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B nacmosiwyee epems akmusno ucciedyemes papmaxonro2uyeckas poiv 1ymamuoHa 6 mepanuu Kauyepozene-
30, HEPBHO-0e2eHEPAMUBHBIX U 2NIA3HbIX DoNe3Hel, 3a001e8aHUll cepoyd, UMMYHHOU CUCEMbL U CHIAPEHUS. OP2AHU3-
ma. Tlosmomy ona pazpabomku gapmayesmuyeckux 00beKmos Ha e20 0CHO8e HeoOX00UMO CO30aHUue ONMUMATbHOU
ananumuyecxoti 6asvl. Llenvto nacmosuezo uccnedosanus a6naemcs paspabomrka MemoouKyu anaiu3a 2ymamuond
B0CCMAHOBIEHHO20 C NOMOWbIO NPEOKONOHOYHOU Oepusamu3ayuu 4-memoxcu-2-Humpo@enunr-u3omuoyuanamom.
Mamepuanst u memoost. [10ckonbKy nymamuoH He umeen HeoOX00UMbIX CNeKMPATbHbIX XAPAKMEPUCUK O/ He-
NOCPeOCmBeHHO020 AHANU3A, MO UCX00s U3 IMO20, pa3paboOmana MemoouKa onpeodeneHus 1ymamuoHa ¢ HOMOWBbIO
NPeOKONOHOUHOU 0epusamu3ayuu 4-memoxcu-2-Humpo@peHur-u30muoyuanamom Memooom oopaujenHo-gasHoll eol-
coxoappexmuenou xpomamoepaguu (OD BIKX). [emexyuio obpazosasuiezocs depusama npogoousiu no no2iouje-
Huto 8 Y-cgeme ¢ nomowbro OuoOHo-mampuuroz2o oemekmopa. Pesynomamut u o6cyncoenue. B xode onucannozo
IKCnepumMenma, Ovlau NOTYYeHbl XPOMAMOSPAMMbL 0epusama 2iyI1amuoHa ¢ 4-memoxcu-2-Humpopenun-uzsomuoyu-
anamom. Jlanuylo Memoouxy maxoice OYeHUBAI Ha 603MONCHOCHIL KOMUYECTNBEHHO20 ONpedeNeHUst 2ymamuond.
Yyecmeumenvrocms memoouxu cocmasuna 0,01% unu 3,1*107 mons. [Ipsamonuneiinas 3a8ucumocns Mexcoy aHau-
MUYEeCKUM CUSHAIOM (RI0Wadb NUKA) U KOHYenmpayuell Habnooarace 6 ouanasone 0,01-0,08%, koaghpuyuenm xop-
penayuu — 0,995. 3aknrouenue. B xo0e nposedéHHbIX UCCIE008AHUL PA3PAOOMAHA MEMOOUKA OnpedeneHUs yma-
MUOHA C NOMOWBIO NPEOKOIOHOYHOU depusamusayuu 4-memoxcu-2-numpogenun-usomuoyuanamom memooom OD
BOXKX. IIpu smom obpazyemcs depusam co pemenem yoepacudanus 22,3 Mun u maxcumymom nozinoujerust 398 wm.
Taxkoice OanHasi MemoOUuKa NO360Jisem OYeHUMb KOIUYEeCMEEHHOe COOePICAHUE UCCTedyeM020 00beKmd.

Knrouesvie cnosa: enymamuoH 60CCMAHOBNEHHDIU, 4-MeMOKCU-2-HUMPOGEHUI-U30MUOYUanam, oopaujeH-
HO-hazHas 8blCOKO3PPEKMUBHASL HCUOKOCHAS Xpomamozpadus, depugamuszayus

DEVELOPMENT OF METHODS OF PRE-COLUMNAR DERIVATIZATION
OF GLUTATHIONES RECOVERED BY 4-METHOXY-2-NITROPHENYL-
ISOTHIOTOCIONATE FOR DETERMINATION BY METHOD
OF HIGH-EFFECTIVE LIQUID CHROMATOGRAPHY

K.A. Alexeeva, D.I. Pisarev, O.0. Novikov, A.Yu. Malyutina

FSAEI HE Belgorod National State Research University of the Russian Federation,
85, Pobeda Str., Belgorod, Russia, 308015
E-mail: malyutina_a@bsu.edu.ru

Nowadays the pharmacological role of glutathione in the therapy of carcinogenesis, neurodegenerative and oc-
ular diseases, heart diseases, the immune system and aging of the organism is being actively investigated. Therefore,
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for the development of pharmaceutical medical forms on its basis, it is necessary to create an optimal analytical base.
The aim of this study is to develop a methodology for the analysis of glutathione recovered by pre-columnar deri-
vatization of 4-methoxy-2-nitrophenyl isothiocyanate. Materials and methods. Since glutathione does not have the
necessary spectral characteristics for its direct analysis, a methodology for the determination of glutathione with the
use of pre-columnar derivatization of 4-methoxy-2-nitrophenyl-isothiocyanate by reversed-phase high-performance
chromatography (RP HPLC) has been developed on that basis. Detection of the resulting derivative has been carried
out by absorption in UV light using a diode array detector. Results and discussion. In the course of the experiment
described, chromatograms of a glulathione derivative with 4-methoxy-2-nitrophenyl isothiocyanate were obtained.
This technique was also evaluated for the possibility of quantitative determination of glutathione. The sensitivity of the
methods was 0.01% or 3.1*10" mol. The linear relationship between the analytical signal (peak area) and concentra-
tion was observed within the range of 0.01-0.08% and the correlation coefficient of 0.995. Conclusion. In the course
of the studies, a methodology for the determination of glutathione has been developed with the use of pre-columnar
derivatization of 4-methoxy-2-nitrophenyl-isothiocyanate by RP HPLC. In this case, the derivative is formed with the
retention time of 22.3 minutes and the absorption maximum of 398 nm. This method also allows estimating the quan-

titative content of the object under study.

