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QDODEKTbI TMNEPTOMOLIMUCTEMHEMUU HA NMOKA3ATEIU NMYNA HU3KOMOJNEKYNAPHbLIX
CEPOCOAEPXALLUUX COEAUMHEHUWA B NEYEHU KPbIC

© HoBorpopackas A.U., QopoweHko E.M., Kyp6aTt M.H.

Tpoounenckuii cocyoapcmesennbiii meduyunckutl ynusepcumem, Pecnyoauxa benapyce, 230009, ya. I pooHo,
Topvkoeo, 80

Pe3zrome

HeJIb. BrisBnceHue 3(1)(1)6KTOB THOCeproMOUCTCMHEMUN Y  KPBIC, BBI3BaHHOM NpUHY AUTCIbHBIM
BBCACHUCM MCTHOHHMHA, Ha KOMIIOHCHTHI ITyJla HU3KOMOJICKYJIAPHBIX CEPOCOACPKAMUX COCIMHEHUMN M
MeTaOO0TNYECKH CBA3AHHBIX C HUMU CBO60,ZIHI>IX AMHUHOKHCJIOT B IICYCHHU.

Metoauka. [{uCTeMHOBYIO M IHUCTCHHCYIb()HUHOBYIO KUCIIOTHI, CEPHUH, TJIHIWH, THIOTAYPUH, TAypHH,
METHOHHH, [IMCTATHOHWH, TOMOIIMCTEHMHOBYIO KHCIOTY B IUIa3M€ KPOBM U IEYEHH | KPBHIC OMpEAEIsUIN
MeTo0M obOpameHHo-(hazHoi BOXKX ¢ mpenkonoHouHol aepuBaTtU3anuell o-QTajaeBbIM anbACTHIOM U
3-MepKanTONpONUOHOBONH  KUCIOTOM M JETeKTUpOoBaHWEM MO, d¢uryopecteHuun. OnpeaeneHne
TOMOITMCTENHA, [TUCTeNHA, TUCTEeHHWITININHA, Y-TIyTaMIUIIUCTEHHA W TTyTaTHOHA B IUIa3Me KPOBU U
MICYCHU KPBIC MPOBOIMIN METOI0M oOparieHHo-(ha3Hoi BOXKX mociie MpeakoI0HOYHOM IepUBaTU3ALUN
¢ aMMOHHUI-7-pTopOeH30I1-2-0Kc0-1,3-11a3ona-4-cyahpoHaToM ¢ JETEKTHPOBaHUEM 110 (JIyOPECICHIIHH.
KonmuectBenHnoe omnpenenenue ypoBHs Matla (S-ageHO3MIMETHOHMH CHHTa3bl) B IUIa3Me€ KpPOBH
MPOBOAMIN UMMYHO(EPMEHTHBIM aHAJTU30M.

Pesynbrarel. J[nuTenpHas METHOHWHOBAs Harpy3ka BbI3BIBA€T TMIIEPrOMOLMCTEMHEMHIO, a TaKXKe
MOBBIIIICHWE YPOBHEH THIOTaypWHA M TaypWHAa B IJIa3Me KPOBH Kpbic. OJHOBPEMEHHO CHIKAIOTCS
YPOBHHU CepWHA W TIIHIIMHA KaK B TUIa3Me KPOBH, TaK ¥ B TIeUeHH Kpbic. Ha ¢oHe rumneproMonycrenHeMun
B TIEYEHHU KPbIC BBHISBICHO MOBBINICHHE YPOBHEH FOMOIIMCTEWHOBON M IIMCTEHHCYJIb(MHOBON KHUCIIOT,
TOMOLIMCTENHA, HUCTATUOHUHA, TUIIOTayPHHA U TILyTaTHOHA.

3akmouenne. CUHTE3 TaypHWHa KaK B NCUCHH, TaK U B IJIa3MC MPECUMYIICCTBCHHO OCYLICCTBIIACTCA 110
myTn ,I[eKap6OKCI/IJ'H/IpOBaHI/I$I I.[PICTGI/IHOBOﬁ KHUCIIOTHI. CO,I[ep)KaHI/IC TOMOLUCTCHHA B IJIa3ME KpPOBU U B
MEYCHU HC KOPPCIUPYIOT HU B KOHTpOJ'ILHOfI, HH B OHBITHOH rpynme > XuBOTHBIX.

