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B ocTpbix onbiTax Ha U30JIMPOBAHHBIX TIEP(Y3UPYEMBIX JIETKUX KPOJIMKOB U3YJaJIN U3-
MEHEHUsl JIETOYHOW MUKPOTeMOAMHAMUKM TPU MOACIUPOBAHUU TPOMOOIMOOINU
JIETOYHOM apTepuM B rpyIine CpaBHEHUs U B YCIOBUSIX OJ0KaAbl MJIM aKTUBALIMK M -
n N-xonuHopeuenTopoB. [1pu TpoM603MO0IMY JIerouHo#t apTepun Ha ¢oHe UHPY-
31U alleTUJIXOJIMHA B COYETaHUU ¢ 0JIoKamoii M 1-XoInHOpeLenTopoB MUPEH3EITMHOM
JIaBJIEHUE B JIETOYHOM apTepuu BO3pacTajlo MPUMEPHO TakK e, KaK U B IpyrIe cpaBHe-
Hust. OmHAKO KamWLISIPHOE THAPOCTATUYECKOE TaBJIeHUE U TTOCTKAMMIUISIPHOE COTIPO-
TUBJICHWE HE WM3MEHSIJIUCh, YTO CBUIAETEIbCTBYET 00 YMEHBLICHUU CUMITATMUYECKUX
KOHCTPUKTOPHBIX BIUSIHWI MPEUMYLIECTBEHHO Ha JIerOuHble BEHO3HbIe cocyabl. Ko-
adduLImeHT KanuUIIpHOM (DUIIBTpalIMK Bo3pacTasl B OOJIbIIIeH CTETIEH!, YeM B TPYIIIIEe
CpPaBHEHMSI, YTO OOYCJIOBJICHO TMOBBILICHNEM TMPOHMIAEMOCTH BHIOTEJIMSI COCYIOB
nerkux. B oTBeT Ha 3MO0IM3aLIMIO JIETOYHOM apTepur B YCIOBUSIX MHDY3UU N-MUMe-
TUKa [IUTU3UHA B COYETAaHUU C OJIOKan0it ajibha-anpeHOpelenTopoB (peHTOoIaMUHOM
1 M-XOTMHOPELIENITOPOB aTPOMTMHOM MPUPOCT JABJIEHUS B JIETOUHOI apTepuu U TIpe-
KaIlnwuISIPHOTO COMPOTUBJICHHSI ObLT MEHEe BhIPAXKEH, YeM MPU MHDY3UU alleTUIIXOJIU -
Ha B yCJIOBUSIX OioKanbl M 1-XOJIMHOPEENTOPOB U B TPyIIie CPaBHEHUS. DTO CBUIIE-
TEJIBCTBYET O MPEUMYIIECTBEHHOM TMJIATATOPHOM BJIIMSIHUM aKTUBALMKU N-XOJIMHOpPE-
LIENTOPOB DHIOTEMSI Ha JIETOUHbIE apTepualibHble cocylbl. B yKazaHHBIX YCIOBUSIX
KanuuISIpHOE TUAPOCTATUYECKOE NaBJIeHUE U TTOCTKATTMIIIIPHOE COTIPOTUBIICHUE TT0-
BBILIAIMCH TIPUMEPHO TakK ke, KaK U B IpyIne cpaBHeHus. OnHAaKO KO3(hGUIIMEeHT Ka-
MWUISIPHOM GUIIBTPpALlUU BO3pacTal B MEHbLIEH CTENEeHU, YeM ITPpU TPOMOOIMO0INU
JIETOYHOI apTepuy B YCJIOBUSX MH(pY3UU alleTUIXOJIMHA B COYETAaHUM C OJIOKamoi
M 1-X0IMHOPELENTOPOB, YTO CBUAETEILCTBYET 00 YMEHbBILIEHUU MPOHULIAEMOCTH DHI0-
Tenusi. Pe3ynbTarhl OMBITOB MO3BOJISIIOT T0JIaraTh O PELMITPOKHOM XapaKTepe B3auMO-
neiicTBrst M- 1 N-XOJIMHEPrudecKuX MEXaHM3MOB PETYJISIIIMU TIPOHUIIAEMOCTH JIETOU-
HBIX COCYIOB: aKTMBaLMsi M-XOJMHOPELENTOPOB 3HAOTEIUS B YCIOBUSX JIETOUHOM
TPOMOO3MOOJIMU CIIOCOOCTBYET MOBBILIEHUIO KO3 dUIIMeHTa KamuUISIpHOI (UIbTpa-
1IUU, TOTIA KaK akKTuBalus N-XOJIMHOPELENTOPOB MPUBOAUT K €r0 CHUXKEHUIO.

Karouesvie crosa: TpoMO0OSIMOOIMS JIETOYHON apTepuu, KOdGMULIMEHT KanWwUISpHOM
dbunprpanun, M-xonuHopeuentopsl, N-XOJIUHOPELENTOPbI, MUPEH3ENNH, IUTU3UH
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Octpast TpoMO03MO0JIMSI JIETOUHOI apTepUU SIBISIETCSI HEOTJIOXKHBIM XU3HEYTPOXKaI0-
IIIMM COCTOsTHMEM. Pa3BuTHe B yKa3aHHBIX YCIOBUSIX JIETOUHOM TUTIEPTEH3UU U “JIerou-
HOTO cepaia” MPUBOAUT K PE3KUM HapyLICHUSIM JIETOUHOM M CUCTEMHOM TeMOAMHAMM -
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ku [1]. [ToaToMy, Hapsity ¢ TPOBOAUMBIM B KJIMHUYECKON MPaKTUKE TPOMOOJIM3UCOM,
BaxkHOI 3aa4eil SIBIsSIeTCSI CHUKEHUE JIETOUHOTO COCYIMCTOrO conpoTuBieHust. OnHako
3 dHEKTUBHOCTD UCITOIB3YEMOTO MPU YKa3aHHOI MaTOJIOTUU, HAITPUMEDP, BHYTPUBEHHOTO
BBEJICHUSI 3MOIMPOCTEHOJIA U MPUMEHSIEMOI WHTAISILIMMA OKCHUa a30Ta HeBbIcoka [2, 3].
CrnenoBatesibHO, MOUCK M U3YyYEHHUE MEXaHU3MOB, CITIOCOOCTBYIOIIMX YMEHbBIIEHUIO CO-
TIPOTUBJIEHUSI COCYIOB JIETKUX TMPU JIETOYHOU TPOMOOSMOOINHU, SIBJISIETCSI aKTyaIbHOM
3agayeil. Bo3MOXHBIM CITOCOOOM CHUXEHUS JIETOYHOTO COCYANCTOTO COMPOTUBIIEHUS B
YCIOBUSIX TPOMOOIMOOIMM JIETOYHOM apTepyuu MOTIJIO Obl OBITH BO3MEUCTBUE HA XOJM-
HEPruyeCKnue MExXaHMU3MbI. Panee namu MMOKa3aHO, YTO aKTUBallUsgd TOPMO3HbIX ITPECU-
HanTU4eCKuXx M2-XOJMHOPELENTOPOB B YCJIOBUSIX JIETOYHONH TPOMOO3IMOOJIMU CIIOCOO-
CTBYET YMEHBIIEHUIO CUMITAaTUYECKUX BAa30KOHCTPUKTOPHBIX BIWUSIHUI, YTO OCOOCHHO
BBIPaXKE€HO B peaKIIMSIX JIESTOUHBIX BEHO3HBIX cocynoB [4]. B nuTteparype Takxe npencran-
JIEHBI CBEJICHUSI O TOM, YTO Ha 3HIOTEJMATbHBIX KJIETKaX COCYAO0B UMEIOTCS HUKOTHH-
YYBCTBUTEJIbHBIE XOJUHOPEUENTOPhI, CXOAHbIE 10 CTPOEHUIO C TAKOBBIMU B HEMpPOHAX
BET€TATUBHBIX CUMITATUYECKUX U MTApaCcUMIATUYECKUX TaHTINEB [5, 6]. AKTUBaLUS DH-
JOTeTUATbHBIX N-XOJIMHOPEIIENITOPOB COMPOBOXKIAETCS CHUXKEHUEM TOHYCA COCYIOB TO-
CPEICTBOM YCWICHMSI SHIOTEIMH3aBUCMMOIO MeXaHW3Ma CHMHTe3a OKCHhia aszota [5, 6].
BMmecre ¢ TeM, BO30yXIeHUE YKAa3aHHBIX PELIENTOPOB CIIOCOOCTBYET YCKOPEHUIO MPOJIU-
depaluy mIaIKOMBIIIEYHBIX KJIETOK U HeoaHrroreHe3a [7—9]. OmHako BOMpocC O poyin
XOJIMHEPTUYECKNX MEXaHM3MOB B PeaKIIMsIX JIETOUHBIX COCYIOB M BO3ZHMKAIOIIUX B pe-
3y/IbTaTe CIBUTAX MUKPOILMPKYJISIIMU JIETKUX B YCIIOBUSIX TPOMOO3IMOOINM JIETOUHOM ap-
TEpUM B IUTEPATYPE MPAKTUUECKU HE OCBELLEH. BaXkHO Takxke MOoAYepKHYTh, UYTO UCCIIe-
IOBaHUS1, IPOBOAMMBIE Ha KYJIbTYyp€ 9HIOTEIUATbHBIX KJIETOK MU U30JIMPOBAHHBIX KO-
JieyKax JIETOYHBIX COCYIIOB, HE MO3BOJISIIOT BBISICHUTh 3HAYMMOCTb 3TUX MEXaHU3MOB B
PETyJIsIUU TTPOHUIIAEMOCTU COCYIIOB JIETKUX M CIBUTaX (DUIBTPALIMOHHO-a0COPOIIMOH-
HOTO paBHOBeCHS TIpU YKa3aHHOI rmaTosioruu. Llenbio uccienoBaHus SBUJIOCH MpoBeIe-
HUE CPaBHUTEIbHOTO aHAJIM3a U3MEHEHUI JIETOYHOI MUKPOTEeMOANHAMUKU B YCIIOBUSIX
nepdy3uu U30JMPOBAHHBIX JIETKUX MPU SKCTIIEPUMEHTATIbHOI TPOMOOIMOOIUM JIeTou-
HOM apTepuu B IpymIie cpaBHeHUsI, Ha (PoHe 610Kanbl Winu akTuBalyu M- 1 N-XoauHO-
peLenTopoB.

