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W3ydyeHbl paHHUE U3MEHEHUS B CEPIEYHO-COCYIUCTON CUCTEME MOJIOABIX Kpbic Buctap
MPU MOJEIUPOBAHMU METaOOIMYECKOTO CUHAPOMA MPUMEHEeHUEeM (hPYKTO3HOI Harpys3-
KU. YCTaHOBJIEHO, YTO HECMOTPsI Ha HEKOTOPOE CHIDKEHUE MAacChl TeJla y KpbIC, HaX0o-
IUBIIUXCS HA (PPYKTO3HOU NHETe, IO CPABHEHUIO C KPbICAMHM KOHTPOJIBHO TPYMIIbI, Y
3TUX KUBOTHBIX ObLITU BBISIBJIEHBI MPU3HAKM META00JIMYECKOTO CUHIPOMA: TUIEePIIMKe-
MMUSsI, UHCYJIMHOPE3UCTEHTHOCTh, TUCIUIUACMYSI, TTOBBIIIICHNE aKTUBHOCTU CHUMITATH-
YECKOIl HEPBHOW CHUCTeMBbl U apTepuasibHasi TMIEPTeH3Us. VI3MEHeHUsI CO CTOPOHBI
OpbIKEeYHbBIX apTepUii 3aKII0UAINCh B TTOBBIIEHUU PEaKTUBHOCTU Ha (heHWII(hPUH U
ocnabieHUY alleTUIIXOJIMH-MHIYLIMPOBAHHOM TWJIATALIMN, YTO OOBSICHSETCS] CHUKEHM -
eM nipoaykuuu 3HaoteaueM NO, KOoTopoe B OmpeneIeHHOM CTeneH KOMITEHCUPYETCS
MOBBIIIEHUEM TTPOM3BOACTBA SHIOTEIUATBHOIO TMIIEPIOJsipUsylollero dakropa, pea-
sm3ytouero cBoit addekT uepe3 aktuBauuio Ca“’ -uyBcrtBUTeNbHBIX K -KaHaioB npo-
MEXyTOYHOU TTPOBOAMMOCTU. MI3MEHEHUS B TNIAIKOMBIIIIEYHBIX KJIETKaX apTePUii KPhIC,
BbI3BaHHbIE (PPYKTO3HOM HArpy3Koii, 3aKII0YaJIMCh B MHTUOMPOBAHUU PACTBOPUMOI Ty-
aHWJIATHIWKIIa3bl. B MUKPOIMPKYJISITOPHOM pyciie KOXHU KPbIC, TTOyYaBIIUX (PPyKTO3-
HYIO Harpy3Ky, repgy3us cOXpaHsulach Ha YPOBHE, XapaKTepPHOM TSI KPIC KOHTPOJIb-
HOI1 IpyIIIbl, MPU 3TOM YCTAHOBJIEHO MOBBILLIEHUE HEMPOTEHHOTo TOHYyCa U OcjlabiieHre
SHIOTETMI3aBUCUMOTO TOHYCa MMKPOCOCYIOB KOXU. [lokazaHO Takke yMeHBIIIEHWE
nponykinmu NO B cocymax MUKPOIUPKYJISITOPHOTO pyciia, KOTOPOe KOMIIEHCUPYETCS
SHAOTEJIUATbHBIM MTPOU3BOJICTBOM IPYTUX Ba30AWIATUPYIOIINUX (haKTOPOB.

Karouegvie cro6a: MeTaboNIMUECKUil CUHAPOM, JIa3epHasi TOMTIIepoBcKas GIoyMeTpusi,
sHpoTearanbHast nuchyHKiMsi, GPyKTO3HAsT HArpy3Ka
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Mertabonuyeckuit cunapom (MC) B XXI Beke mpeactapiisieT coO00i THUXYIO TaHIe-
MUIO, KOTOpas SIBJISIETCS CEPbEe3HOI MPOO6IEMOit 1JIsl OOIIIECTBEHHOTO 3paBOOXPAHEHUS
BO BceM Mmupe. Okoisio 20% B3pocioro HaceiaeHust 3emun (6ojiee MUILTHApaAA Y€JIOBEK)
cTpanaroT ot 3Toro cumnrTomokoMmrIuiekca [1]. B Poccuu pacnpocrpanenHocts MC BbI-
coKasl M COCTaBJIIET B Pa3JIMYHBIX TOPOIAX CPEIM HaceJleHUs B Bo3pacTe oT 25 no 74 net
ot 35.3 no 53.1% (mpu ucronb3oBaHUU Tpex BapuaHToB kputepreB MC) [2]. B HacTos-
1ee BpeMsl HET eNMHOTO0 MHEHUSI OTHOCUTENbHO ompeneiaeHuss MC 1 KputepueB aua-
THOCTUKHM, HO OOLIENMPU3HAHHO, YTO OH XapaKTEPU3YETCsT COCYIIECTBOBAHMEM Psida Me-
TabOJMUYECKUX HAPYIIEHUH, BKIIOUAIOIIMX HECKOIbKO (PaKTOPOB pUCKa, TAKUX KaK pe-
3UCTEHTHOCTb K WHCYJIMHY, apTepuajibHasi TUTIEPTEH3UsI, aTepOreHHasT JUCTUIUICMUS,
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MPOTPOMOOTHUUYECKOE M MPOBOCIHAIUTEIbHOE COCTOSTHUE, KOTOPbIE OOBIYHO CBSI3aHBI C
HaKOIJICHUEM BHCLIEPAJIbHOTO XMpPa W COCTABJISIIOT IIPOTHOCTUYECKUI HAabop (PaKTOPOB
pucKa pa3BUTHUS CePAEIHO-COCYIUCThIX 3a00aeBaHnii. MC corpoBoxkaaeTcst S-KpaTHbIM
YBEJIMYCHUEM PHUCKa pa3BUTUS caxapHoro nuadera 2-ro tuna (CH2) u 3-KpaTHBIM yBe-
JIMYeHNEM PHUCKA Pa3BUTHUS CEPACIHO-COCYIMCTHIX 3a00JIeBaHMI (PUCK MHCY/IbTA YBEIN-
yuBaeTcsa B 2—4 pasa, puck nH(papKTra Muokapaa B 3—4 pasa) 1o CpaBHEHUIO C TEMU, Y
koro MC Her [3]. SdapoM cuHIpoMa SIBJISIFOTCSI YeThIpe (paKTopa pUCKaA: PE3UCTEHTHOCTh K
WHCY/IVHY, apTepyuaibHasl TUIIEPTEH3MsI, BUCLIEpAJIbHOE OXKUPEHME U JUCTUTIaeMus [4].

Xots crmoco6nl onpeneiiennss MC y geteif 1 MOAPOCTKOB OCTAIOTCS CITOPHBIMU, 00-
IIMPHBIE UCCIIEIOBAHMUS B 3TOIM 061acTU IToKa3kIBaloT, YTo MC 3aTpOHYI U 3TY KOTOPTY
HaceneHus. [loTpebieHre 1eThMM U IIOAPOCTKAMM BBICOKOKAJIOPUIMTHON MUIIU ¢ HpPyK-
TO30i1 mpuBOAUT K pa3Butuio y Hux MC. PacnipocrpanenHocts MC y nereii B CILIA co-
craBysieT 10 9.8%, y moapocTtkoB — 1o 6.3% [5, 6]. ¥V mereit yacTo He BCE KOMITOHEHTHI
MC BcTpeuaroTcst omHoBpeMeHHO. Hanbosnee panHumu nposieieHusimMu MC siBasttoTcst
NUCIUNUAEMUS U apTepuajbHasi TUIIEpTeH3us [5].

Bricokass pacrnpocTpaHeHHOCTh, OOIIECTBEHHAsT 3HAYMMOCTb M BBICOKME PUCKU
OCJIOXKHEHUI IIPUBOAAT K MHTEHCUBHOMY M3y4eHUIO 3THojoruu 1 naroreHe3a MC. Ilo
maHHeIM PubMed, 3a mocnennee mecarwietue ObLIo onmyoankoBaHo okosao 50 000 cra-
Teli, IOCBSIIIEHHBIX MCCJIEIOBAHUIO Pa3IMYHBIX MeXaHU3MOB pas3Butusa MC, omHako
MHorue acnekThbl natoreHe3a MC CI0XHBI 1 10 KOHILIA HE U3Y4YeHHI [7].

