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[IpemmoskeH IPOCTOH, OBICTPBIN M TOCTYIHEIA crtocod ompeneneHns N-aleTHIIICTEHHA B IDIa3Me
CBIBOPOTKH KPOBH C HCIIOJNIB30BAaHHEM B KadecTBE JICPHBATU3AIMOHHOTO peareHra 4-xiop-7-HATpo-2,1,3-
oenszokcaanazona (NBD-Cl) u mocnenyromum aHamm3zom MetogoM BOXKX ¢ YO-nerektupoBanneM. Hiok-
HUH mpenen o0HapyXeHus Ui TaHHOTO criocoba coctasmi 0.05 Hr Ha nHBEeKIHIO. [IpocToTa, X0pomas Boc-
MPOU3BOIUMOCTh METOJIa M JOCTaTOYHAsI YyBCTBUTEIBHOCTD, IENAI0T BO3MOXKHBIM €r0 NMPAaKTHYECKOe MpPHU-
MEHEHHE IS TePareBTHYECKOT0 MOHUTOPHHTA YPOBHSI N-alleTHIIIIICTENHA B TUIa3Me KPOBH.

KiaoueBble ciaoBa: N-alleTWINMCTEWH, IUla3Ma KposH, oOpamieHHo-(azoBas BOXKX, Y@-
JIETEKTUPOBAHUE, IepUBATU3ALMSA, 4-XJI0p-7-HUTPO-2,1,3-0eH30KCaANa30.
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N-acetylcysteine is a medicinal substance used in various medicinal products (mucolytic drugs, cy-
toprotective agents, drugs for chemotherapy of oncological diseases). There are many methods of HPLC
analysis of N-acetylcysteine. Most of these techniques are based on the reaction of the sulfhydryl group of N-
acetylcysteine with reagents, resulting in the formation of fluorescent derivatives. These methods are charac-
terized by non-optimal conditions of derivatization reactions, the complexity of chromatographic separation
of derivatives and high cost of reagents. Thereby the aim of this work was to develop a simple, quick and
affordable way to determine N-acetylcysteine in serum plasma.

Blood plasma of patients taking N-acetylcysteine is analyzed. Blood sampling was performed 1 hour
after oral administration or intravenous administration.

A solution of 4-chloro-7-nitro-2,1,3-benzoxadiazole (NBD-CI) in acetonitrile was proposed as a de-
rivatization reagent. This reagent is commercially available. In aqueous solutions and organic solvents it
reacts quickly with primary and secondary amino groups, and in alkaline environment reacts with phenolic
hydroxyls and sulthydryl groups. Wherein stable chromophores/fluorophores groups with a maximum ab-
sorption in the visible range from 425 to 476 nm are formed. 1,4-dithioerythritol was used as the reducing
reagent.

The studies were carried out using a high-performance liquid chromatograph which includes a high-
pressure pump («Shimadzu» LC-20AT Prominence), a spectrophotometric detector («Shimadzu» SPD-20A
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Prominence), a manual injector ("Rheodyne" 77251). Data processing was carried out using software (Am-
persand, Multichrome version 3.0).

Chromatography of the standard and the plasma extract was carried out by two ways: 1) on a Chro-
molith Performance RP-18e column, 100 X 4.6 mm, detection at 425 nm, eluant is acetonitrile-0.05 M phos-
phate buffer (pH=8.0; v/v=18:82), flow rate is 2000 pl / min, pressure is 40 bars; 2) on a Gemini (Phenome-
nex) column 50x4.6 mm, C18, 5 um, detection at 425 nm, eluent is acetonitrile - 0.01 M phosphate buffer
(pH=7.0; v/v=20: 80), a flow rate is 1000 pl / min, a pressure is 35 bar.

The results of the chromatographic study showed that the polar aminothiols are eluted by one peak,
the less polar derivative of the N-acetylcysteine is completely separated from them, as well as from the de-
gradation product (NBD-OH). After intravenous administration of the drug, its concentration in the plasma is
higher and the separation is realized on a short column in this case.

Thus, the developed chromatographic method for determining N-acetylcysteine in blood plasma af-
ter derivatization with 4-chloro-7-nitro-2,1,3-benzoxadiazole and subsequent HPLC analysis with UV detec-
tion is simple, well reproducible and sufficiently sensitive. The quantification limit (LOQ) is 0.05 ng per
injection.

Keywords: N-acetylcysteine, blood plasma, reverse-phase HPLC, UV detection, derivatization, 4-
chloro-7-nitro-2,1,3-benzoxadiazole.

