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Lnymamuon (y-L-enymamun-L-yucmeununenuyun) A611emcsi 8adiCHEUUUM HUSKOMOLEKYISAPHbIM 6HYMPUKIEMOoY-
HbLM MUOTbHBIM MPUNENMUOOM, COCIMOSWUM U3 MPEX AMUHOKUCIOM — 2IUYUHA, YUCMEUHA U KUCTOMbL 2TYMAMUHO-
sotl. [Tockonbky 6 omeuecmseeHHOU (apmakonee omcymcmeayem HOPMAmueHasL OOKYMEeHmayus Ha 2IymamuoH, paspa-
bomka apmaxoneino cmamvy Ha YKA3AHHYIO CYOCMAnHyuio asiisemcs akmyanvhoti npooremoi. Lens. Paspabomra
MemoOuK onpeoeiienus NOCMOPOHHUX cneyuduyeckux npumecell 6 enymamuone. Mamepuanst u memoowt. B xkaue-
cmee 00beKmos UCCIe008aAHUs UCNONB306aHbL cyOcmanyus — enymamuotn soccmanosiennvitl (CAS Ne70-18-8, EC
Ne2007254, Applichem, I'epmanus), cooepacawyuii npumecu u cmanoapmuwiil oopasey 2iymamuoHd 60CCMAaAHOGIeH-
Hozo — Sigma Aldrich (fInonus). Ananus nposoouncs c noMowbI0 Memood08 blCOKOIPPEKMUBHOU HCUOKOCMHOU XPO-
mamoepaduu 6 0opawéHHo-azHom eapuanme u MOHKOCIOUHOU Xpomamozpaghuu. Xpomamozpaghuposanue ¢ RoMo-
w0 OD BOKX nposoounu nocie npedsapumensHoli 0epusamuzayuis 21ymamuoHd U e2o cneyu@uyeckux npumecetl
Odancuaxnopudom. Ilockoneky cneyuguyeckue npumecu 8 21ymamuone npedcmagiaiom cooot Ounenmuobl i AmMuHo-
KUCTIOMbl, C1e008AMENbHO, OHU MAKICE KAK U CAM TYMAMUOH CHOCOOHbL 6CIYNAMb 8 PeaKyulo ¢ OAHCUIXIOPUOOM
¢ 0bpazosanuem OAHCUTLHBIX NPOUZBOOHBIX, KOMOPble 0allee MOICHO ONpedelums 8 X00e XpOMamozpaghuieckozo
pazoenenus. Pesynomameol. B pesynomame xpomamoepaguposanus memodom OD BIKX depusamusuposannozo
OAHCUIXTIOPUOOM TYMAMUOHA YCMAHOBIEHO, YMO OAHHASL PeaKyus nO360asem 0OHapY’CUmy npumecu 6 Hém. epu-
8aMblL 2IYMAMUOHA XOPOULO pazienaomcs npu xpomamoepaguposanuu memooom OD@ BOKX u umerom omauuaro-
wuecs Makcumymvl no2iowenus. Jlepusam anymamuona umen makcumym noznowenus npu A, = 284 uw. [epusameot,
npunaonexcawue CneyuphuuecKum npumMecam arymamuona, noziowarom npu A =288 wmu A, = 296 um. Jannvie
nonyuennvie ¢ nomowvio OD BOIKX 6vinu noomeepoicoenvt memodom TCX 6 cucmeme uzo-nponanon — 6ooa 2:1.
Ob6napysiceno mpu KOMROHEHMA, 0OUH U3 KOMOPLIX COOMEEMCMEYen IyMamuoHy, 06a OCMAlbHbIX — npumecu. 3a-
Katouenue. Pazpabomanst mMemoouxu onpeoenenus npumeceil 8 Cyocmanyuy 2iymamuoHd ¢ noMoubio memooos OD
BOJKX ¢ npedsapumenvroii depusamuzayueti oancuaxaopuoom u TCX ¢ demexyueri nuneuopurnom. Cpagnumenvubiil
AHANU3 NOTYYUEHHBIX OAHHbIX NO360AI0M ymeepacoamsb, umo memod OD BIKX ¢ npedxkononounoil depusamuzayu-
ell Aensiemcs bonee 00OCMOBEPHBIM, NOCKONLKY Oolee uy8CmeUumener K npUMecsim, K momy gce 0aém 603MOACHOCHIb
uzyuume Y@-npodhunu npumecnvix komnonenmos, yem memoo TCX. Ilosmomy Ons obonapyscenus npumeceii 6 cyo-
cmanyuu enymamuona bonee npeonoumumensro ucnoivsosams O® BOKX ¢ npedkononounou depusamusayuel.
Pezynomamuer hacmosuje2o uccied08anus MOJ’CHO peKOMeH008amb OJis BKIIOUEHUs 8 HOPMAMUBHYIO OOKYMEHMAYUIO
Ha cybcmanyuro 2nymamuona 6 pasoen «llpumecuy.

Knrouegvie cnosa: cnymamuon, npumecit, 8b1cOKOIQHEKMuUSHAs HCUOKOCIHASL XPOMAMOZPADUS, MOHKOCIOUHAS
Xpomamozpagus
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Glutathione (y-L-glutamyl-L-cysteinylglycine) is the most important low molecular weight intracellular thiol
tripeptide consisting of three amino acids — glycine, cysteine and glutamic acid. In Russian pharmacopoeia there
is no regulatory documentation for glutathione, therefore, the development of a pharmacopoeial item for the spec-
ified substance is a relevant problem. The aim of the article is the development of methods for determining foreign
specific impurities in glutathione. Materials and methods. The substance of glutathione reduced (CAS 70-18-8, EC
2007254, Applichem, Germany) containing impurities, and a standard sample of reduced glutathione (Sigma Al-
drich, Japan) were used as the objects of the study. The analysis was carried out by using a high-performance liquid
chromatography method in the reverse phase version and a thin layer chromatography method. The chromatogra-
phy using RP HPLC was performed after preliminary derivatization of glutathione and its specific impurities with
dancil chloride. Specific impurities in glutathione are dipeptides and amino acids. Therefore, they, like glutathione,
can react with dancil chloride. Dancil derivatives are formed, and they can be determined by chromatographic
separation. Results. As a result of chromatography by the method of RP HPLC of derivatized dancil chloride gluta-
thione it has been established that this reaction makes it possible to detect impurities in it. Glutathione derivatives
are well separated by chromatography by implementing the method of RP HPLC and have different absorption
maxima. The glutathione derivative had an absorption maximum at 1, =284 nm. The derivatives belonging to spe-
cific glutathione impurities absorb at 1, =288 nm and 1, =296 nm. The data obtained using RP HPLC were con-
firmed by TLC in the isopropanol-water (2:1) system. Three components were found out, one of which corresponds
to glutathione, while two others are impurities. Conclusion. Methods for determining impurities in the glutathione
substance using RP HPLC methods with preliminary derivatization with dancil chloride and TLC with ninhydrin
detection have been worked out. A comparative analysis of the data obtained makes it possible to state that the
OF-HPLC method with pre-column derivatization is more reliable, since it is more sensitive to impurities, and
also makes it possible to study the UV profiles of impurity components better than the TLC method. Therefore, for
the detection of impurities in the substance of glutathione, it is more preferable to use RP-HPLC with pre-column
derivatization. The results of this study can be recommended for inclusion in the regulatory documentation on the
substance of glutathione in the section “Impurities”.

