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ABSTRACT: OBJECTIVE  To develop a high performance liquid chromatography method for determination of free PEG in 

PEG-rhIFN-β-1a injection. METHODS  Phenomenex Jupiter C

4

 column was used with a mobile phase of gradient elution (A 

phase-0.1% trifluoroacetic acid-water; B phase: 0.1% trifluoroacetic acid-acetonitrile), gradient elution. The flow rate was 

1.0 mL·min

−1
, and column temperature was 25 �. Evaporation light detector(ELSD), drift tube temperature was 113.0 �, and 

carrier gas flow rate of 3.1 L·min

−1
. RESULTS  PEG concentration in the range of 0.6−2.0 µg·mL

−1
 showed good linearity, 

correlation coefficient was 0.998 4, detection limit was 0.20 µg , quantitation limit was 0.40 µg, the RSD of precision, stability 

and reproducibility were all <2.0%. The average recovery was from 96% to 100%. CONCLUSION  Using this method, the free 

PEG in PEG-rhIFN-β-1a injection is determined by this method and the free PEG is <1.0%. 
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1  ����� 

1.1  ��@�� 

Agilent 1100��\�t���� ELSD��

�(�� Agilent� )¡ XS105pO¢£(¤¥¦)9

mPEG-EF(20 kDa)^§e(¨©ª«¬&­®�

�¯°� �±²oKZ-M20BAD-120227�?³o

99.1%)¡PEG-rhIFN-β-1aZ[\(±²o201203b001�

201203b002�201203b003){´µ�¡��Y¶´

Z[Y¶9 

1.2  t�·¸ 

Phenomenex Jupiter C

4

t�¹(250 mmº4.6 mm�

5 µm)¡»¼�A´ 0.1%½¾�¿-¶À\�B´ 0.1%

½¾�¿-�ÁÀ\¡� 0~30 min�5%BÂ95%B�

aÃ³ÄÅ¡»�´ 1.0 mL·min

−1
¡¹Æ´ 25 �¡

ELSDÆ³´ 113.0 �¡ÇÈ»�´ 3.1 L ·min

−1
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1.3  ^§eÀ\)�É 

ÊËÌÍ mPEG-EF (20 kDa)25 mg�Î
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25 mLgÏ]�$¶ÀTÐÑÒhÓ³�ÔÕ¡Ê

ËgÍ 1 mL�Î 10 mLgÏ]�$¶ÑÒhÓ³�

ÔÕ¡ÊËgÍ 2 mL�Î 10 mLgÏ]�$¶Ñ

ÒhÓ³�ÔÕ¡�Ö× 1 mL]Ø 20 µgÀ\�

´ mPEG-EF^§eÀ\9 

1.4  Ù�eÀ\)�É 

ÍÙ�e 100 µLÚL�Û9 

1.5  ���m
��ÜÝ 

NÞÍ mPEG-EF^§eÀ\ 30�40�50 µLr

60�80�100 µLZß\�t���àát�â9

� mPEG-EF^§eãää�å)kY^æç^

8��8) mPEG-EF^§eØg)kY^æç

èé	êë�ìíé	êë�®9>�íÙ�e

] mPEG-EFä�åîßé	êë®�íÙ�e

À\] mPEG-EF)Øg�Ù�eÀ\] mPEG-

EF)Øg@Ù�eÀ\]~�fØg)sçï

´Ù�e]ðñ mPEG-EF)_`g9 ��Ü

Ýoò�ó�ôÜÝoLogA=a+bºLogW(1)�

P=(W/w)º100%9 

ô]oA ´ mPEG-EFãää�å¡W ´

mPEG-EFØg(µg)¡a ´Úé�®õö¡b ´Ú

é�®÷ø¡P´Ù�e] mPEG-EF_`g¡w

´Ù�e~�Øg(µg)9 
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2.1  ä�q@ùú	�� 

PEG-rhIFN-β-1aZ[\ PEG_`g��]Ù

�eÀ\;N5ûü PEGt�ä)���Nl�

m)ùú	ý9��\�t�âþâ 19 

 

� 1  ������� 

A−�����JB−�����JC−������J1−PEG4 

Fig. 1  HPLC chromatograms  

A−standard solution; B−sample solution; C−blank; 1−PEG. 