BBepeHue

N-anerunuuctens (AL[LL) u3BeCTeH B OCHOBHOM KaK MYKOJHMTHYECKOE CPEICTBO.
Kpome Toro, ero nucnoip3yrT Npy MHTOKCHKAIMHA alleTAMHUHO(PEHOM, OH OKa3bIBAaET ITUTO-
NPOTEKTOPHOE ACUCTBUE MPU XUMHUOTEPANTUM OHKOJOIMUYECKUX 3a00JIeBaHUM U Mperynpe-
KIaeT pa3BUTHE He(ppomaTHuh B pE3yJbTaTe HCIONb30BaHUS PEHTTCHOKOHTPACTHBIX
cpencts [1]. Cynsdruapunshas (SH) rpynna N-aneTusiucTenHa OTBETCTBEHHA 3a €r0 Me-
Ta0OJIMYECKYI0 aKTUBHOCTb, alleTUJIbHAS IpylIa JelaeT MOJEKyJy Oojee yCTOH4YMBOM K
OKHCJICHUIO M JIECTPYKIMHU MUIIEBAPUTEIbHBIMU (pepMeHTaMu [2]. N-aleTWIIUCTenH Ya-
e pacCMaTPHUBAIOT KaK IMPOJIEKAPCTBO TIyTaTHOHA [3], KOTOPHIA B KJIETKaxX W B IJIa3Me
CBIBOPOTKH JiealleTHIINpyeTcs, npeBpamasich B L-uucrens (puc.l), KOTOpbIH B CBOIO Oye-
peab UIeT Ha MOCTPOEHHE IIyTaTHOHa [2, 4].

N-aueTMnUNCTEUH

N-aueTUILMCTIH M, M-AraLeTUILKWCTIH LncrenH NaBuneHele aucynshUaHbIE
KOMMMEKCEI C TKAHAMN 1
Denkamn nnasmel
4 1
nyTaTioH HeopraHuyeckue LIMCTIH LucTenHoean
CYNbOHTEI KucnoTa
Heopranudeckue TaypuH
cyneipatel
HenuHsle
KUCNOTEI
BMKYeHue B KoHbtoratel
L|ENOYKIH NPOTEMHOB HEMHHBIX KUCNOT

Puc. 1. [yt metabonu3ma N-aleTHILUCTEHNHA.

CymiectByeT  goctatoyHoe  kKoiaumdecTBO  Meroauk BOXX — anammza  N-
AlETWILMCTENHA, KOTOPbIE MPEACTABICHbl B PYKOBOJCTBE [5]. BOJIBIIMHCTBO ATUX METO-
JIMK OCHOBAHO Ha PEaKLUMU CyIb(PrugpuibHON Tpynnbl N-aleTUIIMCTENHA C pearcHTaMu,
B pe3yJIbTaTe 4ero oopasyroTcs (Iroopecuupyroliye NPou3BOAHbIE. DTH METOIUKH OTIIH-
YalOTCSl HEONTUMAJIbHBIMU YCIOBUSMHU JI€PUBATU3ALMOHHBIX PEAKLUM, CIOXKHOCTBIO XPO-
MaTorpapMuecKoro pasJesieHusl AepUBATOB U MO KOMMEPUECKOW TOCTYNHOCTBIO pea-
TeHTOB. B cBs3U ¢ 3TUM HaMu ObLIa MMOCTaBJIECHA 3a7a4a pa3padboTaTh MPOCTOM, OBICTPHIN U
JOCTYIIHBIN cr1oco0 onpezeneHust N-aleTHIIUCTENHA B IUIa3Me ChIBOPOTKH, AJIS PELLICHUS
KOTOPOW IPENIOKEHO MCIIONIb30BaTh HEJOPOroOi epUBaTU3ALMOHHBIN peareHT — 4-XJop-
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7-autpo-2,1,3-6en3okcanuazon (NBD-Cl) u mocnenyrommii ananu3 merogom BOXKX ¢
Y ®-geTeKTUpOBaHUEM.

