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AnaHOTa U

IIpoananm3upoBansl OCHOBHBEIE O6JslacTH TpuMeHeHms: crektpockormu fIMP  Bbicokoro
pasperienns s UCCAETOBAHUSA MeTaOOHOMUYIECKHX TPOMUIeil ODMOJTOTHIECKUX YKUIKOCTEN.
Jlaubl CpaBHHUTEIbHBIE XaPAKTEPUCTUKH PA3IUYHBIX METOMOB M3Y4UeHHs COCTaBa OMOIOTHYe-
CKUX JKUIKOCTEI C TOUKW 3PEHUsT TyBCTBUTEJIHHOCTH U CeJIeKTUBHOCTH. [loka3amo, ITO MeTos
AMP moxker 3¢ @deKTUBHO HCIOIB30BAThCA B (papMaleBTUKE IMPU BBIACHEHWH IIOIUHHOCTH
JIEKAPCTBEHHBIX MIPEMapaToOB U MIPU MTOUCKE MIPUMeCei.

KuaroueBsbie cioBa: MP, merabonomuka, dpapmaieBTuka.

BBenenue

B nocnemmune roipl BOSHUKIO HOBOE HAYYHOE HAIpaB/IeHne — MeraboHoMuKa. Bmecte
¢ IPYTUMHU HayKaMU — TeHOMHUKOM, TPOTEOMUKOM, TPAHCKPUAIITOMUKON — METaDOHOMUKA,
BXO/IUT B YUCJIO TAK HA3BIBAEMBIX OMUK-HaYK. MeTaDOHOMUKA OMpeIesIaeTcs KaKk n3yde-
HUE HA MOJIEKYJISPHOM YPOBHE PEAKIINU KUBOTO OPraHu3Ma Ha PA3JINIHBIE TATOMU3N0-
Jorudeckue Biusguusg (60Je3Hu, AUeThbl, TOKCUYeCKUe 1 BO3pacTHbie 3G MEeKThl, peakiuu
HA [IPUEM JIEKAPCTB U T. [1.). VIMEHHO MOJIeKy/ISPHDILIl [I0XO0/1 103BOJIKII BBIBECTU MHOIHE
pa3/iesibl MeUIUHbL (B 4acTHOCTH, (papMaleBTUKY) Ha HOBBIA yPOBEHD.

B macrosimem 0630pe MBI Je71aeM TOTBITKY OCBETUTh BO3MOXKHOCTH OHON 13 HANOO-
Jiee BayKHBIX METAOOHOMUYECKUX TEXHOJIOT U, 8 UMEHHO UCIOIH30BAHNE CIIEKTPOCKOIUN
sjepuoro marautHoro pesonanca (SIMP) B coBpemennoit dbapmanesruke. YuuTbiBas
CJIOKHOCTD (/715 CHENUAIUCTOB B 00JIACTU CIIEKTPOCKOIINK) UCIIOJIb3YeMON TePMUHOJIO-
U, Mbl B KOHIIE CTAThU MPUBOIUM KPATKHUI CJIOBAPUK HEOOXOIMMBIX TEPMUHOB.

1. MeTtaboHoMUKa KaK OT/JeJibHas HayKa

Cy1iecTBeHHBIN BKJIA B CTAHOBJIEHUE METADOHOMHUKHU KaK HAYKU OBLIT CIEJIAH MPO-
deccopom [Ixxepemn Hukosicomom, corpyauukom Wmmepckoro kosumeaxka JIOHIOHA.
Hauwnnas ¢ 80-x romos XX B. JIxx. Hukoscon akTuBHO pa3BUBAET METOIUYECKHE BO3-
MOXKHOCTH MeTaDOHOMUKY, PACHIMPSET CHeKTp NpUIoKeHuil roit nayku. OH sBIs-
ercg aBropom bosee 500 paboT, MOCBAIMIEHHBIX STOMY HaIpaBjeHuio. Kro corpyaHukmy,
Jx. Jlurgon m E. XonMce, Tak:ke BecbMa TJI0/IOTBOPHBI. B HacTosIEe BpeMs W3BECTHBI
o Kpaifneii Mepe 1Be MOHOrpad U, MEJINKOM MOCBsIIeHHbIe MeTaboHoMuKe [1, 2].

MeraboHOMHUKA TPEICTABISIET CODON MeXIUCHUIINHAPHYI0 HayKy. OHA B CyIe-
CTBEHHOH CTEeNeHW WCIOIb3yeT (hU3MUeCKUe AUCIUILINHBI, MOCKOJIbKY B OCHOBE IMPAaK-
TUYEeCKUX TEeXHOJIOTHIl JIe2KAT MOIIHBIE COBPEMEHHbBIE CIIEKTPAIbHBIE METObI, a TAKXKE
XUMUIO (OPTAHUYECKYIO U XUMUIO TIPUPOIHBIX COCTUHEHNUTT), TAK KAK CYIIECTBEHHDBIM B~
JIIeTCs 3HAHWE PA3HOOOPA3HBIX XUMUYECKUX CTPYKTYD, U KOHEUHO MEIUIIHY, TTOCKOJIb-
Ky OCHOBHOE HAIPABJIEHNE MPUJIOKEHUN METADOHOMUKY — 3TO MEIUIMHCKAS TUATHOC-
THKA. DTO O0OCTOATENHCTBO HAKJIAILIBAET Cepbe3Hble TPEOOBAHUs K CIEIHATACTAM
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B 310i obmactu. B ommoit w3 nexmwmit /I>x. HukojcoH roBopws 0 TOM, 9TO €ro Jimd-
HBII yCIIeX B OCHOBHOM CBsI3aH C JIBOMHBIM 0OpA30BAHUEM — OH 3AIUTHII JIUCCEPTAINNA U
[0 CHEKTPOCKONHY Kak (UMK, CIEKTPOCKOIKCT, U 10 MEJIUIUHCKON THATHOCTUKE KaK
mMeauk. s o3nakomeHns ¢ paboramu rpynnbl HUKOJICOHA MOYKHO MOPEKOMEHI0BATH
HECKOJILKO BasKHBIX 0030pOB B 9T0i obnactu [3-5].

