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Biausinne 1JINTEJLHOCTH YJIBTPa3BYKOBOIO
BO3/1eliCTBUS HA COCTOSIHME MUKPOIUPKYJISITOPHOIO
pycJia U CHCTeMbI FeM0CTa3a y KpbIC

C nomowpwio ynvmpaszeykoeozo 6o3lelicmeus ¢ uacmomou 25 xly, cunoi
7,7340,03 Bm/cm? u yposnem 38ykogoeo oOaenenuss 89,0 0B mooenuposanu
cocmosanue Heuszbezaemozo cmpecca y Kpvic. B kauecmee kpumepues paszgumus
NCUXOIMOYUOHATILHO2O CIMPECca UCNOAb308ANUCH NOKA3AMENU MUKPOYUPKYIAYUU U
eemocmasa. Yemanoeneno, umo 24-uacoeas u 7-OHeSHASL SKCNOZUYUU VIbMPA3EYKA
6bI3LIBANU Y ONBIMHBIX KPbIC COCMOSHUE CIMPECCd, BbIPAXCABUEECs 6 POPMUPOBAHUU
CnasmMa cocyoos MUKpOYUpKYIAMOPHO20 pPYCIA, NO8IeKuteco 3a Co00l paszeumiue
uwemuu mraueti. Kpome mozo, evisenena 6mopuuHocmv cO08U208 noKazamenet
2emMocmasa no OMHOUIEHUIO K USMEHEHUAM MUKDOYUPKYIAMOPHO20 DYCAA, MAKHCE
OEMOHCMPUPYIOWUX — pazeumue Cmpecc-peakyuu, NoomeepiHCOeHHOU  OAHHbIMU
no  YBeNUHeHUI0 KOHYEHMpayuu 6 Kposu AOPEeHOKOPIMUKOMPONHO20 —20PMOHA
(AKTT), xopmusona u pe3ynomamamu USMeHeHus no8e0eH4ecKUx peaxyuil 6 mecme
«Omxkpwvimoe noney. Y kpuvic, no0gepauiuxcs 00HOOHEBHOU IKCNO3UYULU VIILINPA3EYKOM,
noKazameny 2emMocmasa ompeazuposanu 6onee 8blPAHCEHHbIMU OMKIOHEHUAMU NO
CPABHEHUIO ¢ MAKOBLIMU NOCIE CEMUOHEBHO20 6030eliCMBUs, UMO CEUOEmelbCmayem
0 hopmuposanuu adanmayuu 6 omeem Ha OaumenvHoe deticmeue cmpeccopa. Taxum
06paszom, noryuenHvle pe3ybmamsl UCCIe008aHUSL MO2YNI CEUOEMENbCME08AMNb O TNOM,
Umo OUAZHOCIUKA NAPAMEMPO8 CUCIEMbL MUKDOYUPKYIIAYUU U 2eMOCMA3A AGIAEMCSL
YYECMEUMETbHBIM CROCODOM OYEHKU COCOAHUS NCUXOIMOYUOHATLHOZO CIPEcCd.

Ki1roueBblie CJI0Ba: 11CUX0IMOYUOHATLHBLIL CIPECC; YIbMPA38yKo8oe 8030elicmeaue;
MUKDOYUPKYIIAMOPHOE PYCILO, CUCEMA 2eMOCA3A, MPpOMOOINACOMEMPUSL.

BBenenune

OnmHIM U3 OCHOBHBIX CTPECCOPHBIX (PaKTOPOB, BO3ICHCTBYIONINX Ha YelIOBe-
Ka B COBPEMEHHOM O0ILECTBE, SIBIISETCS CUTyallusi XpOHUYECKO HH(popMaIoH-
HOU HEOTIPEIEIICHHOCTH, BBI3BIBAIONIASI Y HETO ICTPECCUBHO-IIONOOHOE COCTOS-
HUE, UTparollee CyIEeCTBEHHYIO POjib B (JOPMUPOBAHUH TICHXOIMOIMOHATBHOTO
ctpecca [1]. Cpenut BOBMOXKHBIX HOCHUTENIEH WH(POPMAIMU CIICAYET BBIACITUTH
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VABTPa3ByKOBEIC BOJIHEI, IPEACTABISIONINE COOOH YIPYyTHE 3BYKOBEIE KOIEOAHMUS
BbICOKOU yacToThl (cBbimre 20 k'), oOnagaroniue MarepuaaibHBIMU CBOWCTBAMH
W HEeCyIUe ONpeeIICHHYIO SHEPTHIO [2]. YIBTpa3ByK cllOCOOCH BHI3BIBATH B Op-
raHU3Me YeJIOBEeKa HapyIIeHUs] TeMOANHAMUKU B MUKPOIIMPKYISITOPHOM pyclie ’
MTOKA3aTEIIX CHCTEMBI TEMOCTA3a.

B 370l CBSI3M MEpCEeKTUBHBIM MPEACTaBISIETCd U3yUeHHE BO3IEHCTBHS Ha
71a00paTOPHBIX KUBOTHBIX YIBTPA3BYKOBEIX BOJH IIEPEMEHHBIX YacTOT, SIBILSIO-
LIUXCSl y TPHI3YHOB CPENICTBOM 300COIHANIbHON KOMMYHUKalnu. Kpome Toro, BbI-
SIBJICHO, 9TO y >KUBOTHBIX, CIOCOOHBIX BOCIIPHHUMATH YIBTPa3ByKOBEIC BOJHEI,
9TOT (DaKTOp BBI3BIBAET €Il M NICHXOAMOIMOHAIBHBIN cTpecc. Tak, u3myuyarenu
¢ actoToit 35, 38, 40 n 50 k'l pazapaxanu u 1eMoOHIn30BaIn Kpbic [3]. Yera-
HOBJIEHO, YTO KOJIEOAHUs C 4acTOTOM BOiH 22-25 kIl M3Har0TCs KUBOTHBIMU
MIPY HAJTMYHH NCTOYHUKA OTTACHOCTH, ITOCIIE TOPA’KeHNUS B CXBATKe, IIpU 00JIEBOM
Bo3zeiicTBu [4]. CUTyaIuio MacCHPOBaHHOTO HEN30eraeMoro NoToka nHpopMma-
IIUH MOYKHO CMOJEIMPOBATh BO3IEHCTBHEM YIBTPA3BYKOBOTO U3ITyUCHHS Pa3HOM
4acTOThI, KOTOpOe OyJeT BBI3BIBATh Y KPBIC COCTOSHUE cTpecca. B ycnoBusx xe
JUTUTEIHHOM SKCIIO3UIINH Y )KHBOTHBIX BO3MOXKHO Pa3BUTHE JETIPECCHBHO-TION00-
HOTO cocTostHus [1].

CrpeccopHoe BO3/IEICTBHE 3a CUET 3HAYUTEIHHOTO MOBBHIIICHUS YPOBHS Ka-
TEXOJAMHUHOB B KPOBH BBI3BIBAET CY>KEHHE COCYAOB M MOXKET MPUBOIUTH K pas-
BHTHIO HAapyIICHUH B CHCTEME MUKPOUHPKYSIHU. TeM He MeHee BOIPOCH Ma-
TOTEHETUYECKOTO BIIMAHUS CTPECCA Ha CEPACYHO-COCYAUCTYIO CUCTEMY JI0 KOHIIa
He m3ydeHbl. HebnarompusitHoe Bo3neiicTBHEe (aKTOPOB pPHUCKA CEPACIHO-COCY-
JUCTBIX 3a00JIeBaHMIA, COTJIACHO COBPEMEHHBIM IPENCTaBICHUSIM, peaIn3yeTcs
Yyepes HapylieHHe QYHKIUN COCYAUCTOro sHaoTenus [5]. B paHHue cpoku nei-
CTBHS CTPECCOPOB MPOUCXOAUT (HOPMUPOBAHME SHAOTETUAILHOW TUCHYHKIIUH,
MIPUBOISIICH, HATPUMED, B CPEAHUX COCYAaX MBIIICIHOTO THITA MO3Ta YeIOBEKa
K TIOBBIIIIEHUIO COCYJUCTOTO TOHYCA U YBEIUYEHHUIO MEepUPEPUUECKOTO COMpO-
THUBIICHHSA [6].