2.2  ���Y	�� 

Í mPEG-EF(20 kDa)^§eÀ\��mK�

�Û 6���Ûg 50 µL�àá PEG ãä)ä�

å�ä�å) RSD<2.0%�c`.�) RSD<1.0%9

�	
�æò PEG äÜÝ�2 0009��
���

m���Y	6ý9 

2.3  é	��@��° 

ÊËgÍ^§eÀ\ÑÒh���³Nl�

�ä�´Dé��) 3 �(S/N=3)ÜÝ��°¡�

ä�´Dé��) 10 �(S/N=10)ÜÝ�gó°�

��
�oPEG � 0.6~2.0 µg·mL

−1
)�³(é	

6ý��i�æ´ 0.998 4���°´ 0.20 µg��

g°´ 0.4 µg9  

2.4  ÊË³ 

�X� A �� 1 ¢�� 6� mPEG-EF^§

eÀ\��m�Û 50 µL�àá PEG ãä)ä�

å9�X� A 4�X� B NÞ�� 2 ¢-m��

6� mPEG-EF^§eÀ\��m�Û 50 µL�à

á PEG ãä)ä�å9:�	��(� 1 ¢��X

� A ��) 6���)��) RSD ´ 0.86%¡5-

¢�5-<����) 18�æç) RSD´ 0.97%�


���m)ÊË³6ý9 

Í- 1 ±������:;<���

β-1a(PEG-rhIFN-β-1a)Z[\ 6 ��NÞ�m�Û

100 µL�àáÛe] PEG ãä)ä�å��� PEG

é	êë�®ÜÝ�Z[\]ðñ PEG Øg�Ð

ÜÝ�Z[\]ðñ PEG _`g�Z[\:��

� 6�ðñ PEG _`g) RSD ´ 0.95%�
��

�m�������:;<��� β-1a Z[\]

ðñ PEG _`g):�	 ý9 

2.5  ê!ø 

ÌÍ mPEG-EF (20 kDa)" 25 mg�$

PEG-rhIFN-β-1a Z[\#$À\ÀTÐ%&ÑÒ

Ö'�³´ 20 µg·mL

−1
)À\�-m�� 9 ��

N´ 3 ;�×;NÞ�Û 40(80%)r50(100%)r

60 µL(120%)�àát�â���(2.3)*ó+í

êë�®ÜÝ PEG Øg�ÜÝí PEG ê!ø´

96%~100%�
���m��³6ý���þ
 19 

� 1  PEG-rhIFN-β-1a�	� PEG
��
������ 

Tab. 1  The accuracy test of PEG in PEG-rhIFN-β-1a 

injection  

��/% PEG � ¡ ¢£�/µg ¤¥�/µg ¦9./% RSD/% 

 5.382 62 0.809 6 0.782 9 96.70 

 5.336 61 0.809 6 0.779 2 96.24 

 80 

 5.429 07 0.809 6 0.786 7 97.17 

0.48 

 8.291 34 1.012 0 0.998 0 98.62 

 8.365 92 1.012 0 1.003 0 99.11 

100 

 8.136 48 1.012 0 0.987 4 97.57 

0.80 

11.321 29 1.214 4 1.188 8 97.89 

11.328 27 1.214 4 1.189 2 97.92 

120 

11.406 42 1.214 4 1.193 8 98.30 

0.23 
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2.6  À\,�	�� 

�� mPEG-EF(20KDa)^§eÀ\4Ù�

eÀ\�-Æó.Î 8 h�NÞ� 0�1�2�4�6

4 8 h �ÛNl�àá PEG )ä�å�ä�å)

RSD<2.0%�
�ÛeÀ\4^§eÀ\h/�

8 h (,�9 

2.7  Ûe�� 

Í 3±Z[\(±²o201203b001�201203b002�

201203b003)�ÚL�Û 100 µL��� 3 ±Ûe]

