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B crarbe paccmarpuBaeTcs BO3MOXKHOCTh IPUMEHEHHsI MeTozia Macc-criekrpomerpun DART
JUTst OBICTPOH MACHTU(DHUKAMA ISHCTBYIONIETO BEIIECTBA B TAONETUPOBAHHBIX JIEKAPCTBEHHBIX
npemaparax. [IpencraBiens! pe3yasTaTsl HecaenoBanus nmpemaparos “Imummn”, “Hoorpormn”,
“Ananpunun”, “Mekcunon” u “bucenton”. O0CyX 1aIOTCs MPEUMYIIECTBA U OTPAHUYCHUS HUC-
NOJIB30BaHMs JAHHOTO METO/Ia aHaJu3a JUIst OBICTPOTO CKPUHUHTA TaOJeTHPOBAHHBIX JICKAPCT-

BEHHBIX ()OpM Ha (PanbCUPUKATBL

KuaroueBsble cioBa: macc-criekrpomerpusi DART, ckpuHuHT Ha (axbCu(UKaThL.

Merton macc-criektpomerpun DART [1] npencrasinsier
HuHTepec Onarogapsi BO3MOXKHOCTH TIPOBEACHHUS aHAJIN3a
CaMbIX pa3HBIX 00Pa3l0B — MPOAYKTOB MUTAHUS, HAIIHUT-
KOB, OMOXKHUJIKOCTEH M TKaHEH, JIeKapCTBEHHBIX Ipernapa-
TOB, HAPKOTHKOB, a TaK)Ke B3pPBIBYATHIX BemiecTB. Heco-
MHEHHBIM JIOCTOMHCTBOM METOJIa SIBJISIETCS BOBMOXKHOCTh
npoBelieHHs aHanu3a 0e3 MpoOOIMOArOTOBKH U XPOMAToO-
rpajupoBanus [1,2]. Ao6pesmarypa DART (Direct
Analysis in Real Time, npsmMoii aHaau3 B peaJbHOM Bpe-
MEHH) BbIOpaHa JUIsi Ha3BaHHs METO/IA.

Tak xak meron macc-criektpomerpun DART sBisiercs
HOBBIM, YHCJIO COOTBETCTBYIOIINX ITyOIMKAIINI O €TO MpH-
MEHEHHH HEBEINKO. B wacTHOCTH, HMeronecs myOrKa-
MU IO Pa3paboTKe CrOCcOOOB KOHTPOJIS KayecTBa JIeKap-
CTBEHHBIX IIPENapaToB OTPaHIYCHBI JAHHBIMA 00 aHaJH3e
HECKOJIBKUX TBEPABIX JICKAPCTBEHHBIX (OPM H CyOCTaH-
Wi, a TakkKe UMb ogHou Masu [1, 3 — 6]. Tem He MeHee
MIPUBEJCHHBIE B HUX JJAHHbIE YKa3bIBAaIOT Ha OOJIBILION I10-
TeHMan mMacc-cnektpomerpun DART B 31oii obnactu.
Tak, HECOMHEHHBIM JOCTOMHCTBOM MacC-CIIEKTPOMETPUHI
DART B ananuse TabaeTHPOBAHHBIX JIEKAPCTBEHHBIX IIpe-
MapaToB SIBJISETCS OTCYTCTBUE MELIAIOLIETO BIUAHUS KOM-
[MOHEHTOB MAaTPHIIbI, YTO CBA3AHO C OTCYTCTBHEM MOHM3A-
LU BBICOKOMOJIEKYJISIPHBIX HEJIETyYHUX KOMIIOHEHTOB B
ucrounuke DART. [Toaromy, nprHUMas BO BHUMAaHUE HO-
BU3HY METOfa, TpeOyeTcsl JaJbHEHIIee TIATeIbHOE U3Y-
YCHUE BO3MOXKHOCTH KOHTPOJISI KaUueCTBa JIEKAPCTBEHHBIX
npenaparoB MeTonoM Macc-crnekrpomerpun DART Ha
Pa3IUUHBIX (hapMalleBTHUCCKUX MpenapaTax.

B nanHo# pabote Oblia M3y4eHa BO3MOXKHOCTH OBICT-
POTO KOHTPOJISI Ka4ecTBa TAOIETHPOBAHHBIX JICKAPCTBEH-
HBIX TpEnaparoB METOAOM Macc-criekrpomerpuun DART
Ha MpUMeEpe TaKuX npenaparos, kak “Inmumun”, “Hootpo-
mn”’, “Ananpunun’, “Mekcunon” u “bucenTon’.