Jlpyroii cepbe3HOil aHT/INCKOI Tpynmoil, paborariieil B 001acT METAOOHOMUKH,
apngerca rpynna Jxymana I'pudduna (baxynbrer 6uoxumuu, Kembpumzkckuil ynu-
Bepcurer, Besiukobpuranus) (cM., nanpumep, padory [6]). Paborst B obiactu meraboHo-
muKH npoBozsdTcs Takzke B Hunepiangax (rpynna X. Kuma, cm. pabory [7]). B @unnsu-
quu aktuBHO padoraer rpynna M. Ana-Kopnena (Texuundeckuii yHuBepcurer, . Xejb-
cuHKH) (cM., HampuMmep, 0630p [8]), B IlopTyramunm — rpynmna moa pyKOBOACTBOM AHBI
Tun (em., nanpumep, [9]). B CIITA ecth HECKOJBKO MPYII, 3aHUMAIOIINXCSA METaOOHO-
mukoit (cum. paborer rpynnbl H. Cepkosoii (manpumep, [10]), a Takzke FO. Hukonbckoro
(mampumep, [11]) u 9. Cenu [12]).

C 2005 r. BRIMycKaeTCs CHENuaabHBIA KypHAJ, TMOCBSIIMIEHHBIH MpobieMam MeTabo-
HOMHUKH (CM., B 9aCTHOCTH, BCTYMHUTENbHYIO cTaThio P. T'ymrakpa [13]). @yHKIMOHMpYyeT
merabonomuueckoe obmectso (Metabonomic Society). Bosbinoe Bunmanue mpobaemam
MeTaboHOMEKH yaenser ¢pupma Bruker, Koropas moguepKuBaeT IpUKIAIHOE 3HAUECHNAE
pabor B 310it 061aCTH U HEOOXOIUMOCTH BO BHEJPEHUN HOBBIX TEXHUYECKUX TOCTUIKEHUH
(cM., nanpumep, oany u3 pabor corpyanuka dupmbr M. npayaa [14]). IIpogsnsior
HHTEpeC K mpobeMaM MeTabOHOMUKY u (DPUPMBI, 3aHUMAIOIIHECS TPOrPAMMHBIM 00ec-
nedenneM (CM., HampuMep, pabory, BeimonHennyo dupmoit ACD Labs [15]).

K coxamennio, B Poccun MeraboHOMHUYECKHE MCCIEIOBAHUSA HAXOMATCI B 3aPOIbI-
meBoM coctogtun. B MOCKOBCKOM rocyapcrBeHHOM yHuBepcurere (xumuueckuii da-
KynbTeT, hakyabTeT hyHIaMeHTaTLHON MeIUITUHBL, TabopaTopus MArHUTHON TOMOTpa-
dbun n crekrpockonuu) paboraer TPynma yueHbX (CM. paboThl 3o rpymmsl [16, 17]).
ITox pykoBoacreom B.II. Kyreimenko paboraer rpynna B THCTUTYTE TEOPETUYECKON 1
srcnepumenTaabuoil 6uodusuku PAH B 1. ITymuno Mockosckoii o6mactu (cM. paboTsi
[18, 19]).

2. Merabonomuka u MmerabojioMuKa

Ucnonwszosanne anamutudecknx metonos ['2KX, MC, BOZKX u AMP npuseso k mo-
SIBJIGHWIO JIBYX HOBBIX JJI MEIWIIMHBI MOHATHI — MeTabOHOMUKA U METADOJIOMUKA.
OTH TepMUHBI MOSBUJIKCH MAPAJIIETIBHO C TAKUMEU TEPMUHAMH, KaK F€HOMHUKA (Tpes-
MeT HUCCJIeJIOBAHUs — [EHOM YeJIOBEKA), TPAHCKPUITOMUKA ([PeJMeT UCCJIeJI0BAHUS —
AKTUBHOCTH PUOOHYKJIEMHOBBIX KMCJIOT) U IPOTEOMUKA (IPEJAMET UCC/IEJ0BAHUS — CUH-
Te3 GeJIKOB U KJIeTOYHAs curHajau3aius). [Ipeamerom uccienoBanus MeTabOHOMUKY U
MeTabOJIOMUKHU ABJISAETCH PEAKIUS KUBBIX OPTAHU3MOB HA BHEITHUE BO3IEHCTBUA (Ha-
MpUMep, HA BBEJIEHNUE JIEKAPCTB, BO3AEHCTBAE TOKCUIHBIMHI MTpernaparamMu, 3a001eBaHms,
U3MEHEHUE PEeKUMa NUTAHUHA U T. J.). DTH PEaKIUu PEeruCTPUPYIOTCH Kak <«Merabo-
JIMYECKUN OTKJIMK OPraHu3May — M3MEHEHWEe COCTAaBa M KOHIEHTPANUN MeTaDOTUTOB W
6roMapKepOB, KOTOPbIE, KAK MPABUIIO, IPEICTABIAIOT OO0 OPraHnIecKue COeITnHeH s
¢ MozekynsipHoit Maccoit 1o 2 k/la. OTHOoCHTETHHO ONpeseNieHust MpeaMeTa MCCIe10-
BaHUii KayK/I0i U3 ITUX JIBYX HOBBIX HayK (MerabojaoMuKa U MeTaDOHOMHKA) B JINTE-
paType CyIIeCcTBYIOT HEKOTOpPbIe pa3Horjacus. Hampumep, psiji aBTOPOB CUMTAET, UTO
npejMer MeTabOIOMUKHI — KATATOIU3AIUSA U KOJUIECTBEHHOE OMPeIe/IeHre COBOKYITHO-
CTH HEOOIBIUX MOJIEKYJT, OOHADYKUBAEMBIX B OHOJIOTHYIECKUX KUTKOCTAX, B 3aBUCHMO-
CTH OT COCTOSIHUS JOHOPA, & MPeJIMeT MEeTAOOHOMUKHU — M3YUEHUE TOTO, KAK MEHSETCS
MeTabomdecknii MpoMuIb CIOKHBIX ODUOJOTUYIECKUX CHCTEM B OTBET HA KAKHe-JIH00
u3Menenus (pasBurue 3a00Ji€BaHUs B OpPraHU3Me, TpPUEM JIeKapCTBEHHBIX Mperapa-
TOB, CMEHA JIMeThbl, BO3PACTHbIE M3MEHeHus u T. J.). dpyrag rpymmna ucciaenoBaresei
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Puc. 1. Crpykrypa cunnenaduia

CYUTAET, YTO METAOOHOMHUKA M3y9IaeT MeTabOIM3M YeJIOBEKA W KUBOTHBIX, B TO BPEMs
KaK MeTabOJOMHUKA — METa00IM3M KJIETOK M PACTEHHIA.