PEG _`g9�í 3 ±Ûe]ðñ PEG _`g{

<0.3%�{�°³��(���þ
 29 

� 2  PEG-rhIFN-β-1a �	� PEG 
�
� 

Tab. 2  The PEG residues of PEG-rhIFN-β-1a injection 

sample 

§ ¨ PEG � ¡ PEG ©�/µg PEG ª«�/% 

201203b001 6.0190 2 0.834 0.25 

201203b002 6.3687 3 0.861 0.23 

201203b003 6.6434 4 0.881 0.25 

3  �
 

���012�� PEG-rhIFN-β-1a Z[\]

ðñ PEG _`g) HPLC �m9��d���m


3�6ý)é	rÊË³r,�	r:�	


��³9^ 3±�4Ûe�a���PEG_`g{

<1.0%��°³��(9�m���5r67��r

:3	ý�"X´ PEG- rhIFN-β-1a Z[\]ðñ

PEG_`g)fgb��m9 

REFERENCES 

[1] KAGAWA T, MORIZANE T, SAITO H, et al. A pilot study 

of long-termweekly interferon-beta administration for chronic 

hepatitis B [J]. Am J Gastroenterol, 1993, 88(2): 212-216. 

[2] HOU Y L, ZHOU P B, LIU G F. Efficacy and safety 

assessment of interferon beta for treatment of 

relapsing-remitting multiple sclerosis: a systematic review [J]. 

Chin Remed Clin(�������), 2009, 9(1): 21-25. 

[3] YANG Y K, HAN N, LI J, et al. Safety and clinical efficacy of 

recombinant human interferon β1b for treatment of 

pelapsing-remitting mltiple sclerosis [J]. Chin J Biol(����

�����), 2009, 22(12): 1221-1224. 

[4] LU J, LIU Q F, LUO G A, et al. Advances in PEGylation of 

drug conjugates [J]. Chin J Organic Chem(����), 2009, 

29(8): 1167-1174. 

[5] WANG Y S, YOUNGSTER S, GRACE M, et al. Structural 

and biological characterization of pegylated recombinant 

interferon alpha-2b and its therapeutic implications [J]. Adv 

Drug Deliv Rev, 2002, 54(4): 547-570. 

[6] PASUT G, VERONESE F M. PEG conjugates in clinical 

development or use as anticancer agents: an overview [J]. Adv 

Drug Deliv Rev, 2009, 61(13): 1177-1188. 

[7] VERONESE F M, BOSSARD M J. PEGylated Protein Drugs: 

Basic Science and Clinical Applications [M]. Berlin: 

Birkhauser Verlag AG, 2005: 11-31. 

[8] XU Y X, BU F R, CHEN X, et al. Study on determination of 

PEG in a

1

-antitrypsin [J]. Chin J Blood Transf(������), 

2008, 21(4): 280-282. 

[9] GAO R, JIANG Z Y. A two-phase system spectrophotometric 

method for determination of polyethylene glycol in pegylated 

protein mixtures [J]. Chin J Anal Lab(���� ), 2003, 

22(4): 44-46. 

[10] TAN T W, SHEN Z Y. Determination of polyehyleneglycol in 

biomaterials and foods [J]. Food Ferment Indust(!��"#

$%), 1990, 21(4): 44-48. 

9:;<02013-10-12

 

 

 

 

ÒÓsÔÕ�ÖT�×g&ØÙ�9:�� 

 

 
 

������������	
�

*

(K=���S��¬P 310053) 

 

�����  ��������	
��
������������������ !"#$�	  %#&' Franz

()*�+,������	
��
-./0�������12345���������	6!$
�  ���

���	
��
��78�������	��������9:;<="#�>	?@<ABC 35.26%$
�  �

�����	�
��78�D9:;<=������"#$ 


�������/��	/
��
/�� !E 

������R943       ������A       �����1007-7693(2014)08-0968-06 

DOI: 10.13748/j.cnki.issn1007-7693.2014.08.015 

 

                              

�����­®®�m��o$    Tel: 18767166972    E-mail: 18767166972@163.com    

*

�����̄ °±���_p    Tel: 18606505050    

E-mail: hsw55@163.com 