METOIbI MCCIEOJOBAHUA

Uccnenosanue BbiMoaHeHO Ha 37 kponukax Maccoit 3.0—4.0 kr (mutoMHuK “Panmno-
noBo”, JleHmHIrpamcKasi 00JIacTh) B YCIIOBHMSIX 0OIIeil aHecTe3nn (ypeTaH + Xjiopajao3a
(Sigma Chemical Co., CIIIA) 500 1 50 MI/Kr COOTBETCTBEHHO, BHYTPUOPIOIIMHHO) IIpU
MCKYCCTBEHHOI BEHTWISILINM JIeTKUX (dacToTa abixaHus 30—40 MUKIIOB/MUH, TbIXaTeIb-
HBIit 06beM 15—20 cM3/kT) ¢ momolblo anmnapara “@aza-9” (Poccust) M BCKPBITOIl Ipyi-
Hoit kiteTke. KOHTpOJIb Ta30BOTO COCTaBa M KMCJIOTHO-IIETOYHOTO COCTOSTHUSI KPOBU
ocyuiecTBisuin razoaHanuzaropoM ABL-50 (Radiometer, Janus) [10]. Bce mpouenypsr,
BBITIOJIHEHHBIE B UCCIIENOBAHUSX C YyYACTUEM XXUBOTHBIX, COOTBETCTBOBAIM 3TUYECKUM
cTaHJaapTaM, YTBEPXKIEHHBIM IpaBoBbIMU akTamMu P®D, nmpuHiunam basenbckoit nekia-
pauuy U peKoMeHIalusiM 6uoaTuveckoro Komutera MHCTUTYTA 3KCNEpUMEHTATbHOM
MEIUIHBI.

B nccrnenoBaHuyM MpOBEACHO 5 cepuil OMBITOB Ha Mepdy3upyeMbIX M30JUPOBAHHBIX
JIETKMX in Situ IByXKaHaJbHBIM HACOCOM MOCTOSIHHOTO pacxona (136 My1/MUH) MTPOU3BO/I-
crBa ®I'BHY “UDM”. KanuisspHOe TMAPOCTaATUYECKOE NaBieHe U KOG GUILIMEHT Ka-
MUUISIPHOM (GUIIBTPAIIUU OTIPENEISIA C TIOMOIIBI0 METOIMKM BOJTIOMOMETPUU DKCTpa-
KOpIiopajibHO LUPKYAUpyolieil Kposu [10]. BennuuHbl nepdy3roHHOTO AaBJIeHUs B Jie-
TOYHOI apTepuu, JIEBOM MpPEACEePAUN U DKCTPAKOPIOPAIbHOM pe3epByape U3MepsUin
TeH3omaTynkamMu MLT0699 (AD Instruments, ABcTpanusi).
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B nepBoii cepuu 3KCrepuMeHTOB (7 KPOJIUKOB, IpyIia CpaBHEHMSs) U1 MOAEIUPOBa-
HUST TPOMOO3MOOJINY JIETOUYHOI apTepuu B Hee yepe3 T-o0pa3Hblil TPOHUK, COeTMHEH-
HBI1 ¢ TIepPy3MOHHBIM HacOCOM, BBOAWIN 10—15 ayTOIOTMYHEIX SMOOJIOB LIVJIMHAPUAYE -
ckoii popmbl guameTpoMm 0.8 MM 1 mHOM 1—1.5 MM, IPUTOTOBJICHHBIX IT0 METOIUKE
[10]. Bo BTOpOIi U TpeTheii cepusix onbITOB (7 ¥ 8§ KPOJIMKOB COOTBETCTBEHHO) JIETOYHAasI
TpoMO03MO0IMS MOLIeIMPOBaIach NMOCe MPeIBapUTEIbHOTO IPUMEHEHUST HECEJIeKTUB-
Horo 6;10kaTopa M-xonnHopeuentopoB arpornuHa (0.01 Mr/kr) u 61okatopa N-XOJUMHO-
peLenToOpOB BereTaTUBHBIX TaHIIMeB neHTamMuHa (1 mr/kr) [11]. B yeTBeproit cepuu
OMBITOB (8 KPOJIMKOB) 3MOOJIBI BBOAMJIY B JIETOYHYIO apTEPUIO B YCIIOBUSX MH(DY3MU atie-
trxomHa (0.001 MKT/Kr/MUH) B husnonorndeckoM pactBope (0.9 %-Hblii pacTBOp XJI0pUIa
HaTpus) Tipu oMol Mukponosatopa (PBIHY “UDM™) Ha doHe 61okaabl M 1-XoamHOo-
peLenTopoB nupeH3enuHoM (ractpouenuH, Boehringer Ingelheim, ®PT) (1 mr/kr) [11].
B niaToit cepuu onbITOB (7 KPOJIMKOB) TPOMOO3MOOJINIO MOIETIMPOBAIU B YCIOBUSIX UH-
dy3un N-mumernka uutuzuHa (LututoH, 0.02 Mr/Kr/MuH) B (OU3MOJOTMYECKOM pac-
TBOpE TocJie 6yioKabl anbda-anapeHopelentTopos peHTonaMuHoMm (1.5—2 Mr/Kr) u aTpo-
nHoM (0.01 Mr/kr) [11] ¢ 1LIeAbI0 UCKTIOUEHUST aKTUBALIMU KOHCTPUKTOPHBIX aipeHep-
rmyeckux M M-XonMHepruyecKnx MexaHu3MoB. Bce mpemapaTbl, KaKk U 3MOOJBI,
BBOJMUJIM HETMOCPEACTBEHHO B JIETOYHYIO apTepuio. ALUETWIXOJUH, HUTUTOH, (eHToa-
MUH U aTpOMUH Mpou3sBencHbl B Poccuu. B KOHIlE OMBITOB Ha 2JEKTPOHHBIX Becax
MACCA-K BK-300 (Poccust) uamepsiiin Maccy JIETKUX KPOJIMKOB, KOTOpasi COCTaBUIIa
25+t3r.

KoHIeHTpaio KaTexolaMUHOB B TiIa3Me KPOBU, OTTEKAlOIIeil OT JIETKUX, OMpene-
s MetonoM DonuHa—Yokanrey [4, 12]. [11s1 oTaeneHUs IUIa3Mbl 3 MJI TeITapuHU3UPO -
BaHHOI1 KpoBU HeHTpudyrupoBanu (ueHrpudyra LMC-3000 (JTatBus), 1000 06./MuH) B
teueHue 20 mMuH. g ocaxaenust 6enkoB 0.1 M mutasmbel go6aBistiid K 1 Mir 5%-Horo
pacTBopa TPUXJIOPYKCYCHOI KMCJIOTHI M CHOBA LieHTpudyruposanu (2000 06./MuH) B Te-
yenue 10 MuH. 3aTeM K cyrepHaTtaHTy gob6asisian 4 mia 10%-Horo pacrBopa KapooHaTa
Hatpus u 0.5 mu peakruBa @onuHa—Yokanrey. Uepes 5—10 MUH onpeaessyii KOHLIEH-
Tpauuio KatexonaMuHoB Ha potomerpe KDK-3-01 (Poccust) ipu mimHe BoJHBI 650 HM
ocJie mpeaBapuTeIbHON KamTuopoBKy (oToMerpa ctaHaapTHBIM 0.1%-HBIM pacTBOPOM
anpenanuHa (Poccus). Peaktup @onuna—YoxkanTey, TpUXJIOPYKCYCHasi KMCIOTa M Kap-
OoHaT HaTpus ObLTU MpuobpeTeHsbl B “JleHpeakTuB” (Poccust).