Brpouem, MOKHO OTMETHTH, 9TO 00a TeEPMUHA — METAOOHOMUKA, 1 MEeTab0JIOMUKA —
dakTuYecKn SIBJIAIOTCA CHHOHUMaMu. KOHKpeTHOe yrnoTpeb/ieHne STUX TEPMUHOB CBSI-
3aHO € rpyunnoBbiMu coobpaxkenusimu — B mikose JIx. Hukoscona (om, ero ydyenuku
u nocaenosaresu — Jxk. Jlungon, E. Xonme, W. Yuicon) BBesen repMmud «MeTaboHO-
Muka». JIxx. [pudpdpun, M. Ana-Kopnena, X. Kum, A. T'un u ap. npugepKuBaiorcs
TEPMUHA, «METADOJIOMUKAY.

3. IlopmenbHble JiekapcTBa (Ha nmpumepe npemnapara «Buarpay)

B macrosiee Bpemss B Mmupe B neiaom u B Poccuiickoit @emepanuu B 9acTHOCTH
MOJIJIE/IKA U HE3aKOHHOE MPOU3BOJICTBO JIEKAPCTB SIBJISIETCSI CEPbE3HON COMUATBHON 1
9KOHOMHYECKOH mpobaemoit. B coorBercTBum ¢ ycranoBkamu Becemuproit oprann3arun
sapasooxpanenus (BO3) [20] rakoe npou3BoCTBO peCTaBIIsgeT yrpo3y i 10Tpedu-
Tejieil, U, KpOME TOTO, MOIPHIBAET OCHOBBI IMBUIN30BAHHOTO PHIHKA.

[TosTOMYy BBISIBJIEHWE TIOIEIBHBIX UJIN HE3AKOHHO MPOU3BEIEHHBIX JIEKAPCTB SBJIs-
eTcs BakKHOI MPaKTHUYIeCKO# 3amadeil. B 3ToM oTHOIMEHHH OdYeHb WHTEpecHa paboTa
dpannysckoit rpynubt (pykosoaurens — M. Masne-Mapruno [21]) u3 Yuusepcurera Ilo-
ag Cabarbe (r. Tynaysa). Bouia nocrasiena npobsema u3ydeHus 1OJJIEIO0K JIO0BOJIbLHO
IMTUTPOKO M3BECTHOTO JIEKAPCTBA Kyacca «Buarpas. 9Tor mpemapat ObLT BHAYAJIE 3asiB-
sen dbupwnoit Pfizer nox naspanmnem (sildenafil) cumpenadwun (wan 1-[[3-(6,7-Iurnapo-
1-meTni-7-okco-3-mporuia-1H-nupasono[4,3-anpda] mupuvugnn-5-wmi)-4-srokcudenm]
cyabdonui] nunepasuna nurpar) Ha puc. 1 uzobpazkena ero crpykrypa.

[Mepsonavasnbuo (B 1998 1.) npenapar MO3UIMOHUPOBAJICH KAK JIEKAPCTBEHHOE CPe/I-
CTBO [IJIs1 yBeJIndeHus noteHiuu. Eie nemMaaoBaskHo, 910 B (hapMaKOJIOTUNA XUMUAIECKU
UIEHTUYHBIE TIPEMapaThl 3TOTO THUIA YACTO BBIMYCKAIOTCS MO PA3HBIME KOMMEDYECKH-
mu Ha3Bauusmu. «Konerpas, «Cuamrpas, «/Ixxenamrpas, «Ilorennmanes, «[lennmexcs
U JIp. — IPUMEPBI PA3THIHBIX KOMMEPYECKUX HAZBAHUN ITOrO Mpenapara. SJHaYUTeIbHAs
JIOJIsT JAHHBIX TPENapaToB Bbiyckaercs B WHauu. DTOT TUNMYIHO MAPKETHHTOBbLIN X0
JIETIAETCS JI7I TOTO, 9TOObI CKPBITH HCTHHHY IO «POJIOCTOBHYIO» JIEKAPCTBA U CO3AATH UJI-
JIFO3MI0 CAMOCTOSITEIHHOCTH Mpon3BoacTBA. OTCIOMa MapasoKCe — PA3HBIX JIEKAPCTB Thi-
CAYM, 8 HA CAMOM JIeJie OPUTHHAJIBHBIX JIEKAPCTB OYEHb MaJjIo. JIeKapCcTBEHHOE /IeliCTBIe
BUAIPbI OCHOBaHO Ha mnojasienun ¢ocdomuscrepasnr (phosphodiesterase)-depmenra
runa 5 (PDE-5). HsBectro, 910 nomienku npuObBAOT U3 cTpaH Asum (dame Bcero
u3 Muauu u Kuras), KOTOpble He PU3HAIOT €BPOIEHCKUX U AMEPUKAHCKUX MATEHTHBIX
MpaB, TaK YTO MPOAYKTHI, MTPOW3BEJIEHHBIE 3aKOHHBIM MyTEM B ITUX CTPAHAX, CTAHO-
BaTcs He3akoHHBIMU B EBpore, CIITA u apyrux crpaHax, NpuU3HAIOMIUX €BPOMEHCKHe
U aMepWKAHCKWe MaTeHTHbie mpaBa. OIHAKO JIIOAM MOTYT JIErKO NMpuOOpeTraTh TaKue
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HE3AKOHHO PACTIPOCTPAHIEMbBIE JIEKAPCTBA (B 4aCTHOCTH, Ta0JIETKN BUATDHI) Yepe3 MHO-
TOYHUCTIEHHBIE BEO-CAWThI, KOTOPbIE TOABIAOTCA B VHTEepHeTEe 03 yKa3aHus MPOUCXO-
JKJICHHS TIpernapara.