Knrouesvie cnosa: HU3KOMONEKYISIPHBIE CEPOCOAEPKAIINE COCTUHEHHSI, TOMOIIMUCTENH, MJIa3Ma, ITeYeHb,
METHOHWHOBAsI Harpy3Ka

EFFECTS OF HYPERHOMOCYSTEINEMIA ON THE POOL OF LOW-MOLECULAR WEIGHT
SULFUR-CONTAINING COMPOUNDS IN RAT LIVER

Novogrodskaya Ya.l., Doreshenko Ye.M., Kurbat M.N.

Grodno State Medical University, 80, Gorkogo St., 230009, Grodno, Republic of Belarus

Abstract

Objective. To evaluate the effects of hyperhomocysteinemia in rats induced by forced methionine load on
the components of the pool of low-molecular weight sulfur-containing compound and metabolically
bound free amino acids in the liver.

Methods:. Cysteic and cysteinesulfinic acids, serine, glycine, hypotaurine, taurine, methionine,
cystothionine, homocysteic acid in blood plasma and liver of rats were determined by reversed-phase
HPLC with percolumn derivatization by o-phthalaldehyde and 3-mercaptopropionic acid and detection by
fluorescence. Determination of homocysteine, cysteine, cyseinylglycine, y-glutamylcysteine and
glutathione in blood plasma and liver of rats was performed by reversed-phase HPLC after pre-column
derivatization by ammonium-7-fluorobenzene-2-oxo-1,3-diazole-4-sulfonate and fluorescence detection.
Assay of Matla (S-adenosylmethionine synthase) in blood plasma was done by ELISA.

Results. Prolonged methionine load induced hyperhomocyseinemia as well as increase of the levels of
hypotaurine and taurine in blood plasma of rats. Simultaneously, the levels of serine and glycine
decreased in both plasma and liver of rats. Under hyperhomocysteinemia in the liver of rats an increase of
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the levels of homocysteic and cysteinesulfinic acids as well as of homocysteine, cystathionine,
hypotaurine and glutathione was demonstrated.

Conclusion. Taurine synthesis in both liver and plasma preferably occurrs through decarboxylation of
cysteic acid. Homocysteine concentration in the blood plasma has no correlations with its liver content
neither in control nor in experimental group of animals.

Keywords: low-molecular weight sulfur-containing compounds, homocysteine, plasma, liver, methionine
load

BBepneHue
lomonncTenH — 4YeThIpeXyriepoaHas O-aMHHOKHCIOTa, coaepxamas SH-rpymmy. Mcrounnkom
TOMOLIUCTEWHA SIBJSIETCS aKTUBHas (opmMa METHOHMHA — S-aJIeHO3WIMETHOHHH »(SAM), koTopsii

oOpasyeTcss B pe3ysbTare MPHCOCIUHEHUS METHOHHMHA K MOJIEKYJe aJCeHO3HMHA, OOPa3yIoIerocst Mpu
runponuze ATO. TlepByto peakuuio MeTadoiaM3Ma METHOHMHA, HAIPaBICHHYIO Ha oOpasoBanne SAM
Katajau3upyer (epMeHT MeTHoHMHaAeHO3WATpaHchepaza (MAT). AMmeercs n8e dopmbr MAT,
SBJSFOINMECST TpoaykTtamu AByX reHoB MATIA u MATZ2A, koTopble KOAHPYIOT COOTBETCTBEHHO
MATI/III # MATIIL. MATIA skcrpeccupyercsi TOJABKO B TemaTolWrax y B3pochbix, a MAT2A - B
OCTaJIbHBIX TKAHSX, a TAKXKE B NIeUeHN mioja. CrienuuvHbIe I MeYeHN N30(epMEHThl HHTHOUPYIOTCS
IpU IUPpPO3€ TEYCHU YEJIOBEKa, YTO SIBISCTCS NMPUYMHON aHOMAaJIbHOTO, MeTabom3Ma MEeTHOHHHA [7].
OTtnaBasi METHIIBHYIO TPYIITy B MHOTOYHCIICHHBIX PEaKIUAX TpaHCMETHINpoBanusa, SAM mpespariaercs
B S-ageHoswnromonucterH (SAH), a aacHO3MITOMOLMCTCHHA3a IIEPEBOIUT €ro B T'OMOLKCTCHH.
Finkelstein J.D. eme B 1998 r. B pabote «The metabolism of homocysteine: pathways and regulation»
OIIMCAJl JIBa CIoco0a yTHIIH3aIUi TOMOIIMCTENHA U3 KIIETOK:MIICKOTTATAIONIUX: TPAHCCYIb(QYPHPOBAHHE U
pemerwiupoBanue (mpeBpamieHue HCY B METHOHMH  HOJ. ACHCTBHEM KoOalaMHH-3aBHCUMOUN
METHOHMHCHHTA3bl U OeTanH-roMoLUCTenH-S-MeTuntpancgepassl (BHMT)). UzBectHo, uTo 00paboTka
MEPBUYHBIX TEIMATOIMTOB MBI TOMOIIMCTEMHOM CHIDKAeT skchpeccuto BHMT, a o6pabotka wux
BHMT/6eTanHoM 3amIyinaeT KIETKHM OT BbI3BAHHOIO TOMOLKMCTCHHOM YBEIMUYCHHUS MapKEpOB
OKHCIIMTENBLHOTO cTpecca: Oenka temroBoror moka (GRP78 — glucose-regulated protein) m BaXkHOTO
TpaHckpurronHoro ¢akropa CHOP, skcripecCrisi KOTOpOro MOBBIMACTCS MPH OKHUCIUTEIBHOM CTpecce
(CHOP — C/EBP homologous protein), a Tak#ke ot rudesu kiaeTok [8]. CpaBHUTEILHO HEAABHO B TICYCHU
W TOYKaX B3POCTBIX T'PHI3YHOB, B3pOCIBIX JIOACH /M CBUHEW OOHapykeHa aKTHBHOCTH APYTOTrO
(epMeHTa — OETaMH-TOMOLMCTENH-S-METUATPpaHCcepassl 2, cyOCTpaTOM KOTOPOTO SIBIsAETCS S-MeTui-L-
MeTHOHHMH. JlaHHBIH (epMeHT, BepOSTHO, TaKkKe NMPUHHMACT y4yacTHE B IMPOIECCe PEeMETHUIIMPOBAHHUS
romorcrenHa [6].

