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buoaHanumuuyeckue MemooObl npume-
HAIMCA KAK HAa cmaouu paspabomku u
UCnbIMaHus npenapamos, mak u npu ce-
puliHom 8binycke apmayesmuyeckol
npodykyuu. OueHka kadecmea Jsekap-
cmeeHHbIx npenapamos (/1) u cybcmad-
yul npou3sooumMcsa C NOMOWbIO MOYHbIX
U 80CNpouU3800UMbIX Memo0os. To4HOCMb
U 80CNpoU3800UMOCMb Memooad nposeps-
oMmca npu nposedeHUU B8asIUOAUUOHHbIX
pabom, komopesie A8aaomca obs3ameriob-
HoiMu npu peaucmpayuu Jil. OcHosHou
3a0ayell sanaudayuu mMemooda £A8J/19emcs
3KCnepuMeHmMasnabHoe  00KA3amesibCmMaEo
e20 npuz2o0Hocmu 058 uenel, Komopeble
00o/1Hbl 6bimb 0ocmueHymel. Banudayua
6uoaHasumMuyeckux MemoouK — 3mo 0OUH
U3 3/1eMeHmo8 8aaudayuu 8ce2o npouecca
npou3zgoocmea nekapcms [1, 2]. Ljene uc-
cnedosaHus: sanudayusa paspabomaHHo-
20 8 000 «MbL] «[eHepuym» memoda oueH-
KU cneyucuyeckoll aHmuzemosiumuyeckou
akmusHocmu npenapama  3Kysu3ymao.
Mamepuanel u MmemoObI: npenapam 3Ky-
lu3ymab, ceHcubusU3UPOBAHHbIe AHMU-
menamu KypuHsle 3pumpoyumel, KOMnJie-
MeHM-co0epXXaujas CblBOPOMKA Yes108eKda.
Pesynemamer: npu g8anudayuu memooa
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Bioanalytical methods are applied at
the development and test of drugs as well
as at the step of pharmaceutic products
issue. Drugs and excipients quality esti-
mation is made by means of precise and
reproducible methods. Accuracy and repro-
ducibility of a method is established during
validation which is obligatory for medicine
registration. The principal task of method
validation is experimental evidence of its
suitability for the objectives to be achieved.
Validation of bioanalytical methods is one
of the elements of the whole medicine pro-
duction validation [1, 2]. The aim of re-
search: to validate a method for determi-
nation of specific anti-hemolytic activity of
eculizumab developed in LCC “IBC Generi-
um”. Materials and methods: eculizumab,
antibody-sensitized chicken erythrocytes,

complement-containing human serum. Re-
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NoKA3aHbl €20 cheyuguyHOCMb U Ccoom-
gemcmeaue Kpumepuam — npaguibHOCMb
onpedesieHUA OMHoOCUMesIbHOU cheyu-
¢uyeckol akmusHocmu (103.0+1.4)%),
ycmouyugocme (CV - 11.5%), cxooumocme
- (CV - (4.9+0.9)%), sBocnpou3800UMoCcms —
(CV - (3.5£0.4)%) u nuHetiHocmeo (k-1.0275;
R? - 0.9975). NMpu sanudayuu 8 yesaom noo-
meepx0eHa Npu200HOCMb cucmemsi (060-
pydosaHue, mamepuasnel, dHaJumMuyeckue
onepauuu u adasnausupyemole 06pasyvi)
0719 NoJly4YeHUs 00CMOBEPHO20 pe3y/ib-
mama. O6cyxoeHue pe3ylbmamoes.
lMpu eanudayuu memooa noJsy4yeHO 3SKC-
nepumeHmMasbHoe 00KAazamesibCMBO e20
npu2oOHocmu 0719 00CMUXeHUA nocmas-
JIeHHoU uyenu - oueHku cneyughuyeckol
akmusHocmu npenapama  3kysiusymae.
[lpocmoma ucnosiHeHUs Memooda Nno38o-
JIUM NoJly4ame MOYHble pe3yibmamel npu
€20 NpUMeHeHUU 8 Opyaux 1abopamopusx.
Pa3pabomaHHbIt Memo0o Mmoxem 6bimb UC-
NoJib308aH He MOJIbKO 0718 onpeodesieHus
cneyuguyeckoli akmusHocmu JIC Conu-
puc, Ho u Opyaux hapmayesmuyeckux cy6-
cmaHyut u nekapcmeaeHHwix cpedcmas (J1C)
Ha ocHose aHmumen agguHHbix K C5 Kom-
NOHeHMa KomnsieMeHma 4es108eKd.

Knioyesvle cnoea: skynusymab, aH-
muzemosiumuy4eckdas akKmueHOCMb, 8aJluU-
dayud, cneyugu4yHoCcme, NpPasusibHOCMs,
JIUHeUHOCMb, Npeyu3uOHHOCMb, 80CNPO-
u3800UMOCMb

BBenenue. DpdextuBHOCTS U Oe30mac-
HOCTH JieKapcTBeHHbIX cpencTs (JIC) rapan-
TUPYETCS UX COOTBETCTBUEM HAITHOHATbHBIM
U MEXIyHApOTHBIM CTaHIapTaM KauecTBa.
CootBerctBue kayectBa JIC permaMeHTupy-
€MBIM TpeOOBaHUSAM YCTaHABIIUBACTCS pa3-
JIMYHBIMU MeTomaMu. Beison o kauectse JIC
B 3HAYUTCILHOM CTCIICHH 3aBHCHUT OT Kaue-
CTBa CaMOro METOfa, MO3TOMY HE0OXOTUMO
OIICHUBATh TPHUTOJAHOCTh AHAJTMTUYCCKUX
METOJIOB C TIOMOIIIBIO MPOLIETYPhI KBaTU(hU-
Kalliy WK MOJHOM Bamuaamnuu [ 1, 3].