B pa6ore [3] mas permennsi mpobIeMbl MONIEIOK MPEnapaToB BUArPhI OBIIN MCTIOThb-
30BaHBI TaKHe MeTOAMKH crexTpockonmu SIMP, xax 2D DOSY u 3D DOSY-COSY 'H.
Bouto usyueno 17 pasjuuHbIX BHIOB 3TOTO JIEKAPCTBA, BBIMTYCKAEMBIX MO HA3BAHUS-
mu «Buarpa» (dupma Pfizer, ®pannusa), Progra wiu Silagra (pupma Cipla, Unaus),
Kamagra (bupma Ajanta Pharma Ltd, Uuaus), Manly (dbupma Cooper Pharma, Un-
nus), Sildenafil (neussecrnoii komnanuu, Uunus), Caverta (dbupma Ranbaxy, Uunus),
Penegra (dupma Zydus Alidac, Uuaus), Extra (bupma Alpha, Cupusa), Vega (dbupma
Asia Pharmaceutical ind., Cupus), Vega (npomasaemas xommanueit MTM EXPORTS,
CTpaHa MPOUMCXOXKIEHUs HEM3BECTHA), Sex power (memsBecrnas dpupma, Kurait), King
IX boost (bupma HONGKONG TIANLONG, Kuraii).

Crnekrpor JIMP 6butn 3aperucrpupoBanb Ha crnekrpomerpe Bruker AVANCE 500
(uacrora 500.13 MI'n) ¢ ucnoab30BaHreM MPOTOHHOTO KPHOJATIUKA I & MUJIIUMET-
porbix ammysn mpu 298 K. OcHOBHBIE TTapaMeTpbl PEruCTPaIiy CIEKTPOB: BPEMs BbI-
6opku 1.64 ¢, mupuna cnekrpa 10 k', JIUTENbHOCTS UMITYIbCA 3 MKC (YTOJI OBOPOTA,
BEKTOPA HAMArHUYeHHOCTH ~35°), pejakcaluoHHas 3aJepxkKa 2 ¢, 4ucjio ckanos 128.
g kaxmoro u3 06pasios ObLIO POBeAeHO 3 n3Mepenus. Ha ocHOBaHWM MOy YeHHBIX
CHEKTPOB OBLIO MOKA3AHO, 9TO MOMJIETKH U PA3TUIHBIE UMUTAIIMA UCTUHHOTO Tpernapa-
Ta JIerko OOHAPYKUBAIOTCS 110 PA3IUYHBIM HATIOJHUTEIAM W JOOABKAM, UTO TO3BOJIAET
MOJIY YU TH TJIO0AJIBHBIN MeTaboandyeckuii mpoduib mpenapara Jjist KaskI0ro TPOU3BOIN-
rens. Obuapyxken aQeKT mepeso3upoBKY i psijia 00pa3ioB. BhLI0 TakXKe MOKA3aHO,
9TO NMpenaparbl, Npou3BeeHnbie B Kurae, 3arpsa3Hensl 3a caer npumeceil Bapaenadu-
Ja u romocusgeHaduia. YeranoBiaeno, aro rpexmepubie ciektpel AMP DOSY-COSY
'H gaior acpdexT pasmenenns KOMIOHEHT pacTBOPa W XapaKTEpPHU3AIHIO KOMIOHEHT TI0
XUMUYECKUM CIABUTAM JIJIsl U3YUEHHBIX 0OPA3IIOB.

4. TIIpumecu B JgekapcTBax (Ha HMpuUMepe MCCJeJOBaHUs rellapuHa)

Baxkroe TexHIHYECKOE U MEIUIIUHCKOE 3HAYEHUE HMEET TAKKE HAJTMINE B JIEKAPCTBAX
npumeceii. Bonpoc 0 XuMUYecKO#t 9ucToTe MpecTaBaser HHTEPEC ¢ TOUYKU 3PEHUs KO-
JINYECTBEHHOTO aHAIN3a. B mpuHINTe 3/1eCh HEeT aOCOMIOTHBIX TPAHNIL: TaK, HATIPUMED,
B KaXKJIOM OPTaHMYECKOM COEJIMHEHWH, K KOTOPBIM OTHOCATCS MPAKTHIECKN BCE JIeKap-
CTBa, NMEETCS TPUMECh M30TOTIOMEPHBIX BEIECTB — COETMHEHNI, COMEPIKAIINX M30TOTBI
yraepona (13C ma yposue 1.1%) wmm mzotonst aeitrepus (2D na yposre 0.015%). Cuty-
anus ere 0oJiee OCTOXKHSIETCs TIPU y9deTe MOJEKYJI, COAEPKAIINX JIBA PEJIKUX M30TOMA
(mampumep, *C u 2D wm asa 3C) .

Yro Kacaercss aHaIn3a HA HAJTWYNE MPUMeCcei, BAXKHO M3MEPUTh 3arps3HEHUsT Mpe-
napara BeIeCTBAME, BbI3BIBAIOIIUME M000UHBIE 3D HEKTHI (KPOME OCHOBHOTO TEPAIIEB-
TUYECKOr0) WU BOOOIIE ABJIOIUMUCH TOKCuHaMu. Tak, Hanpumep, B aureparype (cM.,
Hanpumep, ccbuiku B [22, 23]) obcyKuaercs npousBoacTBO renapuna (puc. 2), 3arpss-
HEHHOT'O XOHJIPOUTUH CyJbdarom (puc. 3), IpuMech KOTOPOro mpuBesa K cmepru 6o-
gee vem 100 marmenTos, 4To 3actapuio dapmaroneitnsnit cowo3 CIITA (USP) seectn
MOMpaBKN B cooTBeTcTByMoMmne HopmaTuebl. CormacHo pekomengamnmsim USP [22] mus
KOMMEPYECKOTO PACTPOCTPAHEHNsT TeMaphuHa MPOAYKINI0 HEOOXOINMO aHATN3UPOBATH
MmerozoM crnekrpockonuu IMP 'H. B nosy4enHbIX CIEKTPaxX HHTErPAIbHbIE HHTEHCHB-
HOCTU CUTHAJIOB IPUMECHOIO XOHJIPOUTUH CyJibdara, gepMaran cyibdara (cMm. puc. 4),
a TakyKe MPUMECHBIX 3TUJIOBOTO W METHJIOBOIO CIUPTOB (OHU TAKIKE BUIHDBI HA CIIEK-
Tpe — CM. PUC. 5) He JOJKHBI MPEBHIIATh 4% 0T UHTEHCUBHOCTEH CUTHAIOB OCHOBHOTO
BEITECTRA.
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Puc. 2. Crpykrypa renapuna. ['emapun — KUC/IBIH CEpOCOIEPIKANIUI TJIMKO3aMUHOTTUKAH; BITEP-
BBIE OBLT BBIJIE/IEH U3 TTeUeHn. B KIMHNYECKOi MpakTHKE N3BECTEH KaK MPSIMO aHTHKOATYJISHT,
TO €CTh KaK BEIeCTBO, MPEeNsITCTBYIONIee CBEPTHIBAHUIO KPOBU. [Ipumensercs s npoduiak-
TUKU U TEpanuu TpoMOOIMOOINIECKUX 3a00/I€BAHMIA, TIPU OTIEPAIMAX HA, CEPIIE U KPOBEHOC-
HBIX COCYyZIaX, /sl TOAIEPYKAHUS KUIKOTO COCTOSHUS KPOBM B alaparax MCKYCCTBEHHOTO
KPOBOOOpAIEHUsT U IeMOAUaIn3a, a TaKKe [ IPeJOTBPAIleHnus CBEPThIBAHUI KPOBU IIPU
J1ab0paATOPHBIX MCCIIETOBAHMSX
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Puc. 3. Ctpykrypa xoHIpOUTHH CyabdaTa. XOHIPOUTHH CYIh(ATH — MOTUMEPHBIE CyIbdaTh-
POBaHHBIE TVIMKO3aMUHOIJIMKAHBI, AB/ILIOTCHA CHenuGUIeCKUMI KOMIIOHEHTAMHU XPHINa, BbIPa-
6aTHIBAIOTCS XPAMIEBON TKAHBIO CYCTABOB, BXOASAT B COCTAB CMHOBHAJILHON JKUIKOCTH
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Puc. 4. Crpykrypa nepmaran cyandara. Jepmaran cyabdar — 370 TIMKO3aMUHOTJINKAH, 00-
HapyKUBAEMbIil B TKAHAX KOXKH, B COCY/JaX KPOBU U CYXOKHUIHAX