Tpanccynb(hypupoBaHie TOMOIUMCTENHA 10 HMUCTATHOHHUHA MPOUCXOIUT IMPH yYaCTHHM IIUCTATHUOHHH-[3-
cuHTa3bl. lluctatnoHWH-B-cMHTa3a —. NepBbI (EpPMEHT TpaHCCYNbQYPUPOBAHUS, KaTaIH3UPYHOIIAN
MpeBpalieHre TOMOIUCTENHA W, CEPUHA BIIUCTATUOHUH. [10THBIN MyTh TpaHCCYIbQYPUPOBAHHS UMEETCS
B MEUCHHU, IOYKAX, MMO/DKETYI0YHON Kelle3e U TOHKOM KuiieuHuke. OHaKo, IMCTaTHOHWH-B-CHHTa3a He
0oOHapyXeHa B Cep/Ille, JIETKUX, STMIKax, CeJIe3eHKe W HaAIOYeUHUKaX. BTopast peakiys KaTaau3upyercs
UCTAaTUOHUH-Y-JIHA30H.

MOIICHPIpOBaHI/Ie TUOCPrOMOLMCTEMHEMHUN BO3MOXXHO IIYTEM BHYTpI/I6pIOHJI/IHHOFO BBCACHNA DTUOHHHA,
THOJIAKTOHA D,L-FOMOI_[I/ICTGI/IHa, HCEKOTOPLIC UCCIICAOBATCIIN ,I[O6aBJ'I$IIOT MCTUOHHUH B IMUTHLCBYIO BOAY.
HeCMOTpH Ha < TO, » YTO ~CYHICCTBYET JOCTATOYHOEC KOJINYECTBO pa60T o M3YUYCHHUIO BJIUSAHUA
THUIICPrOMOLIMUCTCUHEMHUN HA PA3JIMYHBIE CUCTEMbBI OpraHu3ma, B JJUTECPATYpPE IMPaKTHUYCCKHU OTCYTCTBYIOT
CBCJICHHUS O €I'0 TKaHEBBIX YPOBHAX.

Lens uccmenoBanmss — BbisicHeHne 3¢ ¢dektoB runepromonmcrenHemun (I'TL]) Ha moxasarenu myna
HU3KOMOJICKYIISIPHBIX CEPOCOJICPIKAIINX COCAMHEHNH W HEKOTOPHIX POJICTBEHHBIM MM CBOOOJHBIX
AMUHOKHCIOT B TIEUYEHH KPBIC.