I'naBHOM 3amadeil Bajauganuu JIH000M
METOIMKHU SIBJSIETCS OKCTIEPUMEHTAIBHOE

sults. We demonstrated the specificity of the
method and its correspondence to criteria
of accuracy (103.0+1.4)%, robustness (CV
- 11.5%), repeatability (CV - (4.9+0.9)%),
reproducibility (CV - (3.5+0.4)%), and linear-
ity (k-1.0275; R? - 0.9975) during validation.
The system validity (equipment, materials,
analytical operations and analyzed sam-
ples) was confirmed for true results obtain-
ing during validation. Results discussion.
Experimental evidence of suitability of the
method for eculizumab specific activity as-
sessment was obtained in course of valida-
tion. The simplicity of the method allows
obtaining accurate results in other labora-
tories. The developed method can be used
not only for specific activity of Soliris deter-
mination but also for other pharmaceutical
substances and drugs based on antibodies
specific to human complement C5.
Keywords: eculizumab, anti-hemolytic
activity, validation, specificity, accuracy, lin-

earity, precision, reproducibility

Introduction. Efficiency and safety of
drugs are guaranteed by their correspon-
dence to national and international quality
standards. Correspondence of drugs quality
to the restricted requirements is established
by different methods. The conclusion about
medicine quality depends from the method
quality at a significant rate; therefore it is
necessary to assess suitability of analytical
methods using qualification procedure or
full validation [1, 3].

The main task of method validation
1s experimental confirmation of its appli-
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JI0Ka3aTeNIbCTBO MPUTOAHOCTH €€ IPUMEHE-
HUS 17151 JOCTUKECHUS 3asIBJICHHOM 1I€JIH.

Henbio uccienoBanusi Obuia pazpaboT-
Ka W BaJMJAIMsl METOJa OIEHKU crenudu-
yeckoit aktuBHOCTH JIC sxynu3zymad (Comnu-
puc). Comupuc npuMeHsieTcss sl JeUeHUs
MapOKCU3MAIILHONW HOYHOM TeMOITIOOUHYpHH
(ITHT'). ITHI" — »T0 0OuYeHb pearoe 3a0oeBa-
HHUE KPOBHU, 00YCIIOBIIEHHOE SKCIAHCUEH O/
HOTO WJIM HECKOJBbKUX KIJIOHOB T'€MOIIO3TH-
YECKUX CTBOJIOBBIX KPOBETBOPHBIX KIIETOK C
comarudeckor myrtammen PIG-A rena [4, 5].
B 58% cnyuyaeB npuunHOIl cMepTH NaIeH-
ToB ¢ [IHI" siBnstorcst TpomMOO3bI, XpOHUUE-
cKasi 0OJIe3Hb TOYEK, reMOpPParuuecKue Oc-
JIOKHEHUs Ha poHe TpomborToneHuu |5, 6].

Conupuc — rymMaHU3UpPOBAHHOE MOHO-
KJIOHaJbHOE aHTuTeNno nporuB C5 Kom-
MOHEHTa KOMIUIEMEHTa YeJIOBEKa, €ro
CBSI3BIBAHUE C MUIIICHBIO WHTHOUPYET pac-
mierienue komrnonenta C5 Ha C5a u C5b
U OJIOKHUpYyeT 00pa30BaHKUE TEPMUHAIBLHOTO
koMmIuiekca komruiemMeHta C5b-9. Takum
00pazoM, 3Kynn3ymMad BOCCTaHABIMBAET pe-
TYJSIIUIO aKTUBHOCTH KOMIUIEMEHTA B KO-
BU U MPEAOTBPAILAET BHYTPUCOCYIUCTHII
remonu3 y 6onbubix [THI [4, 5, 7, 8, 9].

Jliist onieHKHU criennuueckoil akTUBHO-
ctu JIC Conupuc 06b11 pa3paboTaH METOJ C
WCIIOb30BAaHUEM  CEHCHOMIM3UPOBAHHBIX
aHTUTEJIaMU KypUHBIX 3)pUTpouToB (CI) u
KOMILIEMEHT-COEPKAIled CHIBOPOTKH 4Ye-
noseka (UC).

B pesynabrare mnpoBeiaeHHOW Baiuaa-
1uU ObUTH TMOJTyYEHBI SKCTIEPUMEHTAIbHBIC
JTAaHHBIE, TOATBEPIKIAIOIINE COOTBETCTBUE
pa3paboTaHHON METOIMKHU KPUTEPUSIM MPH-
E€MJIEMOCTH JIJIsl KOJIMYECTBEHHBIX OnoaHa-
JUTUYECKUX METOJIOB — CIHENU(PUIHOCTD,
NPaBWIBHOCTb, MPELUU3UOHHOCTh, JIHHEH-
HOCTb U YCTOMYMBOCTb U TIOKa3aHa €€ Mpu-
TOHOCTh JUISS OIEHKU CHEerupUIeCKOMn
aKTUBHOCTHU pa3HbIX cepuii nmpenapara Co-
JUpHUC.

