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DETERMINATION OF CLEMASTINE BY THE HPLC METHOD
IN THE BLOOD

Topicality. Clemastine fumarate (tavegil)-1-methyl-2 [2-a-methyl-p-chlorobenzhydryloxy)-ethyl]-pyrrolidine fumarate
is the first generation H,-histamine receptor blocker. Clemastine fumarate selectively inhibits histamine H, receptors
and reduces capillary permeability. The drug has a pronounced anti-allergic and antipruritic effect. Clemastine prevents
the development of vasodilation and the smooth muscle contraction induced by histamine. Clemastine fumarate has an
isignificant anticholinergic activity, causes sedation. The drug is used to treat pruritus in psoriasis, multiple sclerosis and
optic neuritis. Clemastine is characterized by the following side effects: increased fatigue, drowsiness, sedation, weak-
ness, lethargy, impaired coordination of movements; nausea, vomiting, decreased blood pressure, palpitations, hemo-
lytic anemia, skin rash, anaphylactic shock. In case of an overdose, the drug has a neurotoxic effect, which manifests itself
in impaired consciousness with the development of generalized anticholinergic convulsive syndrome. The urgent task
for monitoring the treatment effectiveness of the population with clemastine fumarate and diagnosis of drug intoxica-
tion is the choice of highly sensitive and selective research methods of its analysis in pharmaceuticals and biological
matrices during the treatment.

Aim. To develop an algorithm for directed analysis of clemastine in biological extracts from the blood using a uni-
fied method of the HPLC research.

Materials and methods. The extraction of clemastine was performed with chloroform at Ph 9.0. The extracts were
purified from impurities by a combination of TLC and extraction with hexane. The TLC purification and identification
of clemastine were carried out under optimal conditions: the system of organic solvents — methanol - 25 % solution
of ammonium hydroxide (100 : 1.5) and chromatographic plates — Sorbfil PTLC-AF-A, R; 45 = 0-60 £ 0.03. To detect
clemastine, the most sensitive location reagents were used -UV light (A = 254 nm) and Dragendorff’s reagent modified
by Mounier. The chromatographic analysis was performed on a “Milichrome A-02” microcolumn liquid chromatograph
(EkoNova, Closed Joint-Stock Company, Russia) under standardized HPLC conditions: the reversed-phase variant using
a metal column with a non-polar absorbent Prontosil 120-5C 18 AQ, 5 um; the mobile phase in the linear gradient mode
- from eluent A (5 % acetonitrile and 95 % buffer solution - 0.2 M solution of lithium perchlorate in 0.005 M solution of
perchloric acid) to eluent B (100 % acetonitrile) for 40 min. Regeneration of the column was conducted for 2 min with
the mixture of solvents; the flow rate of the mobile phase was 100 pl/min, the injection volume - 4 pl. The multichan-
nel detection of the substance was performed using a two-beam multi-wave UV spectrophotometer at 8 wavelengths of
210, 220, 230, 240, 250, 260, 280, and 300 nm; the optimal value of the column temperature - 37-40 °C and the pump
pressure - 2.8-3.2 MPa.

Results and discussion. [solation of clemastine from the blood was performed according to the method developed,
including the extraction with chloroform at pH 9.0; the extraction purification of extracts with hexane from impurities;
the TLC purification and identification of clemastine. Using the unified HPLC method clemastine was identified by reten-
tion parameters and spectral ratios. For the quantitative determination, a calibration graph or the straight line equation
corresponding to this graph were used. The results obtained indicated the reliability and reproducibility of the method.
It was found that the relative uncertainty of the average result in the analysis of clemastine in the blood was £=%4.63%,
the relative standard deviation of the average result was RSDx = 1.67 %.

Conclusions. Clemastine was extracted with chloroform at pH 9.0 from the blood. Purification of extracts from
co-extractive compounds was performed by combining TLC and extraction with hexane. It has been found that when
isolating clemastine from the blood according to the methods developed it is possible to determine 36.05-39.55 % of the sub-
stance (& = £ 4.63 %, RSDx = 1.67 %). The method of TLC purification and identification of clemastine in biogenic extracts
was tested under the optimal conditions: the system of organic solvents - methanol - 25 % solution of ammonium
hydroxide (100 : 1.5), the use of reagents - UV light, Dragendorft’s reagent modified by Mounier, R, ,.,q51i0 = 0.60 + 0.03
(Sorbfil PTLC-AF-A). The unified HPLC method for identification and quantification of clemastine was tested in biogenic
extracts from the blood according to the algorithm of the directed analysis developed. It has been found that clemastine
can be identified by the retention time - 25.997-26.011 min; the retention volume - 2599.7-2601.1 pl; spectral ratios -
0.741; 0.536; 0.096; 0.023; 0.027; 0.005; 0.003. The clemastine content was determined by the equation S = 0.15 - 103
C + 0.14 - 1073; the correlation coefficient was equal to 0.9998. Chromatographic methods can be recommended for
implementation in practice of the Bureau of Forensic Medical Examination, poison control centers, clinical laboratories
regarding the study of medicinal substances in biological objects.
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method and extraction with hexane; identification and quantitative determination by HPLC; blood.
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BusHayeHHA KjieMacTuHy BEPX-MeToa0M y KpoBi