Hcnosib30BaHUE KUBOTHBIX B 9KCIIEPUMEHTE UMEJIO0 M UMeeT OOoJIbIIoe 3HAYeHUE B
MEIULIMHCKMX UCCIIeIOBAaHUSIX, B TOM YUCIIE U IS U3yYyeHUs oOMeHa BenecTB. [Ipenumy-
1IECTBOM HCTIOJIBb30BaHUsI XKUBOTHBIX Momeneit misi uszydyeHuss MC gBisieTcsl BO3MOX-
HOCTb HAOJIONEHUS 32 TUCTOJIOTUYECKUMU, DYHKIMOHAIBHBIMUA, OMOXUMUYECKUMU U
MopdonornueckuMu usMeHeHusiMu npu MC, uto s yenoBeKa 3aTpyIHUTENIbHO, a MO~
poit U HeBO3MOXXHO. OCHOBHBIMU MOZEJSIMU TPBI3YHOB, UCTIOJAb3YEMBIMU JIS1 U3YUYEHUSI
oxupeHust 1 MC, SIBJISIIOTCSI TeHETUYECKU MOIU(DUILIMPOBAHHBIC MOIEIN Y MOJEIU OXM -
peHus1, BerzBanHoro auetoit (diet-induced obesity (DIO)). 2KuBotHbie mogenu DIO Han-
OoJiee OJIM3KU K MeTaboJIMIeCKOMY CUHApOMY Y roaeii [8]. OmgHako pe3yabTaThl UCCIIe-
MOBaHUI YacTO TPOTUBOPEYMBBI, B OCHOBHOM B OTHOIIIEHUU COCTaBa PAllMOHOB U TUTIA
ucnoybzyemoit moaenu [9]. IMouck mMoneneit, KoTopble NMpencTapiastoT oxxupeHue u MC
TakK Xe, KaK U y JIIOAeid, MOXET MOMOYb ITOHATh HE TOJILKO MaTO(MU3UOJIOTUIO 3TUX COCTO-
SIHUI, HO Y TI03BOJIUTH pa3paboTrarh 6ojiee 3¢hGheKTUBHbIE METONbI ieueHus . [ToureH-
Hasl JIMHUS Kpbic Bucrap 10CTaTOYHO IIMPOKO MCITOIb30Bajach JJIsl U3YYEHUS] OXKUpe-
HUS, BBI3BAHHOTO AMETOM, U TPOAEMOHCTPUPOBAJa CYIIECTBEHHOE YBEJIUUYEHUE MACChI
TeJia, HO pe3y/bTaTbl U3MEHEHWS! MHCYJIMHEMUU ObUIM MPOTUBOPEUUBBI. ¥ HEKOTOPBIX
KMBOTHBIX pa3BUBAIACh TUIIEPUHCYJIMHEMUS, a y Apyrux HeT [10]. boabpluHCTBO nueT
ObLIM pa3paboTaHbl C KOMOMHALIMEH TMIPOAYKTOB C BEICOKUM COIEp>KaHUEM YIJI€BOIOB U
kupoB [11]. Oco6oii pa3HOBUIIHOCTHIO IUET C BBICOKOI 10JICil YIJIEBOMOB SIBJISICTCS TMETa
C BBICOKMM cojiepxkaHueM (pyKTo3bl. B 11e10M, THETHI ¢ BBICOKUM coaepkaHuem GhpyK-
TO3bl UMUTHUPYIOT IUETY YeJIOBEKAa U, KOTJa OHU CBSI3aHbI C BHICOKMM COIEPKaHUEM KU -
pa, CIOCOOCTBYIOT YBEJIMYEHUIO Beca, pa3BUTHIO aOJJOMUHATIBHOMOTO XUpPa, TUTIEPTIN-
KEMUM U TUTIEPUHCYJIUHEMUM Y KUBOTHBIX [12]. dpykTo3a urpaet BaxkHYI0 pOJjib B pa3-
BUTUM META0OJUYECKOTO CUHIPOMA, a TAKXXE CaMOr0 OXXUPEHUSI, TIOCKOJIbKY 3TOT caxap
MPUBOAUT HE TOJBKO K PE3UCTEHTHOCTU K MHCYJIUHY, HO U K PE3UCTEHTHOCTU K JICHITH-
Hy, 4TO COMpPOBOXIaeTcsl yBeanueHueM Beca [13]. buonornyeckoii morpeGHOCTU B M-
11eBoit (hpyKTO3€ HET, 3TO BCETO JIUIIb MTPOMEXYTOYHAsI MOJIEKyJia B Mpoliecce MeTabo-
Jm3Ma ToKo3bl. KoHIleHTpalus HupKyJaupyroliein Gpykrossl B ieprudepudeckoit Kpo-
Bu B 500 pa3 HMXKE IO CpPaBHEHMIO C INMIOKO30ii. OmHako IOTpediieHrue (QpyKTO3bI
JIIOABMU B HacTOsILIEE BpeMs, OCOOEHHO B Pa3BUTBIX CTPAHAX, YPE3MEPHO U3-3a MOTPEO-
JICHUSI UICKYCCTBEHHO MOJIC/AIIEHHBIX HAITMTKOB U pa3HOOOPa3HBIX MTPOAYKTOB MTUTAHMSI.
Bosb110ii MpUTOK (OPYKTO3bI B MEUYEHb BbI3bIBACT HAKOIJICHUE TPUTJULIEPUIOB U XOJIe-
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CcTepuHa U3-3a €€ JIUMOTeHHBIX CBOMCTB, YTO BIOCAEACTBUY ITPUBOIUT K CHUKEHUIO YyB-
CTBUTEJIbHOCTU K WHCYJIMHY, PE3UCTEHTHOCTU K MHCYJIMHY M HETIEPEHOCUMOCTH TJTIOKO-
30l [4, 14].

UccnenoBanue MetabosmuzmMa hpyKTO3bl BBISIBUIIO MTPEUMYIIECTBO (DPYKTO3HOM aHe-
Tbl B MHAYKLIIMY M C Ha XMBOTHBIX MOJIEJISIX TTI0 CPAaBHEHUIO C TTIOKO301 WJIM KpaXxMaioM.
CylliecTByeT BbICOKAasi KOPPESLMS MEXIYy XPOHWUYECKUMM BBICOKMM MOTpeOIeHueM
(PYKTO3bI C MOBBILIEHHBIM MOTPEOJIEHUEM 9HEPTUU, MACCOI TeJIa, OXKUPEHUEM, TUTIEPT-
PUIMLEPUAEMUEH, TUTICPIUNTUIECMUEH, apTEPUAIBHON TUIEPTEH3UEH M CHUXEHUEM
YYyBCTBUTEJIBHOCTU K MHCYJIUHY Y JIAOOPATOPHBIX XXUBOTHBIX, MpuBonsimux k MC [15].
Yro Kacaercst KoJimyecTBa morpedsieMoit GpykTossl, HeoOXonuMoro st pa3utust MC,
TO UCCaeAoBaHue, MpoBeaeHHoe Sanchez-Lozada u coaBr. [16] mokaszano, uto gaxe 10%
GpYyKTO3bl B TIUTHEBOI BOJE NOCTATOYHO IJISI PA3BUTUSI apTEePUAIBHON TUIIEPTEH3UN U
rurepJaunuaeMun y Kpoic Sprague-Dawley u Bucrap.

C momeHTa hopmynupoBaHus onpeaeneHuss MC KIMHUYECKUE UCCIEAOBAHUS U UC-
clleI0BaHUS Ha XXMBOTHBIX MPOBOJUIIMCH C LEJbI0 U3YUYEHUST Pa3IMYHbBIX NMTaTODU3NOJI0-
TMYECKUX MPOLIECCOB, KOTOPhIE BOBJIEUEHBI B €TI0 pa3BUTHE, B T.4. U apTepualbHOI rumnep-
TEH3UU, COMPOBOXIAOIICHCS TSIKEIBIMU OCIOXKHEHUSIMU (MH(MAPKT MUOKapaa, WHCYIBT,
MOBpeXIeHUe mouek, peruHonarus). [Ipy MC pa3Butue aptepuaibHON TUIIEPTEH3UU
TIPEACTaBJISIET COOOI CIOXHBINM MPOIIECC, BKIIOYAIOIINN MHOXECTBO Pa3JIMYHBIX CUT-
HaJbHBIX TyTeil. Ha cerogHsiiHuit 1eHb MPEIIoKEHO HECKOJbKO MaTodu3nojiornye-
CKMX MEXaHU3MOB pa3BUTHUS apTepuasbHO rurnepreH3uu. [IpuHATO cuuTaTh, YTO OC-
HOBHBIMU SIBJISIIOTCSI MHCYJIMHOPE3UCTEHTHOCTb, HAITMYME OXUPEHUSsI, aKTUBALIMS CUM-
MaTU4YeCKOil HEepBHOU cuUcTeMbl W 3anepxka HaTpus [17]. Tlpu 3ToM BakHEUIIMM
MaTOreHeTUYECKUM MEXaHU3MOM pa3BUTUSI apTepuaibHO# runepreH3un npu MC sBisi-
eTCsl pa3BUBAIOIIASICS SHAOTETUATbHAS NUCGhYHKIIMS, COMTPOBOXAAIONIASICS CHUKEHUEM
ouonoctryrnmHocty NO (B pe3yibTaTe CHUXKEHUSI €ro MPOAYKIIMU WU UHAKTUBAIIUM aK-
TUBHBIMU (pOpMaMM KUCIOPOJA), CHUXEHUEM TOCTYIMHOCTU APYTMX Ba3oAMaTaTOpOB
(TMIpOCTaLIMKIIUH, SHAOTEINAIbHbBII TUTIEPHOISIPUIYIONINI (haKTOP) U/UIU yBETUYCHUEM
MPOAYKIIMU WJIM aKTUBHOCTM COCYIOCYKMBAIOIIMX BEIIECTB (BKJIOYAs dHAOTEIUH-]1,
npocTaniaHauHBI 1 anrnoteH3uH 11) [18, 19].

Llenpio HacTosIEel pabOThl OBUIO UCCIETOBAaHNE PAaHHUX (DYHKIIMOHATBHBIX U3MEHE-
HUIi B apTepUsiX U COCyAaX MUKPOIUPKYJIITOPHOTO Pycjia MOJOIBIX KPBIC MPU MOIET-
poBanuu MC ¢ ucnojib3oBaHueM (HPYKTO3HOM HATPY3KH.

