [446.8+458.3] | [478.0+495.8]
(A-2%) (A-5%) (A-5%)
Agtpé'lzguced 21.4 17.4% 17.4%*
‘a’ eeation. max [20.5+22.9] [16.9+17.9] [16.8+18.2]
geregation, max. (A+1%) (A-17%) (A-26%)
value
225.0 217.0 231.0
Silicone time, s [220.8+227.5] | [214.8+221.8] | [223.0+237.0]
(A+4%) (A+2%) (A+2%)
15.4 16.1 15.8
APTT, s [15.0+15.9] [15.5+16.4] [15.0+16.4]
(A-3%) (A+1%) (A-1%)
Prothrombin 24.1 22.1 22.4
time. s [22.5+25.2] [21.6+23.8] [21.3+22.7]
! (A+8%) (A+1%) (A+5%)
Thrombin time 43.2 44.7 43.9
s ’ [41.9+44.9] [41.8+46.7] [42.4+44.7]
(A+8%) (A+4%) (A-1%)
52.2%%* 62.4 59.4
PT of SFMC, s [51.3+53.9] [60.2+64.8] [58.5+61.0]
(A-14%) (A+5%) (A-1%)
3.8%*x 3.1 29
Fibrinogen, g/I [3.6+3.9] [3.0+3.3] 2 5;3 0]
(A+19%) (A+7%) R
SFMC, 3.0 3.0 3 g’f; 5]
mg/100ml [3.1+3.4] [3.13.5] (0+10%)

. . 115.4%** 98.2 103.7
IAH“E,'/thromb'” [113.9:117.4] | [95.0:99.3] | [102.5+108.7]
e (A+14%) (A+4%) (A+1%)

Antithrombin 94, 3%** 88.3 94.8%*
plasma reserve, [92.8+97.3] [86.0+90.9] [92.5+96.3]
% (A+8%) (A+1%) (A+8%)
Spontaneous 465.0%* 600.0 510.0%**
euglobulin [427.5+502.5] | [570.0+630.0] | [487.5+540.0]
fibrinolysis, min (A-18%) (A-5%) (A-19%)

Notes: The data are presented as follows: Me is the
sample mean; [25+75] are the sample percentiles; n is
the number of observations; p is the level of statistically
significant difference of the compared indicators; A
— the difference in the hemostatic parameters in the
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General Pathology

yYMEHBILIEHHE KOJIHYecTBa TpoMOouToB Ha 5% (p<0,001)
U CHIDKCHHME WX arperaidoHHON crocoOHocTH Ha 26%
(p<0,01). N3meHeHuil B COCTOSHHM KOAryJSIIHOHHOTO
3BEHA CHUCTEMBbI reMOCTa3a BblsiBIEHO HE Oblio. Co cTO-
POHBI AHTUKOATYJSIHTHOW aKTMBHOCTH PETHCTPUPOBAIIOCH
nosbiieane APII mnasmsr kpoBu Ha 8% (p<0,01). Kpo-
Me TOTO, HaOIIOAAI0Ch MOBBILICHHE (HUOPHUHOIUTHYECKOH
AKTHBHOCTH, YTO TPOSBIISUIOCH B YKOPOUYCHUH BPEMEHU
CIOHTAHHOTI'O JIN3Kca 3YII00yauHoB Ha 19% (p<0,001).

Tabnuua

lMoKasaTenn cucTembl remocTasa Y KpbIC, 3apermcTpmpo-
BaHHblEe MO 3aBePLUEHUM U30/IMPOBAHHOIO M CO4ETAHHOTO
30-4HEBHOr0 BO34ENCTBUA TMMEPKAMHNYECKON TMMOKCUN