OnHaKko BO3HMKHOBEHHME OCTPOI MIIEMUHM TKaHHW 3aBUCHT HE TOJBKO OT CO-
CTOSIHUSI HEMPOTYMOPANBEHON PETYISIMHA COCYANCTOTO TOHYCA, HO M OT PEOIIo-
TUYECKHUX CBOMCTB KPOBU, BO MHOTOM ONpEAEeMbIX CUCTEMOH reMocTasa. [lo-
CIICITHSS SIBISIETCSI OHON M3 HanOoJiee peaKTHBHBIX CHCTEM OpTaHN3Ma, a BayKHas
POJb TEMOCTA3HONIOTUYECKUX MMapaMeTPOB B Tpolieccax aJanTaluu K AeHCTBUIO
CTPECCOPHBIX (haKTOPOB HE BHI3bIBaCT COMHEHHS [7]. COBpeMEHHBI HHTETPalhb-
HBIIi METOJl TPOMOOIACTOMETPUH, IPUMEHSIEMBbIH B paMKax SKCIepUMEHTaIb-
HBIX UCCIICJOBAHUH, TO3BOJISIET OLIEHUTH (OPMHUPOBAHIE 1 MOCIICAYIOMINH JIH3HC
(huOpPUHOBOTO CrycTKa; OOHAPYKHUBAET KaK TUIIO-, TAK M TUIEPKOATYNISAIMOHHbIE
COCTOSIHHST; SIBIISICTCSl HAJEKHBIM SKCIPECC-TECTOM UIS THATHOCTHKH THIEphH-
OpuHoM3a [8] 1 BEeHO3HOTO TpoMOoIMboIH3Ma [9].

B macrosmee BpeMsi aKTyaJlbHBIME SIBIISTIOTCS HAYYHBIE HCCIICIOBAHUS, Ha-
MpaBJieHHbIE HA MOMCK BO3MOXKHBIX MPEIUKTOPOB PA3BUTHUS CEPACUHO-COCYIIH-
CTBIX 3a00JICBaHUI W MX OCJIIOKHEHHA. B 3TOH CBS3M NEPCIICKTHBHBIM SBIISICTCS
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H3y4YeHHUE POJIM MOKa3aTeael MUKPOLMPKYJISALUU U FeMOCTa3a B KaueCTBE KpUTe-
pHUEB pa3BUTHUS IICUXOAMOIMOHAIBHOTO CTpecca.

Lens paboTHI — ONEHUTH BIISIHAC JUTHTEIBFHOCTH YIBTPAa3BYKOBOTO BO3JEH-
CTBUSI Ha COCTOSIHUE MUKPOLIMPKYIISITOPHOTO PYyCila M CUCTEMBI TEMOCTa3a y KpbIC.

MaTepnam,I U METOAUKH HCCJICT0BAHUSA

HccnenoBanust BBITOIHEHB! HA 42 3M0pOBBIX KpbIcax-camiax JIHuU Wistar 3-Me-
CSIYHOTO Bo3pacTa ¢ Maccoit Tena 25020 1. JKuBoTHBIE ObIIH pa3zieNieHbl Ha TPH TPYII-
bl — 1 kKoHTponbHYH0 (KOHTpOomb) 1 2 onbITHBIE, 10 14 KpbIC B Kaxaol. XKuBoTHBIE
TMOJTyYEHbI U3 LIEHTPAJILHOIO BUBapusl ANTaiicKoro rocyapcTBEHHOTO MEUIIMHCKOTO
yHHUBepcutera (T bapHayi) 1 0 Hayana SKCIIEpUMEHTOB HAXOWINCh Ha KapaHTHUHE B
TedeHue 2 Hepl. JKMBOTHBIE colep KaluCh MPU €CTECTBEHHOM OCBEILLEHUH B KIIETKAX
pazmepoM 57x37x20 cM, U3TOTOBICHHBIX U3 KPYMHOSUEHUCTOM MPOBOJIOKH, HA CTaH-
JapTHOM PAaIlioHe CO CBOOOJHBIM JIOCTYIIOM K ITHIIE M Boze. Temreparypa Bo3myxa
B MOMeIleHnH cocTaBisa +22,54+0,2°C, armocdepnoe nasnenue — 101,3+9,3 klla u
IUTOTHOCTH Bo3myxa — 1,19 £0,03 kr/m®. M3aydarenn yibTpa3ByKOBBIX BOJIH yCTa-
HaBJIUBAJIN B BEPTUKAIBHON MO3UIMU Ha paccTossHUU 10 ¢M C IBYX CTOPOH OT
OOKOBBIX CTEHOK KJIETKH M OCTaBIUIA MX B BHEIKIIFOUEHHOM COCTOSHUH JJISI KOH-
TpONbHBIX UBOTHBIX (KoHTpons). [lepByro rpymnmy onbITHBIX )XKUBOTHBIX ([ pyn-
na 1) moxBepraiu yiabTPa3ByKOBOMY BO3JIEHCTBHIO ¢ 24-4acOBOM JKCIIO3HIIHEH,
Bropyto ([pynma 2) — 7-mHEBHON SKCHO3ULMHU C MOMOIIBIO TeHepaTropa-pened-
nenta «®umua» (HIIIT «/JoKont», Poccus). McciaenoBanue mapameTpoB BO3-
JEeUCTBYS BO3AYIIHOTO YABTPa3ByKa OT FeHeparopa MPOBOIMWIN C MOMOIIBIO aT-
TECTOBAHHOTO B METPOJOTMIECKOM IUIaHEe IIyMOMEpa-BHOpOMETpa aHaI3aTopa
crekTpa «Oxopuznka-110A» ¢ ynpTpa3ByKOBEIM MUKPO(OHOM (BHECEH B PEECTp
cpeactB u3Mepenuil Poccuiickoit @enepanuu ¢ peruCTPALMOHHBIM HOMEPOM
48906-12, cBUIETEIHCTBO O TOCYIapCTBEHHOM moBepke Ne 465699, nelicTBUTENb-
Ho 110 04.03.2020 1) Ha gacTtote 25 k[ 11 B pesknme «Yasrpazsyk — 40K». Mukpo-
(hoH M3MepuTeNs YAbTPa3BYKOBBIX KoJieOaHUIl pacmonarajid BHYTPH KIETKH H
OpPUEHTHPOBAJIM B CTOPOHY reHeparopa « PuianH». YpoBeHb 3ByKOBOIO 1aBICHUS
cocrasisul 89,0 ab, MIOTHOCTH MOTOKA MOIIHOCTY UM CUJIA YABTPA3BYKOBBIX KO-
nebanuit — 7,73+0,03 Br/em? [10].

Iocne mpekpairieHust BO3IEUCTBUS HCCIICOBATN IOKA3aTEINd MHKPOLMPKYIIS-
TOPHOTO pycClia ¢ WCITIONB30BaHUEM METONIa JIa3epPHOM NOIMUICPOBCKOH (roymeTpum
(JIA®) ¢ aHamM30M aMIUIUTYJHO-YaCTOTHOIO CIIEKTpa KoneOaHuil KpOBOTOKA HA arl-
mapare JIAKK-02 (HITO «JIa3zmay, Poccust). ['o110BKa onTHYECKOTO 30H1a (PMKCHPOBA-
Jlack B 00JIACTH OCHOBAHMS XBOCTA KUBOTHOTO. JlmuTensHoCTh 3amucu JIID-rpaMmbl
cocTaBisuia 5 MuH. PerucTprpoBaiyuch OCHOBHBIE NTapaMeTpbl MUKPOLMPKY/IALMH, a
TaKKe MPOBOAWIICS AHAIN3 AMIUIUTYJHO-YaCTOTHOTO CIIEKTPa KoleOaHui KpOBOTOKA B
nostoce actot ot 0,005 1o 3 I'n. B a1oii monoce hopMupoBanock 4eThipe HelepeKphbI-
BAIOIIMXCS YACTOTHBIX AUAIA30HA, TO3BOJIIIOIINX OLIEHUTH COCTOSIHUE «aKTHBHBIX)» U
«IIaCCUBHBIX)» 3BEHbEB PETYIIALIUN MUKPOKPOBOTOKA.
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Yporenb koptuzoia u AKTIT B kpoBH onpenensuim MeToaoM IMMYHO(DEpMEHT-
Horo ananuza (M®DA) na ananuzarope Immulite («DPS Cirrus Inc.», CILIA) [11].

s OIeHKH CHCTEMBI T€MOCTa3a WCIIONB30BAINM MHTETPAIbHBIA METOH HC-
ciefoBaHus — TpoMbosnactomeTpus. TpoMOo3IacTOMeTpHIO MPOBOJUIIN HA TIPH-
oope «Rotem» («Pentapharm GmbHy, ['epmanus) ¢ UCHONB30BaHUEM pearcHTa
«Natemy, B COCTaB KOTOPOTO BXOIUT XJIOPH] Kambius [12].