METOAbI UCCIIEJOBAHUA

Kprichl 111 uccnenoBaHus ObLTU MotydeHbl u3 LleHTpa KoJIJIeKTUBHOTO TMOJIb30BaHUS
“Bbuokomneknust” Muctutyta pusmosornu M. M.I1. ITaBnoBa PAH. Bce manumynsam
C KMBOTHBIMM COOTBETCTBOBAJIM 3TUYECKUM CTaHIApTaM, YTBEPKICHHBIM ITPaBOBBIMU
akramu P®, npunuunam basenbckoit neknapauuu. [TpoTokon uccienoBaHuii onoopeH
aTrdeckom komuccueit Mucrturyra dusuonoruu um. U.I1. T1aBnosa PAH.

26 caM1IOB KphIC cTOKa Bucrap B Bo3pacte 4 Hefiesib ObIIA pa3neeHbl CIydaitHbIM 06-
pa3oM Ha ABe rpymmnbl: 15 ocobeit moaydanu 20%-Hyo GpyKTO3HYIO HATPy3Ky B ITUThE-
BOi1 Boe Ha mpoTsskeHnu 16 Henenb (Kpbichl high-fructose diet (HFrD)); 11 ocoGeit —
KOHTPOJIbHAS TPYMIIa, MoJydYasii OObIYHYIO MMUThEeBYIO Bomy. O0Ge rpyImbl KpbIC UMEJIU
CBOOOMHBINM JOCTYI K MUIE U Bofe (pacTBopy (GpykTo3bl). JKMBOTHBIE CONEPXKATNCh B
ONIMHAKOBBIX YCJIOBUSIX: TIO 5 KPBIC B CTAHAAPTHOH KJIETKE MPU TeMIlepaType B MoMellle-
Hum 20—22°C u cBeToBOoM pexkume 12 9 cBet/12 u teMHoTa. Ha npoTskeHuu 16 Henemb
YeThIpeKabl (OIVH pa3 B MECSIl) U3MEPSUIA YPOBEHb IIIOKO3bI B IJIa3ME HATOILAK CJIeIyI0-
MM obpaszoMm: rocie 12-4acoBOro rojionaHus, Moa MecTHoM aHecre3ueil (kpem EMLA;
2.5% nmunmokauH, 2.5% npwiokavH, [IBelust) y XXMBOTHOTO HaIpe3aau CKaabIteJeM KOH-
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YUK XBOCTa M KaIlTIO KPOBM MOMEIIAJIM Ha TECTOBYIO MOJIOCKY mtokoMeTpa Accu Chek
Active (I'epMaHMs1) U CUYUTHIBAIU PE3YJIbTAT.

Ha 16-if Henmenie MPOBOIMIIM TECTHI HA TOJIEPAHTHOCTh K ITIOKO3¢ M WHCYJIMHOPE3U-
CTEHTHOCTb. [J110K030TOIepaHTHBII TECT MPOBOAWIIV 1O CIIEAYIOLIE cxeme: rocie 12-4yacoBo-
TO TOJIOJAHUSI U3MEPSUIM KOHLIEHTPALIMIO TJIIOKO3bl B KPOBHW BbIIIEYKa3aHHBIM CITOCO-
60M. 3aTeM XXMBOTHBIM BHYTPUOPIOIIMHHO BBOAMIU 40%-HBIIl pacTBOp NIIOKO3BI U3
pacdera 2 T IIIOKO3bI/KT Macchl 1 yepe3 30, 45, 60, 90, 120 u 240 MuH 3a01paayd KpOBb
IUTSL MICCIIeIOBAHUI KOHIIEHTPAIMK TIIOKO3bl. [10 OKOHUYaHUM TecTa KMBOTHbBIC MOJyYaJiu
TOCTYTI K nuile. TecT Ha MHCYJIMHOPE3UCTEHTHOCTh TTPOBOAMIIN TIO CJIEAYIOIIE cxeMe: Mo-
cJie 3-4acoBOTO roJIoIaHUsI U3MEPSUIY 0a3aJIbHYI0 KOHIIEHTPAIIMIO TII0KO3bl. 3aTeM BHY-
TpubpIomMHHO BBoAMAU MHCyauH (MHucyman Panun I'T, Sanofi Aventis, I'epmaHust) B
nose 0.75 Ex/kr maccel. Yepes 15, 30, 45, 60, 90, 120 u 180 MuH ¢ MOMEHTa BBEAECHMST UH-
CyJIMHA TIPOBOIMIN U3MEPEHHUE KOHLICHTPALIMU IIFOKO3bl B KpOBU. 1o OKOHYaHUM TecTa
SKMBOTHBIE MOJIy4aJIu TOCTYII K ITHUIIIE.

WM3mepeHre apTepuajibHOTO NaBJIEHUS Y OOAPCTBYIOIIMX KPBIC BBIMOMHSIA MaHXe-
TOYHBIM METOJIOM Ha XBOCTE, UCIOJIb3Ysl CUCTEMY HEMHBA3MBHOTO U3MEPEHUS KPOBSIHO-
ro gapjiaeHus1 y rpeizyHoB “Cucrona” (“Heiipo6oTukc”, MockBa). st KaxXnoid KpbIChI
BBITMOJIHSIIU 3 3aMepa U PACCUUTHIBAIU CpelHEe 3HAUCHE U3MEPEHUIA.

B koHie 16-if Hemenu MPOM3BOAMIN OLIEHKY KPOBOTOKA B MUKPOIMPKYJISITOPHOM
pyciie KOXXU METOIOM JIa3epHOoii noraepoBckoii piioymerpruu (JIJMP) ¢ moOMOIIbIO aHATTH -
3aTopa Jia3epHOil MUKpOLUPKYIsiuu KpoBu “JIASMA T1®” (HIIIT “Jlazma”, Poccus).
AHanu3aTop noMelaad Ha MpeaBapUTEIbHO MOOPUTYIO KOXY CITMHBI HAPKOTU3UPOBAH-
HOT'O XXMBOTHOTO (KPbIC aHECTE3UPOBaIM BHYTPUOPIOIIMHHBIM BBeleHUueM S0 MKT/KT 30-
nerwna (3onetwn 100, Virbac Sante Animale, ®@pannust) n 50 mxr/kr kcunasera (Phar-
mamagist Ltd., Benrpust). Meton JII® npegycMaTpuBaeT 30HIUPOBAHUE TKAHU Ja3ep-
HBIM M3JIy4eHUEM B 0OBeMe 30HIMPYeMOIl TKAaHM OKoJo 1 MM>, T.e., B 30HIMpPYeMOil
00J1acTU OKa3bIBAIOTCSl apTEPUOJIbl, TEPMUHAIbHBIE apPTEPUOJIbI, KaNULISIPbI, MOCTaK-
MWJJISIPHbIE BEHYJIbI, BEHYJIbl 1 apTEPUOJIO-BEHYJISIPHbIE aHACTOMO3bl. AMILIMTYIa OTpa-
>)keHHoro curHana npu JIJI® dopmupyeTcst B pe3yjbTraTe OTPaXKEHUSI M3JIYyYCHMUS OT
SPUTPOLIUTOB, IBUTAIOIIUXCS C PA3HOU JIMHEHHOM CKOPOCTHIO 10 BCEM COCYIaM MUKPO-
LUMPKYJISITOpHOTO pycia. Ha Bbixone npubopa dhopmupyetcst uTor hJIoyMeTpun — CUT-
HaJl, aMIUIUTyJa KOTOPOTO MPOTMOPILIMOHATIbHA KOJIMYECTBY U CKOPOCTH IBUKEHUST DPUT-
POLIMTOB B 30HAUPYeMoii obnactu [20].

B nanHom uccnenoBanuu JIJI® peructpupoBain B TpU 3Tara, KaxXiablid MPOAOJIKM-
TEJIbHOCTBIO 1O 8 MUH: B UCXOIHOM COCTOSIHUM, TTOC/Ie 2-MUHYTHOTrO HOHO(dOpe3a alie-
TrixonvHa (AX, 1%, (Sigma-Aldrich, CIIIA) ¢ momonibio mpuGopa i TaJTbBaHU3aIllun
U jekapcTBeHHOro noHodopesa “DJIOOP-ITPOD” (Poccust) u mociie 2-MUHYTHOTO
BBeneHus1 Hutponpyccuna Harpust (HIT, 1%, ICN Biomedicals, CIIIA). O6mactu BBene-
Hust AX n HII 6bu1u pa3neeHbl U He TiepeKphiBaauch. B pe3ynbTare ucciaenoBaHus ObI-
JI 3aperuCTPUMPOBaHbI: IMOKa3aTe b MUKPOLMPKYJISLIMNA, MAaKCUMaJIbHbIE 3HAYEHMST KO-
nebaHuil nepdy3nu B S3HAOTEIUATHLHOM (A3), HeliporeHHOM (AH) U MUOTEHHOM (AM)
nuana3oHax M cpeqHee KBajJpaTUUecKoe OTKJIOHeHUe. B mocienyooliemM paccuuThbiBaIv
9HIOTETUAbHbBIN, HEMPOTEHHBII 1 MUOTEHHBIII KOMITOHEHTHI COCYIUCTOTO TOHYCa, KO-
TOpbIE€ XapaKTEePU3YIOT aKTUBHBIE MEXaHU3Mbl KOHTPOJISI MUKPOTE€MOINHAMUKU.

PacueT KOMITOHEHTOB MUKPOCOCYIMCTOIO TOHYCA MPOBOAWIU MO hopMyJie:

o x P(cp)
As x M

I1e 6 — cpellHee KBaApaTUUeCcKoe OTKJIOHEHUE MoKa3aTesisi MUKPOLMPKYasaiuu; P(cp) —
cpeaHee apTepuajabHOE AaBjieHue; A3 — HauboblIee 3HAYEHUE aMIIJIMTYAbl KOJeO0aHU
nepdy3uu B SHAOTEIMAILHOM Avana3oHe; M — cpenHee 3HaYeHUe ToKa3aTesasi MUKPO-
LIUPKYJISILIUH.