MeToauka

OkcnepuMeHT OblT BBITOMHEH Ha 18 Oemnblx OecropomHbiXx Kpbicax-cammax Maccor 200-250 r. Kpeicer
HaXOJMINCH B CTAHAAPTHBIX YCIOBUSIX BHUBAPHS C €CTECTBEHHBIM CBETOBBIM PEXHMOM, NOTYYalld BOAY U
KOpPM B JIOCTaTOYHOM KojuuecTBe. Ha BBINOMHEHHE NaHHOIO HMCCIEAOBAaHUS IOIYYEHO pa3pelIeHHe
3THUYECKOT0 KOMHTETA [ pOTHEHCKOT0 rocyAapCTBEHHOTO YHUBEPCHUTETA.
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MopaenupoBaHue TI'MIEPrOMOLUCTEMHEMUN OCYLIECTBIUIOCh IYTEM BHYTPUIKEIYAOYHOIO BBEICHMSA
cycnensun L-metnonnna B 1% xpaxmansHoM pactBope (Chem-Impex Int’l Inc., USA) B noze 1,5 r/kr
IBaXbpl B CyTKH B Teuenue 21 cyt [1]. KonTponpHas rpymnmna moiydana S5KkBUOObeMHOE KonndecTBo 1%
KpaxMaJbHOT'O pacTBOpPA B TOM XK€ PEKHUME J03UPOBaHUs. JleKanuTalnoo IpoBOIUIN Yepe3 12 4. mocne
HOCJIEJHEr0 BBeAEHUs MeTHOHMHA. KpoBb 3abupanack B npoOupku ¢ remapuHoM. [linasmaskpoBu
otaensiachk nentpudyruposanvem npu 3000 06/MuH B TeueHue 15 MuH.

IIpo6bI TIIa3MBI KPOBHU JETPOTEHHU3UPOBaIU cMmemmBanueM (1:1) ¢ 1 M pacTBopoM XJIOPHOW KHCIOTEHI,
copepxanmM 0,2 MM HopBanuua (nVal), 50 mr/n DATA, 50 mr/a Na,S,0s, nentpudyruposanu npu 4°C
15 mun. npu 16000g, cynepHaTtaHTBl OTAENsIM acnupanueid u xpanwi npu —18°C Henbonee 15 cyt.
[IpoOb1 meueHn Kpbic, XpaHMBLIMECS B JKUAKOM a3ore, romoreHusupoBanu (1:10).8 0,2 MuxmopHoit
kucnote, cogepxkareir 0,2 MM nVal, 50 mr/n DATA, 50 mr/im NapS;0s, nanpHeiimas o6padoTka Tpod
aHaJlorMyHa mpo0aM II1a3Mbl KpOBHU. PacTBOpbl cTaHIapTOB, MCHOJAb3yeMBIE M KadUMOPOBKU
xpomaTorpauyeckord  CUCTeMbl, 00palOaThIBaJld  aAHAJIOTHYHBIM  CIOCOOOM. B moidydeHHBIX
XJIODHOKHCIIBIX SKCTPaKTax MeUYeHH U IIa3Mbl ONPEACISIN KOHUEHTPAUU HUCTEMHOBON KUCIOTH (CA),
nuctenHeynbguHoBoi kuciaoTsl (CSA), cepuna (Ser), rmuuuna (Gly), runoraypuna (HpTau), taypuna
(Tau), merwonmna (Met), mucratuonuna (Ctn), romormcterHoBoi kucinoThly (HCA) wmetomom
oOpaieHHo-¢ha3Hoit BOXX ¢ mnpeakosoHOUHO# nepuBaTH3anyed /0-QTaleBbIM @IbJeTUAOM U 3-
MEpKaITOMPOIIMOHOBOM KUCIIOTOW W JeTeKTHpoBanueM 1o (iayopecuennmn (338/455 um). Kononka
Zorbax Eclipse Plus Cis ¢ pasmepom gactuil 3,5 MKM, pa3Meps! KOIOHKH 2,1x150 MM, ¢ IpeaKOIOHKOR
2,1x12,5 MM, 3aI10THEHHOW TaKUM ke cCOpOeHTOM, pa3mMepoM vacTull 5 MM (Agilent). IloasmwkHas dasza:
0,1 M Na-anerathslii 0ydep, pH 4,8, conepxammii 20 mr/a SATA (A); aueronutpui/Bona 7/3 (06 /00)
(B), meranon/Boga 7/3 (06/060) (C), 0,1 M Na-anerar Hatpus, coxepxkamuii 20 mr/n DJTA (D).
Paznenenue — ¢ rpaJleHTHBIM SIIOUPOBAHUEM.