AxTyanbHicTb. KnemacTuny dpymapat (TaBerii) -1-MeTu/1-2 [2-a-MeTHI-N-X10p6eH3TiApUIIOKCi) eTn] mipoi-
nuHy dymapar € 6;10kaTopoM H,-rictaMiHOBHX pelienTopiB neporo nokossiHHs. KnemactuHy ¢pymapaT BU6ipKoBo iHTribye
ricramiHoBi H;-penienTopu Ta 3MeHILye NPOHUKHICTb KaniiApis. [[penapaT Mae BUpa)keHy MPOTHAJIEPriyHy Ta MPOTH-
cBep6ikHY Ailo. KiemacTrH 3ano6irae po3BUTKy Ba3ou/IaTalii Ta CKOpOUEHHs IVTaIKUX M's13iB, BUK/IMKAHUX IicTaMiHOM.
Knemactrny dymapaT Mae He3HaYHY aHTHUXOJIIHEPTiYHY aKTHBHICTh, BUKJIMKAE cejjanio. [Ipemapat 3acToCOBYOTH A1
JIiIKyBaHHS 11cOpia3y, po3CciIHOro CKJIepo3y Ta HEBPUTY 30pOBOro HepBa. /Il KJIeMacTUHY XapaKTepHi No6iYHi edeKTH:
ITi{BUIIleHa CTOMJIIOBAHICTh, COHJIMBICTD, CeAAaTUBHUH ePeKT, CJIa6KICTh, MISIBICTB, TOPYIIEeHHs KOOPAHHALII pyXiB; HYA0Ta,
6JII0BOTA, 3HIKEHHS apTepiabHOTO THUCKY, CEPLIEOUTTS], TeMOJIITHYHA aHEeMis], INKIpHI BUCKUIIAHHS, aHadiITaKTUIHUH LIOK.
3a nepesi03yBaHHA NpenapaT YUHUTb HEHPOTOKCHYHY /1if0, 110 MPOSBIAETHCA MOPYIIEHHAM CBiZIOMOCTI 3 PO3BUTKOM
reHepasli3oBaHOI'0 aHTHXOJIHEPTiYHOTO CYJOMHOT0 CHHAPOMY. AKTYa/IbHUM 3aB/JaHHAM MOHITOPUHTY eeKTHBHOCTI
JIiKyBaHHsI HaceJIeHHs KJIeMacTUHY ¢yMapaToM i AiarHOCTUKH iHTOKCHKaLil JikaMU € BUGIp BUCOKOUYT/IMBUX i ceslek-
THUBHHUX METOZAIB aHa/i3y Horo y ¢papManeBTHYHUX penapaTax i 6i0JI0riYHUX MaTPULAX Hif Yyac JiKyBaHHS.

MeTo10 JoC/IiJKeHHA € po3po6Ka a/IfOPUTMY CIIPSMOBAHOTO aHAI3y KJeMacTHHY B 6i0JIOTYHMX eKCTPAKTaxX Kpo-
Bi 3a onoMorolo yHipikoBaHOTr0 MeToAy AocaimpkeHHs BEPX.

Marepianu i MeTogu. EkcTpakuiio kKjieMacTUHY TpoBoguIHu XJopodopmom 3a pH 9,0. EkcTpakTy ouniyBasu Bif,
nomiumok kom6inaniero TIIX Ta excrpakuieio rekcanoM. Ounienns TIIX Ta izeHTHiKALiI0 KIeMacTHHY TPOBOAUIN
B ONTHMaJIbHUX YMOBAX: CUCTEMa OPraHiYHUX PO3YMHHMKIB MeTaHoJ — 25 % po34uH rigpokcuay amoniro (100 : 1,5)
Ta xpomarorpadiuni mactuHky Sorbfil PTLC-AF-A, R, o.qcmuy = 0,60 £ 0,03. /lne1 BUAB/IEHHS KJIEMAaCTHHY BUKOPHUCTOBYBAJIU
HaK6ibLI 4y IuBi peareHTH — YP-cBiTIo (A = 254 HM) Ta peareHT /lpareHzopda y Mopudikanii MyHbe. XpomaTorpadiyauit
aHaJsli3 MPOBOAMJIM Ha MiKPOKOJIOHKOBOMY pifiHHOMY XpoMaTorpadi «Milichrome A-02» (ExoHoBsa, 3AT, Pocis) i3 3acTocy-
BaHHAM yHipikoBaHHx yMoB BEPX: BapiaHT 3 06epHeHO00 $pa3010 3 BUKOPHUCTAHHSM MeTaIeBOl KOJIOHKU 3 HETIOJIIPHUM COp-
6enToM Prontosil 120-5C 18 AQ, 5 MkM; pyxoma dasa B peskuMi JiHiiHOTO rpazieHTa - Bif emoenTa A (5 % aleToHiTpuIy Ta
95 % 6ydepHoro posunHy - 0,2 M po3dnHy nepxsopaty JiTito B 0,005 M posunHi kucs0TH x10pHoi) o emoenTa B (100 %
aneToHiTpu) mpotsarom 40 xB. Perenepatiito KOJIOHKH IPOBOAW/IA IPOTSTOM 2 XB CYMIIIIII0 PO3YUHHHUKIB; IIBUAKICTb HOTOKY
pyxomoi ¢pasu ckagana 100 Mxs1/xB, 06 €M npo6u — 4 Mk baraTokaHabHe BUABJIEHHA Pe4OBUHH TPOBOAMIIH 3a JOTIOMOT 00
JIBOIIPOMEHEBOT0 6araToxBU/IL0Boro Y d-crexkrpodoromerpa 3a 8 fosxuH xBuib 210, 220, 230, 240, 250, 260, 280 i 300 HM;
ONTHMaJbHe 3HaYeHHHA TeMIlepaTypH KoJOHKH — 37-40 °C; TUck Hacoca - 2,8-3,2 MIla.

Pe3ysibTaTH Ta ix 06roBopeHHs. BiiineHHs keMacTHHY 3 KPOBi TPOBOJMIIN 32 pO3P006JIEHOI0 METOAMKOIO, SIKA IIepes-
6adasa ekcTpakito xsopopopmMoM 3a pH 9,0; ekcTpakLiiiHe OYHIEHHS eKCTPAKTIB rekcaHoM Bif fomimmok; TLIX-ounieHHs
Ta izeHTH}iKaLio KJ1eMacTHHY. 3a sonoMorolo yHidikoBaHoro Metony BEPX kiiemMacTrH iieHTHdIKyBasu 3a napamMeTpamMu
YTPUMYBaHHS Ta CIIEKTPaJbHUMH CHiBBiIHOLIEHHAMH. /I/1s1 KiJIbKiCHOro BU3HA4eHHSI BAKOPUCTOBYBAJIM KaJli6pyBaIbHUN
rpadix a6o piBHAHHSA NpsIMoi JiHii, o BiAnosizaao nboMy rpadiky. OTprMaHi pe3y/bTaTH CBiJUMIN PO HAAIHHICTE i Big-
TBOPIOBaHiCTh MeToAy. Bysio 3’coBaHo, 1110 BijHOCHA HEBU3HAYEHICTh CepeJHbOr0 Pe3yJIbTATY Ii/i 4ac aHali3y KJeMacTHHY
B KpPOBI CTaHOBMJIA £ =+ 4,63 %, BijjHOCHE CTaH/AapTHe BiIXUJIEeHHH CepPe/IHbOTO0 pe3yIbTaTy J0PiBHIOBAIO RSDx=1,67 %.

