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OYyHKIIMOHAJIbHOE COCTOAHYIE SPUTPOIIMTOB B YCJIOBHUAX CTPpecca,
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AHHOTAITUA

BBepnewnwue. IlpenensHo nomycTuMble PU3NYECKHE HATPY3KH Y CIOPTCMEHOB ABJIAIOTCA MOIIHBIM CTPECCUPYIOIIAM
(akTopom 711 opraHu3Ma, KOTOPHIY BBI3BIBAET ITOBHIIIIEHNE YPOBHS CTPECC-PEATTU3YIONIUX TOPMOHOB, Cy:KEHUE COCY/IOB,
IIPUBO/A K PA3BUTHIO HAPYIIEHUH B CUCTEME MUKPOIIMPKYJIAINY, HA KOTOPYIO B 3HAUUTEIPHOU CTEIIEHN OKa3bIBAIOT BJIU-
SHHE SPUTPOLUTHI. B CBOIO ouepenp, IBHKEHNE SPUTPOIUTOB 10 MUKPOIMPKYJIATOPHOMY PYCJLy OIPeZesIseTCs COCTOsA-
HHEeM (PUBUKO-XUMHUYECKUX CBOUCTB UX MEMOPAHBI, 3aBUCAIIUX OT MOAUMDUKAIIAY KUPHBIX KUCIJIOT JTUIUHOH (passl. IIpu
3TOM IMOKA3aHO, UTO Y IPO(]eCcCHOHaIbHBIX CIIOPTCMEHOB HAOII01aeTCs AeUIUT OMera-3-II0JIMHEHACHIIIIEHHBIX JKUPHBIX
kucsot (n-3 ITHXKK). Cogep:xanue n-3 [THKK B peibbem xupe (P?K) 06ycioBiIuBaeT ero UCIoab30BaHUE B IIPAKTUKE
CIOPTUBHOH MeAuIuHbL. [Ipu 3TOM Oocraercs HesiCHBIM 3¢ dekTrBHOCTD BiausHusA P2K 1 ero 030HUpOBaHHON (OPMBI Ha
cocTrosgHUe U (QYHKIIMOHUPOBAHME SPUTPOIUTOB B YCJIOBUAX BPEMEHHOTO HApPYIIEHUs rOMeocTa3a IPH JIEeHCTBUU IIpe-
JIeTTbHBIX (GDU3UYECKUX HATPY3O0K.

IIenp paborTs . Nsyuenue aeiicrsusa P2K u ozorupoBannoro P2K (OPIK) Ha GyHKIIMOHAIBHBIE IOKA3ATEIN SPH-
TPOITUTOB B YCJIOBUSIX CTPECCA, BEI3BAHHOT'O Y KPBIC MOJIETUPOBAaHUEM (PU3UUECKON HATPY3KHU «JI0 OTKA3a».
Martepuanans u MeToOJB5s . Bpaboreuceaenoano prusaue PXK u OPK Ha MeTabosinuecKue U OKUCIIUTEIb-
HbIe [TOKa3aTeJId 3PUTPOIIUTOB, HIEKTPOGOPETHUECKYIO TIOBUKHOCTH SPUTPOIUTOB (DPIII) 1 UX arperaiuio npu Moje-
JIMPOBaHUU (PUBUYECKON HATPY3KH y Kpblc. PU3NUECKYI0 HATPY3Ky MOEJTHPOBAIH IIyTEM IJIABAHUSA JKUBOTHBIX «J0
OTKa3a» ¢ rpy30M 10 % OT Macchl Tesia. Harpy304HBIN TECT IPOBOMIN 4 Pa3a, B IEPHO/L IOCTHATPY30YHOTO BOCCTAHOBJIE-
HUA KpPBICH Tostydanu nepopanbHo PXK, OPXK (¢ 030HUAHBIM YHCIIOM 3000 WX 1500) B 3aBUCUMOCTH OT IPYIIIBL. TecTH-
POBaHUe }KUBOTHBIX TPOBOMIIN 6 pa3: ONPEIEJIsIIA NCXOAHBIN YPOBEHD ITOKA3aTes e, ITOC/Ie HATPY30YHOT0 TecTa (4 pasa)
U TIOCJIe OTMEHBI TIpenapartoB (Ha 3-# fieHs). MceieioBain KOHIEHTPAIMIO MaJIOHOBOTO uanbaeruaa (M/IA), aneHo3uH-
tpudocdata (AT®), 2,3-nudocdormunepata (JIPI), IPIID u arperaruio SPUTPOIIUTOB.

PesynbTar bl . Pusnyeckas HATPy3Ka «J0 OTKa3a» (KOHTPOJIbHAS IPYIINA) BBI3bIBAJIA POCT KOHIleHTpanuu M/IA,
curkenne DPIII, konnerrpanuu AT u 2,3-JIOT" B 3pUTPOIIUTAX, YTO COIPOBOXK/AAIOCH OBBIIIIEHNEM arperanui Spu-
TporuToB. BBezienre PIK Ha ¢oHe PUBMUECKON HATPY3KHU OIPE/IENIUIIO MEeHee BhIPA’KEHHYIO JIMIIOTIEPOKCH/IAIIHIO, TOT/A
kak BBesieHHe OPXK ¢ 030HHIHBIM YHCJIOM 3000 — MAKCHUMAJIbHO BBIPAIKEHHYIO JIUITOTIEPOKCH/IAINIO TI0 CPABHEHHUIO C
KOHTpoJsieM. HauMeHbIINHI OKUCIUTEbHBIN 3 deKT mpu GU3NIeCcKOU Harpy3Ke perucrpupoBasics npu BBegennu OPK ¢
O30HHU/ITHBIM YUCJIOM 1500. CHUKEHHE JIUITONEPOKCH/IAIIUN COITPOBOK/AJIOCH IIOBBINIEHHEM KoHIleHTparuu AT®, cHmxe-
HueM 2,3-/{®T", poctom IPIID u cHUKEeHNEM arperau 3pUTPOLIUTOB.

3akinwueHue. HcnompzoBanue OPXK (c 030HHAHBIM YKCIIOM 1500) Hanbosee 3(pheKTHBHO HUBETUPOBAJIO IIPO-
1IeCCHI B BPUTPOIUTAX, 00YCJIOBJIEHHBIE PAa3BUTHEM CTPECCA, BRI3BAHHOT'O Y KPBIC MOJIEJTUPOBaHUEM (GU3NUECKOU HATPY3KHU
«JIO OTKa3a».

Knmouesnle croea: pusmyeckas Harpy3Ka, SPUTPOLUTHI, PHIOUH JKUP, 030HUPOBAHHBIA PBIOUH KUP.
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Functional state of erythrocytes under the extreme physical
exertion while supplemented fish oil and ozonated fish oil
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ABSTRACT

Introduction. Theextremephysical exertion in athletes is a powerful stress factor for the organism and causes
an increase in the level of stress hormones, vasoconstriction thus resulting in the microcirculation system disorders, which
are largely influenced by erythrocytes. In turn, the movement of erythrocytes through the microcirculatory bed is deter-
mined by the state of the physicochemical properties of their membrane depending on the type of lipid phase fatty acids.
At the same time, it has been shown that professional athletes have a deficiency of omega-3 polyunsaturated fatty acids (n-3
PUFAs). The content of n-3 PUFAs in fish oil (FO) determines its use in practice of sports medicine. At the same time, the
effectiveness of FO and its ozonated form on the state and functioning of erythrocytes under conditions of temporary
homeostasis imbalance due to the extreme physical exertion remains unclear.

Aim . Study of the effect of FO and ozonated FO (OFO) on the functional indices of erythrocytes in rats under the
extreme physical exertion.

Materials and methods. Theeffect of FO and OFO on metabolic and oxidative indices of erythrocytes,
erythrocyte electrophoretic mobility (EEM) and their aggregation during modeling of physical activity in rats was studied.
Extreme physical exertion in animals was modeled with forced swimming with a load equal to 10% of their body weight.
The weight-loaded forced swimming (stress) test was performed 4 times; during the post-exertion recovery, the rats
received FO, OFO (with an ozonide number of 3000 or 1500 — OFO-3000 and OFO-1500, respectively) depending on the
group. The animals were tested 6 times: parameters were determined at baseline, after the stress test (4 times) and after
substance withdrawal (on the 3rd day). The concentration of malondialdehyde (MDA), adenosine triphosphate (ATP),
2,3-diphosphoglycerate (DPG), EEM and erythrocyte aggregation was measured.

R e s ults. Theextreme physical exertion (control group) caused an increase in the MDA concentration, a decrease in
EEM and the concentration of ATP and 2,3-DPG in erythrocytes, which was accompanied by an increase in erythrocyte
aggregation. The administration of FO during physical exertion determined less pronounced lipid peroxidation, while the
administration of OFO-3000 determined induced the most pronounced lipid peroxidation compared to the control group.
The lowest oxidative effect during physical exertion was recorded with the administration of OFO-1500. A decrease in lipid
peroxidation was accompanied by an increase in the ATP concentration, a decrease in 2,3-DPG, an increase in EEM and a
decrease in erythrocyte aggregation.

Conclusion. Theuseof OFO-1500 most effectively eliminated the processes in rat erythrocytes induced by stress
caused by extreme physical exertion.