Cy6MaKCMMaﬂbHOI71 MHTEHCUBHOCTU U MEKCMNO0NA

" 30-gHeBHOE BO3AeNCTBUE
eToabl nccne-
,u,oF:;anﬂ MK (n=10) Mekcnpon TKl + mekcu-
- (n=10) pon (n=10)
TooMBOLNTH! 484,0 455,0%* 487,5%**
xﬁog in HHTH, [475,0+494,5] | [446,8+458,3] | [478,0+495,8]
(A-2%) (A-5%) (A-5%)
Af®-
MHAYLMPOBaHHasA 21,4 17,4* 17,4%*
arperauys Tpom- [20,5+22,9] [16,9+17,9] [16,8+18,2]
6ouMTOB, MaKc. (A+1%) (A-17%) (A-26%)
3Hau.
CUAMKOHOBOR 225,0 217,0 231,0
Bpems. ¢ [220,8+227,5] | [214,8+221,8] | [223,0+237,0]
Pema, (A+4%) (A+2%) (A+2%)
15,4 16,1 15,8
ANTB, ¢ [15,0+15,9] [15,5+16,4] [15,0+16,4]
(A-3%) (A+1%) (A-1%)
- 24,1 22,1 22,4
Bg’e Bp e [22,5:252] | [21,6+23,8] | [21,3+22,7]
PEMA, (A+8%) (A+1%) (A+5%)
TpombuHoBoe 43,2 44,7 43,9
BpeMﬂ . [41,9+44,9] [41,8+46,7] [42,4+44,7]
pema, (A+8%) (A+4%) (A-1%)
52,2%** 62,4 59,4
BN®M, ¢ [51,3+53,9] [60,2+64,8] [58,5+61,0]
(A-14%) (A+5%) (8-1%)
3,8%** 3,1
fxﬁ’””ore”' 3,6+3,9] [3,0:3,3] 2 52;2 N
(A+19%) (A+7%) e
3,3
P®MK, mr/100 3,0 3,0 3,0-3,5]
MA [3,1+3,4] [3,1+3,5] (A+10%)
AHTHTOOMGMH 115,4%** 98,2 103,7
% P [113,9+117,4] | [95,0+99,3] | [102,5+108,7]
17 (A+14%) (D+4%) (A+1%)
AHTUTPOMbBU- 94,3*** 88,3 94,8%*
HOBbIV pe3eps [92,8+97,3] [86,0+90,9] [92,5+96,3]
naasmobl, 7o +87 +17% +87
% (A+8%) (A+1%) (A+8%)
CroHTaHHbIA Y- | e s 600,0 510,0%**
;’;066"“””03”'” [427,5+502,5] | [570,0+630,0] | [487,5+540,0]
VOPUHOANS, (A-18%) (A-5%) (A-19%)
MWH
MNpumeyaHue: gaHHble npeactasneHbl B Buae Me —
meamaHa Bbl6OpKM; [25+75] — npoueHTUAM BbIBOpP-

KM; N — 4ncno HabnloaeHwuid; p — ypoBeHb CTaTUCTU-
YeCcKoM 3HAYMMOCTU Pas3/IMYMA CPaBHUBAEMbIX MOKa3a-
Tene; A — pasHMUA NoKasaTesnel CMCTeMbl remocTasa

experimental groups relative to the control groups (in
percent); the statistically significant difference with the
data of the control group is indicated as: * — p<0.05;
** — p<0.01; *** — p<0.001; aPTT is activated partial
thromboplastin time; SFMC is soluble fibrin-monomer
complexes; PT of SFMC is the polymerization time of
soluble fibrin-monomer complexes.

Upon completion of a 30-day experimental group
exposure to isolated HCH of submaximal intensity,
coagulation activation was observed at the final stage due
to a 14% (p<0.001) reduction in the fibrin polymerization
time (FPT). At the same time, the fibrinogen concentration
increased by 19% (p<0.001). As regards the anticoagulant
activity, the levels of antithrombin III (AT III) and
antithrombin plasma reserve (ARP) increased by 14%
(p<0.001) and 8% (p<0.001), respectively. The fibrinolytic
activity of blood plasma showed an 18% (p<0.01) increase.

Upon completion of a 30-day course of Mexidol, the
platelet count in experimental animals decreased by
5% (p<0.01) and platelet aggregation reduced by 17%
(p<0.05). No other significant changes in the hemostatic
parameters were recorded under this treatment.

