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B Hacrosieit pabote faHa cpaBHUTEbHASI OLIEHKA COCTOSIHUSI KapOOHWIMPOBaHUSI OEJIKOB C OINpeleeHUEM
pe3epBHO-aIanTallMOHHOTO MTOTEHITMAJIa M AaHAJIM30M JIOJIU TIEPBUYHBIX U BTOPUYHBIX MAPKEPOB OKUCIIUTETb-
HOTO TOBPEXIEeHUSI OETKOB, BOZHUKAIOIIET0 B MUTOXOHIPUSIX, TIOJYYSHHBIX U3 3MUAUIUMHUCA KPbIC TIPU
OKHCJIMTEJIbHOM CTpecce, BhI3BaHHOM ruriepromouucrtenHemueii 1 L-NAME-onocpenoBaHHOM MHTHIOMpPO-
BaHUU NO-cuHTa3. [IponeMOHCTpUPOBAHO, YTO YCUJIEHUE OKUCIUTEILHON MOAU(MUKAIIUM MUTOXOHIpUATb-
HBIX OEJIKOB MOJ, BIMSTHUEM BBICOKOTO YPOBHSI TOMOILIMCTEMHA COMPOBOXIAETCS CHYXKEHUEM KOHIICHTpaLMy
metabonuroB NO (II) u cxomgHO ¢ U3BMEHEHUSIMU, BBI3BAHHBIMU BBEICHUEM HECEJIEKTUBHOIO MHTMOMUTOpA
NO-cunrtaz — L-NAME. Ot n3mMeHeHusI CONPOBOXIAIOTCS MpU3HAKAMU BTOPUYHOM MUTOXOHIPUATHLHON
IUC@YHKIIVY B BUIE YMEHBIIEHHS aKTUBHOCTHU CyKLIMHaTaeruaporeHassl, HY-AT®asze, nakrataeruaporeHa-
3bl, YBEJIMUESHMST YPOBHSI JJaKTaTa U CHWDKEHUsI comepKaHusT KapHUTHHA. [1pr 3TOM BBIpaXKEHHOCTh U3MEHEe-
HUI UCCeayeMbIX TTapaMeTPOB pasjinvyajach B MUTOXOHIPUSX TKAHEM TOJOBKM M XBOCTa IMpUAaTKa sidyka
KpbIC. B royioBke anmnunumMuca HabIoaaIuch METab0IMYeCKe CABUTH, CBSI3aHHBIE C MI3BMEHEHEeM OMOdHep-
TETUYECKUX MPOLIECCOB — YBEJIMYEHUE KOHLIEHTPALIMU MUTOXOHIPHUAJIBHOTO JaKTaTa, Ipu OMHOBPEMEHHOM
YMEHBIIEHUN aKTMBHOCTH JAaKTaTAerMAPOreHasbl, CyKuMHataeruaporeHassl 1 H —AT®a3e MUTOXOHAPHIA.
B TKaHsIx XBocTa oTMevyanuch 3deKTh, KOTOpble HOCWJIM B OOJIbllIeii CTeNeH 3alUTHBINA XapaKTep U ObLTN
HaIpaBJIeHbl Ha TTOMAEPXKY ero (OyHKIIMOHATbHO aKTUBHOCTH B YCJIIOBUSIX OKMCIMTEIBHOTO CTpecca.
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ITo utoram paboT MOCHETHUX JIET, MOCBSIIEHHBIX
U3YYEHUIO MEXaHN3MOB PEIOKC-PETYJISILIUNA, CTAHOBUT-
cs1 Bce 0oJiee OUeBUIHBIM 3HaUeHUE (DYHKIIMOHATBLHOTO
cTaryca MUTOXOHAPUM Kak (haKTopa, UMEIOIIEro Kpu-
TUYECKOE 3HaueHue [Jisi TIPOLIECCOB TaMeTOreHesa,
OIIJIOTOTBOPEHNUS 1 ITOCHEAYIONIEero aMoproreHesa [1,
2]. CrtocoOHOCTh MUTOXOHAPUI TEHEPUPOBATh AKTUB-
HBle dopMbl Kuciaopoma (APK) Heormenmma OT UX
SHepronpoayluupyplleit GyHKIMU, TIpU 3TOM MOIY-
nsiust oopazoBaHusg ADK nmpoucxogut npu ydyacTuu
okcuna azora (NO) (II) [3]. YcTraHOBIEHO, 4YTO IO-
CPEenCTBOM BIMSHUS Ha nbixatenbHyio 1ermb NO (II)
BOBJIEUEH BO MHOXECTBO PEryJISITOPHBIX KacKaaoB,
onpeaessonux (pyHKIIMOHATBHBIN CTaTyC MUTOXOH-
npuii [3]. JlaHHOE 06CTOSITEIbCTBO MO3BOJISIET MPEATIO-
JIOXKUTb, YTO PEIOKC-PETYISIIUS, T.C. PETYNISIUS, OCY-
LIECTBJIsiIEMasi aKTUBHbIMM (dopMaMM KUCIOpoaa
(ADK) u aktuBHBEIMU (popMamMu azoTa (ADA), Tipen-

CTaBJIIET cO00Ii HOBOE MEPCNEKTUBHOE HaMpaBjieHue
B PENPONYKTUBHON MEAUIIMHE IS U3yyeHUs Ha PyH-
TaMEHTaJbHOM YpPOBHE HapylleHW (PepTUIbHOCTU U
MPOLIECCOB OIJIOAOTBOPEHMSI, a TAKXKe MOUCKA TOUYEK
MPUJIOXKEHUS TS TepareBTUYECKON KOpPEKIIUU Hapy-
meHuit peptusbHocTH [1, 4, 5]. Tlpu a3TOM MOTPEO-
HOCTb B MCCJIEIOBAaHUSIX JAHHOTO HaIpaBJIEHUs TIOM-
YEepPKUBAIOT Pe3yJbTaThl KPYMTHbIX CTATUCTUYECKUX UC-
clieloBaHUM, JEMOHCTPUPYIOIIUX TEHACHIMIO K
YBEJIMUEHUIO BBISIBISIEMOCTU CllydyaeB Oecruionusi BO
BCEM MUPE, B TOM YMCJie uAUONaTudeckux Gopm, B Jjie-
YEeHUM KOTOPBIX 3HAUYUTEBHYIO POJIb UTPAET aHTUOK-
cugaHTHas Tepanus [6, 7].

Cpenu BO3MOXHBIX (DaKTOPOB, CBSI3aHHBIX C HApY-
IIEHUEM PEIOKC-PETYJISILIMU B pENPOAYKTUBHBIX Opra-
Hax, BbI3bIBaeT MHTEPEC YPOBEHb TOMOIIMCTENHA. Tak,
R.J. Aitken 1 coaBT. OBUIO IIPOAEMOHCTPUPOBAHO, UTO
MalMeHTbl ¢ AUarHOCTUPOBAHHBIM OecIiiogueM Mpu
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oTcyTcTBUU Aedulinta ¢hojiaToB UMETU MOBBIIIIEHHBI
ypOBEHb ToMonrcTenHa B criepme [8]. I1pu aToMm yBe-
JIMYEHUE COAEPXKaHUSI TOMOLMCTENHA OBLIIO aCCOLMU-
poBaHoO ¢ Bo3pacTtanueM npoaykimun ADK mMurtoxoH-
JIpPUSIMU CTIEPMATO30UI0B.

T'oMoLIMCTEMH — 3TO HENPOTEUMHOT€HHAsI, CEPOCO-
JIepxkalasi aMUHOKMCIIOTa, KOTOpast MOXET CUHTE3U-
poBaThCI M3 METHOHMHA IIyTeM ASeMETWUIMPOBAHMSI.
IlepBbIM BO3MOXHBIM MPOAYKTOM HAHHOIO ITyTU Me-
TaboiM3Ma METUOHMHA SIBJIsIETCS oOpa3oBaHUe S-afe-
Ho3mwIMeTHOHMHA (SAM), peakius KaTaJIuU3UPyeTCs
¢depMEeHTOM MeETMOHMHaneHo3uATpaHchepasoit [9].
bonabmmHCcTBO MOIeKysT SAM, CUHTE3UPYEeMBbIX U3 Me-
TUOHMHA, UCIIOJIB3YIOTCS B KAa4ECTBE JOHOPA METUIb-
HOM I'PYMITBI B peaKIMsIX TPAHCMETUIMPOBAHUS, TAKUX
KaK METWJIMPOBaHWE HYKJIEWHOBBIX KMCJIOT, ¢ocho-
JIMINUAOB, TUCTOHOB, OMOr€HHBIX aMWHOB U OEIKOB
[10]. B uTore obpasyercss S- ameHO3UITOMOIIMCTEUH
(SAH), xoTOpHIit BIIOCIEACTBUY TUAPOJIM3YETCS C yda-
cTreM S-aneHO3WI-L-roMoIMcTe MHIUAPOJIa3kl 10 To-
MOIIMCTerHAa U afgeHo3uHa [11]. YpoBeHb roMoLIICTEN -
Ha OyJeT 3aBHUCETb OT TpeX (hepPMEHTATUBHBIX PeaKIINIA:
1) omHa YacTh rOMOLIMCTEMHA IIPEBPAIIaeTCsS B METHUO-
HUH IIyTEM TPaHCMETUIMPOBAHUS C yYaCTUEM METUO-
HUHCUHTA3LI C UCIIOJIb30BaHMEM N>-MeTWI-TeTparui-
podoareBOit KUCIOThI B KAUeCTBE JOHOPA METUJIBHOM
rpyIIbl U BUTamuHa B, (MeTuikobasiaMuHa) Kak Ko-
¢dakTopa (pepmeHTa; 2) TOMOLMCTEMH TaKXKE MOXKET
OBITH pEMETWJIMPOBAH MpPU ydyacTuu (pepMeHTa Oerta-
MH-TOMOLUCTENH-S-MeTUITpaHchepashl, Iae TOHO-
POM METWJIbHBIX TPYIIN BBICTYIIAaeT OeTanmH, 00pa3yio-
LIMiics y YeaoBeKa M3 XOJIMHA, IMMOCTYIAOIIEero ¢ M-
mieii. JIaHHBII myTh Ipeob1agaeT B IIEYCHU U TTOYKaX;
3) roMOLMCTEMH MOXKET METaO0OJM3UPOBAThCS ITyTEM
TpaHCcCynbdUPOBaHUSI C O0Opa3oBaHUEM IIMCTEHHA.
Taxke aJbTepHATUBHBIM ITyTEM IpeBpallleHUSI TOMO-
LUCTEeNHA SIBJISIETCS 00pa30BaHME €ro TUOJaKTOHA ITOT
neiicreueM MeTnoHUIT-TPHK -cuHTeTasmr [12].

B npenwigyiieit padbote HaMM OBIJIO YCTAHOBJICHO,
YTO KaK HaKOIUICHVE TOMOLIUCTeNHA, TaK U TIpUMEHe-
HUE€ HeCeJIEKTMBHOTO MHTMOUTOpA CUHTA3 OKCH/Ia a30-
ta (I) — L-NAME, comnpoBoXnaaoch CHIKEHUEM
KoH1eHTpauuu MetadosutoB NO (1) He TOIBKO B ChI-
BOPOTKE KPOBH, HO U B MUTOXOHAPHUAILHOH (hpakumnu
TOMOTEHATOB TKaHe# Jierkux y Kpbic. [Ipu 3ToM uHmy-
UPOBAaHHBIN cucTeMHbIN neduuut cuHreza NO (II)
ObLJT aCCOLMMPOBAH C OKUCIUTEIbHBIM MOBPEXKICHU-
€M MUTOXOHAPUIA U pa3BUTUEM BTOPUYHOMN MUTOXOH-
IpUaJbHOM TUCHYHKIIMU B pa3IUYHbBIX TKAHSX Y KPBIC
[13].