BucHoBKM. KsiemacTrH ekcTparyBau xJopodopmom 3a pH 9,0 3 kpoBi. OuniieHHS eKCTPAKTIB BiJj CIBEKCTPAKTHB-
HUX CIOJIYK IPOBOJU/IM LIIsIXOM KoM6iHyBaHHs TIIX Ta ekcTpakiil rekcaHoM. 3’s1COBaHO, 1110 B pa3i BU/iJIeHHS KJieMac-
THHY 3 KPOBI 32 p03p06/IeHMM METOaMK MOXHA BU3HaYUTH 36,05-39,55 % pedoBuHH (& = + 4,63 %, RSDx = 1,67 %).
MeTopg ouninenns THIX Ta ifenTrikanii kJeMacTHHY B 6i0reHHUX eKCTPAKTax aipoOG0BaHO B ONTUMAJIbHUX YMOBaX:
CHCTeMa OpPTaHiYHUX PO3YMHHUKIB — MeTaHOJ - 25 % po34nH aMoHilo rizpokcuay (100 : 1,5) 3a 3acTocyBaHHA pea-
reHTiB — Y®-cBiTia Ta pearenta /[l[parengopda y mogudixanii MyHbe, Rf .. aomuy = 0,60 = 0,03 (Sorbfil PTLC-AF-A).
YuipikoBanuii Mmetoz BEPX asis1 inenTudikarii Ta KibKicHOI OLiHKY K/1eMacTHHY 6y/I0 ONIPaljbOBaHO B 6i0reHHUX eKCTPAKTax
KPOBIi 3Ti/{HO 3 po3p06/IeHUM aITOPUTMOM CITPAMOBAHOT0 aHai3y. BUAB/IEHO, 1110 KJIeMacTHH MOXHa i/leHTHiKyBaTH
3a4acoM yTpuMyBaHHA 25,997-26,011 xB; 06’eMoM yTpuMyBaHHs 2599,7-2601,1 MKJI; ceKTpaJbHUMH CIHIiBBiHOLIEH-
Hamu - 0,741; 0,536; 0,096; 0,023; 0,027; 0,005; 0,003. BumicT kjaemMacTUHY BU3Ha4Yanu 3a piBHsaHHAM S = 0,15 - 1073
C+0,14 - 10 koediuieHT Kopessuii fopiBHIOBaB 0,9998. XpomaTorpadiuHi MeTo [ MOXKHA pEKOMEH/YBaTH /ISl BIPO-
Ba/PKeHHA Y NPAKTHKY G100 CyA0BO-MeJUYHOI eKCIIePTH3H, LIeHTPiB KOHTPOJIIO 3a OTPYEHHSAMH, KJIiHIYHUX JIaGopaTo-
pi¥i 11010 BUBUEHHS JIIKAPCHKUX PEYOBHH Ha 610JI0TYHUX 06'€KTax.

Kniouosi cnoea: kaemacmuny ggymapam (mageein); ekcmpakyisi XA0pogphopmom; ouuwjeHHs ekcmpakmie 8i0 domiuok
Memodom TILIX ma ekcmpakyieto cekcanom; idenmugpikayisi ma KiavkicHe susHaveHHsl 3a donomozor BEPX; kpos
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OnpegesieHue kKaemacTuHa BIXKX-meTogom B KpoBH

AxTtyanbHOCTb. KiiemactrHa dymapat (TaBerni) —1-MeTuI-2 [2 o-MeTHII-I-XJI0p6eH3TUAPUIIOKCH ) 3TUJI| TUPPO-
quauHa dyMapar siBaseTcs: 6JokaTopoM H -perientopoB nepsoro nokoJieHusi. Kiemactuna gymapar usbupareabHo
MHTUOGHUPYeT r’MCTaMUHOBBIE H -pelienTopbl U yMeHbIIaeT MPOHULAEMOCTh KanuIsapoB. [IpenapaT 06/1aaeT BbIpaXkeH-
HBIM [IPOTHBOAJIJIEPIUYECKUM U IPOTHBO3YAHBIM JelcTBHeM. KiieMacTHH npejoTBpallaeT pa3BUTHE Ba3oguIaTaluH
Y COKpAIleHHs [VIAZJKUX MbILIL, BbI3BAHHBIX F’MCTaMUHOM. KileMacTHHA pymMapaT MMeeT He3HAYUTEIbHYI0 aHTHXOJIH-
HepruvecKylo akTHBHOCTb, BbI3bIBA€T CeZJATHBHbBIHN 3¢ deKT. [IpenapaT mpuMeHseTcs /151 JiedeH s [ICOpHa3sa, pacCcessHHOTO
CKJIEpO3a M HEBPUTA 3PUTEJNbHOTO0 HepBa. [lIs KJieMacTHHA XapaKTepHbl HOG04YHbIe 3G EeKThI: NOBbIILIEHHAs YTOMIsIe-
MOCTb, COHJIMBOCTD, CeJaTUBHBIH 3 $eKT, c1aboCTh, BANIOCTh, HAPYLIEHHe KOOPAUHALMU JBHXKEHHU; TOLIHOTA, PBOTA,
CHI)KEHHe apTepUasbHOTO JaBJIeHHs], cepAlie6ueHNe, FeMOJUTHYEeCKasl aHeMHUs], KOXKHbIe BbIChIIIAHHUS, aHaHIAKTH-
4yeckuil wok. [Ipu nepejo3upoBKe Npenapar okasbiBaeT HeHPOTOKCHYECKOe el CTBHE, KOTOPOe NMPOSBISEeTCs B Ha-
pYLIEHHH CO3HAHHs C PAa3BUTHEM FeHepaJM30BAHHOTIO0 AaHTUXOJUHEPTHYECKOT0 CYL0POXKHOTO CHHAPOMA. AKTYaIbHOM
3ajaueit MOHUTOPHHTA 3 PEeKTUBHOCTH JIedeHHUs HaceJeHUsI KJieMacTHHA GyMapaToOM U AUarHOCTUKH JIeKapCTBEH-
HOUM MHTOKCHUKALUHU SIBJISIETCS BBIGODP BbICOKOUYBCTBUTE/IbHBIX M CeJIEKTUBHBIX METOJJOB €r0 aHa/M3a B ¢papMaleBTH-
YeCKHUX NpenapaTax U 6M0J0rM4eCKHX MaTPULAX BO BpeMsl JIeUeHHsl.
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Ilesiblo Mcc/Ie JOBAHUS SIBJISETCS Pa3paboTKa aIrOpUTMa HalpaBJIeHHOT0 aHa/In3a KJIeMacTHHA B GHOJIOTHYECKUX
3KCTPAKTaX KPOBH € NOMOILbIO YHUPHULMPOBAHHOI'0 MeTO/A HccaefoBaHus BIKX.