DJIeKTpUYeCcKNe CUTHAIBI U3MEPSIEMbIX TTOKa3aTesieil 3armCchIBaii Ha XKECTKUM TUCK
kommbiorepa IBM PC Pentium 1tociie aHamoro-mgpoBoro mpeodpa3zoBanust 1oiaToit L-Card
L-783 ¢ mocnenyiommm orpeneaeHUeM pacyeTHBIX TeMOIMHAMUYECKUX ITapaMeTpoB U
a”anu3oMm no nporpamme ACTest (Bepcus 1.6.59, OO0 “JlaGopaTtopusi aBTOMaTU3UPO-
BaHHBIX cucteM”, Poccust). U3aMeHeHUsT uccieayeMbIX TToKa3aTeneil MUKPOIUPKYISIIUN
JIETKUX W KOHIIEHTPAIIMIO KaTeXOJJAMUHOB CPaBHUBAJIM Ha 5- MUHYTE MOCJe MpUMEHe-
HUsI YKa3aHHBIX BBIIIE MPenapaToB U 3MOOJIOB MTPU TOCTHKEHUHW MAaKCUMAaTbHBIX CIIBU-
TOB JTaBJICHUS B JIETOYHOM apTepuu. [IJis cTaTucTUIecKoit 06paboTKM pe3yIbTaTOB OIThI-
TOB ¢ oMolibio mporpaMmbl Axum 5.0 (Math Soft Inc., CIIIA) npu nipoBepKe TMIOTE3bl
OTJIMYUI CABUTOB UCCIEAYEMBIX MOKa3aTeaeil OT HyJsl IpUMeHsIIu -Kputepuiit CTblo-
neHTa. JloctoBepHbiMU cuntanu oimyus npu p < 0.05; mpoBepKa 3KCIIepUMEHTaTbHBIX
NIAaHHBIX HA HOpPMaJIbHOE pacrpeieieHue MPOBOAWIACH C UCMOJIb30BAaHUEM KPUTEPUSI
Kommoroposa—CmupHoBa.

PE3VJIBTATBI UCCIIEAOBAHHMA

WcxonHble 3HaYeHUST UCCIIenyeMbIX ITOKa3aTeaeii MUKPOLMPKYISILIMU JIETKMX, a TaK-
Ke KOHIIEHTpALMsI KaTeXOJaMUHOB B IIPOBEACHHBIX CEPUSIX DKCIIEPUMEHTOB MpPeacTaB-
JIeHHBI B Ta0JI. 1.
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Tabmuua 1. McxonHble 3HaueHUs1 ToKasatejeid MUKPOreMOAMHAMUKU MNepdy3upyeMbIX JIETKUX
KPOJIMKOB B ITPOBEIEHHBIX OIbITaX

HcxonHble 3HaYeHUsI B CEPUSIX SKCIIEPUMEHTOB:
INoxkasarenb,
pa3MepHOCThb 1 11 111 v \'%

n=7 n="17 n=38 n=_8 n=7
[Mepdy3noHHOE naBieHUE B IETOYHOM 30+2 30+3 25+2 25+4 28+ 4
apTepuu, MM PT. CT.
JlaBiieHWe B JIEBOM TPEICEPANH, 5.6+0.3 48102 43102 4.6+0.2 51103
MM PT. CT.
KanunnsipHoe ruapocratuyeckoe 89104 9.4+0.1 79+0.1 8.8+0.4 85103
nasnenue (Pc), MM pT. CT.
JlerouHnoe cocyancroe CONpoTUBIIEHNUE, 239+8 3058 202+9 200 £+ 12 224 £ 22
JMH C M >
TpexkanmmisipHoe conporusiaeHue (Ra), 207 +7 260+ 9 167 +9 159 £ 10 191 £ 19
JINH C CM
TMoctkanuuisipHoe conpotusieHue (Rv), 32+4 45+3 35+3 41+ 4 33+7
IUH CCM
OtHoienne Ra/Rv 6.5+0.5 5.8+0.3 4.8+0.3 39+0.2 5.8+0.7
Koadduument kanumnsipaoit dunsrpa- | 0.04 £ 0.01 0.05 £ 0.01 0.04 +0.01 0.05 +0.01 0.05 +0.01
unu (CFC), mi/Mun/100 r/MM pT. CT.
Macca nerkux, r 26+ 4 28+2 24+2 265 1913
KoHLeHTpalMst KaTexoJ1aMUHOB, MKT'/JT 365 +26 341 £ 14 398 + 12 342+ 16 He onpenensinu

HcxonHble 3HaUeHUsI MoKasarteseil mpeacrapieHbl B Buae M + m, tne M — cpeaHee apudmeTrueckoe 3HaUeHUE
rmokasareJjieit, m — ctaHaapTHasl OIIMOKA CPEIHETO 3HAYEHUsI. 1 — KOJUYECTBO KMUBOTHBIX.

JaHHbIe 3TOil TaGaULbl CBUAETEIBCTBYIOT OO0 OTCYTCTBUU CTaTUCTUYECKU JOCTOBEP-
HBbIX pa3ﬂVI‘{Vlﬁ MEXAY UCXOOHBIMU 3HAYCHUAMMU HUCCIICAYCMBIX rmoKasareJieil MUKpPOTIC-
MOJIMHAMUKU JIETKHUX KPOJIMKOB B TPOBEIEHHBIX OTBITaX.

B oTBer Ha mpuMeHeHuUe GokaTopa M-XOTMHOPELENITOPOB aTPONMHA OOJILITUHCTBO
WUCCIIeAyeMbIX TloKa3zaTeseil JIETOUHOW MUKPOLUMPKYJISLIMUA BO3PacTajio, 4TO MOTJIO
SIBUTBCSI PE3YJIbTaTOM YCUJIEHUSI BHICBOOOXIEHUSI KaTeXOJaMUHOB U3 CUMITATUYECKUX
HEPBHBIX OKOHYAHWI1 B pe3yabTaTe OJI0Kaabl aTPOMMHOM TOPMO3HBIX MpPECHHANTHUYe-
ckux M2-xonuHopetientopoB [13]. O6 3TOM CBUAETENBCTBOBAJIO MOBBIIIEHUE KOHIIEH-
Tpaluu KarexojaMruHOB Ha 9 = 3% (p < 0.05) (ta6u. 2). [IpumeHeHne 610KaTopa N-x0-
JIMHOPELIETITOPOB BEreTaTUBHBIX TAHTJIMEB MEHTAMWHA B YCJIOBUSX TTepdy3Un U30JUPO-
BaHHBIX JIETKUX COMTPOBOXIAIOCh CHUXXEHUEM OOJBIIMHCTBA UCCIIEAYEMbIX TTOKa3areieit
MUKPOLUUPKY/ISILIUU JIETKUX U KOHLEHTpaluu KaTexoidaMuHoB Ha 12 + 3% (p < 0.01)
(Tab. 2). [Ipu a3TOM NpeKanuIIpHOe CONPOTUBISHUE YMEHBIIIAI0Ch B 0OJIbIIICH cTemne-
HU, YeM TTOCTKANMUJUISIPHOE (COOTBETCTBEHHO 28 = 4% (p < 0.01) u 6 £ 2% (p < 0.05)),
YTO CBUIETEIBCTBYET O MPEUMYIIIECTBEHHOM BIVSIHUM HEMPOTEHHBIX KOHCTPUKTOPHBIX
MEXaHU3MOB Ha JIETOUHbIEC apTepUaTbHBIE COCY/IbI.

Pesynbrarhl MpoOBeNeHHBIX 3KCIMIEPUMEHTOB MO3BOJISIOT TaKXe ToJjlaraThb O COXpaHe-
HUM HEHPOTreHHOTOo KOMITOHEHTA PEryJIsSIIUU TOHYCa JIETOYHBIX COCYA0B B YCIIOBUSIX TIep-
(Gy31M U30JIMPOBAHHbLIX JIETKUX ix Situ.

B onbITax oTMEeUeHO, YTO KO3(UIIMEHT KalTUUISIpHON (DUJIbTpaliuu B cIy4yae IpuMe-
HEHUs aTpoIMHa BO3pacTajl, a B OTBET Ha BBeleHUE NeHTaMUHa — cHKayicsl. OnHako
OCTaBAJIOCh HESICHBIM, OOYCJIOBJIEHO JIM 3TO Pa3HOHAIIPABJIEHHBIMU CABUTAMU MOKa3aTe-
JIell JIETOYHON MUKPOUUPKYISLUN WU U3MEHEHUSIMU MTPOHUILIAEMOCTH HIAOTEUS Jie-
TOYHBIX COCYIOB.