Keywords: glutathione, impurities; high performance liquid chromatography;, thin layer chromatography

BBEJIEHMUE. Yucrtora sSBIsSEeTCS BaXXHEHUITUM IO-
Ka3zareneM J00pOKa4eCTBEHHOCTH (hapMarieBTHIECKUX
cyocranmmii. OnpeaeneHne YUCTOTH TT000H (apmaries-
THUYECKOM CyOCTaHIIMN CBOIMTCSI K YCTaHOBJICHHUIO MPU-
Meceil. [IpuMecn MOTYT MpeacTaBIsATh cOOOW OCTAaTKU
MIPOMEXYTOUYHBIX MPOAYKTOB CHHTE3a, JIMOO HaKaIUIU-
BaTbCsl B NPOLECCE XPAHEHHs, KaK PE3ylbTaT BO3ACH-
CTBHS PA3INYHBIX (pru3nUeckux (TEIIo, CBET, KHCIOPOX
BO3/lyXa, BJara) WM XUMHYECKHUX (TSDKENBIC METaJlIb,
pH) daxTopoB Ha OCHOBHOH NEHCTBYIOUIHI KOMIIOHEHT.
Kpome Toro, npumecn MOryT UMEThb TEXHOI'€HHBIN Xa-
pakTep, TO €CTb NPHOOPETaThCsl B MPOLECCE IMPOU3-
BOJICTBA JICHCTBYIOIETO BEIIECTBA, K TAKUM IPHMECIM
Yalie BCEr0 OTHOCSTCA OCTATOYHBIE PACTBOPHUTEINN.
[Tpumecn MOTyT OBITH TOKCHYHBIMH, TO €CTh CITIOCOOHBI-
MH OKa3bIBaTb HETaTHBHOE BIMSHHUE Ha OPraHu3M, 00
MMETh MHOW XapakTep (apMaKoJIOTHIECKOW aKTHBHO-
CTH, HEPEJIKO MPOTUBOIOJIOKHON MCXOAHOMY BEIIECTBY.
[Ipumecn Tarxke MOTYT ObITh WHAN(D(OEPSHTHHIMH B
(bapmakonoruueckoM riane. [locnenane, HakanIMBasCh
B OCHOBHOM BEIIECTBE, CHIDKAIOT COZEpKaHUE OMoio-
TMYECKH aKTHBHBIX BEIIECTB U COOTBETCTBEHHO, YMCHbB-
IIal0T UX aKTMBHOCTh. BenencTBue 3TOro onpezencHue
YHCTOTHI CyOCTaHIININ, KOTOPBIE HCIONB3YIOTCS ISl U3T0-
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TOBJICHHS JICKAPCTBCHHBIX MPETapaToB, HMEET OOIBIIOE
3radenue. [lostomy B papmaxomneiiHoii cratse (PC) mmn
(apmakoneitnoit crarbe npeanpustus OCII ma Tr00yI0
(hapMarieBTHIECKyI0 CyOCTaHIINIO 00s3aTeIbHO OTMeda-
JOTCSI BOMOXKHBIE TPHUMECH, JOIMYCTHMbIC TPEAeBl UX
COAEPIKaHUs, W MIPUBOJIATCS MCIIBITAHUS, TIOTBEPIK/IAI0-
€ OTCYTCTBUE MPUMECHBIX KOMITOHEHTOB.

Hacrostiriee riccneioBanme MOCBSIICHO pa3padoTKe Me-
TONUK OTIpEIeNICHHs TIPUMeceii B CyOCTaHINH TITyTaTHOHA.

I'mytatnon  (y-L-mmyTamuui-L-nucTeMHUNTITUINH)
SBIISCTCS BaKHEHUIIMM HU3KOMOJEKYJISIPHBIM BHYTPH-
KJIETOYHBIM THOJBHBIM TPHUMENTHIOM, COCTOSIINM H3
TPEX aMHUHOKHCIIOT — TJIMIIMHA, [IUCTEHHA W KHUCIOTHI
IyTaMAHOBOW. bruomornmueckas (QyHKIUS TIyTaTHOHA
OXBATHIBACT KaK MOAJEPKaHWE OKHUCIUTEIHHO-BOCCTA-
HOBHUTEJIBHOTO CTaTyca KJIETKH, TaK U 00e3BPEKUBAHUE
KCEHOOMOTHUECKNX Moyiekyl. OH Takke sSBISETCS OcC-
HOBHBIM OKHCJIUTEITHHO-BOCCTAHOBUTEIBHBIM areHTOM
OOJNBITMHCTBA a3POOHBIX OPTAHU3MOB, UTPACT BaKHEH-
IIYI0 POJIb B TIIyTAaTHOH3aBUCHMOM KaTaIHu3e — IMpoIiec-
ce MeTabOoIMYECKOH afanTaium, XapakTepHON I BCexX
¢ opmM xu3HH. B X071€ 9BOMIONNY )KUBBIE CHCTEMBI Hada-
JIX MCTIONB30BaTh €T0 B Ka4eCTBE YHHBEPCATIHHOTO HY-
KJIeo(uIIa I XUMUYECKOTO TPEBPaIIeHNs MHOKECTBA
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2NIeKTpoUIBHBIX BemecTB. [IpoucxonuT aTo Onarona-
ps TOMY, 9TO IIyTaTHOH BXOJHUT B COCTaB MHOXKECTBa
TaK Ha3bIBaEMBIX IIIYTAaTHOH-3aBUCUMBIX (DEPMEHTOB,
CpeIu KOTOPBIX IIIYyTaTHOHPENyKTasza, INyTaTHOHIIe-
pokcuiasa, MepoKCHIpenyKTa3a, IHokcanassl 1 u 2,
IyTaTHOHTpaHc(epasza, YCKOPSIOMUX OOJIBIIMHCTBO
XUMHUYECKHX PEAKIMil B MHOTOYUCIIEHHBIX TyTAX MeTa-
oonmsma. [1-4].

3a cuér cynpGruapuUIbHON TPYyNNbl LMUCTEHMHA OH
y4acTBYeT B pEaKIUsIX BOCCTAHOBICHHS U KOHBIOTAllNH,
C TIOMOIIBIO KOTOPBIX YAAJISIOTCS MEPOKCHUIBI 1 MHOTHE
KceHoOmoTnyeckne coequnenus [S]. Peakumm smumu-
HallUU TEepPOKCHJIOB TPOUCXOIST Ollarojaps TOMY, 4TO
DIYTaTHOH BBITIONHSIET POJIb KOo(akTopa y pepMeHTa rIy-
TaTHOHINEPOKCHUIA3bl, IIPU 3TOM MPeIOTBPAIIAeTCs OKHUC-
JIEHNE CBOOOJIHBIX THOJBHBIX I'PYIIIT BXKHEHIITMX OCSIIKOB,
B TOM 4uciie ()epMEHTOB, CHIKACTCS TIEPEKUCHOE OKHC-
nenue GochomunuaoB MeMOpaH KIeTok [6]. Ynanenue
KCEHOOMOTHYECKHX COCJMHEHHH OCYLIECTBISICTCS Iy-
TEM IpsIMOIl KOHBIOTALUH € IIYTaTHOHOM U MOCJEAYIO-
el cexpennent annykra us kiuetku [7]. Takum obpazom,
JTaHHasl MOJIEKyJla COCTaBJIsIeT OCHOBY MHTPAIEILTIONP-
HOTO OKHCIIUTEIbHO-BOCCTAHOBUTEIBHOIO CTaTyca, TeM
caMbIM, 3allUIIas KJIETKH OT aKTHBHBIX (opM KHCIO-
pona [8].