Keywords: reduced glutathione, 4-methoxy-2-nitrophenyl isothiocyanate, reversed-phase high-performance lig-

uid chromatography, derivatization

BBEJEHMUME. I'nyratnon — tpurentua, o0pa3oBaH-
HBIH TPEeMsI aMMHOKHCIIOTaMH: [Ty TAMUHOBOW KHCJIOTOH,
LUCTEMHOM U IIMIUHOM. JTa MOJIEKYJIa MPUHUMAET y4a-
CTHE B TOAJIEP)KaHUN PEIOKCH-TIOTEHIIMANa KIIETOK, B
npouecce 00e3BpeKNBaHNS KCEHOOMOTHUKOB Pa3IMuHOTO
MIPOUCXOXKIICHUS, yJacTBYsl KaK B KauecTBE HENocpe-
CTBEHHOTO KOHBIOTHPYIOIIEro areHTa, Tak U Ko-akro-
pa psna (pepMEeHTHBIX cucTeM OuorpaHchopmanmu [1].
BaxxHOCTB ATOTO TpHUIENTHAA ISl YEIOBEKa 00yCIIOBIIE-
Ha TeM, 4TO M3MEHEHHUE JIOOBIX TOMEOCTATHYECKHX T1a-
paMeTpoB OpraHu3Ma: BO3pacT, aKTHBU3AINs UMMYHHBIX
MIPOLIECCOB, BO3HUKHOBEHHE MPAKTUUECKU BCEX OCTPBIX
1 XPOHUYECKUX 3a00JICBaHUI COMTPOBOXK/IAIOTCS CIIBUTA-
MU B CHHTE3€ TIIyTaTUOHA M, KaK CIEACTBHE, TpaHchop-
Malliu OKHCIIUTEIbHOTO cTaryca [2]. dusnonornueckas
(GYHKIMS DIyTaTHOHA peajM3yeTcsi HECKOJIbKHMH ITy-
TAMH: 00€3BPEKHUBAHNE TOKCUYHBIX 3JIEKTPO(UIBHBIX
YacTHII, IIyTeM HENOCPEICTBEHHOTO KOHTAKTa C aKTHB-
HBIMH (OpPMaMHU KHCJIOPOJa, U aKTUBAaLUs (EepMEHTOB
O6uorpaHcopManny, a UMEHHO IIyTaTHOHIIEPOKCH a3k
U mIyTatuoHTpancgepassl [3, 4].

I'myrarnoH siBisieTcss CTaOMIM3aTOPOM  THOJIBHO-
ro craryca OENKOB, SIBJSISICH BMECTHIIMILEM LUCTEHHA.
On Takxe koopauHupyeT mpouecchl cunre3a JJHK u
UMMyHHUTeTa [5, 6], mOMoOraeT moAIep>KUBaTh MOCTOSH-
HBII ypoBeHb okcuaa azora (NO) [7], nmpeobpasyer ak-
TUBHOCTH OCJIKOB 4epe3 S-TIyTaTHOHWIUpoBaHue [8] u
peuenTopoB HeifpomenuaropoB [9]. B MuToxoHapusx
DIYTaTHOH PEryJIMpYyeT alonTo3, CAEPKHUBasi HEKPOTHYE-
CKHE TPOLECCHI, B SAPE SBISIETCS PETYISTOPOM IPOJIHU-
¢eparuu [10].

Omnucannble Ouonorunueckre 3PpdexTsl nIyTaTHoHa
MOAYEPKUBAIOT €0 MOTEHIHAIBHYIO TEpalleBTHYECKYIO
AKTHBHOCTb B KOPPEKIIMU MHOTOYHMCIIEHHBIX HO30JIOTHIH
U CBUJICTEIBCTBYIOT O MEPCIEKTHBHOCTH CO3IaHUs Jie-
KapCTBEHHBIX NpernaparoB Ha ero ocHose. [lns paspa-
OOTKM ONTHMAJBHBIX JIEKAPCTBEHHBIX (DOPM IIyTaTHOHA
HeoOxoanMo paspaborarh 3(GheKTHBHBIN cHnocod ero
aHanu3a.

B Hay4HOii snmTeparype Iuid aHaiM3a IIIyTaTHOHA
OITMCAaH PsiJi aHAJTUTHYECKUX METOJIOB.
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B Hacrosiiiee BpeMs H3BECTHBI TAKHE METOJIBI, KaK:

— cnekmpogomomempuyeckuit memoo onpeoene-
HUA 2nymamuona, OCHOBAHHBIM Ha B3aUMOJEHCTBUU
5.5>-mutnobuc-2-uuTpodensoiinoi kuciorsl (DTNB) ¢
SH-rpynmoit GSH. B pesynbrare peakiiuu oOpasyercs
xpomogop 5-tno-2-uurpobensoiinas kuciora (TNB) c
MaKCHUMYMOM ONTHYEeCKOU TIOTHOCTH Tipu 412 um [11].

— cneKkmpo@ayopumempuiecKuil Memoo onpeoe-
nenusn 2iymamuona. MeTon OCHOBaH Ha B3aMMOJCH-
crBun o-dranesoro anpnaeruna (OPT) ¢ SH-rpynmoii
GSH, B pesynsrare ¢dopmupyercst (ayopeclueHTHBIH
xoHsbtorar [12, 13].

— onpeldeneHue 2NYmMamuoHa ¢ HOMOUWLbIO CHEK-
mpogomomempuueckozo memooa ¢ peaxkmugom -
amana. Ha ceropHsIIHUNA N€Hb METOJ C PEaKTHBOM
OniMaHa SBISETCS OJHUM M3 HauboJee MCIONb3yeMBbIX
MIOAXO/I0B JIJISl BBISIBIICHUS TITyTaTHOHA, HECMOTPSI Ha TO,
YTO OH JaeT NMPUOIM3HUTEIbHYIO OLIEHKY COJEepIKaHHs
ryTatuoHa [14].

— onpedenenue 2IymamuoHa Memooom HcuoKocm-
HOUl xpomamozpaghuu. MeToq OCHOBaH Ha UCIOIb30Ba-
HUH JKUJIKOCTHOM XpoMarorpauu ¢ pa3InyHbIMH JIETEK-
Topamu [15].