JIas oTBeTa Ha 3TOT BOMPOC HAaMM OBIJIM MPOBEACHBI ONbITHI ¢ akTUBauueit M- u N-
XoJinHopelenTopoB. Kak oTMeueHo BbIllle, B UETBEPTOM CEPUU OIBITOB OCYIIECTBIISIN
VHQY3UI0 alleTWIXoanHa Ha (oHe OJiokaabl M 1-XoIMHOPEHEeNTOPOB MUPEH3CITITHOM,
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Tab6auma 2. Xapakrep M BeJIMUMHA U3MEHEHUI NMoKazaTesieii MUKPOreMOIMHAMUKI nepdy3upye-
MBIX JIETKMX KPOJIUKOB TTOCJIE TIPUMEHEHUS 6JIOKATOPOB U arOHUCTOB M- 11 N-XOJIMHOPELIETITOPOB

H3meHeHue nokasaresieil B IPOLIEHTaX OTHOCUTEIBHO MCXOJHOTO YPOBHSI MOCTIe MpUMe-
HEHUSI:
ALETUIXOIUH + LHTH3HH +
IMoxkazarens aTrponuHa MeHTaMUHa MUpEH3eNnuHa deHTONTAMUH +
MUPEH3ENTNH atporH
11 cepust 111 cepus IV cepust V cepust
n=7 n=238 n=238 n=7
Tepdy3noHHOE TaBIeHIE 20 + 6* —20 + 6% 8§+2"" 7 4 2k —10 + 2%*
B JIETOUHOI1 apTepuu
JlaBieHue B IEBOM Ipeacepauu 0t2 —-1+2 0+2 1+3 -2+2
KanwiisipHoe ruapocratuyeckoe 11 £ 3%* —4 & 1** g§+3" —1%2 —-1£2
nasnenue (Pc)
JlerouHoe cocymmcToe CorpoTURICHKE 24 + 5%* —24 + 4% 10 + 2%* —9 + 2%* —13 +4*
TpexanuinsipHOe COTPOTUBIIEHNE 24 + 6** —28 + 4** 8 £ 2% —10 £ 2%* —16 + 4**
(Ra)
TTocTKanuuIsIpHOE CONMPOTUBJIEHNE 25 + 4%* —6 + 2% 17 £ 6* —2+2 —2+3
(Rv)
OtHoleHue Ra/Rv 0+2 —23 £ 5%* —7+4 —8+4 —15 £ 4+
Koadduunent kanumispHoit 25 + 6** —16 + 5* 2+3 —16 + 6* —38 £ 9**
dunbrpanun (CFC)
KoHuieHTpalms KaTexoJaMUHOB 9+ 3* —12+3" 13 £4* 5+3 He onpenensiin

W3MeHeHus ToKasaTeseil npencrasieHsl B Buge M + m, rne M — cpenHee apudMeTUYECKOE 3HAUEHHE TIOKa-
3aTesieil, m — CTaHJapTHasl OLIMOKA CPEIHEeTO 3HAYCHMUSI.

Lindpsl co 3HakoM (—) — cHUXeHUe noka3zatess; * — p < 0.05; ** — p < 0.01.

OTCyTCTBHE 3BE3[0YKH — HEAOCTOBEPHBIE U3MEHEHUS TIOKA3ATENSA. 1 — KOJIMYECTBO KUBOTHBIX.

MOCKOJIbKY KOHCTPUKIIMS JIETOYHBIX COCYIOB B CIy4ae MIPUMEHEHUS alleTUIXOJIMHA 00y-
CJIOBJIEHA MPEUMYIIIECTBEHHO aKkTuBalmei M 1-xonuHopenentopos [13]. B nsitoit cepumn
OITBITOB MPOBOAMIN UHGY3MI0 N-MUMETHKA LIMTU3MHA TTocye OJ10Kaabl ajibtha-aapeHope-
LIENTOPOB (DEHTOJJAMUHOM U M -XOJIMHOPELIETITOPOB aTPOMTMHOM C LEIbI0 MCKITIOUSHUS
aKTUBAIMM KOHCTPUKTOPHBIX aApPEHEPTUYECKUX U M-XOJIMHEPruuecKuX MEXaHU3MOB B
OTBET Ha BO30YX/IeHNE LIMTU3MHOM N-XOJIMHOPELENTOPOB BEreTaTUBHbBIX FAHIIUEB.

Nudpysusa auetmiixonuHa Ha ¢oHe Ojiokagbl M 1-XoInHOpEeHenTOPpOB MPUBOAMIA K
CHMKEHMIO OOJIBIIMHCTBA ITapaMeTPOB MUKPOLMPKYJISILUY JieTkux. [Tpu aTtom koaddu-
LIMEHT KanWJUIIPHOM duabTpaunu ymeHblnaics Ha 16 £ 6% (p < 0.05). B ycinoBusx uH-
dby3un N-MUMeTUKa LIUTU3UHA TIociie GJIoKanbl aibtha-aapeHopelenTopoB U M-xonnmHope-
LIENTOPOB KO3 GUIIMEHT KaMLISIPHOM DrutbTparuy cHrkancst Ha 38 £ 9% (p < 0.01), T.e. B
OoJblliell cTeneHu, XOTs B 000OMX CllydasiX IMOKa3aTeju JErOYHONW MUKPOUUPKYISIIAN
YMEHBIIAJIUCh IPUMEPHO OIMHAKOBO (Ta0i. 2). CienoBaTelbHO, aKTUBAIIMS N-XOJIMHO-
peLenToOpOB SHAOTEINS CITOCOOCTBYET CHUXKEHMIO TIPOHUIIAEMOCTH JIETOYHBIX COCYIIOB,
YTO MOXKET UMETh 3HaUE€HUE B YCJIOBUSIX JIETOYHOM TpOoMO0IMOOoIuH. sl IpOBEPKYU 3TOTO
MPEANOI0XEHUsI HAMU ObLITA TIPOBEIEHBI 9KCIIEPUMEHTBI, B KOTOPBIX YKa3aHHYIO MaTo-
JIOTUIO MOJETUPOBAIM Ha (hoHe MHGY3UU allETUIIXOJIMHA B YCJIOBUSX O0Kaasl M1-xo-
JIMHOPELIETITOPOB WJIU TIpU MH(Y3UU IMTU3MHA B COYETAHUM C TPUMEHEeHUEeM (eHTona-
MUHA 1 aTpOoIMHA. Pe3ybTaThl 3TUX OIBITOB MPEACTaBIeHBI B Ta0. 3.

Y >KUBOTHBIX B TPYIINE CpaBHEHUSI TPOMOOIMOOIINS JIETOUHO# apTepyuM BhI3bIBaJIa 1O~
BBILLICHUE JABJICHUS B HEld, yBEJIMYEHUE MTPe- U MOCTKAMUIJISIPHOTO CONPOTUBJIEHUIA, Jie-
TOYHOTO COCYIUCTOTO COMPOTUBIICHUS, KATTMJUISIPHOTO TUIPOCTATUYECKOTO NaBJICHUS U
KoadduIMeHTa KanWUISIpHO# DUbTpalnu.
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Tab6muua 3. HanpaBieHHOCTb M BeJIMYMHA UBMEHEHU I MoKa3aTesieit MUKpOreMOAMHaMUKH nepdy-
3UPYEeMBIX JIETKUX KPOJIMKOB ITPY TPOMOOIMOOINHY JIETOYHOI apTepun Ha PoHe MpuMeHeHUs 0J10-
KaTOPOB M arOHUCTOB M- 1 N-XOJIMHOPELIETITOPOB

H3meHeHune nokasaTesieil Ipy TpPOMOOIMOOINY JIETOYHOM apTepuu
Ha (hoHEe MpUMEHEHUSI:
TMokazatenb B IpylIiIe
CpaBHEHUsI ALETHIIXOMHHA + LUTU3UHA +
(I cepus) aTponuHa MeHTaMuHa —— ¢denTonamuna +
n=7 n=17 n=3_8 p = aTpoIvHa
n=_§ _
n=7
IMepdysnonnHoe gaBrenue | 90 £ 10** 130 + 6** 145 £+ 16** 96 + 4*+* 56 & 8**
B JITOYHOM apTepuu
JlaBiieHUE B JIEBOM —4+2 14 + 5* 5+4 1+2 2+3
Tpencepauu
KanumisipHoe ruapocTa- 17+ 4** 23 + 4%* 37 £ 4%* 1+2 14 £ 3**
TU4eckoe aasieHue (Pc)
JlerouHoe cocynucroe 1114 18** 149+ 7** 183 £ 20** 118 + 5%* 77 £ 12%*
COIPOTHUBIICHUE
TIpexkanwuisipHoe 120£ 22%** 169+ 6** 212 £ 26** 152 + 7%* 91 + 14**
cornpotusieHue (Ra)
TMocTkamuuisipHOe 53 £ 6%* 33 + 5%* 76 £ 13** 2+5 36 + 8**
conpotusieHue (Rv)
OtHowenue Ra/Rv 43 £ 7** 102 + 18" 76 £ 21** 142 + 16%* 43 £ 14*
KoaddurmeHT kanuutsap-| 25 £ 4** 40 £ 7+* 52 £ 14** 67+ 12%* 33 4+ 8**
Hoit dunbrpanuu (CFC)
KoH1eHTpanus karexoia- 14 £ 3%* 15 £ 4** -5+2 3+2 He onpenensum
MMWHOB (OTHOCUTEIIBHO
HCXOTHOTO YPOBHSI)

W3MeHeHUs TToKa3aTesleid MUKPOLIMPKYJISILIK TIPEACTABIEHBI B MPOLIEHTAX K UCXOIHOMY YPOBHIO JUISI XKUBOT-
HBIX B IPYIIIe CPAaBHEHHUs WK K (hOHY Mocjie MpUMeHEHUs rpenaparoB B Bune M + m, rne M — cpenHee apud-
METMYECKOE 3HaYEHUE MoKaszaresieil, m — cTaHaapTHas oumbka cpeaHero 3HadeHust. Llndpsbl co 3HaKoM (—) —
CHIDXeHue nokaszaresis; * — p < 0.05; ** — p < 0.01. OTcyTcTBHE 3B€3I0YKM — HEIOCTOBEPHBIE M3MEHEHUS ITOKa-
3aTeJIsl. 1 — KOJUYECTBO XXKUBOTHBIX.