Marepuanbl u Metoabl. CeHcuOu-
JAu3alus KypUHBIX DPUTPOLIMTOB: Trema-
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cation suitability to achieve a stated pur-
pose.

The aim of the study was to establish and
validate the method of a specific activity of
eculizumab (Soliris) assessment. Soliris is
applied for treatment of paroxysmal noctur-
nal hemoglobinuria (PNH). PNH is extraor-
dinarily rare blood disease conditioned by
expansion of one or several clones of hema-
topoietic stem cells with somatic mutation
of PIG-A gene [4, 5]. Thrombosis, chronic
kidney disease, hemorrhagic complications
against the thrombocytopenia are reasons of
death of 58% PNH patients [5, 6].

Soliris is a humanized monoclonal anti-
body against the complement C5, its bind-
ing with a target inhibits C5 component
splitting into C5a and C5b and blocks the
formation of complement C5b-9 terminal
complex. Thus, eculizumab restores regu-
lation of complement activity in blood and
prevents intravascular hemolysis of PNH
patients [4, 5, 7, 8, 9].

A method using antibody-sensitized
chicken erythrocytes (SE) and comple-
ment-containing human serum (HS) was
developed for Soliris specific activity eval-
uation.

Experimental data confirming a consis-
tency of developed method with eligibility
criteria for quantitative bioanalytical meth-
ods such as specificity, accuracy, precision,
linearity, and robustness were received as
validation result, and its convenience for
specific activity determination of different
Soliris series was shown.

Materials and methods. Sensibilization
of chicken erythrocytes: heparinized blood
was washed by phosphate buffered saline,
and 10% erythrocytes suspension was pre-
pared in veronal buffer saline (VBS) (Lonza,
Catno. BW12624E). Then, an equal volume
of antibody solution diluted in the ratio 1:50
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PUHU3UPOBAHHYIO KPOBbH OTMBIBAIHM (hOC-
(aTHO-cONIeBBIM Oy(EepHBIM PacTBOPOM H
rotouin 10% cycneH3uto 3pUTPOLUTOB
B BepoHasioBoM Oydepe (Bb) (Lonza, Cat.
Ne BW12624E). [1ocne 3TOro K 3puTponu-
TaM J00aBISUTM paBHBIM 00BEM pacTBoOpa
aHTUTeN (pa3BEIECHHBIX B COOTHOIICHUHU
1:50) (Rockland, Cat. Ne 203 — 4139) u un-
kyouposanu 1 gac npu 37°C npu nepuoau-
YECKOM MOMEIIMBAHUU. 3aTeM CYCHEH3HIO
nBaxapl oTMbeiBasid Bb. CO xpanwiu npu
4°C He Oonee 2 Heseb.

MeTtoauka OIeHKH crienuduueckoil ak-
TUBHOCTH INPENAPATOB: B JIYHKH 96-IIyHOU-
HOTO KPYIJIOAOHHOTO TUIAHIIETa BHOCHWIIH
o 50 Mk JIC Comupuc (cepust p0003703,
Alexion Pharma International Sarl) B Tpu-
TUTMKATAaX B IOCJIEI0BATENIbHBIX 2- U 3-KpaT-
HbIX pasBeneHusax B Bb or 2000, 1600 u
400 nM u o 50 mxn 5 uim 10% HOpMamb-
HOM komIuieMeHT-coaepkarmiet UC (Quidel
Corporation, Lot# 016787) B Bb. Ilocne
15-20 MuH. nHKYyOaIuu BHOCHIN 110 30 MK
10% cycnensun CO. Kontponu: orpuna-
tensHbIN — 100 M1 Bb +30 mxn CO; momo-
xutenpHbiil — 50 mxs1 Bb + 50 mxa 5 — 10%
HopMasnbsHOM UC + 30 Mk CO.

[Tocne 40 mun. maKyOammu npu 37°C
IPUTPOIUTHI OCAKIAIH TEHTPUPYTHPOBa-
HueM (1500 06/MuH, 5 MUH) ¥ IEPEHOCUITH
o 100 Mk cyniepHaTaHTa B IJIOCKOIOHHBIN
mwiaHmer. OnTtudeckyro MmIoTHOCTH (OD)
mmepsuin Ha cnektpodoromerpe (Tecan
Infinite M200) npu anuHe BodHBI 415 HM.
[IpouieHT remommn3a paccuyuThIBaIU MO Qop-
MyJI€:

% remonm3a =100%*(OD

% of hemolysis =100%*(OD

obpasert o

- OD

sample

OO0paboTKy TaHHBIX TTPOBOIUIIU C TIOMO-
b0 MporpaMMHOTo obecnieueHust Excel u
GraphPad Prism 6.0 ¢ ucnonszoBanuem 4-x
napaMeTpUYeCKOr JIOTUCTUYECKON (PYyHK-
MM JI0303aBUCUMOTO WHTHOUPOBAHUS, U
¢ynkuun “constrain — shared value” mns
3HAQUEHUM BEPXHEHM U HWKHENM aCHUMITOT

OD

negative control)/(

(Rockland, Cat. No. 203 —4139) was added
to erythrocytes and incubated for 1 hour at
37°C with periodic mixing. The suspension
was washed by VBS twice. Erythrocytes
suspension was kept at +4 °C no more than
2 weeks.