Keywords: physical exertion, erythrocytes, fish oil, ozonated fish oil.
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BBEJIEHUE

dusmyeckre Harpy3Kd B CIIOPTE BBICIINX JIOCTH-
JKEeHUH XapaKTepU3yIOTCA IMTOCTOSTHHO BO3PACTAIOIIEN
MHTEHCUBHOCTBIO, UTO OIpeNesisgeT HalpsKeHue
(yHKIIUN OpraHu3Ma ¢ MOCIIEAYIOIUM ITOBPEeXKIAAI0-
IIUM BJIUSTHUEM Ha Pa3JINYHbIE OPTAHbI U CUCTEMBI.
ITokazaHo, UTO eKeHeBHbIe MHTEHCUBHbIE r3nue-
CKM€e HArpy3KH IOBBIIIAIOT PUCK PA3BUTHS UIIEMU-
JecKoU O0JIe3HU CEP/IIIA, IIepeOPOBACKYJIIPHBIX 3a00-
JIEBaHUH U BEHO3HBIX TPOMOOIMOOTHUUECKIX OCIIONK-
HeHuil [1]. dPu3nyeckas aKTUBHOCTDL IO COCTOSIHUA

INTRODUCTION

Physical activities in high-performance sports are
characterized by ever-increasing intensity, which
determines the stress in human body functions with
sudsequent disorders in different organs and sys-
tems. It has been shown that daily intense physical
activity increases the risk of coronary artery disease,
cerebrovascular diseases and venous thromboem-
bolic complications [1]. Physical activity which leads
to exhaustion is a powerful stress factor for the body
[2]. Significant physical exertion causes an increase
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VTOMJIEHHSI SIBJISIETCS MOIHBIM  CTPECCUPYIOITUM
daxropom g1 opranusma [2]. 3HaunTesnbHas HUBH-
YyecKas HArpy3ka BBI3bIBA€T IIOBBIIIIEHHE YPOBHS
KaTeXOJIAMUHOB B KPOBH, Cy>KEHHE COCY/IOB, IIPUBO/IS
K Pa3BUTHIO HAPYIIIEHUH B CUCTEME MUKPOIIUPKYJIs-
nuu, HaOMIOZAaeTcs HapyIIeHHe PpeOJIOTHUYECKIX
CBOMCTB KPOBH U remocrasa [3]. Ha MuUKponupkyJis-
IIUIO U PEOJIOTUIO KPOBU 3HAUMTEJILHOE BJIUSIHUE OKa-
3BIBAIOT OPUTPOLUTHI, KOTOPBIE IPH ITOBBIIIEHHOMN
(pusrueckoll HarpysKe arperupyoor, 4TO OIpeJesis-
€TCs HapyllleHueM MeMOpPaHHBIX CTPYKTYD, BbI3BaH-
HBIM Pa3BUTHEM OKUCJIUTEJILHOTO CTPECCa U MOsIBIIE-
HHEM aKTUBHBIX (GOpM KucIopoza [4]. B cBoro oue-
penb, UMEeHHO MOAUMUKAIINS JKUPHBIX KHUCJIOT B MEM-
OpaHe SpUTPOILUTOB IMIPEJIIOJIATAET U3MEHEHUe
(pUBUKO-XMMUUECKHUX CBOHCTB MeMOpAaHBI, €€ ITPOHHU-
11a€MOCTH, JTAOMJIBHOCTH U CJIO?KHOCTH ITPOXOK/IEHUS
SPUTPOIUTA 10 MUKPOIUPKYJIApHOMY pyciy [5]. ITpu
3TOM y PO eCCHOHATIBHBIX CIIOPTCMEHOB HAOJIIO/a-
eTcst TeUITUT oMera-3 MOJIMHEHACHIIIEHHBIX KUP-
HbIX KucaoT (n-3 [THXKK) [6]. Yayuiienue KupHO-
KUCJIOTHOTO Ipouis GochOoIUITH0B MEMOPAH 3PH-
TPOLIUTOB HAOJIIONAETCS TOC/IE TIEPOPATIHBHOTO MPHU-
ema ITHKK [7]. Ucniosb3oBaHue 106aBOK € PHIOBUM
skupoM (PYK) ocHOBaHO B TOM 4HICJIE ¥ HA COJIEPIKA-
uuu B HeM n-3 [THXKK [8]. B cBot0 ouepeib, 030HUPO-
BaHue PXK BbI3bIBaeT 00Opa3oBaHHUE CpeHE- U KOPOT-
KOIIEIMIOYEYHBIX KUPHBIX KUCJIOT, KOTOPBIE 110 CPaB-
HeHUIO ¢ minHHONenoueunbiMu KK, comep:kariu-
mucs B POK, 6picTpee MeTab0IU3UPYIOTCA B KJIETKAX,
TIOBBIIIAsA UX SHEPreTHYecKud noreHnuan [9]. Ilpu
BTOM POJIb 030HUPOBAHHOTO phIObero xkupa (OPXK) B
CTIOPTE BBICIIUX JIOCTIKEHU He UCCIIeZI0BAHA, TOTAA
KaK JIEUCTBHE PHIOLETO KHUPA, KOTOPHIN IIPUMEHSIETCS
B CIIOPTHBHOU MEJUIIMHE, HA COCTOSIHHIE SPUTPOITHU-
TOB TaK)Ke M3YUeHO KpaiiHe He3HAUUTeIbHO. Kpome
TOTO, OOJIBIIWMHCTBO HCCJIEIOBAHUHA IPOBOAUTCS C
HCIoJIb30BanueM 06aBok n-3 ITHXKK u cBuzeresn-
CTBYIOT O TOM, 4YTO Bce u3BecTHble 3(h@eKThl n-3
ITHKK, Takve Kak CHUKeHHE BhIPAOOTKH BOCIIAIH-
TeJIbHBIX SHUKO3aHOUJIOB, ITUTOKHHOB U AKTHUBHBIX
¢opm KuCI0pOIa, UMMYHOMO/TYJIUPYIOIIEE e CTBIE
U ocyabJieHre BOCITIMTENIBHBIX ITPOIIECCOB, BECHMa
MIPOTHUBOPEYNBHI ¥ 3aBUCST OT COCTOSIHUSI OpTraHU3Ma
[10]. Hcxomss M3 OTMEUYEHHOIO, OCTAETCS HESICHOM
apdexrrBHOCTD BausgHusA P?K 11 ero 030HHpOBaHHOU
dbopmbl Ha cocrossHUE U (QYHKIMOHUPOBAHUE BPU-
TPOIIUTOB B YCJIOBUSIX BDEMEHHOTO HAPYIIIEHHS TOMe-
ocraza IpH JEUCTBUU TMPENETbHbIX (PU3UUECKHUX
Harpy3oK.

ITEJIb UCCJIEJIOBAHUSA

Usyuenue npeiictBus PXK u OPXK Ha dynknmo-
HaJIbHBIe IIOKa3aTead JHPHUTPOIUTOB B YCIIOBUSAX

in the blood level of catecholamines, vasoconstric-
tion, leading to microcirculatory disorders, and
imbalance in blood rheological properties and hemo-
stasis [3]. Red blood cells being aggregated under
increased physical activity, have a significant impact
on microcirculation and blood rheology which is
determined by alterations in the membrane struc-
tures caused by the developing oxidative stress and
appearance of reactive oxygen species [4]. In turn, it
is the modification of fatty acids in the erythrocyte
membrane that suggests a change in the physico-
chemical properties of the membrane, its permeabil-
ity, lability, and the complexity of erythrocyte pas-
sage through the microcirculatory bed [5]. At the
same time, professional athletes have a deficiency of
omega-3 polyunsaturated fatty acids (n-3 PUFAs)
[6]. Improvement of the fatty acid profile of erythro-
cyte membrane phospholipids is observed after oral
administration of PUFAs [7]. The use of fish oil (FO)
supplements is based, among other things, on its n-3
PUFAs content [8]. In turn, the ozonation of FO
causes formation of medium- and short-chain fatty
acids which, compared to the long-chain fatty acids
contained in FO, are metabolized in cells faster,
increasing their energy potential [9]. Besides, the
role of ozonated fish oil (OFO) in high-performance
sports has not been studied, while the effect of fish
oil, used in sports medicine, on the state of erythro-
cytes has also been studied a little. In addition, most
studies are conducted using n-3 PUFA supplements
and indicate that all known effects of n-3 PUFAs,
such as reduced production of inflammatory eico-
sanoids, cytokines and reactive oxygen species,
immunomodulatory effects and a decrease in inflam-
matory processes, are highly controversial, and
depend on the condition of the body [10]. Based on
the abovementioned, the favorable effect of the FO
and its ozonated form on the state and functioning of
erythrocytes under conditions of temporary homeo-
stasis imbalance during the extreme physical exer-
tion remains unclear.

AIM OF THE RESEARCH

To study the effect of FO and OFO on the func-
tional parameters of rat erythrocytes under condi-
tions of stress modeled with weight-loaded forced
swimming.

MATERIALS AND METHODS

The experimental study was performed on Wistar
albino male rats (n = 48) weighing 200 + 20 g. The
animals were kept in individual boxes with a natural
12-hour change of light and darkness, air humidity of
60% and its temperature of 22 + 2°C, and free access
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CTpecca, BBI3BAHHOTO Yy KpPBIC MOJIETUPOBAHUEM
(pusmuecKoil HAaTPY3KH «J[0 OTKA3a».