Upon completion of the combined 30-fold 20-minute
exposure to HCH of submaximal intensity and a 30-day
course of Mexidol, a 5% (p<0.001) decrease in platelet
count and a 26% (p<0.01) reduction in their aggregation
ability were observed. No changes in the coagulation
cascade of the hemostatic system were detected. As
regards the anticoagulant activity, an 8% (p<0.01) increase
in antithrombin plasma reserve was recorded. In addition,
an increase in fibrinolytic activity was observed, which
was manifested through a 19% (p<0.001) reduction in
spontaneous euglobulin clot lysis.

Discussion

Thus, repeated exposure to HCH of submaximal intensity
significantly changed the hemostasiological pattern
that we recorded earlier describing a single exposure
to HCH with similar parameters [18]. After 30 days of
training, thrombotic readiness, which was observed after
a single exposure, was characterized by normalization
of the platelet factors and most of the plasma hemostatic
parameters (with the exception of a slight reduction in the
fibrin polymerization time). At the same time, an increase in
fibrinogen concentration was recorded, which may indicate
a gradual decrease in consumption and a compensatory
increase in fibrinogensynthesis during 30-day training of
experimental rats after hypoxic preconditioning. During
the experiments, an increase in the anticoagulant and
fibrinolytic activity of blood plasma was also observed.
This fact is also confirmed by the studies showing that
repeated exposure to HCH is accompanied by an increase
not only in anticoagulant [19-22], but also in fibrinolytic
activity [19, 20, 22].

Thus, a significant increase of several factors, which
regulate hemostasis (antithrombin III, fibrinogen), can
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OMbITHbIX WMBOTHbIX OTHOCUTENIbHO WX BE/INYUH B KOH-
Tposie (B MPOLEHTAX); CTaTUCTUYECKasA 3HAYMMOCTb pPas-
JINMMA C JaHHbIMM KOHTPOJIbHOW rpynnbl 0603HayeHa:
* — p<0,05; ** — p<0,01; *** — p<0,001; ANTB — ak-
TMBMPOBaAHHOE MapumanbHoe TpombonnacTMHoBoe Bpe-
ms; POMK — pactBopumble GUBPUH-MOHOMEPHbIE KOM-
naekcol; BN®M — Bpema nonMmepmsaumnm pacTtBOpMMbIX
bGMBPMH-MOHOMEPHbBIX KOMMJIEKCOB.

Oo6cy:xneHue

Taxum o6pazom, mHOTOKpaTHOE Bo3zaeiicTBue ['KI' cy0-
MaKCUMaJIbHOW MHTEHCHUBHOCTH CYILECTBEHHO HM3MEHSIIO
reMOCTa3HOJIOTHYECKYIO0 KapTUHY, 3aperuCTPUPOBAHHYIO
HaMH paHee NpU OJHOKPATHOM aHAJIOTUYHOM 10 Mapame-
tpam Bo3xerictBuu KD [18]. CocrossHue TpomMOOTHYE-
CKOHM TOTOBHOCTH, KOTOPOE OBLIO 3apEruCTPUPOBAHO MPU
OTHOKPATHOM BO3JICHCTBUH 110 ncTedueHnn 30 qJHeH TpeHu-
POBOK, XapaKTepH30BajJ0Ch HOpMaJIU3alMen TToKazareynen
TPOMOOLIMTAPHOTO 3BEHA CUCTEMbI I'€MOCTa3a U a0COJIIOT-
HOTO OOJBIIMHCTBA NapaMeTPOB (3a UCKIIIOUCHUEM He3Ha-
yuTeabHoro ykopoueHust BIIOM) miiazmMenHoro remMocta-
3a. [Ipu 3TOM OBLIO 3a()UKCUPOBAHO MOBBIIICHNUE KOHIICH-
Tparmu QUOpPHHOTEHA, YTO MOXXET CBHIETEIHCTBOBATH O
[IOCTEIICHHOM CHMXXCHUH INOTPeOJIEHUsI U KOMIIEHCATOp-
HOM MOBBIILICHUU CUHTEe3a (hruOpuHOTreHa B xone 30-1HeB-
HBIX TPEHUPOBOK B OPraHU3ME y ONBITHBIX KPBIC MOCIE
TUIIOKCHYECKOTO0 MPEeKOHIUIMOHUpoBaHus. B xoxe skc-
MIEPUMEHTOB OBIJIO 3aPETUCTPHUPOBAHO TAKKE MOBBIIIICHHE
AQHTUKOATYJSIHTHOW U (pUOPHMHOINTHYECKON aKTMBHOCTHU
I1a3Mbl KpOBH. JaHHBIN (akT mOATBEpKIAOT U paboThI,
nokasbiBarone, yro Muorokparnas I'KI™ conpoBoknaer-
Cs1 IOBBIILICHUEM HE TOJBKO aHTUKOAryasHTo [19-22], Ho
u puOprHOIMTHYECKOH akTuBHOCTH [19, 20, 22].