ITpu tleroyHo 5MO0JIMKU Y KPOJIMKOB Ha (pOHE TpUMEHEeHWsI aTPOITMHA JaBJICHHE B JIe-
TOYHOM apTepuu, a TakXKe JIETOYHOE COCYIUCTOE M TPEKANMUJUISIPHOE COMPOTHUBIICHHUE
BO3pacTaJii B OOJIBIIIEH CTeTICHH, YeM B TPYIIIIe cpaBHeHU (Tab. 3).

OnHaKO CIBUTUM KANWLISIPHOTO TUAPOCTATUYECKOTO JAaBJCHUSI U MOCTKANULISIPHOTO
COIPOTUBJICHUST B 000X CIyJasiX ObIIN OJIM3KMUMMU, YTO CBUIETEILCTBYET O TIPEBAIMPO-
BaHUY KOHCTPUKTOPHBIX HEHPOTEHHBIX U TYMOPAIbHBIX BIUSHUM Ha apTepUalbHbBIC CO-
CYIbI JIETKHX.

[Mpu sM6o0aM3aLIMY JIETOYHOM apTepuu B YCJIOBUSX OJ0Kaabl N-XOJMHOPELENTOPOB
MEHTAMUHOM BCE MCCleIyeMble MmapaMeTpbl MUKPOIUPKYJISIIIUU JIETKUX BO3pacTalu B
OoJIbINEH CTEIeHU MO CPaBHEHMIO C TPYMIION cpaBHeHMS. B ombITax Takke OTMEUYEHO,
4TO KO3(MDOULIMEHT KaIWLIAPHONW (GUJIBTpAllMUA YBEIWYUBAJICS Oojiee BBIpaXXEHO, 4eM
MPpU yKa3aHHOM BO3/IeiCTBMU Ha (hDOHE MPUMEHEHMST aTPOTIMHA U MPaKTUYECKU B IBa pa-
3a 0oJIbllle, YeM B IpyIire cpaBHeHUs (Tabu. 3).

ITpu MomeIMpOBaHUY JIETOYHOM TPOMOOIMOOINHU B YCIOBUSIX MH(Y3UHU alleTUIIXOJIMHA
B COUETaHUMU C 6J0Kanoil M 1-XoIMHOPELenTOPOB MPUPOCT AaBJIEHUS B JIETOYHOI apTe-
pun ObUT MeHbIIle, YyeM Ha (pOoHe NEeMCTBHUS aTpOoIIMHa, HO OJIM30K K TAKOBOMY B IpYIIIIe
cpaBHeHUs. BmecTe ¢ TeM, KanWJUISIpHOE TMAPOCTaTUYECKOe NaBJeHUe U MOCTKAMUIUISIP-
HOE COIPOTUBJICHUE HE U3MEHSIJIUCH, @ KOHLICHTPALIUs KaTeX0JIAMUHOB HE TTOBBIIIAJIACK.
OnHako Ko3GhGUIMEHT KanWUISIpHOM (UIbTpaliiu Bo3pactai Ha 67 £ 12% (p < 0.01),
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T.e. B 0OJIBIIICH cTeneHu, YeM B rpyrie cpaBHeHust (25 + 4% (p < 0.01)), 4To MOIJIO CBH-
JIeTeTbCTBOBATh O MOBBILLIEHUU MPOHULIAEMOCTU SHAOTEJNSI COCYIOB JIETKUX.

B yclioBUsIX XXe 9MO0IM3alu JIETOYHO apTepruu Ha (hoHe aKTUBALMU N-XOJMHOpE-
LIETITOPOB LIMTU3MHOM B COUETAHUHM C IPUMEHEHUEM (PEHTOJIaMMHA U aTPOITMHA JaBJieHUE
B JIETOUHOM apTepHry BO3pacTajao MEHbIIe, YeM MpYU MHOY3UH alleTHIIXOJIMHA B COYETaHUMN
¢ Gyiokamoii M 1-XOJIMHOpPEIEeNTOPOB, a KalWIUISIPHOE THUAPOCTATUYECKOE NIaBJieHUEe W
HOCTKANMWUISIPHOE COnpoTuBIeHrue Bo3pacTtanu (tadia. 3). [Ipu atom kosdduimeHT Ka-
MWUTISIpHOM brutbTparuu yBeanuusaics Ha 33 £ 8% (p < 0.01), T.e. npakTU4yecKu B 2 pasza
MEHBbIIIE, YeM P JETOYHO TPOMOOIMOOJINY B YCIOBUSX UH(GY3UU alleTUIIXOJIMHA B CO-
yeTaHUU ¢ 610Kanoii M 1-xonmHopelenTopoB. MOXHO MO3TOMY MoJjaraTh, 4YTO aKTHBa-
s N-XOJUHOPELENTOPOB SHIOTEIUS CIMTOCOOCTBYET CHUKEHUIO TTPOHUIIAEMOCTH Jie-
TOYHBIX COCYIOB MPU YKa3aHHOM MaTOJIOTUH.

OBCYXIEHMUE PE3VJIbTATOB

JI1s1 BEISICHEHUSI BO3MOXKHOCTU aKTUBAIIUM XOJIMHEPTUYSCKUX MEXaHNU3MOB C 1IEIbIO
YMEHBIIICHUSI KOHCTPUKTOPHBIX peaKIIUii COCYIOB JIETKMX M IIPOHUIIAEMOCTH SHIOTEIINS
B YCJIOBUSIX TPOMOOIMOOIMHK JIETOYHOI apTeprM B IPOBEICHHOM MCCIEIOBAaHUM U3yYa-
JIM U3MEHEHUSI MUKPOLIMPKYJISLIMU JIETKUX TIPU MOJEJIMPOBAHUM JIETOYHOI TPOMOOIM-
0oy Ha TIeppy3UPYEMBIX U30JIUPOBAHHBIX JIETKUX KPOJIMKOB B YCJIOBUSIX OJI0KaAbl UJTU
akTUBaUUU M- 1 N-XOJIUMHOPELIENTOPOB.

B orBeT Ha npuMeHeHe M-0610KkaTopa aTponrHa U N-6ji0KaTopa MeHTaMWHa MoKa-
3aTeJIv JIETOYHOI reMOIUHAMUKU U3MEHSUIMCh pa3HOHAIMPAaBJIEHHO: OHU MOBBIIIAIUCH B
cllyyae TIpUMEHEHMUsT aTPONMHA U YMEHbIIAIUCh Ha ¢hoHe 6s1oKanbl N-XOJIMHOPELEeTITO-
POB TEHTAMUHOM, YTO KOPPEJIUPOBAJIO CO CABUTAMM KOHIIEHTPALIMM KaTEXOJIaMUHOB B
11a3Me KpOBH, OTTEKAroIIel OT JIerkux (Tads. 2). Kak orMedeHo BhIllIe, BO3pacTaHUE UC-
cieyeMbIX TToKa3aTesieil IEerOYHOM MUKPOLUMPKYJISILIMA B Cllydyae NMPUMEHEHUs] aTpOINUHa
MOTJIO SIBUThCSI PE3YJIbTATOM YCUJIEHYWSI BBICBOOOXIEHMST KATEX0JaMUHOB U3 CUMITaTHYe-
CKUX HEPBHBIX OKOHUAHMIi B pe3yJibTaTe 0JI0KaIbl aTPOITMHOM TOPMO3HBIX TTPECUHANTH -
gyeckux M2-xonmmHopeluentoposn [13]. B orBeT Ha mpuMeHeHMe TIEHTaMUHA B pe3yIbTaTe
O10Kaabpl N-XOJIMHOPELENTOPOB BEreTaTUBHBIX TAHTINEB YMEHbBIIATMCH CUMITATUYECKUE
KOHCTPUKTOPHBIE BJIUSTHUS MPEUMYLIECTBEHHO Ha JIETOUYHbIE apTepUabHbIe COCYIbI, O
YeM CBUETEJbCTBOBAIO 00Jiee BbIPAXKEHHOE YMEHbIIEHUE TMPEeKaNUUISIPHOIO COMpo-
TUBJICHUSI IO CPABHEHMIO C TTOCTKANIUJIISIPHBIM (Tad. 2).