3KC}’Zepl/lM€HmaJleaﬂ uacmo

B pabote ucmonp30Bai BpeMSIPOIETHEIA Macc-CIIeK-
tpomerp “AccuTOF” (JEOL, Slnonus), OCHalleHHBIN
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nonHbM ucTouHMKOM DART (IonSense, CIIIA). Mccie-
nyEMbIC Ta6J'[CTKI/I BHOCHJIM MMHIETOM B 3a30p MCKAY UC-
tounukoM DART u  BxomHbIM  OTBEpcTHEM B
Macc-criekTpomerp. Jlisi MOHHW3AIMN TPUMEHSIICS TeTni
yuctorod He MeHee 99,999 % co ckopocThiO HOTOKa
2 n/muH. Temmneparypa MOHHOTO HMCTOYHHMKA COCTABIISUIA
260 °C. Hanpspkenue Ha ra3opa3psagHON UINIE MCTOYHHKA
DART cocrasisio 4 kB. Tlorenman Ha BXOTHOM KOHYCE
Macc-criekTpoMeTpa ObuT paBeH 10 B. Macc-criekTpsl pe-
TUCTPUPOBAIH B quanaszone m/z 50 — 800.

B pabore wmcronp3oBany JEKapCTBEHHBIC TpENaparhl
“I'mumma” (MHIIK “Buotuku”, Poccust), “Hoorponmn”
(IOCb ®apma Cexkrop, Poccus), “Ananpunua” (OAO
“buocunte3”, Poccus), “Mekcunon” (OO0 “HIIK “dap-
Macodt”, Poccust) n “bucenron” (IlabsHunkuii gapma-
nestryeckuit 3aBon [lomepa AO, Ilomemnra). Mccnemye-
MBIE ITpernaparsl ObITH 3aKYTUICHBI B PO3HIYHON anTeyHOH
cetu I. MOCKBBI.

Pesynomamet u ux obcysicoenue

JIeHCTBYIONIMMU BEIIECTBAMH M3YYCHHBIX IPEIapaToB
spisich muiuH  (“Inmoun”), nupaneram  (“Hootpo-
nun”’), mporpanosnon (“AHanpWINH’), STHIMETUITUAPOK-
curupuud (“Mekcunon”), cyabpamMeTokca3osl U TpuMe-
toripuM (“bucenton”). CrpykrypHble HOpMYIIBI U MOJIE-
KyJSpHbIE ~ MacChl  MEPEYUCIICHHBIX  KOMIIOHEHTOB
MpuUBEZICHbI B Ta0M. 1.

Jiist BceX M3YYCHHBIX MPEapaToB MacC-CIIEKTPHI ObLITH
MOJTy4YeHBI B TeueHue 3 — 7 ¢ 0e3 mpeaBapuTeIbHON IPo-
OOIOITOTOBKU M OKa3aJIHCh BECbMa XapaKTePUCTUIHBIML.
Wnentnukanuio AEHCTBYIOMIMX BEHIECTB H3YYCHHBIX
[IpernapaToB MPOBOIMIN ITyTEM COIMOCTABICHUS 3HAYCHUN
MOJIEKYJIAPHBIX MAacC 3THUX COEAMHEHHH CO 3HAYCHHAMU
m/z AHTEHCUBHBIX CUTHAJIOB B Macc-cniekTpe. Huxe, B ka-
YecTBe MpHUMepa, MPHUBEICH MacCc-CIeKTp Tpernapara
“Mexcunon”.

AKTHBHBIM KOMITOHEHTOM Ipenapara “Mekcuaon’” siB-
JSEeTCS  OTHIMETWITHAPOKCUIIUPUANH,  MOJCKYJISIPHAsS
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Macc-criektp DART Tabnetkn npenapara “Mekcumon”