Jns uneHTHUKAINK [Ty TaTHOHA, COMPSHKEHHOTO C
Oenmkamu, IS OOHAPYXKEHHsSI €r0 B CBSI3aHHOW WU CBO-
OomHOM (QopMax B OpraHax M KJIETKaX, HCIOJIb3YeTCS
KHUJKOCTHas XpoMarorpadus B COYETaHUU C MacC-CIIeK-
TpPOMETpHEN U TaHAEMHON Macc-criekTpomeTpueit [16].

B kadecTBe npexpomaTorpaduuecKiux peareHToB Jie-
puBatuzanyu 1t BOXX-ananuza niryrarnona B 6uosno-
THYECKHX 00pa3lax MpeyIoKeHbl STAKPHHOBAsT KUCIOTa
U e¢ METIIIOBBIH 3¢up [17].

IockonbKy TIyTaTHOH SIBJISETCS MapKepOM OKHWCIIH-
TEJBHOTO CTpecca TO B KPOBU M JIPYTMX TKAHSIX €ro ompe-
JISTISIOT IyTEM JIEPUBATH3ALMH C TKHINPYIOIMM areHTOM
N-3TunManenMuioM, TPeAoTBPAIIAIONIMM  ABTOOKHCIIE-
HHe TIyTarioHa. KoHbBlorar 3areM ONpesiessiioT METOIOM
BOXX [18], winu ¢ ucnons30BaHUEM KHUJIKOCTHOM XpoMa-
TorpadMu-TaHIEMHOM Macc-criektpomerpud [ 19]. JlaHHbII
TIOJTXO/I TAKOKE UCTIONB3YETCsI [Tl OTIpeiesIeHNs] [Ty TaTHOHA
B CTpUaryme Mo3ra Kpsic qunuu Wistar [20].
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CyuiecTByeT METOAMKAa COBMECTHOIO aHalu3a IIy-
TaTHOHA U €T0 MPEALIECTBEHHUKOB — UCTENHA, IUCTEU-
HUIIIMIMH U TOMOIIMCTENHA B CIIIOHE, 3aKII0Yaromascs
B BOCCT@QHOBJIEHHU THUCYIH(UIOB B THOJIBI WU KOJIHYe-
CTBEHHOM OIPEJIENICHNU C TIOMOIIBIO BEICOKOA(PEKTUB-
HOU JKUJIKOCTHOM Xpomarorpaduu [21, 22].

[IpenyioxkeHO HENmOCPEeICTBEHHOE AIEKTPOXUMHYE-
CKOe OIpefeieHne IIyTaTHOHAa M IIyTaTHOHa BOCCTa-
HOBJICHHOTO [23, 24].

OnucaHHBIH psii METOAMK aHalM3a IIyTaTHOHA, B
OCHOBHOM, KacaeTcsl €ro HEMOCPEICTBEHHOTO OTpeiesie-
HUS B OMOJIOTHYECKUX 00BEKTaX, OHAKO JUISI IIeJieH dap-
MAaIeBTUYECKOr0 aHaJIN3a OHU MaJOIPUTOHBI.

Onupasice Ha BhimeckazanHoe, HEJIBIO nacrtos-
IIET0 MCCIIE0BaHMs SIBUIAach pa3paboTKa ONTHMAaIbHOM
METOIMKU aHaJIN3a [TyTaTHOHA, TI03BOJIAIONIEH OIICHUTh
€ro KaueCTBO B JIEKAPCTBEHHBIX IpenapaTax.

MATEPUAJIBI U METO/BbI. B kauectBe 00beK-
Ta HCCIIEIOBAHUS HCIIOJIB30BaH INIyTaTHOH BOCCTaHOB-

neHnbiit (CAS Ne70-18-8, EC Ne 2007254, Applichem,
T'epmanus).

Xpomarorpaduyeckoe pasneleHue IIPOBOIUIU
Ha npubope «Agilent Technologies 1200 Infinity»
(CIHA). DnekTpoHHBIE CIIEKTPBl PETHCTPUPOBAIH
C MOMOIIBI0 JAMOAHO-MAaTPUYHOTO JETEKTOPa CEPHH
Agilent 1200.

PazneneHne mnpoBONWIM Ha CTAJbHOH KOJIOHKE
Ascentis express C 2, 7um X 100 mm X 4,6 mm.

CocraB MoOmIbHOHM (a3l Britoyan (A) — 1%-Hbii
BOJIHBIH pacTBOpP KHUCIIOTHI MypaBbHHOH, (B) — crupt
STHJIOBBII. DIIOMPOBAHUE OCYIIECTBIISNIN B CIEAYIOMINX
YCIOBHSAX:

Ckopocts nioToka: 0,5 Mi/MuH

Temnepatypa xononku: 35°C

Herexmus: 398 um

O0béM BBOIUMOIT IPOOBI: 1 i

DJIONpOBaHUE OCYIIECTBISUIM B TPaAWEHTHOM pe-
XKHUMe, NpuBeIEHHOM B Tabnuie 1.