OKCNnepumMeHT

Pearentsl u pactBopurenu. B pabore mpumeHnsim cienyromue peaktunbl: D,L-
romoructenH (> 98%, Fluka ), L-tmucrenn (>97.5%, Sigma-Aldrich), rimytatnon Boccrta-
HOBJIGHHBIH  (>97.5%, Sigma-Aldrich), N-anermwmmucrenn (>98%, Fluka), 1,4-
mutrosputputon (DTT) (>99%Fluka). Hcxoausie pacTBopsl aHanuToB (1 mMr/min) monyda-
mu pactBopeHreM TouHbIX HaBecok B 0.01 v HCI, momydyeHHbIE pacTBOPBI XpaHWIN IIPH
temneparype +4°C. [l mepopaibHOro ImpreMa MCIoab30Baiu N-aleTHIUCTenH (San-
doz®), a ans B/B BBepeHust Gurynmyii (Zambon®, Uranwust). JlepuBaTu3anioHHbIN pea-
TeHT — 4-XJIop-7-HUTpo-2,1,3-0eH30KCaara30JI TOTOBUIN PACTBOPEHUEM B allCTOHUTPHUIIC
(1 mr/em’) [5]. JlaHHBIH pEeareHT SIBISAETCS KOMMEPUYECKH OCTYIIHBIM. B BOAHBIX pacTBo-
pax 1 OpraHUYECKHX PacTBOPUTENSAX OH OBICTPO pearupyeT ¢ MepBUYHBIMU U BTOPUYHBIMU
aMHUHOTPYIINIAaMH, a B IIEJIOYHOH cpene — ¢ GpeHonbHbIMU ruapokcunamu (phenolic OH) u
cynmprunpunbabivi  (SH) rpynmamu. Ilpu 3ToM 00pasyroTcs ctabuiibHbIE Xpomodo-
psl/aroopodopbl ¢ MACUMYyMOM MOTJIOLICHUS B BUAUMOM 001acTu oT 425 10 476 uM [6].

B kauecTBe BOCCTaHABIMBAIOILIETO PeareHTa MCHOJIb30Balu |,4-TUTHOSIPUTPUTOII.
Ero pactBop roroBuwiu mytem ero pactBoperus B 0.25 M docdaraom O6ydhepHOoM pacTBope
¢ pH 8.0 (4 mr/cm’). VICmonb30BaitH TONBKO CBEXKEIPUTOTOBICHHBINA PaCTBOP.

Ob6opynoBanue. MccnenoBanus MpoBOIMIN C MCIIOJIB30BaHHEM BBICOKO3((eKTHB-
HOT'O JKHUJKOCTHOTO Xpomartorpada, B KOMIUIEKTAIIMI0 KOTOPOT'O BXOJAT: HACOC BBICOKOTO
naBienust («Shimadzu» LC-20AT Prominence), crneKTpoQOTOMETPUUECKUI IETEKTOP
(«Shimadzu» SPD-20A Prominence), pyunoit urkekTop («Rheodyne» 77251). O6paboTky
JAHHBIX MPOBOJWIM C IPUMEHEHHUEM MPOrpaMMHOTO obecnieueHus («Ammepcanny, Myiib-
TuxpoM Bepcus 3.0).

Buonoruuecknii Marepuan. 3a00p KpOBU OCYIIECTBISUIH 4Y€pe3 Yac IMOCHe IMepo-
paJbHOTO WM BHYTPHMBEHHOTO BBeneHUs. KpoBb 3abupanu B 5-mu1 mpobupku Vacutainer ¢
OATA u uentpudyruposanu 5 mun npu 3000 o6p. (CM-6M, Elmi, Latvia). Ecau ananu3
HE TPOBOJWICS B TOT XK€ JICHb, IUIa3My IMOMEIIAIN B 2-MJI MOJIMIPOIHICHOBBIE TIPOOUPKH
¥ XpaHWIK 10 aHanu3a npu remneparype —20°C.

JepuBatuszanus. PacTBOpsl CTaHAApTOB TOTOBWIH, N00aBisis K 80 MKIJI TUIa3MBI
10 Mk N-anerumiuctenna (100 ar/min) u 10 mxax DTT. [TonxydeHHyo cMech BBIIEPIKH-
Baau 10 mun pu 50°C.

[ToaroroBka miaa3Mbl ManyeHTa, MPUHUMAIOIIETO N-aleTHIIHUCTENH, 3aKI0Yaiach
B TOM, uTO K 90 MK rutasmer go6asisutk 10 mxia DTT u Beinepsxkusanu 10 mun mpu 50°C.

[Tocne aToro, K craHmapTy W Iuia3Me marueHTa go0apisuy mo 100 Mk pactBopa
NBD-CI, uHTE€HCUBHO NEepeMeIInBaIl Ha BOPTEKCE B TEYCHUE 5 MUH M IIEHTpU(yTrupoBa-
mu 1 mun npu 10000 o6p/mMun. OTOUpanu 4acTh CymnepHATaHTa M BBOJIWIM B IETIIO MH-
KeKTopa 5 MK cTangapta (25 ur) wiu 11 Mk masmer maruenta (0.005 cv?).