B xone pacmmgppoBkr TpoMO037IaCTOrpaMMBI YIUTHIBAIHN CIICITYTOIIHE ITOKa-
3arend [8]:

CT (coagulation time) — BpeMs KOaryJsiuu (BpeMsi OT J00aBJICHUS CTapTO-
BOTO peareHTa J0 Hadana popmupoBanus TpomOa). Yonunenune CT moxeT ObITh
pe3yIeTaToM HeocTaTka (PakTOpPOB CBEPTHIBAHMS KPOBH ITH N30BITKA TeHapHHA.
VYrkopouenue CT cBuAeTeNnbCTBYET O runepkoarysuu [13].

CFT (clot formation time) — BpeMst Hagasia 00pa30BaHus CTYCTKa. MI3MeHeHue
9TOrO IMOKAa3aTelsl 3aBHCUT OT COJEepkKaHus TpomMOuHa u gubpuHorena. B stor
MIPOMEXYTOK BpeMeHH 00pa30BaBIIHKCSA TPOMOWH TIEPEBOANT (GUOPHHOTEH B (U-
opun. Ymuuenne CFT, kak npaBuiio, BEI3BAHO HAPYIIICHUEM (DYHKIMU W HU3KHM
CoZIep)KaHUEM TPOMOOITUTOB, HAPYIICHUSMH TOJIMMEpH3ai GUOPHHA WK Jie-
¢umurom pudpunorena. [lo-suaumomy, B 3T0i (Ppaze Takke ydacTByeT (akTop
XIII. Yxopouenue CFT yka3siBaet Ha runepkoaryssiuio [14, 15].

Yron aneha — yros, IOCTPOEHHBIN MO KacaTelbHOW K TpoMOo3IacTorpaMme
W3 TOYKM Havaja oOpa3oBaHWS CTYCTKa, BBIpaXkaeTcs B rpagycax. OtoOpakaer
CKOPOCTb POCTa (PUOPHHOBOIL CETH U €€ CTPYKTYpOoOoOpa3oBaHUE, XapaKTepPU3yeT
YpOBEeHb (hHOpHUHOTEHA.

MCF (maximum clot firmness) — MakcuMalibHasi TBEPOCTb CTyCTKa. SIBiIsIeT-
csl caMol OOJBIION BepTHKAILHOW aMIUTUTYI0H Tpaduka. OHa oTpaxkaeT abco-
JIIOTHYIO IPOYHOCTH (pubprHa u TpomOouTOB TpoMOa. Huskuit MCF sBnsercs
MTOKa3aTeJIeM YMEHBIICHHUS KOJIMYECTBA TPOMOOIINTOB TITH UX (DYHKITUH, a TaKXKe
CHIDKEHUS ypOBHs (PUOPHHOTCHA W HAPYIICHUS MOIUMepHu3aluy GuopuHa win
HU3KOM akTBHOCTH (hakTopa XIII. Mexanudecku ciaabblii CryCTOK MPEICTABIIAET
c000i1 cepbe3HbIN PUCK Pa3BUTHUSI KPOBOTECUEHUS.

ML (maximum lysis) — MakcuManbHbIi au3uc. [Ipeacrasinser coboit pasHUILY
MEXIYy MAaKCUMaJIbHOM aMIUIMTYyIOW M HaWMMEHbIIEH aMIUIUTYIOH, MOITydeHHON
MocyIe JOCTIDKCHUS MAKCHMyMa.

Al0 — onwuchIBaeT IUIOTHOCTh CTyCTKa (WM aMIUTUTYy), MOJYYeHHYIO 4Yepe3
10 MuH 1 Jaet nporHo3 no oxugaemoit miotHoctd MCF Ha Gornee panHei craum.

Hcnonp3oBaHue KpbIC B SKCIEPUMEHTAX OCYIIECTBISUIOCH B COOTBETCTBUH C
TpeboBarmsamu EBporeiickoit konBeHIIMN «O 3aMINTE TTO3BOHOYHBIX KUBOTHBIX,
UCTIONI3YEMBIX UIS SKCIePUMEHTAIbHBIX WM WHBIX HaydHbIX menei» (Ctpac-
oypr, 1986) u Jupexrusamu 86/609/EEC [16]. O6e300nuBaHne U yMEPIIBICHHE
JKMBOTHBIX MIPOBOAMIIM B cOOTBeTCTBHU C [IpaBmiamu mpoBeneHus: paboT ¢ uc-
MTOTH30BaHMEM HKCIIEPUMECHTATBHBIX KIUBOTHBIX.

CrarucTU4ecKuil aHau3 MPOBE/ICH C MCIIOJIb30BAHUEM IMAKeTa TPHKIIATHBIX
mporpamm StatSoft STATISTICA 10.0. CraTHCTHYECKYIO 3HAYNMOCTD pa3IHduil
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(p<0,05) oneHuBany TpH MOMOIIM HemapaMmerpudeckoro U-kpurepus MaHHa—
VYuTHH, Tak KaKk MPU3HAKU HE MOTINHUINCHh HOPMAJIBHOMY pacIpeeeHHIO.

PesysabTarsl Hccaeq0BaHuS U 00CYKICHTE

B paMxax Hay4qHOTO HaIpaBJIEHUs [0 U3yUCHUIO BIUSHUS Pa3IMYHBIX CTpEC-
COpHBIX (haKTOPOB Ha YeJIOBEKa 0CO00€ BHUMAaHHUE YIEISIeTCs MIOMCKY CIIOCO0O0B
(hopMupOBaHUS aJaITUBHBIX pPe3epBOB opraHusMa. C 3ToH TOUKU 3peHus (ax-
TOPEI, BEI3BIBAIOIINE TICHXOAMOIIMOHATIBHBINA CTPECC, SABISIFOTCS OOBEKTOM ITOBEI-
LIEHHOTO MHTEpeca y UccieqoBareneil, Tak Kak JOCTaTOYHO PACIpPOCTPAHEHBI B
YCIIOBHSAX TEXHOTEHHOU CpeIbl OOMTAHMS YeTIOBEKA.

B Hacrosimem uccieoBaHUU IPOBEJICH CPaBHUTENILHBII aHATN3 BO3ACHCTBUS
Pa3IMYHON JUIMTENBHOCTH YJIBTPa3ByKOBBIX BOJIH, PACIPOCTPAHSAIOLINXCS B BO3-
JOyIIHOH cpese, Ha kpblc TuHUHM Wistar. Kak yxe ObUIO YCTaHOBJICHO M OIMHCAHO
HaMH paHee, 24-4acoBas SKCIO3MLUSA YIbTPa3ByKa IEPBUYHO BBI3bIBAJIA Y OIBIT-
HBIX KPBIC BBIPAXKEHHBIE HAPYILIEHUS B 30HE MUKPOLMPKYIISIUY B BUJIE Ba30KOH-
CTPUKLMU U CHIDKEHMSI JUJIATallMOHHOIO Pe3epBa, a BTOPUYHO — 3HAYUTEIIbHbIE
HeONaronpuaTHBIE CIBUTH B CHCTEME reMocTasa (TUIEPKoaryIsiuio, yTHeTeHIe
AQHTUKOATYISTHTHOM M (UOPHHOIMTHYECKON aKTHBHOCTH IUIa3MBI KPOBH), HYTO
SIBISIETCS. TIPU3HAKaMU pa3BUTUs cTpecca [17]. Pa3Burtue crpecc-peakuuu moj-
TBEP)KICHO CTaTUCTUYECKU 3HAYMMBIM ITOBBIIIEHUEM B KPOBU 3THX YKUBOTHBIX
KOHIIEHTpaIuu aapeHokopTuxorponHoro ropmona (AKTIY) u xoptusona. Taxk,
xoHueHTpanuss AKTI Bwipocna Ha 227% (p=0,001), a xoptuzona — Ha 37%
(p=0,01). Kpome TOro, Kak MOKa3aHO B paHee OMyOIMKOBAHHBIX Pe3y/bTaTax UcC-
cienoBanus (Tect «OTKpbITOE HONEY), A 90% IpoTecTUPOBAaHHBIX KPBIC YiIb-
TPa3ByKOBOE 00IyueHHE IPEICTABIUIO COOO0I cTpece, 3aTPOHYBILUI OTAEIbHbIE
9JIEMEHTHI UX moBeneHus [18].