Tabnuya 1 — Ycnoeusn zpadueHmHo20 INIOUPOSAHUA 0EPUBCANOE 2TIYMAMUOHA

Bpewms, mun A, % B, %
0 100 10
60 0 100

I'myratnoH — MoneKyna, HE WMEOMIas 3HAYMMBIX
XpOMOQOPHBIX (PParMEHTOB, MPUTOTHBIX IJIS HCCIEHO-
BaHUs Metogamu Y®-criekrpockornuu U BOXX ¢ guon-
HO-MaTpUYHBIM JETEKTHPOBAHUEM. BBUIY OTCYyTCTBUS y
HEro COOCTBEHHOTO TOINIOIIEHHS B YNBTPaHOIETOBOM
o0JIacTH CHeKTpa HaMH pa3paboTaH aHAJTU3 TIIyTaTHOHA
Metorom OD BIXX nmocpeacTBoM ero XuMH4IeCcKOi MO-
mudukanuu. [lomymspHBEIM pPeakTHBOM, CHOCOOCTBYIO-
ITAM TIOIY9EHUIO XpOMO(OPOB, ABIseTCS (PEeHUIH30THO-
nuanar. OHaKo, HAMU IS TPOBEICHUS ICPUBATH3ALINH
HCTONB30BaH 4-METOKCH-2-HUTPO(EHMI-N30THOLIHAHAT,
KOTOPBIN ABIISETCS MPOU3BOJHBIM (DEHUIM30THOILIMAHATA,
oOagaroniM Oosiee aKTUBHBIMH COPOIIMOHHBIMH CBOH-
CTBaMH B oTHoleHNH Y®-cBeTa. MeTonuKka 3aKIIoJacT-
Csl B MCIOJIb30BAHUM TPEIKOTIOHOYHON JICpPUBATH3ALUH
HCCIIEyeMOl MOJEKYIbI 4-METOKCH-2-HUTPO(PEHNI-U-
3oTnonuanaroM. IIpm 3TOM THPOMCXOAWT HEMocpen-
CTBEHHAsl XUMHYECKasl PEaKkmnus MIyTaTHOHA C 4-METOK-
CHU-2-HUTPO(EHUI-N30THOIIMAHATOM B IIEIIOYHOI cpere,
MOCKONBKY pPEaKIyst UAET MO THUILY IEKTPO(MIEHOTO
3aMmeneHus. B pesynprare cTpyKTypa IIyTaTHOHA, IIpe-
TepIeBas XUMUIECKOe MTPEBPAIIEHHE, TPUOOPETAET XPOo-
MO(OpPHYIO METKY, CHTHAJI KOTOPOI MOXHO 3apeTHCTpPHU-
poOBaTh C TOMOILIBIO THOIHO-MAaTPHYHOTO JETEKTOpa B
xone BOXX-ananu3a.

Memoouxa depusamusayuu 21ymamuona

Jlnst momydeHus: IPOU3BOAHOTO DIIyTaTHOHA C 4-Me-
TOKCH-2-HUTPO()EHUIT-N30THOIIUAHATOM TIPEIBAPHUTEIb-
HO OBUTH TIPHUTOTOBIICHBI PACTBOPHI 4-METOKCH-2-HUTPO-
(eHMIT-N30THONNAHATA U Ty TaTHOHA.

Hns mpurotoBneHWst pacTtBopa 4-METOKCH-2-HU-
Tpo(ECHNII-M30THOLNAHATa OBUIM HCIIOIB30BaHBI TAaKHE
pacTBOPHUTENN KakK ameToOH, AaleTOHUTPHI U 3TaHOI.
Haubonemryto pacTBOPHMOCT 4-METOKCH-2-HUTpO(e-

HUJI-U30THOIAHAT TT0Ka3all B 3TaHOJIE, TOITOMY B J1aJlb-
HEHIIeM B Ka4eCTBE PACTBOPUTENS UCTIOIb30BAIN CITUPT
STUJIOBBIM.

Taxwum 06pa3om, I TPUTOTOBIICHHS pacTBopa 4-Me-
TOKCH-2-HUTpOo(eHmI-u3oruonmanara oxomo 0,025 r
peaxTHBa IEPEHOCHIIN B MEPHYIO KOJIOy 00BbEMOM 25 MiI,
mpubasmsu 10 M1 3TaHONA, BCTPSXUBAIN 1O MOIHOTO
pacTBOPEHUs, JOBOAWIN 00BbEM pacTBOpa 10 METKH TEM
K€ PaCTBOPHUTENIEM U TIEPEMEIIHBAIIH.

ITockonpKy peakuys B3aMMOAEHCTBHS aMUHOKHUCIIOT
¢ 4-MeTOKCH-2-HUTPOPEHUI-N30THOIIMAHATOM ITPOUCXO-
JIWT TI0 THITY 3JIEKTPOGHUIBHOTO 3aMEIeHHs, TO JUIS TIPO-
TEKaHUs JAHHOHM PeakIy TPeOyeTCs MEeNoYHas pEaKIus
cpensl. [ToaToMy U1t MPUTOTOBIEHUSI PACTBOpa NIy TaTH-
ona ucnonsioBanu 0,05 H pactBop mHatpus rerpadopara.

0,025 r ucpITyeMoro o6pasna IIIyTaTHOHA TIOMeTIa-
JU B MEpPHYIO KO0y, 00béMoM 25 mut, mpuiiBanu 10 mi
0,05 H pactBopa TeTpabopara HaTpus, B30aITHIBAIN 10
MIOJTHOTO PAcTBOPEHUSI BEIIECTBA M PACTBOP JIOBOJHIH
JI0 METKH TEM 7K€ PaCTBOPHUTEINIEM, TIEPEMEIIIHBAIH.

2 MJ NIPUTOTOBJIEHHOTO PAacTBOpa NIyTAaTHOHA IIO-
MeIIajJl B MEPHYIO KOJIOy, BMECTUMOCTBIO 25 MII, TIpH-
6aBmssmu 2 mn 0,1%-HOTO pacTBOpa 4-METOKCH-2-HU-
TpodeHmI-n30THOIMaHaTa, B30anTeBany. [loxydeHHbIi
pacTBOp JOBOAMIM 0 METKH 3TaHOJIOM, EPEMEIINBAIIN
1 HarpeBajy B CyIIMIbHOM MmKady npu temneparype 80
°C B Teuerne 30 munHyT. 1o HcTeueHNN yKa3aHHOTO Bpe-
MEHHU PacTBOP OXJAXKAAJIN JO KOMHATHOM TeMIIEpaTypsbl
1 XpoMaTorpaupoBaiy B MPUBEAEHHBIX BBIIIC YCIOBHU-
SIX.

PE3YJIIBTATBI M OBCYXJIEHHME. B xozne
OITMCAHHOTO JKCIIEPUMEHTA, OBUIH ITOMYYEHBI XPOMAaTO-
rpaMMBI JepuBaTa TIIyTaTHOHA C 4-MEeTOKCH-2-HATpOde-
HUJI-U30THOLMAHATOM.
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PearenT — 4-MeTOKCH-2-HUTPOQEHMI-U30THONHA-  Thl. Y®-criekTp 4-MeTOKCH-2-HUTPO(EHMI-U30THOLIN-
HaT B yKa3aHHOH CHCTEME XapaKTePU3yeTCs HaJMYMEM  aHara Hab/IofaeTcs NpH JIMHE BOIHBI A, = 410 HM
OJTHOTO THKa cO BpeMeHeM yraepxkuBaHus 33,97 muny-  (puc. 1).