TakuM o006pa3oM, MOPEACTABISIETCS WHTEPECHBIM
W3ydeHUEe aJalTUBHBIX MEXaHU3MOB, aKTUBALIASI KO-
TOpPBIX CMOCOOHA TIpeayrpexaaTh AeUIUT CUHTE3a
NO (II) B MuTOoXoHApHUsIX B yclIoBUsIX cTpecca. Cpenu
MOJOOHBIX MEXaHM3MOB OoOpalaeT Ha ce0s] BHUMaHMe
KapHUTHUHOBBIN rOMeocTa3, TECHO CBSI3aHHBIN Kak C
OUOZHEPreTUUECKUMH IIpoLecCaMi  MUTOXOHAPUIA,
tak u ¢ nponyknueit NO (II) [14, 15].
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Hawnbompmasg koHnneHTpanus L-kKapHuTrHa 3adUK-
CHpOBaHa B SNUIUIMMMUCE, IIe IPOTEKAIOT ITPOLIECCHI
CO3peBaHUsI M MOMIEPKAHUS KMU3HECTIOCOOHOCTU YKe
chopMUpOBaHHBIX criepMaTo3ouaoB [16]. Coobiaercs,
YTO SMUANAVMATbHAS TUCHYHKIINS, CBSI3aHHAsI ¢ HAPY-
reHrueM GOpMUPOBAHUST MUKPOOKPYKEHUS IS CIIep-
MAaTO30MIOB, MOXKET SIBJIITLCSI CYIIECTBEHHBIM (DAaKTO-
poM MyxKckoro oecrutonus [17]. B aToii cBsI31 n3ydeHUe
roxkasarejieii KapHUTMHOBOTO TOMEOCTa3a U OKUCIIM-
TEJIBLHOTO CTPECCA PA3IMYHbBIX OTACIOB SMUANANMUCA B
YCJIOBUSIX BO3IECHCTBUS CTPECCOPOB MO3BOJIUT OLICHUTh
3HaYeHUe L-KapHUTWHA IS peajin3aliy afalTUBHbBIX
peaknnii MuUToXoHIpuii [18].

Takum o0Opa3zoM, MBI TOCTABUJIN 1IeJb — JaTh CpaB-
HUTEJbHYIO OLIEHKY IPOLIeCCOB KapOOHWJIMPOBAHUS
0eIKOB, OMOYHEPTETUKH, YPOBHSI KapHUTHUHA U Me-
taboautoB NO (II) B MUTOXOHAPUSX SNTUAUAUMUCA
KPBIC TIPYU OKUCIUTEIBHOM CTpecce, MHAYLMPOBaH-
HOM TsIKeJloll (OpMoOif TUIIEPTOMOIIMCTEMHEMIHT

n L-NAME-onocpenoBaHHOM UWHTHMOMPOBAHUU
NO-cuHTa3.
METOJbI MCCIEAOBAHUA

HMccnenoBaHue BBITOJIHEHO HA KpbIcaX-caMmliax JIU-
Huu Wistar. DKCNIEpUMEHTbI ¢ XKUBOTHBIMU MPOBE/IE-
HBI B COOTBETCTBUH C “EBpoIleiickoii KOHBEHIIUEH O
3allMTE MMO3BOHOUYHBIX XKMBOTHBIX, UCITOJb3yEeMBbIX JJIs1
SKCHEPUMEHTANIBHBIX W JAPYTUX HAy4YHbIX Leaeir”
(Ctpacbypr, 1986), mprkazom MuHHMCTEpCTBA 3MPaBO-
OXpaHEHMUsI M CcoLaJbHOro pa3BuTUs Poccuiickoit
Denepaunu ot 23 aBrycra 2010 1. Ne 708H “O06 yTBep-
KIEHUW TIpaBUJ J1abopaTOpHO# MPaKTUKU” U MOJ0-
KeHusiMu  buoatnueckoit komuccuum PIrbOY BO
Pa3I’'MY MunszapaBa Poccum (ITpotokom No 16,
06.11.2018). 2KBOTHEIE cOomepKaIUCh B CTAHIAPTHBIX
YCJIOBUSIX BUBApUS, 1J11 KOPMJIEHUSI OHU MOJIyYasiu Cy-
xoii kopM “Yapa” (“AccoprumeHT-Arpo”, Poccust),
conepxamuii 0.7% MeTHMOHMHA-IIUCTUHA B TIepecyeTe
Ha CyxO€ BEILIECTBO, BCE€ BUTAMUHBI IpynIibl B, B ToM
yucne Bg — 28 mr/kr, By — 64 mr/kr, Bj;, — 0.13 Mr/KT.

MuUHUMAaJIBHBIN pa3Mep BBIOOPKU pacCYNUTHIBAJICS
CO CTaTUCTUYECKHUM JoITyllleHneM o 5%-it ambda
omuoke n 95% noBepUTEIIbHBIM MHTEPBAJIOM, TIPUHU-
Masl 9acToTy cHkeHust MetadbonutoB NO (II) ceiBo-
pOTKMU 110 MeHblIeit mepe Ha 33% u ¢ yuetom TOCT P
NCO 5479-2002, rme MUHUMAaJIbHBIM KOJINYECTBOM
HaOJIIOIeHN 1T pacdeTa HellapaMeTpUIeCcKOM cTa-
TUCTUKU CUMTAETCs 8 XKMBOTHBIX [13, 19].

OKCcrieprUMeHTabHbIE JKMBOTHBIE OBUIN TTOJEJICHBI
Ha 5 rpyI1i:

1-10 Tpymiry (n = 8) >KMBOTHBIX COCTABJISIIA KPBICHI C
TsKeJiolt TunepromouucrenHemueii (>100 MKMoib/J),
JUJISI 9TOTO KUBOTHBIM B TeueHue 21 THSI BHYTPpUXKeETy-
IIOYHO (Yepe3 30HI) BBOAMIN 25% CyCTIEH3WIO METHO-
HuHa B go3e 1.5 r meruonmHa (“Sigma-Aldrich”,
CIIA) Ha 1 Kr Macchl Tea 2 pa3a B CyTKH; TOIIOJIHU -
TEJILHO BMECTO MUTHEBOM BOIBI KPBICH TTOMyJanu 1%
Ne 2
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BOJIHBI PaCTBOp METMOHWHA ITPU CBOOOTHOM JOCTYIIE
K riomyikaM [20]. Kpbichl 2-i1 TpyIibl (1 = §8) CIIy>XKWiu
KOHTpOJIEM 1151 1-1i TrpyMIIbl U TTO0 aHAJIOTUYHOM cXeMe
MoJIyyajau CyCIIEH3MOHHYIO OCHOBY, B COCTaB KOTOPOIi
Bxonmin: Boga, TBUH-80 (BAO “BekrTon”, Poccus) u
kpaxmai (3A0 “BekTon”, Poccust). [Tounku ajst aTux
XWBOTHBIX HAMNOJHSUIM OOBIYHOIN IMTHEBOII BOIOI.
B numeBoii panmoH JaHHOM TPYyNIbl METUOHWH HeE
Bruitouasics [20]. 3-s1 rpymnmna (n = 8) — JKUBOTHBIM €Xe-
JIHEBHO 1 pa3 B CyTKM B TeueHue 7 IHel BHyTpuOpIo-
LIIMHHO BBOJIMJIY PACTBOP METUIIOBOTO 3¢hupa N®-HUT-
po-L-aprununa (L-NAME, “Sigma-Aldrich”,
CIIIA), NpUroTOBIEHHBIN Ha (PU3MOJIOTMUYECKOM pac-
TBOpE B no3e 25 mr/Kr [21]. Kpbicam 4-i1 rpyriel (n = 8)
no aHanoruuHoit cxeme — L-NAME B noze 200 Mr/kr
[22]. ZKuBoTHBIE 5-ii TpyHIIBI (7 = 8) CIIY>KWJIN KOHTPO-
nem mist 3-ii u 4-1i rpyn v roaydanu BMecto L-NAME
PU3MONIOTUIECKHUIN pacTBOD.

BoiBemeHMe SKMBOTHBIX M3 OJKCIIEPUMEHTa OCY-
LLIECTBJISITIOCh YTPOM A0 TIpueMa MUl 1moa 3GUPHbIM
paylI-HAapKO30M IIpU COXPAaHEHHOM AbIXaHUU U CeP/I-
neObMeHnn ITyTeM OOECKpOBIMBAHUS TIepecedyeHUEM
OprourHoii aopthl. Ilocie 3Toro u3BaeKaaIu SNUAUIN -
MYC, IPOMBIBAJIM €r0 B cpefe, comepxkaieit 0.25 M ca-
xapo3sy, 0.001 M BTA u 0.05 M tpuc-o6ydep, pH 7.4.
MurtoxoHapuadbHyl0 (paKLUUIO BbIICISIIN IIyTeM
muddepeHLManbHOro HeHTpudyruposanusi. K gyactu
CYCITEH3UM MUTOXOHApHT mobapisiau TpuToH X-100 B
KoHeuHOIT KoHmeHTpauuu 0.02% st paspylreHus
MeMOpaH. Bce onucaHHbIe BBILIE MPOLIEIYPhI IIPOBO-
IWJIN TIpU TeMrepatype He Bblilie 4°C. B panbHeiiem
JUJTSI aHAJIM3a UCTIOJIb30BaIU:

— CBIBOPOTKY KPOBH, B KOTOPOi1 ONpeaessii KOH-
LIEHTpaLIMIO OOIIero roMolucTeEMHa U MeTaboJIMTOB
NO (IT);

— MUTOXOHApPHAIbHYIO (DPaKIIMIO C pa3pylIeHHbI-
MU MeMOpaHaMmu (C 10OaBJI€HUEM OeTepreHTa TPUTOH
X-100), roe oueHMBAIM KOJUYECTBO OKMCIMTEIHHO-
MmoaudupoBaHHbix OenkoB (OMDB), koHmeHTpa-
uuto metaboauto NO (II), nakrat, L-KapHUTUH, aK-
TUBHOCTb (DepMEHTOB JlakTataeruaporeHassl (JIAI) u
cynepokcumpaucmyTassl (CO/);

— MUTOXOHIPUAJIbHYIO (Bpakinio ¢ Hepas3pylleH-
HbIMU MeMOpaHamu (0e3 gJoOaBjeHUs AeTepreHTa), B
KOTOpOil omnpenensnu aktuBHocTd HY-AT®dasbl u
cykumHataeruaporeHassl (CAI).

