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Pe3iome. HeoThemiieMoli 4acThio TOKJIIMHUYECKUX (DAPMAaKOKUHETUUECKUX UCCIIENOBAHUN SIBIISIETCS pa3paboTKa OMOaHAIUTH -
YECKOW METOAMKHU OTpe/ieSieHNsI JIeKapCTBEHHOTO CPeicTBa B 6Hoiornyeckoit kuakocTu. Ilesib padoThi: OlleHKa TPUTOJHOCTH
TECT-CUCTEMbI Ha OCHOBe TBepJodazHoro ummyHodepmeHTHOTo aHaiu3a (MPA) (OO0 «HayuyHO-1por3BOACTBEHHBI LIEHTP
ITpoGuoTek») WISl KOMYECTBEHHOTO ONpPEAEIEHUSI PUTYKCMMAa0a B CBIBOPOTKE KPOBU JTAOOPATOPHBIX XXUBOTHBIX IOCJIE BHYTPU-
BEHHOTO BBEIEHUS pUTyKCMaba B KOJTMYECTBE, COOTBETCTBYIOIIEM TEPATIEBTUUECKOM 03¢ y YesloBeKa. Marepuabl U MeTOAbIL:
orpenesieHre pUTyKcMMaba MpoBOJUIIN IO «COHIBUY»-cXeMe TBepaodazHoro MDA B iBe cTauu ¢ Mocjeayoniei qeTekiuei
Ha OCHOBe TepoKcuia3bl xpeHa. Perucrpaiius pesyinsratoB MDA npoBoauiach ¢ TOMOIIBI0 MUKPOILIAHIIIETHOTO (hOTOMETpa
npu JajivHe BOJHBI 450 HM. Pe3yasrarsi: B xoe pabOThI YCTaHOBJIEHBI Tipenest ooHapyxeHus (0,24 HT/MII) U HUKHUAK TIpeies
KomuecTBeHHoro onpeaeieHus (1,00 Hr/mit) putykcrmaba B CBIBOPOTKE KPOBU KPOJIMKOB, TOKa3aHa BBICOKAS CEJIEKTUBHOCTD
OIpe/ieJIEHUST aHaJIuTa B MHOTOKOMIIOHEHTHOM O6uojiornueckoil matpuile. HalineHHble cpefHre 3HAaU€HUST KOHLIIEHTPAlUU py-
TykcuMaba He OTKJIOHSUIMCh OT HOMUHAJIbHBIX 3HaUeHUi Gosiee ueM Ha 14 % Bo BceM auaria3oHe MPUMEHEHUS] METOIMKH,
BHYTPH- U MeXCepUiTHas TPeIM3MOHHOCTD TECT-CUCTEMBbI He TipeBbiliaa 7,4 %, obias ommoka metoga — 20,1 %. [poaemMoH-
CTpUPOBaHHAs JIMHEWHOCTh Pa3BEeIEHUS TTO3BOJISIET IPUMEHSTh JAHHYIO TECT-CUCTEMY [UISI aHAIU3a OMOJIOTMYECKHAX 00pa3oB
B IIMPOKOM JaIia3oHe KOHIIEHTpaluii putykcumada. CTaOMIbHOCTh aHAJIMTA B CBIBOPOTKE KPOBU KPOJIMKOB MOATBEPXKIEHA
TPY XpaHEeHUH 00pa3loB B TeUeHUe 6 U MPpY KOMHATHOM TeMIiepatype, 50 nHeit pu —35 °C 1 mocjie 3 HHUKIIOB 3aMOpaXkuBa-
HUSI-OTTanBaHUs. BanunrpoBaHHas TeCT-crcTeMa OblIa YCIIEITHO alpoOUpOBaHa B XO/I€ OTIPENEIeHUS KOHLIEHTPALIMU PUTYK-
cruMaba B OMOJIOTUUECKMX 00pa3iax, MOJTyYeHHBIX B paMKaX UCCIeNOBaHUS (papMaKOKMHETUKN PUTYKCUMa0a Y KPOJIMKOB, BO
BCEM WHTEPBAJIE OMPENENISIEMbIX KOHIIEHTPAllAi TTOATBEPXKIEHA JOCTOBEPHOCTh PE3YJIBTATOB aHAJIN3a, TTPOAEMOHCTPUPOBAH
napajuie/iu3M MeXIy KaTnOpOBOUHBIM IrpapMKOM U pe3yJibTaTaMU aHaJIN3a CEPUIHO pa3BeJeHHBIX 00pa30B CBIBOPOTKH KPO-
BU KPOJIMKOB C MaKCUMaJIbHOM KOHIIEHTpalMell puTyKcruMaoa. BeiBoapbl: n3yueHHass UMMyHOGMEpPMEHTHAS TECT-CUCTEMA TTPU-
TOJTHA JJISI KOJTMYECTBEHHOTO OIpeNesIeHUS] pUTyKcruMaba B CBIBOPOTKE KPOBU JIAOOPATOPHBIX XXUBOTHBIX, TTOCKOJIBKY IO BCEM
BAJIMTAIMOHHBIM MMapaMeTpaM COOTBETCTBYET KPUTEPUSIM MPUEMJIEMOCTH, TIPEIBSIBIISIEMBIM MEXITYHAPOIHBIMU CTaHIAPTaMU
10 BaJIMAAIIMYA OMOAHATTUTUIECKUX METOMIOB.