MATEPUVAJIBI 1 METO/IbI

OKCIIEpUMEHTAIPHOE HCC/IEIOBAHKUE IIPOBOIH-
JI0ch Ha 6eJTbIX Kpacax camiax (n = 48) muauu Wistar
Maccoi 200 + 20 T. JKUBOTHBIX COZIEp>KaIN B UH/U-
BU/IyIbHBIX OOKCAaX C €CTeCTBEHHON 12-4acOBOM
CMEHOH CBeTa W TEMHOTHI, BJIQXKHOCTBIO BO3/AyXa
60 % u ero TemnepaTtypou 22 + 2 °C, co cBOOOTHBIM
JTOCTYIIOM K Bojie u tuirle. CozieprKkaHue )KUBOTHBIX U
IIPOBOJIUMbIE C HUMU MAHUITYJISIIIUY OCYIIECTBIISIIN
B COOTBETCTBUH C HODMATUBHBIMH JIOKyMEHTaMU —
Guide for Care and Use of Laboratory Aanimals,
nmpuka3zoM MuHUcCTepcTBa 3A4paBooxpaHeHusa PO ot
1 ampesisa 2016 1. N2 199u «O6 yTBep:kaenuu Ilpa-
BUWJI HaJlJIeKallel JJabopaTopHOH MpakTHUKU». [Ipo-
BeJleHUEe HCCIeZoBaHusA ObLIO 07100peHo JIokaib-
HBIM 3THYeCKUM KoMuTeToM VI HCTUTYyTa 6UOIOTHY U
6uomenuiuHbl  HIKEroposickoro Trocy/lapCTBEH-
Horo yHuBepcutera uMm. H.1. JlobaueBckoro.

JKuBoTHBIE OBUIM paszjiesieHbl Ha 4 TPYINBL 110
12 KPBIC B KaXK/101. KOHTPOJIBHBIM JKUBOTHBIM I1€PO-
patbHO BBOAWIM duspacTBOp (1-s rpymma). Kpsic
2-I Trpynmbpl KOPMWIN PBIOBHUM KUpOM (703a
35 MTI/KT), KpbIC 3-H TPYIIBI — O30HUPOBAHHBIM
PpBIOBUM KUPOM (J103a 35 MT/KT, O30HUHOE UKCIIO
3000), KpBIC 4-d Tpymnmbl — O30HUPOBAHHBIM
pBIOBUM KUPOM (/1032 35 MTI/KT, O30HUIHOE UKCIIO
1500).

UccnenoBanusa P2K u OPJK BeinmosHsau B ®BY
«TocynapcTBeHHBI PEruOHaIBHBIN IEHTP CTaH-
JlapTU3aIid, METPOJIOTUH U UCIBITAHUH» B
MockBe, IPOTOKOJ HCHBITAaHUU NO 20423 OT
01.02.2018. MexaHU3M 030HOJIN3a BKJIIOYAJ OKUC-
JIUTEJIbHBIA PaspblB JIBOUHBIX cBsded [11]. PXK
(ucxonmublii 0Opasen) W O30HUPOBAHHBIN PHIOUIH
JKUP KOHTPOJIUPOBAJIM IO IEPOKCUIHOMY YHUCIY
(ITY, maxB/kT). [IoKa3aTEb OI[EHUBAJIA B COOTBET-
ctBun ¢ dapmakoneamu. Cienyer ormetutsh 14,
HUMeIoIIee XapaKTep HeONpe/IeJIEHHOCTU IIPU HATH-
YUH CJIEIOB 030HA U ITEPOKCHIOB B Macye. MHorue
MUPOBBIe (apMaKOIllen BHOCAT JONOJHUTETbHbIE
peKoOMeHjaniy, BKJIIOYAIOIINE YCJIOBUS IIPOBeJie-
HuA aHanusa (TeMmepaTypa, BpeMs, KOJHUUYECTBO
JKMPOB | p.). B aT0l ¢Bsi3u npu onpesenenuu [1U
B o0Opasiiax 030HHPOBAHHOTO DPBIOBETO JKUPA MbI
JIOTIOJTHUTEJIBHO BKJIIOYAJIN B YCJIOBUSA ITPOBEZEHUS
aHaju3a TeMIlepaTypy H KOJIMYeCTBO JKHUpa.
O6bruno ITY, ompenessieMble ¢ TAKUMH JIOTIOJTHE-
HUAMM, Ha3bIBAIOT O30HUAHBIMHY uyncaamu. [14 Bo3-
pacraeT B 3aBUCHUMOCTH OT KOJIMYECTBA aKTUBHBIX
¢dopM KucI0pOsIa: UEM OHO BBIIIE, TeEM OOJIBIIE B
00beKTE aKTUBHBIX (OPM KHCI0poza [12].

to water and food. Animal care and manipulations
were carried out in accordance with regulatory docu-
ments — the Guide for Care and Use of Laboratory
Animals, the Order of the Ministry of Health of the
Russian Federation dated April 1, 2016 No. 199n “On
approval of the Rules of Good Laboratory Practice”.
The study was approved by the local Ethics Commit-
tee of the Institute of Biology and Biomedicine of the
Lobachevsky State University of Nizhny Novgorod.

The animals were divided into 4 groups of 12 rats
each. The control animals were orally administered
saline solution (group 1). The rats of group 2 received
fish oil (35 mg/kg), the rats of group 3 — ozonated
fish oil (35 mg/kg, ozonide number is 3000 — OFO-
3000), and the rats of group 4 — ozonated fish oil
(35 mg/kg, ozonide number is 1500 — OFO-1500).

The studies of FO and OFO were performed at the
State Regional Center for Standardization, Metrol-
ogy and Testing (Moscow), test protocol No. 20423
dated 01.02.2018. The mechanism of ozonolysis
included oxidative cleavage of double bonds [11]. FO
(initial sample) and ozonated fish oil were controlled
by the peroxide value (PV, mEq/kg). The indicator
was assessed in accordance with pharmacopoeias. It
should be noted that PV has an uncertainty character
in the presence of ozone and peroxide traces in oil.
Many world pharmacopoeias make additional rec-
ommendations, including the conditions for the
analysis (temperature, time, amount of fat, etc.). In
this regard, when determining PV in ozonated fish oil
samples, we additionally included the temperature
and amount of fat in the conditions for conducting
the analysis. Usually, PVs determined with such
additions are called ozonide numbers. The PV
increases depending on the number of reactive oxy-
gen species: the higher it is, the more reactive oxygen
species are present in the object [12].

The forced swimming test with a load was carried
out by simulating forced swimming with the extreme
exertion using the principle of the presented swim-
ming load until the occurrence of pronounced fatigue
and the animals’ refusal to perform further action.

The load was selected in accordance with the
standard technique of animal swimming with a load
of 10% of their body weight in water at a comfort
temperature (28°C).

After weighing, 1 hour before the swimming test,
the animals were orally administered a calculated
dose of the studied substance via intragastric tube in
the study groups, and an equivalent volume of saline
solution — in the control group. 15—20 min before
testing (for correction a possible stress reaction), a
selected load was attached to the rats. At the begin-
ning of the study, the animal was immersed in the
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Tect «BopIHYK/IEeHHOE IJIaBaHUE C TPYy30M» HPO-
BOJWJIM IIyTEM MOJIEJIMPOBAHUS BBIHYKJIEHHOTO
[JIABaHUSI «JI0 OTKa3a» U CTPOWJIM IO MPHUHIUILY
TIPEeABABIISIEMON TIJIABAaTEJIbHON HArpy3ku 70 ¢Gop-
MHPOBaHUSA BBIPAXKEHHOTO YTOMJIEHUS H OTKasa
JKUBOTHBIX OT JIJaJIbHEHIIIEr0 BHIIIOJTHEHUS IEHCTBHS.

Harpysky BeIOMpasy B COOTBETCTBUU CO CTAHAAPT-
HOH METOAWKOW IJIAaBAHHS JKUBOTHBIX C TPY30M —
10 % oT Macchl Tesia B TepMOoK0odopTHOI Bozie (28 °C).

JIabopaTOPHBIM *KUBOTHBIM IIOCJIE B3BEITUBAHUS
3a 149 JI0 HAaTPY3KH C IIOMOIIIO BHYTPHKETYIOTHOTO
30H/Ia TIePOPATILHO BBOJWIU B MCCJIEAYEMbBIX TPYII-
Iax pacyeTHyIO 03y HM3y4aeMoro Iperapara, a B
KOHTPOJIBHOU TpyTIIle — 3KBUOOBEMHOE KOJTUIECTBO
(dusmosornueckoro pactsopa. 3a 15—20 MHUH 10
HaJyaia TeCTUPOBAHUA (IS CIVIAKUBAHUS BO3MOXK-
HOU CTpecc-peaklui) K KpbicaM (PUKCUPOBAIIH
momoOpaHHBI TIpy3. B Hauame wuccienoBaHUs
JKUBOTHOE 0e3 pe3KUX IBIKEHUH IOTPYKaJIH B BOLY
Oacceiina. KpurepueM npekparnieHus UCCIeI0BaHUs
B TeCTe IIPe/IeJIbHOTO TIaBAHUS SBJISLIIOCH TTOTPYKe-
HYe KUBOTHOTO Ha JHO OacceiiHa. B 3ToT MOMeEHT
JKUBOTHOE W3BJIEKAJIM U3 BOJbBI, IIPOBOKIN 3a00pD
KPOBHU U3 TObA3BIYHON BEHBI B KOJIMUECTBE 1.0 MJI
U 3aTeM OOCYIITUBAJIN CYXUM IIOJIOTEHIIEM.

Imanvt uccaedosaHun:

1-Ii 9Tanm — Tan NoKOos (MCXOMHBIN): TPOBOAWIU
BCE UCCJIENOBAHUSA A0 GU3NUECKOU HATPY3KU.