KoHlieHTpal1io o0llero roMolucTenHa OIpeae-
JISITU UMMYHO(EPMEHTHBIM aHaJIM30M C TTOMOIIbIO
KoMMepueckoro Habopa (“Axis Shield”, Beaukoopu-
TaHUsl), coepxKaHue 6ejika — MeToaoM Jloypu ¢ momMo-
mbpl0 Habopa peakTuBOB (“OkocepBuc”, Poccus),
CyMMapHbIii ypoBeHb HUTPATOB U HUTpUTOB (NO,) —
metabonutoB NO (II), — doTtokonmopuMeTpruIeCcKUM
METOJIOM C MCTOJIb30BaHUEM peakTuBa I[pucca u xjo-
puna Banamusa (III) ma amammsarope StatFax 3200
(Awareness Technology, CIIIA) B Moaudukanuu
B.A. Metenbckoit u H.I. I'ymanosoii [23]. KoHLeH-
TpaluIi0O MOJIOYHOM KHCJIOThl M3MEPSIIN JIAKTATOKCU -
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ITa3HBIM METOOOM C HCIOJb30BaHMEM Habopa
(“Diasys”, ®PI') na anammzarope StatFax 1900+
(Awareness Technology, CIIIA), akTUBHOCTb CYKIIM-
HataeruaporeHassl (CII') — cnekrpodoromMeTpuye-
CKUM METOJIOM IO peaKIMM BOCCTAHOBJICHUS reKca-
muaHogeppara (I1I) kanuss Ha crekTpodoToMeTpe
C®-2000 (Poccus) [24].

AKTUBHOCTb JakTaTaeruaporeHassl (JIJII') onpene-
JISIA 1o cHUKeHuto koHueHTpauuu NADH B peak-
LIMM BOCCTAHOBJIEHUS TTIMPYBaTa C MOMOIIbIO KOMMEP-
yeckoro Habopa (“Diasys”, epMaHus1) Ha aHAIM3aTO-
pe StatFax 1900 + (Awareness Technology, CIIIA),
akTuBHOCTL HT-ATPase — usMmepsia comepxaHue He-
opraHuueckoro occdara MetonmoM bomaHcKoro 1ocie
OCTaHOBKM peaKIIny C UCTIOIb30BaHeM (hOTOKOJOPU-
MeTpa KDOK-3-01 30M3 (Poccus) [25].

OO111y10 aKTUBHOCTb MUTOXOHIPUATLHO CyITepOK-
cungucmyTtaszbl (COJl) omeHMBaAIM 11O TOPMOKECHUIO
peaklMM ayTOOKUCJICHUSI KBEpLEeTUHA C UCIOJIb30Ba-
HueM orokonopumerpa KOK-3-01 30M3 (Poccus)
[26].

YpoBeHb OKUCJIUTEJIbHO-MOINGULIMPOBAHHBIX
oenkoB (OMB) ouenuBanu merogoM Levine B Moau-
¢ukauum JlyounnHoii. OKUCIeHWe OEIKOB IO, Acii-
CTBHEM CBOOOMHBIX paauKaJIOB IPUBOAUT K 00Opa3oBa-
HUIO B HUX KapOOHWIBHBIX TPYyHIl, (DparMeHTalluu 1
arperanmm OETKOBBIX MOJIEKYJI. OTH HeoOpaTUMBIC
MOIN(MUKAIINKA CITOCOOHBI TIOBIUSATh Ha (PYHKIIMOHMU -
poBaHue 0enkoB. OnpenesieHne KapOOHMIBHBIX IIPO-
W3BOJHBIX aMUHOKMCJIOTHBIX OCTAaTKOB B OeJIKaXx sIBJIsI-
eTcsl ”THOPOPMATUBHBIM METOJIOM U3YyUYeHUsST UX OKUC-
JIUTeIbHON MoaudUKaLIMK, TaK KaK 3TU TPOU3BOIHBIE
SIBJISIIOTCS.  CTAaOMJIBHBIMU KOHEYHBIMU TIPOAYKTaMU
OKMCJICHUS IIPOTeMHOB [27]. AHan13 KoJaudecTBa Kap-
OOHMJIBHBIX IIPOU3BOIHBIX IIPOBOAMIIN Ha CIEKTPOdO-
toMmeTpe CPD-2000 (Poccus), ¢ Toclenyomuym Tepe-
pacuyeToM IUIOLIAAM IION KpUBOII abcopOLmMM cBeTa
[27]. OOmee KOMMYIECTBO NPOAYKTOB CITOHTAHHOMN
OKHUCJIUTEIbHON MOIM(UKAILIMN OEIKOB BBhIpaxKaau B
ycioBHBIX eguHuLiax (S CII OMb — mjomanb mop,
KPUBOM CIIEKTpa TOMIOIIEHUSI CIIOHTAHHO OKWCJIEH-
HO-MoIuuULMpOoBaHHEIX 0e1KOB) [27]. Kpome obieit
IUIOIIAAY MO KPUBOii abCOpOLIUM CBETa PaCCUMThIBA-
JI1 KOJIMYECTBO 2.4-MUHUTPOPEHWITNAPA30OHOB ajlb-
gerugHbIX (AJJH®T) n keronpousBogHbix (KJJH®T)
aMMHOKMCJIOT HEUTPaIIbHOTO M OCHOBHOTO XapakTepa.
IMTapamrensHO ompeneneHnio crioHTaHHo OMDbB mpo-
BOOWIM  OIIPENEIeHHNE  MeTaUI-MHAyLIUPOBAHHOTO
OKUCJIEHMST ¢ TIOMOIIbI0 peakiiun PeHToHa, CITy>KUB-
11ee ToKa3arejieM MaKCUMaJIbHO BO3MOXKHOTO OKUCIIH -
TEJILHOTO MOBPEXIACHUSI OETKOBBIX MOJIEKYJI, KOTOpOE
npruHUMaoch 3a 100%. 3ateM pacCYUTHIBAIA PE3epPB-
HO-aJalTallMOHHBINA NOTEHIIMAI OKUCIUTEIBHOTIO I10-
BpEXIEHUSI MUTOXOHApHAIbHBIX OeiakoB (S OMB,
CII/MK), KoTopblii BeIpaxaliu B % KakK OTHOIIEHUE
cnontanHoit OMbB (S CI1 OMDbB) k MeTan-uHIYLIH-
poBaHHoif OMB. YeMm HIXe IO IIPOIYKTOB CITOH-
Ne 2
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Puc. 1. (a) Konuenrpauust mera6onuros NO (II) (NO,) u (b) romonucrenHa (Hecy) B CBIBOPOTKE KPOBU UCCIIENYEMBIX TPYIIIT XU~

BOTHDBbIX.

IMpumeyanue: * — pasauuus rpymi npu p < 0.05; ** — paznuuus rpyrn opu p < 0.01, ¥** — paznuuus rpynmn npu p < 0.001. 3Haue-

HUS IpeAcTaBieHbl Kak Me[Q1; Q3].

ta"HHoro okuciueHus (S CIT OMB), Tem BhliIe pe3epB-
Ho-amanraioHHbIid noteHuuan (PAIT OMB) [27].

KoHlieHTpal1io KapHUTHHA B MUTOXOHAPUSIX TKa-
Hel SIIMANIUMUCA KPBIC ONPEACIsIM Ha aHAJIM3aTope
StatFax 3200 (Awareness Technology, CIIIA) o meTto-
oy L. Wan u R.W. Hubbard, ocHoBaHHOMY Ha 00pa30-
Bannu cBodbomHoro KoASH, pearupyroiero HesH3uMa-
TUYECKU ¢ 5.5-nutnoduc-2-HurpodeHzoatoM (DTNB) ¢
o6pa3oBaHUEM OKPAIIIEHHOIO 5-THO-2-HUTPOOEeH30aTa,
MHTEHCHUBHOCTb OKPACKHU KOTOPOTO U3MEPSIIIN CITIEKTPO-
(oromeTpruecku mpu A = 410 um [28].

CratucTuyeckyto o0padboTKy pe3yabTaToB MPOBO-
m ¢ momomibio Statistica 10.0 (StatSoft Statistica,
CIIA). IToctpoeHue rpaduKoB OCYIIECTBISIJIN, HC-
noab3yss GraphPad Prism 9.0 (GraphPad Software,
CIIIA). MmocTtpaniMio co3aaBajv ¢ ITOMOIIBIO MH-
TepHeT-pecypca BioRender.com. CooTBeTcTBHE BEIOO-
POK HOpMaJIbHOMY paclipeieJIeHUIO MPOBEPSIIN C UC-
nonab3oBaHueM kputepus Hlanupo—VYunka. Pacripe-
JleJIeHUE OTJIMYaI0Ch OT HOPMaJILHOTO, B CBSI3U C UeM
JUTSL BBISIBJICHUSI pasIMuuii MeXIy He3aBUCUMBIMU
rpyriamMu ucrojib3oBasiu Kputepuii Kpackena—Yosn-
nuca v Kputepuit ManHa—YuTHU ¢ 1orpaBkKoii boH-
dbeppoHU IS MHOXECTBEHHBIX CPaBHEHUI WU KPU-
Tepuiit MaHHa—YUTHM NIpY CpaBHEHUU 2 TPYIIIL. YPO-
BeHb OTJIUYUI pacCMaTpUBAICS KaK CTaTUCTUYECKU
3HAYMMBbIl MIPU BEPOSITHOCTU HYJIEBOU TUIIOTE3bl 00
orcyrcTBuM pazauauii p < 0.05 [19].

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

PE3YJIBTATBI MCCIIEAOBAHUSA

IIpu mMopenvpoBaHUU TSKeIOW (DOPMBI TUIIEPTrO-
mouuctenHemuun (I'TLL) oOHapyXmBajoCh CTaTUCTH-
YeCKM 3HAUMMOE CHIKEHNE CYMMapHBIX META00TUTOB
NO (II) (NO,), a Takke 3HAUUTEIHHOE IMOBBILICHUE
KOHIIEHTpAIlM TOMOIIMCTEMHA B CBIBOPOTKE KPOBU
(puc. 1).

st aHanu3a BO3IEMCTBUSI TUIIEPTOMOIIMCTEMHE-
muu 1 Hegoctatka reHepaunu NO (1I) Ha mporecch
CBOOOITHO-PAINKAJIBHOTO OKUCJIEHHUS O6EJIKOB B MUTO-
XOHIIPUSIX KJIETOK SIUAUIMMUCA OBLIM KCCIIETOBaHEI
KOJIMYECTBO OKMCJIEHHO-MOIM(DUIIMPOBAHHBIX aMU-
HOKMCJIOTHBIX OCTaTKOB B O0ejiKax 1 akTuBHOCTh CO/I,
TaK KaK €€ aKTUBHOCTb B MUTOXOHAPUSIX 0OecreunBa-
eT coxpaneHnue ounomoctynHocta NO (II) [29].

Oxucnenue 6enkoB 1on aeiictBueM ADPK nmpuBomut
K (DOpMHPOBAHMIO B HUX KapOOHWJIBHBIX TPyII, ¢par-
MEHTAllMM M arperauuy OelIKOBbIX Mojekyil. Kap6o-
HUJIbHBIE TIPOU3BOAHBIE AMUHOKMUCIOTHBIX OCTATKOB B
GelIKax SIBJISIIOTCSI CTAOMJIBHBIMM KOHEYHBIMU TIPOIYK-
TaMH UX OKMCJICHUSI, YTO AeJIaeT OIpeaesieHue IIpoTe-
WHOB MH(GOPMATUBHBIM MeTOIOM u3ydeHust OMB.

