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®UO aBTopa(-oB): Aeamwvipam I envoumvipados batipamosuy

Typrkmenckuu ocyoapcmeeHnuviti  MeOuyuHcKuu yHusepcumem umenu Mypama
l'appuesa

Haszpanune nyonnkanun: « COBPEMEHHBIE METO/IbI AHAJIU3A JIMTTM/1OB

B BUOJIOTNYECKUX CUCTEMAX)»

AHHOTaums: B crarbe npeacrasieH 0030p COBPEMEHHBIX METO0B aHAIM3a JIUIHI0B
B Ouonormyeckux cucreMax. PaccmarpuBaroTcsi Xxpomarorpaduueckue, macc-
CHEKTPOMETPUYECKHE UM  CIEKTPOCKONMYECKHWE TMOAXOAbl, IpPUMEHSEMbIE B
munuaomuke. Ocoboe BHHUMaHUE yAENSeTCs KHUAKOCTHOM Xpomarorpaguu B
coueTaHMM C TaHAeMHOM Macc-criektpomeTpueit (LC-MS/MS) kak nHaubosee
NEPCIIEKTUBHOMY HWHCTPYMEHTY KOJMYECTBEHHOIO M KAye€CTBEHHOTO aHajiu3a
JUOUAHOrO npoduiist KIeTok U TKaHed. OOCyx aaroTcsi METONbl MPOOOMOATOTOBKH,
OPUHIMIB OMonH(pOpMaTHUecKod O0O0paOOTKH JaHHBIX M KIMHUYECKOE 3HAYEHUE
UCCIICIOBAaHUH JIMMIUIOMA TIPU PA3JIMYHBIX MMATOTOTMUYECKUX COCTOSTHUSX.
KiaroueBble cjioBa: JUNUAbIL, JTUIMUIOMUKA, MAacC-CIIEKTPOMETPUS, Xpomarorpadus,
OMOIOTUYECKUE CHUCTEMBI, MPOOOMOATOTOBKA, aHATIN3 JIMITUIHOTO IPOQUIIs, KUPHbIE
KHUCJIOTBI, POChOTUITHIBI.
1. Beenenue

Jlunuael  TpEeACTaBisIOT  COOOM  TeTepOreHHbIM  Kjacc  OMOMOIIEKY,
BBITIOJHSIOIIMX ~ KIIFOYEBblE (YHKIMM B JKUBBIX OpPraHU3Max: OHM SIBISIOTCS
CTPYKTYPHBIMH  KOMIIOHEHTaMHU  KIJIETOYHBIX MeMOpaH, CIyXaT 3amacHbIMU
UCTOYHUKAMU DJHEPruH, Y4YacTBYIOT B TMepelfaiye CHUTHAJOB, PEryasliuud TeHHOU
OKCIPECCUU U BOCHATUTENBHBIX peakuusx. [lo coBpeMeHHBIM OLIEHKaM, Te€HOM
yenoBeka koaupyeT cuHTe3 Oosiee 40 000 pa3auyHBIX BUIOB JUIUJHBIX MOJICKYI,
COBOKYIMHOCTh KOTOPBIX MPHUHATO 00O3HayaThb TEepMHUHOM «mnuaom» (lipidome).
[TonHoLleHHOE ~ WM3ydye€HHE  3TOr0  MHOXECTBAa  MOTpedoBaio  pa3paboTKu
CHEIUATU3UPOBAHHOTO pa3/iesia MeTad OJIOMUKUA — JIMITHIOMUKH.

AKTyallbHOCTb aHAJIM3a JUMHUI0B B OMOJIOTHYECKUX CUCTEMAaX OMpeessieTcs ux

HGHTp&JIBHOfI PO B IMAaTrOr€cHeE3C¢ MIHMPOKOIo  CIICKTpPa 3a00JICBaHUH —
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arepocKiiepo3a, caxapHoro 1uadbera BTOPOro THUIA, OKUPEHUS], HEHPOIEreHEPaTUBHBIX
paccTpoiiCTB M OHKOJIOTMYECKUX MpoleccoB. HapymieHus aunuaHoro ooOMmeHa
BBICTYIIAIOT KAaK IPEAUKTOPAMH, TaK M MapKepamMy OTHX COCTOSHUH, 4YTO
00yCJIOBIIUBAET BBICOKHI MEIHUKO-OMOJIIOTUYECKUH HHTEpPEC K pa3pabOTKE TOYHBIX,
BOCIIPOM3BOJMMBIX U BBICOKOIIPOU3BOINUTEIBHBIX AHATUTUYECKUX METOIOB.