Method of a specific activity determi-
nation: Soliris (series p0003703, Alexion
Pharma International Sarl) was applied to
96-well round-bottomed plate (50 ul per
well) in triplicates in serial 2- and 3-fold
dilutions in VBS starting from 2000, 1600,
and 400 nM. Then, 5% or 10% normal com-
plement-containing human serum (Quidel
Corporation, Lot# 016787) in VBS was
added to each well (50 pl per well). After
15-20 minutes of incubation 10% eryth-
rocytes suspension was added (30 pl per
well). The negative control was VBS (100
ul) with added 30 pl erythrocytes suspen-
sion. The positive control was VBS (50 ul)
with added 50 pl of 5 — 10% of normal hu-
man serum and 30 pl of erythrocytes sus-
pension.

After 40 minutes incubation at 37 °C the
erythrocytes were spinned down at 1500
rounds per minute during 5 min. Then, the
supernatant from each well was transferred
in new flat bottom plate (100 pl per well)
for measuring of optical density (OD). OD
was measured on spectrophotometer (Tecan
Infinite M200) at wave length of 415 nm.
The level of hemolysis was calculated with
the formula:

/(OD -0OD

oTp. KOHTp) TIOJI. KOHTP. oTp. KOHTp)'

positive control o negative control) :

Data procession was done with Excel
and GraphPad Prism 6.0 using 4 paramet-
ric logistic function “dose-response — inhi-
bition” and “constrain — shared value” for

values of upper and lower asymptotes and a
57
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U yriia HakioHa curmouHou kpuBoit (hill
slope). Onpenensnu 103y MoJTyMakCUMalb-
Horo uaruduposanus (IC,) u xospduun-
€HT JJOCTOBEPHOCTH aNMPOKCUMAITHH (PYHK-
un (R?).

Pesyabrarel Baaupaauuu. Ha nepsom
dTare OnpeAesIsIi ONTUMABHBINA THATa30H
TecTupyembix KoHueHTpauii JIC Conupuc
1 KoMIuieMeHT-coaepokarieit YC.

[Tokazanu, 9TO ONTHUMAasbHAs KOHIICH-
Tpauus HopMaiabHO YC cocrasnser 2.5%,
a ONTUMAJIbHBIM JMAIa30H KOHLIEHTPALUI
— ot 800 10 0.4 nM ¢ IBYKpaTHBIM LIaromMm
pasBeneHus (puc. 1 A).

150 -

100 4

% Nemonus

50 4

slope of sigmoid curve (hill slope). The half
maximal inhibitory concentration (IC, ) and
coefficient of determination (R?) were de-

fined.

Validation results. An optimal range
of Soliris test concentrations and comple-
ment-containing human serum were deter-
mined in the first series of experiments.

It was shown that optimal concentration
of a normal human serum is 2.5%, and op-
timal concentration range is 800 — 0.4 nM
with dilution factor of 2 (figure 1A).

-+ 200 nM-3x
=+ 200 nM-2x
-= 800 nM-2x

-o- 1000 nM-3x

-4 2 0

Log10[mab], nM

150 -

100 -

50 4

% Memonuns

1 2
Log10[mab], nM

(=T

-1

-~ Cormpwuc p0003703
- Kconap s1963

Pucynok 1. A — Onpedenenue onmumanbHo20 OUANA30HA MUMPOCAHUS Npenapama
Conupuc (cepusa p0003703). B — Komnnemenm-3asucumutit 2emonus C3 ¢ npucym-
cmeuu npenapamos Conupuc u Kconap. Ilocnedosamensnuvie pazsedenus npenapamos
om 800 nM ¢ ghakmopom pazeedenus 2.
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150 -
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100 4

% Hemolysis

50
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- 200 nM-2x
- 800 nM-2x

-»- 1000 nM-3x

-4 -2 0

Log10 [mab], nM

150 -

100 4

50 +

% Hemolysis

-1 0 1 2

-~ Soliris p0003703
- Xolair s1963

Log10[mab], nM

Figure 1. A — Determination of Soliris optimal concentration range (series p0003703).
B — Complement-dependent hemolysis of sensitized chicken red blood cells in presence of
Soliris and Xolair. Serial dilutions are from 800 nM with dilution factor of 2.

Ha Bropom »3Tame omnpenensuid creu-
U(PUIHOCTH, TPABUIBHOCTh, MPEIU3UOH-
HOCTb, JINHEWHOCTh U YCTOWYMBOCTBH (poO-
0acTHOCTB) pa3pabOTaHHOTO METO/IA:

Cneunpuanoctb. CrieniupuaHOCTH Me-
TOAA MPOBEPSUIN, UCIIONB3YS B TecTe Mab
Xolair, He cmocoOHOE cBs3BIBaTH C5-KOM-
IIOHEHT KOMIUleMeHTa uenoBeka. [Ipu no-
6asnenun JIC Kconap, B omnume ot JIC
Conupuc, UHTUOMPOBAHUS TEMOJIN3a HE Ha-
Omromany Jake MpU BBICOKUX KOHIIEHTpa-
nusx Kcomnapa (puc. 1 B).

IIpaBUIbHOCTD. /{71 OLIEHKH NTPABUJIb-
Hoctu Metoza usmepsm IC, B obpasuax ¢
CUMYJIMPOBAaHHON akTUBHOCTBIO — 60.0%,

A specificity, accuracy, precision, linear-
ity, and robustness of the developed method
were defined on the second series of exper-
iments.