AHayn3 ob1elt tiomany noa KpuBoit abcopoumn
CBeTa MoKasaJjl, YTO B TPYIIIIe (KMBOTHBIX, ITOJyJaBIINX
METUOHWH, HaOIIOOAIOCh YBETUISCHNE OOIIEro KOIu-
yecTBa KapOOHWJIBHBIX MPOU3BOAHBIX OEJIKOB B MUTO-
XOHJIpUSIX, KaK B TOJIOBKE, TaK U B XBOCTE SMUAUAMMMUCA.
[aHHble U3MEHEHUS, MO-BUIUMOMY, CBUAECTEILCTBOBA-
Ne 2
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Puc. 2. AHanu3 mioiaay noj KpuBoii CriekTpa MoromieHus 2,4-IMHUTPOMEHWITHAPA30HOB B FOJIOBKE 1 XBOCTE SMUANIUMUCA B

HNCCIICAYEMbIX MOICJIAX.

IMpumeyanue: * — paznuumst rpyni npu p < 0.05, ** — paznuuus rpynn nipu p < 0.01. Pe3yabTaThl NpyBeAeHHI B €.0.11./MT OeJKa.
3HaueHus npeacrasieHbl Kak Me[Q1; Q3]. S ADNPH n (S AAH®I 1) — rutomanas noa KpUBO HEUTPaTbHBIX abIeTUIIUHUT-
podenwtrunpazonos, S ADNPH b (S AIH®I' o) — momanb nom KpUBO OCHOBHBIX allbAeTUAIUHUTPO(GEHUITHAPA3OHOB,
S KDNPH n (S KAH®TI H) — mioians noi KpMBO HEUTpalbHbIX KeToHAMHUTpodeHuruapazonos, S KDNPH b (S KIH®TI o) —
TUTOIIANb TIOA KPUBOU HEUTPaTbHBIX anbaeruaanHuTpodenmaruapazonos, S SP OMP (S CIT OMB) — o611as rutoimanb mom Kpu-
BOI1 CrIeKTpa MOMIOLIEHUSI OKUCIUTETbHO-MOAMMULIMPOBaHHBIX OesikoB. Head — aHaTOMUYeCKUt OTAEN FOJ0BKY MUAUAMMUCA,

Tail — aHaTOMUYECKMIT OTAE] XBOCTA SIUAUIUMMUCA.

M 00 YCWJIEHUM OKHMCIIMTEIBHOIO TIOBPEXKIEHUST Oel-
KOB 1 Pa3BUTHU OKMCIUTEILHOTIO CTpecca.

IIpu stom gonst neppuuHbIX (AJJH®PI) 1 BTOpuy-
HbIX MapkepoB (KAH®I') B xBocTe MpugaTKa ssudKa
CTaTUCTUYECKU 3HAYMMO HE OTJIMYajach OT TPYIIIbI
JKUBOTHBIX, KOTOPBIM BBOIWMJIM TOJIBKO CYCIICH3WOH-
HYIO OCHOBY. B rojioBKe anmmananMuca yBeJImInBarach
JIOJIS1 KETOHOB, UTO MOTJIO TIPUBOJIUTH K arperaiuu oe-
KOB 1 HAPYIICHUIO MX HATUBHOI CTPYKTYPHI (pUC. 2).

Takke B TOJIOBKE MMEJIO MECTO YBEIMYCHUE O
CINOHTAHHBIX  OKUCIUTEIBbHO-MOAUMUIIMPOBAHHBIX
GEIKOB, UTO CBHUIETEIBLCTBOBAJIO O CHUKEHHOM CITO-
COOHOCTM MUTOXOHIPWII K amanTalliid B YCIOBUSIX
OKMCJIUTEJILHOTO CTpecca, BBI3BAHHOTO METHUOHMHO-
BOI1 Harpy3Koii (Tabi. 1).

OIHOBPEMEHHO HaOIIOIAIOCh YCUJIEHUE aHTHOK-
CUIAHTHOI 3amuThl: akTuBHOCTh COJl B MUTOXOH-
JIPUSIX TOMOI'€HATOB TKAHEH SIUININMKCA BO3pacTayia B
roJioBke B 3.35 u xBocte — B 3.37 pa3a, 4To0, BEpOSITHO, OT-
paxkasio UX aganTaluio K OKUCIUTETEHOMY CTpeCCYy.

B rpymirie XKMBOTHBIX C TSIKEJIOM T'MIIEProOMOLIMCTE -
WHEMMUEN ObLIO BBHISBICHO CHIKEHUE KOHIEHTpALNU
cymmapHbix MetaboautoB NO (II) B MuTtoxoHIpusx

KYPHAJI 3BOJIIOLIMOHHON BUOXUMUU N GU3NOJIOTUH

roMoOTeHaTa TOJOBKM SIHUINAUMHUCA OTHOCHUTEIHHO
KOHTPOJIBHOI TPYIIIILI, MOJYYaBIIei TOJBKO CYCIEH-
3MOHHYIO OCHOBY.

B skcnieprMeHTe GBIJIO YCTAHOBJIECHO, YTO CHUXKE-
HUIO KoHIeHTparmu NO, B MUTOXOHIPUSIX TTPUIATKA
SIMYKa CONYTCTBOBAJIO 3HAUUTEJIbHOE YMEHbIIEHME
00111ero YpoBHS KApHUTHHA KaK B TOJIOBKE, TaK U XBO-
CTe DIIUAUIMMUCA, 32 CYET CHUXKEHUS TOJIM CBOOOIHO -
ro KapHUTHUHA.

Hapsimy co 3HaUnTEeTbHBIM YMEHBIIIEHHEM KOHIICH -
Tpaly KapHUTUHA, KPUTUIECKA HEOOXOIMMOTO IS
MOIEPKAHKS 3-OKMCIIEHUS] B MUTOXOHIPHSIX, OTMEYa-
JIOCh CHIDKEHHME aKTMBHOCTH MapKepHBIX (hepMEHTOB
6rosHepreTrdeckux mpoieccos (CAL, H-AT®aze) u
YBEJIMUCHNE KOHIICHTPAIIMM MUTOXOHIPHUAIBHOTO
JIaKTaTa KakK B XBOCTe, TaK U TOJIOBKE MpUAaTKa siMyKa
KpBHIC.

o HemaBHero BpeMeHM 0Opa3oBaHue JIaKTaTa CUr-
TaJ0Ch TYIIMKOBBIM ITyTeM MeTaboJm3Ma, OMHAKO, VC-
cJIeOBaHUS TTIOCIETHUX AECATUICTUI ITPOIEMOHCTPH -
poBajii, YTO JIAKTaT CIIOCOOEH NMPOHMKATh B KJIETKU
yepe3 CUCTEMY YEJTHOYHEIX 0EJIKOB — MOHOKApOOKCH-
natHbeix TpaHcnoprepoB (MCT). Ilpu 3Tom mpeBpa-
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Taommuua 1. U3MeHeHUs UCCaeayeMbIX IToKa3aTeaeii MUTOXOHIPUIL TOJIOBKU Y XBOCTA SMUAMAUMUCA IIPU MOAEIMPOBAHUU
TSDKeJIOM (hOpMbI TUIIEPIOMOLIMCTEMHEMIM, Pe3Y/IbTaThl IpencTanieHbl B Buae Me [Q1; Q3]

T'onoBka stmauouMumc

CycrieH3MOHHAas
ocHoBa (1), n =28

NO,, MkMoIb/Mr 6e1Ka 42.3[37.8; 48.8]

JlakTaT, MKMOJIB/T O€iKa 11.2 [10.3; 16.6]

JUAT, EJl/r Genka 33.0 [25.5; 36.7]

KapHuTuH 001111, MKMOJIb/MT 89.6 [86.9;102.6]

Oejika B IIpobe

KapHuUTUH CBOOOIHBIIA, 46.4 [41.3;64.4]

MKMOJIb/MT GejKa B TIpobe

KapauruH cBob6onHbIit/KapHu- 0.51[0.47;0.68]

TUH OO

CIT, HMonb cyKuMHaTa/Mr 6eyika 70.3[32.7;93.1]

B MUH
H*-AT®a3se, MkMoib hocara/
MT OeJIKa B 4ac

CO/, YE/mr 6enka

26.2 [21.4; 44.4]

1.7[1.3;2.1]

S OMB, CII/MK, (PAI1 OMB), %| 34.0[30.5;42.1]

XBOCT SMUIUINMUC
_ CycrnieH3uoHHast _
@), n=8 | SO | mmu.n=3
31.1[26.5 32.3] 418[30.7:53.0] | 43.2[38.1;44.3]
P12<0.01 P12 >0.05
29.6 [25.4: 31.2] 10.9 [8.1; 16.5] 38.2 [27.4: 43.1]
1y < 0.001 1y < 0.001
19.2 [13.3; 25.6] 211 [13.0; 27.5] 15.6 [13.0; 17.9]
p1_2 < 005 p1_2 > 005
24.9[22.9:26.0] | 85.2[74.8;94.1] 21.1[20.9;24.5]
p1_2 < 0001 pl—2 < 0001
13.5[11.7; 15.2] 48.2 [44.1; 54.7] 9.7 19.0;10.8]
p1_2 < 0001 p1_2 < 0001
0.53[0.52; 0.54] 0.57[0.53; 0.58] 0.4510.42;0.47]
Piy > 0.05 1y <001
20.8[11.2;24.5] | 56.4[39.4:93.6] | 14.8[10.0;21.5]
P1y < 0.01 Piy < 0.01
14.8 [11.5: 18.6] 20.1 [15.5; 27.2] 9.516.9; 11.1]
p1_2 < 001 p1_2 < 0010
5.7 [3.6; 7.3] 2.711.9; 3.0] 9.1[6.9; 10.8]
p1_2 < 0001 pl—2 < 001
80.7 [70.6; 90.4] 42.6 [22.4; 51.1] 46.8 [44.3; 55.2]
P12 <0.001 P12 >0.05

Ipumeuyanue: NO, — cymmapHble MeTaboauThl okcuna azota NO (1), JIAT — nakratnerunporenasa, COJl — cynepoxcuaavcMyTasa,
CAT — cykuunatnerunporeHasa, CI1/MK OMB — oTHollleHre KOJIMYeCTBa CIIOHTAHHO OKUCIUTEIbHO-MOAUMULIMPOBAHHBIX OEJIKOB K
KOJINYECTBY METAJI-MHAYLUPOBAHHBIX OKUCIUTETbHO-MonubuimpoBaHHbix 6e1koB (PATT OMB). CycrnieH3noHHasi OCHOBa — KOHTPOJIb
K IpyIIe XKMBOTHBIX C KCIIepUMEHTaIbHOM runepromouuctenHemueii; I'TL — rpyrmna XKMBOTHBIX C SKCIIEPUMEHTATbHON T'MITIEProMOLIM -

CTEMHEMMUEN.

LIIEHUE JIaKTaTa B MMPyBaT U HA0OOPOT peryaupyercs
crrienuuiecKUM n30(popMaMHU JIaKTaTAeTUIPOreHa-
3b1, 00pa3ys TeM CaMbIM BBICOKO afalTUPYyEMYIO MeTa-
oonmyeckyio IpoMexyTtodHyio cucrteMmy [30]. Bos-
MOXHO, yBeJIWYeHNE KOHIIEHTpalUy JjlaKTaTta B JaH-
HBIX YCIOBUSIX MOXKET CITY>XKUTh MapKepoM aKTUBallNU
aJanTUBHBIX CUCTEM.