BHpoTenuanbHblil ToHye (OT) =
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HeiiporeHHblit 1 MUOreHHBII KOMIOHEHTBI COCYIMCTOIO TOHYCa pPacCUMTHIBAIU MO
Takoii xe chopmyJie, 3amMeHs1sI A3 Ha AH U AM.

Ha cnenyroiem atane ucciaenoBaHus in vivo OLIEeHUBAJIU PEaKTUBHOCTb apTepUil OpbI-
XKelku y 14 KuBOTHBIX (7 KpbIC, MOJYYaBIIMX (PPYKTO3HYIO HArpys3ky, 7 KpbIC — KOH-
Tpojb). MccienoBaHue MpoOBOAWIM Ha YCTAHOBKE, BKJIIOYAIOLIEH MOJOrpeBaEeMblil CTO-
JIMK, CTelMalbHYIO MoaorpeBaemMyto kamepy, mukpockorn (MCII-2, IOMO, Poccust) u
Buneokamepy (Basler, Iepmanust). O6paboTKy pe3yabTaTOB IIPOBOAMIM B IIpOrpaMMe
MultiMedia Catalog (MMC, Poccus). Kpeic HapkoTusupoBanu pactBopom 3oietui 100
(Vibrac, ®paHuust) U3 pacdera TUJIeTaMKUH/30ja3enaM — 10 MIr/Kr Macchbl Tejla KPbIChI, C
npeaBapuTeIbHON npeMenukanueit pactsopoM Pomerapa (Bioveta, Yenickas Pecrmy6mm-
Ka) U3 pacyeTa KCUJIa3uH — 5 MI'/KT MacChl KPbIChI. Y HAPKOTU3MPOBAHHOI KPBICHI Uepe3
pa3pes OPIOLIHOM CTEHKM BBIBOJIUIIM METIIO0 TOHKOTO KUIIIEYHUKA, PACTIPABIIsUIU U TTIOME-
1IJIU ee B CIelMaIbHbIN XKeJloO B TEpMOCTaTUPYyEeMOI KaMepe ¢ MpoTeKawIuM Gu3no-
JIOrmYecKUM cojieBBIM pactBopoM (PSS) cremyromero cocraBa (Mmonb/i): NaCl — 120.4;
KClI - 5.9; CaCl, — 2.5; MgCl, — 1.2; NaH,PO, — 1.2; NaHCO; — 15.5; mtoko3a — 11.5.
PSS carypupoBaniu ra3oBoit cMecklo, cocrostieit u3 95% O, u 5% CO,. Temneparypy B
Kamepe noaaepxuBajiv Ha ypoBHe 37 * 0.1°C. McxomHblit nuaMeTp apTepuii, BbIOpaH-
HBIX I ucchieaoBaHus, coctabisii 160—330 MKM (BTOPOit/TpeTHii MOPSIAOK BETBIIEHUS
OT BepxHeil OpbIXKeeYHOIT apTepun).

B npouecce uccienoBaHUsl OLIEHUBAIM WCXONHBI OUaMETp apTepuit, 3aTeM ocy-
LLIECTBJISUIM MPENKOHTPAKTUPOBAaHUE MOCPEACTBOM BBEIEHHUSI B OMBIBAIOIIWII PacTBOP
deHmadpuHa (PI, 1 X 1076 M, Sigma-Aldrich, CIIIA). K koHIly BTOpOil MUHYTHI BO3-
neiicrBust @D npuBoAMI K MAKCUMaJIbHOI Ba30KOHCTPUKIIMU, BHOBb OLIEHUBAJIU JHa-
METp apTepuii U 3aTeM B Kamepy nobasisuim AX (1 X 10-° M) wmu HIT (1 x 10°° M) n
BHOBb MPOBOIWJIM U3MEpPEHUE TMaMeTpa COCyloB. B 1ociienyioiiiemM B pa3HbIX OMbITax B
PSS Beomuiu L-NAME — HecenekTusHbIit mHrn6uTop NO-cunTas (1 X 107> M, Sigma-
Aldrich, CILIA) wii TRAM-34 — crienduueckuii 6nokarop IK(Ca) (1 X 107> M, Merck,
CIHA) i ODQ — cenextuBHBII MTHTUOUTOP NO-4yBCTBUTEIBHON I'yaHUIATIIMKIIA3EI
(1 x 1075 M, Sigma-Aldrich, CIIIA), uepe3 15 mun nobasmsuin @D 1 Ha hoHE MaKCH-
MaJIbHO# Ba3oKOHCTpuKIY BBoaman AX. AMimmtyny aunatanny Ha AX n HIT Beipaka-
M B % OT aMITIUTYIbI KOHCTPUKIINM cocyna Ha D3,

[To 3aBepiieHUM UCCIIeTOBaHUS KPBIC IeKATUTUPOBAJIN, OCYILECTBIISUIN 3a00p KpOBU
IUTSL OTIpEIeJICHUS JIMMTUIHOTO npoduist tuta3mbl (Tpuriauuepuns! (TT), xonecrepuH 06-
muit (XC), xonecrepur-JIITHIT u xonecrepun-JIINIBIT). buoxummyeckuit aHanu3 ObLUT
BeinoHeH Ha aHanm3aTope ARCHITECT c8000 (CILIA).

[Tpu cratrcTUyecKoit 06paboTKe pe3y/IbTaTOB UCIOIb30BaIM ITporpamMmy Statistica v.12.
[TosryueHHbIE JaHHbBIEC TTPEACTABICHbBI B BUJIC CPEIHEro 3HaUYeHUsI + cTaHaapTHasi oo -
Ka cpeaHero. st cpaBHEHUS IBYX BBIOOPOK C HOPMaJIbHBIM pACIpPeIeIeHUEM UCIIONb-
30Bau f-Kputepuit CteioneHTa. B ciyyae pacnpeneneHus BApuaHT B BIOOpPKE, OTIUY-
HOM OT HOPMAJIbHOTO, TMPU HCCIENOBAHUU PEAKTUBHOCTU COCYIOB OpbIKEWKU, TMpU
CpaBHEHUM ABYX HE3aBUCUMBIX IpyImn, npuMeHsuin U-kputepuit ManHa—YutHu. Paz-
JIMYUSI CYUTATU CTATUCTUUECKU 3HaUUMbIMU mipu p < 0.05.

PE3VIIBTATBI UCCIIENOBAHHWA

Ha puc. 1 npencrasiaeHsl rpaduku, WITIOCTPUPYIOLIME JUHAMUKY U3MEHEHUST KOH-
LIEHTpALMU TIIOKO3bI B KpoBU Kpbic HFrD 1 KpbIC KOHTpOIBbHOI rpyrin. 3HaYMMoe yBe-
JIMYEHWE YPOBHS TJTIOKO3bI TTPOU30NLIO0 K 8-i1 Henelle (hpyKTO3HOM THETHI U ajiee ypo-
BEHb [JTIOKO3bI HETIPEPHIBHO TTOBBIIIIAJICS.

B Ta6n. 1 mpencrasieHbl MOJyYEHHbIE B XO/I€ UCCAEA0BAaHUSI OCHOBHbIE MTOKA3aTeNH,
xapakrepusytole MC. [IpakTuyecku Mo BceM ToKa3aTesiM B TpyTinax ObLIU BbISIBJIC-
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Puc. 1. KoHueHTpauus NoKo3bl B KPOBU KPBIC, MOTYYaBIINX (PYKTO3Y (2) M KPHIC KOHTPOJILHOM Ipymibl (/)

Ha MPOTSKEHUU 16 Hemeb. * — pasanyust 10cToBepHLI, p < 0.05.

HBI TOCTOBEPHBIE pa3Inums. YPOBEHb INIIOKO3bI HaTomak y Kpbic HFrD 6b11 mocToBepHO
BBIIIIE IO CPABHEHUIO C aHAJIOTUYHBIM TTOKa3aTeseM Y KOHTPOJIbHBIX SKUBOTHBIX. Y KPbIC
HFrD 06b1710 1T0CTOBEPHO MOBBILLIEHO apTepUaibHOE NaBJIEeHUE, KaK CUCTOJINYECKOe, TaK
U nuacronnyeckoe. Hambosee BbIpaXkeHHbIE M3MEHEHMsSI HAOMIONATUCh B JIMITUIHOM
criektpe: ypoBeHb TT y kpeic HFrD 6511 B 2 pa3a Bbillle 1o cpaBHEHUIO ¢ KOHTPOJIbHBIMU
xuBoTHBIMH, XC-JITTHIIT — BeImIe B 2.5 pa3a. HeoxkmpaHHBIMU OKa3aJMCh Pe3yIbTaThl
cpaBHeHUs1 Macchl Tesa Kpbic HFrD u kppic KoHTposibHOI rpyminsl: Kpbickl HFrD nmenu
MEHBIIIYIO Maccy Mo CPAaBHEHUIO C KOHTPOJIbHBIMU.