3a nociacaHue aBa JACCATHUIICTHA apCCHall MCTOAOB aHallM3a JIMIIKWIA0B

3HAYHUTCIIBHO pacinupuiICA: oT KIIaCCHYCCKHX IrpaBUMCTPHUYCCKUX )41
KOJIOPUMCTPUICCKHUX Ioaxoa0B — K BBICOKO1YBCTBHUTCIIbHBIM Macce-
CIICKTPOMCTPUYCCKHUM TCXHOJIOT'HUAM, ITO3BOJIATOIIINM OAHOBPCMCHHO

UJACHTUDUIIUPOBATh M KOIWYECTBEHHO OMPEACNIATh COTHU JIMIUIHBIX MOJEKYT B
oHOM oOpasiie. Llenbio HacTosIel paboThI SBISIETCS CUCTEMATH3aIHsI COBPEMEHHBIX
AHATUTUYECKUX  METOJOB, MPUMEHSEMBIX ISl HCCIENOBAaHWSA JIMIUIAOB B
OMOJIOrMUECKUX 00bEKTaX.
2. Knaccudukanuyst TUIUA0B U 3aJ]a4i UX aHau3a

B coorBerctBun ¢ knaccudukamnueit LIPID MAPS Consortium, npunsaroii B
Ka4eCTBE MEXKJAYHAPOAHOIO CTaHJapTa, BCE JIMMHABI MOAPA3ACISIOTCS HAa BOCEMb
OCHOBHBIX KaTETOPH: XUPHBIC KHUCJOTHI W WX MPOU3BOMHBIC, TJIUIIEPOIUITHIBI,
runepodocdonunubl, COPUHTOMUIUIBI, CTEPOSIOBBIE JIUMHIbI, TPEHOIbHBIC JIUITUIBI,
caxaponunubl U monud pupHeie unuabl. Kaknas kareropust OTInYaeTcsl YHUKaIbHON
XUMUYECKOM  CTPYKTYpoH, (U3MKO-XUMHUYECKUMU  CBOMCTBAMHU U TpeOyeT
crienu(pUIeCKUX aHATUTUIECKUX ITOIXO/I0B.

3amaud  aHAJIWTHYECKUX MCCIEIOBAHUN JIMIIMIOB OXBAaThIBAIOT HECKOJIBKO
YpPOBHEH: KauyeCTBEHHbIM aHaM3 (UASHTU(PUKALMSI MOJCKYISIPHBIX  BHJIOB),
KOJIMYECTBEHHBIM aHanmu3 (ompeaeneHne aOCOMIOTHBIX WIJIM  OTHOCHUTEIHHBIX
KOHIIEHTpAIUii), CTPYKTYPHBIN aHaiu3 (YCTaHOBIICHUE MMOJIOKEHUS JBOMHBIX CBA3CH,
JUIMHBI alWIBHBIX IIeTeH, pegioXuMuu) M (DyHKIIMOHAIBLHBIA aHAW3 (M3ydeHUE
MeTa00IMYECKUX MOTOKOB C HCIOJIb30BAHUEM H30TOMHBIX METOK). COBpeMEHHbIE

METOJIbI B TOM MJIM MHOH MCPC pC€IIarOT BCC MECPCUHCICHHBIC 3a1a4H.
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3. Metoasl mpoOONOATOTOBKU

KauecTBO KOHEUHBIX AHAIUTUYECKUX PE3yIbTaTOB B 3HAYUTEIBHOU Mepe
omnpenensiercss 3PPEeKTUBHOCTHIO MPOOOMOATOTOBKH — TMPOLEAYPHl AIKCTPAKIUHU U
OYMCTKH JIMMHUIOB W3 Ouomornyeckoro Mmarepuana. Kmaccuueckuit meton domua
(Folch et al., 1957), ocHOBaHHBII Ha WCHOIB30BAHUM CMECU XJIOPO(OPM-METAaHOI B
coOoTHOLIeHUU 2:1, gonroe BpeMsi OCTaBaJiCd 30J0THIM CTAHAAPTOM U IIMPOKO
npUMEHsieTCs 1o ceil eHb. Meton obecneurBaeT BBICOKUMN BBIXOJ OOJBIIMHCTBA
KJIACCOB JIMIIHJIOB, OJTHAKO COMPSIKEH C MCIOIb30BAHUEM TOKCUYHBIX XJIOPUPOBAHHBIX
paCTBOPHUTEIIEH.