IMockoabKy MOeTMpOBaHUE TUTIEPTOMOLIMCTEUHE -
MUM COMPOBOXIATaCh CHUXKEHUEM KaK YPOBHSI MeTa-
6omuroB NO (II), Tak 1 comepskaH1ST OKMCIIEHHO-MOIN-
GUIIMPOBaHHBIX OEIKOB B MUTOXOHIPUSIX SMTUINIUMU-
ca, B Hallleil paboTe ObLIO pelleHO CPpaBHUTH MaTTepH
U3MeHeHUul (YHKIIMOHAIbHONW aKTMBHOCTM MUTOXOH-
JIPUiA C BBEICHUEM 3KCITIEPUMEHTAILHBIM XKMBOTHBIM He-
cenekTuBHoro mHruonTopa NO-cuHTaz N®-HuTpo-L-
apruHuHa MeTwioBoro adupa (L-NAME) B nozax
25 mr/xr u 200 mr/kr [21, 22, 31].

B pabore BBISIBIIEHO, 4TO MHTHMOMpoBaHme NO-
cuHTa3 B ycyioBusix Mmoaean L-NAME 25 Mmr/kr, Kak u
npu I'TL conpoBoXnaeTcsl CHUKEHUEM YPOBHSI MeTa-
oomutoB NO, mpm HazHadeHnu #0361 L-NAME

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

200 Mr/KT 3TOT 3 DEKT OB CTATUCTUYECCKN 3HAYNMO
0oJee BoIpaxkeH (Taoi. 2).

I1pu ananu3se pacueTa IUiolIaneii moa KpuBoii ad-
COpOLIMU CBETa BBISIBJICHO, YTO KaK IIPY TMIIE PrOMOIIM -
cremHeMuH, Tak n 1pu L-NAME-unnynnpoBanHOM
nedpunmte NO (II) HaGaIOMaeTCS CTaTUCTUYECKH 3HA-
YUMBIA TIPUPOCT KOJIUIECTBA KApOOHMIIBHBIX ITPOU3-
BOIHBIX HEUTPAJILHOTO M OCHOBHOTI'O XapakKTepa Kak 3a
cuet AJJH®T, tak u 3a cuer KIH®I" oTHOCUTEILHO
00euxX KOHTPOJILHBIX TPy (puc. 2).

Tak, B rpymnme ¢ I'TI comepxkaHue CIIOHTaHHO
OKUCIIUTEIIFHO-MOTN(MUITTPOBAHHBIX OEJTKOB B MUTO-
XOHIPUSX FOJOBKHU SIIUAUAMMUCA cocTaBisio 379%, B
xBocTe — 441% oOT ypoBHSI TOKa3aTesisi KOHTPOJIbHOM
rpynisl, B cepun L-NAME 25 mr/kr — 186% u 131%
COOTBETCTBEHHO, ¢ yBeamueHueM no03ul L-NAME mo
200 Mr/Kr BO3pacTaja U CTeleHb MOBPEXIeHUs Oe-
KOB — 325 u 149% (tab6:x. 1, Tabm. 3).

OmHako B YCIOBUSIX METMOHMHOBOM Harpy3kKu
OKUCIIMTENIbHAsE MoauduKamnus 6eJIKOB B paBHOM CTe-
II€HM BBISIBJIEHA U B TOJIOBKE, U XBOCTE SMUAUINMUCA.
Ne 2
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Ta6mmmua 2. [TokazaTe MeTabOJIUTOB MUTOXOHIPUIT TOJIOBKM M XBOCTa Snuauaumuca pu moaeaupoBanuu L-NAME uH-
nylLpoBaHHOro AeduidTa cuHTe3da NO, pe3yabTaThl IpenctasieHbl B Bune Me [Q1; Q3]

Tl'onoBka snmauaMMIIC

KonTpons (5), n =8

L-NAME 25 (3),n =8

L-NAME 200 (4), n =8

NO,, MKMOJIb/MT OeKa

JlakTaT, MKMOJIB/T GejiKa

KapautuH ob1miuii, MKMOJIb/MT O6e1Ka

KapHuTtuH cBOOOIHbBII, MKMOJIb/MT OeiKa

KapHutuH cBoboaHbIli/KapHUTUH 00111

NO,, MkMoIb/Mr 6e1Ka

JlakTat, MKMOJIB/T GenKa

KapHuTuH o611Mii, MKMOJIb/MT GenKa

KapanTrH cBOOOIHEIN, MKMOJIL/MT OeIKa

KapHutuH cBo6oaHblii/KapHUTUH 0011

60.0 [49.3; 64.6]
P3_5 > 0.0167
P4a_s5<0.001

17.2 [14.2; 18.3]
P3_5 > 0.0167
P4_s > 0.0167
132 [125; 141]
D3_5<0.0167

P45 <0.01

54.2 [46.7; 66.2]
P3_5 > 0.0167
Pa_s > 0.0167

0.43[0.40; 0.49]
P3-5<0.001
P4_s > 0.0167

XBOCT 3NMUIUIMMHUCA
70.7 [55.4; 112.0]
35 <0.001
P45 <0.001
16.4 [12.2; 17.7]
P3-5<0.001
Da_s5<0.001
110.0 [98.0; 120.0]
Dp3_5 > 0.0167
P4a_s > 0.05
44.1 [37.5;47.9]
D35 <0.001
P4_s5<0.01
0.41 [0.37; 0.43]
P3-5<0.001
P4_s5 > 0.0167

32.4[21.1; 50.0]

22.7[17.0; 33.9]

98 [75; 103]

77.3[52.1; 84.1]

0.77 [0.66; 0.80]

32.5[17.8; 47.9]

28.5[26.3; 29.7]

106.7 [104.9; 117.5]

83.9 [64.5; 101.1]

0.77 [0.66; 0.84]

22.7[18.2; 25.8]
Pig>0.05

31.3[19.3; 36.5]
D34 > 0.05

77 173; 85]
Pa_g > 0.05

59.4 [41.4; 73.7]
Pig>0.05

0.75 [0.60; 0.84]
34> 0.05

28.0 [25.7; 37.0]
Pig>0.05

35.1[30.1; 37.3]
Py > 0.0167

109.8 [92.2; 129.0]
Pa_q > 0.05

60.6 [53.0; 64.6]
Pia > 0.05

0.56 [0.47; 0.68]
P34 > 0.05

Ipumeuanue: NO, — cymmaphele Mmetabonutel okeraa asora NO (II). C yuetom nonpasku boHdeppoHn Ha MHOXKECTBEHHOE CPAaBHEHME
TPYIII CTAaTUCTUYECKU 3HAYMMBIM YPOBEHb OTIIMYMiL cunTascs rmpu p < 0.017.

I[Ipu ucnonpzoBanuu mHruouropa NOS B Oonblicii
CTETIeHU JaHHbII MoKa3aTelib MOBBIIAICS B TOJIOBKE
npugatka sudka mnpu gode 200 mr/kr (puc. 2).

OOHapyXeHHOEe YMEHBIIIEHUE pe3epBHO-aganTa-
I[IUOHHOTO ToTeHIMada B ycioBusx L-NAME unHny-
nupoBaHHoro aedunura NO, BeposITHO, IEMOHCTPU-
pyeT CHUXEHHYIO CIOCOOHOCTh MUTOXOHIPUIA anam-
TUPOBAThCSI K YCJIOBUSIM OKHUCJIUTEIBHOIO CTpecca.
IIpu sToM ypoBeHb akTuBHOCTU COJl ymeHblIaucs
npu HaszHadyeHnu L-NAME kak B moze 25, Tak u B
200 Mr/kT noze (tabu. 3).

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

IIpu oleHKe comepXaHUS MUTOXOHIPUATIBLHOIO
KapHUTHHA B ycioBusgx mouxenupoBanus L-NAME B
06€I/IX Bbl6paHHbIX JOo3aX B I'OJIOBKE IIpuaaTKa gan4ykKa
Obl1a OOHAapyXeHa JMHAMUKA YMEHBIIEHUS COaepKa-
HUSI 00ILIEeTO KApHUTHHA, KaK 1 IIPU TUIIEPrOMOIIUCTE-
HUHEMUN. pr 3TOM B XBOCTC I auanuMuMuca ypoBE€Hb
00ILIeETO KAPHUTUHA HEe CHUXAJICS, TIPU CTAaTUCTUYECKU
3HAYMMOM YBEJIMYEHUH YPOBHS CBOOOIHOTO KAPHUTH -
Ha (puc. 3).

B ycinoBusax nmpumeHeHus mHruouropa L-NAME
25 Mr/Kr HaGmogaacs CXOXUi XapakTep CIBUTOB I10-
kazarteneil 6uosnepretuku (CAT, HT-AT®dasze), yto u
Ne 2
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Taommua 3. ITokaszaten OKMCIUTEILHOTO CTpecca MUTOXOHAPUI TOJIOBKM 1 XBOCTA SMUAUAMMUCA IIPU MOAEIMPOBAHUM
L-NAME unaynupoBanHoro nedunmura cunte3da NO (I1), pesyabratsl mpeacrasieHsl B Buae Me [Q1; Q3]

Tl'onoBka snmauaMMIIC

KoHtpons (5), n =8 L-NAME 25 (3),n=8 | L-NAME 200 (4), n=8

COJ1, OF/mr 6enka 34.4[32.7; 39.0] 3.8[1.6; 10.0] 6.2 [4.5; 8.6]
Di_s < 0.001 P34 >0.05
Pas < 0.001

S CI OMB, ¢.0.11./Mr 6e/ika 7.216.2; 8.6] 13.4 [11.7; 14.5] 23.4[13.9;
35 < 0.001 27.1]
Pa_s < 0.001 P> 0.0167

S OMB, CIT/MK (PAI OMB), % 33.1 [27.3; 46.1] 80.8 [62.2; 95.5] 76.7 [68.4; 86.7]
P15 <0.01 P34 > 0.05
P45 <0.01

XBOCT 3MUIUINMUC

CO/l, OE/mr 6enka 30.9 [28.1; 43.7] 5.514.0; 10.5] 5.413.8;9.1]
p3_5 < 0001 p3_4 > 005
Pas < 0.001

S CIT OMB, ¢.0.11./Mr 6eka 7.1[5.4;8.1] 9.3[8.1; 10.3] 10.6 [9.2; 12.1]
p3_5 < 001 p3_4 > 005
Pa_s5<0.001

S OMB, CI1/MK (PAIT OMB), % 41.1[35.6; 47.2] 64.4[52.7: 72.1] 78.9[75.6; 83.1]
s s< 001 P34 < 0.0167
Pa_s5<0.01

IMpumevanue: COI — cynepokcumaucmytasa, CIT OMB — ypoBeHb CIIOHTAaHHO OKUCIUTEIbHO-MOANMULIMPOBaHHBIX 6enkoB, CIT/MK
OMBbB — oTHOIIeHHE KOJMUYECTBAa CITIOHTAHHO OKHWCIUTEIbHO-MOAUMDUIIMPOBAHHBIX GETKOB K KOJWUYECTBY METAJI-UHIYIIUPOBAHHBIX
OKUCIUTENbHO-MOoAUpuLMpoBaHHbIX 6e11KOB (PAIT OMB). C yyetom nonpaBku boHbeppoHr Ha MHOXKXECTBEHHOE CpaBHEHUE I'PYIIII CTa-

TUCTUYECKU 3HAYMMBbIM YPOBEHb OTJIMYUi cuuTajcs rpu p < 0.017.

