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In vivo bioassays for biological medicines have been considered final resort to unequivocally assess the biological activities
for them because there are some cases in which the biological activities obtained from in vivo bioassay and in vitro
bioassay quite differ each other. The in vivo biological activity of EPO depends on its sialic acid contents which confer
microheterogeneity-isoforms to this protein. We have devise a method which consists of a in vitro bioassay using BaF3 cell
line and a capillary zone electrophoresis (CZE) for the measurement of the EPO isoform distribution. The biological activity
of EPO obtained using in vitro bioassay with BaF3 cell line showed good correlation (C.V.(%) 7.34, 5.85, 8,16, 8.08, 8.8) to
EPO content measured either spectrophotometric assay (A280 0.1% =0.743) or radio immunoassay. The assay validation
results of in vitro bioassay with 3 lot of in house EPO showed good results to EPO content measured either in vivo assay
or radio immunoassay. and also showed good results the robustness of our method in terms of precision, accuracy,
repeatability.

The isoform distribution for EPO-BRP (1 : 1 mixture of epoetin-a and epoetin-B, European Pharmacopoeia) by CZE method
resulted in isoform 2 through isoform 8. The major peaks in electrophoregram were composed of isoform 3 through 7. Our
recombinant EPO (epoetin-a) having equivalent in vivo biological activity showed the isoform distribution of isoform 3 through 9.
The major peaks consisted of isoform 4 through 8. The peak area of isoform 4 was always smaller than that of isoform 5. The
preparations of recombinant epoetin-a with lower in vivo biological activity than EPO-BRP showed the isoform 2 through 8 in
their electrophoregrams whose major peaks consisted of the isoform 3 through 7. The peak area of isoform 4 was larger than
that of isoform 5.
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Assay validation

of ¥y AL FAAY) AF AF 2 AYPES @
=Alz}e] ¥ A “QC assay validation” 3} ICH guideline®}
European Pharmacopoeia® ZZ3&}o] A&} o).

Capillary Zone Electrophoresis (CZE)