MarepuaJsibl 1 METOAbI. JKCTPAKIUIO KJIeMacTUHA NPOBOAUIIHU X10podopmoM npu pH 9,0. IKCTpaKThI OUHILIAIN
oT npuMeceid komouHanue TCX u skcTpakuued rekcaHoM. Ounctka TCX ¥ uAeHTUUKALMS KJIeMacTHHA TPOBOAU-
JIUCh B ONITHMAJIbHBIX YCJIOBUSIX: CUCTEMA OpPraHUYeCKUX PacTBOpPUTEJIel MeTaHo — 25 % pacTBOp rMPOKCUAA aM-
MoHus# (100 : 1,5) n xpomaTtorpadpudeckue maactuHKU Sorbfil PTLC-AF-A, Rf . comume = 0,60 * 0,03. [lna o6HapykeHUst
KJIeMaCTHHA HCI0JIb30BalNd HanboJiee YyBCTBUTEIbHbIE peareHTrl - YP-cBeT (A = 254 HM) u peareHT /lpareHzopda
B MoAuuKauuu MyHbe. XpomaTorpaduueckui aHau3 MPOBOANUIM HA MUKPOKOJIOHOUHOM KH/IKOCTHOM XpoMmaTtorpade
«Milichrome A-02» (3xoHoBa, 3A0, Poccust) c npuMeHeHHeM YHUOUIMPOBAHHBIX ycioBUi BI)KX: BapuaHT ¢ o6palieH-
HOH $a30# ¢ MCNOIb30BAaHNEM METAIJINYeCKOH KOJIOHKH C HEMOJIAPHBIM copbeHTOM Prontosil 120-5C 18 AQ, 5 MKM;
noABMKHas ¢pasa B pexxuMe JIMHEHHOT0 rpafueHTa — oT a/10eHTa A (5 % anetonutpusia u 95 % 6ydepHoro pacTBo-
pa - 0,2 M pactBopa nepxsopata sutus B 0,005 M pacTBope KHCJIOTHI XJIOpHOH) Z0 aytoeHTa B (100 % aneToHuTpm)
B TedyeHHe 40 MUH. PereHepanyio K0JIOHKHM IPOBOJU/IN B Te4eHHE 2 MUH CMeCbI0 paCTBOPUTEJIEH; CKOPOCTDb ITOTOKA
NOABMXKHOU ¢asbl coctasisiia 100 MK/I/MUH, 06beM Npo6b! — 4 MKJI. MHOTOKaHa/IbHOE IeTEKTHPOBAHUE BeleCTBa
MPOBOJIMJIY C TIOMOLIBIO IBYyXyydeBoro Y®-cnektpodoToMeTrpa npu 8 aiauHax BoJH 210, 220, 230, 240, 250, 260, 280
1 300 HM; onTMMaJIbHOE 3HAaYeHUe TeMIepaTypbl KOJIOHKU — 37-40 °C; naBseHue Hacoca - 2,8-3,2 MIla.

Pe3y/bTaThl U MX 06Cy>KAeHHe. Bbl/ie/leH1e KJieMacTHHA U3 KPOBU TPOBOAMIIH [0 Pa3paboTaHHOM METO/MKeE, BKJII0Yast
3KcTpakuuio xaopopopmom npu pH 9,0; sKCTpaKLHOHHYIO OYUCTKY 3KCTPAKTOB rekcaHoM oT npuMecei; TCX-ouucTKy
Y uAeHTHPUKaLMIO KaeMacTHHa. C moMouibio yHupunupoBanHoro Metona BIXKX kiemacTun neHTHOUIMPOBAIH 110
napaMeTpam yJep>KUBaHUs U CIEKTPaJbHbIM COOTHOIIEHUSIM. [l/Ist KOJTMUEeCTBEHHOTO ONpe/ieseHUsl HCI0Ib30BalN
KaJIMOPOBOYHBIN rpadyK WK ypaBHEHHE NMPSAMON JTMHUY, COOTBETCTBYIOLee 3TOMY rpaduky. [losyyeHHbIe pe3yib-
TaThbl CBU/ETEJbCTBOBA/IN O HA/I€XKHOCTH U BOCIIPOM3BOAMMOCTb METO/A. YCTAHOBJIEHO, YTO OTHOCHUTE/IbHAsA Heolpe-
JleJIEHHOCTb CPeIHEr0 Pe3y/bTaTa IPH aHAIM3€ KIeMACTHHA B KPOBM COCTABJISNA € = * 4,63 %, OTHOCHTEIbHOE CTaH-
JApTHOE OTKJIOHEHHE CPEeHEro pe3y/bTaTa GbII0 PaBHBIM RSDX = 1,67 %.