O6cyxaeHue pe3ynbTaToB

Pesynbratel XxpomaTorpaduyeckoro paseieHus mpenacraBieHbl B Tabmuie 1. B
9THUX YCJIOBHAX MOJIIPHBIC aMHUHOTHOJIBI SJIIOMPYIOTCA OJHWUM IIHMKOM, MCHCC HOHHpHBIﬁ
nepuBaT ALL] mosHOCTBIO OT HUX OTAENEH (pHUC. 2), TAKKe KaK OT MPOJYKTa JeTpaaariu
(NBD-OH).
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Ta6mmma 1. Xpomarorpaduueckue napamerpbl NBD-nmpon3BoIHBIX aMHHOTHOJIOB.

CraHnapTel, O 25 HT KaXJI0T0 tr h, mV
1 2 3
Hucrenn (Cys) 1.29 26.7
1 2 3
I'omommcrenn (Hey) 1.28 31.8
I'mytatnon (GSH) 1.27 51.2
N-anermmmcrens (AILL) 1.96 65.0
NBD-OH 3.75 20.0

tr — BpeMs yaepkuBaHus (MuH), h, mV — Beicota muka. NBD-OH — npoaykT nerpaganuy JepuBaTH3aIAOH-
HOT'O pearcHTa.

wB

Cranpapr 25 Hr AIL B mna3me, yepe3 1 yac nocne npuema

viB
(11}

bl

NBD-ALLLL
NBD-OH

NBD-ALLLL

NBD-OH

Puc. 2. XpomaTorpamMmMsl CTaHapTa U AKCTPAKTA MJI1a3Mbl ITallMeHTa yepe3 1 gac
nocie nepopanbuoro nprueMa 600 mr AL Paccuntannas koruentpaums AL 3.1 mxr/cm’. Xpo-
MaTorpapuuecKoe paseieHue mpoBoamiIochk Ha kojonke Chromolith Performance RP-18e, 100%4.6 MM,
JeTeKus npyu 425 HM, UCIIOJIb3yeMbIi 31r0eHT ateToHuTpri — 0.05 M docdarnsiii Oydepnsiii pactBop ¢ pH
8.0 (18:82, v/v), ckopocts moToka 2000 Mki/MuH, naBneaune 40 Oap.

NBD-AIILI, 25 Hr, 5 MK NBD-AIIL, mna3zma, gepe3 1 gac

mB B

NBD-ALLL

300 300

250 250

200 200

NBD-ALLLL

150 150
100 100

50 50

0 1 2 3 4 5 LUTTTI 1] 1 2 3 4 5 M

Puc. 3. XpomaTorpamMmsl CTaHapTa U SKCTPAKTA MJIa3Mbl NTallieHTa yepe3 1 yac

nocie B/B BBeAaeHus 1200 mr AILILL. Paccunrannas xonnentpamus ALILL 29.5 mxr/mor. ITuk NBD-OH

Ha XpoMaTorpamme He nokasat (3roupyercs nocie S-it Mun). Kononka Gemini (Phenomenex) 50 x 4.6 MM,

C18, 5 mxm, neteknus npu 425 um, amoeHT aneroHutpi — 0.01 M docdaTrsrit 0ydepnsiit pactsop pH 7.0
(20:80, v/v), ckopoctb noroka 1000 mxi/mMuH, naBinenue 35 Gap.

l'opazno Gonee Bbicokue koHimeHTpanuu AllLl B kpoBH 0OHApYXUBAIOTCS TOCIIE
BHYTPUBEHHOT'O BBeJIeHUs npenapara (puc. 3). B aToMm cinyuae pa3zneneHue peanusyercs Ha
KOPOTKOM KOJIOHKE.
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3akntoyeHue

Taxkum oOpazom, pa3zpaboTaHHBIN XpoMaTorpapuiecKuii crnocod ompeaeneHus N-
AlEeTWIIMCTEMHA B IUJJa3M€ KPOBM TOCHE JepuBaTuU3aluu c 4-xJop-7-HuTpo-2,1,3-
OCH30KCaINa30JI0M U MOCIEAYIOMHUM aHanu3oM MetogoM BOXX ¢ Yd-nerektupoBanuem
OTJIMYAETCS MPOCTOTOM, XOPOILIEH BOCIPOU3BOJAUMOCTBIO U JOCTATOYHOM 4yBCTBUTEIIBHO-
cteto. HwkHuii ipenen oOHapyskeHust 711 JaHHOTO criocoba coctaBuia 0.05 Hr Ha WHBEK-
uuto. IIpocrora, xopormias BOCIPOU3BOJMMOCTh METOJIa M JIOCTaTOYHAsS YYBCTBUTEINb-
HOCTb, JEJNAIOT BO3MOXXHBIM €r0 MPaKTHYECKOE MPUMEHEHHE NI TEPareBTUYECKOr0 MO-
HUTOpPUHTA YpOBHs N-alleTWILHUCTEUHA B IJIa3ME KPOBH.
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