Pharmeuropa (1999)ol4] '@ 3& “Assessment of the
suitability of a capillary zone electrophoresis method for
determining isoform distribution of erythropoietin™$] W o2
AFslgrt. Mobile buffer concentrate (0.1 M sodium
chloride, 0.1 M 1ricin, 0.1 M sodium acetate : -20ColA 6
A oSt 1 M putrescine solution (0.882 g putrescine-&
10 ml Z&5d] &a) : 20T 6718 DS AT I
& CZE A38S & w CZE electrophoresis bufferE ZA|8}%
t}. CZE buffer (0.01 M sodium chloride, 0.01 M tricin, 0.01
M sodium acetate, 7 M urea, 2.5 mM putrescine)= 21 g
Ureal 25 ml 2830 ¥& the, 307 water bath Aol A
23)8t9ct Urearl &&l¥ &, mobile buffer concentrate 5
ml# 1 M putrescine 0.125 mlS ¥& F FHSFE 50 ml=2
ZAEHTh 2 M acetic acidE ©]-83}a] 30ColA pH 555=
2% g, 045 m A3t ARESATHAL A 7Y F
o} ¢FA). uncoated fused silica capillary (100 cm effective
length, 50 ym internal diameter)& capillary electrophoresis
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instrument®)] AHA]ATh Capillary 255 35CE A7
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sodium hydroxide2 60% E<t capillaryS A|FH3ste] F1
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W 2222 108, 0.1 M sodium hydroxideZ 5%, FF
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£ XZ=$ CZE bufferd] A 154 KV (143 V/im)E 150& &
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Sialic acid at2t
Sialic acide] ¥ZTLS  resorcinol reagent® o] &3
colorimetric method & A}%—‘G}S{iﬂ‘r sialic acid ¥F 5, 10,
15, 20, 25 pg/ml, AH (<k 200 ~ 300 pg/ml) 1 mlE cap 2
2 glass tubeo] %Il resorcinol reagent (conc. hydrochloric
acid 80 mlo) 0.1 M Cupric acid 025 ml, 2% resorcinol
solution 10 ml& ¥& ¥ ZHFE 100 ml2 24 . 4°C°1]/\‘]
129 E9 ) | mg $a A B 0%
o 29 F QeBol Wol 10¥ F ARk 2 ml F a
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Figure 1. Comparison of biological activity by MTS assay (in
vitro test); Standard (EPO-BRP, @) VS Sample (Green Cross
product B, O).
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Table 1. Results of MTS assay Table 2. Analysis of the parallel line assay
T 1} 23} Test of Linearity PASSED PASSED
1 107.9 103.7 Fquadratic 0.6836 2.3582
2 103.4 94.9 Feritical 5.9874 5.1174
3 1155 89.3 P 95.0% 95.0%
4 125 924 r2 0.9939 0.9886
5 104 98.7 Test of Slope PASSED PASSED
6 110.6 - Fmodel 1,019.9472 685.8334
Bt 111.07 95.8 Feritical 5.5914 4.9646
Std. Dev. 8.16 5.6 P 95.0% 95.0%
CV.(%) 1.34 5.85 12 0.9932 0.9856
Test of Parallelism PASSED
N . . L
C.V. : Coefficient of Variation Fdiff of models 2370
Feritical 4451
RIAZ o834 M2 FEE FY3IA 230 37 P 95.00%
H}l5'~°ﬂ 2330l 100%cl1o} B0k 48 WS Pl o 09979
HY, 2470] FFEZ iy) 111.1%9} 95.8%0 2 Z2AHY Relative Pf)tency 0.069
o, o= Jéﬁ'o]-‘:ﬂ 104%0) 2.2 7)thzrel 100% 9} A 9] 95% 'Flducml .LIIII.IIS. 0.066 - 0.072
o1 515 Al o % o] Mol BT Relative fiducial limits 95.9% - 1043% (8.4%)
dAT AIE vEen CV. (D= 4zt 4ol B Cone. of Standard 32,500.000
10% oJuel %ow_t Ao g Holx AYge 433 Ad Conc. of EPO 2,228.074
Aol e Ao ARHY. EFIZME o]&aA mA g Fiducial limits 2,136.226 - 2,323.845
N2 TEE FAste B¢ A8 TEE A 3§
Al HFEITA Ste] o]l 3l o]E EEZ A9 k| Table 3. Summary of the in vitro assay validation
B SIS 5 223 5 T 1] =28
?—]T’:—‘ AT oA S & HE A 532 Parameters Results Reference
st A 2 A YAV EEFTHY Fo] old ¢ Repeatability CV. 2.5%
2 A 24 o Z o =23 o]
27b =3 whakA 2301} 3% ] £ E43l] o] E Precision Analyst A CV. 27% CV. < 20%
Fohe BUOl A% HAY o] A% Azl 7t Aol Analy B . 2%
£2ToA 3%t By e dEd 43 09 4 e e
170, {1
el ogo] Aok IwHoz ofF Aol panallel Accuracy V. 23% assay 5.6%
line assayE ©o]&3le] ZA3IchFig 2). £ AFdA= Linearity 98.8%
parallel line assayE o]-&3]A &A3QchFig. 2, Table 2). Range 0.026 ~ 0.071 unit/mL
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Figure 2. Test for paralleism by parallel line assay; Standard
(EPO-BRP, A) VS Sample (Green Cross product B, H).

In vitro assay2| validation
In vitro assay A3F9] validation®] F& ZAFAE 2oy
Table 37} 2t}

* C.V. : Coefficient of Variation

Xz=5t erythropoietine] MEstE &M (in vivo test)

23 erythropoietin®} &3t FA&AL CBA mouse
£ ©]43} in polycythemic mice ¥W8& A 23} BEE
tH] Ha= o}l Table 49} 2t}

Table 4. Biological activity of recombinant erythropoietin by in vivo test

Samples (products) A B C
98.0 % 109.7 % | 1053 %

Biological activity VS Standard

* A, B, C : Manufactured by Green Cross Corporation

Capillary Zone Electrophoresis (CZE)
Capillary zone -electrophoresis= EPO BRPS} 7] E79
A% erythropoietin®} isoformE¢] E BAM3 Angs