KiioueBble ciioBa: putykcnumab; 6uoaHaor; (apMakoKWHETUKA; TBepaoda3Hblii UMMYHOGMEPMEHTHBIN aHau3; BaJuIallus;
TOKJIMHUYECKUE UCCIIETOBAHUS
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Abstract. An integral part of preclinical pharmacokinetic studies is the development of a bioanalytical method for determination
of the drug in a biological fluid. The aim of the research was to assess the suitability of the test system based on enzyme-linked
immunosorbent assay (ELISA) for quantitative determination of rituximab in the blood serum of laboratory animals after intrave-
nous administration of rituximab at a dose corresponding to the therapeutic dose in humans. Th test system was developed by the
Scientific and Production Center Probiotech. Materials and methods: the determination of rituximab in biological samples was
carried out using a two-stage sandwich-type ELISA, followed by detection based on horseradish peroxidase. The ELISA results
were recorded using a microplate photometer at a wavelength of 450 nm. Results: the experiments helped to establish the detection
limit (0.24 ng/mL) and the lower limit of quantitation (1.00 ng/mL) of rituximab in rabbit blood serum, they also demonstrated
high selectivity of analyte determination in a multicomponent biological matrix. The mean rituximab concentration was within
14 % of the nominal value in the entire working range of the method. The within-run and between-run precision of the assay did
not exceed 7.4 %, the total error of the method did not exceed 20.1 %. The linearity of dilution makes it possible to use the assay
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for the analysis of biological samples with a wide range of rituximab concentrations. The stability of the analyte in the rabbit blood
serum was confirmed by storing samples for 6 hours at room temperature, for 50 days at —35 °C, and after 3 freeze-thaw cycles.
The validated immunoassay was successfully used to determine the rituximab concentration in biological samples obtained in the
rituximab pharmacokinetic trial in rabbits. The accuracy of the results was confirmed for the entire range of the determined con-
centrations; parallelism was demonstrated between the calibration curve and the results of analysis of serially diluted rabbit serum
samples with the maximum concentration of rituximab. Conclusions: the proposed enzyme immunoassay test system can be used
for quantitative determination of rituximab in the blood serum of laboratory animals, as it meets acceptance criteria for all valida-
tion parameters described in the international guidelines on validation of bioanalytical methods.
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IlepBbiM aHTH-B-KJIeTOYHBIM TMpenapaToM, pas-
pPEIIeHHBIM K MPUMEHEHUIO B KIIMHUYECKOW MPaKTH-
K€, CTaJl pUTYKCUMa0 — peKOMOWHAHTHBIE XUMEPHBIE
MOHOKJIOHAJIbHBIE aHTUATEJA K TTOBEPXHOCTHBIM pellel-
TopaM B-mumdpouutoB — CD?20. Ilo cTpykType pu-
TyKcruMab oTHocuTcsl K IgG1 k-MMMYHOII00YJIMHaM,
ero MoJIeKyJla CONEPXWT MBIIIUNHbIE BapuadelbHbIe
(bparMeHTHI JIETKUX U TSIKEJIBIX LeNel U YeJTOBeUeCKU A
noctossHHbIN Fc-cermeHT [1, 2]. IIpemapaT npumeHs-
eTcd B MenunuHe ¢ 1997 . i nedeHust B-kieToyHbIX
HEXOKKUHCKUX JuMdoM [3], a B mociaenHue roabl —
IIMPOKOro Kpyra ayTOMMMYHHBIX 3a0ojeBaHUll [4,
5]. CBs3bIBasiCh ¢ TpaHCcMeMOpaHHBIM OenkoM CD20,
pUTYKCUMa® WHUIMUPYET WMMYHOJIOTUYECKUE pe-
aKiMu, onocpenyoliue au3nuc B-kietok. Cpenn HUX
BBIJIEJSIIOT aHTUTENO3aBUCUMYIO  KIJIETOUHO-OIOCpe-
JIOBAaHHYIO IUTOTOKCUYHOCTh C Yy4ACTHUEM MOHOIIUTOB,
MakpodaroB WM €CTECTBEHHBIX KIIETOK-KUJLIEPOB
W TUTOTOKCUYHOCTh, CBSI3AHHYIO C aKTWUBAllMe CH-
cTeMbl KOMIUIeMeHTa. [loka3aHo Takxe, YTO PUTYKCH-
Ma0 HeMoCpeACTBEHHO CTUMYJHpyeT anonto3d CD20+
B-knerok. BripaxkeHHOro nomasjaeHUs GyHKIIMHA KOCT-
HOIO MO3ra MpHu 3TOM He MPOUCXOAMT, TaK Kak CD20-
0eJIoK He TTPOAYLIMPYETCS B CTBOJIOBBIX KJleTKax [1, 6].