BbiBoABI. KiiemacTuH akcTparuposanu xaopodopmom npu pH 9,0 u3 kpoBU. OUUCTKY IKCTPAKTOB OT COIKCTPAK-
THBHUX BellleCTB IPOBOAMJIM NyTeM KOMOHHUPoBaHUst TCX M 3KCTPAKLMKU FeKCAaHOM. YCTaHOBJIEHO, YTO NPH BbI/I€JIEHUN
KJIeMacTHHa U3 KPOBH 110 pa3paboTaHHBIM METOAMKAM MOXHO onpeeauTh 36,05-39,55 % BewecTBa (E =+ 4,63 %,
RSDx=1,67 %). MeTop ounctku TCX v neHTHHKALIMY KIeMacTHHA B 6MOTeHHBIX 9KCTPAKTax aipOGUPOBaH B ONTHMaJIb-
HBIX YCJIOBUSIX: CUCTeMa OpraHUYeCKUX pacTBopUTesell MeTaHoJ - 25 % pacTBop rugpokcuja ammonus (100 : 1,5),
npuMeHeHHUe peareHToB — Y®-cBeTa u peareHTa /l[parengopda B Moaupukauuu Myune, Rf .. ccomma = 0,60 * 0,03
(Sorbfil PTLC-AF-A). YauduunpoBaHHbIN MeToz BIXKX /15 nieHTHPUKALMY U KOJTMYECTBEHHOH OLIEHKH KJIeMacTHHA
ObLT aIPOGUPOBaH B GMOTeHHBIX 9KCTPAKTAX KPOBU COIVIACHO pa3paGoTaHHOrO aIrOPUTMa HANpaBJIeHHOTO aHa/IN3a.
YcTaHOBJIEHO, YTO KJIEMAacTHH MOXKHO UAeHTUPUIIMPOBATD [0 BpeMeHH yaepuBaHus 25,997-26,011 MuH; 06beMy
yaepxxkuBaHus 2599,7-2601,1 MkJ1; ciekTpaibHbIM cooTHoweHuaM - 0,741; 0,536; 0,096; 0,023; 0,027; 0,005; 0,003.
CojeprkaHue KJaeMacTHHA onpeessiu no ypaBHenuto S = 0,15 - 103 C + 0,14 - 10, koadppunreHT KOppeasiiuu paBeH
0,9998. Xpomarorpadurdeckrie METOJbI MOXKHO PEKOMEH/I0BATh /1Jisl BHEPEHUS B IPAKTUKY GIOPO CyZie6HO-MeIUIMHCKON
9KCIEePTHU3bI, [EHTPOB KOHTPOJIsI 32 OTPaBIEHUAMH, KIMHUYECKHUX JJaGOPaTOPUH 0 U3yYeHHIO JIEKAPCTBEHHBIX BEI[eCTB
Ha 6M0JIOrHYeCcKUX 06beKTax.

Knawouessle caosa: kaemacmuna gymapam (maseaun); skcmpaxyust X10poghopMoM; 04UCMKaA SKCMpPaKmoas om npume-
ceti memodom TCX u skcmpakyuetl 2ekcaHoM; udeHmu@Pukayust u KoauvecmseHHoe onpedeseHue ¢ homouwbto BI)XKX; kposb
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Clemastine fumarate (tavegil)-1-methyl-2[2-a-methyl-
p-chlorobenzhydryloxy)-ethyl]-pyrrolidine fumarate is the first
generation H,-histamine receptor blocker. Clemastine fu-
marate selectively inhibits histamine H; receptors and
reduces capillary permeability. The drug has a pronoun-
ced anti-allergic and antipruritic effect, which reaches its
maximum in 5-7 hours and lasts for 10-12 hours. Clema-
stine prevents the development of vasodilation and the smooth
muscle contraction induced by histamine. The drug re-
duces the permeability of blood vessels, capillaries, inhi-
bits exudation and formation of edema, reduces itching,
and has the m-anticholinergic effect. Clemastine fuma-
rate has an isignificant anticholinergic activity, causes
sedation [1, 2]. The drug is used to treat pruritus in pso-
riasis [3], multiple sclerosis [4], and optic neuritis [5].

Clemastine is characterized by the following side ef-
fects: increased fatigue, drowsiness, sedation, weakness,
lethargy, impaired coordination of movements; nausea,
vomiting, decreased blood pressure, palpitations, hemo-
lytic anemia, skin rash, anaphylactic shock. In case of
an overdose, the drug has a neurotoxic effect, which mani-

fests itself in impaired consciousness with the development
of generalized anticholinergic convulsive syndrome [6, 7].

The urgent task for monitoring the treatment effec-
tiveness of the population with clemastine fumarate and
diagnosis of drug intoxication is the choice of highly sen-
sitive and selective research methods of its analysis in pharma-
ceuticals and biological matrices during the treatment.

According to the toxicological studies, one of the lea-
ding places among drug poisonings is occupied by intoxi-
cation with antihistamines due to the multi-vector pharma-
cological effects, the uncontrolled use of many combined
drugs for the treatment of seasonal diseases. According
to the literature, systematic studies of most antihistami-
nes of the first generation are absent, the methods of their
isolation, identification, quantification in biological objects
have been insufficiently studied. All these determines
the relevance of such studies using modern highly sensi-
tive and selective methods of analysis [6, 7].

The development of the analytical service in the di-
rections of monitoring the treatment effectiveness of the po-
pulation with antihistamines and diagnosis of intoxica-
tions with the use of these drugs is based on the creation
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of databases of effective, economical and express methods
of the drug analysis in biological objects using a unified
HPLC method [8, 9].