Merton bnaii-Jlaiiepa (Bligh & Dyer, 1959) npencrasnser co6oit MogupUKaIIo
Metona doya, No3BOJAIONIYI0 paboTaTh ¢ 6oJee BOAHBIMHU 00pa3aMu IpU MEHbIIIEM
pacxone pactBopureseil. B mocienHue roiapl MIMPOKOE PacpOCTPaHEHHUE MOTYUHII
METOJl DKCTpPaKIMH METWI-TpeT-0yTuiioBbiM 3hupom (MTBE), npenyioxeHHBIM
Mauepom u A30u (Matyash et al., 2008). Ero npeumyiiiectBa BKJIHOYAIOT MEHBIITYIO
TOKCUYHOCTb PAaCTBOPHUTEIIS, POPMUPOBAHUE OPraHUUECKOH (ha3bl MOBEpX BOJHOMN (UTO
yIpoIaeT cOOp IKCTpaKTa) U BOBMOKHOCTh aBTOMAaTH3allMHU MTpoIiecca.

Jlna aHanu3a cnenu@puueckux KJIacCcoB JIMIUIOB pa3paboTaHbl H30UpaTeabHbIe
MeTonbl JKcTpakuuu. TBépmnodasznas oskcrpakuuss (SPE) Ha cunmkareneBbiX U
CMEIIIaHHbIX COpOeHTaX MO3BOISIET (PPaKIIMOHUPOBATH OOIIHIA JUITUIHBIA SKCTPAKT MO
NOJISIPHOCTH U PYHKIMOHAJIBHBIM IpyNaM. YCKOpEHHAas SKCTPAKIUs paCTBOPUTEIISIMU
non naeineHueM (ASE/PLE) cokpamiaer Bpemsi HpoOONOATOTOBKHM W Pacxof
pacTBOpUTEICH NMPHU COMOCTABUMOM HJIM 00Jiee BHICOKOM BBIXOJIE LIEJIEBBIX aHAIUTOB.
4. Xpomarorpapuyeckre METOAbI
4.1. TonkocnoiiHas xpomarorpadus

TonkocnoitHas xpomarorpadus (TCX) sBisieTcss OTHUM U3 CTAPEUIIINX METOIO0B
pasaeneHusl JIUIKUI0B U MO CeH JIeHb IIUPOKO MPUMEHSIETCA IS MPEeaBapUTEIbHOTO
(bpakIMOHUPOBAHUS U KAYECTBEHHOI0 aHaIn3a. MeTo/1 MpOCT B UCMIOJHEHUH, TPEOyeT
MUHUMAJILHOTO OOOpYAOBaHMS W TMO3BOJNSIET OAHOBPEMEHHO aHAJIM3UPOBATH
HeckoJbko 1po0. BreicokoaddextuBnas TCX (BOTCX) nHa mmactuHax ¢

MCJIKOAUCIICPCHBIM COp6CHTOM oOecreunBaeT Oosee BBICOKOE pa3spCuiCHUC U
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YYBCTBUTEJILHOCTh [0 CPABHEHUIO C KJIacCHYEeCKMM BapuaHTOM. CoOBpeMEHHbIE
JEHCUTOMETPUYECKHUE CUCTEMBI TIO3BOJISIFOT MTPOBOAUTD MOIYKOJIMYECTBEHHBIN aHaIN3
XpoMarorpaduueckux 30H.
4.2. T'azoBast xpomarorpadus