5. MeTtaboHOMUKA U CTaTHUCTHYecKas obpaboTKa

B nacrodriee BpeMsa Ha TpaKTUKe OTPOMHOE PACTPOCTPAHEHUE TOJYUUIN PA3THI-
HbIE CTATUCTHYECKUE METO/IbI 00PAaOOTKK JAHHBIX. DTU METOAbI (PAKTUYECKH IIO3BOJISIOT
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Puc. 5. Cuexrp IMP 'H nedpakimoHnpoBaHHOro o6pasia renapuHa, CoJeprKallero CBepX-
cynbduposannbiii xorapoutun cyabdar (OSCS, coOTBETCTBYIONME CUTHATBI OTMETEHBI 3BE3-
noukamn), nepmaran cynbdar (JC), a rakxke meranon MeOH u sranon ETOH) (u3 [23]).
Enuanner o ocu abermee ppm (m.1.)

HA, CJIOKHBIX TPODJIEMaX YMEHBIIUTH KOJUIECTBO EPEMEHHBIX (HATPUMED, KOJIUIECTBO
MeTabO0JIUTOB, YYACTBYIONIMX B AHAJIW3€) U YOPOCTUTH AHAJIN3 UX B3AMMOBJIUAHUSI.
Takast mpoueaypa B CTATUCTUKE HA3BIBAETCS (DAKTOPHBIM aHAJU30M (MU METOIOM
rJIaBHBIX KOMIOHeHT — principle component analysis (PCA)). B psage ciyuaes stor
MEeTO/I [I03BOJIIeT PA3JIEIUTh BCe MHOXKECTBO 00pa3oB (/i HAIMEeHTOB) HA OTAeJIbHbIE
rpynmbel. Kak npaBmio, B TakoM (haKTOPHOM AHAMW3E ydaCTBYeT HeKas KOHTPOJIbHAs
rpynna (Wi 370pOBbIe MAIMEHTHl (€3 MATOJOrHil) W TPYNIbl TAIUEHTOB C pPa3Jind-
HBIMY 3a00J€BAHUSIMA WJIN C Pa3JIUIHBIMEA (OpMaMMu OIHOTO W TOTO Ke 3abojeBa-
Hus. B kagecTBe mpuMepa npuBeseM JaHHbIe CTATUCTHYECKOrO aHAIM3a 00PA3IOB MOIN
KDbIC, KOTOPBIM BBOJMJIM TOKCHKAHTBI pasjaudnoro npoduis (renarokcukanrsbl (CCly
u «a-nadrummsorunonnanar (ANIT)) u medporokcukanrsl (4-amunodenon (PAP) u
2-6pomatraamun (BEA)) (cm. pabory [24]) (puc. 6).

O06pa3Ibl 00HAPYKUBAIOT HE TOJHKO SIBHOE PA3INYNE B METAOOJINIECKUX TTPODUIAX
KPBIC, TIOABEPTHYTHIX TOKCUKO3aM, U 30POBLIX HEMH(MUIINPOBAHHBIX KPBHIC. BHISBIICHBI
TAKKEe PA3IUYIAS s OTAEIbHBIX [P TOKCHKAHTOB.

[ToggepkueM, 9TO NP TPOBEIECHUNA CTATHCTUIECKON 00pabOTKH HY?KHO OBITH OCTO-
POKHBIM B BBIBOJIAX. B KauecTBe OOMIMX pEKOMEHIAINN YKaXKeM CIeIYIOIne mpaBuia:

1) BBIOOPKY JaHHBLIX (00IIAsA, KOHTPOJbHAS, IO TPYNIaM JAHHBIX — HAIUEHTOB WU
3ab0/1eBanNil) TOJMKHBI OBITH JOCTATOYHO GOJIBIIUMU;

2) npu yjajeHuu HEKOTOPOH vactu AaHHbiX (10 25%) BBIBOJBI CTATUCTUYECKOIO
AHAJIN3a He JOJZKHBI CYyNIECTBEHHO MEHSThCS;

3) camu 10JiyueHHbIE BbIBOALI (Hanpumep, dhakTopbl B Merone (hakTOPHOrO aHa-
JIN33) CJIEJIyeT CKOpee PacCMaTPpUBATEH HE KAK OKOHYATEIbHDIE BBIBOJBI, & KAK TUIIOTE3bI,
TpedyoIne JaJbHelIneil TpOBEepKH.
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PC3