BrIcokass cTOMMOCTh OPUTMHAJIBHOTO TIperapara
puTyKcuMaba co3aeT OCTPYIO MOTPEOHOCTH B €0 OoJiee
JIOCTYIMHBIX OMoaHasiorax. CoriacHO MeXITyHapOIHBIM
PEKOMEHAANSIM HEOThEMJIEMOM YacThiO MPOTPAMMBI
pa3paboTKh OMOAHATOTOB SIBISIIOTCS JTOKJIWHUYECKUE
W KIWHWYecKrne (hapMaKOKWHETUYECKHWE WCCIeloBa-
HUSI, HAllpaBIEeHHbIE Ha TIONTBEPXIEHWE OUOMONOOUS
OpPUTMHAJIBHOMY TIperapary C TO3UIMU KITIOYEBBIX
(apMaKoKMHeTHYeCKUX TtapaMeTpoB'. O6sI3aTeTbHBIM
9TaloM TaKWX WCCIENOBAaHUN SBISETCS pa3padoTKa
OMOaHAIMTUYECKON METONUKU OTpe/ieJIeHus JeKap-
CTBEHHOTO CpEICTBAa B OMOJOTMYECKOU KUIKOCTU —
Yalle BCero ria3Me Wir CBIBOPOTKE KPOBU.

bonbiasg yacte MmyOaMKaInuii, ONMUCHIBAIOIINX Me-
TOIBI OMNpeNeeHnsI PUTyKcuMada B OUOJIOTUYECKUX
XXUIIKOCTSIX, OCHOBaHAa Ha TBepnoha3HOM UMMYyHOdEp-

MeHTHOM aHanu3e (MDA). UyBCTBUTEIbHOCTD U KaJli-
OpOBOYHbBIE AMAINa30Hbl 3TUX METOIOB B 3aBUCHMOCTHU
OT THUIIa UCTOJIb3YeMbIX PeareHTOB CUJIbHO BapbUpPYIOT
OT MKr-Juaria3oHa Ipu KCIMOJb30BaHUU crieliuduye-
CKMX TIeNITUIOB [7] WK MOJUKIOHAIbHBIX aHTUTEN [8,
9] 1o HaHOTPaMMOBOTO TMATIa30HA ITPU UCTIOJIB30BAHUN
CD20+ numdobiacTonaHbIX KiieTok [10] nird BEICOKO-
cnelMGUIHBIX MOHOKJIOHAIbHBIX aHTUuTen [11, 12]. Bee
WMEIOIINECS HA OTEUECTBEHHOM PhIHKE KOMMeEpUEeCKUe
Habopbl — TOJbKO MHOCTpaHHOTO Mpou3BoiacTsa. Mx
npefaebl KOJMYeCTBEHHOTO OIpeleieHns] BapbupyloT
OT MSITU 0 HECKOJbKUX COT HI'/MJI, UYTO B OOJIbIIMHCTBE
cilyyaeB SIBJISIETCSl TOCTaTOUYHBIM JJisl U3ydeHus ap-
MaKOKWHETHMKN pUTYyKCcHMMaba y MaiMeHTOB MocJjie BBe-
JeHU TIpelapaTa B TepaleBTHuecKoil no3e (375 mr/m?
noBepxHOCTU Teaa). OgHako (papMaKOKWHETHUYECKHUE
HcclieloBaHUsl pUTyKCHMMaba y 3M0pOBbIX JIIofei mpo-
BOJST Ha J103ax Mpernapara Ha MopsiAKU HUXe TepareB-
THUYecKoil (1 Mr/m? MOBEPXHOCTU Tella M Huke) [13],
U B 3TOM cllyyae TpeOyIOTCSl aHaIUTUUYeCKUe METOJbI
C yXe ropasio 60Jiee BbICOKOI UyBCTBUTEIbHOCTBIO.
Kommanueit OO0  «HaydHO-TIpOU3BOACTBEH -
Hbli ueHTp IIpoOuoTek» paspaboTaHa TecT-cUCTeMa
Ha OCHOBE «COHIBMY»-BapHaHTa TBepmodazHoro MMOA
JUIS  KOJIMYECTBEHHOTO OIlpefieJieHus] pUTyKcrMaba
B OMOJIOTMYECKUX XUIKOCTSIX. 3a cueT UCMOJb30BaHMSI
MOHOKJIOHAQJIbHBIX ~aHTUTeJ, BbICOKOCTEM(PUUHBIX
K BapuaOelbHbIM (dparMeHTaM pUTyKcuMMaba, TecT-
cucTeMa JIeMOHCTPUPYET BBICOKYIO CeJIeKTUBHOCTh
ornpeneneHus] aHaMTa Ha (OHE SHIOTEHHBIX KOMIO-
HEHTOB B CHIBOPOTKE KPOBU J1aOOPATOPHbBIX KUBOTHBIX
U denoBeka. I[IpeumylecTBaMu pa3paboOTaHHOI TecT-
CHUCTEMBI SIBJISIIOTCSI BBICOKAsl YyBCTBUTEJIbHOCTD, a TaK-
X€ CTOMMOCTb NpUMEHeHUsl, Kak MUHUMYM B 3 pa3za
MEHBIIIas, 4YeM B clIydae MMIOPTHBIX HabopoB MDA.
Lleab paboThl — OLIEHKA MPUTOAHOCTH pa3padoTaH-
Hoit MDA TecT-cuCcTeMbI IJIs1 KOJIMYeCTBEHHOTO oMpe/ie-
JIeHUs] pUTYyKcrMaba B ChIBOPOTKE KPOBU KPOJMKOB TIO-
cJie BHYTPMBEHHOTO BBelIeHUsI TIperapara, cofepKallero
pUTYKcUMab, B 103e, COOTBETCTBYIOLICH TepareBTUye-