2-if 3Tan — TecT «/lo oTkaza» (1-ii Harpy304YHBIN
TECT) — 4-U JIeHb BKCIIepUMeHTa. B mepBble TpU IHS
ZI0 BBITIOJTHEHUS TecTa «J[0 OTKaza» KPBICHI IOJIY-
YaJTH MEPOPAJIHHO B HCCJIEyEMBIX IPYIIIIaX pacyer-
HYIO0 7103y U3y4aeMOro Mperapara, a B KOHTPOJIbHOM
rpyIIIie — 3KBUOOhEMHOE KOJIMUECTBO (pu3pacTaopa.
HaxkaHyHe vccie1oBaHUSA JKUBOTHBIX HA HOUb OCTaB-
Jsi 6e3 KopMa Ipu cBOOOZIHOM JIOCTYIIE K Bojie. B
JIeHb IIPOBEJIEHUsI HCCIIeIOBAHUs (4-1i JIeHb) JKUBOT-
HBIM 3a 1 4 /IO Harpy3KH MEPOPaJIbHO BBOJWIU B
HCCIIeTyeMbIX TPYIIIIaX PACUETHYIO 103y U3Yy4aeMOTO
Ipernapara, a B KOHTPOJIBHOH TPYIIIle — 9KBHOOBEM-
HOE KOJIMYECTBO (pU3pacTBopa.

3-H aTam — MEPHUOJi MOCTHATPY30YHOTO BOCCTA-
HoBJIeHUs (5 AHel). B 3TOT mepuoji KpbICHI IIOJIY-
YaJTH MEPOPAJIPHO B HCCJIEyEMBIX IPYIIIIaX pacyer-
HYIO ZI03y U3y4aeMOro Mperapara, a B KOHTPOJIbHOM
IpyIIIle — BKBHOOBEMHOE KOJIMYECTBO (DPU3PaACTBOPA.

4-1 aTan — tect «/lo oTkaza» (2-i HATPY30UHBIN
TECT).

5-H 9Tam — MEpPUoJi MOCTHATPY30YHOTO BOCCTA-
HoBJIeHUs (5 IHEH).

6-i1 aTan — Tect «J{o oTkaza» (3-H Harpy304YHBIH
TECT).

7-W 3Tall — IE€PUOJ], ITOCTHArPY30YHOTO BOCCTA-
HoBJIeHus (5 THEH).

water of the pool without sudden movements. The
criterion for stopping the study in the forced swim-
ming test was the animal’s immersion on the bottom
of the pool. At this point, the animal was removed
from the water; blood was collected from the sublin-
gual vein in the amount of 1.0 ml, and then the ani-
mal was dried with a dry towel weight-loaded.

Study stages:

Stage 1 — resting stage (initial): all manipulations
were performed before the stress test.

Stage 2 — weight-loaded forced swimming test
(1st stress test) — the 4th day of the experiment. In
the first three days before the forced swimming test,
the rats in the study groups received orally the calcu-
lated dose of the studied substance, and in the con-
trol group — an equivalent volume of saline solution.
The day before the testing, the animals were left
without food overnight with free access to water. On
the day of the testing (4th day), 1 hour before the
stress test, the animals in the study groups were
orally administered the calculated dose of the stud-
ied substance, and in the control group — an equiva-
lent volume of saline solution.

Stage 3 — post-stress recovery (5 days). During
this period, the rats in the study groups received
orally the calculated dose of the studied substance,
and in the control group — an equivalent volume of
saline solution.

Stage 4 — weight-loaded forced swimming test
(2nd stress test).

Stage 5 — post-stress recovery (5 days).

Stage 6 — weight-loaded forced swimming test
(3rd load test).

Stage 7 — post-stress recovery (5 days).

Stage 8 — weight-loaded forced swimming test
(4th load test).

Stage 9 — period of residual effect of the studied
drugs on physical activity (after substance with-
drawal for 3 days after the 4th stress test).

The duration of the experiment was 25 days.
Since the blood loss in rats with a single blood draw
was less than 7% of the circulating blood volume, the
contribution of this parameter was not taken into
account.

Methods for studying the functional state
of erythrocytes:

Erythrocyte electrophoretic mobility (EEM) was
measured using our modified microelectrophoresis
method. A suspension of washed erythrocytes was
diluted with 10 mM Tris-HCI buffer (pH 7.4), and
EEM was measured by recording the time of erythro-
cyte passing a distance of 100 um in Tris-HCI buffer
pH 7.4 at a current of 12 mA. The EEM value was
determined by the formula:
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8-11 aTanm — Tect «/lo oTkaza» (4-1 Harpy304YHbIN
TECT).

9-11 3TAIl — IEPHO/T OCTATOYHOTO BJIMAHUA IIperna-
paroB Ha (QU3MYECKYI0 HArpysky (mocje OTMEeHBI
MIPEeIapaToB B TeUEHHUE 3 THEH MOCJIe 4-TO Harpy304-
HOTO TecTa).

ITpoIoKUTETPHOCTD DKCIEPHUMEHTA COCTaBUIIA
25 gHed. ITOCKOJIBKY TIpU OJHOKPAaTHOM 3abope
KPOBH KPOBOIIOTEPS ¥ KPBIC COCTABJIsIa MeHee 7 %
o0beMa MUPKYJIUPYIOIIEH KPOBH, BKJIAJ[ JAHHOTO
rapaMerpa He yIUTHIBAJICA.

Memoodst uccaedosaHusn GYHKYUOHANL-
HO20 COCMOSHUA IPUMPOYUMO8:

VsmepeHue 351eKTPOOPETHIECKON IOBUIKHO-
ctu sputponuToB (IPIID) mpousBogUIN METOIOM
MHKpO3JieKTpodope3a B cOOCTBEHHOU MoauduUKa-
nun. CycHeH3HI0 OTMBITBIX SPUTPOIUTOB Pa3BO-
muu 10 MM tpuc-HCl 6ydepa (pH 7.4) 1 uzmepsiin
SPIID, peructpupys BpeMs MPOXOKIAEHUS SPUTPO-
nuramu paccrosHus 100 MM B tpuc-HCl 6ydepe
PH 7.4 npu cune Toka 12 MA. Bestnuunay 9PIID onpe-
JleJisny o popmysie

U=S/TH,

rae S — paccrosiHue, Ha KOTOpOe IlepeMeliainch
KJIETKU;

T — Bpems niepeMelleHns;

H — rpaguenT nnoreHnuasa.

BesnmunHy rpajjueHTa MOTeHIUAIA ONpeAesIaan
o popmyie

H=1/gx,

rae I — cuita Toka;

g — TIOTIepeYHOoe CeUeHne KaMephl;

X — YZieJIbHAS 3JIEKTPOIIPOBOIUMOCTE CpeJibl [13].

Arperanuio SpPUTPOLUTOB W3yYaJM METOOM
ONTHYECKOH MHUKDPOCKOTHUU ITyTeM IO/CUETA OFU-
HOYHBIX 3PUTPOIIUTOB U UX arperatoB. B xauecTse
CTHUMYJIATOpPA Aarperamuy WCIOJIb30BAK PACTBOD
rosiyboro gexcrpana T-2000, 20 wr/mu (GE
Healthcare) B Tpuc-HCI 6ydepe (pH 7.4). OTMbITBIE
SPUTPOLUTHl Pa3BOAWIN PACTBOPOM JleKCTpaHa (B
COOTHOIIIEHNH 1:10 110 00BeMY), U B Kamepe I'opsieBa
MIO/ICYUTHIBAJIA YKCJI0O HEATPETMPOBAHHBIX 3PUTPO-
ruToB. OOIIee YHCIIO SPUTPOLUTOB B IPOOE CUUTATIN
B uzoronnuyeckom pacrsope NaCl. YpoBeHs arpera-
ouu A paccuuThIBAIN 110 hopmyte [14]

A =100 % — (Yucsio cBOOOTHBIX (HearperupoOBaHHbIX)
SPUTPOIUTOB *x OBIIEe YHCIIO SPUTPOIUTOB ™ X
X 100 %).

N3MepeHne KOHIEHTPAIUU afeHO3UHTPHUdOC-
dara (ATD), 2,3-mudocdormmnepara (2,3-1PI)
MIPOBOIMJIA HESH3UMATHYECKUM MeToZIoM [15]. Kon-

U=S/TH,
where S is the distance that cells passed;

T is the time of passing;

H is the potential gradient.

The potential gradient value was determined by
the formula

H=1/gy,

where I is current strength;

g is the cross section of the chamber;

¥ is the specific electrical conductivity of the
medium [13].

Erythrocyte aggregation was studied by optical
microscopy by counting single erythrocytes and their
aggregates. A solution of blue dextran T-2000,
20 mg/ml (GE Healthcare) in Tris-HCl buffer
(pH 7.4) was used as an aggregation stimulator. The
washed erythrocytes were diluted with a dextran
solution (in a ratio of 1:10 by volume), and the num-
ber of non-aggregated erythrocytes was counted in
the Gorjaev’s chamber. The total count of erythro-
cytes in the sample was calculated in an isotonic
NaCl solution. The level of aggregation A was calcu-
lated using the formula [14]

A =100% — (Number of free (non-aggregated)
erythrocytes x Total count of erythrocytes ~* x
X 100%).