Ompenenenne tomoructemHa (Hcey), mmcremna (Cys),  mumcremnwiraumuHa  (CysGly), -
rmytammuctena (yGluCys), rmyratnona (GSH) B ma3me KpoBW W TI€YEHH MPOBOJIWIA METOIOM
oOpamenHo-¢pazHoit BOXX ¢ nerektupoBanuem no diayopecuedtmy (379/510 um). Meton ocHOBaH Ha
MPEIKOJIOHOYHON AepuBaTH3aiu SH-comepkammx coeAMHEHNH ¢ aMMOHUI-7-(QTopOeH301-2-0KCc0-1,3-
nunazona-4-cynbsonarom (SBD-F). ITpoOsr mnasmer emenmuBanu.c 0,5 MM pactBopoM N-aleTHILHCTEHHA
(BHYTpeHHHH CTaHOApT) W pacTBOopoM Tpuc-(kapookecudTmin)bochuna (TCEP) (100 mr/mur). IlpoOsi
uHKyOupoBanu 30 MHH. IPH KOMHATHOH TeMmeparype, oenku ocaxaanu 10% TXY u nearpudyrupoanu
npu 4°C 15 mun. pu 16000 g. K 6e36enkoBoMy CymepHAaTaHTy AOOABIISIN CMECh IJIS IepPUBATHU3AIINH,
cocrosmtyto u3 1,55 M NaOH, 0,125 M Na-6oparnoro 6ycdepa, pH 9,5 u pactsopa SBD-F (1 mr/mn).
WnkyOuposanu 1 4. mpu 60°C. B cuctemy BBOIMIKS MK peakLMOHHON cMecH. PacTBOpHI cTaHOapTOB,
HCHONb3yeMble JUIsl KalMOpPOBKH XpOMaTOrpauyeckoil cucTeMbl, 00padaTbiBajll aHAJIOTUYHBIM
crocobom. Komonka Zorbax Eclipse Plus SB Cig, 2,1%150 mM. ITogsmwknas daza: 0,1 M NaHyPOa, 17
MM H3POgs, 20 mr/n 3TA (A), amteronurpuit/Bona 7/3 (06./06.) (B). Pasnenenue — ¢ rpagueHTHBIM
JTFOMPOBAHHEM.

KonnuecTBeHHOE Ompe/ieNieHHe YPOBHS METHOHHHAJAeHO3unTpancdepassl (Matla) B rmiasme KpoBu
HPOBOJWIM C TIOMOILBIO HaOOpa, uisi nuMMyHOdepMeHTHoro ananusza Rat Matla (S-adinosylmethionine
synthase isoform type-1) ELISA Kit Cat. Noe ER0266 («Fine test», Kurait).

Cratuctrdeckyro 00palOTKY, JaHHBIX TPOBOAWIHA C TpuMeHeHWeM t-kputepust CTpoAeHTa s
HE3aBHCHUMBIX BHIOOPOK TOCIE KOHTPOJISI HOPMAIFHOCTH € ToMomibsio kputepus Konmmoroposa-CmupHOBa
¢ momnpaBkoil Jlmmmdopca u Illanmmpo-Ywnka. Ilpu OTKIOHEHWH pacHpeneieHnss OT HOPMajIbHOTO
JIOCTOBEPHOCTh Pa3iu4uil MEXKIy TpylIamMy NMPOBEPSUIM MEIUAHHBIM TecTOM MaHHA-YUTHHU, pa3indus
CUMTaIM CTATUCTHYECKN JoCcTOoBepHBIMU 1pu p<0,05. Jlns BBIABICHHS B3aMMOCBS3H MEXIY
UCCJICTyEMbIMHE TOKA3aTEIIIMU C HOPMaJIbHBIM PaCIPE/ICIICHUEM HCIIOJIb30BaIN KOPPEISIIIMOHHBIN aHaTH3
IIupcona, KoppersuoHHbi aHanu3 CrimpMeHa — Ui MoKa3aTellell ¢ HeHOPMabHBIM paclpeaelieHueM.
Pe3ynbTarhl BeIpaXkalln B BHIE CPEeIHET0 W cpemHed ommoOku cpegdero (Mzm) mims mokasaremneit c
HOPMAJIbHBIM PAaCIpe/ielIeHneM, MeAWaHbl, HIDKHEW W BepxHed kBapTwiau (Me [HWXKHISA, BepxHSSA
KBapTWIH]) — JUIS TOKa3aTelieHd, MMEIONINX Pa3liiuus MEXIy TpyNIaMH, JOCTOBEPHBIE TOJIBKO IIO
HemapaMeTpuIeckoMy TecTy. [IpuMeHsUTH makeT cTaTHCTHYecKuX mporpamm Statistica 10.0 (cepuiinbiit
romep AXAR207F394425FA-Q).