PC1

Puc. 6. ®akropusrii anamm3 crextpos AMP ' H o6pasmos mouan kpsic (Wistar rats), Koropsim
BBOJWJIA [IBa M3BECTHBIX TEIIATOTOKCUKAHTA W JBa U3BECTHbIX Hedporokcukanra. O6Gpasib
ist HenH(MUIMPOBAHHBIX KPBIC TMOKA3aHbI B BH/IE HE3AMTPUXOBAHHBIX KPYKOYKOB. OOpas-
OBl 715 MHQUINPOBAHHBIX KPBIC MOKA3aHbl B BH/IE 3AMTPUXOBAHHBIX (DUIyp: KBAIAPATUKN —
CCly, mecruyronbuuku — «-avadrumsornonuanar ANIT, pombuku — 4-amunodenon PAP
u TpeyroJabHuKM — 2-6pomatminamua BEA. JImarpamma mpejcTaBjieHa B MPOCTPAHCTBE TPeX
rnasubx (dakrtopoB PC1, PC2 u PC3

6. CeleKTUBHOCTDb M HeCeJIeKTUBHOCTH

[Tpu BEIOOpE AHAIUTHIECKOTO METOIA U3y IeHNsT METAOOHOMUYIECKUX TTpodueit u pe-
[MEHUN PA3INIHBIX TPUKIAIHBIX TPO0IeM OOIBINOe 3HAYECHHE UMEET MPABUIbHBINA BbI-
6op meroma. U 371ech BaykHa TakKas XapaKTEPHUCTHKA METOA, KaK CETeKTUBHOCTL. MeTos
SAMP (0coGeHHO B PyTHHHBIX SKCIEPUMEHTAX) SABJSETCS HECEJIEKTUBHBIM METOJOM, 4TO
MO3BOJISIET CPa3y CKAHUPOBATDH U OTCJIEKUBATH MHOXKECTBO coenHenuii. B 1o ke Bpems
B HEKOTOPBIX CJIyYAsSX CTAHOBUTCS BAYKHBIM CEJIEKTHBHOE BBIIEJIEHNE KAKOW-TO OITHOM
KOMIIOHEHTBI, KOTOPasi MOYKET CJIy?KUTh OHOMapKepOM KakKoro-aubo mpomecca (uam 3a-
GosieBanust). DTO, KAK IPABUIIO, TI03BOJILET CYIIECTBEHHO IIOBBICUTH 4yBCTBUTEIbHOCTH
JIUIl BBIODAHHOI KOMIIOHEHTBI U OTCJIeXKUBATh 60Jiee TOHKHUE Jeraiu nporecca (mpore-
KaHue 3a00/IeBaHWsl, BIUSHUE ONPEEJTeHHON Tepanuu, Peakiuu Ha MPUEM JIEKAPCTB U
T. 1.). IIpu celeKTUBHOM BBIJEIEHUN XOPOIIUE PE3YJIbTAThI JOCTUTAIOTCSA € MOMOIIBIO
xpomarorpadumn.

B mocsieiHme TOIBI ONpeiesIeHHBIE YCIEeXH OBLIN JOCTUTHYTHI C TIOMOIIBIO PA3IHIHBIX
KOMOMHAIMOHHBIX (Min ruOpUIHbIX) MeToAMK, TakuX, kak BIZKX-IAMP, dAMP-MC,
BOZKX-AMP-MC u apyrux, coderaromux BozmoxkuHocTH Meroga AMP ¢ Bbicokoad-
dexrusHOil kunkocrHoit xpomarorpadueii (BO2KX) unn macc-cnekrpomerpueit (MC)
(cMm., HanpuMep, paborel [26, 27]). Biipouem, coOTBeTCTBYIONAS anmaparypa JIjisi STHX
METOIUK JTOBOJILHO JIOPOTA, W C yYeTOM OrPAHWYEHWI WCIOJIb30BAHUS TAKUX METOIUK
SKCILTyaTAIlUs ITOH TEXHUKH CTAHOBUTCS BECbMa MPOOIEMaTHIHOM.

7. YyBcTBUTEJIBHOCTH MeTO/Ia

s npakTHYecKux Ieseil O9eHb BaXKEH TAKOH mapaMeTp MeTo/1a, KAK 1yBCTBUTEb-
HOCTH. Ee ompeensior Kak mpeaebHO OOHAPYKUBAEMYIO KOHIIEHTPAIIUIO OMpEIesIeH-
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Tabu. 1
IIpenenpubie obuapyxuBaembie Koumeatparunm (ITOK)
JITSl PA3JTAIHBIX METOI0B

Metog, ITOK (mouib)

D ayopecneHnus 10-¥- 102
Macc-criektpomerpust | 10~ 15— 1072
DIeKTPOXUMUA 1007 P°-107"
Pamgmoxumust 1071071
Y®-cnekTpoMeTpusa 107310 1°
AMP 107°-10"""

Horo BemiecTBa. B Tabus. 1 10 manbbiM, 3auMcTBOBAaHHBIM U3 0030pa [28], npusejeHbt
npeJieTbHbIe KOHTIEHTPAITNY JITsT HECKOJTBKUX METOOB, BKJI09as crnekTpockonuio AMP.

N3 stux mamubix caemayer, uto meton AMP apnserca oHuM W3 caMbIX MaJIOYyB-
CTBUTEJIbHBIX METOIOB, PEaJbHO OOHAPYKUBAEMOE KOJUYIECTBO BEIECTBA COCTABIISAET
okoso 10710 Mok, uTO A1 MOJIEKYIIBI ¢ MOJIeKyIgpHOil Maccoii 100 Gymer cocTaBasTh
0.01 mkr, nan 10 =,

HecmoTpda ma TO 9TO mMoporoBas 4yBCTBUTENHHOCTHL B IMP HeBbICOKA, OHA SIBJIA-
eTcd BIOJIHE JIOCTATOYHOMN 7T MHOTMX TPAKTUYECKWX 3agad. Hampumep, BO3ZMOXKHO
0OHAPYKUTH BOJY B OPraHUYECKUX PACTBOPUTENSAX HA, BIOJHE MPAKTUIECKU 3HATNMBIX
yposuax. Tak, npumech Boabl B 6en3osie (MosekynsgpHas macca 78) Ha yposae 10 ur
o3HauaeT obHapyxKeHme BoAbl Ha yposHe 107%%, TOo ecTh ypoBHe, ZOCTATOYHOM s
KOHTPOJIST OCYTIKY OOJIBITUHCTBA PACTBOPUTEIEH.