Macca koroporo cocrasisieT 137 r. Kak BunHO U3 pUCyH-
Ka, 3TOMY KOMIIOHEHTY B CIIEKTPE COOTBETCTBOBAJI IIPOTO-
HUPOBAHHBIA MOJCKYISIpHBIH noH [M+H]" ¢ coorHore-
HHEM 71/z, Ha ¢IUHUIYy OOJBIINM 10 CPAaBHEHHUIO C MOJIE-
KyJsipHOH Maccoi 138. Ilpu 3ToM Hamuuue 3TUIMETHII-
THAPOKCUIIUPUINHA B U3YUYEHHOH TallleTKe MOXKHO OBLIO
MOATBEPAUTH MTHOBEHHO, TaK KaK CIIEKTP U3yUEHHOH Tab-
JEeTKU ObLT 3aperuCTPUPOBAH B TEUCHHE HECKOIBKUX Ce-
KyHJ, ¥ JUI TOTO 4TOObI YOSAUTHCS B HATUIUU UCKOMOTO
KOMIIOHEHTa, HE TPeOOBAJOCh HUKAKUX MOCIEAYHOLINX
omneparnuii o paciuppoBKe Macc-CleKTpa — J0CTATOUHO
ObLIO 3HATh MOJICKYIISIPHYIO MAaccy 3TOrO KOMIIOHEHTA U
CIIEIUTh B XOJI€ aHAJIM3A 3a MIOSBIECHUEM B CIIEKTPE aHaAJIU-
3MpyeMOro 0ObEKTa COOTBETCTBYIOILIEr0 CHI'HANA CO 3Ha-

I[el?'lcn;ylomne BelleCTBA U3YYCHHBIX JIEKAPCTBEHHBIX IIpenapaToB

YEHHUEM 71/z Ha eIMHUILY OOJIbIle TAHHOW MOJICKYJISIPHON
MAacCBHL.

AHaJOTHYHAsT KapTHHA HAOJIFOaIach B MACC-CIIEKTPax
BCEX OCTAlbHBIX H3YyUYCHHBIX MpenaparoB. XapaKTepH-
CTHYHBIC HOHBI, 3apETUCTPUPOBAHHBIE B COOTBETCTBYIO-
KX MaCC-CIEKTPax, MPUBEACHBI B TA0M. 2.

Kak BugHO M3 Tabm. 2, Ui BceX M3YYCHHBIX IIperapa-
TOB HaOJIIOAANIMCh MHTEHCHUBHBIE HoHbI [M+H]*, Gnarona-
PS5 KOTOPBIM MOYKHO OBLITO MTHOBEHHO ITOJITBEPUTh HAJH-
YKe UCKOMOTO JICHCTBYIOIIETO BEIIECTBA B COOTBETCTBYIO-
mux Tnpenaparax. [Ipg 3TOM  BBICOKOMOJICKYJISIPHBIC
KOMITOHCHTBI MaTPHIIBl HE OKa3bIBAIM MENIAromero 3¢-
(exTa, Tak KaK HE MOHHU3UPOBAIUCH, TIOATOMY 00pa3yro-
IHECs MacC-CIIEKTPbl ObUIM BEChbMa IMPOCTHI M YIOOHBI
JUTS. MHTEPIPETAINH.

Tabnuma 1

Coennnenne HasBanue npenapara MonekynsapHas macca CrpykTypHas popmyna
Tnnn I'nmunun 75 NH,-CH,-COOH
Iupaneram Hootponun 142 NH
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TaGunuma 2
XapakTepuCTHYHbIE HOHBI JeHCTBYIOINUX BEIIECTB H3y4YeHHBIX
JIEKAapCTBEHHBIX NMPENnapaTroB

Hurepnperanus
HasBanue JleiicTByroniee m/z naGmionae- , o0 ABA HOHOB
yiou A (M — o6o3HaucHue
npemapara BCIIECTBO MBIX HOHOB
MOJIEKYJIbI
COCAMHEHNS)
Iy TITULAH 76,151 [M+H]*,
[2M+H]*"
Hootpormn nupaneTam 143,285  [M+H]",
[2M+H]*
AHanpuinH IPOTIPAHOJION 260 [M+H]*
Mexkcuion STHIMETHITUIPO- 138 [M+H]*
KCUIIMPUIUH
Bucenron cynb(hameTaKcaszomn 254 [M+H]*
TPUMETOIIPUM 291 [M+H]*

B pesymbrare TpOBENEHHOTO WCCICIOBAHUS OBUIH
BIIEpBbIe nosrydeHbl Macc-ciekTpel DART psna nekapct-
BEHHBIX IIPENaparoB. YCTaHOBJIEHO, YTO MAacC-CHEKTPO-
merpuio DART MOXHO yCIENIHO WCIIONB30BaTh IS
CBEpXOBICTPON  MACHTH(PHUKAIIMA  HU3KOMOJICKYIISIPHBIX
KOMITOHEHTOB JIEKapPCTBEHHBIX IIPENapaToB.