Pe3ynbTaTbl MCCcrieaoBaHUs U UX obcyxaeHue

Yposens Hey B mazme KpoBU KPBIC OTIBITHOW TPYIIIBI COOTBETCTBOBAJ CpelHE I M TSDKENOH  ¢opme

THIICPrOMOIIMCTEHHEMHN y dYeJoBeka (Tabn. 1), 4ro coryiacyercss ¢ JUTEpaTypHbBIMH JaHHbIMH [1].

Harpyska MeTHOHMHOM BBI3bIBANa JUCOAIAHC HU3KOMOJIEKYJISIPHBIX CEPOCOAEPIKAIIMX COCAMHEHHH U

POICTBEHHBIX UM CBOOOIHBIX aMHUHOKHCIIOT KakK B IIJa3M€ KPOBH, TaK U B N€YEHHU KpbICc. B mua3me kposu
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KpbIC Ha0II01aI0Cch 3HaUYMMoe ToBhImeHue yposHeir Met, HpTau u Tau. Konnenrparus Matla B masme
KPOBU KOHTPOJBHOH rpymiisl coctaBuia 20,81+1,07 mpotus 19,99+0,27 nr/mi B onbITe U CYLIECTBEHHO
HE W3MEHsAIach, T.€., INO-BHOAUMOMY, KaTalu3upyemas peaknus He SBJsUlach JUMHTHUPYIOIIEH B
JaIbHEHINX TIpeBpalleHusix MeThoHuHa. IlepBas peakuusi TpaHcCyIb(QypUpOBaHHE, OYEBHIHO, HE
HapyIlleHa, 4YTO TOATBEPXKIACTCS HEHU3MEHHBIM YPOBHEM MPOIYKTOB TPAHCCYIb()YPHHOBAHUS
romorcrenta — Ctn, Cys, ¥ cTaTUCTHYECKU TOCTOBEPHBIM CHIKCHHEM YPOBHS Ser B ria3me (1adi. 1).

Tabmmma 1. YpoBHH cepocoaepKanuXx aMHHOKHUCIIOT M POJACTBEHHBIX UM COSIWHEHHUH B IIa3Me KPOBH
KPBIC TIOCJIE METHOHWHOBOM HArPy3KH

Konnentpanus (MkM) KonTpons (n=9) MeTnoHuH (h=28)
Cys 42,67 [34,82; 44,71] 55,28 [28;30; 59,94]
Hcy 9,48 [8,05;10,80] 36,28 [32,29; 226,60]*

CysGly 1,150,099 1,09+0,257
yGluCys 4,41+0,395 5,27+0,512
GSH 27,651,513 33,39£1,799
CA 0,90 [0,58; 0,98] 0,62 [0,54; 0,73]
CSA 0,17+0,027 0,18+0,031
HCA 0,16 [0,14; 0,20] 0,27 [0,23; 0,29]
Ser 172,60+3,598 102,29+6,260*
Gly 169,04+6,188 101,66+8,079*
HpTau 1,12+0,300 5,80+0,799*
Tau 118,54+8,297 228,16+11,680*
Met 32,79 [31,75;36,20] 50,80 [36,83;139,67]*
Ctn 1,62+0,252 1,97+0,497

IIpumeuanue: * — cTAaTHCTUYECKU TOCTOBEPHBIC H3MEHEHHS 10 CPaBHEHUIO ¢ KoHTpoaeM, P <0,05

Yporens HpTau B mra3me KpoBH MOBBICHIICS B 5,2 pasza, HO IPW dTOM HAOJIOIAIOCH ITOBHIIICHUE YPOBHS
Tau Tompko B 1,9 paza. Jlumurupyromei peakimeidl cuHTe3a lau sBISETCS, TakuM 00pa3om,
nexapookcwupoBanne CA. B medeHu KpbIC HOCTE JUIMTEIHHONH HArpy3KH METHOHHHOM HAOIIOIanoch
noBbIlicHHe ypoBHst CtN u cHmKeHUe ypoBHSEr (Tabm. 2).