B yciaoBusix moaeiau L-NAME 200 Mr/Kr, a TeHASHLIMS
U3MEHEHUS NJaHHBIX ToKa3aTeaeil OblUia OJM3Ka K Ta-
koBoii ripu I'T'Ll (Tad. 4).

KoHLieHTpalsi MOJIOUHOM KUCJIOTHI TTOBHILIIANIACH
B MUTOXOHIPUSIX XBOCTa SIUAUIMMUCA IIPU SKCIEPU-
MeHTaJIbHOM WHTHOMpoBaHnn NO-cuMHTa3s B 00eux
BBIOpPAHHBIX 103aX; B TOMOIeHaTe TKAHU TOJIOBKY Ha-
OJII0ATIOCh aHAJIOTMYHOE CTAaTUCTUYECKU 3HAYMMOE
MHOBHILIEHNE TOAbKO B o3¢ 200 mr/kr. I1pm aTOM YyBe-
JIMYeHUE KOHLIEHTpallu¥ MUTOXOHAPUAJIBHOTO JIaKTa-
Ta CONPOBOXIAIOCH 00JIee BhIPAKCHHBIM CHIDKECHUEM
ypoBHS MutoxoHapuansHoit JIIT. ITpwu I'TL MBI yBH-
JIeJIN CTaTUCTUYECKU 3HAYMMOE yBEJIMYCHUE YPOBHS
JIaKTaTa B XBOCTE SNUAMANMICA WM YMEHBIICHUE aK-
TuBHOCTH JIIII' B TOJIOBKE SITMIMINMMUCA.

CpaBHuBas ucciegyeMble Moaeau aedpunmra NO
(IT), He OBUIO BBISIBJIEHO PA3JIMYM 110 BBIPAKEHHOCTHU
neduunta ypoBHsI NO, B MUTOXOHAPUSIX TOJOBKU U
XBOCTA BIUIMIMMHCA, OTHAKO, OBIM OOHapY:KCHBI
CTaTUCTUYECKU 3HAUYMMble pa3iuyusi B U3MEHECHUU
YPOBHSI MUTOXOHIPHUAJILHOIO KapHUTHMHA (puc. 3).
Jasg Momenn TsoKesroil (pOpMBbI TUITE PrOMOIIMCTENHE -
MUM ObUIO XapaKTEpHO 3HAUYUTEIbHOE CHUXKEHUE CO-
IepkaHusl OOIIEero KapHUTHMHA 3a CYET CBOOOMHON
dpakuuu. [Tpn 3TOM pa3nuaus TakKe OBUIN CBSI3aHBI

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

¢ 6071ee BhICOKOM akTUBHOCThIO H+-AT®a3ze B Mose-
qu I'TL o cpaBHenuto ¢ moaensimu L-NAME. ¥Ypo-
BEeHb MUTOXOHIPUAIBHOTO JIaKTaTa, akTuBHOCTE CO/J]
u CII' ctaTUCTUYECKN 3HAYNMO He OTJINYAIUCH (pUC. 4).

XapakTep U3MeHEHUI NCCIeayeMbIX TOKa3aTeeii B
XBOCT€ M TOJIOBKE IIpUIATKa SIMYKa IoKa3aJl CXOXUit
natTepH usmMeHeHUid. Ilpu 3ToM I MUTOXOHIPUIA
XBOCTAa DJMUIUIMMUCA OTMevyaaIuch Oonbluuii PAIT
OMBb u aktnBHOCTE JIAT B Momenu I'T'Ll, a myis rojios-
K1 Oblla xapakTepHa OoJibliast aktuBHOCTb JIAIT B
yeaoBusix Monenu L-NAME 25 mr/kr.

OBCYXIEHWE PE3VIIbTATOB

HenmaBHue nccnegoBaHMsl ITOKA3bIBAIOT, YTO B3aU-
MOAEUCTBUE MEXITY TOMOLIMCTEMHOM M MUTOXOHIPUSI -
MU SIBJISIETCSI CJIOXHBIM ITPOLIECCOM, B KOTOPOM KO-
HeyHbIe 3((PEeKThl OIIOCpPeIOBaHbl aKTUBHEIMU (OP-
MaMu Kucjiaopona. BpUIo TIpemyiokeHO HECKOJIbKO
MEXaHU3MOB OKMCJIMTEILHOIO CTpecca, WHIYLIMPO-
BaHHOTI'O TOMOIIMCTEMHOM, BKJIto4as 1) mmpsimoe obpa-
3oBaHue ADK myreM ayToOOKHMCJIEHUS TOMOLIMCTENHA
B IIPUCYTCTBUU MOHOB II€PEXOMHBIX METAJIOB, 2) aK-
TUBALMIO OKMCIIUTEIBHBIX CUCTEM U 3) MHTUOMPOBa-
HUE aHTMOKCUIAHTHOM 3alluThl. B ToM 4ucie romo-
Ne 2
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Puc. 3. CpaBuenne yposHeii metabonmtos NO (II) (NO,) u ppakumit L-xapautnHa B Mofensx aeduuura cuaresa NO (11).
[MpumeyaHue: * — cTaTUCTUYECKU 3HAYUMBIE OTJIMYMS MEXY UccaenyeMbiMu rpyninamu ripu p < 0.017. Pesynbratsl mpencraBieHbl
B Buze Me [Q1; Q3]. HHcy (I'TLI) — rpynna ¢ MogenrpoBaHUeM Tsixkenoi runepromouucrenHiemuu, L-NAME 25 — rpynna no-
nyvasiiast L-NAME B no3ze 25 mr/kr, L-NAME 200 — rpymnna, mony4abiias L-NAME B no3e 200 mr/kr. Head — aHaromuyeckuii
OT/Ie/ TOJIOBKY anuauaumMuca, Tail — aHaTOMUUYECKHUIt OTIE XBOCTA SIMUANIUMUCA.

LUCTEUH MOXET M3MEHSITb CTPYKTYpYy U (YHKIIMIO
0OEJIKOB, ITyTEM MX OKUCIUTEIbHOI MomaupuKaluu,
OIHAKO, 3TOT MPOLIECC OCTAETCSI MPAKTUUECKU HE U3Y-
YeHHBIM [32].

OO6Hapy:XKeHHOE HaMU YBeJIUUYeHUE NHTEHCUBHOCTU
OKUCJIMTENbHON Moan(UKaInu O0eIKOB 1 (POPMHUPO-
BaHUE OKUCIIUTEJILHOTO CTpecca XxapaKTepHBbI 111 00e-
WX BUIOB B3KCIIEPUMEHTAJIbHBIX Moneneil. OmHakKo
L-NAME-nHayimpoBaHHBIN OKMCIUTENBHBIN CTpecc,
NMoMUMO MoBbIlIeHUs TiponykKuuu ADPK, conmpoBox-
Iajicsi HapylIeHHMeM aHTUOKCUIAHTHBIX 3alllMTHBIX
MEXaHM3MOB, YTO BHIPAXAIOCh B CHDKEHUH aKTUBHO-
ctu CO/. Ilpu sKcrieprUMEHTaTbHONW TUIIEPTrOMOIIU-
CTEMHEMUU aKTUBHOCTh JaHHOro ¢pepMeHTa, Hao0o-
pOT, MOBBIIIAJIACH, YTO, BEPOSITHO, CMSTUYAJIO TTOCIIE -
CTBUSI OKMCJIMTEIBLHOTO CTpecca B TKaHU IMpUIaTKa
IMYKA.

OCHOBBIBasICh Ha JIMTEPATYPHBIX JAHHBIX, MOXHO
MIpearnojaararb, YTo CHIDKEHME KOHIIEHTpaluud MeTa-
oomuToB NO, accollMMpoOBaHHOE C TSKEJION (popMoit
TUNEProMOLMCTEMHEMU O0YCJIOBJIEHO OMHOM 13 clie-
IYIOIINX BO3MOXHBIX NpUYNH. TaK KaK TOMOILIMCTEH
CITOCOOCTBYET OKUCIJICHUIO TETParuapoOnONTeEpruHA —
Kodakropa NO-cuHTa3, 3TO NPUBOAUT K pa3o0ilie-
HUIO CyObeIMHULL (DEpMEHTa, KOTOPHIN SIBJISICTCS U~
MEPOM, 1 CIIOHTAaHHOMY CUHTE3Yy KMCJIOPOMTHBIX PaIy-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU

KaJIOB C COMNYTCTBYIOIIMM ITOHMXXEHUEM TPOAYKIINU
NO (IT) [33]. YBeanueHrEe YPOBHSI OKHUCIUTEIbHO-MO -
IU(PUINPOBAHHBIX OEIKOB KOCBEHHO ITOATBEPXKIACT
BO3MOXHOCTh 3TOTO MEXaHU3Ma.

Kpome Toro, n3aBecTHO, YTO TOMOILIMCTETH MHTUOM -
pyeT EepMeHT AUMETWIAPpTUHUHIANMETUIAMUHOTU/I -
ponazy (DDAH), MeTabonu3upyomuii IIpupOIHbIA
naTHONTOP NO-CMHTA3 — aCMMMETPUIECKUA TMe-
tunapruHuH (AIMA) [34]. Takke nMeIoTcsl JaHHBIE O
CITOCOOHOCTM TOMOIIMCTEMHA HapylIaTh TPaHCIIOPT
apruHuHa, cyoctpara NO-cuHTa3, 4epe3 MeMOpaHbI
[35].

CHuxeHue ypoBHs MeTtaboauToB NO (II) B Muto-
XOHJIPUSIX TOJIOBKU M XBOCTA SIMUANAUMUCA IIPU METH-
OHMHOBOI Harpy3ke OBLIO COIIOCTaBMMO C TaKOBBIM
nop neiicrBueM uHruountopa NO-cunTtas. Ilpu 3ToMm
oosbmias no3a L-NAME BrI3biBajia 60Jjiee BhIpa>KeH-
HBbIEe U3MEHEHMSI MCCIeayeMbIX IToKa3aTelieil. DTo ro-
BOPUT O BaXXHOI poJi HapyllIeHUsT MeTaboJIn3Ma OK-
cupna azora (II) monm geiicTBMEM roMOLIMCTEMHA B pa3-
BUTUM OKMCIIMTEIILHOIO CTpecca.

