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Abstract: Erythropoietin (EPO) is a highly glycosylated
glycoprotein hormone secreted by the kidney and liver, whose

main function is to promote the production of red blood cells.

EPO has a high content of glycosylation modification, leading to
the microheterogeneity of EPO molecules and becoming different
variants (isoforms) carrying different glycosylated chain. The type
and content of variants are important parameters for quality
control of EPO products. Capillary zone electrophoresis (CZE)

is a basic separation model in capillary electrophoresis, which
separates different analytes on the basis of the difference of
charge/volume. Owing to the differences of glycosylation sites,
number and glycoform of EPO variants, they can be isolated in
CZE. Currently, the European pharmacopoeia uses CZE (Called EP-
CZE) to characterize EPO variants. However, the capillary condition
and separation will take a long time, and the repeatability of
migration time is poor in traditional EP-CZE method. In this study,
we developed a rapid CZE method (Called Rapid-CZE), which

can realize rapid analysis of EPO variants and provides better
repeatability. Compared with the EP-CZE method, the number

and relative content of EPO variants are consistent. The resolution
of the 5th and 6th variants is 1.39, which meet the requirements
of European pharmacopoeia. The Rapid-CZE method has good
repeatability. The RSD of migration time of each variant is about
1%, and the RSD of the corrected peak area% of the main variants
are less than 5%. The Rapid-CZE method has faster separation time
and capillary condition time than the EP-CZE method, which is very

appropriate for the rapid analysis of EPO variants.
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RAMEBAE R ( erythropoietin, EPO ) /= F 'S AE A0 BF A 43 i
M—HMESEREMIBEEAREER, ETENR NIRRT HEN
4. EPOEBRSEENEEMNEIE, SHEPOD FHHMA
B—M, KABTAEREEEFE (Isoform ) BREEY. TFE
HFEMEEZEPOTRRERFTINEZESR., EHEXHE K
( Capillary Zone Electrophoresis, CZE ) =% 1 N4) BRAI B 1=T/44
RNERFTH BN —FEAERRERNRN . BTEPOERERE
BEUpNS. HERBEENESR, ENSECZEREMS B, B,
MM 75 #0fE A E 8 X B 3k Y T35k ( TIFREP-CZE ) #4TEPOLE R
EHRAL, BILAEMEFMMEFS BREHEK, TBH
BEEMHRE. AARF, BNALT —MRENCZETE ( #IR
Rapid-CZE ) , T IXSEIXMEPOTL FARIRE D AT, FIRHEFAY
BEEM, SRNARCZENTEXTLL, EPORMZEFAE B MAEX &
=2REBT —BMNER.
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2.1

EMEBKMN (PASOO PlusEMHI AR ITRLE, UVAEN
2%, Sciex) ; ##KRF (AL104, Mettler Toledo ) ; BO:#1
( Biofuge, Thermo) ; pHit ( FE20, Mettler Toledo ) o

2.2

pH 4.0 M. pH 7.2& Kk Minitiator (NTMPIXFIE,
Analis) ; FRE (Urea, U0631-500G, Sigma-Aldrich) ; &8
1£4h (NaOH, 795429-500G, Sigma-Aldrich) ; ZREBFK
( Millipore ) ; BRI AFEEME (Sciex PN 338472 ) ; Ultracel
YM-10 J&B& ( Millipore PN A11530) o
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2.3

BRI ZABEPOSRE M ( Eur, MBEDQM ) o X AUltracel YM-
10 JREE Ht T B IR E IR, RZ&REH10 mg/mLs

3 CZE

RRAREMEE. 50 pmAE. 80/90 cmBRYBKE;
B 05psi, 12s; PBEHEE: 30 kV; SBEE: 40 BH; B
SEMR. buffer pH4.0: bufferpH 7.2 =9:1, 7 MREK; #RE
BE: 10°C; BMEEE. 25°C; BMFK: 214 nmo
0.1 mol/L NaOH, 20 psifE/1:#3%5 43¢4;

Initiator, 20 psiEJ/IH%ES 280 BESBEMER, 20 psiE14%10
250 E&InitiatorSEEBEFUTET R BEZEARZE: 0.1
mol/L NaOH, 20 psiEJ1H%E3 73%H; Initiator, 20 psifE/1#%E3
S50 BEBEMR, 20 psik mks 25
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4.1 CZE EPO
F A IRECZEF AT EPOIRE RN E R A ER LA, EPO
RAERNSNEREKBE TELHE, THMEIE3-36 iz
Bo P55P6Z BN BEEN1.39, FERKMAHPHIBEERN
FIHER,
4.2 CZE
HEE3HETEPORE M TIRECZEF AN ESE 2 S, I
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1. RECZETT AN EPOIRE R R FREDATAIEIRE . BIkFKM: WE3

To
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FAT R A BOEIEE IR % HRSDIL K 1. BN REMNTEFRZEERSD
WEI1%ER, FETHRE (REEER% A T3%HIE ) RAEEF
TR % HIRSDI/ N F 5%

1. RECZETAT M B SRCEIEER%EEMHNEE (n=3) .

Migration Time (MT, min)  Corrected Area Percent (CAP, %)

e Rep1 Rep2 Rep3 RSD Repl Rep2 Rep3 RSD

P1T 30.77 3125 3131 0.95% 0.56 054 068 12.76%
P2 3132 3185 3195 1.07% 1.84 185 219 10.17%
P3 3188 3241 325 1.04% 59 605 635 334%
P4 3243 3298 33.05 1.03% 1834 1839 18.66 0.93%
P5 3299 33.56 33.63 1.05% 26.82 26.73 26.71 0.22%
P6 3353 34.11 3418 1.05% 2854 2827 28.08 0.82%
P7 3404 3464 347 1.06% 16.61 16.83 1638 1.35%
P8 3458 3521 3524 1.06% 133 134 096 17.90%

4.3 CZE CZE

43 A8 F R IR CZE J7 A TGN 25 BRCZE FT A W EPOARE S 1T
TEFRENDT. WA AT BEESRNERE, TE CZEA
KRR A1 7E31-36 0 (8], BN ZA8CZE T 7R 7E55-685  #1
B, P1-PSHIEFAT B AEIEER% ML RERN T2, SN ER
EHRAEBRBER N T AR RGeS EN—8E,

2. R CZEF R SRUN A B CZE T AT EPOTE RAA D AT R ELER 6

Migration Time (MT, min) Corrected Area Percent (CAP, %)

Pk
CZE CZE CZE CZE

P1 30.77 55.36 0.63 0.56
p2 31.32 57.1 1.92 1.65
P3 31.88 58.77 5.98 5.18
P4 32.43 60.52 18.46 18.27
P5 32.99 62.38 26.77 28.11
P6 33.53 64.27 28.47 28.59
P7 34.04 66.15 16.59 16.68
P8 34.58 67.83 1.19 0.96

p2
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AARENL T —MHEPOTE REDITHIMRECZES X, FEK
MZ58CZE TR fT T Mth . BERER:

RIECZEF Z D BB NT AL E X &2 SRUNZ58CZE
ﬁ}j&—:ti:

2. RECZEFEMNERIK 5. 6N BEARNT1, FERMNZAH
NEX;

3. R CZEFZAHNEEMNE, BN TRENTERATERSDET%
EhH, TEEZRE ( RAEERR% K TF3%M1E ) R EER
FR%HIRSDIITES % A T 6

4. WERCZEFAEMN DB EIR, HIEE31-360%, MEUNZEH#
CZEF R IEAESS-6805, EEFEK,

5. BRIECZEF R EME L& a1k, 3508EI A, M
HCZER AR SR KA —KREA
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