Specificity. Specificity of the method
was verified using another Mab Xolair that
cannot bind human C5 complement. No
hemolysis inhibition was detected even at
high Xolair concentrations in contrast to
Soliris, where significant hemolysis level
was detected at low eculizumab concentra-
tions (figure 1B).

Accuracy. IC,  in samples with simulat-
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80.0%, 100.0%, 120.0% u 140.0%, B Tpex
HE3aBHUCHUMBIX OIBITaX JJIs KaXJ0ro TECTH-

pyemoro nuarnaszona (puc. 2 A).

A

ed activity (60.0%, 80.0%, 100.0%, 120.0%,
and 140.0%) was measured for assessment

of the method accuracy (Figure 2A).

150
== 100%
- B0%
0 100 - 60 %o
E @+ 120%
> 504 = 140%
.
X
50 Logl0 [mab], nM
100% | 80% | 60 % | 120% | 140%
1C50 13.99 | 1641 | 2365 | 1064 | 9.770
100% 80% 60 % | 120% | 140%
R square (0.9922 | 0.9945 | 09937 | 09557 | 0.9778
150 -
S 100-
=
=]
2 -s- Conupuc po003703
< 50 <= Conupuc pooo2701
° Conupuc po002802
0 T
-1 0 1 2 3 4
Log10 [mab], nM
Conupuc p0003702 | Conupuc p0002701 | Conupuc p0002802
IC50 15.65 1466 15.24
Conupuc p0003703 | Conupuc p0002701 | Conupuc p0002802
R sqguare 0.9966 0.9797 0.978%9

Pucynok 2. Ouenka npasunvnocmu memooa: A — onpedenenue cneyughuueckoil ak-
mMueHOCMU npenapama é 00PaA3UAX ¢ CUMYIUPOSAHHOU akmugrnocmuio — 60.0%,
80.0%, 100.0%, 120.0% u 140.0%. B — Onpedenenue anmuzemonumuueckou
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A

150 -
--= 100%
- 80%
@ 100; 50 %
2 Lo 120%
g 50 4 - 140%
ani
= 0
50 Logl0 [mab], nM
100% | 80% | 60 % | 120% | 140%
IC50 13.00 | 16.41 | 2365 | 10.64 | 9.770
100% | 80% | 60 % | 120% | 140%
R square 0.0922 | 0.9945 | 0.9937 | 0.9557 | 0.9778
B 150 -
0
w  100-
=
Q
g - Soliris p0003703
T 50 - -8 Soliris p0002701
o Soliris p0002802
0 .
X 0 1 2 3 4
Log10 [mab], nM
Soliris p0003703 | Soliris p0002701 ] Soliris p0002802
IC50 15 65 1466 1524
Soliris p0003703 | Soliris p0002701 | Soliris p0002802
R square 0.9966 0.9797 0.9789

Figure 2. Evaluation of method accuracy: A — The determination of specific activity
in samples with simulated activity (60.0%, 80.0%, 100.0%, 120.0%, and 140.0%).
B — The determination of the anti-hemolytic activity of different eculizumab series.

Accuracy of developed method was cal-
culated by use of the formula:

[IpaBriIbHOCTH pa3pabOTAaHHOTO METOA
(accuracy) orieHUBaIU MO GopMyIie:

A (TII) =IC,,(CIT) / IC_, (TIT)*100%,

nu3Mep.

A

measure

L (TP) =IC_, (SP) / IC,, (TP)*100%,
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rae A

usmep.

CHUTCJIbHAas CHCIII/I(l)I/I‘ICCKaH AKTHBHOCTDb

(TII) — u3mepeHHass OTHO-

tectupyemoro mnpenapara (TII) orHocu-
TenpHO cTaHgapTtHoro mpemnapara (CII),
BBIpa)KEHHAs B MIpotieHTax. [[oaHOoTYy BBISB-
JICHUS] aKTUBHOCTU B TECTUpYeMOH mpobe
(Recovery) Beramcisiu o hopmyre:

R=100%*A, (TIT)/A
(TP)/ A

R=100%*A

measured

e Amp. — aKTUBHOCTb ITPUTOTOBIIEHHO-
ro obpasua [2].

Kputepuii npuemsnemoctu s mokasa-
Tens R nms tectupyeMbix 00pasioB, Mpu-
rOTOBJICHHBIX He3aBUCHUMO B 100%-HOM 1111-
anazone tutpoBaHusa — 85.0% — 115.0%, a
JUIS CMEUIEHHBIX JIMAa30HOB TUTPOBAHUS
npenapara — 80.0 — 120.0% ot usmepeHHoi
AKTMBHOCTH CTaHAapTHOro npemnapara [10].

Bce oakcmepuMeHTBI 1O OIEHKE TMpa-
BHUJIBHOCTH METOJ/Ia BBIINOIHSIH 2 HCCIIe-
JI0OBaTesisl HE3aBUCUMO B pa3HbIEC AKCIEPH-
MEHTaJIbHbIe JHH. [lokazanm, 4Tro cpemaHee
3HaueHue R y uccnenosarens 1 cocrtaBuiio
102.0%, a y uccnenosarens 2 — 104.0%,
cpenHee 3HaueHue R ng Merona cocraBu-
70 103.0+1.4%, 4TO COOTBETCTBYET KpUTE-
pHI0, TaHHBIE TIPEICTaBICHBI B TabmuIe 1.