Heo6xoanmMo OTMETHTB, YTO B HACTOSIIEE BPEMsS IS
OBICTPOTO CKPHHHUHTA TAOJICTHPOBAHHBIX JICKAPCTBCHHBIX
mpenaparoB Ha (aibcupuKaTel HaUOOJIEe YacTO HCIONb-
3yror UK-cnekrpockonuto. [Ipu 3ToM HECOMHEHHBIMU
JIOCTOMHCTBAMHU 3TOTO METO/A SIBJISIOTCA OTCYTCTBUE HE-
00XOIIMOCTH MIPOBEICHUS MPOOOIIOATOTOBKH, Majasl ITH-
TEJIBHOCTH OJHOI'O aHAJIN33a U BO3MOXKHOCTB HMCIIOIb30Ba-
Husi MK-criekTpockonuu B MOJEBBIX YCIOBUSAX. OmHAKO
MOJTy4aeMble CHEKTPbI BECbMA CIIOXKHBI, COCTOST U3 OOJb-
LIOTO YHUCIIa TOJIOC, B CBA3U C UeM JUIS KaXKIOW TabIeTKu
TpebyeTcsl MPOU3BOJUTh CPABHEHUE 3apETUCTPUPOBAHHO-
ro UK-cnekrpa u crnexkrpa U3 COOTBETCTBYIOLIETO ariaca
win 6a3bl TaHHBIX, YTO TpeOyeT 3HAYUTEIBHBIX BPEMEH-
HBIX 3aTpar.

[Ipu ucnonb3oBanuu mMacc-criektpomerpun DART, kak
YCTaHOBIICHO B HACTOAIIEH paboTe, ATUTEIbHOCTh aHAJIH-
3a | TableTKH COCTaBIACT HECKOJIbKO ceKyH . [Ipr aToM 0
HAJIMYUHM HCKOMBIX KOMITOHCHTOB TaOJETKH MOXHO CYy-
JIITBH Cpasy ke, HaOMroast 3a CIIEKTPOM B pekume on-line,
DO HA MOHHTOP KOMITBIOTEpa, ITOAKITIOYEHHOTO K
Macc-CIIeKTPOMETPY, 0e3 HCIOIb30BaHUs KaKoH-1mnbo 1o-
MIOJTHUTEIBHOW WH(OPMALUK, KPOME 3HAHUS O MOJEKY-
JIAPHON Macce JIeucTByrolero Beuiectna. [loatomy moc-
TOWHCTBOM IPEJIOKEHHOTO IOX0/1a ABJISIOTCS MPeeb-
HO Majble BpeMeHHble 3arparbl. K OTHOCHTENbHBIM
HE/IOCTaTKaM METO/Ia MO)KHO OTHECTH CPaBHUTEILHO BBI-
COKYIO CTOMMOCTh OOOPYJAOBaHHS M MAJIy0 €ro pacmpo-
CTPaHEHHOCTb, a TAKXKE OTCYTCTBHE BO3ZMOXHOCTH €r0 HC-
TIOJTH30BAHUS B TIOJIEBBIX YCIOBHSIX. TeM He MeHee BechMa
3P PEKTUBHBIM MOXET OBbITh CKPHHUHT Ha (PasibCH(HUKATHI
IO anTeKaM, KOTOPBIA OyIeT MPOU3BOIUTHCS ITyTEM BHIOO-
POYHOTO U3BATUS KOHTPOJIBHBIX YIIAKOBOK IMPENapaToB U3
anTeK W MOCJeQYIOLIero aHajin3a TableToK U3 THX yIia-
KOBOK B JIaDOpaTOpHH, OCHAIIEHHOH Macc-CIIeKTPOMET-
pom DART.

Pabora BeITOITHEHA TTPH (PUHAHCOBOH MOJIEPIKKE TPaH-
ta [Ipesnnenta Poccuiickoit @enepannn MK-594.2010.3
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NEW APPROACH TO DETECTING COUNTERFEIT DRUGS

IN TABLETS BY DART MASS APECTROMETRY
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The possibility of using the DART mass spectrometry for the identification of active components in tableted drugs has been studied. The results of analysis of
some drugs such as glycin, nootropil, anaprilin, mexidol, and biseptol are presented. Benefits and limitations of the DART mass spectrometry in application
to fast screening of tableted pharmaceuticals for detecting counterfeits are discussed.
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