! Guideline on similar biological medicinal products containing biotechnology-derived proteins as active substance: non-clinical and clinical

issues (EMEA/CHMP/BMWP/42832/2005 Revl).

Guideline on similar biological medicinal products containing monoclonal antibodies — non-clinical and clinical issues (EMA/CHMP/

BMWP/403543/2010).

Guidelines on evaluation of similar biotherapeutic products (SBPs). World Health Organization.

132 BepoMocTn HayuHoro LeHTpa sKcnepTu3bl CpeAcTs MeauUMHCKoro npuMeHenmna 2019. 7. 9, N 2
The Bulletin of the Scientific Centre for Expert Evaluation of Medicinal Products 2019. V. 9, No. 2



Banupauma UMMyHodepMeHTHO TeCT-CUCTEMBI A71A BOKMMHUYECKUX UCCNe[0BaHNIA GapMaKOKMHETUKM pUTYKCUMaba
Validation of Enzyme Immunoassay for Preclinical Pharmacokinetic Trials of Rituximab

CKOI1 103¢e y uestoBeka. 11l JOCTVKEHUS TTOCTaBIeHHOM
LIEJIM HeOOXOIMMO OBLIO TIPOBECTH TTOJIHYIO BaTUAALIUIO
TECT-CUCTEMBI W OLIEHUTh BCE BaJMJALIMOHHBIE Iapa-
METPbl Ha COOTBETCTBHE KPUTEPUSIM IIPUEMIIEMOCTH,
MPEeBLSIBISIEMBIM MEXXIYHAPOAHBIMYA CTAHIAPTAMU?,