IIpeun3uoHHocTb. [IpenM3nOHHOCTH
METOJIa OILICHUBAJIHU IO JIBYM MapameTpam
— CXOJJUMOCTb U BOCIIPOU3BOAUMOCTb. CXO-
auMocTh onpenensiau kak CV (CV= SD /
mean *100%) 3nauenuit IC,,, BbIUMCIEH-
HOI'0 M3 IIECTH HE3aBHUCHUMBIX MOJICIbHBIX
JKCIIEPUMEHTOB, BBIMIOJHEHHBIX B Teue-
HHE OJHOIO JIHS OJHUM HCCIICAOBATEIICM.
BocnpousBoaumocTs onenuBanu, kak CV
3Hauenuii 1C, , BBIYMCICHHOTO U3 TPEX HeE-
3aBUCUMBIX MOJICJIbHBIX HKCIIEPUMEHTOB,
BBITIOJIHCHHBIX B T€UEHHE TpeX JHEH pas-
HBIMH ucciieqoBaresaMu. CV T0KHO OBITH
<20.0% [10, 11].

CV cxoauMoCTu METO/Ia Y UCCIe10BaTe-
as 1 cocraBuiio 5.6%, a y uccienoBaresns
2 —4.3%. Cpennee 3nauenue CV cxoaumo-
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where A

measured

specific activity of tested medicine (TP)

(TP) is measured relative

comparatively to standard probe (SP) ex-
pressed in percent. Fullness of activity rev-
elation in tested probe (Recovery) was cal-

culated by use of the formula:
(TII),

(TP)

TEOop.
theoretical

where A

theoretical

sample [2].

is the activity of prepared

Acceptance criteria R for test samples
prepared independently in 100% range of
titration 1s 85.0% to 115.0%, and it is 80.0
—120.0% of the measured activity for stag-
gered medicine titration ranges [10].

All assessment experiments of method
accuracy were performed by two analysts
independently in different experimental
days. It was shown that the average value
R was 102.0% for the 1% analyst, and it was
104.0% for the 2™ analyst, whereas the av-
erage value R for the method amounted to
103.0+1.4% which corresponds to the crite-
rion; the data are represented in the table 1.

Precision. Method precision was as-
sessed with two parameters: the repeat-
ability and the reproducibility. The repeat-
ability was determined as CV (CV=SD/
mean*100%) of IC, values calculated in six
independent model experiments performed
in one day by one analyst. The reproduc-
ibility was estimated as CV of IC, values
calculated in three independent model ex-
periments which were performed in three
days by different researches. CV must be
less than or equal to 20.0% [10, 11].

CV of method repeatability was 5.6% for
the 1% analyst, and it was 4.3% for the 2™
analyst. The average value of repeatability
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ctu — 4.9£0.9%. CV BOCIpOU3BOAMMOCTH
y ucciaenosarens 1 — 3.7%, a y uccneno-
Barenst 2 — 3.2%. Cpennee 3nauenue CV
BOCIIPOU3BOAUMOCTHU cocTaBuio 3.5+0.4%.
DTH MOKa3aTeIu COOTBETCTBYIOT KPUTEPH-
SIM TIPUEMJIEMOCTH /1711 OMOAHATTUTUYECKUX
MeTos0B (Taodm. 1).

CV was 4.940.9%. CV of the reproducibil-
ity was 3.7% for the 1% analyst, and it was
3.2% for the 2™ analyst. The average value
of reproducibility CV was 3.5+0.4%. These
indices correspond to suitability criteria for
bioanalytical methods (table 1).

Taonuya 1 — Ikcnepumenmanvhovle U pacienHvle ROKA3AMeNU 6a1UOAYUU MEMOOa
Table 1 — Experimental and calculated data of method validation

Uccnenosarens 1/ The 1% analyst

Hens / Day

Teopernueckoe
(oxxmmaemoe)
3Ha4YCHHE aK-
TUBHOCTH, Y /

Expected poten-

cy, (%)

NsmepenHoe

3HAUCHHE aK-

THUBHOCTH, %
/ Measured
potency,%

Cpennee
3HaueHHE
aKTUBHOCTH, %
/ Mean of mea-
sured potency,%

CranmapTtHOe
OoTKJIOHEeHUE, SD
(%) / Standard
deviation SD
(%)

IIpornieHT BBI-
siBITeHusL, % /
Recovery,%

Koappunment
BapHaIvy,
(CV),%
Coefficient of
variation,%

60.0

58.0

64.0

56.0

59.0

4.2

99.0

7.0

80.0

83.0

84.0

85.0

84.0

1.0

104.0

1.2

100.0

97.0

101.0

96.0

109.0

107.0

108.0

103.0

5.8

103.0

5.6

120.0

124.0

122.0

120.0

122.0

2.0

101.0

1.6

W DN =W DN = NN | DO =W N —

140.0

142.0

139.0

148.0

143.0

4.6

102.0

3.0

Hccnenosarens 2 / The 2™ analyst

60.0

59.0

63.0

56.0

59.0

3.5

98.0

59

80.0

81.0

83.0

82.0

82.0

1.0

102.0

1.2

100.0

99.0

101.0

96.0

106.0

107.0

98.0

101.0

4.4

101.0

43

120.0

121.0

119.0

117.0

119.0

2.0

99.0

1.7

W DN W N = NN | W= DN — W N —

140.0

144.0

139.0

147.0

143.0

4.0

102.0

2.8
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JluHeiiHOCTh. JIMHEHHOCTH MeToma
onpeAeNsiu u3 rpaduka 3aBUCUMOCTHU U3-
MEPEHHOM OT OXHJA€MOW BEJIIMYHUHBI aK-
TUBHOCTH IIpernapara B CMEIICHHBIX Juara-
3oHax TuTpoBanus (60.0%, 80.0%, 100.0%,
120.0%, 140.0%) ¢ npumeHeHUEM JHHEH-
HOT'O TPEHAA.