Ha puc. 2 npencraBieHbl rpaduky, WITIOCTPUPYIOIIYE JaHHbBIE, OIYYeHHBIE B XOIe
MPOBEACHUS TITIOKO30TOJIEPAHTHOTO TeCTa M TeCTa Ha MHCYJIMHOPE3UCTEHTHOCTh. AHa-

Tab6muua 1. OcHOBHbBIE ITOKa3aTen, XapaKTepU3yolue MeTaboIMYeCKrii CHHIPOM Y KPBIC, MOJTY-
YyaBIIUX (PPYKTO3Y U KPbIC KOHTPOJBHOM IPyTITbI

I'pymma, mosrygaBiast
IMokazarens (GPYKTO3HYIO
Harpysky (n = 15)

KoHTposnbHas rpynna
(n=11)

Macca, r 382 + 13* 418 £ 14
YpoBeHb ITIIOKO3bl B KPOBU HATOIIAK, MMOJIb/JT 6.98 +0.37* 5.48 £0.24
DuHaIbHBIIA YPOBEHD IIIOKO3LI B KPOBU 7.0 £0.4* 5.6 0.1
npu I'TT, Mmmosb/a

DuHaIbHBIA YPOBEHb [IIOKO3bI B KPOBU 7.6 £0.3* 5.5+0.5
npu tecte Ha P, Mmmonb/n

AJl CUCTOJIMYECKOE, MM PT.CT 137 £ 7** 113+£6
AJl nuacToam4eckoe, MM PT.CT 93 + 6* 75+5
TT, Mmmonb/a 1.2 £ 0.2%** 0.6 £0.2
XC-JITIBII, mmounb/n 0.6 £ 0.1 0.6 +0.1
XC-JITTHIT, mmob/n 0.4 + 0.1+ 1.03 £ 0.1
XC, MMoJTb/T1 1.5+0.1* 1.9+0.2

JlanHble MpeacTaBIeHbI B BUuAe cpenqHee + crannaptHas ommoka. ['TT — mmoko3oronepantslii Tect, UP — nn-
CyJIMHOpPE3UCTeHTHOCTh, A/l — apTepuanbHoe aasinenue, TT — tpurmuuepunst, XC-JITIBIT — xonectepuH au-
MONPOTEMHOB BbICOKOI rutoTHOCTH, XC-JITTHIT — xonecTeprH TUNMONPOTEMHOB HU3KOM INTOTHOCTH. Pazmuuust
10 CPaBHEHUIO C KOHTPOJIEM NOCTOBEpHbL: * — p < 0.05, ** — p< 0.01, *** — p < 0.001.
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Puc. 2. TecTbl Ha NIMKEMUIO: @ — IIIOKO30TOJIEPAHTHBII TECT, b — TECT HA PE3UCTEHTHOCTb K MHCYJIUHY. [ —
rpaduk, oTpaxkawolnii TMHAMUKY KOHLUEHTPALUK TJIIOKO3bl B KPOBU KPBIC, MOTy4aBIIUX GpykTosy, 2 — rpa-
UK, oTpaxaromMii TMHAMUKY KOHIEHTPALWH TITIOKO3bl B KPOBU KPHIC KOHTPOJIBHOM I'PYIIITHI.

13 rpadMKOB ITOKA3bIBAET, YTO TOJEPAHTHOCTD K ImoKo3e Y Kpbpic HFrD cHumxena 1o
CpaBHEHHUIO C KpbICAaMU KOHTPOJBbHOI rpymnmbl (puc. 2a). MakcumainbHasi pa3HUlla B
KOHIICHTpAlUM TIIOKO3bl B KPOBU HabIonanachk B nepBbie 15—30 MUH TTOCie BBEAECHUS
IIIOKO3bI. TecT Ha MHCYJMHOPE3UCTEHTHOCTh MPOAEMOHCTPUPOBAI TTOBBIIIIEHUE PE3-
CTEHTHOCTH K MHCYIMHY y Kpbic HFrD (puc. 2b).

Ha cnenytoiiem stamne viccieqoBaHUs Mbl M3YYWJIM PEeaKLIMU OPbDKEEUHBIX apTepuit
kpoic Ha AX u HII. IlepBoe, yTo HEOOXOAMMO OTMETHUTD, 3TO PA3JINYUS B peaKIIMsIX apTe-
puii Ha DD: cpeaHss amnTyaa OD-UHAYLIMPOBAHHOTO YMEHBILICHUST TMaMeTpa apTe-
puit y kpeic HFrD cocrasnsina 136.4 + 8.7% (yMeHbllieHHe TUaMeTpa apTepuil KpbIC
KOHTPOJIBHOU TpymITbl 66110 TIpUHSTO 3a 100%). AMITIUTYHA TUIATAllUK TTPEIKOHTPAK-
TUPOBaHHBIX apTepuit Ha AX B IByX rpyrinax Kpbic Obuia pasHoit: y kpeic HFrD ona co-
craBuia 57.3 + 4.2% ot ®D-MHAYIMPOBAHHOTO COKPAIICHUs, a B KOHTPOJIBHOM TpyTIIe —
71.6 £ 5.5%. Takxke OTIIMYAIUCh U peakuuu aptepuit Ha HII: ammiuTyna auiatanuu
MPEAKOHTPAKTUPOBAHHBIX apTepuii Kpbic HFrD cocraBuina 47.4 £ 2.9%, a aprepuii Kpbic
KOHTPOJIbHOM Ipyniibl — 63.2 + 3.4%.

C uenbto onleHkr posii NO B nuiataiuu OpbiKeeyHbIX apTepuril Oblla TIpoBeaeHa ce-
pusi SKCIIEPUMEHTOB C MHTUOMpOBaHUEeM 3HAoTenuanbHOi NO-cruHTa3bl. Mbl UCIOJIb-
3oBasin uHruouTop NO-cuHTaz L-NAME. Ha ¢one neiictBust L-NAME ammuryna
AX-MHIYUMPOBAaHHON IuiaTauuu OpbIKEEUHbIX apTepUii 3HAUMTEIbHO YMEHBIIUIIACH: B
aprepusix kpbic HFrD nmunaranus ymMeHbIIniIach Ha 36%, a B apTepusix KPbIC KOHTPOJIb-
HOI1 rpyrmel — Ha 56%.

C 11eJ1bI0 U3YYEHUST POJIM PACTBOPMMOI T'yaHWIATUMKIIa3bl TJIAIKOMBIIIEYHBIX KIETOK
B AX-MHIYyIUPOBAaHHON AUJIaTallMM apTePUid Mbl MHTUOMPOBAIU 3TOT (DEPMEHT TMOCpe-
ctBOoM nobapneHus B pactBop ODQ. Ha ¢oHe mHrn6mupoBaHust pacTBOPUMOIA T'yaHUJIAT -
1YKJia3bl 3dekT AX 3HaYUTETbHO YMEHbIIWICH (IuiaTalusl OpbDKeeUHbIX apTepUid KpPbIC
HFrD cocraBuna 21.6 £ 1.7%, a aptepuii KpbIC KOHTPOJIbHOI rpymmbl — 11.3 = 1.1%). T1pu-
MeHeHMe Gnokatopa Ca?"-uysctButensHbix K'-kananos TRAM-34 Takke MpuBeno K
YMEHBIIIEHUIO aMIUTUTYAbl AX-MHIYIUPOBAHHOW IWIaTallMM OpBIKECUHBIX apTepuid,
npu 3ToM B apTepusax Kpbeic HFrD narnéuropnsrit adpdext TRAM-34 6511 6071ee BEIpa-
XKeH (tabm. 2).

B 1a6a. 3 nmpencraBiaeHbl JaHHBIE, MOJYYeHHBIE B IIPOLIECCE MCCIEAOBAHUS COCTOSI -
HUSI MUKPOLIMPKYJISATOPHOTO pycia Koxu y Kpbic HFrD u KpbIC KOHTPOJBHOI TPYIIThI
Ha 16-it Hemene sKcnepuMeHTa. MICXOMHBII TToKa3aTe b MUKPOLIMPKYJISILIUN KOXKHU XUBOT-
HBIX 00EUX rpyIn ObLT MPAKTUYECKN ONUHAKOBBIM. B TO e BpeMsl G, TIpeACTaBISIIONIas Co-
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Taomuma 2. Ammuintyna AX- u HIT-uHnyuupoBaHHOM AuiaTallMy MIPEeIKOHTPAKTUPOBAHHBIX apTe-
puit OpbIXENKU KPbIC

Kpbichl KOHTpoOJIbHOI | KpbIChI, MoyyaBIiie
TPy GPYKTO3HYIO HArpy3Ky
(n=17) (n=7
AX-uHAayuupoBaHHasg quiarauus, % 712 5.5 57.3 £ 4.2*
AX-uHayuMpoBaHHas Auiaraius Ha poHe 15.6 £ 2.1 21.7 £ 2.6*
L-NAME, %
HIT-unagyuupoBaHHas quaarauus, % 63.6 +4.2 47.4 £+ 2.4%
AX-uHAOyLUpoBaHHAas IuiaTalus Ha (poHe 11.3+ 1.1 21.6 + 1.7%*
OoDQ, %
AX-MHOyLMpOBaHHas OuiaTalust Ha oHe 57.8 £3.3 34.2 £ 1.9%*
TRAM-34, %

JlaHHBIE TPeACTaBIeHbI B % 0T PO — MHAYLMPOBAHHOTO COKPAICHMSI B BUZIE: CPEIHEe T CTaHIaPTHAS OLINOKA.
Pasznnuust taHHBIX B pa3HBIX IPYIINAx 10CTOBepHBI * — p < 0.05, ** — p < 0.01.