MATEPWAJIbI U METO]IbI

MDA TecT-cucTemMa IS oripeAe/IieHUs pUTyKcruMaba
B chiBopoTKe KpoBHu (OO0 «HayuyHO-TIpOM3BOACTBEH-
Helii 1HeHTp [IpoGuoTek») BKIOUana 96-TyHOUHBIH
TOJIUCTUPOJIBHBIN TUIAHIIET C WMMOOWIN30BAaHHBIMU
Ha TIOBEPXHOCTU JIYHOK WAVUOTUIINYECKUMU KPBICH-
HbIMA MOHOKJIOHAJIbHBIMUA aHTUTENIAMU TIPOTUB PHU-
TykcuMaba (ki1oH MB2A4, Bio-Rad Laboratories, Inc.,
CIIIA), cTtaHmapTHBIA PacTBOp PUTYKCHMMaba ¢ KOH-
neHTpaumreir 10 Mr/mia (IIpUTOTOBJIEHHBIM Ha OCHOBE
npenapara Ma6Tepa® KOHLUEHTPAT 1IsI IPUTOTOBIECHMS
pactBopa migd uHopy3uii 500 mr/50 mi («Pomr JInarso-
ctukc IM6X», IepmaHus)), pacTBop KOHbBIOraTa Ko-
3bUX MOJIMKIIOHAIBHBIX aHTUTEN MpoTuB Fc dhparmenTa
IgG uyenoseka ¢ nepokcuaasoit xpeHa (A0170, Sigma-
Aldrich, CIIIA), cybcTtpaTHblii pactBop 3,37,5,5 -Te-
TpameTwnoeHsuarHa (TMDB), cTom-peareHT, a Takxke
OTMBIBOYHLIN O6ydhepHbIid pactBop (0,01 M docdatHo-
coneBoil O6ydep ¢ 0,05 % TBuH-20) U peaKLIMOHHBIA
o0ydepHsbIit pactBop (0,01 M docdhaTHO-coseBoii 6ydep
¢ 1 % Oblubero CbIBOPOTOYHOTO aTbOyMUHA).
DKCIIEpUMEHTHI Ha XWBOTHBIX MPOBOIUIIUCH C CO-
OJIIOICHNEM TPABOBBIX W ATUYECKUX HOPM OOpaIleHUs
C XWBOTHBIMU B COOTBETCTBUU C TTPaBWJIAMU, TTPAHS-
TeiMU EBporneiickoii KoHBeHILIMEH Mo 3alluTe I03BO-
HOYHBIX XUBOTHBIX, UCTIOJb3YeMBbIX ISl SKCIIEpUMEH-
TaJIbHBIX U MHBIX HaydHBIX Leleii (Ctpacoypr, 1986).
OO0paslbl ChIBOPOTKM KpPOBU ObLUIM MOJIYYEHBI
OT 7 KPOJMKOB-CaMII0B Mopojibl «CoBeTcKast IHMHIIII-
Jla» 10 W TOocje OJHOKPAaTHOIO BBeNeHMSI B KpaeBylo
BeHY yXa IperrapaTa Ma6Tepa® KOHIIEHTpPAT JJIST TTPUTO-
TOBJIeHUS pacTBopa 11t uHdy3uii 500 mr/50 M («Por
HuarHoctukc IM6X», Iepmanmst) B mo3e 32 MI/KT,
YTO COOTBETCTBYET TepaneBTUUECKOW 103€ 4YesloBeKa.
OOpa3ibl KPOBU Y UCHBITYEMBIX XWBOTHBIX OTOMpA-
JIV 10 BBEJIEHUS U B TeueHue 28 MHel mociie BBeIeHUSs
npemnapata. O6pa3lbl KpOBM MHKYOUPOBAIU B TCUCHUE
20 muH npu TeMneparype 37 °C mj1s1 0opa3oBaHUS CTYCT-
Ka 1 LIeHTpU(yrupoBaiu B TedeHue 15 muH npu 1500 g.
Hasnee 00pa3iibl CBIBOPOTKA KPOBU MEPEHOCUIIN B TIJIa-
CTUKOBBIE IPOOUPKU U 3aMOPAKUBAIIU ITPU TEMIIEPATY -
pe —35 °C 1o MOMeHTa IpOBeACHMSI aHAJIN3A.
ITpouenypa Bamnmauyu MDA TecT-crCTEMBI BKJIIO-
yaja 6 aHaJIUTHUYECKNX cepuil. B cocraBe Kaxmoit
aHAJIUTUYECKON Cepur OBbLUTA TTPOAHAIM3UPOBAHBI Ka-
JIMOPOBOYHBIE CTAHAAPTHI ST TIOCTPOEHUS TPaayUpo-
BOYHOU 3aBUCHAMOCTH, a TaKXe HEOOXOIUMOE KOJINUe-
CTBO OJIAHKOBBIX (MHTAaKTHBIX) OOpa3loB CHIBOPOTKU

KPOBU KPOJMKOB W 00pa3loB IS KOHTPOJIST KauecTBa
C OTpeNieIECHHOM KOHIIEHTpalueil puTykcumaoa.

Kaxnpiii 06pazer] aHATU3UPOBAJICS B TPEX TMOBTO-
pax. KanmnOpoBoUyHblEe CTaHAAPTH TOTOBUJIA TTYTEM JIO-
0aBJeHUsI CTAHJAPTHOTO pacTBOpa pUTyKcuMaba K pe-
aKIIMOHHOMY Oydepy 10 HeOOXOAUMOI KOHLIEHTpaLIUH.
O06pa3s1bl U1 KOHTPOJISI KaYeCTBa TOTOBUIIN aHAJIOTUY-
HO, HO B KaUueCTBe MaTPHUIIbl UCTIOJIb30BAIU ITyJ 7 pa3-
JIMYHBIX OJTAHKOBBIX CBIBOPOTOK KPOBU KPOJIMKOB.

Ha miepBoii cramuu aHanusa B JIYHKW TUIAHIIETa
nomemanu 100 MKJI KaTMOPOBOYHOTO CTaHAApTa, 00-
pasla Ui KOHTPOJisS KadecTBa, OJaHKOBOTO 0Opaslia
CBIBOPOTKM KPOBU WM 00pa3lia CHIBOPOTKU KPOJIUKa
C HEU3BECTHOW KOHIIEHTpalluel puTykcumaoa ¢ Tpe-
BapuUTEJIbHBIM pa3BeleHUEM PEaKIIMOHHBIM OydhepHbIM
pacTBOpPOM B TpebyeMmoe KoandecTBo pa3. Comepxxumoe
JIYHOK TIEpEeMEIIMBAIM B T€YeHHWE 2 MUH, TIOCJe Yero
IUIaHIIET MHKYOMpoBau B TedeHHe 1 4. MHKyOanuio
Ha BCEX CTaqusIX aHAJIN3a MPOBOJIWIIN B 3aIIUIIIEHHOM
OT cBeTa MecTe Ipu Temmeparype 18—25 °C. [danee
TUTAHIIET OTMBIBAJIA TPU pa3a OTMBIBOYHBIM pPACTBO-
poM (300 mxu/myHKy). Ha BTOpoil cTagum B KaxXmylo
JIVHKY Iu1aHIIeTa BHocwin 100 MKJ1 pabodero pacTBopa
KOHBIOTaTa U UHKyOnpoBaiu B TeueHne 30 MUH, Ttocie
Yero IUIAaHIIET CHOBA OTMBIBAJIA TPUKIbI OTMBIBOYHBIM
pactBopoM (300 MKJI/TYHKY). Jlanee B JIyHKH IIJIaHILIETA
BHocwau o 100 Mk cyocTpaTHoro pactBopa TMb, nH-
KyoupoBaiu 15 MuH, mocJe yero nooapisuiu mo 100 mxa
cror-peareHTa. ComepXuMoe JIYHOK TepeMelInBain
W1 U3MEPSUIM ONTUYECKYI0 IoTHOCTh (OIl) mpu mivHe
BOJIHBI 450 HM C MOMOIIBI0O MUKPOTUIAHIIIETHOTO (hOTO-
metpa MRX (DYNEX Technologies, Inc., CIITIA).