Jns aHanm3a DIyTaTMoOHa HUCIONB3yercs: psx (u-
3MKO-XUMHUYECKUX MeTonoB. CrekrpodoTomMeTpusi, oc-
HOBAaHHAas Ha B3aMMOJEHCTBUHU INIyTaTHOHA 5,5’-aUTH-
00uC-2-HUTPOOCH30MHON KUCIOTH [9] M ¢ peakTHBOM
Omnamana [10]. Cnekrpoduyopumerpudeckuii MeTon
OCHOBaH Ha B3aMMOJICHCTBUM O-(pTaneBoro aibjaeruaa
¢ SH-rpynmo#i miyraruona, ¢ oopa3oBanuem ¢iyopec-
LIEHTHOTO KoHblorata [11, 12]. MeTtogoMm >KHIKOCTHOI
xpomarorpaduu ¢ pazauyHbIMU jgeTekropamu [13], a
TaKXe C MPEeIKOJIOHOYHOM AepuBaTu3anueil. B kauectse
JIepUBaTU3aTOPOB UCIOJIB3YIOT 3TAKPUHOBYIO KUCIOTY U
ee MeTmoBbIi 2dup [14], N-stramanenmus [15].

Jns upneHTHQUKAMK TIYTAaTHOHA, CBSI3aHHOTO C
OenkaMy B OpraHax M KJeTKaX, UCIIOIb3YeTCsl )KUIKOCT-
Hast XpoMarorpadus B COYeTaHHU C MacC-CIIEKTPOMETPH-
eil u TaHAeMHON Macc-criekTpomeTpuei [16, 17], B Tom
Yyclie ATOT METO UCTIONB3YeTCs Ul ONpeAeICHUs Iy~

TaTHOHA B MO3re Kpbic tuHun Wistar [18]. s coBmMecT-
HOTO ONpefieTIeHNs NIyTaTHOHA U €ro IPEeKypCopoB — LU~
CTeMHA, IUCTEHHWININIMHA U TOMOIMCTEHHA B CIIOHE
HCIIONIB3YETCsl PEaKIUs BOCCTAHOBJICHUS AUCYIb(QHIIOB B
THOJIBI, IEPUBATU3ALIUHU TPOU3BOIHBIX 2-S-XUHOIHMHOM C
2-xJ10p- | -MEeTHIIXHHOJIMHUHTETPpadTOPOOPATOM U KOJIH-
YECTBCHHOM OIPEACICHUN C TOMOIIBIO BBICOKOA(P(EK-
TUBHOH XHJKOCTHOW Xpomarorpaduu [19]. B murepa-
Type [20, 21] mpeacTaBiIeHO BOJIBTaAMIIEPOMETPHUECKOE
oTpe/iesIeHHe Ty TaTHOHA.

['myTtarnoH omycaH BO MHOTHX (papMaxoriesix, B TOM
yncine EBponeiickoit, bputanckoi, Ainoxckoit u T.4. [22—
24]. B oTeuecTBeHHOH (papMaKoriee OTCyTCTByeT HOpMa-
THBHAs JIOKyMEHTAallWs Ha DIYTaTHOH, CIIEI0BATENIbHO,
pa3paborka ®C Ha yka3aHHYH CYOCTAHIIUIO SBISICTCS
aKTyaJbpHOU IpoOiemoil. Hacrosmuii Matepuan Moxer
OBITH MCIOJIB30BAH JUIsl BKIIIOUSHHUS B pa3padaTbiBacMyo
(hapmMakoneHyIo CTaTblo Ha IIyTaTHOH, @ IMEHHO B pa3-
nen «IIpumecuy.

HEJb. Pa3paboTka METOIUK OIPEACICHUS MTOCTO-
POHHHX cHEUU(pHYECKHUX ITpUMecel B ITyTaTHOHE.

Jna peanusanuu MOCTAaBICHHOM LEAM NPUMEHS-
JIUCh JIBAa QHAJMTUYECKHUX IOAXOJAa ISl ONpeAeeHus
npumeceid. IlepBplii aHAIMTUYECKUN IMOAXOA 3aKIIIO-
yaJicsl B MCIOJB30BAHUU KJIACCHUECKON TOHKOCIONHOI
xpomarorpaduu, BTopoii — B mpumeHernn O® BOKX
IoCJie TPEeIBapUTENIbHON JepUBaTU3aIMK [TyTaTHOHA U
COOTBETCTBYIOIIHUX IpUMeECeH NaHCHIXJIOPUIOM B JaH-
CHJIbHBIE IPOM3BOAIHBIE. PaHee HaMK NpenpUHIMAIIICh
MIOTIBITKY OIIpEeNIeHHs] IyTaTHOHA C MOMOIIBIO TpeS-
KOJIOHOYHOM aepuBaru3aluu ¢ 4-MeToKcH-2-HUTpode-
HUJIponaHuaoM [25].

MATEPUAJIBI U METO/BbI. B kauectBe 00beK-
Ta MCCIIEI0OBaHMs UCIIOIb30BaHa CyOCTaHIIMS TIIyTaTHO-
Ha BoccranoBiieHHOTO (CAS Ne70-18-8, EC Ne2007254,
Applichem, I'epmanus), copepramiero NpuMecH 1 CTaH-
JapTHBIA oOpasel] IIyTaTHOHa BOCCTaHOBJIEHHOTO —
Sigma Aldrich (SInonus).

EBporneiickas u bpuranckas dapmaxonen (ED, D)
MIpeIyCMaTPUBAIOT HAIWYKME 5 IpuMeceil B NIyTaTHOHE
[22, 23], cTPYKTYphI UETBIPEX U3 KOTOPHIX NPHUBEICHHI B
Tabnuue 1.

Tabnuuya 1 — Cmpykmypnste ¢hopmynst npumeceit 6 iymamuone coznacho E@ u 6@

L-IucrenHunrmunyx L-IHucrenn

I'myrarnon
OKHUCJICHHBIN

L-I‘JIyTaMI/IJILII/ICTCI/IH

[Iaras npumech ¢ HEU3BECTHOM CTPYKTYPOU SBISET-
Csl TIPOIYKTOM JeTpajaliy DIyTaTHoHa. MneHTHduka-
uuto npumeceit cormacHo E®@ u b® nposonutcs ¢ uc-
MI0JTb30BAHMUEM METO/IA KATMIUIIPHOTO IEKTpodopesa.

SInoHckas (apmakones npeiaraeT Ui orpenerne-
HUS TIpEMEced MEeTON BBICOKOI((EKTHBHON KHUIKOCT-
HOM Xpomarorpadpun (BOXKX) c¢ ympTpadmoneToBrIM
JETEKTOPOM TIPH UTHHE BOMHBI A — 210 HM [24].
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Hcnons3oBanne OP BOXX nna onpenenenus npu-
Mecei B IITyTaTHOHE.