Takum oOpa3oMm, pa3HOHAIIpaBJICHHBIM XapaKTep CIBUIOB MOKa3aTeJieil JIeTOYHOM
MUKPOTeMOJIMHAMUKHU B cilydyae TIpuMeHeHus1 M-06JjiokaTopa aTpornuHa u N-6oKaTopa
TMEeHTaMUHA CBUIETEJILCTBYET O PELIMITPOKHBIX B3aUMOOTHOIIIEHUSIX M- 1 N-XoInHepru-
YEeCKMX MEXaHU3MOB B HEMPOTeHHON PEeryisiliuu JIETOYHOTO MUKPOUUPKYISTOPHOTO
pycia, 4To ObUIO OTMEUEHO HaMU B paHee MPOBENCHHBIX UCCIEIOBAHUSIX IS TTOKa3aTe-
JIE CUCTEMHOTO KpOBOOOpalleHus y Koliek [14] u JierouHoi MaKporeMOIMHAMUKU Y
KpoaukoB [15].

JJ1s1 oTBETa Ha BOMPOC O POJIU XOJIMHEPTrUYECKMX MEXaHU3MOB B PEryJisiLiMU MPOHULIA-
€MOCTH DHIOTENMS JIETOYHBIX COCYIOB HAMU ObLJIM MPOBEIEHbI ONBITHI C aKTUBaLMe M-
u N-xonuHopeuentopoB. C 3Toil 1ie/blo MPUMEHSUTU UH(Y3UIO alleTUIX0JIUMHA Ha hoHe
610Kaabl M 1-XOJIMHOPELIETITOPOB MUPEH3ENTMHOM U UHGY3UI0 N-MUMETHKA [TUTU3MHA
nocyie Oyokanbl anbda-agpeHopelenTopoB (HEeHTOJaMUHOM U M-XOJIMHOPELENTOPOB
aTpONMHOM. YKa3aHHbIE CMIOCOOBI aKTUBAILIMU XOJUHOPEUENTOPOB MO3BOJUIN UCKITIO-
YUTh KOHCTPUKTOPHbBIE PEAKIIMU JIETOYHBIX COCYIOB B OTBET Ha BO30YXIEHUE alleTUIIXO-
JIMHOM M 1-XOJIMHOpPELIENTOPOB, PABHO KaK M aKTUBALIAIO LIUTU3UHOM N-XOJIMHOpELEI-
TOPOB BEreTaTUBHBIX TAHIJIMEB U B pe3yJbTaTe — aApeHEepPrUYecKUX U M-XxonuHepruye-
CKHX MEXaHU3MOB.
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Nudys3usa auetuiixonrHa Ha poHe 6jioKaasl M 1-XoJMHOPeenTOpOB BhI3biBaja CHU-
JKeHWe OOJIBIIMHCTBA MapaMeTPOB MUKPOLMPKYJISLIUU JIETKUX, YTO MOIJIO OBITh OOY-
CJIOBJICHO aKTHUBalMeil M-XOJIMHOPELENnTOpoB Apyrux noarunoB (M2—MS5) u ycusieHuem
CUHTe3a okcuaa a3ora [16, 17]. B orBeT Ha MHGY3MIO IMTU3MHA B COUETAHUU C OJIOKAmOM
anbda-aapeHOPELENITOPOB U M-XOIMHOPELIETITOPOB MOKa3aTeu JETOYHO MUKPOTeMO-
NIVUHAMUKU YMEHBLIAIUCH MPUMEPHO TaK Xe, KakK U NMpU UHDY3UU alleTUIIXOJIMHA B YCJIO-
BUsIX O10Kanbl M 1-xonuHopenenTopos (Tabir. 2).

B onbITax 66U10 OTMEYEHO, YTO IpU MHGY3UM HUTU3MHA Ha (poHe 610Kaabl ajabda-am-
peHopelenTopoB GeHTOJIAMUHOM M M-XOJMHOPELIENTOPOB aTPOIMMHOM MapaMeTphbl
MUKPOUMPKYJISIIUY JIETKUX CHUXXAJIMCh B MEHbIIIEH CTENIeH!, YeM B OTBET Ha IIpUMEHe-
HUe TojbKo heHToNlaMuHa. PaHee ripy nepdy3un M30IMPOBAHHBIX JIETKUX KPOJIMKOB HAMU
ObLTO MMoKa3aHo [18], 4yTo B cilydae MpUMEHEHMsT STOro MperapaTta JaBjeHUe B JIeTo4-
HOIT apTepny yMeHbInanoch Ha 21 + 6%, a JleroyHOE COCYAMCTOE CONTPOTUBJICHE — Ha
17 £ 6%, Toraa Kak B yCJIOBUSX UMH(DY3MU IIMTUTOHA B COYETAaHUU C OJI0Kanoit anbda-an-
peHopeLenTopoB U M-XOJIMHOPELIENTOPOB YKa3aHHbIE MOKa3aTe YMEHbIIAIUCH COOT-
BeTrcTBeHHO Ha 10 = 2% u 13 £ 4%. BT0 MOXHO OOBSICHUTH TEM, YTO LIMTU3UH MOT aKTUBH-
poBaTh N-XOJIMHOPELENTOPHI JIETOYHBIX HEMPO3IHIOKPUHHBIX KJIETOK U YCUJIMBATh BHICBO-
OOXIeHWEe M3 HUX CEPOTOHMHA, T.€. CITOCOOCTBOBATh JIETOYHOM Ba30KOHCTpUKIMU [19].
B iutepaType TakKe TpencTaBieHBl pabOTHI, Kacaloluecs 3HaYUMOCTU HEWpPOIHIO-
KPUHHOM CUCTEMBI JIETKHUX B Pa3BUTUM JIETOYHOI runepreH3uu [20].

KoadpdbumenT kKanwuisspHoii GUIbTpallu B CiIydae MHQPY3UM alleTIIXOJIMHA Ha po-
He 610Kanbl M 1-x0IMHOpeLenTOpoB yMeHblaicda Ha 16 = 6% (p < 0.05), Torna Kak npu
uHOY3un N-MUMeTUKa [IUTU3MHA B COYeTaHUU C OJI0Kanoi aibgha-aapeHOopelenTOPOB U
M-XOIMHOPELIENTOPOB YKa3aHHBIM MoKa3aTeslb yMeHbInanca Ha 38 = 9% (p < 0.01), T.e.
B OoJibliieii crenieHu (Tabi. 2).

IMpu sMGoaMU3aLIMKY JIETOYHOI apTepun nocje MpuMeHeHus1 N-610KkaTopa eHTaMruHa
KO3 DUIIMEHT KanWJIIpHOU (pubTpaliny Bo3pacTtall 6ojiee BbIpaXkeHo, YeM TPU TPOM-
00sMb0u Ha (oHe AeiicTBUST M-0JloKaTopa aTpoIllMHA M IIpaKTHMYeCKUd B JIBa pasa
OoJbllle, yeM B rpynmne cpaBHeHUs (Tadi. 3). IlomyyeHHBIe mTaHHBIC MO3BOJISIIOT I10JIA-
raTh, 4YTO aKTUBALMST N-XOJIMHOPEIETITOPOB SHAOTEIUS B YCIOBUSIX YKa3aHHOM MaToJIo-
TMU MOXKET CIIOCOOCTBOBATh CHUKEHMIO TTIPOHUIIAEMOCTH JIETOYHBIX COCYIOB.

J7st mpoBEepKU 3TOTO MPEATTOI0XKESHUSI HAMU OBLTA TIPOBEICHBI SKCIIEPUMEHTHI, B KO-
TOPBIX JIETOYHYIO TPOMOO3MOOINIO MOAEIUPOBaI Ha (¢oHe akTuBauuu M- u N-xomm-
HOpelenTopoB. Pe3yabTaThl OMBITOB MOKa3ajlu, YTO MpU SMOOJIM3alMU JIETOYHO apTe-
puM Ha oHe NHGY3UU alIeTUIXOJIMHA B COYETaHUU ¢ 0J10Kanoii M 1-xoanuHopelenTopoB
MUPEH3EeNTMHOM TIPUPOCT AABJICHUS B JIETOYHOI apTepuu ObL OJIM30K K TAKOBOMY Y XXM~
BOTHBIX B TPYIIIE CpaBHEHUsI, HO MEHbIIIe, YeM Ha (hOoHe aeiicTBus aTponmHa. BMmecTe ¢
TeM, KamuUISIpHOE THIPOCTAaTUYECKOE JaBJieHNE M ITOCTKAMMUJUISIPHOE COTIPOTUBIICHUE
HEe U3MEHSUIMCh, a KOHIIEHTpallMs KaTeX0JaMUHOB He IToBbIIIaiach (Tadi. 3). Pesynbra-
THI 3TUX IKCIIEPUMEHTOB COIJIACYIOTCS C paHee MPOBENEHHBIMU HAMU MCCIIEAOBAHUSIMU,
B KOTOPLIX IMOKa3aHO, YTO aKTUBaLls TOPMO3HbLIX INPECUHANITUYCCKUX M2-XOJ1]/IHODC-
LIETITOPOB B YCJIOBUSIX TPOMOO3MOOIMU JIETOYHOI apTepUM CMTOCOOCTBYET YMEHBILICHUIO
CUMITATUYECKUX Ba30KOHCTPUKTOPHBIX BIMSIHUM MPEUMYIIECTBEHHO Ha JIETOYHBIE Be-
HO3HEIE cocynbl [4].