ITpouenypa Bamumanvy BKJIIOYala OIpeesieHue
KaJMOpPOBOYHOTO HMAIa30Ha, BBIOOP PErpecCUOHHOTO
YPaBHEHUS, OIIEHKY CEJIEKTUBHOCTUA, BHYTPU- U MEX-
CEpUMHON MPABUJILHOCTU U NPELUM3UOHHOCTH, JIMHEW-
HOCTU pa3BelieHUsI, CTAOWJIBHOCTU OWOJIOTMYECKUX
0o0pas3loB, a Takxe Mapaienusma. OTIETbHBIX HC-
CIIe[IOBAaHUN CIEeU(PUIHOCTU HE MPOBOMWIOCH, TMO-
CKOJIbKY MCMOJIb30BaHHHbBIE ISl u3rotopieHus: MDA
TECT-CUCTEMbl MOHOKJIOHAJIbHBIE AHTUTENA BBICOKO-
cnennUIHBI OTHOCUTEIBHO PUTYKCMMaba U He pac-
no3HaT apyrue CD20 aHTuTena (10Ka3aHO MPOU3BO-
JIATEJIEM MOHOKJIOHAJIBHBIX AaHTUTEN).

PerpeccuoHHBI aHaNU3 KaJuOpPOBOYHOW 3aBU-
CUMOCTH, pacueT Ko3(D(UIMEHTOB HeTepMUHALINU
R> m cratMcTMYecKuit aHaNM3 JTaHHBIX ITPOBOIMIIN
B Microsoft Excel 2010.

ITpu o1ieHKe TapaMeTpOB BAIUAAIIAN PACYUTHIBAIIA
cpefHee 3HAUEHWE, CTAaHAAPTHOE OTKJIIOHEHWE, TIPEeIn-
3UOHHOCTh (XapaKTepu3oBaJlach KOA(P(UIITMEHTOM Ba-
puanum), MpaBWIbHOCTh (XapaKTepu30BaJlach OTHOCH-
TEJIbHOU BEJIMUWMHOW CUCTEMATUYECKOU MOTPEITHOCTH)
no ¢hopMmysam:

2 Guideline on bioanalytical method validation (EMEA/CHMP/EWP/192217/2009 Rev. 1 Corr. 2¥*).
TpaBuia mpoBeneHus McCIeNOBaHMI G1I0KBUBAJIEHTHOCTH JIEKAPCTBEHHBIX TIPeTapaToB B paMKax EBpa3uiickoro 3KoHoMu4eckoro coto3a. [1pu-
noxeHne Ne 6 «TpeGoBaHUS K BATUIALUKM GHOAHATUTUIECKMX METOIMK MCTILITAHUI 1 aHAJTU3Y UCCIIENyeMbIX GHOOTMYecKUX 06pasiioB (2016)».
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B. B. MNucapes u ap.
V. V. Pisarev et al.

1 n
cpeHee 3HaYeHMe (X) = ZZ X; (1)

i=1

1 & _
CTaH/apTHOE OTKJIOHeHHUe (SD) = ~ ¥ (x; — %)? ()
i=1
NpPEnU3UOHHOCTh = STD X 100 % 3)
X

l'[onyquHoe 3HayeHUe — HoMUHa/IbHOE 3HaYeHue

IPaBHUJIBHOCTb =

x 100 % (4)

HoMuHa/ibHOE 3HaYEeHUE

OO61asa omnbKa MeToa pacCUMThIBAJIaCh KaK CyM-
Ma MOJyJIeil 3HaYeHUI TPaBUJIBHOCTH U IIPELIM3UOHHO-
CTH, BBIpaX€HHBIX B IIPOIIEHTaX>.

IIpenen oOHapyXeHUS OIpenelisUicsd KaK 3HaueHue
KOHIIEHTpalluy pUTYKcruMaba, COOTBETCTBYIOIIIEE CPe/l-
HEeMY 3HaueHMIO 0JJaHKOBOIO oOpasiia MaTpulsl + 3.5D.
HuxHuii ipenes KOIM4eCcTBEHHOIO OIpeeaeHUs pac-
CUMTHIBAJICI KaK 3HaUeHHME KOHLIEHTpalMU pUTYKCHUMa-
0a, COOTBETCTBYIOIIEE CpeAHEMY 3HAUCHUIO 0JJaHKOBO-
ro oopasua matpuusl + 105D.