The concentration of adenosine triphosphate
(ATP) and 2,3-diphosphoglycerate (2,3-DPG) was
measured using a non-enzymatic method [15]. The
concentration of ATP and 2,3-DPG was determined
in a supernatant after incubation of hemolyzed
erythrocytes with trichloroacetic acid (TCA). To
determine ATP, equal volumes of TCA filtrate, 2N
HCI and 2N NaOH were mixed. Inorganic phospho-
rus (Pi), which included Pi split off from ATP after
hydrolysis and Pi before hydrolysis, was determined.
To determine 2,3-DPG, nucleotides (ATP, adenosine
diphosphate (ADP), adenosine monophosphate
(AMP)) were removed from the TCA filtrate of hemo-
lyzed erythrocytes by activated carbon adsorption
followed by centrifugation. In the supernatant, Pi
was determined (test tube 1). Another part of the
TCA filtrate underwent ashing by adding 5% magne-
sium nitrate solution and 0.36N H,SO,. Pi was mea-
sured in the supernatant (test tube 2). Then, Pi was
measured in each test tube by recording the color
density with a KFK-3 photoelectric photometer
(A = 660 nm). The concentration of Pi was deter-
mined according to the calibration curve using a
standard solution of KH,PO,. The concentration of
2,3-DPG was calculated using the formula [16]

(Pi (test tube 1) - 100 — Pi (test tube 2) - 10) / 2.
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nenTtpanuio AT® u 2,3-/1PT onpenesnanu B cyniepHa-
TaHTe I0CJIe WHKYOAIIMU reMOJIM3UPOBAHHBIX DPHU-
TPOLUTOB ¢ TpuxiopykcycHor (TXY) kwucioroi.
IIpu onpenenennu AT® cMmemmBanu paBHbIE 00B-
embl TXY dunbrpara ¢ 2H HCl u 2H NaOH. Ompe-
nensnu HeopraHudyeckuél docdop (PH), B cocras
KoToporo Bxonua PH, oTimenuBinuiics or AT® nocie
ruapoausa, u PH 1o ruaposnu3sa. Jlid onpeseneHus
2,3-10I' uz TXY c¢uapTpara reMoIU3UPOBAHHBIX
SPUTPOLUTOB yALLIu Hykiaeotunsl (AT®, ameno-
sugaudocdpar  (AIP), ameHoszuHMOHODOCDAT
(AM®)) nyrem ajcopbIuy Ha AKTUBUPOBAHHOM
yrjae ¢ TOCIeIyOUUM LeHTPpUdYTUpOBaHUEM.
B cynepuartanTe onpesiesnisiiu PH (mpobupka 1). JIpy-
ryio yactb TXY ¢uibTpaTa MoABEPragu 030JIeHHIO,
mobapiisia 5% pacTBOp HUTpara MarHus u 0.36N
H,SO,. B cynepuaranre usmepsuiu PH (pobupka 2).
Onpenesnsann PH B Kak/10i IpOOUPKE, PETUCTPUPYS
IIOTHOCTH OKpacKu Ha poToMeTpe HOTO3IEKTpUYE-
ckoM KOK-3 (A = 660 um). Konnentpanuio PH ompe-
eI TI0 KaIMOPOBOYHOH KPHUBOH, HCIIOJIB3YS
cranzaptabii pacrsop KH PO,. Pacuer xoHueHTpa-
nuu 2,3-/1OT mpoBoamu o ¢popmyJie [16]

(PH (mpobupxka 1) - 100 — PH (mpobupka 2) - 10) / 2.

KoHIeHTpamuio  MaJIOHOBOTO  JHAJIBAETH/A
(MITA) omrpezienisiyiu o oOpa3oBaHUIO OKPAIIIEHHOTO
TPUMETHHOBOTO KOMILJIEKCA C MAKCHMYMOM IIOTJIO-
IIeHUs TIPU 530 HM IIPU PeaKIuu ¢ THo6apOouTypo-
BOU KHUCJIOTOH. [l pacuera KoHIeHTparuu MJIA
HCIIOJIB30BIH KOAMDOUITUEHT MOJISIPHOU SKCTHHK-
mu E =1.56-105- M- cm [17].

Cratucrtuueckyio 06pabOTKy 3KCIIEPUMEHTATh-
HBIX JIJAHHBIX IPOBOJMJIM C KCIOJIb30BAHHEM IIPO-
rpammbl  Microsoft Excel. PaccuuThiBasim Takue
ImapaMeTphl, Kak cpegHee apudMeTnueckoe BbIOO-
POYHOH COBOKYITHOCTH M CTaH/IAPTHOE OTKJIOHEHIE
mo kputepuio CrTblofieHTa. Paziuyus CcUuTaIN
JTOCTOBEPHBIMU IIPHU YPOBHE 3HAYMMOCTH P < 0.05.

PE3YJIBTATBI 1 OBCYXKJIEHNE

Ananmu3 koHneHTpanuu AT® B spuTponurax
TOKa3aJl CAEAYONYI0 IUHAMUKY: TIPU (QPU3UIECKON
aKTUBHOCTU KOHIeHTparusa AT® cHuxanach co 2-ro
JTama MCC/IeJ0BaHUs U JI0 KOHIIA SKCIIEpUMEHTA, He
BOCCTaHaABJIMBASICH JI0 KCXOAHBIX 3HaYeHUH (TabJr. 1).
PXX u OPXK croco6¢cTBOBaIN MOBBIMIEHUIO KOHIIEH-
tpanuu AT® Ha Bcex sramax ucciaenoBaHud. [Ipu
cpaBHeHUM 3G GEKTUBHOCTH UCCIIEAYEMBIX BEIECTB
HauOoJiee 3HAYMMBblEe Pe3yJIbTaThl IIOKA3AJI0 JIeH-
ctBue OPXK-1500. Ero ucnosib3oBaHNEe MMO3BOJINIIO
TOCJIe 2 U 3-TO HarPy309YHOTO TECTA COXPAHUTDH KOH-
neaTpanuio AT® Ha ypoBHE MCXOMHBIX 3HAYEHUH
MPU CHIW)KEHUW JIAHHOTO IIOKa3aTesisi B KOHTPOJIb-

The concentration of malondialdehyde (MDA)
was determined by the formation of a colored trime-
thine complex with an absorption maximum at 530
nm during the reaction with thiobarbituric acid. The
molar extinction coefficient E = 1.56 - 105- M- cm™
was used to calculate the concentration of MDA [17].

Statistical processing of experimental data was
performed using Microsoft Excel. Parameters such
as the arithmetic mean of the set sample and stan-
dard deviation according to the Student’ test were
calculated. Differences were considered significant at
p < 0.05.

RESULTS AND DISCUSSION

An analysis of the ATP concentration in erythro-
cytes showed the following dynamics: during physi-
cal activity, the ATP concentration decreased from
the 2nd stage of the study until the end of the experi-
ment, not reaching to the baseline values (Table 1).
FO and OFO contributed to an increase in the ATP
concentration at all stages of the study. When com-
paring the effectiveness of the studied substances,
the most significant results were achieved with OFO-
1500. The use of OFO-1500 made it possible to main-
tain the ATP concentration at the baseline level after
the 2nd and 3rd stress tests with a decrease in this
indicator in the control group, and while after the 4th
stress test and after the discontinuation of the sub-
stance administration, to increase the ATP values
above the baseline level.

The dynamics of the 2,3-DPG concentration in
erythrocytes demonstrated an increase in this
indicator after the 2nd and 3rd stress tests in the
control group with a subsequent decrease relative
to the baseline level (Table 1). The use of FO and
OFO0-3000 determined maintaining the 2,3-DPG
concentration at the baseline level after the 2nd
and 3rd stress tests, comparable to the effect in the
control group — after the 4th stress test, and more
significant decrease in the metabolite compared to
the controls after substance withdrawal. The effect
of OFO-1500 determined a decrease in the concen-
tration of 2,3-DPG after the 3rd stress test and fur-
ther until the end of the experiment compared to
the baseline values. At the same time, an inverse
relationship was recorded between the dynamics
of changes in the 2,3-DPG concentration and the
ATP concentration in erythrocytes for all stages of
the experiment. Probably, the decrease in the con-
centration of 2,3-DPG occurred because of
increased ATP synthesis in the direct glycolysis
pathway.

An analysis of the EEM dynamics revealed its
increase in the experimental groups compared to the
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Ta6una 1. /luHaMuka usaMeHeHus KoHLeHTpanuu AT® (Mkmoub PH/mi kiaetok) u 2,3-JPT (MKkMosib PH/MJ KJ1eTOK)
B 3PUTPOLMTAX B UCCJIEAYEMbIX IpyNnax

Table 1. Dynamics of changes in the concentration of ATP (umol Pi/ml cells) and 2,3-DPG (umol Pi /ml cells) in erythrocytes

in the study groups

dran KoHTpoJib PK OPXK-3000 OPK-1500
Stage Control group FO 0F0-3000 0F0-1500
AT® / ATP
Ucxonubiii ypoBeHb / At baseline 2.19+0.19 217 +£0.18 2.12+0.18 2.14+£0.22
[Tocne Harpyso4yHoro Tecra
After the stress test
1 2.30+0.21 2.69 + 0.16* 2.36 £0.19 2.78 £ 0.12%*
2 1.21+£0.18% 1.61 £0.15% 2.05 + 0.14* 2.12+0.19
3 1.46 £ 0.15*% 1.64 £0.11% 1.86 £ 0.17#* 2.17 £0.16*
4 1.83 £ 0.20% 1.95+0.26 2.10+£0.37 2.78 £ 0.13#*
[Tocsie OTMEHBI BEIIECTB 1.71+£0.31 2.73 £ 0.13%* 2.88 £ 0.17%* 3.06 £ 0.16"*
After withdrawal of substances
2,3-10T" / 2,3-DPG
Ucxonubiit ypoBeHb / At baseline 11.71+1.98 11.15+1.87 11.27 +1.61 11.18 + 1.64
[Tocsie Harpy304HOTO TecTa
After the stress test
1 9.95+1.14 8.46 £2.03 6.28 +1.27* 7.60 + 1.81*
2 13.51 £1.27 11.68+1.42 13.52 £ 0.72* 10.73 £ 0.97
3 14.87 £ 0.37* 10.91 + 0.8* 11.52 £ 1.19* 8.49 + 1.03**
4 7.37 £ 1.57% 6.31 + 1.86" 9.92 +0.91* 5.36 £ 0.91*
[Tocsie OTMEHBI BEIIECTB 6.32 £1.32% 2.56 £ 0.34% 4.16 £ 0.297 2.91 £ 0.48"*