Kpartkwuii ciioBapb TepMUHOB 1o MeTaGoHOMEKe (MeTaboJIOMUKeE)

Ananns danbcudukaros (ayrenrudukamus) (counterfeit analysis) — anann3
OJI03PUTEILHBIX JJEKAPCTB IIyTeM CPABHEeHMA UX PA3JIMIHbIX XapAKTePUCTUK C COOTBET-
CTBYIOMIUMHI JAHHBIME KOMIBLIOTEPHBIX 0a3 [0 JeKapCTBEHHBIM IIpernapaTa.

ArmnoniTo3 — mporpamMmMupyeMasi KJI€TOYHAsI CMEpPTh, PEryJIUpPYeMblil TPOIECC CaMo-
JINKBUJAIAY HA KJIETOYHOM yPOBHE, B Pe3yJbTaTe KOTOPOro KiaeTka (pparMeHTUPyeTcs
HA OT/EJIbHBIE ANONTOTHYECKUE TEJIbIIA, OrPAHWYEHHDbIE IIA3MATHIECKON MeMOpaHOi.
Onnoit 13 ocHOBHBIX (DYHKIHIl AMONTO3a SABISIETCA YHUUTOXKEHUE 1edEeKTHBIX (MOBpe-
JKJICHHBIX, MYTAHTHBIX, HHMOUIUPOBAHHBIX ) KJIETOK.

AnonTo3nblie KiaeTKH (apoptotic cells)— KJIETKU BHICOKOIT IJIOTHOCTH, JI7Isi KOTOPBIX
HAOJII0AeTCA KAPUOMUKHO3 (CMOPIIUBAHUE KJIETOUHOIO s/Ipa B BUJE KOHICHCAIUH €ro
XpOMaTHHA W3-3a MOTEpU BOJBI) U 303uHOMUINs (COCTOAHNE, TIPU KOTOPOM HABJII0IA~
ercs abCOJIIOTHOE MJIM OTHOCUTEJILHOE MOBbIIIeHre Yrcsia 303unoduios). Takue Kierku
0OBIYHO HAXOJATCS BHYTPH SIUTEJINs, IOABEPIIIErOCs alloITO3Y.

Buyrpukierounas cunekrpockonus IAMP (in cell NMR spectroscopy) — uccie-
nosanne MetonoMm AMP mporenHOB BHYTPHU KIETKH, WX JIOKATH3AMUE ¥ KOHMOPMAIIT-
OHHOTO COCTOSIHUS.

Tenomuka (genomics) — cucreMaTudeckoe U3ydeHue reHoMa OPraHu3Ma, BKII0Yast
CTPYKTYPHBIE T€HbI, PEryJIsATOPHBIE MOCTEIOBATEIbHOCTH U HEKOJUPOBAHHBIE CEIMEH-
o1 JIHK, a Ttakke m3ydenuwe BAUSHHE TE€HOMa HA OMOJOrHYIECKHE MAPIIPYTDHI, CETH U
dbyHKITA.

KcenobuoTuk — coeuHenne, KOTOpoe 9yKepPOIHO IHIOTEHHBIM TPOIECCaM B Opra-
Hu3me. KcenoOnoTuk He nMeeT HUKaKOi OHOTOrmdecKoil (pyHKITNN, HO MOYKET OKA3bIBAThH
3¢ dexT Ha KOHTPOIb YHIOTEHHBIX MAPIIPYTOB W CIIOCOOEH WHTEHCUBHO TOIBEPTATHCS
MeTaboIM3My KOMIIJIEKCAMH COOCTBEHHBIX YH3NMHBIX CHCTEM.
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Kcenomerabonom (zenometabolome) — COBOKYITHOCTh BCEX HEIHIIOTEHHBIX COEIIN-
HeHuil (71eKapcTBa U UX MeTabOJNTHI, sA/bl, HHUIIEBble KOMIIOHEHTHI, DACTUTEIbHbIE Jie-
KapCTBEHHBIE IPEHAapaThl U T. JI.) B OMOKHUIKOCTSX.

Mexaynapognasa Papmakories — u3naBaemblii Bcemuproil opranusariueit 31pa-
BOOXPaHeHUsi COOPHUK OMUITUATBHBIX PYKOBOJSAIINX JTOKYMEHTOB, MTO3BOJISIONIAX 00ec-
MEeYNBATH KOHTPOJb KAYECTBA JIEKAPCTBEHHBIX TPEnaparoB Bo Bcem mupe. OcHOBHAs
eI — JIOCTUKEHWME eJMHCTBA TIPU CHeu@UKAINT KAa4ecTBa Jjisd BHIOPAHHBIX (hapma-
[EBTUYECKHUX MPENapaToOB, BCIOMOTATEIbHBIX BEIECTB U JO3UPOBAHHBIX (POPM BO BCEM
Mupe.

MeraGosmmueckuii MapmpyT, Meraboandeckas cetb (metabolic network) — cxe-
Ma peakInii ¢ yqacTueM MeTabOJUTOB, OMPEAETIONNX (PU3NOTOTHIECKHE U OMOXHUMIU-
qecKHe CBOMCTBA KJIETKH.

MeTa6oJsmmT — HU3KOMOJIEKYIapHOe coeaunenne (06brano 70 1 k/1a), cymecTsyoree
B OMOJIOTMYECKOM OKPYKEHUU W MPUHUMAIOIIEE YIACTHE B METaDOINIECKUX MPOIECCax
pPOCTa ¥ HOPMAJBHOTO (DYHKIIMOHUPOBAHUS KIIETKH.

MeTa6os10M — COBOKYITHOCTh BCEX METAOOJMTOB, SIBISIOMINXCS KOHEIHBIM TTPO/TY K-
TOM ODMEHAa BEIeCTB B KJIeTKe, TKAHW, OPTaHe Wi OPraHu3Me.

MertaGosiomuka (metabolomics) — obsacTb HayKu, U3ydaromas MeTaboIudecKue
uHTEpMEAMAThl (M UX KOHIEHTPALUK), KOTOPbIE, B CBOIO OY€PEe/lb, ABJSIOTCA HPEeIiie-
CTBEHHUKAMU BCEX KJIETOYHBIX KOMIIOHEHTOB.

MeraGosmueckmnii denorun (metabolic phenotype) — COBOKyIHOCTH XapaKTepu-

cTUK MeTaboI0Ma, MPUCYIIUX WHIUBUIY HA OMPEIEJIEHHON CTaINN PA3BUTHS.