Takum 00pa3oM, CYIIECTBEHHOE YBEJIMUYEHHE B KPOBHU
OTIEBHBIX (DAKTOPOB CHUCTEMBI TE€MOCTaza (aHTHTPOM-
oun 11, pubpruHOTEH), MOXKHO PACIICHUTH KaK (OPMHPO-
BaHUE «CTPYKTYPHOIO CJI€[a» aJanTaluM, a, B COBOKYI-
Hoctu ¢ noBbimenneM APIT u ¢uOpuHONMMTHUECKOH aK-
THBHOCTH, JAHHOE COCTOSIHHE CHUCTEMbI reMocTas3a sBIs-
eTCsl TIPOSIBIIEHUEM JIOJITOBPEMEHHOW aJanTaluu cO CTO-
POHBI CUCTEMBI F€MOCTa3a B OTBET HA MHOT'OKPAaTHOE BO3-
neiicTBue ymMepeHHbIX TpeHupoBok B Buae ['KI' cyOmak-
CHUMaJIbHOM NHTEHCUBHOCTH.

VY  3KCHepUMEHTANbHBIX JKMBOTHBIX HIpU  Kypco-
BOM MPHUMEHEHHH MEKCHJI0Na CO CTOPOHBI COCYIUCTO-
TPOMOOIIMTAPHOTO 3BEHA CHUCTEMBI T€éMOCTa3a OBLIO 3a-
(hMKCHPOBAHO CHIKCHHE KOJWYECTBA TPOMOOITUTOB H
WX arperanioHHo QyHKIH. B padorax B.A. Uykae-
Ba (2002), M.B. Kopokuna (2009) u E.A. KonoBasnosoii
(2012) ObLI0 yCTAaHOBIEHO, YTO MEKCH 10T TIOJIABIISIET arpe-
ramuo TpoMOo1uToB [23], nHrubupyer dochoauscrepa-
3y UUMKJINYECKUX HYKJICOTUAO0B TPOMOOLIUTOB U 3aILUILAET
KJIETKH KPOBU IIPU MEXaHUYECKOH TpaBme [24, 25]. 13me-
HEHHI CO CTOPOHBI CBEPTHIBAIOILEH CUCTEMBI IIIa3MEHHO-
ro TeMOCTa3a, aHTHKOATYJSIHTHON U (PUOPHHOIUTHYECKOH
AKTHUBHOCTH TPH KYpPCOBOM IpHeMe MEKCHAOJIa HaMH 3a-
(puKcrpoBaHO HE OBLIO. AHAIIOTHYHBIE JaHHBIE OBLIH TO-

be regarded as the formation of the systemic structural
trace and stable adaptation, and, together with an increase
in the ARP and fibrinolytic activity, this reaction of the
hemostatic system is a manifestation of the system long-
term adaptation in response to moderate training and
repeated exposure to HCH of submaximal intensity.

In the experimental animals, which received Mexidol, a
decrease in the number of platelets and their aggregation
function was revealed. The works of V.A. Chukaev
(2002), M.V. Korokin (2009) and E.A. Konovalova
(2012) show that Mexidol suppresses platelet aggregation
[23], inhibits cyclic nucleotide phosphodiesterases and
protects blood cells during mechanical traumas [24, 25].
Administration of Mexidol did not lead to any changes in
the plasma coagulation system, as well as in anticoagulant
and fibrinolytic activity. Similar data were obtained in a
number of works by other authors [26, 27].

Thus, it was found that repeated use of Mexidol at a
dose of 50 mg/kg is characterized by a decrease in platelet
activity and can be used as a method of pharmacological
preconditioning in situations involving platelet activation
of plasma hemostasis.