['azoBas xpomarorpadust (I'X) B coderanunm ¢ TUTAMEHHO-MOHH3AIMOHHBIM
nerekropoMm (ITMJ1) umu macc-criektpomerpoMm (I'X-MC) sBriseTcss KJIacCUUECKUM
METOJIOM aHaJIM3a KUPHBIX KUCIOT B (hopMe MeTUII0BBIX 3gupoB. [locne npouenyps
METHJIMPOBaHUs (C UCTONIb30BaHNEM TpuTOpHraa 60pa B METaHOIIE, TMAa30METaHa UITH
JIPYIUX pEareHToB) MeTWIoBblie Adupbl KupHbIX Kuciaor (MOXK) xoporro
pa3neIAIoTC Ha KaMJUSIPHBIX KOJIOHKAX C TIOJISIPHBIMU HEMOBIKHBIMU (hazamu. [ X-
MC mno3Bosser MACHTU(GUUUPOBATH OTACIbHBIE JKUPHBIE KHUCJIOTHI, B TOM YHUCIE
M30MEpPBI IBOWHBIX CBA3EH, C BBICOKOW TOYHOCTBIO.
4.3. Beicokor(dekTruBHAs KUJKOCTHAS XpoMmarorpadus

BricokoadpextuBHas xkuakoctHas xpomartorpadus (BDXKX) B HOpMaibHO-
dazoBoM u oOpaméHHO-(ha30BOM BapuaHTaX MIMPOKO MPUMEHSIETCS IS Pa3IeiCHUS
CIOXKHBIX cMecei nunuaoB. Obpaménno-pazosas BOXXX ocodbenHo a3 dhekTruBHA 1151
pa3nesieHuss MOJEKYISIPHBIX BUAOB (OCHONMUIHUIOB W TPUIIUIIEPUIOB, TOTrAa Kak
HOpMasibHO-(azoBass BOXKX mno3BosisieT pa3nenars Kiacchl JUMKUAO0B MO MOJSIPHOCTU
TOJIOBHBIX Tpymi. Xpomarorpapuss Ha crauuoHapHeix ¢azax Ttuma HILIC
(rugpodusibHOE B3aUMOACHCTBUE) OOECIEUMBAECT BBHICOKOE Pa3pEelIeHUE MOJSPHBIX
JUNUAHBIX ~ KJIAcCOB Mpu  paboTe B pexuMe, COBMECTUMOM C  Macc-
CHeKTpoMeTpudeckuM aerekrupoBanueM (Hermansson et al., 2005).
5. Macc-CrieKTpoMETPUYECKHUE METObI
5.1. Monun3auus meroaoM anekrpopacnsuieHus (ESI-MS)

Buenpenue metona noHU3aIuu deKTpopacibuieHreM (electrospray ionization,
ESI) B xonme 1980-x T0om0B KOpEeHHBIM 00pa3oM HW3MEHHWJIO BO3MOXHOCTH Macc-
CHEKTPOMETPUYECKOrO aHajiM3a IMOJSIPHBIX OHOMOJNEKyd, BKIo4as Junuabl. ESI
ABIISIETCA «MSTKMM» METOIOM HOHHU3ALMH, MO3BOJSIONIUM IMEPEBOAUTH MHTAKTHBIC
MOJIEKYJIbl JIMIHUIOB B ra3oBylo (a3y 0e3 ux (parmeHTanuu, 4To OOECHEUYMBACT

NOJTy4yeHre MOJIEKYIsIpHbIX HOHOB. [Tonxoa npsimoro nHdy3noHHOTO aHaIu3a (shotgun
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lipidomics), OCHOBaHHBI Ha BBEIEHWU CYMMApPHOIO JIMIMJAHOTO JKCTPAKTa
HEMOCPEJICTBEHHO B  Macc-criektpomerp wmeronoM ESI  mosBomsier  ObIcTpo
OXapakTepu30BaTh JIUMKUAOM 0€3 MpenBapUTENBHOTO  XpOMaTorpaduvyecKoro
pazaeneHus..