Ta6muua 3. [Tokasareab MUKPOLIMPKYJISIUM B KOXe KPBIC MOcjae MoHOodOope3a aleTUIXoJIruHa 1
HUTpPONpYyCcCUaa HaTpUst

Hcxonublit mokasatesb | [Tokazarenb Mukpouup- | [Tokazareab MUKpOLIP-
MMKPOLIMPKYJISILIAA KYJISILIMM TTOCTIE KYJISILIMM TTOCTIe
(m. e.) noHopopesa AX (1. e.) | nonodopesa HII (1. e.)
KphbIchl, ToTygaBIie 7.03 £0.31 12.3 £0.42 9.73 + 0.36*
GPYKTO3HYIO HArpy3Kky (n = 15)
KpbIChI KOHTPOJIBHO TPYNIIbI 7.26 £ 0.29 12.6 £ 0.45 11.0 £ 0.43
(n=11)

JlaHHBIE TIPEACTABJIEHBI B BUJE: CpelHee + cTaHIapTHas OLIMOKa. * — IOCTOBEPHO MEHBIIIE TT0 CPABHEHUIO C
KOHTPOJIbHOI rpymmnoii, p < 0.05.

0oi1 cpegHee KojiebaHue nepdy3un B ucciieayemMoii Tkauu, y Kpbic HFrD 6bl1a moctoBep-
Ho 6onblre (0.73 & 0.04 m.e.) o CpaBHEHUIO C KpbICAMU KOHTPOJILHOM rpyrmsl (0.64 =
* 0.03 m.e.). KoaddumeHT Bapranmm B MUKPOLMPKYJIITOPHOM pycie Koxu Kpeic HFrD
cocraBui 11.2 + 0.6%, 4To GbUTO TOCTOBEPHO OOJbIIE KO3(hDUIIMEeHTa Bapuallui B MUK-
POLIMPKYJISITOPHOM PYCJIE KOXM KPBbIC KOHTpoibHOM rpynibl (9.3 + 0.4%). MoHodopes
AX TipMBeJI K MPaKTUYECKU OAMHAKOBOMY YBEJIMYEHUIO TTOKA3aTesi MUKPOLMPKYJISIINN
B 00eunx rpynmnax. B To xe Bpems pesynbTarsl poOsl ¢ HIT 3HaUUTENbHO OTIMYAIUCE, Y
kpbic HFrD npupoct nokazartesnss MUKPOLUMPKYISLIUY ObUT JOCTOBEPHO MEHbIIIE.

Ha ocHoBaHMM HaHHBIX 00 aMILTATYyIE KOJeOaHUI MUKPOKPOBOTOKA B Pa3HBIX Ya-
CTOTHBIX AMAITa30HaxX ObLIM PACCUMTAHBI BEIMYMHBI SHIOTenaabHoro (DT), HeiiporeH-
Horo (HT) 1 MMOreHHOTrO TOHYCOB COCYIOB MUKPOLIMPKYJISITOPHOIO pycia KOXM KPbIC
(Tab6:n. 4). BT B cocynax MUKPOLUPKYJISATOPHOTO pyciia Koxu Kpbic HFrD 6b11 moHMKeH
Ha 16.1%, HT noBsiiieH Ha 25.6% 1Mo cpaBHEHUIO C aHAJIOTUYHBIMU MOKA3aTeIsIMUA KPbIC
KOHTPOJILHOM TPYIIITHL.

OBCYXIEHMUE PE3VJIbTATOB

Kak ykaspeiBasiock Bo BBeneHun, MC 1ipencraBiseT coO0i CIIOKHBII KOMILIEKC MeTa-
OOJIMYECKNX HapyIIeHNI, KaK IPaBUJIO, COIIPOBOXAAIOIINXCS apTepUabHOI THITepPTEH-
3Uel, MPUBOISIIEH K TSDKEJIBIM CePIeYHO-COCYIUCThIM 3aboneBaHusM [1, 2]. MC mu-
POKO pacnpoCTpaHeH Cpeliu B3pOCJIOro HaceJeHus [2], a B mociaenHue AeCTUIETUSI BCE
yalle BISIBISIETCS Y AeTe U MoaApOCTKOB [5, 6]. OnHako passutue MC y nereit u mos-
POCTKOB OCTaeTCsl CHOPHBIM BOIIPOCOM, HECMOTPS Ha OOIIMPHBIE UCCIEAOBAHUS B 3TOU
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Ta6amua 4. KOMMOHEHTHI COCYAMCTOrO TOHYCa B MUKPOLIMPKYJISITOPHOM PYyCJie KOXU KPbIC

KpbIChl KOHTPOJILHOM TPYITITBI Kpbichl, mosryyaBiime ¢hpyKTO3HYIO
(n=11) Harpysky (n = 15)
9T (y. e.) 97+5.4 81 +4.7*
HT (y.e.) 78 + 4.5 98 + 5.2%*
MT (y.e.) 47 £2.7 51 £3.1*

9T — sHnoTenuiizaBucumebiii Tonyc, HT — HeiiporeHHbI TOHYC, ME — MHOTEeHHBII TOHYC. BenmmuuHbl cocynu-
CTOTO TOHYCA MPEICTABIEHBI B YCJIOBHBIX EIMHULIAX. * — Pa3IM4YMs MEX]IY MOKa3aTeIsIMU Pa3HBIX TPYIII 1OCTO-
BepHHI, p < 0.05.

obmactm [21]. UMeHHO 110 3TOit MpUYMHE B HAIlleM UCClIenoBaHMM MoaeaupoBanue MC
OBLJIO HAYaTO Ha Kpbicax B 4-HeneabHOM Bo3pacTe. HeoOXonmmMo OTMETUTh, UYTO “Uie-
anbHOU Mognenu” s uHayuupoBaHust MC He cymiectByeT. TpeOoBaHUSI K MOAESIM
MpenycMaTpUBaIOT, YTO OHU JTOJIKHBI ObITh BOCITPOU3BOAMMBIMU, HAIEKHBIMU U TOCTYIT-
HbIMU [22, 23]. KpwIcE cToKa Buctap B 1o0CTaTOYHOIT CTEIIEHN COOTBETCTBYIOT 3TUM TpE-
o6oBaHusaM [10]. Mbl OCTaHOBUJIMCH Ha OUETE C MOCTATOYHO BBICOKMM COAEpXKaHUEM
GpykTO3bl B MUTheBOI Bome. PpyKTo3a OKa3bIBaeT BBIpakeHHOE BJIMSHUE Ha MeTabo-
JIM3M M BaxKHa npu MonearupoBaHuu MC, NOCKONbKY NPUBOAUT HE TOJIBKO K TMIEPTIIM-
KEMWU, HO U UHAYLIMPYET UHCYJIMHOPE3UCTEHTHOCTh U PE3UCTEHTHOCTbD K JICNTUHY [24].

B Hamem HaGmoneHnM yxxe 4yepes3 4eTbIpe Henean (pyKTO3HOM Harpy3Ku KOHIIEHTpa-
1IM$ TJIIOKO3bl B KPOBU KPBIC TOCTOBEPHO MOBBICUJIACH U JIepXKalach MOBBIIIEHHON Ha
MPOTSAKEHNUUNU BCETO IKCIICPUMCHTA. N xotsa NMPEBLINICHNUC KOHLICHTpAMU TJIIOKO3bI B
KkpoBU Kpbic HFrD 6bU10 HEBBICOKMM, OBUTU BBISIBJIEHBI APYTye€ MPU3HAKU HapyIIEHUS
YIJIEBOIHOTO OOMEHA: MOBBIIIEHHBIN YPOBEHb MIFOKO3bI B KPOBU TTPU TIPOBEIEHUU TJTIO-
KO30TOJIEPAHTHOTO TECTA U TECTa Ha MHCYJIMHOPE3UCTEHTHOCTh. Hapsiay ¢ aTumu uzme-
HEHMSIMU MeTabor3Ma OblIa 3apeTucTpUupoBaHa BeIpakeHHasa aucaumuaemus. Co cTo-
POHBI CEPIEYHO-COCYAMNCTON CUCTEMbl U3MEHEHUS 3aKJII0YaIUCh B IOCTOBEPHOM IOBBI-
IIEHUU CUCTOJIUYECKOTO U JUACTOJINYECKOTO apTepUaIbHOTO NaBJIESHUSI.

Taxum o6pa3zomM, HECMOTPS Ha TO, 4TO Macca Tejia Kpeic HFrD 6b11a MeHblIle mo cpas-
HEHUIO C KpbICAMU KOHTPOJIbHOM TPYyIIIbl, TUMEPIIUKEMUS, TUCTUTTUIEMUSI U apTepu-
ajibHasl TUTIEPTEH3Us SIBJISTIOTCS TposiBaeHUsIMU MC. OTCyTCTBUE OKUPEHUSI TIPU MOJIe-
smpoBaHuu MC y KpbIC BCTpeUaeTcs IOBOJILHO YacTO, TMETUYECKHUE BMEIIIaTeIbCTBA BbI-
3BIBAIOT TOJBKO OTHEIbHBbIe cuMnToMbl MC [25], HammpuMep, y KpbIc Sprague Dawley
npu HPYKTO3HOI NUETE pa3BUBAECTCS MHCYIMHOPE3UCTEHTHOCTD, TUTIEPUHCYTUHEMUS U
TUIEPTEH3MsI, a Macca Tejla M3MEHsIETCsl He3HauuTellbHO [26]. Tak ke y meteil u mom-
POCTKOB HE BCeraa rMrnepuHCYIUHEMUS U UHCYJIMHOPE3UCTEHTHOCTD CBSI3aHbI C KOJIUYE-
CTBOM XXMPOBOM TKaHU [27].