DAD1 C, Sig=370,4 Ref=off (2017-05-1214M2NPHR2.D)
mAU

.970

#DADT, 34.848 (90.4 mAU, -) Ref=34.601 & 35.461 of 4AM2NPHR3.D
100 mAU
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60
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2.960

Pucynox 1 — Xpomamozpamma u Y®-cnexmp 4-memoxcu-2-numpogenun-uzomuoyuanama

[lpu npepuBaruzanuu miyTatMoHa oOHapyxuBaer-  (puc. 2). Ha xpomarorpaMme nepuBara DiIyTaTHOHA Tak-
Csl IPOM3BOJHOE CO BpEMEHEM yACp)KMBaHUS 22,3 MHH K€ OTMeyaeTcs MUK CBOOOIHOTO peareHTa.

DADT1 B, Sig=398 4 Ref=0ff (2017-08-1214M2NPHR3.D)

22.318

GSH 4-metoxy-2-nitrophenyl-rodanid derivative
4-metoxy-2-nitrophenyl-rodanid

22.871

T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 15 20 25 30 35 mi

Pucynok 2 — Xpomamozpamma oepusama 2iymamuona ¢ 4-memoxcu-2-numpoghenu-pooanunoom

Ha pucynke 3 mnpeacraBieH Y®-cnekTp JOepu-  HUHAOM, KOTOPBIH MMeNl MAaKCUMyM TMOTJIONMIEHUS MpH
BaTa IIyTaTHOHA C 4-METOKCH-2-HUTpoQeHui-poma- A =398 Hm.

m
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Pucynok 3 — Y®D-cnekmp oepusama ziymamuona c 4-wemoxcu-2gphenun-pooanuoom

Pacuérel mapaMeTpoB IPUTOHOCTH NUCTIOIB30BAaHHON XpoMaTorpadnuecKoi CHCTEMBI IIPUBEICHBI B TabnuIe 2.

Tabnuya 2 — lapamemput npuzooHoCmu Xpomamozpaghuueckoii cucmemsl
05 onpeodenenus oepusama ymamuona

t N

Rs Tf Wb

R
22,318 186447

Jepusar

2,75 0.724 0.1242

1, — abcomiomuoe epems yoepyucusanus, N — wucno meopemuueckux mapeaox, R — kospduyuenm pasoenenus nuxos, T, —xo-

appuyuernm acummempuu, W, — wupuna nuxa na 6azoeot iunuu

[IpuBenéuusie B Tabnmie 2 pe3yiasTaThl pacyéra
kpuTepues npuroaHoctu (N>5000, R >1,5, T <2), ykna-
JIbIBalOTCS. B pekomeHayeMble EBpomnelickoit @apmako-
neeil mapamerps! nmpurogHoctu [25]. Takum obpasowm,
MIpe/ICTaBJIeHHass XpoMarorpauyeckasi CcTeMa MOXET
OBITH IPU3HAHA IPUEMIIEMOH JUIsl OTIpe/ieNIeHHs AepHUBa-
TOB IJTyTaTHOHA.

Jnst oneHKH BO3MOXXHOCTH HCIOJIB30BAHMS AaH-
HOM METOIMKH B IEJISIX KOJUYECTBEHHOTO Ompenese-
HUsl TIIyTaTHoHa Oblja ompesesieHa INPsSMOJIUHEHas
3aBUCHMOCTb MEXAy KOHIIEHTpaluuel nepuBara riyra-
THOHA W aHAJIMTUYECKUM CHTHAJIOM (IIJIOUIaab MUKA).
JJ1s1 5TOTO TOTOBWIIH psiJi U3 6 KannOPOBOYHBIX PacTBO-
pOB JIepUBATOB INIyTaTHOHA B JMana30HE KOHIEHTpa-

uuit 0,01-0,08% IlonydyeHnHble kaauOpOBOUYHBIE pac-
TBOpPBI XpoMarorpaupoBajy B NPHUBEIEHHBIX BBILIC
ycnoBusix. [lo pesynmbraram xpomarorpadupoBaHHs
OBUT MOCTPOEH TI'PaJyHPOBOYHBIH IpaduK 3aBHCHMO-
CTH KOHIICHTPAIMH JIepUBaTa IIIyTaTHOHA OT IUIOIAH
nuka (puc. 4).

OOHapyXMBaeMBbIi MUHUMYM JIJIsL ONIPE/ICIICHHST Jie-
puBara nirytatioHa — 0,01%.

B ykazaHHOM nnarna3oHe KOHIIEHTpalW Ipagynpo-
BOYHas 3aBUCHMOCThH Obl1a IPSIMOJIMHEHHOM. YpaBHEHUE
perpeccun UMeso BUJI:

y=8571,8x - 3,3753

Koaddumment xoppemsauun cocraun 0,9998, gro
CBHJIETEILCTBYET O HAIWYMHU MPSIMOJIMHEHHOW 3aBHCH-
MOCTH 3HaUSHHUH MEX]y TUIONIAbI0 KA U COJEPIKaHMU-
€M JiepHuBara IIyTaTHOHA.