Clemastine is determined in drugs and biological objects
by such highly sensitive methods as spectrophotometry
[10], thin layer chromatography (TLC) [11, 12], high per-
formance liquid chromatography (HPLC) [9, 13, 14].

The most common highly sensitive and selective chro-
matographic methods of chemical and toxicological analysis
of the first-generation antihistamines are HPLC and TLC.
These methods are widely used for the separation of drug
mixtures, detection of impurities and purification from
them.

The literature presents HPLC methods for the study
of clemastine using different conditions (variants for de-
tecting the test substance, the use of isocratic and gradient
modes of elution, the use of different compositions of mo-
bile phases, sorbents, buffer solutions).

According to the European Pharmacopoeia, the HPLC
analysis of the methanol solution of clemastine was per-
formed using the reversed-phase chromatography with
an UV-detector. Detection of substances was carried out
ata wavelength of 220 nm; the column (0.1 m x 4.6 mm)
with octadecyl silica gel C18, 5 um. The mobile phase was
orthophosphoric acid - acetone - 1 % solution of ammo-
nium dihydrophosphate (0.1 : 45 : 55). The flow rate of
the eluent in the column was 1.0 ml/min [13].

For HPLC separation of antihistamines, the use of dif-
ferent conditions is recommended: the column: C,; end-
capped LiChrospher 100 RP-18, (125 x 4.0 mm, 5 pm)
with the pre-column LiChrocart; the mobile phase: addi-
tion of 146 pl of triethylamine and about 750 pl of phos-
phoric acid to 530 ml of water. The pH was adjusted
to 3.3 using 10 % potassium hydroxide solution, then 470 ml
acetonitrile was added. The flow rate was 0.6 ml/min;
detection - UV diode-array; the retention time of clema-
stine - 14 min [9].

The disadvantages of the above HPLC methods are
the use of isocratic elution regime [9, 13], which limits
the possibility of all sample components leaving the column
in the form of narrow zones and effective separation of
drug mixtures. Detection at the same wavelength [13] re-
duces the reliability of the results obtained in the identifi-
cation and study of mixtures with other drugs since it al-
lows using only the retention parameters without the use
of spectral ratios.

Modern HPLC methods for the analysis of clemastine
indicate the absence of systematic studies, which does not
allow the selection of the optimal conditions for the ana-
lysis of the drug in biological objects and pharmaceuticals.

The aim of the study is to develop an algorithm for
directed analysis of clemastine in biological extracts from
the blood using a unified method of the HPLC research.

To achieve these aims, the following tasks should be
solved:

1. to carry out extraction of clemastine according to
the method developed for isolation of organic substanc-
es of the basic character from biological objects;

2. to select the optimal conditions for TLC purifica-
tion and identification of clemastine in biogenic extracts
(thin layers of sorbents, organic solvent systems, substan-
ce detection agent);

3. to approve a unified HPLC method for identifica-
tion and quantification of clemastine in biogenic extracts
from the blood according to the algorithm of directed
analysis developed in biological extracts using a unified
HPLC method.

MATERIALS AND METHODS

Clemastine fumarate (tavegil) was isolated from “Tavegil”
tablets (10 pcs), 1 mg (Novartis AG, pharmaceutical com-
pany, Basel, Switzerland) as follows: the number of tab-
lets containing 200 mg was transferred to a porcelain
mortar and triturated to a homogeneous state. 100.0 ml
of methanol was added to the mixture and mixed thor-
oughly. The resulting mixture was filtered through a pa-
per filter in a porcelain cup and evaporated on a water
bath at a temperature not higher than 40° C to remove
the organic solvent; the residue was dried.

0.1000 g of the test substance was added to a 100.0 ml
volumetric flask, dissolved in methanol, and the solution
was diluted to the volume with the solvent (the standard
solution with the concentration of 1000.0 pg/ml).

Organic solvents - chloroform, methanol, hexane -
were of analytical grade (Sigma-Aldrich, USA). Reagents -
10 % solution of trichloroacetic acid, 25 % solution of
ammonium hydroxide, 0.1 M solution of sodium hydroxide-
were also of analytical grade (Chimmed, Russia).

According to the algorithm for the study of biological
objects for the presence of drugs, the following steps were
performed: isolation of the substance from the biologi-
cal object, purification from nutrients, identification and
quantification. Purification of extracts from co-extractive
compounds was performed by combining TLC and hexane
extraction [16, 17].

A model mixture of the blood with clemastine fuma-
rate was used for the research. To 10 ml of the appro-
priate biological fluid, 1000.0 pg of clemastine fumarate
using the methanol solution of the drug substance con-
taining 1000.0 pg/ml, as well as control samples, were
added. The samples were left for 24 h at room tempera-
ture. A day later, the studies were performed according
to the extraction procedures developed.

Methods of isolation of clemastine from the blood
and extraction purification by hexane. To 10.0 ml of a mo-
del mixture of the blood with clemastine fumarate, 5.0 ml
of 10 % solution of trichloroacetic acid was added for
breaking bonds with proteins, mixed and checked with
an universal indicator of the mixture pH of 2.0-2.5, allowed
to stand for 2 h with constant stirring at room temperature.

The mixture was centrifuged at 3000-5000 rpm for
10 min, the liquid over the precipitate was separated.
Lipid impurities were extracted three times with hexane
in portions of 5 ml. The hexane phases were not studied.

The aqueous layer was alkalinized with 0.1 M solu-
tion of sodium hydroxide to pH 9.0, and the clemastine
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base was extracted twice with chloroform in portions of
10.0 ml followed by centrifugation at 3000-5000 rpm for
10 min to destruct water-chloroform emulsions. Chloro-
form extracts were combined and filtered through a pa-
per filter (“red tape”) with 1.0 g of anhydrous sodium
sulphate, and TLC-purification of the extracts was per-
formed.

Methods of TLC purification of biogenic extracts.
The purified chloroform solutions were evaporated at room
temperature to dryness, dissolved in 2.0-3.0 ml of metha-
nol, then quantitatively transferred to a 5.0 ml volumet-
ric flask, and diluted to the volume with methanol.