C TOuKH 3peHuUsI MOJECTUPOBAHHS XPOHHUECKOTO BO3CHCTBUS OMPEACICHHBII
HMHTEpeC MPEICTABISAET U3yUEeHUE BIUAHUA 7-THEBHOM 3KCIIO3UIIMH CTPECCOPHO-
ro (pakropa, Tak Kak B uccnenoBanusix A.B. [oproBoii ¢ coasr. [ 1] BBIsIBIEHO, UTO
XPOHUYECKOE BO3ACHCTBHE YIBTPa3ByKa MEPEMEHHBIX YacTOT (POPMHUPYET CHTYa-
LU0 XPOHUYECKOTO HEM30eraeMoro cTpecca U NpUBOAUT K Pa3BUTHUIO AETPECCHUB-
HO-TIOZTOOHOTO COCTOSTHHS Y KPBIC.

CornacHo NoTy4eHHbIM B Halllel 1a00paTopuu JaHHBIM, 24-4acoBasi U 7-1IHEeB-
Has 3KCIIO3ULMM YJIBTPa3ByKa BBI3BIBAIN Y OIBITHBIX KPBIC OJHOHAIIPABIECHHbIE
U3MEHEHHsI B MUKPOLUPKYISITOPHOM pyciie — JOCTOBEPHOE CHUXKEHHE UCCIETye-
MBIX aKTUBHBIX M TACCHBHBIX (PaKTOPOB MOIYIISIIIH KPOBOTOKA TI0 CPABHEHHIO C
KOHTPOJIBHBIMH UBOTHBIMH (Tab1. 1).

O pa3BUTUM Ba30KOHCTPUKIMU Y ONBITHBIX )KUBOTHBIX IIPU IEHCTBUM CTpEC-
COpa TOBOPUT CHMXEHHUE aKTUBHBIX (PaKTOPOB — MOKa3aTenei MUKPOIUPKYIISIUN
u (makca Ha 66 u 68% (I'pynma 1) u Ha 32 1 63% coorBercTBeHHO ([pymma 2),
XapaKTePU3YIOIIUX POJIb MHOTEHHOTO KOMIIOHEHTA KaK IPUYUHBI MOBBIIICHUS
3HA4YEHUS IPUCTEHOYHOTO HAIIPSKEHUS CBUTA.
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Tabmuna 1 [Table 1]

H3meneHue nokaszaresieii MUKPOLMPKYJISIUH Y KOHTPOJbHBIX

(KoHTpoJ1b) M ONBITHBIX :KMBOTHBIX MOCJ/IE

24-gacosoro (I'pynna 1) u 7-nueBHoro (I'pynna 2) yIsTpa3sByKoBOro Bo3JeiicTBUs
[Changes in microcirculation parameters in control (Control) and experimental ani-
mals after 24 hours (Group 1) and 7 days (Group 2) of ultrasound exposure]

Tlokazatenu Konrpor, I'pynmna 1 [Group 1], I'pynmna 2 [Group 2],
[Parameters] (Control], (n=14) (n=14)
(n=14)
[Tokazarens MUKpO- 2,5[1,8-5,9] 5,1 53_,3661,0]
LHPKYIAIH, 1. €1, 7,5 [5,8-8,7] p1=0,002 P
[Microcirculation AL-66% (A1-32%)
index, pf units] (A1-66%) p2=0,14
o I I
Make, ng. e 4,1 [3,3-4,6] p1=0,0001 p1=0.90
[Flax, pf units] (A1-68%) (A1-63%)
p2=0.6
SHHOTe(J{;/IIaTJ;I);HLE 22101,6-52] 3,51[_2(,)58339]
BOJIHBI , ud. en. o _ =0,
[Endothelial 8.8 [5.9-11.8] p All (;’231 (A1-63%)
waves, pf units] (A1-75%) p2=0,3
Baszomoropnslie 2,1 [1,5-3.,8] 2’51[:2(,)2(;331]
BonHs (LF), nd. ex. 9,8 [6,1-11,6] p1=0,0001 p1=u, ;
[Vasomotor waves, AL-78% (A1-74%)
pf units] (A1-78%) p2=0,6
JbIxaresbHbIe BOJTHBI 1,5 [1,3-1,6] 1,41[3(,)96362]
I 5 »4—0, p1=U;
(HF1), n. ex 49 [2,4-6,9] 1=0,0001 pr=y
[Respiratory A1-69%) (A1-71%)
waves, pf units] (A1-69% p2=0.9
0,5 [0,26-0,65
ITynbcoBele Bon- 0,6 [0,45-0,62] ’ [1;0 OOi :
skt (CF), . ex. 24[1.532] p1=0.0001 (AL79%)
[Pulse waves, pf units] (A1-75%) 02-0.6

Ipumeuanue. Pe3ynprarsl mpeacTaBieHbl B Tabnuie B Buae (m [25-75%]), rne m — mequana
B BBIOOPOUHOM COBOKYIHOCTH; [25-75%] — 25-i u 75-it meprenTtuns; Al — craTHCTHYECKH
3HAaUMMas pasHHIA TPYHI ONBITHHIX XUBOTHBIX ([pynma 1) u (Ipynma 2) ¢ KOHTPOIBEHBIMH
*kuBoTHEIMU (KoHTpo:p) mpu p<0,05; pl — ypoBeHb CTAaTUCTUYECKON 3HAYUMOCTH PA3IHUUIL
OTIBITHBIX TPYI ¢ KOHTPOJIBHBIMHU JKUBOTHBIMHU; P2 — YPOBEHb CTAaTUCTUYCCKON 3HAYUMOCTH
Ppa3u4Hil OMBITHBIX TPYIII MEXIY co00ii; 1. e. — mepPy3nOHHbIE SIUHHLIBL; N — KOITMYECTBO
JKUBOTHBIX B MCCJIElyeMOM rpymre.

[Note. The results are presented in the table in the form (m [25-75%]), where m - The median in the
sample; [25-75%] - 25th and 75th percentile; Al - Statistically significant difference between groups of
experimental animals (Group 1) and (Group 2) with control animals (Control) at p<0.05; p1 - The level of
statistical significance of differences between experimental groups and control animals; p2 - The level of
statistical significance of differences between experimental groups; Pf units - Perfusion units; n - Number
of animals in the study group].

B Takux cIBUTOBBIX OTOKAaX HEOOXOIUMO YUUTHIBATH B3aUMOIEHCTBHE TPOM-
OOIMTOB C HPUTPOLUTAMHU. B sKcriepuMeHTax in vivo, BEIIOTHEHHBIX Ha OEIbIX
KpBICax B YCJIOBHSAX MMMOOMIM3AIIMOHHOIO CTpecca, MOKa3aHO YCUJIEHHE JKC-
MpeccHr Ha MeMOpaHaX HSPUTPOLUTOB OeTa-aIpeHOPELHENTOPOB W CHIYKCHHE
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OCMOTHYECKOW PE3UCTCHTHOCTH JPHUTPOLUTOB. MHIyIMpoBaHHAS aIpeHaIIHOM
arperanysi SpUTPOLUTOB ITOBBIMIAET B3aHMMOJCHCTBHE IMOCIEIHUX C AKTUBHPO-
BaHHBIMH TPOMOOIIUTAMH, YBEININBAsI TEM CAMBIM PUCK Pa3BHTHUS MUKPOIAPKY-
JSTOPHBIX U TpoMOoTHueckux ocnoxuenuit [19]. Ilpu tpaBme cocyna okoio 1%
HavMeHee CTOMKHX SPUTPOIMTOB BHITEKAIOMICH KPOBH Pa3pymIaeTcsi, 4YTO CHOCo0-
CTBYeT 00pa30BaHUIO TPOMOOLUTAPHON NMPoOKH U (pubpuHOBOTO cryctka [20].