Hacrosiuit xpomarorpadudeckuii METo sBiIseTCs
YHHUBEPCAJIbHBIM, ITOCKOJIBKY C €r0 MOMOIIBIO OAHOBpE-
MEHHO OIpPEAEISIETCS] OOJIBIIOE YHCIIO MapaMeTpoB, Xa-
PaKTEepU3YIONINX pa3/ielieHue, UICHTU(PHUKAIMIO, KOJIH-
YECTBEHHYIO OIIEHKY KOMIIOHEHTOB [26].

Xpomarorpaduyeckoe pazneneHue metogom O
BDXX nmpoonmiu Ha mpubdope «Agilent Technologies
1200 Infinity» (CLLA). DnekTpoHHBIE CHEKTPbI peru-
CTPUPOBAIN C TOMOIIBIO JAUOJHO-MATPUYHOIO JIETEK-
Topa cepun Agilent 1200. Pa3nenenue mpoBomwiu Ha

craibHOM Konmonke Ascentis express C,2,7um x 100 Mmm
X 4,6 MM.

CocraB MoOmiIbHOHM (a3bl Bitouan (A) — 1%-Hbii
BOJIHBIH pacTBOp KUCIIOTHl MypaBbHHOH, (B) — crupt
STHJIOBBIH. DITIONPOBAHUE OCYIIECTBISIIIN B CIIETYIOIINX
YCIIOBUSIX:

Ckopocts nioToka: 0,5 Mir/MuH

Temnepatypa xononku: 35°C

Herexmus: 284, 288, 296 am

O0OBEM BBOIMMOI TIPOOBI: 1 [t

DIJIIOMpOBaHUE OCYIICCTBISUIN B IPAIUCHTOM PEXKH-
Me, NpuBeEHHOM B Tabnuie 2.

Tabnuya 2 — Yenoeus zpaduenmnuozo nouposanus 0epueamos Jiymamuonda

Bpewmsi, Mun A,% B,%
0 100 10
60 0 100

MeTtoauka 1epuBaTU3aluy NIyTaTHOHA U IPUMECEH.
2 mn 0,1%-noro pactBopa nryrarnona B 0,05 H. BOTHOM
pacTBOpe TeTpabopaTra HaTpusi IOMEIIANINM B CKISTHKY
Ut aHanmsa, go6asmsm 2 M 0,1%-HOro cmmpToBOTO
pacTBOpa JaHCWIXJIOpuAa, B30anTeBain. IlomyueHHBIH
pactBop noBoauiu 10 MeTku 0,05 H. pacTBOpOM HATPUS
TeTpabopara, IepeMeIInBaIl U XpOMaTOTpapupoBa B
MIPUBEIEHHBIX BBIIIE YCIOBHSX.

Hcnonp3oBanne xpoMarorpaguy B TOHKOM CIIO€ CO-
pOeHTa I olpeseneHus IpuMeceil B Iy TaTHOHE.

TonkocmoifHast XpoMaTorpadust — JOCTYIHBIN U Jie-
IIEBBIH METOJ KaueCTBEHHOTO M ITOJIYKOJINYECTBEHHOTO
aHallM3a OPraHNYECKUX COeqUHEHNH. Ero ommmyaror Bbl-
COKasi YyBCTBHUTEILHOCTb, SKCIIPECCHOCTD, IOCTYITHOCTD
1 TIPOCTOTA BBINOIHEHHS, BO3MOKHOCTh MCIOJIB30BAHMS
arpecCUBHBIX PEAreHTOB [UIs MPOSIBICHNUS BemiecTs [27].

OmnpeneneHne mpuMeceld B TOHKOM CJIo€ COpOeHTa
npoBomTy Ha ruractuHax Mapku TLC Silica gel 60 F
254, TLC Silica gel 60 ¢pupmbr Merck, Ha amroMuHIEBOI
TTOJUTOXKKE C TONIUHOM citost copberTa 200 MKM, ¢ HaHe-
CEHHBIM pabo4mM ciioeM (HpaKIIHOHUPOBAHHOTO COPOCH-
ta tommuHOK 200 MKkM. XpomaTorpadupoBaHUE TIPOBO-
JIWIIM BOCXOASAIINM CIOCOOOM B CTAH/IAPTHBIX YCIOBUSIX.

Amnamm3upyeMbelii 00bekT B KoHUeHTparun 0,5%

PacTBOPSUIM B BOJIE ¥ HAHOCHJIM MHUKPOILIIPHIIEM B KOJIH-
YEeCTBE 2 MKJI Ha JIMHUIO cTapTa. B kauecTBe MoJBUKHOM
(ha3bl ucop30BaHa OWHAPHAS CHCTEMa H30-TIPOTIAHOT —
BOJa B COOTHOIIEHNH 2:1.

Jnst [eTeKTUpOBaHMS 30H a[COPOLUM IIyTaTHO-
Ha W IpuMecell Ha XpOMaTorpaMMe HCIIOIb30BaH Jie-
pHUBATH3AIMIO C TIOMOIIBIO 0OpabOTKH XpOMAaTOTpaMM
0,5%-HBIM CIMPTOBBIM PAcTBOPOM HHUHTHJAPHHA C IIO-
CJICIYIONIMM HarpeBaHWeM B CyIIMJIBHOM IMKady NpH
temneparype 100°C B Te4eHUH 5 MUHYT, TIPA 3TOM 30HBI
azcopOIMy TIIyTaTHOHa W TIpUMEcel NpOsBISIACh B
BUJI€ KPACHO-(DMOJIETOBBIX IISITEH.

PE3YJIBTATBI 1 OBCYKJEHHME. ITockonbky
crierduiIeckne MPUMECH B TIIyTaTHOHE MPEACTABISIIOT
co00il AMmenTHabl ¥ AMHHOKHCIIOTHI, CJIEAO0BATEILHO,
OHH TaKKe, Kak U caM IIyTaTHOH CIIOCOOHBI BCTYIATh B
PEaKnuio ¢ JAaHCHIXJIOPUIOM C 00pa30BaHHEM JIaHCUIIb-
HBIX TIPON3BOAHBIX, KOTOPHIE Jaee MOXKHO OIPEIEINTh
B X0JIe XpoMaTorpaduyeckoro pasneneHus merogom OD
BOXX.

B pesynsrare xpomarorpadupoBanus metomom OD
BOXXX nepuBaTH3MpOBaHHOTO TAHCHIXJIOPUIOM IIy-
TaTHOHA YCTAHOBJIEHO, YTO JIaHHAS PEaKIHs MO3BOJSIET
00HapYXUTh IPUMECH B IITyTaTnoHe (puc. ).

Pucynok 1 — Xpomamozpamma 0ancunxnopuonsix 0epueamos ymamuond
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Ha mnpencraBneHHOi Xpomarorpamme OOHapy»KHBa-
IOTCSI TPH JiepvBaTa CO BpeMeHaMH yAepKuBaHusl 8,4 MUH,
14,053 u 18,2 MuH., mpu4éM KOMIIOHEHT CO BPEMEHEM YIIep-

JKUBaHUS 8,4 MUH MPHHAIISKUT YHCTOMY DIYTAaTHOHY, YTO
MOATBEPIKAACTCS  XpOMAaTorpaGUpOBaHHEM CTaHAAPTHOTO
obpasiia (CO) nIyTaTuoHa, JTUIIEHHOTO IpuMecei (puc. 2).