The TLC purification and identification of clemastine
were performed under conditions: chromatographic plates -
Sorbfil PTLC-AF-A, the system of organic solvents - metha-
nol - 25 % solution of ammonium hydroxide (100 : 1.5),
Ry tomastine = 0-60 £ 0.03, impurities were located at the start
line or at the finish line. The detection of clemastine was
performed under uniform conditions using the most sen-
sitive developers: UV light (A = 254 nm) - a purple color
of spots, sensitivity in the sample - 0.3-0.5 pg, Dragen-
dorff’s reagent modified by Mounier - an orange color of
spots, sensitivity of the developer - 1.0-3.0 ug of the sub-
stance in the sample [12].

The TLC purification of clemastine in the extracts was
performed according to the following method: 1.0 ml of
the methanol solution of clemastine after extraction pu-
rification was evaporated to 0.3-0.5 ml. At the starting
line of the chromatographic plate at a distance of 1-2 cm
from the edge to the point, 0.01 % methanol solution of
clemastine was applied using a calibrated capillary witness.
At a distance of 1-2 cm from the witness, the extract from
the control sample was applied, the diameter of the stain
should not exceed 0.5 cm. The methanol solution of cle-
mastine after extraction purification was applied in the form
of a strip of 1.0-1.5 cm long.

The chromatographic plate was placed in a chromato-
graphy chamber, which was a glass vessel with a ground
lid with a volume of 500 cm?; the system of solvents for
chromatography (50 ml) was introduced into it. The cham-
ber was carefully closed, and there was the solvent vapor
saturation for at least 30-60 min. The length of the mo-
bile phase front was 7 cm. The chromatography was com-
pleted when the solvent reached the finish line. The chro-
matographic plate was dried at room temperature, after
that its part with spots of the witness and extracts from
the control sample was developed using UV light and
Dragendorft’s reagent modified by Mounier.

At the level of the spot of the standard methanol,
0.01 % solution of clemastine from the part of the plate
that was not treated with the developer removed a layer
of the sorbent with an area of 4-5 cm? and was trans-
ferred to the filter. The substance was eluted three times
with 5.0 ml of methanol, and the resulting solution was
filtered through a filter (“red tape”).

The resulting solutions were evaporated at room tem-
perature to dryness, dissolved in 2.0-3.0 ml of methanol,

and then quantitatively transferred to a 5.0 ml volumet-
ric flask, and diluted to the volume with methanol.

Methods of studying clemastine by HPLC. The chro-
matographic analysis was performed on a “Milichrome A-02”
microcolumn liquid chromatograph (EkoNova, Closed Joint-
Stock Company, Russia) according to the unified HPLC
method developed by Baram G.Y. [14]: the reversed-phase
variant using a metal column with a non-polar absorbent
Prontosil 120-5C 18 AQ, 5 um; the mobile phase in the li-
near gradient mode - from eluent A (5 % acetonitrile and
95 % buffer solution - 0.2 M solution of lithium perchlo-
rate in 0.005 M solution of perchloric acid) to eluent B
(100 % acetonitrile) for 40 min. Regeneration of the column
was conducted for 2 min with the mixture of solvents;
the flow rate of the mobile phase was 100 pl/min, the injec-
tion volume - 4 pl.

The multichannel detection of the substance was per-
formed using a two-beam multi-wave UV spectrophoto-
meter at 8 wavelengths of 210, 220, 230, 240, 250, 260,
280, and 300 nm; the optimal value of the column tem-
perature - 37-40 °C and the pump pressure - 2.8-3.2 MPa.

RESULTS AND DISCUSSION

Identification of clemastine was performed by retention
parameters and spectral ratios. It was found that the abso-
lute retention time of clemastine was 25.997-26.011 min,
and the absolute retention volume was 2599.7-2601.1 pl.

To obtain reliable identification results, the spectral
ratios of the optical density values at wavelengths from
220 to 280 nm to the optical density values at 210 nm were
determined - 0.741 + 0.005; 0.536  0,005; 0.096 + 0.006;
0.023 £ 0.006; 0.027 + 0.006; 0.005 + 0.005; 0.003 + 0.008.

Peak symmetry coefficients and capacitance coeffi-
cients were determined to verify the choice of chromato-
graphy conditions. It was found that the values of the coef-
ficients of symmetry of the peaks were equal to 0.92 + 0.07
(less than 2.0-2.5), and the coefficients of capacity -
16.34 + 0.02 (more than 0.5-2.0) showed the suitability
of the chromatographic system HPLC analysis [15].

The method of the clemastine determination by HPLC
was validated by the following parameters: the range of
linearity, limits of the quantitative determination (LOQ),
accuracy and precision in the areas of low, medium and
high concentrations of the test substance [18]. To quan-
tify clemastine, the absolute calibration method was ap-
plied using the area of the peaks of the substances.

The concentration of clemastine in the methanol so-
lution (C, ug/ml) obtained after purification of biogenic
extracts by TLC and extraction methods was calculated
using a calibration graph or the equation of the line cor-
responding to the calibration graph.