TpomOo0Opa3oBaHye BHYTPH COCY/A BENIET K HAPYIICHUIO KPOBOTOKA U TPODUKH
YKU3HEHHO B)KHBIX OPIaHOB U TKaHEeW M KaK CJIEACTBHE K Pa3BUTHIO OOJBIIOTO KO-
JTMYeCTBa 3a00JICBaHMiA, HAITpUMep: HH(PAPKT MUOKAp/a, TPOMOOTHICCKUI HHCYIIBT,
nerounas sMoonus. [IpumeneHne Metosa TpoMO0AIaCTOMETPUH O3BOJISET POCIIe-
IUTH KapTHHY CBEPTHIBAHMS KPOBH OT Havala KOAryJsiuy 10 mporecca GpudpuHo-
JIM3a ¢ OINpeJIeIeHHeM BS3KOYIPYTHX CBOMCTB Cr'ycTKa B IIEJIBHOM KpoBu. Jlonroe
BpeMsI POJIb SPUTPOIUTOB B (POPMUPOBAHUH TPOMOOB CUHTANIACH ITACCHBHOM, TIPH
9TOM paccMaTpHBaJIOCh TOJIBKO MX BIHMsHUE Ha peonoruto [21]. [Ipu uccnenoBannu
K€ TeMOCTA3HOJIOTHUECKUX MapaMeTpoB METOAOM TPOMOOAIACTOMETPUH HEOOXO-
JIMO YYUTHIBATh, YTO aKTUBALMS TPOMOOIMTAPHOIO 3B€HA FEMOCTa3a B COYCTaHUH
C TIOBBIIICHHOHN arperamyeil SpHUTPOLUTOB, KOTOpasl YCHINBACT BI3KOCTh KPOBH U
YMEHBLIAET €€ TEeKYy4eCTh, MOTYT PacCMaTPHBAaThCs KaK B3aHMOJIONOJHSIIOIINE 3Be-
HbS1, YCYTYOJISIOIIHE COCYTUCTYIO MaTtoyioruro [22]. [ToaTBepskaeHHeM 3TOTO CITy»KaT
JaHHBle 00 YXY/UIEHHH Je(hOpPMaLIOHHBIX CBOWCTB SPHTPOLMTOB, HHTEHCU(UKA-
IIIX arperarooopazoBanus ¢ GOPMUPOBAHIEM ITATOIOTHIESCKIX arperaToB IIpH ap-
TepUaIbHOM rHnepToHuH. J{jsi HeOONBIIMX KPOBEHOCHBIX COCYIOB M MECT CYXKEHUS
COCYAMCTOTO pycia, TIe pa3Mepsl (POPMEHHBIX DIEMEHTOB CTAHOBSITCSI COITOCTABH-
MBIMH C T€OMETpHeH MOTOKa, CIIPaBeIUIMBO yTBEPKICHHE, YTO TMHAMHKA TPOMOO-
IIUTOB, UX aJIre3Ws M arperays B KPOBEHOCHOM COCY/IE TIOCTOSIHHO HAXOISTCS IO
BIUSIHUEM TOpa3io 00Jiee MHOTOUKCICHHBIX SpUTPOLUTOB [22]. B Takux o0macTsx
pycia Ut IpOrHO3UPOBAHIS IIPOLIECCOB Pa3padaThIBAIOTCS MAaTEMaTHYECKUE MOZIC-
JIM, TTOKa3aBILIMe, YTO SPUTPOLUTHI, BEPOSTHO, HE MOTYT CUJILHO MOBJIMSATh Ha y)Ke
c(hopMHPOBABIIHICS TPOMO, OTHAKO MX MPUCYTCTBHE MOKET W3MEHHUTH T€MOJIIHA-
MUKy U TPAHCIIOPT TPOMOOLIUTOB K MOBPEXICHHON CTeHKe cocyna [23], ycunusaro-
IIUIACS TIPY YBEJIMUIEHUH TeMaTtokpuTa [24].

B HacTosee BpeMsi yCTaHOBIEHA B3aUMOCBS3b ICHXOIMOLIMOHAJIBHBIX
(akTopoB ¢ HapymeHHeM (QyHKINOHAIFHOTO COCTOSHUS »Hmorenus. [lcuxo-
SMOLIMOHAJIBHBIA CTPECC MPUBOAUT K aKTHBAlMM THIIOTaJaMO-TUIO(pH3apHO-
HA/IMTOYCIHUKOBOH CHCTEMBI, CHMIIaTOAIPCHAIOBONH CHCTEMBI, THIICPCEKPEIIH
MIPOBOCTIAIUTENBHBIX IUTOKHHOB, YTO CIIOCOOCTBYET Pa3sBUTHIO Y TAIIMEHTOB SH-
norenmanbHoi aucynkym (I)]) [25]. Dopmupyromascs /1 B pe3ynbrare Hapy-
nIeHus O6anaHca B IIPOIYKIMH Ba30pEeTyIUPYIOIUX (aKTOPOB SHIOTEINEM COCY-
JIOB CBsI3aHa, IPEXKIE BCETO, CO CHIKCHHEM OMOIOCTYITHOCTU YHIOTEINAIHLHOTO
oxcuza azora (NO). B panHue cpoku IeHCTBUS CTPECCOPOB CHUKAETCSI CEKpeLUs
Bazommiararopa NO 1 pacTeT MpoxyKIus Ba30KOHCTPUKTOPA SHIOTEIHHA- 1.

[Nomy4yeHHbIe HAMU JTaHHBIE CBUJIETENILCTBYIOT B TI0JIb3Y Pa3BUTHS SHIOTEIH-
aIbHON MUC(YHKINH y KPBIC U3 ONBITHBIX TPYIII, TaK KaK B YCIOBUSX IIOCTOSTHHO
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MIOBBIIIICHHOTO MPHUCTCHOYHOTO HANPSDKEHUS CABHTA (PYHKIIMOHAIBHBIA pe3epB
9H/IOTENHS] HCTOLIAeTCA. YMEHbIIEHHE MPUTOKA KPOBH B MUKPOLUPKYIATOP-
HOE PYCJIO y OIBITHBIX KUBOTHBIX 3apPETHCTPUPOBAHO HA OCHOBAHMH CHIDKEHHS
AMIUTATYIBI YHOTEIHATBHBIX BOJH Ha 75 u 63% B ONMBITHBIX rpymnax 1 u 2 u
CHIDKEHHME aMIUIUTY/bl BA30OMOTOPHBIX BOJIH Ha 78 U 74% COOTBETCTBEHHO, YTO
HEeU30eXHO MPUBOAUT K PAa3BUTHIO CTa3a U HapyIIEHUIO MeTaboau3Ma TKaHeH 3a
cdeT myHTHpoBaHUs KpoBoToka. [lo manuemM W.C. Jlynkoro [6], momy4eHHBIM
MIPU MCCIIEOBAaHUU TeMOJMHAMUKHA MO3ra YeJOBeKa, YK€ Ha HayaJbHOM 3Tare
BIMSHUSI XPOHHYECKOTO TMCHXO3MOIMOHANEHOTO HAMPSHKEHUS Pa3BHUBAIOIIASICS
Ha (oHe aucOanaHca Ba30opeTyIupyoIMx (GakTopoB 1 OKa3sIBacT CTUMYIUPY-
olIee JeWCTBHIE Ha MPOLECCH PEMOACTHPOBAHMS COCYA0B. B KpymHEIX cocymax
9JIACTUYECKOTO THIA PEMOJESIMPOBAHUE MPHUBOAUT K YTOJILEHUIO MHTUMO-Me-
IUHHBIX CTPYKTYP, @ B CPEIHUX COCYHAAaX MBIMIEYHOTO THIIA — K TIOBBIIICHHUIO CO-
CYJHCTOTO TOHYCA, YBEIMUCHUIO NEPUPEPUUECKOTO COMPOTUBNIEHHS U KaK CIE-
CTBHE CHW)KCHUIO IMHEWHON CKOPOCTH KPOBOTOKA.