5.2. Taunemuas macc-criekrpomerpus (LC-MS/MS)

CoueraHue XHAKOCTHON XpomaTtorpaguu ¢ TaHAEMHOW Macc-CIEeKTpOMETpUe
(LC-MS/MS) Ha TpOHHBIX KBaJIPYMOJIbHBIX WU THOpUIHBIX Tprubopax Tuna Q-TOF u
Q-Orbitrap npencrasiser codoit Hanbosaee HGOPMATUBHBIN U IIMPOKO IPUMEHSEMBbII
MOJAXOA B COBPEMEHHOW JMMHAOMHUKE. OTOT METOJ O0OecleunBaeT pasleicHue
U30MEPHBIX CTPYKTYp Ha Xpomarorpauueckoidl KOJOHKE C MOCIEAYIOUIeld Hux
uJeHTU(UKALIMEH 10 TOYHOM Macce M XapaKTepUCTUYECKUM (pParMEHTHBIM HOHAM.
Pexum MHOXecTBEeHHOro MoOHMTOpHHra peakuuii (MRM) no3BoisieT NpOBOAMTH
BBICOKOU YBCTBUTEJILHBIN a0COMIOTHBIN KOJIMYECTBEHHBIN aHATU3 LEJEBbIX JUIHIOB C
HCII0JIb30BaHUEM H30TOIMHO-MEUEHBIX BHYTpeHHUX cTtanaaptoB (Hsu & Turk, 2009).

[TpuGopsl ¢ BBICOKHUM paspemieHneM U ToyHoW Maccou (Orbitrap, TOF)
MO3BOJIAIOT UAECHTU(UIUPOBATD JUMUABI IO TOYHONW MOJIIPHOM Macce ¢ TOYHOCTHIO J10
1-5 ppm, 4TO B cOYeTaHUM C MU3OTOMHBIM MPOPHUIEM U MATTEPHOM (PparMeHTauU
o0ecreurBaeT BEICOKOHAAEKHYIO UJICHTU(DUKAIIMIO Ha YPOBHE MOJIEKYISIPHBIX BUOB.
Hcnonb3oBanue crneunanu3upoBaHHbix 0a3 manHeix — LIPID MAPS, LipidBlast,
MzCloud — u mporpammuoro obecneuenusi (LipidSearch, LipidXplorer, XCMS)
3HAYUTENILHO YCKOPSIET U CTaHIapTU3UPYET MPOLIeCC UICHTU(DUKAIUH.

5.3. Macc-cnektpometpust Ha ocHoe MALDI

MarpudyHo-akTUBUpOBaHHAas JazepHas jgecopomus/monmzanus (MALDI) B
coueTaHnu C BpemsnpoaeéTHbiM aHanm3zatopoM wmacc (TOF) sBnsercss LEHHBIM
UHCTPYMEHTOM ISl BBICOKOIIPOM3BOJUTEIBHOTO CKPUHHMHIA JIMIHUAHOIO COCTaBa
Oouonornyeckux o0pasnoB. TeXHOJOrHs Macc-CIEKTPOMETPHUUECKOr0 KapTUPOBAHUS
(MALDI 1imaging, MSI) mno3BomsieT BHU3yalU3UpPOBaTh MPOCTPAHCTBEHHOE
pacnpeneneHiue OTAENbHBIX JIMINAOB HENOCPEICTBEHHO B cpe3ax TKaHel O0e3
IPEABAPUTEIBHON JKCTPAKLMU, YTO OTKPBHIBAET YHUKAJIbHBIE BO3MOXHOCTH ISt

TUCTOXMMHUYECKUX U TatoMopdonornueckux uccienopanuii (Caprioli et al., 1997).
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6. CHIEKTpOCKONIMYECKUE U UHBIE METO/IbI

SnepHblit MarHUTHBIN pe3oHaHc (SIMP) sBisieTcss MOITHBIM HHCTPYMEHTOM JIJIS
CTPYKTYPHOIO aHalu3a JIMIMIAOB: MPOTOHHAs M YIVIEPOAHAs CIIEKTPOCKOMUS
MO3BOJISIIOT YCTAHOBUTH TOJIOKEHHUE JIBOMHBIX CBSA3€W, PAa3BETBIEHHOCTh LEIEH,
KOH(Urypamuio crepeoneHTpoB. Meton obecrieunBaeT KOJMYECTBEHHBIN aHaIN3 0e3
HEOOXOIMMOCTU KaTHMOpPOBKU M HE TpeOyeT XUMHYECKOW AepuBaTuU3alii 0OpasiioB.
Bricokononshas AMP-cniektpockomust (600—1000 MI'11) B couyeTanuu ¢ IByMEPHBIMU
merogamu (COSY, HSQC, HMBC) mno3Boiser MOITHOCTBIO OXapaKTepu30Barh
CTPYKTYPY CJIOXKHBIX JUITAIHBIX MOJIEKYIL