Bronornyeckn akTHBHBIE IENTHIBI, B TOM YHCIE
DIYTaTHOH, TPEJCTaBISIIOT JIOCTATOYHO CIIOXHBIH 00b-
eKT JUIsl aHaJli3a, MOCKOJIBbKY HE CHOCOOHBI MOIIONIATh
cBeT. [lo3TOMY CIOKHOCTH PErMCTpalMi IIyTaTHOHA
B XO/Ie CaMOro Ba)XHOTO B (hapMalleBTUUECKOM aHad-
3¢ YO-cnekTpooTOMETpHUECKOTO MeTofa 00yciaB-
JIMBAETCS TEM, YTO OH He MMeeT XpomogopoB. OxHako
BBICOKOO((EKTUBHASL KUAKOCTHAas Xpomarorpadusi c
JIMOTHO-MaTPUYHOM JIeTeKIMel TaéT BO3MOXKHOCTH TIPO-
aHAJM3MPOBATh DIIYTATHOH 3a CYET €ro NpelBapHUTelb-
HOW JepuBaTH3AlMU C TPUOOPETCHHEM XPOMOQOPHOI
METKH TIepe/i HENMOCPEACTBEHHBIM pa3ieJIeHueM Ha KO-
noHKe. J{ns nepuBaru3anuy nryTaTHoHa pa3paboTaH paj
METOJIMK, IJIe B Ka4eCTBE JIEPUBATH3HPYIOIIUX arcHTOB
UCIIONB3YIOT PSIJl TPAIUIIMOHHBIX PEaKTHBOB, HAIPUMeEp,
2,4-nuHUTpOXNOpOEH30I,S,5 - nuTHoONC-2-HUTPOOEeH-
30ifHast KUCJOTa, O-(TaJeBbIi anbJerull, peakTuB OIl-
nmaHa. Hamu BrepBble MpeiiokeHa METouKa JepHrBa-
TH3alUU TIyTaTHOHa 4-MEeTOKCH-2(EeHUII-POAaHHIOM C
MOCJEAYIOIUM XpoMarorpaguyeckuM paszielieHHeM ¢
MTOMOIIIBIO JKUJIKOCTHOH XpomMarorpaduu. Cpean 1octo-
WHCTB JIaHHOI METOJMKH 0 CPAaBHEHHUIO C ONMCAHHBIMH
B JINTEPATYPE, SBISIOTCS CIIETYIOLIHE:
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® 00pasyercs TONBKO O/INH JIepHBAT;

® lepuBaT U JEPUBATH3UPYIONIMH areHT XOPOIIO pas-
JIETSIFOTCS] HA XpOMaTorpaMMe;

® lepuBaT U JICPUBATH3UPYIOIINHA areHT UMEIOT YETKO
Pa3IMuuMBbIE MOIOCHI MOTVIOIIEHHUST;

PpeaKiys AepUBATU3ALIH IPOTEKAET AOCTATOUHO ObICTPO;
MIPOAYKT cTaOMIICH BO BPEMEHH;

peaxiys TOCTaTOUHO YyBCTBUTEIbHA;

CYIIECTBYET NPSIMOJIMHENHAs 3aBUCHUMOCTb MEXIY
AHAJIMTUYECKUM CUTHAJIOM U KOHLIGHTpaliel aHaIuTa.

Mnowaab NuKa AepusBaTta ryTraTMoOHa Ha
1

0,1

n-p:

Pucynok 4 — I'padyuposounuiii zpaguk 3agucumocmu niouwaou nuka
Om KOHUeHmpayuu 0epusama 2ymamuona

BrimenepeuncneHdsple  JOCTOMHCTBA — [O3BOJISIOT
PEKOMEHJIOBAaTh  JIEpUBATU3ALIMI0 TIyTaTHuoHa 4-Me-
TOKCU-2(DECHUI-POJAHUIIOM U HICHTHU(DUKAIUK U
KOJIMYECTBEHHOTO OIpeNielieHus] TyTaTHoHa B paspa-
0aTpIBacMbIX (papMareBTHUCCKUX KOMITO3UIMAX U OHO-
(hapMaIieBTUYCCKHUX HCCIICAOBAHMSIX.

3AKJIFOYEHMUE. B xone npoBeAEHHBIX HUCCIENO-
BaHUi pa3paboTaHa METOUKA OMPEACICHUS TIIyTaTHOHA
C TOMOUIbIO MPENKOJOHOYHON JepuBaTH3aiuu 4-me-

TOKCH-2-HUTPO(EHMI-U30THOIIaHaToM Metogom Od
BOXX. Ilpu sToM 00pa3yloTcs IepuBar co BpeMEHEM
yAep>kuBaHU 22,3 MUH ¥ MaKCUMyMOM TOINIOIEHUS —
398 um. Taxke NaHHAas METOAUKA MO3BOJSET OLIEHUTH
KOJIMYECTBEHHOE COJCPIKAaHHE HCCIETyeMOT0 OOBEKTa.
YyBcTBUTENBHOCTE ompejeneHust coctasmiaa 0,01%.
[IpssMonuHeliHast 3aBUCHMOCTh MEXKAY aHAJIUTHYECKUM
cUTHaJIoM (TLJIOLIA/Ib MHKA) U KOHIEHTpaluen Habmona-
nace B quanasone 0,01-0,08%.

INTRODUCTION. Glutathione is a tripeptide
formed by three amino acids: glutamic acid, cysteine and
glycine. This molecule takes part in maintaining the re-
dox potential of cells, in the process of neutralizing xe-
nobiotics of various origin, participating both as a direct
conjugating agent and a co-factor of a number of enzyme
biotransformation systems [1]. The importance of this
tripeptide for humans is due to the fact that changes in
any homeostatic parameters of the body — age, activa-
tion of immune processes, the emergence of virtually all
acute and chronic diseases — are accompanied by shifts
in the synthesis of glutathione and as a consequence of
transformation of the oxidative status [2]. The physiolog-
ical function of glutathione is realized in several ways:
neutralization of toxic electrophilic particles, by direct
contact with active forms of oxygen and activation of
biotransformation enzymes, i. e. glutathione peroxidase
and glutathione transferase [3, 4].

Glutathione is a stabilizer of the thiol status of pro-
teins, being a receptacle of cysteine. He also coordinates
DNA synthesis and immunity [5, 6], helps maintain a
constant level of nitric oxide (NO) [7], converts protein
activity through S-glutathionylation [8] and neurotrans-
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mitter receptors [9]. In mitochondria, glutathione regu-
lates apoptosis, inhibiting necrotic processes, and in the
nucleus it is a regulator of proliferation [10].

The described biological effects of glutathione un-
derscore its potential therapeutic activity in the correc-
tion of numerous nosologies and indicate the promise of
creating drugs based on it. To develop optimal pharma-
ceutical forms of glutathione, it is necessary to develop
an effective method for its analysis.