B ypaBHEeHHM JIMHENHOW 3aBUCHMOCTHU
y=kx+/-b 3HaueHue k 1omKHO OBITH paBHO
1.0+/-0.2, a R? — ne menee 0.9 [11]. ITomy-
YEHbI CJEAYIOIIME ITOKa3aTelid: 3HAYEHUe
R?*=0.9974, ypaBHenue kpuBoit y=1.03x-0.8
(s uccnenosarens 1), R*=0.9976, ypas-
HeHue kpuBoit y=1.025x-1.7 (st uccneno-
Batens 1). CpenHue mokasarenu JUHEHHO-
ctu Metona R*=0.9975, ypaBHeHHEe KPUBOI
y=1.0275x-1.25 (puc. 3).

Linearity. Method linearity was deter-
mined from a scatter plot of a measured and
expected value of drug activity in staggered
titration range (60.0%, 80.0%, 100.0%,
120.0%, 140.0%) using linear trend.

K value should be equal to 1.0+/- 0.2 and
R?should be at least 0.9 in linear dependence
equation y=kx+/-b [11]. The following co-
efficients were obtained: R>=0.9974, curve
equation y=1.03x-0.8 (for the 1% analyst),
R?>=0.9976, curve equation y=1.025x-1.7
(for the 2" analyst). The average values of
method linearity were R*=0.9975, curve
equation y=1.02575x-1.25 (figure 3).

A

_ 160 -
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g 140 R*=10,9974

Z 120

E

2 100 -

=

E 80 |

E 60 -

L-F)

[-4]

g 40 -

=

-+

E 20

g

5 '} T T T T T T T 1

0 20 40 60 80 100 120 140 160

H:mepennan akTHEHOCTL, %0

160 -
140 4 Rz =0,9976
120 -
100 -
80 -

60

40 -

OMAaeMad BeJIHIHHA AKTHBHOCTH, %0 T

¥=1,025x-1,7

0 20 40 60

80 100 120 140 160

H3MepeHHasA AKTHBHOCTE, %

Pucynox 3. — Jluneithocms pazpadomannozo memooa onpeoenenus cneyuduueckoi
akmuenocmu JIC Conupuc: A — zpapuk nuneiinocmu 3navyeHuil, nOIY4eHHbIX UCCle-
ooseamenem 1; B — zpaghuk nuneiinocmu 3navenuil, noay4eHHbIX Ucciedosamesiem 2.
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Figure 3. — The linearity of the developed method of Soliris specific activity
determination: A — the graph of linearity values obtained by the I*' analyst;
B — the graph of linearity values obtained by the 2" analyst.

YcroituuBocTh MeToaa (PodacTHoCTb).
YCTOMYMBOCTE, METOZIa OIICHMBAIHW IIO Ba-
puabenTbHOCTH 3HAYEHUN IC50 UL OJTHOM
cepuu mpenapara, o nokasarento CV, uc-
MoJIL3ysl 3 CepuM CEHCUOMIM3UPOBAHHBIX
SPUTPOIIUTOB, MOJTYYCHHBIX B Pa3HbIC IKCIIE-
PUMEHTAJIbHBIE JTHU OT PA3HBIX >KMBOTHBIX.
Jlnst KimeTouHbIX METOOB TToKa3areab CV He
nokeH npesbimarh 25.0% [12]. B sxkcnepu-
MeHTax CV 11t pa3HbIX NapTUil SpUTPOLIU-
TOB coctaBmiio He Oonee 11.5% (puc. 4).

Banunanmonnsie XapakTepUCTUKH pa3-
paboTaHHOTO METOoJ]a MPE/ICTABICHBI B Ta-
Omuie 2.

Robustness of the method. The robust-
ness of the method was estimated accord-
ing to variability of IC,  values for one drug
series. CV index obtained using 3 series of
the sensibilized erythrocytes received in
various experimental days from different
animals. CV index should not exceed 25%
for cell methods [12]. CV should not exceed
11.5% for different erythrocytes series (fig-
ure 4).

Validational characteristics of the devel-
oped method are shown in the table 2.
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150 -
== JputpomTbl Cepua N=1
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1001 o
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=
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= 50 +
T
(1
=2
° 0 . .
0 1 2 3 4
Log10[mab], nM
504 g10[mab],
Jputpountil Cepua Nol| Sputpountel Cepuna Ne2| 3putpouutel Cepun Nol
IC50 12 60 15.70 14.74
Jputpountel Cepua Nel | Sputpountel Cepua Ne2 | Sputpountel Cepua Nel
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150 -
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100 1
E & Erythrocytes s Ne3
>
Q
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[T
I
=]
s 0 : .
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IC50 12.60 1570 14.74
Erythrocytes s Mo1 | Erythrocytes s No? | Erythrocytes s Ne3
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Pucynok 4 — Cneyuguueckasa akmuenocms npenapama Conupuc,
U3MEPEHHASA HA PAZHBIX CEPUAX CEHCUOUTUSUPOBAHHBIX KYPUHBIX IPUMPOYUNOE,