Nudpakpacnas (MK) u pamaHoBckasi CHEKTPOCKOMHS MPUMEHSIOTCS TJIaBHBIM
o0pa3oM i aHaju3a CTENEHW HEHACBHIIIEHHOCTU MXUPHBIX KUCIOT, OMpeaeiaeHus
COOTHOIICHHUS IIMC- U TPAHC-U30MEPOB, a TAKXKE AJIS XapaKTEPUCTUKHU (DHU3MUECKOTO
COCTOSIHUA JMNUIHbIX MeMmOpaH. Metox MK-cnekTpockonuu ¢ mnpeoOpa3oBaHUEM
®ypre (FTIR) B pexxnme HapylIeHHOrO MOJHOI0 BHYTpeHHero otpaxkeHus: (ATR-
FTIR) no3Bonsier aHanu3upoBaTh 00pasiibl 6e3 crenuaibHON MPoOONOATOTOBKH, YTO
JIEJAeT €ro MPUTOAHBIM JJI SKCIPECC-CKPUHUHTA. DIIyOpECLIEHTHAs CIIEKTPOCKOITHUS C
WCIIOJIb30BAHUEM 30HJIOB, CHCIU(PUYHBIX K ONPENCAEHHBIM JIUMHIAM, ITHPOKO
NpPUMEHSIETCS JI1 U3y4YeHUsl IMHAMUKA MEMOpaH M BHYTPUKIETOYHOIO TPAHCIIOPTA
JIUTIA]TOB.
7. buonndopmarrka B JTUMHUIOMHUKE

BpICOKOIPONU3BOIUTENBHBIE MACC-CIEKTPOMETPUYECKUE METOABl T€HEPUPYIOT
MAaCCUBBI JIaHHBIX BBICOKOW pasMEpHOCTH, jii OOpabOTKH KOTOPBIX TPEOYIOTCS
crieuaIn3upoBaHHble OMOMH(pOpMAaTHUYECKUe HHCTpyMEeHTHI. IIporiecc oOGpadoTku
JUNUAOMAYECKUX  JaHHBIX  BKJIIOYA€T HECKOJIBKO  JTalloB:  MpenoopadoTKy
HeoOpaboTaHHBIX CIIEKTPOB (1rymonogaBieHue, BbIPABHUBAHUE
XpomarorpauuecKkux TIHKOB, HWHTErpalvs), WACHTU(UKANWIO JMIHAIOB TyTEM
COIIOCTAaBIICHUS ¢ 0a3aMU TAHHBIX, HOPMHUPOBKY JTAHHBIX U CTATUCTHYCCKUN aHAJIH3.

Cpenu Hanboiee MHUPOKO MCIOIb3YEMbIX MPOrPAMMHBIX MIaTGOpM CIENyeT
orMetuTh XCMS 1 MZmine ans o6paborku HeoOpaboTanHbIX maHHbIX, LipidSearch

u LipidBlast nns unentudukanuu, a takke MetaboAnalyst u LION/Web s
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(YHKIMOHQJIBHOM M  CTaTUCTUYECKOM WHTEPIpETAlMM  PE3YIbTaToB. MeTo/bl
MHOTOMEPHOI'0 CTAaTUCTHUYECKOr0 aHayin3a — IvaBHble KoMIOHEHTHI (PCA), meton
YaCTUYHBIX HaWMEHbBIINX KBAJPaTOB C JUCKPUMHHAHTHbIM aHanmu3zoM (PLS-DA) —
NO3BOJIAIOT  BBISIBJISITH ~ XapakTEpPHbIE NATTEPHbBl M3MEHEHHMH JIMOuaoMa |
uaeHtuduurposarb OroMapkepsl narogorudeckux coctossHuii (Chong et al., 2018).
8. Knunuueckoe 3Ha4eHUE U MTEPCIIEKTUBbI