After withdrawal of substances

[IpumMeduanusa: AT® - agenosuntpudocoat; APT - gudochornuuepat; PH - pocdop Heopranmdeckuit; PXK - puioumii xxup; OPXK-
3000 - 030HUPOBaHHBIN pbIGUH KUP, 030HUAHOE Yuco — 3000; OPXK-1500 - 030HMpPOBaHHbBIN PBIGUH KUP, 030HUAHOE yncao — 1500.
*CTaTUCTHYECKH 3HaYUMble pa3inyus (p < 0.05) mo cpaBHEHHUIO C KOHTPOJIBHOM IPYIION; # cTaTUCTHYeCKH 3HaYMMBble pa3inyus (p < 0.05)

10 CPAaBHEHHIO C MHTAaKTHBIMH )KHBOTHBIMH (MCXO/HBIH yPOBEHb).

N o t e : ATP - adenosine triphosphate; DPG - diphosphoglycerate; Pi - inorganic phosphorus; FO - fish oil; OFO-3000 - ozonated fish oil,
ozonide value is 3000; OFO-1500 - ozonated fish oil, ozonide value is 1500.
*Statistically significant differences (p < 0.05) compared with the control group; * statistically significant differences (p < 0.05) compared with

intact animals (at baseline).

HOU TpyIIle, a Mocje 4-T0 Harpy30YHOrO TecTa W
1mocjie OTMEeHbl IIpernapaTroB IOBBICUTh 3HAUYEHUs
AT® BbIIIIE UCXOAHOTO YPOBHS.

JunHaMmuka koHUIEeHTpanuu 2,3-/{®I" B spuTponu-
TaXx MPOJAEMOHCTPUPOBAJa YBeJIUUYEHUE JIAHHOTO
ToKas3aTeJsis MOoCJe 2 U 3-T0 Harpy30YHOTO TecTa B
KOHTPOJIBHOH T'PYIINE C MTOCTIEAYIONIAM CHUKEHUEM
OTHOCHUTEJIbHO HCXOJHOTO YpOoBHS (cM. Tabs. 1).
HcnonwzoBanue PK u OPXK-3000 ompeaenunso
coXpaHeHHe KOHIleHTpauuu 2,3-J®I' Ha ypoBHe
HWCXOJTHBIX 3HAYEHUH IOCJIE 2 U 3-TO Harpy30YHOTO
TECTa, COIIOCTAaBUMOE C JIEHCTBUEM B KOHTPOJIbHOU
TPyIIIle — IOCJIEe 4-TO HAarpy304YHOTO TecTa u Oosee
BBIPAKEHHOE CHU?KEHNE META00JIUTA 10 CPABHEHHIO
¢ KOHTPOJIEM TIOCJIE OTMEHBI IIpernaparoB. BiausHue
OPXK-1500 ompefesnao CHUKEHUE KOHIIEHTPAI[UN
2,3-/I®T nocJie 3-ro HarPy304YHOTO TECTA U Jjajiee 710
KOHIIa KCIIEPUMEHTA 10 OTHOIIEHUIO K MCXOAHBIM
3HaYeHusAM. [Ipu 3TOM perucTpupoBaiach oopaTHast
3aBUCUMOCTh JINHAMUKU WU3MEHEHUs COJlep:KaHUs
2,3-1®T" oT IMHAMUKU U3MeHEeHUs KOHIIEHTpauu

control one, which was accompanied by a decrease in
erythrocyte aggregation (Table 2). Marked changes
in EEM were found in the groups of animals receiv-
ing FO and OFO-3000 from the 2nd stress test and
during further stages; in the OFO-1500 group — from
the 1st stress test. A decrease in aggregation was
recorded in the FO and OFO groups from the 2nd
stress test, while in the control group, an increase in
aggregation was observed after the 1st—3rd stress
tests.

Measuring the MDA concentration in erythro-
cytes revealed an increase in the parameter in all the
study groups with a maximal rise during the 2nd and
3rd stress tests followed by a subsequent decrease in
the index (Table 3). The use of OFO-1500 led to a less
significant increase in MDA compared to the other
study groups, both control and experimental. After
substance withdrawal, a decrease in the concentra-
tion of MDA below the baseline values was registered
in this group.
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Ta6auna 2. lunamuka 3PII (MkMm - cM - B!+ ¢!) u arperanuu aputpounToB (%) B HcCaeAyeMbIX IpyIIax
Table 2. Dynamics of EEM (um - cm - V- s1) and erythrocyte aggregation (%) in the study groups

JTan KoHTpo/1b PXK OP2K-3000 OPX-1500
Stage Control group FO OF0-3000 OF0-1500
JPI13 / EEM
Wcxonubiil ypoBeHb / At baseline 0.90 = 0.15 0.89 +0.10 0.85+0.10 0.87 £ 0.05
[Tocsie HAarpy304HOro TecTa
After the stress test
1 0.87 £0.10 1.02+0.20 0.98 £ 0.05 1.03+0.07*
2 0.88 £0.20 1.23 £ 0.04** 1.12 + 0.09* 1.25 £ 0.05*#
3 0.83 £0.10 1.32 £0.10** 1.22 £ 0.10* 1.37 £0.12*#
4 0.93 £0.20 1.38+0.11* 1.32 £0.10* 1.42 £ 0.14**
[Tocsie 0OTMeHBI TpenapaToB 0.86 £ 0.19 1.38 £ 0.12** 1.37 £ 0.11** 1.37 £ 0.06**
After withdrawal of substances
Arperanus sputpouuToB / Erythrocyte aggregation
Ucxonubiil ypoBeHb / At baseline 45+ 0.04 42 +0.06 43 +0.08 44 +0.12
[lepuoz nocJie HAarpy304HOTro TeCTa
After the stress test
1 47 + 0.05* 44 +0.08* 43 +0.09* 42 +0.11%
2 46 +0.02* 40 £ 0.03** 37 +0.05%* 36 + 0.08**
3 48 + 0.09* 37 £0.11* 32 +0.13* 30 +0.07**
4 44 +0.08 35+ 0.13** 29 +0.09*# 26 +0.13**
[Tocsie OTMEHBI IpenapaToB 46 +0.17 35+ 0.12% 33 +0.04** 30 + 0.06%*

After withdrawal of substances

IpumMedyaHnwu4da:

IPIID - anexTpodopeTHieckasi MOABUNKHOCTb 3pUTpouuToB; PX - pbi6uit »xup; OPXK-3000 - 030HUpPOBaHHBIN

pBIGUH )up, 030HUAHOE Yrcio — 3000; OPXK-1500 - 030HHpOBaHHBIN PBIOHH XKUP, 030HUAHOE Yucio - 1500.
*CTaTUCTUYECKU 3HaYMMble pas3inyus (p < 0.05) 1o cpaBHEHHUIO C KOHTPOJIbHOM IPyMIoi; ¥ cTaTUCTUYECKH 3HaYMMble passinyus (p < 0.05)

10 CPAaBHEHUIO C MHTAKTHBIMHU XKUBOTHBIMHU (MCXOJAHBIH YPOBEHD).
Note:
fish oil, ozonide value is 1500.

EEM - erythrocyte electrophoretic mobility; FO - fish oil; OFO-3000 - ozonated fish oil, ozonide value is 3000; OFO-1500 - ozonated

* Statistically significant differences (p < 0.05) compared to the control group; #statistically significant differences (p < 0.05) compared to intact

animals (at baseline).

AT® B spuTpoOIIUTax IIPpH BCeX BUAAX BO37EHCTBUA.
BeposiTHO, ymeHbIlleHUe KOHIeHTparuu 2,3-J0T
Mpou301ILI0 Ha ¢oHe NoBbIlIIeHHOTO cuHTe3a ATO B
NIPAMOM IIyTH IVIUKOJIN3A.

Perucrpanua punamuku IOIID BeiABUIA ee
IIOBBIIIIEHNE B OIBITHBIX I'PYIIaxX 10 CPaBHEHUIO C
IPYNIONA KOHTPOJIA, YTO COMPOBOXKAAIOCH CHUXKe-
HHUEM CTEIleHH arperanuy 3pUTPOIUTOB (Tabi. 2).
Bripakennsle nudmenenus1 OPI1I ObUIH MOTyUIEHBI B
rpynnax npu ucnosab3oBaHum PXK um OPXK-3000
HAYMHAsA CO 2-TO HATPY304YHOT'O TeCTa U Ha MOCJIeAy-
oKX sranax; B rpymnmne OPK-1500 — ¢ 1-ro Harpy-
30YHOTO TecTa. YMeHbIIIeHue arperaliiyd perucTpu-
poBasiocs B rpynne PXK u OPXK co 2-ro Harpysou-
HOTO TeCTa, TOrJla KAaK B KOHTPOJIBHOHM TIpyIIe
Ha0JII0/]aJIOCh YBeJINYEHUE arperayuy mocje 1—3-ro
HAarpy304HOT'O TecTa.