B 11e710M MOXXHO OTMETUTD 1 OTIPEETIEHHOE CXOICTBO
W3MEHEHUI B SHEPreTMYeckoM OOMEeHe 3MUINIUMNCA B
ycyioBusix TuriepromorucrenHeMu 1 L-NAME-unay-
nupoBaHHoro neduimta NO (1I). M BBenenue MeTno-
HUWHa, 1 Ha3HadeHUe pactBopa L-NAME BwI3bpIBaIN
Ne 2
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Ta6mmna 4. [TokasaTean aKTUBHOCTHA (GepMEHTOB MUTOXOHIPUIA TOJTOBKU M XBOCTA STUANANMUCA IIPU MOIAEIUPOBAHUN
L-NAME unnyuupoBaHHoro aeduiura cuHte3za NO, pe3yabTaThl npeacTaBiieHbl B Buae Me [Q1; Q3]

T'onoBka smayuouMuca

Kontpons (5),n=8 | L-NAME 25 (3),n =8 |L—NAME 200 (4),n =38
JIAT, EI/r 6enka 114.1 [78.8; 130.6] 62.1[34.6; 103.7] 15.6 [12.4; 23.9]
p375 > 0‘05 p374 < 0.01

Pa_s5 <0.001

CIT, HMoub cyKLMHAaTa/Mr 6ejIKa B MUH 35.0[22.1;42.7] 18.9 [15.6; 21.3] 17.7 [16.3; 25.4]
P3-5<0.001 P3_4 > 0.05
Pa_s5 < 0.0167

H*—AT®a3b1, MKMOIb (hocchaTa/ Mr Gerka B u 22.8[21.5; 30.4] 8.2[6.6;9.0] 9.1[6.2;10.8]
P35 <0.001 D3_4>0.05
Pa_s5<0.001

XBOCT 3MUANIUMUCA

JIAT, EO/r 6enka 27.6 [25.9; 44.3] 6.5[1.7; 24.0] 4.6 [3.6; 6.3]
P3_5 > 0.0167 P3_4 > 0.05
Da_s5<0.001

CAI, aMonb cyKIIMHaTa,/MI 0e1Ka B MUH 27.1[25.2; 34.1] 11.2 [7.5; 13.4] 9.2 [8.0; 11.9]
a5 <0.001 D34 >0.05
Pa_s5<0.001

H+_ATq)a3b[, MKMOJIb (boc(baTa/ MT OeJjIKa B U 17.6 [12.0; 20.1] 1.14 [0.40; 1.49] 3.66 [3.38; 4.28]
P35 <0.001 P34 <0.001
P45 <0.001

IMpumevanue: JIATI — nakratnerunporeHasa, CAI' — cykuuHataeruaporeHasa, COI — cynepokcumnucmyrasza, CII/MK OMB — otHo-
LIEHUE KOJIMYECTBA CITOHTAHHO OKUCIUTEIbHO-MOANMDULIMPOBAHHBIX OEJIKOB K KOJIMUECTBY METa/LI-MHAYLMPOBAHHBIX OKUCIUTETbHO-
MonuduIIMpoBaHHBIX 6eKOoB. C yueToM nomnpaBku boHbeppoHr Ha MHOKECTBEHHOE CpaBHEHWE IPYIIT CTAaTUCTUIECKH 3HAYMMBIM yPO-

BeHb OTJIMUMii cuuraics npu p < 0.017.

TOPMOXXEHHUE ITPOLIECCOB a3POOHOTO OKMUCIECHUS B TKA-
HU SMUIMAUMUCA, O YEM CBUIETEILCTBYET CHUKCHUE
aktuBHOCcTH CJ/IT, a Takske, BO3MOXHO, I OKMCITUTEITh-
Horo ochopuInpoBaHMsl, Ha YTO YKa3bIBaeT YMEHb-
menune aktusHoct H-ATdaskl.

WurepeceH TOT dakT, YTO KaK IIPU SKCICPUMEH-
tanpHOM Monenu I'T1, Tak m mpu L-NAME unnmynm-
poBaHHOM MHruOMpoBaHUM NO-CHHTa3 CHUXKAETCS
YPOBE€Hb MUTOXOHIPUATLHOTO KADHUTHHA.

B ycnoBusiX M3GBITOYHOTO TOJIyYeHUS METUOHUHA
KUBOTHBIMM KAPHUTUH MOXKET IPUHUMATh ydacTUE
B BJIMMUWHALIMM €T0 U30BITKA Yepe3 MHIYKIINIO TPaHC-
amMuHa3. OOpa3sylomasicsi Npu 3TOM KETOKHMCJIOTa
OKUCJISIETCS AETUIPOreHa3HBIM KOMITJIEKCOM Pa3BeTB-
JIEHHBIX aMHWHOKUCIIOT OO0 3-METUJITUOIPOITMOHUIIA,
KOTOpPBII cIrocobeH (popMHpoBaTh KOPOTKOILIETTIOYEY-
HbIe allUJIbl C KAPHUTUHOM U YIAJISIThCS U3 OpraHu3Ma
yepe3 mouku [36, 37]. 3a cueT 3TOro CHUXAETCs CTe-
MEHb BBIPAXKEHHOCTHU TUTIEPrOMOLIMCTEMHEM M.

C 1moMolIbIo €elle OTJHOro IMOOJOOHOIo MeXaHW3Ma
neicTBus L-KapHUTHHA BO3MOXKHO NPEenoOTBpalllcHUE
CHWXXE€HUMSI KOHIeHTpauuu metabonutoB NO (II) B
ycioBusax moaenupoBaHus I'TL. Tak, u3BeCTHO, 4TO
yBeJIMUeHNE S-aJeHO3UIMETUOHUH-3aBUCUMOIO Me-

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

TUJIMPOBAHUS OEJIKOB CITIOCOOHO ITPUBOAUTH K YBEIU-
yeHnuto npoaykuuu AJIMA [38]. B ycaoBusIX oKuCIn-
TEJIbHOTO CTpecca, WHAYLUPOBAHHOTO TOMOLIMCTEU-
HOM, JIM30COMaJIbHBIA MPOTEOJNU3, CBI3aHHBIA C
AIUMUHALIMEH’ TTOBPEXASHHBIX OEJIKOB, OyIeT CIIoco0-
ctBoBaTh BBICBOOOXIeHMIO AJIMA. Tak kak AIIMA
Hapsay ¢ myTeM, onocpegoBaHHbiIM DDAH, mMoxer
METa00JU3UPOBATHCS B MUTOXOHAPUSX TIPU y4acCTUU
¢depMeHTa allaHUMHIJIMOKCAIbaMUHOTpaHcdhepasbl C
ob6pazoBaHneM 0-KeTo-0-(N,N'-IUMeTWITyaHUIMHO)
BajiepraHoBoil kuciaotel (DMGYV) [36—39]. JlaHHbIT
MPOMEXYTOUHBIN TPOAYKT MOXET OBbITh MOABEPTHYT
BO3JIEMCTBUIO 1eKapOOKCUJIa3bl Pa3BETBICHHbBIX KETO-
KUCIOT ¢ obpa3oBaHueM Y-(N,N'-IuMeTUIryaHUIn-
Ho)OyTaHoBoi kuciaotel (DMGB), KoTopElit 1Ipu y4a-
CTUM KapHUTUH-aluiITpaHcdepasbl I1 cmocodbeH 06-
pa3oBbIBaTh 3@UPHl KapHUTUHA, KOTOpbie B
JaJibHeH1IeM 3TMMUHUPYIOTCS ITOYKaMu ¢ Movoii [40].

DDAH-1 u DDAH-2 MOryT M”HAaKTUBUPOBAThLCS B
YCJTOBUSIX TIOBBIIIIEHHOW KOHIIEHTPAlIUW TOMOIIMCTEN -
Ha, TI03TOMY BhIBeleHUe MeTaboauToB AIIMA B Bue
3(1poB KApHUTUHA MOXHO paccMaTpuBaTh Kak afarn-
TUBHBI MEXaHWU3M, aKTUBAIMsI KOTOPOTO HAIlpaBJieHa
Ha npegoTBpaineHue cHukeHus cuare3a NO (11).
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Puc. 4. CpaBHeHMe aKTMBHOCTH HCCIIENyeMbIX (DePMEHTOB, KOHLIEHTPALIMU JIaKTaTa U pe3epBHO-aAanTalMOHHOIO MOTeHIMasa
OKUCIUTENbHOU MoauduKanum 6e1KOB MUTOXOHAPUN anuanuauMuca B Moaeisix aedumura cuaresa NO (11).

[MpumeyaHue: * — CTaTUCTUYECKU 3HAYMMBbIE OTJIMYUS MEXIY UcclieayeMbIMu rpyrnaMu nipu p < 0.017. Pe3ynbTaThl peacTaBieHbl
B Buze Me [Q1; Q3]. S OMP, SP/MC (CI1/MK OMB) — oTHoOllIeHH e KOJIMYEeCTBa CIOHTAHHO OKUCIUTEIbHO-MOAN(DULIMPOBAH-
HBIX OEJTKOB K KOJIMYECTBY METAJUT-MHIYIIMPOBAHHBIX OKUCIUTEIbHO-MOoauuinpoBaHHbix 6eakoB (PAIT OMB). HHcey (I'TLL) —
rpyrmnra c MoJAeJIUpoBaHUeEM Tsikeioi runepromouucrenHeMuu, L-NAME 25 — rpynina, nonyyasiuasi L-NAME B nose 25 mr/kr,
L-NAME 200 — rpynna nosnyyaBiiasi L-NAME B nose 200 mr/kr. Head — aHaroMuueckuii oTaes ronoBky snuauaumuca, Tail —

AHATOMMYECKUI OTHEe XBOCTA SMUAUIUMUCA.

Oo6obmaronasi cxemMa BEpOSTHBIX MEXaHU3MOB
ajanTaluyi K METUOHWHOBOM Harpy3ke IpH yJaCTHH
L-xapanTrHA mpuBeneHA Ha pHUC. 5.

MexaHn3M CHMXKEHUS OOIIEro ITyja KapHUTUHA B
TOJIOBKE TIPUAATKA SIMYKA, BEI3BAHHOTO ITPUMEHEHUEM
nHrnonTopa NOS, He uU3BeCTeH, HO HE MCKITIOYCHBI
BO3MOXHOCTb OKHUCIUTEIbHON Momudukauuu dep-
MEHTOB TPAHCIOPTa KAPHUTUHA U CHIMKEHHE UX aK-
TUBHOCTH.

KYPHAJI 3BOJIIOLIMOHHON BUOXUMUU N GU3NOJIOTUH

BaxxHO OTMeTWTh, UYTO TEKylllee HCCIeIOBaHNE
WMEJIO PSi MOTeHIIMATbHBIX METOINYECKUX OTpaHUYe-
Huii. @opMUpPOBaHUE OKUCIUTEIbHO-MOAUMPUILIUPO-
BaHHBIX OEJIKOB MOXET MPOUCXOAWUTh HE TOJbKO IO
BJIMSIHUEM aKTUBHBIX (DOpPM KHCJIOpOaa U a30Ta, HO U
3a CUeT BO3ACUCTBUS peaylupylonmnx caxaposn [27]. B
CBETE 3TOTr0 MCMOJIb30BaHHBIN CIIOCOO KOMILIEKCHOM
OLIEHKY He TT03BOJISIET TOUHO BBISIBUTH UCTOUYHUK, O0Y-
CJIOBJIMBAIOIIUIA TPUPOCT YPOBHSI KapOOHUJIUPOBAH-
2022
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Puc. 5. BoaMoxHbBIe MexaHM3MBbI ITpenoTBpalieHus cHkeHus npoayKinu NO(II) B ycioBUsIX MOAEIMPOBAHMSI TSKEJIOM TUrep-

TOMOLIMCTEMHEMUU.