Pucynox 2 — Xpomamozpamma CO znymamuona (6e3 npumeceir)

OcranbHble KOMIIOHEHTBHI TIPEJICTABISIOT COOOU
MpUMECH B aHAIM3UpyeMoM o0pasle IIyTaTHOHA.

“DADL, 8397 (161 mAU, -] Re=8 211 £ 9164 01 GSADNCAD.

“DADI, 14054 (25.4 mAU, -] Ref-13.914 & 14 514 of GSHDNC3D

YO-crieKTphl BCEX JIEPUBATOB MPEACTABIECHBI HA PUCYH-
ke 3.

TDRDI, 18224 (131 mAU, -] Ref=17.951 & 18 531 0 GSFONCOD

T T T T T T T
E 2 20 %0 B B 2 0 B £ m W 220

YO-criexTp aepuBara 1 TiryratHoHa

T T T
20 260 260

YO-cniexTp AepuBara 2 TTyTaTHOHA

T T T T T T T T
B a0 s a0 @0 m E D e @ @ @ @ s @

T
EN

Y®-criexTp AepuBara 3 NIyTaTHOHA

Pucynox 3 — YD-cnekmpul 0epusamog enymamuona

[IpencraBnennsle Ha pucyHke 3 Y®-crnekTpsl Noiy-
YHUBILIUXCS JI€PUBATOB HECKOJIBKO OTIMYAIOTCS APYr OT
apyra. JlepuBaTr nryTaTHoHa 1 MMeNn MakCUMyM HOLJIO-
LIEHUs IPU Xmax = 284 um. JlepuBarsl, NpuHaAJIEKAIINE
crenpUIeckuM TIPUMECSIM IIyTaTHOHA ITOIVIOIIAIOT
npu A — 288 um (nepusar 2) u A —296 nm (nepu-

Bar 3). [lepuBar co BpemeHeM ynepxkuBanus 14,053 Obun
UACHTH(UIMPOBAH KaK IIMCTEHH, a KOMIIOHCHT, MMEB-
i BpeMs yaep:kuBaHus 18,222 — niyTaTHOH OKUCIIEH-
HBIH.

PaccunTanHble mapaMeTpsl MPUTOJHOCTU XPOMATO-
rpaduyeckoil CHCTEMBI TIPE/ICTaBICHbI B TaOmuIe 3.

Tabnuya 3 — Ilapamempul npu20OHOCHU XPOMAMOZPaduyecKoll cucmemsl 0711 OnpedeeHus npumeceil
6 2IYMamuoHe ¢ NOMOWbI0 0epUAMUIAUUU OAHCUTXTIOPUOOM

t, Area N R, T, LA
8,42 386,60 62598 16,39 0,68 0,0792
14,053 36,40 150256 40,22 0,73 0,2667
18,222 121,05 156705 25,30 0,81 0,1083

Ipumeuanue: t, — abconomuoe épems yoepyucusanus, N — uucio meopemuueckux mapenox, R — koogguyuenm
pasoenenus nuros, T, — Koo uyuenm acummempuu, W, — wupuna nuxa na 6a3060t 1unuu

[lo moMy4YeHHBIM JAHHBIM COCTABJICHBI YCIOBHS
MIPOBEPKH JUTSA MTPOBEPKH TPUTOTHOCTH Xpomarorpadu-
YECKOW CHCTEMBI.

[TpuroroBienue pacTBopa Jist IPOBEPKHU IIPHUTOTHO-
CTH XpoMarorpauIecKoi CHCTEMBI

0,025 r muctenna u 0,025 r cyOcTaHINU TITyTaTH-
OHa BOCCTAHOBJICHHOTO IIOMEINAJIH B MEPHYIO KOJOy
BMecTUMOCThIO 25,0 mu1, pactBopsiid B 10 mu 0,05 M

pacTBOpa Harpus TeTpabopaTa, JOBOAWIM 00BEM pac-
TBOpA JI0 METKH TEM K€ PACTBOPUTEIEM U MEPEMELIN-
BaJIH.

Xpomarorpadpuyeckas CUCTEMa CUUTACTCS IPHTOI-
HOHM, eClii Ha XpOoMaTrorpaMMax pacTBOpa CpaBHEHUS
BBITIOJTHSIOTCS CIICAYFOLINE YCITOBHUS:

— 2 QEeKTHBHOCTh XpOMaTOrpapUIecKor KOJIOH-

KM, pacCYMTaHHAS O MUKY JAHCHUIBHOTO JIepH-
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Bara IIIyTaTHoHa JIOJDKHA ObITh He MeHee 56000
TEOPETUUYECKUX TapeoK;

—  K0d((UIMEHT pa3/ieNeHus THKOB JaHCHIBHOTO
JiepyBaTa NIIyTaTHOHA U IUCTEHHA JIOJDKEH OBITh
He MeHee 15;

—  OTHOCHUTENBHOE CTaHJapTHOE OTKJIOHEHUE IJI0-
maau nuka DNC-mpou3BOAHOTO DNIyTaTHOHA
JIOJKHO OBITEH He Oonee 2,0%.

—  xod(p¢unmentrcummerpun nrnka DNC-npousBos-
HOTO TNIyTaTHOHA HAa XpOMaTorpaMMax UCIIbITye-
MOTO pacTBOpa U pacTBOpa CPaBHEHMUSI TIIyTaTHU-
oHa fokeH ObITh o1 0,6 10 1,0.

[Ipenen oOHapy>keHUsI TTyTaTHOHA JJIsl TAHHOW Me-
TOIMKU C TPpeOyeMOl NMpaBUIBHOCTHIO M MPEIM3UOHHO-
cteto — 0,001%. Ha xpomarorpamme, nosy4eHHOH mpu
KOJINYECTBEHHOM OIIPE/ICICHUH COIEpIKaHUe TITyTaTHOHA
OKHCJIEHHOTO JO0JDKHO ObITh He Oonee 1,5%. Conepika-
HUE JPYrHX npumecell NobKHO ObiTh He Oosee 0,5%.
CyMMapHOE Cofep)KaHHe MPUMECCH JTODKHO OBITh HE
6oxee 2,5%.

Hannsle, nomydennole ¢ momoribio OD BDIXKX,
OBUTH TIOITBEPIKACHBI B X0JIE XpOMaTorpadupoBaHus Me-
togom TCX. Ha pucynke 4 npescraBieHa XxpoMaTorpam-
Ma IIyTaTHOHA, COJEPIKAILETO ITPHUMECH.

Pucynok 4 — TCX xpomamozpamma 2nymamuona ¢ RpumMecamu

Ha pucynke mokazaHbl 3 30HBI aJcOpOLUH, BE W3
KOTOPBIX MTPHUHAJUISKAT IPUMECSM.

Kommonent ¢ ko3 dunmentom moasmwkHOCTH R,
— 0,35, umeromuii KpacHO-(PHOIECTOBYIO OKPACKy, MpH-
HAQ/UIEKUT DIyTaTHOHY. KOMIOHEHTHI CO 3HAUCHUSMHU
R, 0,45 (6nenno-kpacHoro ngera) u 0,3 (KOpUIHEBOTO
1[BETA) MPUHAJIEKAT TPUMECSM.