N3mepenue koHneHTparusa MJIA B spuTporiuTax
BBIAABWJIO POCT IIOKa3aTessd BO BCeX MCCIIeyeMbIX
IpyIIIax ¢ MAKCUMaJIbHBIM YBeJIMUEHUEM B XOJIe 2 U
3-TO Harpy304HbBIX TECTOB C IIOCJIEIYIOIIUM CHUKe-
HueM Inokasaress (tabu. 3). Mcnons3oBanne OPXK-
1500 NIPUBEJIO K MeHee BbIpakeHHOMY pocty MJIA

DISCUSSION

The data obtained demonstrate an increase in
lipid peroxidation (LPO) during intense physical
activity, which causes hyperoxia of muscle tissue
and overproduction of reactive oxygen species.
Activation of LPO disrupts the lipid bilayer of eryth-
rocytes [18]. LPO enhancement occurs due to the
influence of adrenaline [19], which causes the acti-
vation of phospholipase A, and, accordingly, an
increase in the content of lysoforms. In addition,
the decrease in the ATP concentration revealed in
the study can induce a decrease in the activity of
protein kinases. Alteration of protein phosphoryla-
tion-dephosphorylation cycles leads to derange-
ment of the lipid matrix. Accumulation of Ca?*, acti-
vation of Ca-dependent phospholipase A, and accu-
mulation of lysosomal fractions of phospholipids
and free fatty acids take place [18]. An increase in
the intracellular content of free calcium ions acti-
vates calpain-cysteine endopeptidase and cas-
pase-3, which leads to the transfer of phosphatidyl-
serine to the outer layer of the erythrocyte mem-
brane [20], and lysoforms, having high affinity for
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Ta6siupa 3. [JuHaMyKa KOHLeHTPaLMH MaJIOHOBOT'0 JHa/bJieTH/ia 3PUTPOLUTOB B UCCIEAYEeMbIX IPYIIaX, HMOJIb/MJI
Table 3. Dynamics of the malondialdehide concentration in erythrocytes in the study groups, nmol/ml

Jdran KoHTposib PiK OP2K-3000 OPX-1500
Stage Control groups FO OFO0 3000 OFO0 1500
Ucxonueiii ypoBeHb / At baseline  1.938 +0.143 1.946 + 0.385 1.951+0.124 1.943 £ 0.160
[Tocsie Harpy3o4HoOro Tecra
After the stress test
1 2.100 £ 0.051 2.225 +0.084* 2.388 £0.231* 2.101+£0.201
2 3.268 +0.1378* 2.880 + 0.536* 3.393 £ 0.050* 2.180 £ 0.091**
3 2.859 +0.072* 2427 £ 0.064** 3.247 £ 0.032** 2.467 £0.028*#
4 2.382 £0.130* 2.361 +0.133* 2.585 +0.080* 2.241 £ 0.050*

[Tocnie oTMeHBI IpenapaToB 2.322 +0.066*

After withdrawal of substances

2.110 £ 0.062*

2.489 £ 0.068 1.796 + 0.150**

[IpuMevyaHnusd:
pbI6UH )KUp, 030HUAHOE yucsio — 1500.

P2 - pu16uii xxup; OP2K-3000 - 030HMpPOBaHHBIN pEIGUH KU D, 030HHUAHOE YKcI0 — 3000; OPXK-1500 - 030HMpOBaHHBIN

#CraTHCcTHYeCKH 3HaUYMMble pa3nnyus (p < 0.05) mo cpaBHEHHIO € KOHTPOJBHOH IPYNIo; * cTaTUCTHYECKH 3HAaYMMble pas3inyus (p < 0.05)

10 CPAaBHEHUIO C MHTAKTHBIMHU XXUBOTHBIMHU (HCXOJHBIH YPOBEHD).
Note:

FO - fish oil; OF0-3000 - ozonated fish oil, ozonide value is 3000; OF0-1500 - ozonated fish oil, ozonide value is 1500.

# Statistically significant differences (p < 0.05) compared to the control group; * statistically significant differences (p < 0.05) compared to intact

animals (baseline).

110 CPaBHEHUIO APYTUMHU UCCIEyEMBIMU TPyHIIaMU
KaK KOHTPOJIA, TaK U ONBITHBIMU. [locie oTMeHBI
rpemnapata B JAaHHOU TpyIIle PErucTPUPOBAIIOCH
MOHMKeHUe KOoHIleHTpanun MJIA HUXKe HUCXOAHBIX
3HAYEHUH.

OBCYK/IEHUE

[TosyueHHble JaHHBIE AEMOHCTPUPYIOT yCUJIE-
HUE MPOIIECCOB ITEPEKUCHOTO OKUCIJIEHUS JIUITUI0B
(ITOJI) mpu WUHTEHCUBHOU (U3UUECKOU HATPY3KE,
YTO BBI3BIBAET TUIIEPOKCHIO MBIIEYHBIX TKAHEH U
n306bITOUHOE 06pa30BaHNE AKTUBHBIX (POPM KHCIIO-
poza. AxtuBanusa nponeccoB IIOJI Hapymiaer
JIUMUAHBIN OucsIol spuTponuToB [18]. Ycumenue
rporteccoB [TOJI mpoucxoauT mox AefcTBUEM afpe-
HaJIMHA [19], KOTOPBIA BBI3BIBAET aKTUBALUIO (OC-
¢dosnmmasel A, ¥, COOTBETCTBEHHO, POCT COZepKa-
Hus muzodopm. Kpome Toro, orMmeueHHOE B Hcce-
JIOBAaHUM CHUKeHUe KoHIeHTparuu AT® wmoxer
WHAYIIPOBATHh YMEHbBIIIEHEe aKTUBHOCTH ITPOTENH-
kuHa3. Hapymienune mporeccoB ¢ocdopuaupo-
BaHUA-TeDoCcHOPUITNPOBAHUSA OETKOB IIPUBOJIUT K
Jle30praHu3aIuy JUIHAHOTO MaTpukca. ITpoucxo-
aut Hakomrenue Ca?*, akrtuBanusa Ca-3aBUCHUMOM
dochonmunasel A, ¥ aKKyMyJIANMA JHU30(QPaAKIUG
dochomunuaoB U CBOOOAHBIX KHUPHBIX KHCJIIOT
[18]. IloBBIIIEHNE BHYTPUKJIETOYHOTO COAEPIKAHS
CBOOOTHBIX MOHOB KAJIBIIUA aKTHBHUPYET KaJIlIauH-
IUCTEUHOBYIO HHJIONENTH/Ia3y U Kaclaszy 3, UYTO
NPUBOAUT K IlepeHocy docdaTunmicepuHa Ha
BHEIIHIOI ITOBEPXHOCTh MeMOpaHbI 3PUTPOIUTA
[20], a tu30dopMBbI, 06/1a71a51 BBICOKHM CPOJICTBOM
K UHTerpajbHBIM OeJIKaM, BBITECHSIOT JpYTHe
JTAITUBI U3 OEJIKOBOTO OKPY’KEHU s, BBI3BIBAS IIepe-

essential proteins, displace other lipids from the
protein environment, causing redistribution of
membrane proteins, which ultimately changes the
erythrocyte membrane surface charge and, conse-
quently, EEM.

Changes in EEM affect the rheological proper-
ties of blood. A decrease in EEM during physical
exertion leads to an increase in erythrocyte aggre-
gation, which affects microcirculation, and blood
viscosity, that plays a significant role in the mani-
festation of tissue hypoxia [21]. Under these condi-
tions, 2,3-DPG, an allosteric regulator of hemoglo-
bin affinity for oxygen can make a certain contribu-
tion to the alleviation of tissue hypoxia. In our
experiments, an increase in the concentration of
2,3-DPG was noted after the 2nd—3rd stress test,
which determines a decrease in Hb-O, affinity and
promotes the release of O, from the Hb molecule in
tissues.

When discussing the mechanisms of FO, OFO
action during intense physical activity, it is neces-
sary to focus on several results obtained in the
study.

The use of FO and, to a greater extent, OFO-
1500, during physical activity caused a statistically
significant decrease in MDA in erythrocytes com-
pared to the control group. PUFAs are structural
and functional components of cell membranes [22],
which can promote the erythrocyte membrane
recovery and modulate lipid peroxidation during
physical activity. It has been shown that oral admin-
istration of n-3 PUFAs leads to the integration of
PUFAs in the composition of phospholipids of
erythrocyte membranes [23], changing the charac-
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pacnpejiesieHie MeMOpPaHHBIX OeJKOB, B WTOTe
MeHsEeTCs 3apsJi MeMOPaHbl SPUTPOIUTOB U, CJie-
JoBaTeIbHO, dPIII.