Figure 4 — Soliris specific activity measured using 3 series of sensitized chicken red
blood cells received in various experimental days from different animals
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Pa3zpaGoranHbIil METON IPUMEHSUITH IS
CPaBHUTEJIBHON OILIGHKH crenupuyeckon
aKTUBHOCTU Tpex cepuil mpemnapara Co-
mupuc (p0003703, p0002801, p0002701).
Crnenuduueckyro aKTUBHOCThH TPEMapaToB
Bbraucisim 1o popmyne: A=IC_ (ST)/IC,
(T)*100%, e IC_, (ST) - IC,  cepun mpe-
napara, npuHsToi 3a crangapr; IC,, (T)
— IC,, cepuu aHanmusupyeMoro mpernapara.
3Ha4yeHus crenupuIecKkoi akTUBHOCTH (A)
JUIsl TpexX cepuid BapbupoBanu oT 95.0 no
104.0% (puc. 2 B, Tabm. 3).

The developed method was applied
for comparative assessment of three se-
ries of Soliris specific activity (p0003703,
p0002801, p0002701). The specific drugs
activity was calculated by use of the formu-
la: A=1C, (ST)/1C, (T)*100%. IC_, (ST) -
IC,, of the drug series taken for a standard;
IC,, (T) — IC,, of the analyzed drug series.
Values of specific activity (A) of three se-
ries varied from 95.0 to 104.0% (figure 2 B,
table 3).

Taonuya 2 — O6006uwennvie pe3ynomanot 6a1UOAUUN MEMOOA
Table 2 — Generalized results of the method validation

HanmenoBanue xapakrepuctuku / Characteristics

3Hayenus / Values

Cneuunduanocts / Specificity +

[IpaBunbHOCTE, % / Accuracy,% 103.0+1.4

Po6actaocth CV,% / Robustness CV,% 11.5

[Ipeuusuonnocts /Precision | Cxomumocts CV,% / Repeatability CV,% 4.9+0.9
Bocnpoussogumocts CV,% / 3.5+0.4
Reproducibility CV,%

Jlunetinocts / Linearity Koaddunment noctoeproctu 0.9975

anmpokcumanuu R? /
Coefficient of determination

VYpaBuenue kpuoii / Equation of the curve

y=1.0275x-1.25

Taoauya 3 — 3nauenun cneyughuueckon akmuenocmu JIC Conupuc pazuvix cepuii
Table 3 — The Specific activity of different Soliris series

Comupuc / Soliris Comupuc / Soliris Comupuc / Soliris

p0003703 (100%) | p0002701 (100%) [ p0002802 (100%)
Comupuc / Soliris p0003703 100.0 104.0 98.0
Comupuc / Soliris p0002701 97.0 100.0 95.0
Comupuc/ Soliris p0002802 102.0 105.0 100.0
Mean+SD 99.5+3.54 104.5+0.71 96.5+2.12
Mean+SD (Aggregate) 100.2+4.04

3akiouenue. Pesynbrarhl Bajdugalu-
OHHBIX UCIBITAHUN METOJ]a OLEHKU CHeIH-
¢duueckori aktuBHoCcTH JIC Conupuc ymaoB-
JIETBOPAIOT KPUTEPHUSAM MPUEMIIEMOCTH IS
KOJTMYECTBEHHBIX OMOAHAIUTUYECKUX Me-
TOJOB MO TMOKa3aTeNsiM: CHenu(UIHOCTb,
JUHEHHOCTh, MPABWIBHOCTb, MPEIU3UOH-
HOCTb U YCTOMUYHUBOCTH (POOACTHOCTB).

Conclusion. The results of method vali-
dation of Soliris specific activity assessment
comply with suitability criteria for quanti-
tative bioanalytical methods for indices of
specificity, linearity, accuracy, precision,

and robustness.
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[TonTBepxaeHa MPUTrOAHOCTh CUCTEMBI.
Bce oOopynoBanue, BBINIOJIHAEMbIE aHa-
JUTHYECKUE ONEpallud U aHAIU3UPyEeMbIe
00pasIbl COCTABISIOT €AMHYIO IIEOCTHYIO
CUCTEMY, TMO3BOJISIONIYI0 MOTYYUTHh YIOB-
JE€TBOPUTENBHBIN PE3YJIbTaT IMPH OLIEHKE
cneruduyeckoit akrusHoctu JIIT Conupuc
(akynu3ymMad) KOHIIEHTpAT Jis MPUTOTOB-
neHus pactopa s uHdpy3uid 10.0 mr/mir.

Pa3paboTaHHBIII METOA MOXKET HCIIOIb-
30BaThCs 11 KOHTPOJISE (hapMaleBTUYECKOM
cyocrannuu u/wiu JIIT Ha ocHOBe aHTUTEN
adpunnbx kK C5 KOMIIOHEHTa KOMILJIEMEH-
Ta yenoseka, Takux kak JIC Conupuc.
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The system suitability has been proven.
All equipment, analytical operations and an-
alyzed samples represent a uniform system
which allows obtaining a satisfactory result
in assessment of specific activity of Soliris
(eculizumab) concentrate for preparation of
10.0 mg/ml solution for infusion.

The developed method can be used for
the control of a substance and/or prepara-
tion on antibody basis specific to C5 human
complement such as Soliris.
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* k%

Enena KOpvesna Ilpyonukosa — kau-
ouodam 6emepuHapHulX HAYK, HAYYHbIU CO-
mpyOHuUK 1abopamopuu  OUOIOUYECKUX
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