B xone n3yveHHOro MH(OPMAIMOHHOTO MacCHBa IO
AHAJIMTUYCCKUM NoAXO0AaM JJid ONPEACTICHU anMeceﬁ B
CyOCTaHIIMM TIIyTaTHOHA, TpEAiaraeMbiM 3apyOeKHBIMH
(bapMaxoriesiMu, B TOM YHCJIE TAKUMH aBTOPUTETHBIMH KaK
EBponetickast n bpuranckasi ycTaHOBJIEHO, YTO JIaHHbBIC
WCTOYHHKH PETIAMEHTHPYIOT TECTUPOBATH YUCTOTY IUTyTa-
THOHA METOJI KalMUIIPHOTO 3MeKTpodopesa. YKazaHHBIH
METOZl XOTb M sIBISIETCST 3(P()EKTUBHBIM, OIHAKO HE TaK
4acTo 3a/IeHICTBOBAH B PyTHHHOW aHAJTMTHYECKOH padore,
MI03TOMY €T0 HCIIONB30BaHUE JUISl OIIPEIeNICHHs TPUMecei
B IIIyTaTMOHE MOXKET BbI3BATh 3aTpyAHeHus. B fnonckoi
(apmaxoriee IpeayCMOTPEHO ONpeeieHue NpuMecel B
mryTatnoHe MetogoM BOXKX ¢ YO-nerexnueii npu aiuHe
BOJHBI 210 HM. UyBCTBUTEIBHOCT M HAIEKHOCTh TAaKOTO
MOJXO/Ia BBI3BIBAET COMHEHMUS, NMOCKOJIbKY BCE MPUMECH,
KOTOpBIE ONPEJEISIOTCS B TIIyTaTHOHE SIBIISIIOTCS anda-
THYECKUMH aMHHOKHCIIOTaMH ¥ HENTHAAMH, KOTOpbIC
odeHb ciabo normomaioT B YP-o6mactu criekrpa. Taxoke
pertameHTHupyemast JurHa BoHbI (210 HM) — He sBisieTcs
CHEeU(PUIHON AJIsI JAHHBIX COCIMHEHHH, TaK KaK B ATOH
007acT! CIeKTpa MOMIOMAECT OOJBIIMHCTBO M3BECTHBIX
OpraHUYECKUX COCMHEHHI, B TOM YHCIIE PACTBOPUTEINH.

[TpuopUTETHBIM HMHCTPYMEHTOM B OTE€YECTBEHHBIX
AHATUTUYECKUX JIabOpaTopuax, Kak Hauboiee IOJIHO
OTBEYAIOUIMM TPeOOBaHUIM (hapMaleBTUUECKOTO aHAIIHU-
3a, 10 cux nop octaérca Meton OP BOXX. ITosromy
MIPaKTHYECKH BCSl MeTojnuueckas 0a3a st OOoJbIIMH-

CTBa JICKAPCTBEHHBIX BEIIECTB aJalTHPOBaHA MMEHHO
IIOA TaHHBIN MeTon. BMecTe ¢ TeM, akTyaabHBIM METO-
JIOM JUIsl OIIpEe/ieNIeHHs] IpUMecei 0CcTaéTcst MeTo]| TOH-
KocIoiHO# XxpoMmarorpaduu. I[TosToMy mpenokeHHBII
HaMHM IIOAXOJ], & UMEHHO COYETaHWE MPEAKOIOHOYHOH
JepUBaTU3ALMN JAHCWIXJIOPUAOM C MOCIEAYIOIIUM
onpeaenenuemM meronom O® BDOXKX u TOHKOCIOWHON
XpoMatorpaduu sl OIpeeIeHUs IpUMeceil B IyTaTh-
OHE, JIETKO peasiu3yeM MPaKTHYSCKHU B JIF0OOH J1abopaTo-
pun. Ero ormmuaror oTcyTcTBHE CIOXHOW MPOOONOAro-
TOBKH, YyBCTBUTENBHOCTb, YKCIIPECCHOCTh. Kpome Toro,
MIPEJKOJIOHOYHAsT J€pUBAaTU3aLMsl JAHCWIXJIOPUAOM C
MOCTICAYIOIUM XpoMarorpaduiyeckum onpeeneHneM
O® BO)KX moxkeT OBITH UCIIOIB30BaHA TAKKE JUIS TTOM-
JIMHHOCTH M KOJIMYECTBEHHOTO ONpPEENICHUS TIIyTaTHo-
Ha. CremoBarenbHO, MOXKHO YTBEP)KJaTh, YTO JAHHBIA
AQHAJTMTUYCCKUH TIOIXOA ABIISETCS YHUBEPCATbHBIM.

SAKJIFOYUEHHME. B pe3ynbrare TpoBeAEHHBIX
UCCIICIOBAaHUN Pa3pabOoTaHbl METOIMKH OIpEIeICHHS
npuMeceil B CyOCTaHIIMM TIIyTaTHOHA C IOMOIIBIO Me-
TtogoB O® BIXX ¢ mpeapaputenbHoil nepuBaTu3anueit
npa"cuixinopuaoM u TCX ¢ peTeknued HUHTHJIPUHOM.
CpaBHUTENBHBIN aHAIN3 MTOJTYYEHHBIX PE3yNbTaToOB I0-
3BOJIIOT YTBepxkaaTh, uto meroq Od BIXX c mpen-
KOJIOHOYHOH JleprBaTH3aleH SBISETCS JOCTOBEPHBIM,
MIOCKOJIBKY OoOJiee YyBCTBHTENICH K NPHUMECSIM, K TOMY
K€ TIOKA3bIBAET BO3MOXKHOCTh H3Y4NTh YD-mpoduin
MIPUMECHBIX KOMITOHEHTOB, yeM MeTon TCX. ITostomy
JUIsl OOHApy’KEHUsI IPUMecei B cyOCTaHIIMHU TIIyTaTHOHA
Oosee mpeanodYTHTENsrHO HcToiab30BaTh OP BOXKX ¢
IIPEIKOJIOHOYHOM AepuBaTU3anueil. Pe3ynsraTsl HacTOs-
IIETO MCCIEI0BAaHMUS MOXXHO PEKOMEH0BaTh I BKIIIO-
YeHHsI B HOPMAaTUBHYIO JOKYMEHTAIIMIO Ha CYOCTaHIHIO
IyTatuoHa B pasaen «[Ipumecu».

INTRODUCTION. Purity is the most important indi-
cator of a good quality of pharmaceutical substances. The
purity determination of any pharmaceutical substance is
reduced to the determination of impurities. Impurities can
be residues of intermediate products of synthesis or can
be accumulated during the storage as a result of impact of
various physical (heat, light, oxygen, moisture) or chemical
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(heavy metals, pH) factors on the main active component.
In addition, impurities can have a man-made character, i. e.,
be acquired during an active ingredient production process;
such impurities most often include residual solvents. Impu-
rities can be toxic, i. e. able to have a negative impact on the
body or to have a different nature of pharmacological activ-
ity which is often opposite to the original substance. Impu-
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rities can also be indifferent within pharmacological terms.
The latter, being accumulated in the main substance, reduce
the content of biologically active substances and therefore
reduce their activity. As a consequence, the determination of
purity of the substances used for the manufacture of medi-
cines is of great importance. Therefore, in a pharmacopoeial
item or in a manufacturer’s monograph for any pharmaceu-
tical substance possible impurities, permissible limits of
their content are necessarily noted and the tests confirming
the absence of impurity components are given.