A number of analytical methods for the analysis of
glutathione have been described in the scientific litera-
ture.

The currently known methods are as follows.

Spectrophotometric method for the determination
of glutathione, based on the interaction of 5.5’-dith-
iobis-2-nitrobenzoic acid (DTNB) with the SH group
GSH. As a result, the reaction forms the chromophore
5-thio-2-nitrobenzoic acid (TNB) with a maximum opti-
cal density at 412 nm [11].

Spectrofluorimetric method for the determination of
glutathione. The method is based on the interaction of
o-phthalaldehyde (OPT) with the GS-SH group, resulting
in the formation of a fluorescent conjugate [12, 13].
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Glutathione determination by spectrophotometric
method with Ellman reagent. Nowadays, the Ellman re-
agent method is one of the most used approaches for the
detection of glutathione, despite the fact that it provides
an approximate estimate of the glutathione content [14].

Definitions of glutathione by liquid chromatography.
The method is based on the use of liquid chromatography
with various detectors [15].

To identify glutathione conjugated to proteins, liquid
chromatography in combination with mass spectrome-
try and tandem mass spectrometry is used to detect it in
bound or free forms in organs and cells [16].

As prechromatographic derivatization reagents for
HPLC analysis of glutathione, ethacrynic acid and its meth-
yl ester have been proposed in biological samples [17].

Since glutathione is a marker of oxidative stress, in
blood and other tissues it is determined by derivatization
with the alkylating agent N-ethylmaleimide, which pre-
vents auto-oxidation of glutathione. Conjugate is then
determined by HPLC [18] or by liquid chromatogra-
phy-tandem mass spectrometry [19]. This approach is
also used to determine glutathione in the striatum of the
brain of Wistar rats [20].

There is a technique of glutathione joint analysis and its
precursors such as cysteine, cysteinilglycine and homocyste-
ine in the saliva, which consists in restoring disulfides in thi-
ols, derivatization of the 2-S-quinoline with 2-chloro-1-metil-
hinoliniytetraftorborata and quantitative determination by
high performance liquid chromatography [21, 22].

A direct electrochemical determination of recovered
glutathione and glutathione has been proposed [23, 24].

A number of described glutathione analysis tech-
niques is primarily concerned with its immediate deter-
mination in biological objects, but for certain reasons
they are practically unsuitable for pharmaceutical anal-
ysis.

Based on the foregoing, THE AIM of the present
study is to develop the optimal glutathione detection
methods allowing to assess its quality in medicaments.

MATERIALS AND METHODS. As the object of
the study, recovered glutathione was used (CAS Ne70-
18-8, EC Ne 2007254, Applichem, Germany).

Chromatographic separation was carried out on the
equipment “Agilent Technologies 1200 Infinity” (USA).
Electronic spectra were recorded with the use of an Agi-
lent 1200 diode array detector.

The separation was carried out on a steel column As-
centis express C182.7um x 100 mm x 4.6 mm.

The composition of the mobile phase included (A) —
1% aqueous solution of acid formic, (B) — ethyl alcohol.
The elution was carried out under the following condi-
tions:

Flow rate: 0.5 ml / min

Column temperature: 35°C

Detection: 398 nm

Volume of sample: 1 pl

The elution was carried out in the gradient mode
shown in Table 1.

Table 1 — Conditions for the gradient elution of glutathione derivatives

Time, min A, % B, %
0 100 10
60 0 100

Glutathione is a molecule that does not have signif-
icant chromophore fragments, suitable for the investiga-
tion by UV spectroscopy and HPLC with diode-matrix
detection. Due to the lack of intrinsic absorption in the
ultraviolet region of the spectrum, a glutathione analy-
sis by RP HPLC by its chemical modification has been
developed. The popular reagent that supports the produc-
tion of chromophores is phenylisothiocyanate. However,
for derivatization 4-methoxy-2-nitrophenyl-isothiocya-
nate was used, which is a phenylisothiocyanate deriva-
tive with more active sorption properties for UV light.
The technique is in the use of pre-columnar derivatiza-
tion of the molecule under study by 4-methoxy-2-nitro-
phenyl-isothiocyanate. In this case, a direct chemical
reaction of glutathione with 4-methoxy-2-nitrophenyl
isothiocyanate takes place in an alkaline medium, since
the reaction proceeds according to the type of electro-
philic substitution. As a result, the structure of glutathi-
one undergoes a chemical transformation and acquires a
chromophore label the signal of which can be detected by
a diode array detector during HPLC analysis.

Methods of glutathione derivatization

To prepare the glutathione derivative with 4-me-
thoxy-2-nitrophenyl isothiocyanate, solutions of 4-me-

thoxy-2-nitrophenyl isothiocyanate and glutathione were
previously prepared.

Solvents such as acetone, acetonitrile and ethanol were
used to prepare a solution of 4-methoxy-2-nitrophenyl
isothiocyanate. The highest solubility of 4-methoxy-2-ni-
trophenyl isothiocyanate was shown in ethanol, therefore,
further on ethyl alcohol was used as a solvent.

Thus, to prepare a solution of 4-methoxy-2-nitro-
phenyl isothiocyanate, about 0.025 g of the reagent was
transferred to a 25 ml volumetric flask, 10 ml of ethanol
was added, shaken until completely dissolved, the vol-
ume of the solution was labeled with the same solvent
and mixed.

Since the interaction of amino acids with 4-me-
thoxy-2-nitrophenyl-isothiocyanate occurs as an electro-
philic substitution, an alkaline reaction of the medium is
required to proceed with this reaction. Therefore, 0.05
N sodium tetraborate solution was used to prepare the
glutathione solution.