Table 5¢] B&FIth. EPO-BRPE  epoetin-a®} epoetin-f
forme] 50 : 5002 EFHe] 317 w)&o) isoform 29}

isoform 3¢} electrophoretogramel] H.o]® major peakE-&
isoform 4, 5, 6, 7°]cHFig. 3). AAT/AN A sialic acide] &
#o] 22 erythropoieting A A7) sl pl = 4.5 isoform
S AAS erythropoietin YH-& WESH2E FAo] o 70% 7}
A electrophoretogram ol 4] isoform 27} X.o|9 isoform 39]
major peakE HJF31 Qri(Fig. 5). pl > 4.8 isoformS A
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Table 5. Distribution of EPO isoform by Capillary zone electrophoresis (CZE)

Biological activity Iso 1 Iso 2 Iso 3 Iso 4 Iso 5 Iso 6 Iso 7 Iso 8 Iso 9
EPO-BRP 100% 2.965 6.529 18.115 28.305 27.962 14.743 1.380
pH>4.2 removed 100% 3.094 21.651 33.167 23.322 12.454 4.803 1.581
pH=>4.5 removed 70% 7.173 28.793 27.001 20.858 11.728 3.760 0.688
pH>4.8 removed <50 % 18.441 20.188 19.958 16.787 12.453 7.482 3.382 1.146 0.489
EPO substance 81% 6.554 33.792 31.340 18.006 7.394 2913
Product A 98% 2.381 19.505 32.402 24.438 13.804 5.831 1.639
Product B 110% 1.120 12.928 32.790 27.704 17.163 6.710 1.585
Product C 105% 2.253 14.925 31.803 26.940 15.935 6.514 1.630

erythropoietin Qo)A+ isoform 1, 2, 3°] major peak
H$THFig. 6). 121} EPO-BRP9} 553 4584 &
ZYe= erythropoietin €9} (pl > 4.2 isoform A]A)&
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major peakE-o] isoform 3, 4, 5, 692 B 4 UcKFig. 11).
Sialic acid &gt
AN %3} erythropoietin €92 sialic acidE A 3dfe} Table

63 2& dAE Ao

Table 6. Sialic acid content of erythropoietin substance.

Product A Product B Product C
Average | STDV | Average | STDV | Average | STDV
mol/mol | 1195 0.135 12.02 0.130 12.38 0.034

(&) =AM AZG erythropoieting A2 0 sialic
acid7} 9 - 147] & A2 erythropoieting A A|8}7] &
o ZE oA 11 moljmol ©]4t9] sialic acid TS HY
& % % ek

A #38t erythropoieting F& AE wleke] aek A w
g} sialic acide] &eko] T2 of2] 7}x]2] isoform distribution
o2 ujofd Ao & secretion W sialic acid el ok}
AN#% erythropoietin®] AESHE FAlo| th2rhe Zlo] Bl
so] Ak (F) AN AP AR B sialic acid]

3teFo] O™ major isoformo] 3, 4, 5, 6] sialic acide]

FaFol oW major isoformo] 4, 5, 6, 72 olFIE S
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Figure 11. Comparison of biological activity and EPO isoform

distribution.
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£ 5594~0.593%, isoform 42 7-¢ 31.598~11.704%,
isoform 5¢] A% 37.033~29.301%, isoform 69 739 27.83
7~18.807%, isoform 72| 74-9- 17.085~7.824%, isoform 8]
BT 7.642~1.964%8 HAFH T isoform 4] WA
isoform 5¢] WA R} A Zolopsic)

o) T A AFAAY in virro assay ZATE combine
3|4 in vivo assayE AT ¢ Yde FL HFPF dataE
dAeBR o] 99 37MA EAWE €8F combined in

vitro bioassay 9| 7|%E #H3{)
2z A

g 97 AT HFFEIRINN ALF 997

WA (2001~2002)9] QA Ao, ofo] AR TH
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