The linearity of the calibration graph was observed
in the concentration ranges of 5.0-100.0 pg/ml, which
corresponded to the content of clemastine in the sample
(4 pl) from 20.0 ng to 400.0 ng. The lower limit of the cle-
mastine determination by HPLC was 5.0 pg/ml (20.0 ng
in the sample).
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Table 1

THE RESULTS OF THE HPLC ANALYSIS OF CLEMASTINE EXTRACTS IN THE BLOOD (n =5, P =95 %)

The value of the area The clemastine isolated Metrological characteristics,%
of the peaks, S, mm? ug % X S RSDx Sx Ax €
0.00186 11.46 384
0.00183 11.28 37.8
0.00176 10.81 36.2 37.8 1.41 1.67 0.63 1.75 4.63
0.00179 10.99 36.8
0.00192 11.88 39.8
Table 2

THE ALGORITHM FOR THE DIRECTED ANALYSIS OF CLEMASTINE IN THE BLOOD

Stage of the algorithm

Conditions of performance

Destruction binding
of clemastine to proteins

To 10.0 ml of a model mixture of the blood with clemastine fumarate, 5.0 ml of 10 % solution
of trichloroacetic acid was added, mixed and checked with an universal indicator of the mixture
pH-2.0-2.5, allowed to stand for 2 h with a constant stirring at room temperature

Extraction purification
by hexane

The mixture was centrifuged at 3000-5000 rpm for 10 min, and the liquid over the precipitate
was separated. Lipid impurities were extracted three times with hexane in portions of 5 ml.
The hexane phases were not studied

Chloroform extraction
of the clemastine base

The aqueous layer was alkalinized with 0.1 M solution of sodium hydroxide to pH 9.0,
and the clemastine base was extracted twice with chloroform in portions of 10.0 ml followed
by centrifugation at 3000-5000 rpm for 10 min to destruct water-chloroform emulsions

TLC-purification and
the preliminary identification

The system of organic solvents - methanol - 25 % solution of ammonium hydroxide
(100: 1.5), developers - UV light, Dragendorff’s reagent modified by Mounier,

of clemastine in extracts R

[clemastine

=0.60 = 0.03 (Sorbfil PTLC-AF-A)

Confirming the HPLC-
identification of clemastine
in extracts

Clemastine was identified with the retention time of 25.997-26.011 min; the retention
volume - 2599.7-2601.1 pl; spectral relations: 0.741; 0.536; 0.096; 0.023; 0.027; 0.005; 0.003

Quantitative determination
of clemastine in extracts
by the HPLC-method

coefficient was 0.9998

The range of linearity of the calibration graph was 5.0-100.0 pg/ml corresponding
to the content of clemastine in the sample from 20.0 ng to 400.0 ng, respectively. To determine
the content of clemastine, the equation S=0.15- 103 C + 0.14 - 10 was used, the correlation

The equation of the linear dependence of the area of
clemastine peaks (S, mm?) on its concentration (C, ug/ml)
had the form of S=0.15-103C + 0.14 - 103. The correla-
tion coefficient was 0.9998 [18].

When performing the HPLC analysis of clemastine in
model solutions using the method proposed the relative
uncertainty of the average results did not exceed * 1.90 %,
indicating the suitability of HPLC conditions for analysis
in biological objects.

The amount of clemastine in the blood samples was
calculated by the formula:

Coz C-V;-V;-k-100
X a- VZ )

where: C, % - is the mass fraction of clemastine in 10 ml
of the blood, %; V, - is the volume of a volumetric flask
with the methanol extract of the substance from the blood
after extraction purification, 5 ml; V, - is the volume of
the methanol extract of the substance from the blood taken
for TLC purification, 1 ml; V, - is the volume of the volu-
metric flask with the extract after TLC purification using
methanol, 5 ml; k - is the coefficient of recount equal to
the ratio of molecular weights of salt/base; a - is the weight
of the sample of clemastine fumarate in 10.0 ml of the blood,
1000.0 pug.

The results of the study are shown in Tab. 1.

According to the results of research, it has been found
that when isolating clemastine from the blood according
to the methods developed it is possible to determine
36.05-39.55 % of the substance ( = + 4.63 %, RSD = 1.67 %).

According to the results of HPLC and TLC studies,
an algorithm for the directed blood analysis for clemas-

tine was developed (Tab. 2).

The algorithm developed as a result of the present
research had a number of advantages. They were:

e the use of a unified HPLC method made it possible
to identify clemastine by retention parameters and
spectral ratios, which made the results accurate, re-
liable and reproducible;

o theuse ofthe linear gradient mode of clemastine elu-
tion allowed to obtain symmetrical, sharp chroma-
tographic peaks (the peak symmetry coefficient did
not exceed 2-2,5) and perform their reliable proces-
sing. The results of the identification and quantifi-
cation by HPLC were calculated using a “Multichrome”
computer program (CJSC “Ampersend”, Russia) in-
cluded in the chromatograph;

e ahigh degree of purification of extracts from impu-
rities allowed to obtain reliable and reproducible
results in accordance with metrological characte-
ristics.

[59]
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The disadvantage of the analysis algorithm developed

was the low degree of clemastine extraction from the blood -
36.05-39.55 % of the substance. These results were due
to losses in the multi-stage purification of extracts from
impurities. Another drawback was the use of a unified
method of extraction of the substance without taking into
account the individual properties of clemastine.

10.

11.

12.

1

w

15.
16.

17.

18.

CONCLUSIONS

Clemastine was extracted with chloroform at pH 9.0
from the blood. Purification of extracts from co-extrac-
tive compounds was performed by combining TLC
and extraction with hexane. It has been found that
when isolating clemastine from the blood according
to the methods developed it is possible to deter-
mine 36.05-39.55 % of the substance (& = + 4.63 %,
RSDx = 1.67 %).

The method of TLC purification and identification
of clemastine in biogenic extracts was tested under
the optimal conditions: the system of organic solvents -

(100: 1.5), the use of reagents — UV light, Dragendorff’s
reagent modified by Mounier, R; =0.60 + 0.03
(Sorbfil PTLC-AF-A).

The unified HPLC method for identification and
quantification of clemastine was tested in biogenic
extracts from the blood according to the algorithm
of directed analysis developed. It has been found
that clemastine can be identified by the retention
time - 25.997-26.011 min; the retention volume -
2599.7-2601.1 pl; spectral ratios - 0.741; 0.536; 0.096;
0.023; 0.027; 0.005; 0.003. The clemastine content
was determined by the equation S = 0.15 - 1073
C+0.14 - 1073; the correlation coefficient was equal
to 0.9998.

Chromatographic methods can be recommended for
implementation in practice of the Bureau of Forensic
Medical Examination, poison control centers, clini-
cal laboratories regarding the study of medicinal
substances in biological objects.
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