0.025 g of the test glutathione sample was placed in
a volumetric flask, 10 ml of a 0.05N sodium tetraborate
solution was poured into 25 ml of a volume, stirred until
the substance was completely dissolved, and the solution
was brought to the mark with the same solvent, and mixed.
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2 ml of the prepared glutathione solution was placed  the described experiment, chromatograms of glulathione
in a 25 ml volumetric flask, 2 ml of a 0.1% solution of  derivative with 4-methoxy-2-nitrophenyl isothiocyanate
4-methoxy-2-nitrophenyl isothiocyanate was added and  were obtained.
agitated. The resulting solution was brought to the mark The 4-methoxy-2-nitrophenyl-isothiocyanate
with ethanol, stirred and heated in an oven at the tem-  reagent is characterized by the presence of a single
perature of 80°C for 30 minutes. After the time was over, peak with the retention time of 33.97 minutes. The
the solution was cooled down to the room temperature UV spectrum of 4-methoxy-2-nitrophenyl isothiocy-
and chromatographed under the above conditions. anate is observed at the wavelength at A =410 nm

RESULTS AND DISCUSSION. In the course of (Fig. 1).

DAD1 C, Sig=370,4 Ref=off (2017-05-124M2NPHR2.D)

mAU

.970

#DADT, 34.848 (90.4 mAU, -) Ref=34.601 & 35.461 of 4AM2NPHR3.D
100+ mAU

T T T T T T T T T
40 200 225 250 275 300 325 350 375 400 425 i

2.960

e S

o0
5 10 15 2 2 30 3 i

Fig. 1 — Chromatogram and UV spectrum of 4-methoxy-2-nitrophenyl isothiocyanate

In the derivatization of glutathione, a derivative is  chromatogram of the glutathione derivative also shows a
found with the retention time of 22.3 min (Fig. 2). The  peak of the free reagent.

DADT B, Sig=398,4 Ref=0ff (2017-08-124M2NPHR3.D)
mAU

.847

22.318

GSH 4-metoxy-2-nitrophenyl-rodanid derivative
4-metoxy-2-nitrophenyl-rodanid

22.871

29.683

T T T T T T T T T T T T T T T T T T T T T T T T T T T
10 15 20 25 30 35 min

Fig. 2 — Chromatogram of glutathione derivative with 4-methoxy-2-nitrophenyl-rhodinide

Figure 3 shows the UV spectrum of the glu- nyl-rhodanide, which had an absorption maximum at
tathione derivative with 4-methoxy-2-nitrophe- A =398 nm.
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Fig. 3 — UV-spectrum of glutathione derivate with 4-methoxy-2-nitrophenyl-rhodinide

Calculations of the suitability parameters of the used chromatographic system are given in Table 2.

Table 2 — Parameters of chromatographic system suitability for determination of glutathione derivative

t

R

N

R

S

T

f

W

b

Derivate

22.318

186447

2.75

0.724

0.1242

t, — absoluteretentiontime, N — numberoftheoreticalplates, R_— peak separation coefficient, T — asymmetry coefficient, W, —

peak width at baseline

The results of calculating the suitability criteria list-
ed in Table 2 (N> 5000, R > 1.5, T <2) fit into the recom-
mended suitability parameters of the EF [25]. Thus, the
present chromatographic system can be recognized as ac-
ceptable for the determination of glutathione derivatives.

To assess the possibility of using this method for
the quantitative determination of glutathione, a direct
relationship was established between the concentration
of glutathione derivative and the analytical signal (peak
area). To do this, a series of 6 calibration solutions of glu-
tathione derivatives were prepared in the concentration
range of 0.01-0.08%. The resulting calibration solutions
were chromatographed under the conditions given above.
Based on the results of chromatography, a calibration
graph was constructed for the dependence of the concen-
tration of glutathione derivative on the peak area (Fig. 4).

The detectable minimum for determination of gluta-
thione derivative equals to 0.01%.

In the indicated range of concentrations, the calibra-
tion dependence was rectilinear. The regression equation
looked like this:

y=8571.8x —3.3753
The correlation coefficient was 0.9998 which indi-

cates the presence of a linear relationship between the
peak area and the glutathione derivative content.

Biologically active peptides including glutathione
are a fairly complex object for analysis, since they cannot
absorb the light. Therefore, the complexity of recording
glutathione during the most important in the pharmaceu-
tical analysis of the UV spectrophotometric method is
due to the fact that it does not have chromophores.

However, high-performance liquid chromatography
with diode-matrix detection makes it possible to analyze
glutathione due to its preliminary derivatization with the
acquisition of the chromophore label before direct sep-
aration on the column. Several methods have been de-
veloped for the derivatization of glutathione, where a
number of conventional reagents are used as derivatizing
agents, for example 2,4-dinitrochlorobenzene, 5,5’-dith-
iobis-2-nitrobenzoic acid, o-phthalaldehyde, Ellman’s
reagent. We first proposed a procedure for the derivatiza-
tion of glutathione with 4-methoxy-2phenyl-rhodanide
followed by chromatographic separation using liquid
chromotorphy. Among the merits of this technique in
comparison with those described in the literature there
are the following ones:
® only one derivate is produced;
® a derivate and a derivative agent are well-separated

in a chromatogram;
® 2 derivate and a derivative agent have clearly distin-

guishable absorption bands;
® reaction of derivatization goes fast enough;
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® the product is stable;
® the reaction is sensitive;
® there is a straight-line correlation between the ana-

lytical signal and the concentration of the sample.
The the above mentioned advantages allow us to

recommend the derivatization of glutathione with 4-me-
thoxy-2 phenyl-thiocyanate for the identification and
quantitative estimation of glutathione in the framework
of development of pharmaceutical compositions and bio-
pharmaceutical studies.

Area of peak of glutathione derivative on
1

4-r

_y-2-ni

0,1

yl-rt

P AP

Fig. 4 — A calibration graph of dependence of the peak area on the concentration of glutathione derivate

CONCLUSION. In the course of the research, a
methodology for the determination of glutathione has
been developed with the use of pre-columnar derivat-
ization of 4-methoxy-2-nitrophenyl-isothiocyanate by
RP HPLC. In this case, the derivative is formed with
the retention time of 22.3 minutes and the absorption

maximum of 398 nm. This method also allows estimat-
ing the quantitative content of the object under study.
The sensitivity of the determination was 0.01%. The
linear relationship between the analytical signal (peak
area) and the concentration was observed in the range
0f 0.01-0.08%.
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