PE3YNIbTATbI W OBCYH/IEHUE

Hna Beibopa mHTepBaga MDA TecT-cucTteMsl I
KOJIMYECTBEHHOTO OIpelie/ieHUs] pUTyKcruMaba Obuiu
MpoaHaIu3UpOBaHbl PacTBOPbl pUTYKCHMaba B peak-
LIMOHHOM Oydepe ¢ KoHueHTpauueir 1—1000 Hr/miIL.
ITo nojyyeHHbIM JaHHBIM MTOCTPOWJIN IpaduK 3aBUCK-
MOCTH ONTUYECKON IMJIOTHOCTU OT 3HaUE€HMI KOHILIEH-
Tpauuu puTykcrumaba. M3 taHHbIX, IpeacTaBlIeHHbIX Ha
pUCyHKe la, BUIHO, YTO TIPU KOHLEHTpallMd PUTYKCHU-
ma6a 250—1000 Hr/MJI 3HaU€HUS ONTUYECKON IIOTHO-
ctu (OIl) HaxonmgTcs B 001aCTU IUIATO, T.€. JaJibHEMIIee
yBeJIMUeHWe KOHLIEHTpaluu He MPUBOIUT K IMPOIOp-
HMoHaabHOMY Bo3pacTaHuto OIl. Kpome Toro, mis

a

2,41

OnTHyecKasi IIOTHOCTb, YCJI. e]1.
Optical density, AU
o

0 200 400 600 800 1000

KoHueHTpamus puTyKcumMada, Hr/Ma
Rituximab concentration, ng/mL

tBepaodazHoro MMA pekoMeHmyeTcsl, YTOObI MaKCH-
maibHoe 3HaueHue OIT He npeBbiinao 2,0 yci. en. [14].
C ydeToM 3TOro TpeOGOBaHUSI 3HAUEHUS] KOHLIEHTpalM1
puTtyKcumaba Beiiie 100 HTr/MII He MOIYT BOWTHU B 00-
JIaCTb OMalla30Ha KaauOpoBOUHOM KpuBOil. Takum 00-
pa3oM, KaluOpoBOYHBIM rpaduk (puc. 1b) cocTosin
13 9 HEHyJEeBBbIX KaJTUOPOBOUHBIX CTAHIAPTOB, OXBa-
TBIBAIOIIMX AWAIa30H KoHLeHTpauuii 1—100 Hr/mi,
a Takxe HyJieBoro obpasiia, yUuacTBYIOIIETO B ollpeje-
JIGHUU PerpecCMOHHOro ypaBHeHus. Hawnyduieir pe-
IPECCUOHHON MOJeNbl0 B AMana3oHe KOHLIEHTpaluii
1—100 Hr/Ma okazajach KBaapaTH4YHAs 3aBUCUMOCTb.
Jns Bcex 6 BaMMAALIMOHHBIX cepyii KO3(hMULIMEHT ae-
TepMUHAMU R I KaJuOGpoBOYHOTO Tpaduka Iipe-
Boimas 0,99. Mo rpacdukamM ObUT TpOBENEeH OOPATHBIN
pacyeT KOHIUEHTpaluii KaJuOpPOBOYHBIX CTaHIAPTOB.
OTKJIOHEHUS] pacCUMTaHHbIX 3HAUCHU I KOHLIEHTpaLM i1
BceX KaJIMOPOBOUHBIX CTaHAAPTOB OT TEOPETUUYECKUX
3HAUYE€HN HaxXoOuIuCh B nuamna3oHe ot —10,3 no 5,3 %
U He BBIXOAMJIU 3a JoIycTuMble +20 %.

s HaxoxnaeHus mnpenena oOHapyxeHus (ITO)
U HUXKHEro Tpeliesia KOJIUYECTBEHHOTO OIpeaeeHUs!
(HITKO) 6pu1 mpoaHaIM3upoBaH obpasell 0JaHKOBOM
CbIBOPOTKU KpoBU B 10 moBTopax. [To pe3ysibram aHanuza

b

o - -
oo [ [=)}

Optical density, AU

OnrnyecKas IWIOTHOCTD, YCI. €1
=)
S

(=}
o,

20 40 60 80 l(I)O

KoHIleHTpanys puTyKcuMada, Hr/mi
Rituximab concentration, ng/mL

[=}

Puc. 1. Ipagux 3aeucumocmu onmuueckoii NAOMHOCMU OM KOHUEHMPAyuU pumykcumada 8 kasubposouHvix cmanoapmax: a — 04
Ouanazona konyenmpayuii 1— 1000 ne/ma, b — dasn duanazona konyenmpayuii 1— 100 ne/ma (ypasnenue peepeccuu: y =—0,0001x* +