Merabonomuka (metabonomics) — «KOJIUYECTBEHHOE M3MEPEHHUE TUHAMUIECKOIO
MHOTOTTAPAMETPHIECKOTO MeTaDOJNYIECKOr0 OTKJINKA KUBBIX CHCTEM Ha TaTOMU3NO0JI0-
TUYECKUE BO3JEHCTBUS WU T€HHBIE MOIUMDUKAINKY. JTOT TEPMUH, BIEPBBIE MPEIJIO-
JKeHHbIH 1 ucnosb3oBannbiit /xkepemu Hukosiconom, ynorpebiisiercsi B TOKCHKOJIOTUH,
MArHOCTHKE 3a00/1eBaHuii u psae apyrux obsacreii. Mctopuaeckn MmeTaboOHOMUYIECKMH
MOJIXO/T OBLT OJHON U3 MEPBBIX MOMBITOK MPUMEHUTH IPUEMbI CUCTEMHOM OUoIorum J1Jist
M3yUeHuss MeTaboIM3Ma.

HeBocnpuumM4YuBOCTh K J€eKapCTBEHHBbIM cpeacTBam (drug resistance) — or-
TOp’KEHNE JeKapCTBa OPraHM3MOM, MOTeps IeaeBoro 3pdeKTa OT JIeKapcTBa U Hedd-
PEeKTUBHOCTD MPHU €r0 UCIOJTH30BAHNM.

Mopens IMauunko (Pachinko model) — Momenb s WLIIOCTPAIMU KCEHOOHOTH-
9eCKOTO MeTabo/M3Ma y 49elOBeKa, MPH KOTOPOM BBIXOJ KCEHOOMOTHKA SABJISETCS pPe-
3YyJAbTAaTOM CEPUU BEPOATHOCTHBIX BSaI/IMO,Z[efICTBI/IfI C 9HAOT€HHbIMHU U CUM-3H/JIOT'€HHbIMU
dJIEMEHTaMU.

IIpebuoruku (prebiotics) — NUIIEBbIE UHIPEIUEHTHI, KOTOPHIE HE MEPEBAPUBAIOTCS
depMeHTaMU YeTOBEKA U HE YCBAWBAIOTCS B BEPXHUX OTJE/AX YKETYIOTHO-KHUIIIETHOTO
TPaKTa, HO CTUMYJIUPYIOT POCT U KU3IHEIEATETBHOCTH MOJIE3HON MUKPOQIOPHI.

IIpo6uoruku (probiotics) — cpecTBA, BOCCTAHABIUBAIONINE MUKPOOUOIIEHO3BI. DTO
allaTOr€éHHbIe 1J14d YeJIOBEKa 6aKTepI/II/I, O6J'[a,Z[aIOHH/Ie AHTArOHUCTUYECKON aKTUBHOCTHIO
B OTHOLICHHUH IIaTOI€HHBIX W YCJTOBHO IIaTOT'€HHBIX 6aKTepHﬁ n O6eCHe‘II/IBaIOIlH/Ie BOC-
CTAHOBJIEHUE HOPMAJIbHON MUKPOQIOPHI.

ITporeoMmuKa — Hayka, OCHOBHBIM TIPEJIMETOM KOTOPOi SABJIAETCH U3ydenne OEIKoB
U UX B3aUMOJEHCTBUI B KMBBIX Oopranm3Max. I[IporeomMuka m3ydaer CHHTE3 OEJIKOB B
Opranm3Me, UX JeKOMIIO3UINIO U 3aMeHy OeJTKOB BHYTPH TEJIa, & TAKKe MOAU(MDUKAIIIIO
6eJIKOB TIOCJIe WX CHHTE3a B OpraHu3Me.

Cucremnasa Ouosiorus (systems biology) — wucciaegoBanue W MOIEJUPOBAHUE
CBOMCTB CJTOXKHBIX OMOJIOTMIECKUX CHCTEM, KOTOPBIE HEMb3sd 00bIACHUTD CYMMOM CBOHCTB
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ee cocrasystomux. CucremMuasi OMOIOTHs U3Yy9IAET B3AUMOIEHCTBIE PA3IUIHBIX HOCUTE-
aeii 6uonorudeckoii undopmanun (JIHK, PHK, 6Gesnku, kierku, oprambi, meraboJiu-
YeCKUe IyTU U T. JI.) B OMOJIOTMYECKUX CHCTEMaX C LeJbI0 BbIACHEHUS TOrO, KaK 3TO
B3anuMOIeficTBUE onpeieisieT (PYHKIIUN U MTOBEIeHNE OMOJOTHIECKUAX CUCTEM.

Tpanckpunromuka (transcriptomics) — naearudukanusa scex marpuanbix PHEK,
KOJIMPYIOIIUX OEJIKH, OMpeIeIeHne KOJIN4IecTBa Kaxk 101 naausuayansuoiit PHK u ompe-
JieJleHne 3aKOHOMEPHOCTEH IKCIPECCUU BCEX N€HOB, KOIUPYIOMNX OesKH.

®Papmako-merabonomuka (Pharmaco-metabonomics) — upejckasanue TOro, Kak
WHIWBUAYAJBHBIR OpraHu3M OyIeT pearnpoBaTh Ha TpUMEHeHue JieKapcTB. Meron 3a-
KJII0YAETCA B UCCIeI0BAHNT MeTab0UTOB (MeTabo1nueckoro npoduss), 06pasyonuxcs
B JIAaHHBIH MEPHUOJ BPEMEHH B pPe3ysbraTe MPOTEKAONINX B OPraHu3Me ODUOXUMHUIECKUX
peakiIuii, TPOUCXOIAIIIX BCJICACTBUE IPUEMA JIEKAPCTB, U CPABHEHUU HTOr0 NPOMUI ¢
npoduieM, Moy YeHHbIM JI0 PUeMa JeKapCTBa.

PaGora Beimosnena npu dbunancosoii noep:kke PODU (mpoext Ne 09-04-00867).

Summary

N.M. Sergeyev, K.F. Sheberstov, V.N. Torocheshnikov, N.D. Sergeyeva. NMR, Spectro-
scopy, Metabonomics and Biopharmaceutics.

The main fields of application of NMR spectroscopy for studying metabonomic profiles of
biological fluids are analyzed. Comparative characteristics of various methods for metabonomic
investigation of the structure of biological fluids from the point of view of sensitivity
and selectivity are given. It is shown that NMR spectroscopy can be effectively used in
pharmaceutics to identify the authenticity of drugs and when searching for impurities.

Key words: NMR, metabonomics, pharmaceutics.
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