B Hairreit pabore ocHOBHOE€ BHUMaHME ObUIO YASIEHO U3MEHEHHUSIM B CEPIECYHO-COCY-
JIIUCTOM cucTemMe, pa3BUBaloIMMCcsT pu MoneanpoBanuu MC. Kak yxke oTMeudasioch, y
Kpbic HFrD gocToBepHO MOBHILIATIOCH CUCTOJMUYECKOE U JUACTOJIMUECKOE apTepUaIbHOE
NaBJICHUE.

M3BeCcTHO, YTO MHCYJIMHOPE3UCTEHTHOCTDh, XapakTepHas mist MC, IpUBOIUT K aKTH-
BallMM CUMITAaTUYECKOM HEPBHOI CUCTEMBI, 3TO BaXKHEHIIIMIT MEXaHU3M TTOBBILLICHUST ap-
TepuasibHOTO AaBieHus [28]. [uneprpurnuiepuaeMusi, BoISIBJICHHAs! B HAIllEeM MCClIeI0Ba-
Huu y Kpbic HFrD, Takske sIBIIsieTcsl BAXKHBIM (PAaKTOPOM CEPIeYHO-COCYANCTOTO PUCKaA 1
elle OMHUM MEXaHM3MOM Pa3BUTUS apTepualibHOU rTuriepreH3uu [29]. OnHOBpeMeHHO C
9TUMHU U3MeHeHusaMu 1pu MC BeIsIBIIsIETCS 3HAOTeaAnaabHasa auceyHkuus [30], Beipa-
3KaKIasicsl, B YaCTHOCTH, B CHVDKEHUUM MPOAYKIIMU 3HAOTEJIMOLIMTAMU Ba30IMIaTaTO-
poB. HemoBpeXaeHHBIN 3HAOTENINI MpOoayIupyeT BazoauaaTupytoie dakropsl: NO,
MPOCTAIMKIIMH U 3HAOTEIMAJIbHBINM TUIIEPIIOISIPU3YIONINIA (DaKTOpP, TEM CaMbIM obecrie-
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yuBasi OajlaHC MeEXIy BasoIujiaTallMeili U Ba30KOHCTPUKIMEIH, KOTOpBIE OIPEAC/IsSIOT
IaMeTp apTepHii U, clienoBaTeIbHO, apTepHuaibHoe naBiieHue [31].

UccrnenoBaHue OpbIKEEUHBIX apTepuil KpbIC 0OEUX TPYyIM TO3BOJWIIO BBHISIBUTH
onpenelieHHbIe (PyHKIIMOHAJbHEIE N3MeHeHMs B apTepusax Kpeic HFrD. B wactHOCTH,
KoHCcTpuKuus aprepuii Kpeic HFrD Ha dennnadpun O0b1a 3HAUYNTEIILHO OOIBIIEH 1O
CPaBHEHUIO C apTePUSIMU KPBbIC KOHTPOJIBLHOM TPYIITbI, YTO, TTO-BUAMMOMY, SIBIISETCS
MPOSIBJIEHWEM MOBBIIIEHHON CUMITATUYECKOM aKTUBAIIMM M TIOBBILIEHUS] DKCIIPECCUU
ol-anpeHopelenTopoB Ha MeMOpaHe MIaAKOMBIIIEYHBIX KJIETOK apTepuii, XapaKTepHOM
TSI apTepralibHOM runepreH3uu [32].

Taxoke ObUIO yCTaHOBJICHO CHMKeHMe aMIumMTynabl AX- n HIT-uHaynmupoBaHHOM oM-
JaTauuu opbikeedHbix aprepuii kpeic HFrD (Ha 14 u 16% cootBeTcTBeHHO). M3BecTHO,
YTO HETIOBPEXAEHHBIN SHAOTENINI MPOAYLMPYET BazoauaaTupyioime GakTopsbl, TeM ca-
MbIM oOecrieurBasi OajlaHC MeXAy Ba3zoaujaTallMel M Ba30KOHCTPUKIIMEH, KOTOpbIE
OTIPEACIISTIIOT IMaMETp apTepuii U, cliefoBaTeIbHO, apTepuaibHoe naBjiaeHue [33]. YMeHb-
meHue AX-UHIYUMPOBAHHOM IUIaTallud CBUIETEIbCTBYET O HapylIeHWU Ba3oaMIaTh-
pytouieit dyHKuMu sHnotenus B aprepusix kpbic HFrD u ymeHblieHnu nponykuuu Ba-
3oauaaratopoB. [Jisi oTBeTa Ha BOIPOC: MPOU3BOICTBO KAKOTO Ba3zoauiaraTopa ObLIO
HapyIlIeHO B HanmOOJbIIel cTeneHrn, Mbl ucnoiab3oBam L-NAME, sapnsiomuiicst mHru-
outopom NO-cuHta3. Ha ¢one L-NAME amniutyna auiaTalldd B apTepusix KpbIC
HFrD cHusunack Ha 36%, B TO BpeMsl KaK B apTEPUSIX KPBIC KOHTPOJIbHOM IPYIITbl — Ha
56%. DT maHHbIe CBUIETENLCTBYIOT, 4TO NO SIBISIETCS BaXKHEHIIIMM Ba30IMIaTATOPOM
B OpBIKEEUHBIX apTEPUSIX KPBIC U €ro MPOU3BOACTBO 3HAYUTEJIbHO CHUXXEHO B apTepUsiX
kpeic HFrD.

W3yuenue Bazonwnatupytoiiero BausHus HII Ha OpbikeeuHble apTepun KpbIC MOKa-
3aj10 paznuyus B BeanurHe HIT-onocpegoBaHHoO AuiaTanuu B AByX rpyrinax, aMIiuTy-
na punarauuu aptepuii kpbic HFrD 6b11a noctoBepHo MeHble. [Tockonbky HIT siBasieTcs
9K30reHHbIM ToHOpoM NO 1 ero KOHLIEHTpALIUsI B paCTBOPE HE 3aBHCEsIa OT COCTOSTHUST 9H-
NOTeNINS, CieayeT nojararb, 4to y Kpbic HFrD HapyieHbl MexaHM3Mbl BHYTPUKIIETOUHOM
CUTHAJIM3ALIMU B TIaJKOMBIIIEUHBIX KJIETKax apTepuii. [{Js1 BBISCHEHUS] 3TOrO BOIpoca
OBLITM TIPOBEAEHBI DKCIIEPUMEHTHI ¢ UHrnOMpoBaHueM NO-3aBUCUMOI PaCTBOPUMOI Ty-
anunaruukiaassel ODQ. [eiictBue ODQ nmpuBoauiao K yMeHbIIEHUIO AX-UHAYLIAPYEMOM
IuaaTalyu B 00eunX rpynmax KpbiC, IPU 3TOM CHUXXEHUE aMIUIUTYIbI IUIaTallui B apTe-
pUSIX KPBIC KOHTPOJIBHOM TPpyITITBI cocTtaBmiio 60%, a B aptepusix kpeic HFrD — 36%. Io-
JIyYEHHBIE TaHHBIE TTO3BOJISIIOT 3aKJIFOYMTh YTO B IMIAJKOMBIIIIEYHBIX KJIETKAaX OpbIkeey-
HBIX apTepuii Kpbic HFrD HabmogaeTcss ”THTMOMpOBaHKE PaCcTBOPUMOM Ir'yaHMJIATIIMKIIA -
3bl, YTO MPUBOAUT K ocabneHnto NO-onocpe1oBaHHOM nuiaTalvu.

MBI Tak:Ke MPOBEJIU 3KCIIEPUMEHTHI MO BBISCHEHUIO BO3MOXKXHON POJIM SHAOTEIUAb-
HOIi runeprnoisipuzauny B AX-MHIyUUPYEMOI AuaTaluu OpbIXKeeUHbIX apTepUid KpbIC.
C oT10it nenbio B pactBop BBoxman TRAM-34 — crieunduuecknii 6rokatop Ca2-uys-
ctBuTenbHBIX K-KaHamoB mpoMexyTouHoit mposomuMocti [34]. Ha done TRAM-34
amruiuTyna AX-UHAYLMPYyeMOl IUiaTallMi apTepyuil yMEHbIIAACh: Y KPbIC KOHTPOJb-
Hoit rpynmnbl — Ha 14%, a y kpeic HFrD — Ha 23%. Pe3ynbTraThl 3TUX 3KCIIEPUMEHTOB
MO3BOJISIIOT C/IEJIaTh JIBa 3aKJI0UeHUsT: 1 — B OpbIKeeUHbIX apTepusix Kpbic Bucrap ¢yHK-
LIMOHUPYET MEXaHM3M IUJIaTallU, 3aKITI0UAOIIUIACS B SHAOTEIUAIBHON TUTIEPIIOSIpU-
3alMu, 0OYCIIOBJICHHON akTuBammeil Ca’’-qyBcTBUTeIBbHBIX K-KaHAIOB IIpoMexKyTod-
HOIi TIPOBOAMMOCTHU; 2 — B SHIOTENUATbHBIX KileTKax aptepuii kpbic HFrD B npouecce
pazButusg MC u cHIKeHUS IIpoayKinn/omogoctymHocT NO KOMITIEHCAaTOPHO BO3pac-
TaeT POJib SHAOTEINATIBHOMN FMNEPIOAIpU3alU, YTO YaCTO HAOIIOAAETCS U TIPU APYTUX
BHUJaX MAaTOJOTUU, COTIPOBOXKIAIOLINXCS MOBPEXKIAeHUEM SHaoTeaus [35].