I[Mpumeyanue: Met — MetruoHuH, SAM — S-aneHo3unMmeruoHuH, SAH-S-ameHosuiaromonucrenH, Hcy-romouucreuH,
ADMA — acuMMeTpUYHBII NG,NG—ILI/IMCTI/IﬂapFI/IHI/IH, DMGYV — o-keto-8-(N,N'-1MMeTUIryaHuIMHO) BallepuaHoBast
kuciaora, DMGB — y-(N,N'-gumeTunryanunuHo)oyraHosas kuciaora, o KMTB — o-keto-y-Metuntuobyrtupat, MTP-3-
MeTWJITHOIIpOonnoHaT, L-carnitine — L-kapuutuH, Carnitine ether — acupbl KapHUTHHA albdha-KeToKrucIoT, ROS — akTuBHBIE
dopmbl Kciiopona/ reactive oxygen species, Transamination — TpaHcaMuHupoBaHue, PRMT — GenkoBble apruHUHMETHIITPAHC-
depassl, DDAH-1.2 — NG,N -IMMETWIApTUHUHINMEe THIIaMUHOTHApoaa3bl- 1,2, AGXT2 — ajaHMH-DIMOKCUJIAMHUHOTpaHcde-
pasa 2, BCKDC — nernnporeHa3HbIif KOMILIEKC pa3BeTBICHHBIX ajiba-KeTokuciaoT, CRAT 2 -kapHuUTHMHanuiITpaHchepasa 2,
ADMA degradation products — npoayktsl nerpagauuu AJIMA (murpynuH, amuHometwia), NO (II) synthesis — cunares NO (II),
efflux — BeImEIeHNe MeTaboMTa U3 KJIeTKU, Renal elimination — BeIAeIeHEe MeTabOIUTa U3 OpraHu3Ma ¢ moykamu, Methionine
load — MeToHMHOBas1 Harpy3ka, Protein methylation — MmeTunmupoBanue 6eakoB, Lysosomal proteolysis — 1M30coMaIbHBINM TTPO-
Teonus. [lyHkTrupoM 0003HaUeH TpaHCIIOPT Yepe3 MeMOpaHbl. CaenaHo ¢ momolbio BioRender.com.

HBIX OenKoB. TeM He MeHee MO JaHHBIM JIUTEPaTYpPhI
XOPOIIIO U3BECTHO, YTO TMOBBIIIEHUE YPOBHS TOMOLIM -
CTE€MHA B pa3/IMYHbIX TKAaHAX aCCOINMPOBAHO C pa3BU-
THEM OKMCJIUTEJIbHOIO nucTpecca [8, 9, 11].

Takxe ycTaHOBJIEHO, YTO MUTOXOHIpUAJbHAs Cy-
MEePOKCUIIMCMYTa3a SBISIETCSI BaXKHBIM 3B€HOM aHTU -
OKCUJAHTHOM 3alllUThl, KOTOPOE UIPaeT 3HAYUTENb-
HYI0 pOJib B oOecriedyeHUU OUOJOCTYITHOCTU OKCHUIA
azorta II (NO) [41], Tak KaK CKOPOCTH peaKlInii IUCMY-
TalMU CyNepoKCUaIa IO IeMCTBUEeM CYTIePOKCUIIUC-
MyTa3bl U B3aumoaeiicTBusi ¢ HUM NO ¢ o6pa3oBaHU-
€M TIepOKCUHUTpUTA corocTaBumbl [42]. B To ke Bpe-
M1 UCITOJIb30BaHHBIM METOM ONpeaeaeH s TTO3BOJISIeT
OXapakTepu3oBaThb JIUIIb CYMMAapHYIO CYNEepOKCUII-
JNIMCMYTa3HYI0 aKTUBHOCTh MUTOXOHIPUIA.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3SUOJIOTUU

M3BecTHO, YTO MUTOXOHAPUM Pa3IUYHBIX TUIIOB
TKaHeM U1 naxe KJIETOK MOT'YT 3HAYUTEIbHO pa3indaTb-
Ccs II0 CBOMM (PYHKIIMOHAJbHBIM BO3MOXHOCTSIM U
aTanTallMOHHBIM CIIOCOOHOCTSIM U IPOSIBJISITh HEO/ -
HOPOIHBIC peakKIMM Ha CyOCTpaThl U MHIUOUTOPHI,
OTJINYAThCS MO CBOEM YYBCTBUTEIBHOCTU K OKMCJIM-
TEJILHOMY CTPECCY B 3aBUCUMOCTH OT JIOKJIM3alluU B
pa3nuuHbIX TKaHSIX [43]. [ToaTOMy OlieHKa OMOXUMU-
YeCKMX CIBUTOB B YCIOBUSIX 9KCIEPUMEHTAIbLHEBIX MO-
JIeJieii MOXET CIIOCOOCTBOBAaTh BEISIBICHUIO OpPraHoO-
crienU(pUIHBIX PYHKITMOHAIBHBIX OCOOCHHOCTEM MU -
TOXOHAPUI B CUJTy UX TeTeporeHHoCcTU. BmecTte ¢ Tem
OCOOEHHOCTBIO MCCJIEAYEMbIX MOJIEJICI SIBISIETCSI CH-
CTEMHBIII XapakTep OOHapyXMBaeMBIX MeTa0oInde-
ckux caBuroB. [1oaTomMy HEOOXOOMMEI OOIOJTHUTEIb-
HBI€ MCCJEIOBAHUS, KOTOPBIE ITO3BOJISIT OIPEACIUTD
Ne 2
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IMHAMUKY HUCCIIENYEeMBIX MOKa3aTeJell BO BCEX opra-
HaX, OCOOEHHO TeX, IJe IMPOUCXOIUT OCHOBHOM MeTa-
6OJIM3M ITOCTYIAIOIINUX BEIECTB.

3AKJIFOYEHUE

TakuM obGpa3om, Tskenass hopMa TMIIEPTOMOLIM-
CTeMHEMMM, KaK M 3KcrepumeHTaibHoe L-NAME-
WHAYLUPOBaHHOE MHTuOMpoBaHue NO-cuHTa3, Mpu-
BOJIUT K Pa3BUTHUIO OKHUCIUTEIBHOTO CTpecca, BbIpaxka-
IOLIETOCd B yBEJIMYEHNU YPOBHS CIIOHTAHHO OKUCJIM-
TeJIbHO-MOAU(UIIMPOBAHHBIX OEJIKOB B MUTOXOHIPU-
SIX AMUAUIUMECA KPBIC, TAKXKE B CHUXKEHU U PE3EPBHO-
aJanTallMOHHOTO MOTEeHIMala OKUCIUTEIbHOU MO~
dukanuu 6enkoB. [Ipu 3TOM MpU TUNIEPTOMOLIUCTEU -
HeMHWM HaOJromaeTcss moBbeeHne aktnsHoctn CO/I,
B TO BpeM$ Kak IMPU SKCIIEPUMEHTATbHOM UHTMOUPO-
BaHUU NO-CHHTa3 - 3HAYUTEIbHOE CHUXKEHUE aKTUB-
HOCTHU JaHHOTO (hepMeHTa.

Tak:ke METUOHMHOBAsI Harpy3Ka MpuBOAMIa K CHU-
xeHuto ypoBHs MeTaboanToB NO (1) kak B chiBOpoT-
K€ KPOBH, TaK 1 MUTOXOHIPHATBLHOM (hPaKITIH TOJIOB-
KM 3TIUAUIVMMUCA, YTO OBIJIO COMOCTAaBUMO C BO3IEH-
crBueMm nuHruouropa NOS — L-NAME, ocobeHHo nipu
ero HazHaueHuu B go3e 200 Mr/KT.

Ha ¢one runepromMmonicTeMHEMIH, KaK 1 IIPU DKC-
nepuMeHTaIbHOM n3MeHeHuu cuHTeza NO (II), Hadmo-
JTat0TCsl CHIDKEHME aKTUBHOCTU MapKepHbBIX (hepMEHTOB
OnosHepreTdecKux mnpoueccoB muroxoHnpuii CT,
H*-AT®asul, JIAT, cHIKEHUE cOoEpKaHUA KapHUTHU-
Ha M YBEJIMYCHNE KOHIIEHTPAILIM JJaKTaTa B MUTOXOH-
NIPUSIX.

MonenupoBaHue Pas3IUYHBIX BUIAOB OKMUCIUTENIb-
HOTO CTpecca IEMOHCTPUPOBAJIO peaIU3al U0 pa3jiny-
HbIX TUIOB aJalTUBHBIX OTBETOB TKaHEil T'OJOBKU U
XBOCTa MpUIaTKa sinuka Kpbic. B ronoske anuauanmMm-
ca HabJIoJanch METa0OIUYECKUE CIBUTH,, CBSI3aHHbIE
C U3MEHEeHUEeM OMO3HEPreTUYECKUX MPOLIECCOB — YBe-
JIMYeHNe KOHIEHTpallui MUTOXOHIPUATIBHOTO JIaKTa-
Ta TPU OAHOBPEMEHHOM YMEHbBIICHUW aKTUBHOCTU
JIaKTaTAeTuaAporeHasbl, CyKLMHATAECTMApOreHa3bl U
H*-ATPase mutoxoHapuii. B TKaHsX XBocTa OTMeYa-
JINCh UBMEHEHUSI, KOTOpble HOCWIM B 0OJIbliIeit cTene-
HU 3alllMTHBIN XapakTep 1 ObUIM HalpaBjeHbl Ha MO -
JEPXKY ero GyHKIIMOHATBHOU aKTUBHOCTHU B YCITOBU-
SIX OKMCJIUTEJILHOTO CTpecca.

NCTOYHUKUN PMUHAHCUPOBAHUA

UccnenoBanue nposeneHo npu noaaepxke ®T'BOY BO
Psa3I'MY MunznpaBa Poccuu.

KOH®JIMKT MHTEPECOB

ABTOpBI 3asBJSIIOT 00 OTCYTCTBUU IBHBIX U ITIOTCHLUMAJIb-
HbIX KOH(I)HHKTOB MHTEPECOB.

KYPHAJI DBOJIOLIMOHHON BUOXUMUU U ®U3UOJIOTUU
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Comparative Assessment of the Functional Activity
of Rat Epididymal Mitochondria under Oxidative Stress Induced
by Hyperhomocysteinemia and L-NAME Administration

V. 1. Zvyagina*~* and E. S. Belskikh®

4].P. Pavlov Ryazan State Medical University, Ryazan, Russia

#e-mail: vizvyagina@yandex.ru

The state of protein carbonylation with the determination of the reserve adaptive potential and analysis of the
proportion of primary and secondary markers of oxidative protein damage in rat epididymal mitochondria due
to oxidative stress induced by hyperhomocysteinemia and L-NAME-mediated inhibition of NO synthases was
comparatively assessed in this study. It was demonstrated that an increase in oxidative modification of mitochon-
drial proteins induced by high homocysteine levels is accompanied by a decrease in the concentration of NO (II)
metabolites and resembles the changes induced by a nonselective NO synthase inhibitor L-NAME. These
changes are accompanied by signs of secondary mitochondrial dysfunction in the form of a decreased activity of
succinate dehydrogenase, H"-ATPase, and lactate dehydrogenase, as well as an increase in lactate and a decrease
in carnitine levels. At the same time, the manifestation of changes in the above parameters was different in mi-
tochondria isolated from the head and tail of the rat epididymis. In the head, there were metabolic shifts associ-
ated with changes in bioenergetic processes, namely an increase in lactate concentration paralleled by a decrease
in lactate dehydrogenase, succinate dehydrogenase, and H*-ATPase activities in mitochondria. In the tail, there
were observed the effects that were basically protective and aimed at maintaining the functional activity of the
epididymal tail tissues under conditions of oxidative stress.

Keywords: L-NAME, homocysteine, mitochondrial dysfunction, L-carnitine, epididymis, lactate
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