0,0305x + 0,082, R? = 0,9986)

Fig. 1. Plot of optical density versus rituximab concentration in calibration standards: a — for the concentration range of 1— 1000 ng/mL,
b — for the concentration range of 1— 100 ng/mL (regression equation: y = —0.0001x* + 0.0305x + 0.082, R? = 0.9986)

3 Guideline on bioanalytical method validation (EMEA/CHMP/EWP/192217/2009 Rev. 1 Corr. 2**).
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Banupauma UMMyHodepMeHTHO TeCT-CUCTEMBI A71A BOKMMHUYECKUX UCCNe[0BaHNIA GapMaKOKMHETUKM pUTYKCUMaba
Validation of Enzyme Immunoassay for Preclinical Pharmacokinetic Trials of Rituximab

MePJIUNUIEMUUECKIE 1 TeMOJIM3UPOBaHHEIE 00pa3Ilh,
B KOTOpble ObLI J00aBI€H PUTYKCMMaO OO KOHEYHOM
KOHIleHTpauu 1 Hr/ma u 15 Hr/mn. Metoauka Oblia
MpU3HaHa CEIeKTUBHOM, ITOCKOJBKY COOTBETCTBYET
KPUTEPUIO MIPUEMIIEMOCTA — ITOJIy4YeHHbIC 3HAYCHMS
KOHIIEHTpalluM pUTyKcrMaba Bo Bcex 10 oOpasiax Chl-

Ma30H TeCT-CUCTeMbI 00pa3LIbl AJISI KOHTPOJIS KauecTBa
Pa3BOOWINCH PEaKLMOHHBIM OyhepHBIM pPacTBOPOM,
KaKk MUHAMYM, B 5000 pa3. JIonmoJTHUTEIbHBIM IPeUMY-
[LIECTBOM TaKOI'o pa3BeleHUS ObLIO MPAaKTUUECKU TOJI-
Hoe ycTpaHeHue 3(pdeKTa MaTpUIIb.

BuyTpu- u MeXcepuilHble IPEUU3UOHHOCTh
W TIPaBWIBHOCTh, a Takxe oOImasg omundka MeTo-
Ja ObUIM OLIEHEHbI C MCHOJb30BaHHEM 5 00Opa3lLoB
JUI1 KOHTPOJISI KauecTBa ¢ KOHILEHTPALUSIMMU PUTYK-
cuMaba B amanazoHe 10—375 mxr/mi. Ilocne pasBe-
neHus B 5000 pa3 oOpa3lbl aHAJIW3UPOBAIU B COCTaBe
6 aHANIUTUYECKUX CEPUii, KaXIbIii B TpeX MOBTOpaXx.

Taomna 1. BHyTpu- U MexXcepHitHasl peliM3MOHHOCTb, TIPABUIIBHOCTD U 001ast ONIMOKA METOIMKH OTpeIeIeHUs PUTYKCH -

Maba B CbIBOPOTKE KPOBU KPOJIMKOB

Table 1. Within-run and between-run precision, accuracy and total error of the method of rituximab determination in the blood

serum of rabbits

AHanuTHYeCKHe XapaKTepUCTUKH

Analytical characteristics

O0pas3iusl 1151 KOHTPOJISI Ka4ecTBa
Quality control samples

BHyTpu anamTHYecKoii cepun (1 cepust, 3 moBTOpa ISt KaXKI0ro o0pasia)
Within analytical run (1 run, each sample in 3 replicates)

CpenHee 3HaYeHHe, MKT/MJI

Mean, pie/ml, 8,61 29,71 70,70 269,55 378,66
CraHaapTHOe OTKJIOHEHHe, MKT/MJI

Standard deviation, pg/mL 0,53 0,51 0:42 1,45 12,30
IIpeuusuonnoctsb, % 6.2 1.7 0.6 05 39 L
Precision, % > > > > > —
(&)
IpasuiasHoCcTh, % =
Accuracy, % —13,9 -1,0 —5,7 -2,0 1,0 o=
Obwan omuGka, % 20,1 2,7 6,3 2,5 42 =
Total error, % > > > > > =
" (d=)
Mexny aHATATHYECKUMH cepusivi (6 cepHii, 3 TOBTOpa ISl KaXKI0r0 00pasiia) =
Between analytical runs (6 runs, each sample in 3 replicates) o
CpenHee 3HaYeHHe, MKT/MJI =
Mean, pie/ml, 8,76 30,60 75,23 256,27 356,63 =
—_
CraHaapTHOe OTKJIOHEHHe, MKT/MJI =
Standard deviation, pg/mL 0,65 L 2,67 7,85 15,57 =
(NN}
IIpeuusuonnoctsb, % =
Prasicion, 7 7,4 4,7 3,5 3,1 4,4 =
IIpasunsHoCTD, % =

5 /0
Accuracy, % —12,4 2,0 0,3 —6,8 —4,9 =
| -
Oo6mas omuoKa, % ==
Toizl o, &) 19,8 6,7 3,8 9,9 9,3 =
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