ITpuMeHeHnEe COBPEMEHHBIX METOJIOB aHAIM3a JIMIUAOB OTKPBIBAET LIUPOKUE
NEPCIEKTUBbl B KIMHUYECKOW TUArHOCTUKE M OMOMETUIIMHCKUX HCCIEIOBAHUAX.
JlunuoMuueckuii Mpouib IUIa3Mbl KPOBHU, 3PUTPOLUTAPHBIX MEMOpaH, TKaHEW U
OMONTAaTOB CIIYKUT UCTOYHUKOM IIEHHOUN muarHoctuyeckoi nadopmanmu. [lokazano,
YTO XapaKTEpPHbIC U3MEHEHUS JIMITU0MA IPEAIIECTBYOT KIMHUYECKUM MPOSIBICHUSIM
CepIAEYHO-COCYIUCTHIX 3a00neBaHui, nuabeTa ¥ MeTabOoIMYeCKOro CHHAPOMA, YTO
yKa3blBaeT Ha NOTEHIMAJ JUIUJAOMUKN B PAaHHEW TMarHOCTUKE U OLIEHKE pUCKa ITHX
narojoruit (Meikle et al., 2011).

AKTUBHO pa3BUBAaeTCs HampapieHHe (HapMaAKOIUMUAOMUKH, H3ydaroien
BIMSIHUE JIEKQPCTBEHHBIX IIPENaparoB Ha JIMIMIHBIM COCTaB OMOJOIMYECKHUX
00BEKTOB, YTO MO3BOJISIET JIY4Ill€ TOHATh MEXaHU3MBbI AEUCTBUS U TOOOUHBIE 3P PEKTHI
TEpaneBTUUYECKUX areHToB. HWHTerpauusi IUNMIOMHYECKUX JAHHBIX C JIA@HHBIMU
T€HOMUKH, TPAaHCKPUIITOMUKA M TPOTEOMUKM B paMKaX CHUCTEMHON OHoiIoruu
OTKpBIBAE€T IyTh K MOCTPOEHUIO MOJHBIX MOAENIEH MEeTaOOIMYEeCKUX HApYIIEHUH U
pa3paloTKe MaTOreHeTUYeCKU 00OCHOBAHHBIX TEPAEBTUUECKUX CTPATErUil.

9. 3akmoueHue

AHanu3 COBPEMEHHBIX METOJOB MCCIENOBaHUs JMIHIOB B OMOIOTMYECKUX
CHUCTEMax CBUJECTENbCTBYET O 3HAYUTEIHLHOM Mporpecce B JaHHOM oOnacTy,
00YCJIOBJIEHHOM IIPEKIE BCEIO Pa3BUTHEM MacC-CIEKTPOMETPUUECKUX TEXHOJIOTUM.
Metox LC-MS/MS ¢ BBICOKUM pa3pelieHneM B HACTOSAIIEE BPEMS SBISIETCS METOIOM
BbIOOpa Ui KOMIUIEKCHOTO aHaln3a JUIUAO0Ma, 00ECIeyrBasi COYETaHHUE BBICOKOM
YYBCTBUTEIBHOCTH, CHEUU(PUYHOCTH U NPOU3BOAUTENBHOCTU. Tem He MeHee

kinaccuueckue Meronbl — TCX, I'X, SAMP-criekTpockonusi — COXpaHSIOT CBOE
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3HAUYCHHE MJIS PEIICHUs CHeIM(PUUESCKUX aHATUTHYECKUX 3a7ad U Bepuduxanuu

PE3yIbTaToB.

JlanmpHelee pa3BUTHE METOAOJNOTMM  aHajdu3a JIMIHWAOB  CBSI3aHO C
COBEpIICHCTBOBAHMEM  METOIOB  MPOOOMOATOTOBKH,  Pa3pabOTKOW  HOBBIX
CTallMOHApHBIX (a3 /uid XpomaTorpauyeckoro pasieieHusi U30MEpOB, CO3JaHUEM
UCUEpIBIBAIONINX 0a3 JaHHBIX JIMIUIHBIX CTAaHAApPTOB W BHEIPECHUEM aJTOPUTMOB
MAIIMHHOTO OOy4YeHUs JIi WHTEPIIPETAllMd OOJNBIINUX JUMUAOMUYECKAX MAaCCHUBOB.
Cranapruzanus aHaTUTHYECKUX TPOTOKOJIOB M METOA0B KOHTPOJISI Ka4eCTBa JTaHHBIX
SBISICTCSI  HEOOXOIMMBIM  YCIIOBHEM BOCIPOM3BOAMMOCTH pPE3YJAbTaTOB M HUX
KOPPEKTHOTO CPaBHEHUSI MEX/y Pa3IMUHbIMHU HCCISTOBAHUAMH U JTa00paTOPUSIMHU.
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