B nosp3y noBeIlIeHUS TOHYCA PE3UCTHBHBIX COCYI0OB U IPaUEHTa apTepHO-
BEHO3HOTO JIaBIICHHUS TOBOPUT W CHIDKEHHE ITACCHBHBIX (PAKTOPOB MOIYIISIHH
KPOBOTOKA Y JKUBOTHBIX B ONBITHBIX Tpynmax 1 u 2: mynbCOBBIX BOJH (Ha 75 u
79%) u neIxaTenbHBIX BONH (Ha 69 u 71%). Habnromaemas HaMH COBOKYITHOCTD
M3MCHEHHI aKTUBHBIX U MACCUBHBIX (PAKTOPOB y OMBITHBIX KPBIC B 00CHX TPyI-
max OKa3bIBaeT C(OPMUPOBABIIMICS CIa3M COCYIOB MHKPOUUPKYISTOPHOTO
pycia, IPUBOAAIINN K 00€AHEHUI0 HYTPUTHBHOTO KPOBOTOKA, Pa3BUTHIO WMIIIe-
MHU TKaHEH U CHIDKCHHIO TToKazares nepdy3un. Ba3okoHCTpUKTOPHBIH S eKT,
MOJTy4EHHBIH B Harell padoTe, ckopee, pa3BUIICS MO IPUUUHE CTPECCOPHOTO BO3-
NEWCTBHSA, a HE B PE3yNBTaTe IPSIMOTO ICHCTBUS YIBTPAa3BYKOBBIX BOJH, ITOCKOJIb-
Ky TpY KOPOTKOHM JJIMHE BOJIHBI YABTpa3ByKa yepe3 IPaHUIy BO3AyX—OMOJIOTH-
YeCcKHue TKaHW MPOXOOUT Bcero numb okoio 0,1% sHeprum. B Omomormaecknx
TKaHSX CYIIECTBYET JMHEWHAs 3aBUCUMOCTb MOMIOMIEHUS! ¥ 3 OT YacTOThI B CBA3H
¢ 0ONBIION HEOTHOPOTHOCTHIO TKAHEH. B HallleM SKcriepuMeHTe HCITOIb30BaIOCh
U3Ty4eHHE HU3KOM 4acTOThI, TO3TOMY BO3MOXKHO MPEANOIOKUTE C1aboe ero mo-
TIIOIICHUE TKaHIMH [26].

JuHamMMKa M3MEHEHHUs IOKa3areleidl reMmocra3a, UCCIEJOBAaHHBIX METOJIOM
TPOMOOBIIACTOMETPHH, TIPEICTaBICHA B Ta0II. 2.

VY KHMBOTHBIX B OIBITHOW Tpymme 1 OTCYTCTBOBAaM CTaTHCTUYECKH 3HAYU-
MBIC M3MEHCHHUS BPEMEHH KOATyJIIUM Ha HadaabHOM dTamne cBepThBaHus (CT)
(p=0,3), XOT1, 10 AAHHBIM KOAryJIAIHOHHBIX TECTOB, MbI HAOIIOAJIN THIIEPKOAry-
JISIMIO 110 BHEITHEMY ITyTH IUTa3MEHHOTO TEMOCTa3a M Ha €ro KOHEUHBIX JTarax
[17]. B ombiTHO# I'pynne 2 Habmonanocs ymiunenue CT Ha 36,8% (p=0,01);
mogoOHOE M3MEHEHNE BPEMEHH KOAryIISIIIIHA MOXKET OBITh Pe3yJIBTaTOM HEIOCTAaT-
Ka (aKTOpOB CBEPTHIBaHUSA KPOBU [8] WM cABUroM OajnaHca B CUCTEME aKTHBa-
TOPBI-MHTHOUTOPHI B ONB3Y HOCHeAHNX. COMOCTaBICHNE TeMOKOAT yIISIIINOHHBIX
C/IBHTOB NPHU BO3ACHCTBUH CTPECCOPHBIX (PaKTOPOB JHOOOH MPUPOABI BHISBHIIO
o0IIIre YepTHI: TIEPBOHAYATIBHOE TTOSBICHUE THIIEPKOATYICMHICSCKHUX U JIMIIH 3a-
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TEM TUTTOKOATYJIEMHYECKIX H3MEHEHHH, HAPUMED, TIPU TUTIEPTEPMUIECKOM BO3-
neiicteun [27]. Ilpu ucciieoBaHUM COCTOSHUS KOAryJSIIUOHHOTO TeMOCTa3a B
XOJI€ BO3JICHCTBUS TUTIEPKATHUIECKON THITOKCUY TIEPBUYHON pEaKIuel CUCTEMBI
TakKe 3aUKCUpOBaHA THUIEPKOATYISAIMs, ONHAKO Oojee IUIMTENbHOE BO3IEH-
CTBWE€ IPUBOAMIIO K Pa3BUTHIO THIIOKOATYJISIITUOHHBIX CBUTOB [28].

Ta6numa 2 [Table 2]
H3meHeHue noka3zareJieii reMocTa3a y KOHTPOJIbHBIX
(KoHTpoJ/1b) ¥ ONBITHBIX KUBOTHBIX NOCJIE 24-4aCOBOI0
(I'pynna 1) u 7-nueBHoro (I'pynna 2) yJabTpa3ByKOBOIo BO3/1eiiCTBUS
[Changes in hemostasis parameters in control (Control)
and experimental animals after 24 hours (Group 1)
and 7 days (Group 2) of ultrasound exposure]

ITokazarenu Kowrposs I'pymma 1 [Group 1], I'pymma 2 [Group 2],
[Parameters] [Control], (n=14) (n=14)
(n=14)
247,0 [194-251]

E%:Z‘:l:t?;fy“”“““’ ¢ 180,5 204,5[171,5-225,25] p1=0,01
time (CT), 5] [165,75-202,25] p1=0,3 (AL;?;%?%)
Bpewmst Hauana 00- 133,0 [91,5-159,75] 64,1())1[ilg—587]
pa30BaHMsI CTyCTKa, C _ _ =0,
[Clot formation 76,0163,25-106,5] pAll _:)7’2?/9 p2=0,006
time (CFT), s] ( ) (A2-51,8%)
Yron anbba, rpagyc 66,5 [63,0-71,5] 78’01[273]80]
[Alpha angle 72,0 [68,25-76,5] p1=0,013 pI2)=O 608
(ALP), degree] (A1-7,6%) (A2+1; 2%)
MakcumanbHas TBEp- B
i ———— 60.0[6625-70,75) | 000+ 72]

: : 68,0 [62,0-69,5] -~ pl1=0,1
[Maximum clot firm- pl=0,2 2=0.5
ness (MCF), mm] p~=U,

1 —1

MaxkcuManbHBIHA JTU3HC 0,0 [0-0] 102([)000;
[Maximum 4,0 [1-7,5] p1=0,007 ?A1-7’5"/)
lysis (ML)], % (A1-100%) 020 1"
HJ‘[OTH;)(;:TL CrycTKa 58,0 [52,5-61,75] 631(1 E)Sgag;]
4epe3 10 MUHYT, MM _ =0,
[Clot density after 39,5 [12,75-49,3] 511—}—40&()3‘3 (A1+62%)
10 minutes (A10), mm] ( 8%) p2=0,1

IIpumeuanue. Pe3yaprarsl mpecTaBieHsl B Tabnuie B Buae (m [25-75%]), e m — MenuaHa B BbI-
60po4HOI COBOKYIHOCTH; [25—75%)] — 25-1i 1 75-i1 nepuenTiiib; Al u A2 — cTaTMCTHYECKH 3HAUH-
Masi pa3HHLA TPy OIBITHBIX JKUBOTHBIX (I'pynma 1) u (I'pymnna 2) ¢ KOHTPOJIBHBIMH )KUBOTHBIMU
(Konrpoins) u Mexy coboit mpu p<0,05; pl — ypoBeHb CTaTUCTHUECKOM 3HAYMMOCTH Pa3Inyuuii
OIIBITHBIX I'PYIII ¢ KOHTPOJIBHBIMU KMBOTHBIMH; P2 — YPOBEHb CTaTUCTHYECKOM 3HAUMMOCTH pa3-
JIMYUI ONBITHBIX IPYIIT MEXKLY COOOM; N — KOJIMYECTBO )KUBOTHBIX B HCCIIEAYEMOIi rpyIe.