OnHako B OTBET Ha 3MOOJIM3ALIMIO JIETOYHOI apTepUU B YCIOBUSIX UHGY3UU alleTUII-
XOJIMHA B cOYeTaHUHU ¢ OJloKamoii M 1-XonmHOpelenTOpOoB KO3 GUIIMEeHT KaUISIpHOI
dunprpanuu yBenmmuauBaiics Ha 67 + 12% (p < 0.01), T.e. B 6oJIbIIIeit CTETIEHU, YeM Y KpO-
JIMKOB B Tpymnie cpaBHeHUs (25 £ 4%, p < 0.01). D10 MOTI0 OBITH OOYCIOBIEHO KakK
OOJIBIIMM BO3pacTaHUEM COOTHOIIEHUS TMpe- K MOCTKANMWIISIPHOMY COIMPOTUBICHUIO,
TakK U MOBBIIIICHUEM MPOHULIAEMOCTH 3HA0Teaus. B padore [21] Ha nepdy3upyeMbIxX Jier-
KMX KPOJIMKOB TTIOKa3aHO, YTO MpPU BBEJAEHUM allEeTWIXOJIMHA B JISTOUHYIO apTepUIo yBe-
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JIMYMBAETCSI CUHTE3 3HIOTENMHA-I 1 TpoMOOKcaHa A,, KOTOPbIE CIIOCOOCTBYIOT MOBBI-
IIEHWIO IIPOHUIIAEMOCTU 3HOoTeus [22, 23].

I1pu nerouroit rpoM603MO0IMK Ha poHe aKTUBALMK N-XOJIMHOPEIUETITOPOB IIUTU3N -
HOM B COUYETaHUU C TPUMEHEHMEeM (peHTolaMUHA U aTPONMHA JaBJIeHUE B JIETOYHOI ap-
TepUU BO3PACTAJIO MEHbIIIE, YEM B TPYIIIEe CPABHEHUS U B YCJIOBUSIX UH(DY3UN alleTUIIXO-
JIMHA B COYETaHUMU ¢ Oj1oKagoit M 1-XonnMHOpPEeLeNnTOPOB.

Kak oTMeueHo Bbillle, B OTBET Ha 3MO0JIM3ALIMIO JIETOYHOI apTepun B YCIOBUSIX MIPU-
MEHEHMS UUTU3UHA B COYETAaHUU C (PEHTOJAMUHOM U aTPOIIMHOM KalWUISIPHOE TUAPO-
CTaTUYECKOEe NMaBJICHUE U TOCTKAIUJUISIPHOE COMPOTUBIIeHUe Bo3pacTaiu. OmHaKO KO-
3O GOULMEHT KanWUISIPHON GhrIbTpauy yBeanduBaics Ha 33 £ 8% (p < 0.01), T.e. mpak-
TUYECKM B 2 pa3a MeHbIle, YeM MpPU JIETOYHON TPOMOOIMOOIUN B YCIOBUSX UHGDY3UU
alleTWIXOJIMHA B coueTaHUM ¢ O0okanoil M1-xonmHopeuenTtopoB (Tadi. 3). M3 maHHBIX
3TUX OMBITOB CJIEAYET, YTO aKTUBALIMS N-XOJIMHOPELENTOPOB 3HIOTEIUS MOXET COCO0-
CTBOBATh CHUKEHMIO TPOHULIAEMOCTH JIETOYHBIX COCYIOB MTPU YKAa3aHHOM MaTOJOTUU.

B nurteparype nipencrasiaeHbl cBeneHUs 00 ydacTuu N-XOJIMHOPEENTOPOB B PEryisi-
LMY IPOHULAEMOCTH SHIOTEINSI KOPOHAPHBIX M MO3TOBBIX coCynoB [24—26]. Tak, B pa-
6ote [25] mokazaHO, YTO aKTUBALIMSI YKa3aHHBIX PELIEIITOPOB CITOCOOCTBYET YBEIUUYECHUIO
MPOHUIIAEMOCTH SHIOTENS, a B pabote [26] — HAIPOTUB, — YMEHBIIICHUIO, T.€. JaHHbIE
JINTEPATYPHI SIBJSIOTCS TIPOTUBOPEYMBBIMU. B nccnenoBanuu [27] ycTaHOBIJIEHO, UYTO aK-
TuBaLMs N-XOJTMHOPELIENTOPOB SHAOTEIHS JETOYHBIX COCYOB CHUXAET €ro NMpoHU1Iae-
MOCTb B YCJIOBUSIX penepdy3MOHHOTO MOBPEXASHUS TOHKOW KUIIKU.

BMmecTte ¢ Tem, Hapsioy ¢ MPOHUIIAEMOCTBIO SHOOTEMsI, CABUTM Ko3(dduimeHTa Ka-
NWUISIPHOI (OUIbTpaLMy OMpPEeAeISIIOTCS PsSIIOM MoKa3aTtesieii: BeJIMYMHON KaluUISIPHOTO
TUAPOCTATUYECKOTO JABJIEHUSI, KOJIMYECTBOM (DYHKUIMOHUPYIOLIUX KaUJUISIPOB, a TaK-
K€ COOTHOIIIEHUEM MpPEeKanWUIIPHOTO COMPOTUBJIEHUS K IMOCTKanuuisspHoMmy. Hamu
MO3TOMY OBbLIT TPOBEAEH KOPPESLIMOHHBIM aHATU3 B3aUMOCBSI3U MEX/y CABUTAMU COOT-
HOIIIGHUS Mpe- K MOCTKANUISIPHOMY COMIPOTUBJIEHUIO 1 KO3(hGdUIIMEHTa KaWJIISIPHOM
GuUIbTpaIuM IIPpY BCEX YKa3aHHBIX BO3MEUCTBUSIX (TaOm. 2 u 3), pe3yabTaThl KOTOPOIO
OpeacTaBlieHbl HA puc. 1.

IIpoBeneHHbII aHAN3 BBISIBUJI BBICOKYIO CTETIEHb 3aBUCUMOCTH (KO3 GHULIMEHT KOp-
pestium 0.88 £ 0.01) Mexny U3MEeHEHUSIMU COOTHOIIEHUS Mpe- K IMOCTKAIIMJLISIPHOMY
COITPOTUBJIEHUIO U KO3 duliMeHTa KanwuigpHoit punbrpauuu. [ToaToMy MOXXHO ObLIO
rnoJiarath, 4YTO CABUTM 3TOTO COOTHOIIEHUS SIBJSIIOTCS ONPEISISIONIMMY B U3MEHEHUSIX
YKa3aHHOTO IokKa3zaTess. Tak, mpu TpoMO03MO0IMY JIETOYHOUM apTepuu Ha (hoHe uHbY-
3UM aleTUJIXOJIMHA B COYETAaHUM C Oj0Kamnoit M1-XOoIMHOpEeUenTopoB COOTHOIIEHUE
mpe- K IMOCTKAIIWJUISIPHOMY COIIPOTUBIIEHMIO Bo3pacTtalio Ha 142 + 16% (p < 0.01), a ko-
3bdULIMEHT KamWLIIpHOM duibTpaiu — Ha 67 £ 12% (p < 0.01). B ciy4dae xe amM060/1u-
3allMM JIETOYHOU apTepuU B YCIOBUSIX IPUMEHEHUS LIUTU3UHA Ha (poHe O1oKanbl annbda-
aipeHopelenTOpOB U M-XOJIMHOPELEeNTOPOB YKa3aHHbIC MOKa3aTe/u BO3pacTaid COOT-
BeTcTBeHHO Ha 43 + 14% (p < 0.01) u 33 = 8% (p < 0.01), T.e. B MEHBbIIIEI CTEIICHU U
MPakTUYECKU TaK Xe KakK B KOHTpoJie (Tabi. 3). OgHako corocTaBiieHue JaHHBIX 3TUX
OTIBITOB C paHee MPOBEACHHBIMU SKCIIEPUMEHTAMU, B KOTOPBIX TPOMOOIMOOUST MOIe-
JIMpoBajach Ha (poHEe TOJBKO OJIoKaabl aliba-aapeHopelLenTopoB peHTolaMuHoM [18],
MOKa3aao, YTO B MOCJIEIHEM CJIyyae COOTHOILLIEHUE Mpe- K NOCTKANULISIPHOMY COMpO-
TUBJIEHMIO Bo3pacTano Ha 44 £ 10%, a KoaddULIMEHT KanWLIIpHOi GWIbTpaluy — Ha
50 + 12%, T.e. B OOJblIEi CTEMEHU, YeM MPU TPOMOOIMOOIMU JETOYHOM apTepuu B
YCJIOBUSIX TIPUMEHEHUSI IUTU3UHA Ha (DoHe OsioKanbl aibda-agpeHopelenTopoB u M-xo-
nHopelentopoB (33 £ 8%). Takum o6pa3oM, IpU PaBHBIX CIBUTaX COOTHOILIEHUS Mpe-
K MOCTKaNMWJIJISIPHOMY COMPOTUBJIEHUIO B 00OUX cilydasix Ipu TpoMOO3IMOOIUM Jierou-
HOIi apTepMU B YCIOBUSIX IPUMEHEHUS LIMTU3MHA Ha (poHe 6JioKanbl aabda-aapeHopeLen-
TOPOB U M-XOJMHOPELENTOPOB KO3(MDMUUMEHT KalWUIIpHONM (UIBTpAIlMM BO3pacTall
MEHBbIIIE, YeM MpPH JIETOUHON TPOoMOO3MOOIUM nocie 610Kaabl TOJbKO ajibtha-aapeHope-