With multiple exposure to HCH of submaximal
intensity combined with Mexidol treatment, the
hemostasiological effects were synergized compared to
the isolated exposure. At the same time, inhibition of
platelet function (the effect of Mexidol administration)
and return to the control level of the plasma coagulation
factors (effect of preconditioning and HCH) were
discovered. The findings may be indirectly confirmed
by the data obtained by several authors who studied the
isolated effects of HCH [20, 28, 29] and Mexidol [24-
26]. In addition, an increase in the anticoagulant plasma
reserve and activation of the fibrinolytic system were
recorded, which were not observed in any experiments
with isolated preconditioning. Obviously, this reaction to
HCH exposure combined with Mexidol administration is
non-specific. It is an instance of a positive response to
eustress during long-term adaptation [22].

This fact can be regarded as a consequence of the
simultaneous prolonged exposure to two adaptive factors,
which allows considering this model as the most effective
among the methods, which we applied during this research.

Conclusion

With repeated exposure to a moderate-intensity stimulus
in the form of HCH of submaximal intensity, an increase in
some hemostatic factors (antithrombin III, fibrinogen) was
observed, as well as an increase in ARP and fibrinolytic
activity of blood plasma, which can be considered as
a manifestation of the hemostatic system long-term
adaptation.

It was confirmed that the course of Mexidol at a dose
of 50 mg/kg promotes long-term adaptation of the
hemostatic system and can be used for pharmacological
preconditioning.

The effect of repeated exposure to hypercapnic
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Jy4eHBI U B psifie paboT Apyrux aBTopos [26, 27].

TakuMm 00pa3oM, yCTaHOBJICHO, YTO MHOTOKPaTHOE MpH-
MEHEHHE MEKCHI0JIa B JO3UPOBKe 50 MI/KT XapakTepusy-
eTCsl CHIDKEHHEM TPOMOOIIMTapHONH aKTUBHOCTH M MOXKET
OBITH NCTIOIH30BAHO B KAa4ECTBE MeTona (papMaKoIornye-
CKOTO TPEKOHJAWIIMOHUPOBAHUS B CUTYAIUSIX, COIPOBO-
KIAIOMIMXCSl aKTUBAIMEH TPOMOOLMTapHOTO 3BEHA IJIa3-
MEHHOTO TeMOoCTa3a.

IIpn mHOrokpatHoM codetanHoM Bozzelcteun KT
cyOMakCHMaJabHOW WHTEHCUBHOCTH Ha (POHE KypCOBOTO
IpreMa MEKCHI0JIa HaOIroanach CyMMaIusl TeMOCTa3 -
0JIOrH4YeCKUX 3((PEKTOB, PETUCTPUPYEMBIX NPH HUX H30-
JUPOBaHHOM KypCOBOM Bo3zaeHcTBHHU. [Ipum 3TOM BBIsB-
JSUTOCHh YTHETEHHE TPOMOOIIMTApHOTO 3BEHA CHCTEMBI Te-
MocTa3a (3h(deKkT KypcoBOro mpruemMa MeKCHIoia) U BO3-
BpallleHHe K KOHTPOJIBHOMY YPOBHIO MapaMeTpoB ILIa3-
MEHHOTO KacKaJla CBEPThIBaHUS (ITOCIIEACTBUS KYPCOBOTO
npexkonauuuonuposanus ¢ nomompto I'KIY). O6HapyxeH-
HBIA (paKT KOCBEHHO TOITBEPIKIACTCS JaHHBIMH HCCIie-
JIOBaHUH psiZia aBTOPOB, U3YYaBIINX U30JIMPOBAHHBIE A(-
tdexrer KT [20, 28, 29] u npenapara mekcumgona [24-26].
Kpome Toro, 06610 3apKCHPOBAHO TIOBBIIIICHUE AHTHKO-
aryJasHTHOTO pe3epBa IUIa3Mbl KPOBH M akTHBanus (pu-
OpUHOJIIMTHYECKON CHCTEMBI, YTO HE HaOMI0AaIoch HU B
OJIHOM M3 CEepUll IKCIIEPUMEHTOB C U30JIMPOBAHHBIM IIpe-
KOHJIUIIMOHUpOoBaHHeM. O4eBHIHO, YTO TaKasi peakius Ha
neticteue I'KI' Ha (oHe KypcoBOro mpmemMa MEKCHAoIa
SIBIISIETCS] HECTICTN(UIESCKOH 1 TIpeICTaBIsIeT co00i YacT-
HBIU CITy4ail IPOSIBJICHUS 3YCTPECCOPHON PEAKLUH B XOJ€
JIOJITOBPEMEHHOM ananTanuu [22].