[Note. The results are presented in the table in the form (m [25-75%]), where m - The median in the sample;
[25-75%] - 25th and 75th percentile; Al and A2 - Statistically significant difference between groups of
experimental animals (Group 1) and (Group 2) with control animals (Control) and between experimental
groups at p<0.05; p1 - The level of statistical significance of differences between experimental groups and
control animals; p2 - The level of statistical significance of differences between experimental groups; n -
Number of animals in the study group].
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OTCcyTCTBHE AOCTOBEPHOIO M3MEHEHHMs IOKa3aTelsl MaKCUMaJbHOW TBEpAo-
ctu cryctka (MSF) B 06eux ONBITHBIX TPYIIAX yKa3bIBAJIO HA CTAOUIBHOCTH KO-
JTYECTBAa TPOMOOIIUTOB C COXPAHEHHEM HX CITIOCOOHOCTH K arperannu.

YBenunuenue Bpemenu opmupoBanus cryctka (CFT) B KpOBH OMBITHBIX JKH-
BOoTHBIX [ pynnsl 1 Ha 75% (p=0,009) B xOMIIEKCE CO CHI)KEHUEM 3HAUEHUH yIyia
anbda (ALP) nHa 7,6% (p=0,013) nemoHCTpupoOBano HapylleHHe Mmpolecca Imo-
TuMepu3anui GUOpPHHA, OMHOW W3 MPUYHUH KOTOPOTO MOXKET OBITh JePUIHT (DH-
OpuHOreHa, GOpMHUPYIOLINIICA U3-3a PACXOI0BAHUS MIOCIEIHETO Ha 00pa3oBaHe
TpoMOa. Hapsimy ¢ 3tuM, B ombITHOH [pyrime 2 cTaTUCTHYSCKU 3HAYUMOTO H3-
MeHeHust CFT u ALP B kpoBU HUBOTHBIX He 3aUKcUpOBaHO. [TomydeHHbIe HaMu
Pe3ynbTaThl TOBOPST B MOJIb3Y IPEAINIONOKEHUS, YTO 7-THEBHOE YIBTPa3BYKOBOE
BO3ICUCTBUE HE BBHI3BIBAJIO HApyIIEHHs Mpolecca NoinuMepusanuu (udpuHa
00 Te(HUITUTHOTO COCTOSIHHUS TPOMOOIIMTOB MM (PHOPHUHOTECHA, YTO TIOATBEPIK-
JlaeTcs TaKKe POCTOM aMIUIUTYIIBI INIOTHOCTH crycTka Ha 10-i MHH OT Havana ero
obpazosanms (A10) Ha 62%.

YcTaHOBIIEHO, YTO MoCIe 24-4acoBOM U 7-THEBHON SKCIIO3UIIMU HAOIIONAIOCh
YMEHBIIICHHE MTOoKa3aTes sl MakcuMainbHoro jmsnca (ML) ma 100 u 75% 1o cpas-
HEHUIO C KOHTPOJIEM, CBUAETENbCTBYIONIEe 00 YrHETeHNH (PHOPUHOIUTHIECKOH
akTUBHOCTH. CHIDKCHHBIH (DUOPWHOIMTUYCCKUIM IOTEHIMAI, TMPOSBISFOIINHI-
csl B YIUIMHEHUHM BPEMEHHM JIM3UCa CTYCTKa, MPeCTaBseT co0oil GakTop pucka
BEHO3HOH TPOMOOIMOOINIMH, a TaKkKe apTepHaibHOro TpoM6Oo3a [29]. Hamumu
WCCIICZIOBAaHUSIMHA PaHee YCTAHOBJIEHO, YTO M0 OKOHYAHUH OJHOKPATHOTO THIIO-
TEPMHUUYECKOTO BO3ICHCTBUS METOIOM TPOMOO3IACTOMETPHHU 3a(pHKCHPOBAH TH-
MePKOAryIISILIMOHHBIN CIBUT Ha ()OHE BBHIPAXXEHHOTO YTHETEHHsI aKTUBHOCTH (H-
OpUHONIHTHYECKOM crcTeMbl [30], 9TO MOATBEPKAAET PA3BUTHE CTPECC-PEAKITUH
y KpbIC TIPU AEUCTBUH CTPECCOPHOTO (hakTopa, 3a()MKCUPOBAHHOE U B HALIIEM HC-
ciaemnoBarmu [17].

Pesynbratel mpeAcTaBIEHHOTO HAMHU HWCCIENOBAaHUS 7-JAHEBHOH SKCIO3ULIUU
YABTPa3ByKa COIVIACYIOTCSI C PE3YJIbTaTaMU BIMSAHUS 7-THEBHOTO T'MIIEpTEpMUYE-
CKOTO BO3/ICHCTBHUS Ha KPBIC, B KOTOPOM OTMEUEHbI aHAJOTUYHBIE PEAKIIMH: THUIIO-
KOAryJsiysl M yrHeTeHHe (HOPUHOIUTHYCCKONH aKTUBHOCTH IUIa3MBI KPOBH IIPH
HEM3MEHEHHOW KOHIIeHTpauuu ¢pudprHoreHa [27]. OgHako HE0OXOAUMO OTMETHTH,
YTO B ONBITHOM [pyrine 2 Mbl IOJIyYMIIM MEHBILYIO BHIPAXKEHHOCTh CHIKEHUS T10-
Kazareysi MaKCHMAaJIbHOTO JIM3UCa M0 CpaBHEHMIO C omnbITHOW I'pymnmoi 1. Takue
JaHHBIE B COBOKYIHOCTH C OTCYTCTBHEM IIPU3HAKOB HapyIIEeHUs IpoLecca IoJu-
Mepuzaiuu GUOpUHA U POCTOM aMILIMTY/BI TNIOTHOCTH crycTka Ha 10-if MUH OT
Havaa ero 00pa30BaHMUs y OIBITHBIX KPBIC MOCHE 7-IHEBHOM SKCIIO3UINH YIIETpa-
3ByKa, O-BUAMMOMY, CBUICTEILCTBYIOT O TEHIEHIINH K IMOCTETIEHHON CTaOHIIu-
3allMU TI0Ka3aTesiel cCuCTEMBI TeMocTasa. M3 BhIEN310)KEHHOIO MOXKHO CHEJIaTh
3aKJIIOYEHUE, YTO U3MEHEHHS MUKPOLMPKYISATOPHOTO pyciia B OTBET Ha 7-THEB-
HO€ BO3JIeliCTBHE YAbTpa3ByKa COIPOBOXKIAIOTCS HE CTOJIb 3HAYUTEJIbHBIMU CIIBU-
ramMH TeMOCTa3UO0JIOTMYECKUX MapaMeTPOB, KaK MOKa3aHO B UCCIEIOBAHUAX BIHU-
stHYS 24-9aCOBOM HKCITO3UITNH, BBI3BIBAIOIIEH CTPECC-PEAKIIHIO.
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3akir0ueHne