258 EBJIAXOB u ap.

70 ¢

50

30
20

CFC changes, %

|
o
T

SN
AW
S S o

T T T

®

—-20 0 20 40 60 80 100 120 140 160
Ra/Rv ratio changes, %

Puc. 1. 3aBucumocts u3MeHeHM KoadduImeHTa KanuuIIpHO# (GUIBTPALIMK OT CIBUTOB COOTHOLLEHMSI TIpe-
K MOCTKAMWIJISIPHOMY COMPOTUBJICHUIO NpU OyioKaje U akTUBauuMu M- 1 N-XOJIMHOPELENTOPOB, a TAaKXe Jie-
TOYHOI TPOMOOSMOOIUM B TPyIIIe CPaBHEHUSI M Ha (DOHe OJIOKAIbl WIM aKTMBALIMM XOJIMHEPTUUYEeCKUX Mexa-

HU3MOB.

LIeNTOPOB. DTU TaHHBIE TTO3BOJISTIOT MOJIaraTh, YTO aKTUBAIMs N-XOJIMHOPEIETITOPOB IH-
JOTEJIUS JIETOYHBIX COCYIOB MPUBOAUT K CHIKEHUIO MPOHUIIAEMOCTH COCYAOB JIETKUX.
CrnenoBaTtelibHO, CYIIECTBYET PELMITPOKHBIN XapakTep B3auMoaeicTeuss M- u N-xoiu-
HEPruYecKux MeXaHW3MOB PEryJsiliuyi MPOHUIIAEMOCTH JIETOUHBIX COCYIOB: aKTHUBALIVSI
M-XOIMHOPELENTOPOB CIOCOOCTBYET MOBBIIICHUIO KO3(ddUIMeHTa KanmuuIsipHOit
bunpTpanum, Toraa Kak aktuBalust N-XoJIMHOPELENTOPOB — €70 YMEHBIIIEHHIO.

Wrak, pe3yabraThl IPOBEAEHHBIX 9KCIEPUMEHTOB IMOKa3aau, YTO MpU TpoMOOIMOO-
JIMU JITOYHOM apTepuM B YCJIOBUSX MH(MY3UU allETWIXOJMHA B COYETAaHUU C OJI0Kamoi
M 1-XoJIMHOPELENITOPOB NMUPEH3EMMHOM MPUPOCT NABJICHUSI B JIETOYHOM apTepuu ObLIT
OJIM30K K TAKOBOMY Y XXMBOTHBIX B IpYIIIIe cpaBHeHUsI. BMecTe ¢ TeM, KanmuIsipHOe TU/I -
pocTaTUYecKoe IaBJIeHWE M ITOCTKAIMJUISIPHOE COIPOTUBJICHWE HE M3MEHSUIMCH, YTO
CBHUIETEJIBCTBYET 00 YMEHBIIIEHUN CUMIATUIECKIX KOHCTPUKTOPHBIX BIUSHUMN IIPEUMY-
IIECTBEHHO Ha JIerOYHbIe BeHO3HbIe cocyabl. IIpu 3ToM Koa(hdUIIMEHT KanuuisspHOR
duibTpalu Bo3pacTai B OOJIbIIEH CTEIIEHU, YeM Y KPOJIMKOB B IPYIITe CpaBHEHUSI, YTO
MOXHO OOBSICHUTD TTOBBIIICHUEM TTPOHUIIAEMOCTU SHIOTEJIUS COCYIOB JIETKUX.

B oTBeT Ha ykazaHHOe BO3ACHCTBUE B YCIOBUSX MHGMY3UU N-MUMETHUKA LIMTU3MHA B
coyeTaHUU ¢ OJI0Kaaou aibda-aapeHopelenTopoB (eHTOJaMUHOM U M-XoauHOpeLen-
TOPOB aTPONMHOM NPUPOCT JaBJIEHUsI B JISTOYHOM apTepUU M MPEKAIMIISIPHOTO COIPO-
TUBJICHUSI OBIJI MEeHee BBIpaXkeH, 4eM IpY MHQPY3UM alleTUIXOJIMHA Ha (poHe OJIOKaIbl
M1-X0IMHOPEeUEeNnTOPOB U B IPYIIIE CPaBHEHUSI. DTO CBUIETEIBCTBYET O MpEHMYIIC-
CTBEHHOM [WJIATATOPHOM BJIMSIHMM AKTUBALUMU N-XOJIMHOPELIEIITOPOB SHAOTEIUS Ha
JIETOYHbIE apTepUalibHbIC COCYIbl. B yKa3aHHBIX YCIOBUSIX KAIIWJLISIPHOE TUAPOCTATUYC-
CKOE€ JIaBJICHHWE M MOCTKAIIWLISIPHOE COMPOTUBJIEHNE BO3pACTAIMU, OTHAKO KO3 GUIIUSHT
KalmWUISIpHOM WITpallii YBEJIUYMBAJICS B MEHbBIIIEH CTEIEHM, YeM IIpu TPOMOO3IMOO0-
JIMM JIETOYHOI apTepu B YCIIOBUSX MH(PY3UM alleTUJIXOJIMHA B COYETAHUU C OJIOKAmOit
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M 1-xonuHopeuenTopoB. CienoBaTebHO, PELUMIPOKHbIN XapakTep B3aMMOICUCTBUS
M- u N-XOJIMHEPrUMYEeCKNX MEXaHU3MOB MPOSBIISIETCS HE TOJILKO B PEryJisiliuh TOHYycCa
COCY/IOB JIETKUX, HO W MPOHUIIAEMOCTH SHIAOTEJINS: aKTUBAILMs M-XOJIMHOPELIETITOPOB
SHIIOTEINS B YCIOBUSIX JICTOYHOI TPOMO0OIMOOIMM CIIOCOOCTBYET YBEIUICHUIO KO3 (P hm-
LIMeHTa KamWISIpHO# (pUIbTpalnu, Toraa Kak akTuBalust N-XOJIMHOPEILeNTOPOB — ero
YMEHBIIIEHUIO.
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The Reciprocity of M- and N-Cholinergic Mechanisms in the Pulmonary Microcirculatory
Changes in Case of Experimental Pulmonary Embolism

V. 1. Evlakhov* *, 1. Z. Poyassov’, and T. P. Berezina“

4 nstitute of Experimental Medicine, St. Petersburg, Russia
*e-mail: viespbru@mail.ru

In acute experiments on isolated perfused rabbit’s lungs, the changes of pulmonary
microhemodynamics were studied when modeling pulmonary embolism in the com-
parison group, under conditions of blockade or activation of M- and N-cholinergic re-
ceptors. In case of pulmonary embolism with acetylcholine infusion combined with
blockade of M 1-cholinergic receptors with pirenzepine, the pulmonary artery pressure
increased approximately to the same level as in the animals of comparison group.
However, capillary hydrostatic pressure and capillary resistance did not change, which
indicates a decrease of sympathetic constrictor effects mainly on pulmonary venous
vessels. The capillary filtration coefficient increased to a greater extent than in the
comparison group, which was caused by an increase of the endothelial permeability of
the pulmonary vessels. In response to embolization of the pulmonary artery under in-
fusion of cytisine N-mimetic in combination with blockade of alpha-adrenergic recep-
tors with phentolamine and M-cholinergic receptors with atropine, the increase of
pulmonary artery pressure and precapillary resistance was less pronounced than with
acetylcholine infusion under blockade of M 1-cholinergic receptors and in comparison
group. These data demonstrate a predominant dilatory effect of endothelial N-cholin-
ergic receptor activation on pulmonary arterial vessels. Under these conditions, capil-
lary hydrostatic pressure and postcapillary resistance increased approximately to the
same as in the comparison group. However, the capillary filtration coefficient in-
creased to a lesser extent than in case of pulmonary embolism under conditions of ace-
tylcholine infusion in combination with blockade of M 1-cholinergic receptors, which
indicates a decrease of endothelial permeability. The results of the experiments allow
us to conclude that a reciprocal character of the interaction of M- and N-cholinergic
mechanisms is revealed in regulation of the permeability of pulmonary vessels: activation
of endothelial M-cholinergic receptors in case of pulmonary thromboembolism pro-
motes to an increase of the capillary filtration coefficient, while activation of N-cholin-
ergic receptors leads to its decrease.

Keywords: pulmonary thromboembolism, capillary filtration coefficient, M-cholinocep-
tors, N-cholinoceptors, pirenzepine, cytisine
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