JlaHHbIA (pakT MOXKHO PaCIICHUTh KaK CJICICTBUE OJIHO-
BPEMEHHOTO JUIMTEIILHOTO BO3IEHCTBUS IBYX aAarTHUPY-
fomuX (PaKTOpoB, YTO TO3BONSIET PACIICHUTH JAHHYIO MO-
Jenb kKak Haubosee 3(pQeKTHBHYI0 M3 PacCMOTPEHHBIX
HaMU B JIaHHOU padore.

3akaouenue

IIpu MHOrOKpaTHOM BO3JEHCTBMHM YMEPEHHOIO IO WH-
TeHCUBHOCTH pazapaxurens B Buae ' KI' cyOmakcnmans-
HOW MHTEHCHBHOCTH OTMEYAJIOCh YBEIMYCHHUE B KPOBH
OT/ICBHBIX (PAKTOPOB CHCTEMBI reMocTa3a (aHTUTPOMOHH
111, pubpunoren), a Takxke noseimenne APIT u pudbpuno-
JIUTHYECKOW aKTUBHOCTH IJIa3Mbl KPOBH, YTO MOKHO pac-
LIEHUTh KaK MPOSIBJICHNE JOJITOBPEMEHHOH ajanTauuyu co
CTOPOHBI CUCTEMBI I'€éMOCTa3a.

YCTaHOBJIEHO, YTO MHOTOKPAaTHOE NMPUMEHEHHE MEKCHU-
Jona B o3upoBke 50 MI/Kr crocoOcTByeT (hopMHpOBa-
HUIO JTOJTOBPEMEHHOMN ajlanTalliid CO CTOPOHBI CHCTEMBI
reMocTasa v MOXeT OBITh HCIIOJIB30BaHO B KadecTBe (hap-
MAaKOJIOTHYECKOTO IIPEKOHNLINOHUPOBAHUS.

MHOTOKpaTHOE€ COYETaHHOE BO3JCHCTBUE T'MIIOKCUU
C THUIEpKalHueld Ha (OHE AHTUTHMIIOKCAHTA BBI3BIBACT
y KpbIC OoJiee BBIpaXCHHBIC aAaNTHBHBIC M3MEHEHHUS CO
CTOpPOHBI CHCTEMBI T'eéMOcCTa3a (BBIpaK€HHas THUIIoarpe-
ranysi TPOMOOIIMTOB, HOPMAIU3alKs IMapaMeTPOB Koary-
JISIMOHHOTO 3BEHA CHUCTEMBI IeMOCTa3a 10 YPOBHS KOH-
TPOJIBHBIX JKMBOTHBIX, UCUC3HOBEHHE B KPOBOTOKE Map-

hypoxia combined with an antihypoxic drug causes more
pronounced adaptive changes in the hemostatic system in
rats (pronounced platelet hypoaggregation, normalization
of the parameters of the coagulation cascade to the level
normal for control animals, disappearance of thrombotic
readiness markers in the bloodstream, and a significant
increase in plasma anticoagulant and fibrinolytic activity),
which contributes to the formation of long-term adaptation
of the hemostatic system in experimental rats.
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KEPOB TPOMOOTHYECKOH TOTOBHOCTH, 3HAUYUTEIHHOE YBeE-
JMMYEHHE aHTHKOATYJISTHTHOH M (UOPUHOIMTHYECKON aK-
TUBHOCTH TUIa3Mbl KPOBH), YTO CHOCOOCTBYET (HOpMHPO-
BAHUIO CTOMKOM TOJITOBPEMEHHOM aJlalTallui CO CTOPOHbI
CHCTEMBI TEMOCTa3a Y OTBITHBIX KPBIC.
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