Hacrosiiiee uccrienoBanme mokasano, 9To yIbTPa3ByKOBOE BO3ICHCTBUE HU3-
KOW YaCTOTHI BBI3BIBACT PA3BUTUE CTPECC-PEAKIMH y KPBIC, TOATBEPIKICHHOE
MOBBIIIEHHEM KOHIIeHTpauuu B KpoBu ropmonoB AKTI u xopruzosa, a Takxe
pe3yIpTaTaMi U3MEHEHUs! MTOBEJICHUYCCKUX Peakiuii B TecTe «OTKPBITOE MOJIeY.
V3mMeHeHus] MUKPOLMPKYJSITOPHOTO pyclia B OTBET HA IICHXO3MOI[MOHAbHBIH
CTpECC, CMOJICIMPOBAHHBIN YIBTPA3BYKOBBIM BO3/ICHCTBUEM, MMEIU OIUHAKO-
BYIO HaIPaBJICHHOCTh M BBIPAXXEHHOCTh Y OMBITHBIX KPBIC KaK MMOCIE CYyTOYHOTO,
TaK ¥ 7-ITHEBHOTO BO3AEHCTBUs cTpeccopa. OTKIOHSHUS TeMOCTa3HOIOTHIECKUX
MapaMeTpoB OT HOPMBI, UMEIOIIE BTOPHUYHBIA XapakTep, TaKkKe MOATBEpIKIa-
10T pPa3BUTHE CTpecc-peakiuu. TakuM oOpa3oM, MOKa3aHo, YTO YIBTPA3BYKOBOE
BO3JCUCTBHE MOJCIUPYET COCTOSIHUE XPOHHYECKOr0 Hem3beraeMoro crpecca y
OTIBITHBIX JKUBOTHBIX, & BBICOKAs YYBCTBUTECIBHOCTh K CTPECCOPHOMY BO3JCH-
CTBUIO M JOCTYIHOCTH Ja0OpaTOPHOW AMATHOCTUKH MHUKPOLUPKYISTOPHBIX H
reMOCTa3MOIOTHIECKUX TIOKA3aTeNel MO3BOJISIOT UCIIONB30BaTh UX JUIS OLCHKH
COCTOSIHHSI TICHXO3MOIIMOHAIBHOTO CTpecca W aIalTHPOBAHHOCTH OpPraHH3Ma.
Bossparienue HEKOTOPBIX MapaMeTPOB CHCTEMbI TeéMOCTa3a B OTBET HA 7-THEB-
HOE CTPECCOPHOE BO3/ICHCTBHE K TIOKA3aTENsAM, XapaKTEPHBIM Ui KOHTPOJIBHBIX
JKHBOTHBIX, MOJKET OBITh PAaCIICHEHO KaK MPOsBICHUE HAYaILHBIX 3TATIOB a/arTa-
[IUU K CTPECCOPHOMY (aKTOpYy.
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Effect of ultrasound exposure duration on the state
of microcirculation and hemostasis system in rats

In modern society, people are often subjected to chronic unavoidable stress
provoking depressive-like states that play a significant role in the formation mechanisms
of psycho-emotional stress. In view of this, the need to create an experimental model
of psycho-emotional stress as a cause of cardiovascular disease development arose. By
means of ultrasound waves which cause the depressive-like state in animals, it is possible
to create such model as long as ultrasound has material properties and certain energy. We
used the parameters of microcirculation and hemostasis as criteria for psycho-emotional
stress development. Stress stimulation results in vasoconstriction and can be associated
with the development of microcirculatory disorders due to a significant increase in blood
levels of catecholamines. The development of acute tissue ischemia depends both on the
state of neurohumoral regulation of vascular tone, and on the rheological blood properties.
Hemostasis system is one of the most reactive body systems, and hemostasiological
parameters play an important role in the process of adaptation to the effect of stress
factors. Currently, studies aimed at finding possible predictors of cardiovascular diseases
and their complications are relevant. In this regard, it seems promising to study the role
of microcirculatory and hemostasis parameters as criteria for psycho-emotional stress
development. The aim of this research was to assess the effect of ultrasound exposure
duration on the state of microcirculation and hemostasis system in rats.

The study was performed on 42 Wistar male rats divided into three groups: 1 control
group and 2 experimental groups subjected to a 24-hour (Group 1) and a 7-day (Group
2) ultrasound exposure using a repellent-generator “Filin” (SPE “DonKont” Ltd.,
Russia) at a frequency of 25 kHz. Emitters were installed in a vertical position at a
distance of 10 cm on both sides of the side cell walls made of coarse-meshed wire. The
microphone of the ultrasonic vibration meter was located inside the cell and oriented
towards the generator “Filin”. The sound pressure level was 89.0 dB and the power
flow density was 7.73+0.03 W/cm?. After exposure termination, microcirculation
parameters were studied by laser Doppler flowmetry (LDF) method with analysis of
the amplitude-frequency spectrum of blood flow oscillations by LAKK-02 apparatus
(SPE “LAZMA” Ltd., Russia). The optical probe was fixed at the base of the animal’s
tail. The recording duration of LDF-gram was 5 minutes. The main microcirculation
parameters were recorded, and the analysis of the amplitude-frequency spectrum of
blood flow oscillations in the frequency range of 0.005 to 3 Hz was conducted. Four
non-overlapping frequency ranges were formed in this range that allowed to estimate
the state of “active” and “passive” links of micro-blood flow regulation. Blood levels of
ACTH and cortisol were determined by enzyme immunoassay (EIA). The hemostasis
system was assessed by an integral method, thromboelastometry. Thromboelastometry
was performed by the “Rotem” device (“Pentapharm GmbH”, Germany) using the
“Natem” reagent which includes calcium chloride. The statistical significance was
assessed using the non-parametric Mann-Whitney U-test. The use of rats in experiments
was carried out in accordance with the requirements of the European Convention for the
Protection of Vertebrate Animals used for Experimental and other Scientific Purposes
(Strasbourg, 1986).

In this research we revealed that in experimental rats, the 24-hour ultrasound
exposure, primarily, caused significant disorders in microcirculation area in the form
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of vasoconstriction and dilation reserve reduction, and, secondly, it led to significant
adverse changes in the hemostasis system that is a sign of stress. Evidence of the
development of stress reaction was significantly increased concentration of ACTH by
227% (p=0.001) and cortisol by 37% (p=0.01) in the blood of these animals and the test
results of the animals according to the “Open Field” method. A statistically significant
decrease in the studied active factors of blood flow modulation, microcirculation and
flax rates (by 66% and 68%), that characterize the role of the myogenic component
as a reason of increased value of the wall shear stress was observed. The reduction
of passive factors, pulse and respiratory waves, was also obtained. In experimental
rats after the 24-hour ultrasound exposure a drop by 75% and 69% in the parameters
was recorded compared to the control animals, and in the 7-day exposure group it
was by 79% and 71% (See Table I). In summation, these changes prove a formed
spasm of microcirculation vessels. Reduction of blood flow into microcirculation
in experimental animals of both groups was registered on the basis of reducing the
amplitude of endothelial waves (by 75 and 63%) and vasomotor waves (by 78 and 74%)
which inevitably leads to the development of stasis and disruption of tissue metabolism
due to a blood flow bypass. Unidirectional changes in microcirculation in rats of the
two experimental groups were accompanied by secondary changes in the hemostasis
system. Based on the analysis of deviations of hemostasiological parameters from the
control values, stress reaction development was recorded in rats exposed to the 24-hour
ultrasound and the tendency of smoothing the deviations of hemostasis parameters after
the 7-day exposure (See Table 2) was observed. We found that after the 24-hour and
the 7-day exposures there was a decrease in the maximum lysis (ML) by 100 and 75%
compared with the control which indicates the inhibition of fibrinolytic activity and
represents a risk factor for venous thromboembolism and arterial thrombosis. Lower
evidence of the decline in ML after the7-day exposure to stress factors together with
the absence of signs of infringement of fibrin polymerization process and the growth
of the clot density amplitude in the 10th minute after the beginning of its formation
shows a tendency towards the gradual normalization of the hemostatic system. Thus,
ultrasound exposure simulates the state of chronic unavoidable stress in experimental
animals. The state of psycho-emotional stress is confirmed by the data on the increased
concentration of hormones (ACTH and cortisol) in blood as well as by the results of
testing on animals using the “Open Field” method. The study results indicate that the
diagnosis of the microcirculation and hemostasis parameters is a sensitive way to assess
the development of psycho-emotional stress and organism adaptedness. The return of
some parameters of the hemostasis system in response to the 7-day stress exposure
compared to the 24-hour exposure to the indicators specific for control animals can be
regarded as a manifestation of the initial stages of adaptation to the stress factor.

The paper contains 2 Tables and 30 References.

Key words: psycho-emotional stress; ultrasound exposure; microcirculation;
hemostasis system; thromboelastometry.
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