Nsmenenue IDOIID BiusAeT Ha PeOJOTHUECKUE
cBoricTBa KpoBu. OTMeUeHHOe NMpPU (PU3UUECKOH
Harpyske cHmxeHue JPIID BeneT K MOBBINIEHUIO
arperaiid 3PUTPOIUTOB, KOTOpas OKa3bIBAET
BJUSHUE HA MUKPOIUPKYJIANUIO, YBEJTHYUBAET
BAABKOCTH KPOBH, UTO UTPAET CyIIECTBEHHYIO POJIb
B IPOSIBJIEHUSIX TKAHEBOM rumokcuu [21]. B aTux
VCIIOBUSAX OIpENEeIeHHBIN BKJIAJ, B HUBEJIUPOBA-
HHU€ BO3HHUKAIOIIEH 'HIOKCUU TKAaHEW MOXKET BHO-
cuth 2,3-/OT", aysmocTepuIecKuH peryIsaTop CPOaI-
CTBa TeMOIJIOOWHA K KHCJI0pOoAy. B Hamwux skcire-
pUMeHTaX OTMEYEHO YBeJIMYeHUe KOHI[eHTPaI[uu
2,3-I®T" mocne 2—3-r0 Harpy304HOTO TECTa, YTO
onpezienser caumxenne Hb-O, adunnoCTH U CcIIo-
cobcTByeT BrIcBOOO)AeHMI0 O, u3 MoJiekyssl Hb B
TKaHAX.

O6cy>xnmas mexanu3Mmsbl JierictBus PXK, OPXK npu
MOBBIIIEHHON (U3NYECKOU AKTUBHOCTH, CJEAYET
OCTAaHOBUTHCH HA HECKOJIBKUX IIOJIyYeHHBIX B XO/€
paboTsI pe3yJibTaTax.

Hcnonp3oBanue npu pusnueckux Harpyskax P2K
U, B 6osblen creredn, OPYK-1500 BBI3BIBAJIO CTATH-
CTUYECKH 3HauuMoe cHukeHue MJIA B sputponu-
Tax [0 CPaBHEHUIO ¢ KOHTPOIbHOM rpynmnoi. ITHXKK
ABJIAIOTCA CTPYKTYPHBIMU U (PYHKIHOHAJIBHBIMU
KOMITOHEHTaMU KJIETOYHBIX MeMOpaH [22], uTo
MOXKET CIOCOOCTBOBATh BOCCTAHOBJIEHUIO MeEM-
OpaHbl SpUTPONUTOB U HuBenuposaTh [10JI mpu
(usnueckoin axkTUBHOCTH. [lokaszaHO, YTO IIEpO-
panbHbI npueM n-3 [THXKK npuBogut Kk BKIIIOUe-
muto ITHXKK B cocraB docdomunugos meMOpaH
SPUTPOIUTOB [23], U3MeHsA XapaKTEPUCTUKH MeM-
OpaH SPUTPOIUTOB, UTO BHIBBIBAET CHIDKEHHE HX
arperaiuu [24]. ITo Bcell BHAMMOCTH, CXOJHBIM
00pa3oM JIEHCTBYIOT U CPETHE- ¥ KOPOTKOIEMOYeY-
Hble JKK, koTopble 06pa3yioTcs B pe3ysIbTaTe 030HO-
nusa. [Ipu stom nevicteue OXKP-1500 ompezesnsier
HauMeHbIIlee OKUCIIUTEJbHOE JIelcTBUe Ha (oHe
(pusnueckoil Harpysku MO CPaBHEHUIO CO BCEMH
ucceselyeMbIMU TPYIIIaMU, TOT/Ia KaK UCI0JIb30Ba-
Hue OPJK-3000 mpuBOAUT K HAUOOJIBIIEMY IIPO-
1eccy JINIOTIEPOKCUAIINH SPUTPOIIUTOB. BeposaTHO,
TOJIyIEHHBIA 3(PdEKT 3aBUCUT OT KOHIIEHTPAIUHN
O30HHJIOB: MaJTble KOHIIEHTPAI[UH O30HUJIOB CTHMY-
JIMPYIOT TPOIlECC AHTHUOKCHUIAHTHON 3allUThI, a
0O0JIbIIIEe KOHIEHTPAIUH — YCYTYOJISIIOT OKUCJIEHIE
KJIETOK [16].

[Tpu ucnonb3oBanuu PXK u, B 60JIbIIEN CTENEHU,
OPXK 0ObUIO OTMEUEHO yBeJTMUYEHHE KOHIIEHTPAI[UHU
AT® 110 cpaBHEHUIO C KOHTPOJIBHOU rpyImoi. O30Hy
MPUCYI TUIOTJINKeMUUecKuil 3¢dekTt, 00ycmoB-

teristics of the latter, which causes a decrease in
their aggregation [24]. Apparently, medium- and
short-chain fatty acids, which are formed as a result
of ozonolysis, operate in a similar way. At the same
time, the effect of OFO-1500 determines the mini-
mal oxidative effect during physical activity com-
pared to all the studied groups, while the use of
OFO0-3000 leads to the maximal lipid peroxidation
in erythrocytes. Probably, the obtained effect
depends on the concentration of ozonides: low con-
centrations of ozonides stimulate antioxidant
defence, and high concentrations aggravate oxida-
tion in cells [16].

When using FO and, to a greater extent, OFO,
an increase in the ATP concentration was noted
compared to the control group. Ozone has a hypo-
glycemic effect due to the activation of glucose-6-
phosphate dehydrogenase. Thus, glucose absorp-
tion from blood plasma by erythrocytes increases
[25], which, apparently, contributes to a growth of
the intensity of glycolysis in erythrocytes. It is
known that an increase in the ATP concentration
in erythrocytes leads to phosphorylation of spec-
trin, ankyrin and protein 4.1R (erythrocyte mem-
brane protein band 4.1), weakening protein-pro-
tein interactions. Phosphorylation of cytoskeletal
proteins increases membrane deformability [26].
Probably, in the use of preparations of FO, the
deformability of erythrocyte membranes increases.
High deformability of erythrocytes facilitates
blood flow, which contributes to better microcir-
culation and tissue oxygenation. In addition, it is
known that deformities occur at the level of the
microcirculatory bed; erythrocytes release ATP
and cause an NO-dependent enhancement of blood
flow [27]. The increase in EEM and the decrease in
erythrocyte aggregation amid the FO and OFO
administration also contribute to the recovery of
microcirculation.

CONCLUSION

It was found that the use of FO and OFO effec-
tively modulated processes in erythrocytes caused by
the extreme physical exertion. Comparison of prepa-
rations of FO showed that the effect of OFO-1500
caused the most pronounced decrease in lipid per-
oxidation, increased glycolysis and decreased aggre-
gation of erythrocytes during in the weight-loaded
forced swimming test compared to FO and OFO-
3000.
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JIEHHBIA aKTUBaIMeHd TUII0K030-6-docdartmerunmapo-
resassl. [Ipu 3TOM ycuIuBaeTcs MOIJIOLIEHNE SPU-
TPOIIUTAMU TJIIOKO3bI U3 IIa3Mbl KpPOBHU [25], uTO,
0 BCEH BUUMOCTH, CIIOCOOCTBYET ITOBBIIIEHHIO
UHTEHCUBHOCTY  IJIMKOJIM3a B  SPUTPOIUTAX.
W3BecTHO, uTO NIOBBIIeHUe copep:xaHua AT® B apu-
Tporurax BezieT K ¢ochOopUINpOBaHUIO CIIEKTPUHA,
aHKUPUHA U OesKa IOJIOCHl 4.1, 0cyiabiisiss GeyoK-
GesikoBble B3anMojelicTBuA. DochopuarpoBaHue
0eJIKOB ITUTOCKeJIeTa yBeJNUHuBaeT Jedopmabersb-
HOCTh MeMOpaH [26]. BeposTHo, Ha HpoHE mpuMeHe-
Hus npemnapatoB PJK mosbimaercs gedopmupye-
MOCTh MeMOpaH 3PUTPOIUTOB. Bricokas nedopmu-
PYeMOCTh 3PUTPOLUTOB 00JIer4aeT KPOBOTOK, UTO
CIIOCOOCTBYET JIyUlllell MUKPOITUPKYJISAIUI U OKCHU-
reHanuu TKaHed. Kpome TOro, M3BEeCTHO, YTO IPHU
neopManuy Ha YpOBHE MHUKDPOIIUPKYJIATOPHOTO
pycia spUTpOIUTHI BbICBOO0KAAIOT AT® U BBHI3BI-
BaroT NO-3aBHCHMOe yBeIMUYeHHEe KPOBOTOKA [27].
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BoccTaHOB/IEHNI0O MUKPOIUPKYJIAIUU TaKXKe CIO-
cobcTByeT BhIsIBIEHHOE mpu AerictBuu P2K u OPXK
noBblleHne DPIID u cHMKEHUe arperauu 3puTpo-
LIUTOB.

SAK/IIOUEHWE

YeranoBaeHo, uto ucnoab3oBanue P2K u OPXK
3¢ eKTUBHO HUBEJINPOBAJIO IIPOIIECCHI B PUTPOLIH-
Tax, o0yCJIOBJIEHHbIE Pa3BUTHEM CTpecca, BHI3BaH-
HOTO y KpbIC MOJleJIUpOBaHUEM (pu3UIecKOH
Harpy3KHU «J10 oTkaza». CpaBHeHue npemnapaTos P7K
IOKa3aJio, uto jerictere OPYK-1500 BBI3BIBAJIO HAHU-
60J1ee BhIpayKEHHOE CHUKEHUE JIUTOTIEPOKCH/IAIINH,
yCcUJIeHUe IJINKOJIN3a U CHIDKEHUE arperanuy 3pu-
TPOIIUTOB IIpU (GU3UUECKON HArpPy3Ke «J0 OTKa3a»
o cpaBHenumwo ¢ P2K u OPXK-3000.

KoH@uaukT nHTEpECOB. ABTOPHI 3aABJIAIOT 00
OTCYTCTBUH KOH(INKTA HHTEPECOB.
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