This study is devoted to the development of methods
for determining impurities in the substance of glutathione.

Glutathione (y-L-glutamyl-L-cysteinylglycine) is the
most important low molecular intracellular thiol tripep-
tide consisting of three amino acids — glycine, cysteine
and glutamic acid. The biological function of glutathione
encompasses both the maintenance of the redox status
of a cell and the neutralization of xenobiotic molecules.
Glutathione is the main redox agent of most aerobic or-
ganisms. It plays the main role in glutathione-dependent
catalysis, a process of metabolic adaptation characteris-
tic for all life forms. Within the course of evolution, all
living systems began to use it as a universal nucleophile
for the chemical transformation of many electrophilic
substances. This is due to the fact that glutathione is a
part of many so-called glutathione-dependent enzymes
including glutathione reductase, glutathione peroxidase,
peroxide reductase, glyoxalase 1 and 2, glutathione trans-
ferase, which accelerate most of these chemical reactions
in multiple metabolic pathways [1-4].

Due to the cysteine sulfhydryl group it participates in
reduction and conjugation reactions. Peroxides and many
xenobiotic compounds are removed with the help of
these reactions [5]. Peroxide elimination reactions occur
due to the fact that glutathione plays the role of cofactor
within the glutathione peroxidase enzyme, along with it
preventing the oxidation of free thiol groups of the most
important proteins, including enzymes, and the peroxi-
dation of cell membrane phospholipids is also reduced
[6]. The removal of xenobiotic compounds is carried out
by direct conjugation with glutathione and subsequent
secretion of the adduct from the cell [7]. Thus, this mol-
ecule forms the basis of the intracellular redox status
thereby protecting cells from active oxygen forms [8].

A number of physicochemical methods are used for
glutathione. First of all, it is spectrophotometry based on the
interaction of glutathione with 5.5’-dithiobis-2-nitrobenzoic

acid [9] and with Ellman’s reagent [10]. The spectrofluo-
rimetric method is based on the interaction of o-phthalic
aldehyde with the glutathione SH-group forming fluores-
cent conjugate [11, 12]. It is also a liquid chromatography
method with various detectors [13], as well as with pre-col-
umn derivatization. Ethacrynic acid and its methyl ester
[14], N-ethylmaleimide [15] are used as derivatizers. To
identify glutathione bound to proteins in organs and cells,
liquid chromatography in combination with mass spectrom-
etry and tandem mass spectrometry is used [16, 17]. This
method is also used to determine glutathione in the brains
of Wistar rats [18]. For the joint determination of glutathi-
one and its precursors (cysteine, cysteinylglycine and ho-
mocysteine) in saliva, the reduction reaction of disulfides
to thiols, derivatization of 2-S-quinoline derivatives with
2-chloro-1-methylquinoline tetrafluoroborate and quanti-
fication using high performance liquid chromatography is
used [19]. Voltamperometric glutathione determination is
also described [20, 21].

Glutathione is a part of many pharmacopoeias in-
cluding European, British, Japanese, etc. [22-24]. In
Russian pharmacopoeia there is no regulatory documen-
tation for glutathione, therefore the development of the
pharmacopoeial item for the specified substance is an ac-
tual problem. This material can be used for inclusion into
the pharmacopoeial item on glutathione, namely in the
section “Impurities”.

THE AIM of the article is the development of meth-
ods for the determination of specific impurities in glu-
tathione.To achieve this goal, two analytical approaches
for the impurities determination were developed. The
first analytical approach implies classical thin-layer
chromatography; the second implies the use of RP-HPLC
(Reversed-Phase High-Performance Liquid Chromatog-
raphy) after preliminary derivatization of glutathione
and the corresponding impurities by dancil chloride into
dancil derivatives. Earlier an attempt was made to deter-
mine glutathione by using precolumn derivatization with
4-methoxy-2-nitrophenyl-rhodide [25].

MATERIALS AND METHODS. As the object of
the study, the reduced substance of glutathione (CAS
70-18-8, EC 2007254, Applichem, Germany) containing
impurities and the standard reduced glutathione sample
(Sigma Aldrich (Japan)) was used.

European (Ph. Eur.) and British (B.P.) Pharmacopoe-
ias allow the presence of 5 impurities in glutathione [22,
23], the structures of four of which are enlisted in Table 1.

Table 1 — Structural formulas of impurities in glutathione according to Ph. Eur. and B.P.

L-Cysteinylglycine L-Cysteine

Glutathione oxidized

L-glutamylcysteine
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The fifth impurity with an unknown structure is the
product of glutathione degradation.

The identification of impurities according to the
European and British Pharmacopoeias is carried out by
method of capillary electrophoresis.

For the impurities determination, Japanese Phar-
macopoeia offers a method of high-performance liquid
chromatography (HPLC) with an ultraviolet detector at
the wavelength of A — 210 nm [24].

Use of RP-HPLC to determine impurities in gluta-
thione

This chromatographic method is universal due to the
fact that it simultanecously determines a large number of
parameters characterizing separation, identification and
quantitative evaluation of the components [26].

Chromatographic separation by the method of RP
HPLC was performed on an “Agilent Technologies 1200
Infinity” device (USA). Electronic spectra were recorded
using an Agilent 1200 series diode array detector.

The separation was carried out on an Ascentis ex-
press C182.7 um x 100 mm x 4.6 mm steel column.

The mobile phase composition included: 1% aque-
ous solution of formic acid (A) and ethyl spirit (B). The
elution was carried out under the following conditions:

Flow rate: 0.5 ml/min

Column temperature: 35°C

Detection: 284, 288, 296 nm

Injection volume: 1 pl

The elution was carried out in a gradient mode
shown in Table 2.

Table 2 — Conditions for glutathione derivatives gradient elution

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

Derivatization methods of glutathione and impurities

2 ml of 0.1% glutathiol solution in 0.05 n. sodium
tetraborate aqueous solution was placed in a flask for anal-
ysis, 2 ml of 0.1% spirit dancil chloride solution was add-
ed and agitated. The resulting solution was brought to the
mark of 0.05 n. by sodium tetraborate solution, stirred and
chromatographed under the above mentioned conditions.

Use of chromatography in a thin layer of sorbent for
the determination of impurities in glutathione

Thin layer chromatography is an affordable and
cheap method of qualitative and semi-quantitative anal-
ysis of organic compounds. It is distinguished by high
sensitivity, rapidity, accessibility and implementation
simplicity, the possibility of using aggressive reagents
for the substances manifestation [27].

Determination of impurities in a thin layer of sorbent
was carried out on 7LC Silica gel 60 F 254, TLC Sili-
ca gel 60 plates from Merck, on an aluminum substrate
with a sorbent layer thickness of 200 um with a 200 pm
thick applied sorbent working layer. Chromatography

was carried out in an ascending manner under standard
conditions.

The object being analyzed at the concentration of 0.5%
was dissolved in water and applied with a microsyringe in the
amount of 2 pl on the start line. The binary system isopropa-
nol — water in the ratio of 2:1 was used as the mobile phase.