UccnenoBaHre COCTOSTHUSI COCYIOB MUKPOLMPKYJISITOPHOTO pyciia Koxu kpbsic HFrD,
npoBeneHHoe MeTonoM JIID, nmokaszano He3HAYMTEbHOE YMEHbIIIeHNUE Tiepdhy3Un KOXU
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M0 CPaBHEHUIO ¢ KpbICAMM KOHTPOJIbHOM Ipyrmbl. B Mukpococynax koxu kpeic HFrD
OBUIO 3apETUCTPUPOBAHO YBEJIMYECHUE HEMPOTEHHOrO TOHYCA, YTO SIBSIETCSI MOATBEP-
KIIEHUEM TIOBBILICHUSI Y HUX CUMITaTUYeCKOM akTUBHOCTHU (Tabi. 3). [Ipu 3TOM MOBBI-
IIEHUE CUMIIaTUYECKO aKTUBHOCTH HE TIPUBEJIO K OTPAaHUYEHUIO KPOBOTOKA B MUKPO-
cocyliax KOXu. OTO MOXET ObITh CBSI3aHO C HUBEJIMPOBAHUEM DHAOTEIMEM U30BITOYHOM
Ba30KOHCTPUKIIMM MUKPOCOCYIOB KOXH, BbI3BAHHOI MOBBILIEHHONW aKTUBHOCTHIO CUM-
rnaTuyeckoil HepBHOM cuctembl y Kpbic HFrD nmocpencTtBom ycuiieHus IpOayKIIUU Ba3o-
JIWJIaTaTOPOB (PHIOTETUATBHOTO TUIEPIOJsIpU3yolero akTopa), YTo NOATBEPKAACTCS
3aperMCTPUPOBAHHBIM OCJIA0JIEHUEM SHIOTEINAIIBLHOTO TOHYCAa COCYI0B MUKPOLIMPKY-
nsrTopHOTro pycna y Kpeic HFrD (ta6m. 3) [20].

OnuHaKoOBOE yBEJIMYEHME ToKa3aTesisi MUKPOLUMPKYISIUUKA B KOXE KpbIC 00eux
rpy1m nocje noHopopeza AX CBUIETEIbCTBYET O CIIOCOOHOCTU SHIOTEIUS MUKPOCO-
CYIOB KOXHU KPbIC 00eUX I'PYMI NPOAYLIUPOBATh JOCTATOYHOE KOJUYECTBO Ba3oauiaTa-
TOpoB (AX-MHAYUMPOBAHHBIM TPUPOCT MOKa3aTeass MUKPOUMPKYJISIIIUA COCTaBUJI B
o6eux rpymnmax 65—67%). B To e BpeMsT JaHHbIE O BEJIMYMHAX TTOKA3aTeIs MUKPOIIVP-
KyJisiuuu Koxu nocyie noHodopesa HIT (B KOHTpoIbHOI rpyTiTie TpUpOCT 3TOTO MoKa3are-
71 coctaBwi 52%, a 'y kpeic HFrD — s 30%) 1mokas3bIBaIoT, YTO MEXaHU3MBI YBETIYIe-
HUSI MUKPOKPOBOTOKA B KOX€ B Pa3HbIX IPYyMIIax KPbIC CYLIECTBEHHO oTinyatorcsi. Ecnu y
KOHTPOJIBHBIX KPBIC YBEJIMYEHHE IToKa3aTesass MUKPOLMPKYISIIUU ObLIO OMOCPENOBAHO
ycuiieHneM npoaykimu NO, To y kpeic HFrD NO o6ecrnieyrBan MeHbIIYIO AUJIATAIIUAIO.
IMo-Buamumomy, BeIpaxkeHHasl qujiatTaluss MUKpococynoB B Koxe Kpbic HFrD nipu noHo-
dopese AX Tak ke, KaKk 1 B OpbIKEeUHbIX apTepUsiX, 00YCIOBJIeHAa BO3pacTaHUEM MpO-
NYKLIWW 9HAOTEINATIBHOTO TUTIEPIOISIpU3YIoliero (pakTopa (OCHOBaHUEM IS TIOJOOHO-
TO TIPEATOJIOXKEHUS SIBISIIOTCS JAHHbIE O MOBBILLIEHUU POJIM 9HIOTEINI-3aBUCUMOM TH-
neprioyisipu3aluu B OpbrkeedHbix apTepusix Kpbic HFrD).

3AKJIIOYEHUE

HaMu n3yyeHbl paHHUE U3MEHEHUSI B CEPIAEYHO-COCYIMCTOM CUCTEME MOJIOJBIX KPbIC
npu moaenupoBaHun MC ¢ npuMeHeHueM (PPYKTO3HOI HArpy3Ku. YCTaHOBJICHO, UTO
HECMOTPSI Ha HEKOTOPOE CHUXKEHME MACCHI TeJla Y KPbIC, HAXOAUBIIKUXCS HA (PPYKTO3HOI
ueTe, MO0 CPABHEHMIO C KPhICAMM KOHTPOJILHOM TPYMIIbI, Y 3TUX XXUBOTHBIX OBLJIN BBISIB-
JieHbl npu3Haky MC: TUNIEPIIIMKEMUST, UHCYJIMHOPE3UCTEHTHOCTD, AUCIUITUACMMUS, T10-
BBIIIIEHE aKTUBHOCTU CUMITATMYECKON HEPBHOI CUCTEMbI U apTepHvajbHasi TUIIEPTeH-
3usi. I3MeHeHUsI CO CTOPOHBI OPBIKEEYHBIX apTEPUil 3aKTI0YAIMCH B TTIOBBIIIIEHUM peak-
TuBHOCTU Ha DD u ocnabieHnn AX-MHAYLMPOBAHHON IUIATALIMU, YTO OOBSCHSIETCS
cHkeHueM npoaykuuu sHgoreaneM NO. ITpu 3ToM GbLIO YCTAaHOBJIEHO, YTO B 3TUX ap-
TepUsIX IMOBBILIACTCS MPOAYKLIYS 3HAOTEIMAIBHOIO TUIIEpHOSIpU3yloliero ¢akropa,
KOMIIEHCUPYIOILLIETO B onpenejeHHol cteneHn aeuuut NO. M3aMeHeHUsT B II1aJIKOMbI-
IIEYHBIX KJIeTKaX apTepyrii 3aKI04ainch B ocinabiaeHun adpdextuBHocT NO-omnocpeno-
BaHHOI CUTHaAJIM3alluu: ObUIO BBISIBJIEHO MHTMOMPOBaHNE PACTBOPUMOI T'yaHUJIATIIMK-
J1a3bl. B MUKPOLIMPKYJISITOPHOM PYyCJie KOXM KPBIC, IMOJIy4aBIINX (PPYKTO3HYIO HAIPY3KY,
nepdy3ust COXpaHsJIOCh Ha YPOBHE, XapaKTePHOM IJIsi KPBIC KOHTPOJILHOM TPYIIIbI, IIPU
3TOM OBLIO OOHAPYKEHO IOBBIIIEHE HEMPOTeHHOIO TOHYCa U OCJIa0JIeHre SHIOTEINI-
3aBHCHMMOI0 TOHYCa MUKPOCOCYIOB KOXM. [ToKa3zaHO TakxkKe YMEHbIIECHUE IPOAYKIIUU
NO B cocymax MHUKPOLIMPKYJSTOPHOTO pycjia, KOTOPOE KOMIIEHCUPYETCSI MPOU3BO/I-
CTBOM HIOTEIUEM JAPYTUX Ba30WIATUPYIOIINX (DAKTOPOB.

NCTOYHUK ®NUHAHCHUPOBAHUA

WccnenoBaHue BBIMOJIHEHO Mpu (puHaHcoBOi nomuepxke [Tporpammbl “®yHaaMeHTaTIbHbIE
Hay4YHbIE UCCIIEIOBAHUS TSI TOJTOCPOYHOTO PAa3BUTHS U 00ECIICUeHNS] KOHKYPEHTOCIIOCOOHOCTH
ob6uiecTBa u rocynapctsa” (47 _110_JIPuOK, pasnen 64.1).
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Early Changes in the Functional State of the Arteries and Vessels
of the Microcirculatory Bed in Modeling the Metabolic Syndrome

I. A. Tsareva® *, G. T. Ivanova“, and G. I. Lobov*

4 Paviov Institute of Physiology RAS, Saint-Petersburg, Russia
*e-mail: innatsareva @yandex.ru

Early changes in the cardiovascular system of young Wistar rats were studied in modeling
the metabolic syndrome using a fructose load. It was found that despite some weight loss
in rats on a fructose diet, compared with rats in the control group, these animals showed
signs of the metabolic syndrome: hyperglycemia, insulin resistance, dyslipidemia, in-
creased activity of the sympathetic nervous system and arterial hypertension. Changes in
the mesenteric arteries included an increase in reactivity to phenylephrine and a de-
crease in acetylcholine-induced dilatation, which is explained by a decrease in NO pro-
duction by the endothelium, which is to a certain extent compensated by an increase in
the production of endothelial hyperpolarizing factor, which realizes its effect through
the activation of Ca>"-sensitive K'-channels of intermediate conduction. Changes in
rat arterial smooth muscle cells induced by fructose loading consisted of inhibition of
soluble guanylate cyclase. In the MCR skin of rats that received a fructose load, perfusion
remained at the level characteristic of rats in the control group, while an increase in neuro-
genic tone and a weakening of the endothelium-dependent tone of skin microvessels were
found. A decrease in NO production in the MCR vessels was also shown, which is com-
pensated by the production of other vasodilating factors by the endothelium.

Keywords: metabolic syndrome, laser Doppler flowmetry (LDF), endothelial dysfunc-
tion, fructose load
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