Ta6J'H/ILIa 2. yp0BHI/I cepocoacpKalinX A@MUHOKUCIIOT U POACTBCHHBIX UM COG,I[I/IHCHI/If/i B IICUCHHU KPbIC

IOCJIE METHOHHHOBOM Harpy3kKu

KOZ{LII;:){;S Z})IHH Konrpons (n=9) Merunonus (n=8)
CA 2,09+0,134 2,22+0,093
CSA 1,87£0,209 2,80+0,347*
HCA 37,12+2,744 86,97+7,267*
Ser 1280,87+112,885 307,53+42,805*
Gly 4000,75+256,618 1688,60+265,201*

HpTau 69,51 [25,67;143,67] 840,14 [543,36; 3080,84]*
Tau 1216,55%79,536 2015,70+£248,057
Met 54,61+2,672 44,874,072
Ctn 8,942,107 47,79+£11,119*

Cys 286,71+54,697 246,41+19,355
Hcey. 1,0310,84; 1,49] 4,34 [2,75; 15,62]*

CysGly 82,02+8,509 88,80+6,131

yGluCys 28,79+4,100 40,81+3,825
GSH 1715,37%152,077 3019,93+277,515*

Ipumedanue: * — CTaTHCTHYECKH IOCTOBEPHBIC M3MEHEHHS 10 CPaBHEHHIO ¢ KoHTpouieM, P<0,05

OTW CBEACHUS TO3BOJSIOT TNPEANONIOKHUTh, 4YTO HApYIICHHE MpoIecca TPAHCCYIb(ypUpPOBaHUS
MIPOMCXOAMT Ha 3Talle BTOPOH PEaKIMH, KOTOPYIO OCYIICCTBIACT HuMcTaTHOHUH-y-naza (CSE). Kak
W3BECTHO, JTAHHBIN (EPMEHT IKCIPECCUPYETCsl B TEMATOIUTAX M 3BE3AUYATHIX KIETKax MEUCHH, OJTHAKO,
€ro AKCIIPECCHs B MEYCHU U IIa3Me KPOBHU IIPH SKCIIEPUMEHTAIBHOM IIUppo3e cHmxkaercs [4,10]. Hapsaay
C OTUM UMEIOTCS JaHHBIC, KOTOPHIC MOKa3bIBAIOT, YTO BBICOKOE cojaepkanue HCY u a-keroOyTupara
cHmWkaeT akTuBHOCTh CSE B medenu [9], a 0JHOTO TOJNEKO TpaHCCYNb(QYPUPOBaHUS HEAOCTATOYHO IS
yAaJeHUs] 3TOr0 TOKCHUYHOro Merabonmuta. Ha ¢oHe cHukeHHS YPOBHS Ser HaOroIaioch CHUKCHHC
ypoBHsi Gly He ToNbKO B IU1a3Me, MMeYeHH, HO M B TOJOBHOM Mo3re kpbic [3]. B cBoem uccienoBanuu S.
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Fukada orMerui1, 9T0 rMIeproMoLMCTCMHEMHs, BbI3BaHHas jgo0aBieHneM Met B muTheBYIO BOAy, JIHOO
BHYTPHOpIOIIMHHOW HMHBeKIMel Met, Mmoxer koppurupoBathes noOasieHueM Gly m Ser, a Bbicokuid
ypoBeHb Met B medeHHn TakKe CHIKAETCS NPU MCIONB30BAHUM ITHX aMHHOKHCIOT, HO 3(dekt oT Ser
3HAuUTENbHO BhIIIe, 4eM oT Gly. Ser u Gly — ucToyHnKM OJHOYTICPOAHBIX IPYIIT H, B KOHEYHOM CYETE,
5-metmnrerparunapodoata, a MOCIETHUI ABISIETCS MOCTABIIUKOM METHIILHBIX TPYIIIT JIJISl IPEBPALICHUS
Hcy B Met. OmHako mokazaHo, YTO IOTOJIHHUTENIbHOE BBemcHne Met B mumry KpwIcaM .BBI3BIBACT
CHIDKCHHE aKTHBHOCTU METHOHMHCUHTA3bl U TOBBIICHHE — METHOHHHAJICHO3MWITpaHcepasbl, OeTanH-
TOMOLIMCTENH-METHATpaHchepasbl, HUCTaTHOHUH-PB-cuHTa3bl B medenu [5]. CremoBatenbHO, MPUUYAHON
HU3Koro ypoBHs Gly MoxkeT OBITh €ro pacxoJOBaHHWE Ha CHHTE3 SEl, W IO0JTOMY IIepBas pPeaxmus
TpaHCCYnb()ypupoBaHUs B TEYEHH MNpeodianacT HajJ PEMETHIMPOBAHHEM B YCIOBHSX WAIHTSHbHON
METHOHMHOBOH Harpy3KH.