To detect the glutathione adsorption zones and impu-
rities on the chromatogram, derivatization by treating the
chromatograms with 0.5% spirit solution of ninhydrin
followed by heating in a drying cabinet at t 100°C for 5
minutes was used. Hereby, the adsorption zones of glu-
tathione and impurities appeared as red-and-violet spots.

RESULTS AND DISCUSSION. Since specific im-
purities in glutathione are dipeptides and amino acids,
they, like glutathione itself, can react with dancil chloride
to form dancil derivatives which can be further determined
during chromatographic separation by RP HPLC method.

As aresult of RP-HPLC chromatography of glutathione
derivatized by dancyl chloride it was established that this re-
action allows detecting impurities in glutathione (Figure 1).

Figure 1 — Chromatogram of dancilchloride derivatives of glutathione
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The chromatogram shows three derivatives with  belongs to pure glutathione which is confirmed by stan-

retention times of 8.4, 14.053 and 18.2 minutes. More-
over, the component with retention time of 8.4 minutes

dard sample chromatography (SS (standard sample)) of
glutathione devoid of impurities (Figure 2).

Figure 2 — Chromatogram of glutathione standard sample (without impurities)

The remaining components are impuri-
ties in the glutathione sample being analyzed.

“DAD 8397 (161 mAU, -] Re=8 211 & 9164 01 GSADNCOD.

The UV spectra of all derivatives are shown
in Figure 3.

“DADI, 14054 (25.4 mAU, - Ref-13.914 & 14514 of GSHDNC3D

“DADI, 18226 (431 mAU, -] Ref=17 957 & 18591 0/ GSHNCOD

UV Spectrum of Glutathione
Derivative 1

UV Spectrum of Glutathione
Derivative 2

UV Spectrum of Glutathione
Derivative 3

Figure 3 — UV Spectra of Glutathione Derivatives

The resulting derivatives presented in the figure, are
somewhat different from each other in their UV spectra.
Glutathione derivative 1 had an absorption maximum
at Amax = 284 nm. The derivatives belonging to spe-
cific glutathione impurities absorb at Amax= 288 nm
(Derivative 2) and Amax=296 nm (Derivative 3). The

derivative with the retention time of 14.053 min. was
identified as cysteine, and the component with the re-
tention time of 18.222 min. was identified as oxidized
glutathione.

The calculated parameters of the chromatographic
system suitability are presented in Table 3.

Table 3 — Chromatographic system suitability parameters for the impurities determination in glutathione
with help of dancil chloride derivatization

t, Area N R, T, W,
8.42 386.60 62598 16.39 0.68 0.0792
14.053 36.40 150256 40.22 0.73 0.2667
18.222 121.05 156705 25.30 0.81 0.1083

Note: tR is the absolute retention time, N is the number of theoretical plates, Rs is the peak separation factor, Tf

is the asymmetry coefficient, Wb is the peak width on the baseline

According to the data obtained, the test conditions
to verify the suitability of the chromatographic system
were compiled.

Preparation of the solution to verify the suitabili-
ty of the chromatographic system. 0.025 g of cysteine

and 0.025 g of glutathione reconstituted substance were
placed in a volumetric flask with a capacity of 25.0 ml,
then dissolved in 10 ml of 0.05 M sodium tetraborate
solution. After that the solution volume was brought to
the necessary mark with the same solvent and mixed up.

543



Dapmayesmuyueckas U MOKCUKOTOZUUECKAS XUMU
Pharmaceutical and Toxicological Chemistry

Dapmayus u papmaronoeus T. 6 Ne 6, 2018

The chromatographic system is considered suitable
if the following conditions on the reference solution
chromatograms are satisfied:

— the effectiveness of the chromatographic column
calculated from the peak of the dancil glutathione deriva-
tive must be at least 56,000 theoretical plates;

— the peaks separation coefficient of the dancil gluta-
thione derivative and cysteine must be at least 15;

— the relative standard deviation of the peak area of
the DNC-glutathione derivative should be not more than
2.0%.

— the symmetry coefficient peak of the DNC-glu-
tathione derivative on the chromatograms of the tested

solution and the glutathione reference solution should be
from 0.6 to 1.0.

The glutathione detection limit for this technique
with the required accuracy and precision is 0.001%. On
the chromatogram obtained during the quantitative de-
termination, the content of oxidized glutathione should
be not more than 1.5%. The content of other impurities
should not exceed 0.5%. The total content of impurities
should not exceed 2.5%.

The data obtained with the help of RP HPLC, were
confirmed during the chromatography carried out by
TLC method. Figure 4 shows the chromatogram of gluta-
thione containing impurities.

Figure 4 — TLC chromatogram of glutathione with impurities

The figure shows 3 zones of adsorption, two of which
belong to impurities.

The component with the mobility coefficient of
Rf=0.35 having a red-violet coloring belongs to gluta-
thione. The components with Rf values of 0.45 (pale red)
and 0.3 (brown) belong to impurities.

In the course of the studied data base on the analytical
approaches to the detection of the impurities in the gluta-
thione substance proposed by foreign pharmacopoeias in-
cluding such authoritative as European and British ones, it
has been found out that these sources regulate testing the
purity of glutathione by capillary electrophoresis. Although
this method is effective it is not so often involved in routine
analytical work so its use to determine impurities in gluta-
thione can cause some difficulties. For the determination of
impurities in glutathione, Japanese Pharmacopoeia implies
HPLC with UV detection at the wavelength of 210 nm. The
sensitivity and reliability of this approach are open to ques-
tion since all the impurities determined in glutathione, are
aliphatic amino acids and peptides which are absorbed very
weakly in the UV spectrum. The regulated wavelength (210
nm) is not specific for these compounds either, since most
of the known organic compounds including solvents are ab-
sorbed within this spectrum.

In Russian analytical laboratories, the RP-HPLC
method is still the priority means meeting the require-
ments of pharmaceutical analysis completely. There-
fore, almost the entire methodological framework for
most medicinal substances is adapted specifically to

this method. At the same time, the method of thin-lay-
er chromatography remains actual for the determination
of impurities. That is why the suggested method, i.e. the
combination of pre-column derivatization with dancil
chloride followed by the RP-HPLC determination and
thin-layer chromatography for the determination of im-
purities in glutathione, can be easily put into practice in
almost any laboratory. It is distinguished by the absence
of a complex sample preparation, sensitivity and rapidi-
ty. In addition, the pre-column derivatization with dancil
chloride followed by RP-HPLC chromatographic deter-
mination, can be also used for authenticity and quantita-
tive determination of glutathione. Therefore, this analyti-
cal approach can be considered universal.

CONCLUSION. As a result of the carried out re-
search, the methods for determining impurities in the
glutathione substance on the basis of RP HPLC methods
with preliminary derivatization with dancil chloride and
TLC with ninhydrin detection have been developed. A
comparative analysis of the obtained results suggests that
the RP-HPLC method with pre-column derivatization is
more reliable since it is more sensitive to impurities and
also makes it possible to study the UV profiles of impuri-
ty components better than the TLC method. That is why
it is more preferable to use RP-HPLC with pre-column
derivatization for the detection of impurities in the gluta-
thione substance. The results of this study can be recom-
mended for inclusion into the regulatory documentation
on glutathione in the section “Impurities”.
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