IMoBeimenue yposHeit HCy u npoxykra ero okuciaenuss HCA B medeHH KpbIC MOKET SBIATHCS HPHIHMHON
OKHCIIUTEIBHOTO CTpecca, B MOJIb3y Y€ro MOXKET CBHUJICTEIECTBOBATH MOBBIIICHHE YpoBHS obmero GSH.
Hamu mnokazano, yto Ha ()OHE TUNEPrOMOIMCTEMHEMHH B TEUYEHH KPbIC BO3HUKAIOT JIOKaIbHBIC
CTPYKTYpHBIE M3MEHEHHUS] MHUKPOLMPKYJIATOPHOTO pycia, (GuOporenes, AUCTpopuUeCKHEe M3MEHEHUS B
reraToluTax, KOTOPbIC 3aTParkBalOT B OCHOBHOM SIICPHBIN aliapaT 1 MUTOXOHIpUH [2].

B meuenu, kak u B IuiazMe KPOBU KPBIC, OTMEYAIOCH MOBHINIEHUE YPOBHS HpTau, ojlHako M3MEHEeHHUs
ObuTH OoJiee BEIpaKeHHI B TieueHu (B 12,1 pasa), yem B mrazme (BS,2 pasa). Otmedanach TEHIACHITUS K
MOBBIIIICHUIO YPOBHA Tau, ogHako mpH 3ToM ypoBeHb CSA ypemuumics 1,5 paszax [IpuurHON Takoro
SIBJICHUSI,  BEPOSITHO,  SBISICTCS ~ CHW)KCHHE  AKTUBHOCTH - FHIOTAYPHHICTUIPOTCHA3bl |
[IUCTCHHCYJIb()UHATACKApOOKCHIa3bl. JIMMUTHPYIOMIUM CKOPOCTh CHHTE3a. Tau B MEUYEHU KPBIC IMOCIIS
Harpy3kKH METHOHUHOM SIBJISUICS MYTh JekapOokcunupoBanms CA.

IMpn anamm3e KOppesIUi MeXay IOKa3aTelsIMU IUIa3Mbl KPOBH M TIE€UYCHH KpPBHIC OBUIM BBISBICHBI
[TOJIOKUTENBHBIC CBSI3U MEXy YPOBHAMHU HCY mia3mel C yperHsamu Ctn u HpTau neuenu (R=0,76 u 0,74
cootBeTcTBeHHO), Met mnasmer ¢ ypoBusmu Ctn, HpTau m Tau meuenn (R=0,88; 0,81 u 0,76) u
OTpUIIATENIbHBIC CBSI3M MEXAY YpoBHAME HCY muia3mel ¢ ypoBusamu Ser u Gly neyenn (R=-0,93 u -0,95),
Met ruiaszmbl ¢ ypousimu Ser u Gly neuenn (R= -0,74 n -0,76) B onbITHO# rpynie, B KOHTPOJIBHON kKe
TpyMIe 3TU CBSA3M OTCYTCTBOBaIM. MHTEpecHO, YTO 3HAUYMMas KOPPENSLHOHHASA CBS3b MEXKIY YPOBHEM
HCy mmasmMbl M ero ypoBHEM B TE€YCHH KaK.-B. KOHTPOJHHOW, TaK M B ONBITHOW TIPYIIE KPBIC
OTCYTCTBOBAJIA.

BbiBOoAbI

1. JnuTtenbHasi METHOHHHOBAS HArPy3Ka BBI3BIBACT CHIDKEHUE conepxanus Ser u Gly B mnasme KpoBH u
MEYCHU KpbIC, a Takxke moswinicHue yposHeid Hcy, HCA, Ctn, CSA, HpTau u GSH B meuenu, Met,
Hcy, HpTau u Tau B ma3me KpoBH KpEbIC.

2. IloBbliiieHne ypoBHS HCY ‘B TieueHH, BEpOSTHO, HE CBSA3aHO C IMOBBIIICHHEM €r0 YPOBHS B ILa3Me
KPOBU KOHTPOJBHOW W ONBITHOW rpynn Kpbic. KpoBb, BO3MOXKHO, HE sBiseTcss ucTouHukoM Hcey
MIEYECHHU, 1O KpalHeH-Mepe, HOClie JUINTEIbHON METHOHUHOBOM HAarpy3KHU.

3. Cunte3 Tau kak B neéye€Hu, TaKk MU B IUIasM€, NPECUMYHICCTBEHHO, OCYILICCTBIACTCA II0 ITYTHU
,Z[eKap6OKCI/IHI/Ip0BaHI/IH HHCTCHHOBOﬁ KHUCJIOTBI.
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