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4.1  ���Z
� 

f¨USP33

[2]

MC

13

��gÁM`5abZ?

c�\ÃÄ-hÅ-Æ(89�10�1)�������/

h}g��ijkp_\ÃÄ-hÅ-0.01 mol·L

−1

�ï�lmuv(89�10�1)�������/h

QNn^�opQijdq_\ÃÄ-hÅ-gOr

0.01 mol·L

−1
�ï�lmuv(10%�ï� pH� 3.6) 

(89�10�1)�������/hg���È�÷

Y�stryËM_\ÃÄ-hÅ-Æ(10%�ï�

pH � 3.6)(90�7�3)�������/hg��

�È�÷Y�stryËM�&uZvK�5Q

wuoMxy¦ê�
�ÃÄ-hÅ-Æ(10%�ï�

pH� 3.6)(90�7�3)�������� 

4.2  ��� pH Z
� 

��� pH g��stry!/hz{M��

|} pH~���/stry���/hn^��

È�TÎ�o pH�Dz{n�����pH 3.6 r�

stryËÍ�/hg���È�]��Z�z� 

4.3  uoZ
� 

��KÃÅÝ��� 2 3uoMuÓ%�C

MY�o&uZ���a�	� 200 nm����

ä8�ÃÅK��QM�ä8�O��� 90%�

ÃÄ���	uoä8ì,����
����

�uo� 
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Z
� 

�
g��Z/h!stryz{}��o

&uZ��
�Z��[]Zz{�
��
�

30 �� 

4.5  �	%`ã   

�`ã
�EF2�Zij�[Alltima Amino 

(4.6 mm�250 mm�5 µm)!Boston Crest Amino 

(4.6 mm�200 mm�5 µm)!Phenomenex Luna 

(4.6 mm�250 mm�5 µm)]�K}çZ��ry\

,}çZ���f	ùË���C��etã�

/hg�!�È�÷Y�úûm�1?cZ�	

%MY� 

4.6  TLC NO   

�f¨�;
H 2010 �

[3]

����#$NO

?c�eNO�o��ijMkp������

�S?c	ÆuÓ�æ�rCM��ì����

%�M��â!2"#$?c�����KÃÅM

yu��y��ì��%�gM��æ�5~�

� 5 µLc�ij+mn^��;
Hèé��G

èé��Ù�Gtã��d�����GèéÝ
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Determination of Three Main Conjugated Estrogens in Pregnant Mare Urine of Xinjiang by Substitute 

Reference Substance 

 

ZHAO Qian, YAO Jun, GAO Xiaoli

*

(College of Pharmacy, Xinjiang Medical university, Urumqi 830011, China) 

 

ABSTRACT: OBJECTIVE  To establish a method for determination of three main conjugated estrogens in pregnant mare 

urine of Xinjiang by substitute reference substance by HPLC. METHODS  Sodium estrone sulfate was selected as the 

substitute for reference substance of sodium equilin sulfate and sodium 17α-dihydroequilin sulfate. The relative correction 

factors(RCF) of sodium equilin sulfate and sodium 17α-dihydroequilin were measured by HPLC under different conditions. 

Assay of three main conjugated estrogens in pregnant mare urine of Xinjiang was determined by substitute reference and the 

relative correction factors. RESULTS  The quantitative results of the new method were almost consistent with the results of 

conventional HPLC. CONCLUSION  The substitute reference substance is adopted in HPLC determination of three main 

conjugated estrogens in pregnant mare urine of Xinjiang. The new method is economical and practical. 

KEY WORDS: substitute reference substance; HPLC; relative correction factors; pregnant mare urine; conjugated estrogens 

 

��������	
��

[1]


������

���	
����
�������
��	

���
��
����(estrone sulfate
ES) �

!
����(sodium equilin sulfate
EqS)" 17α-

#$�!
���� (sodium 17α-dihydroequilin 

sulfate
17α-EqS)

[2]

%��
����	 90%�&'

()*+,-./0123�4�	��56


7.809:;<=>��56?@
��(

A'BC���DE�FGHI ES EqS J

17α-EqS	��
KL�HIMN�G� HPLC
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OP 3 QRSTUVWX
YHZ[W'[\]

� ES^�_`RST>a()���� 3Q�G
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bNcdefYHZ

[
ghij>' 

1  ����� 

klmnWaters 2690 Wopqklm(r2

Watersst)uAgilent 1100Wopqklm(r2

Agilent st)uLC-20AT Wopqklm(v[w

x)uklynAgilent Zorbax Extend-C

18

(4.6 mm

z150 mm
5 µm)uDiKMA Diamonsil C

18

(4.6 mm

z150 mm
5 µm)uYMC-Pack ODS(4.6 mmz

150 mm
5 µm)' 

ES EqS" 17α-EqSRST(()({6|�

}A0~st
HPLCHI����99.0%)u��

(Fisher Scientificst
kl�)u���$�(2A

4�����0~st
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��()*+(6���' 
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s
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2.2  Áp}Â 

2.2.1  RSTÁp  �ÃÄÅÆÇ 17α-EqS EqS 

ESRSTÈ�a 50 mL�É�
> 50%ÊËÌÍ

ÎÏ¼
ÐÑ
Ò�I»¼	ÓÂp'ÄÅÔÇ

ÕÓÂp 0.4
0.6
0.8
1.0
1.2 mL�ÃÖa 5 mL

�É�
> 50%ÊËÁpÌÍÎÏ¼×}Z��

RST��»¼' 

2.2.2  ��TÁp  Ç 5 mL ���ØÙÌÍÎ

50 mL
Ø 10%Ì���� 1 minÚØ 10% NaOH

ÙÁp��
ÛÖ 5 min
4 000 r·min

−1
ÜÝ 10 min


Ç&Þp^���TÁp' 

2.3  klßà   
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klyB> DiKMA Diamonsil C

18

(4.6 mmz

150 mm
5 µm)
áân1 mL·min

−1

yãn40 ä


áåqnA(0.025 mol·L

−1
���$�Áp)æB(�

�)=25æ75
YHçèn205 nm
é�� 20 µL'

3 Q��
��RSTJ�����T	klê

ëê 1' 

 

� 1  ES�EqS�17α-EqS �������	 

A−������B−������1−17α-EqS�2−EqS�3−ES 

Fig 1  HPLC chromatograms of ES, EqS and 17α-EqS 

A−standard solution; B−sample solution; 1−17α-EqS; 2−EqS; 3−ES 

��
� ES��Z�¸
17α-EqS¤ EqS	

qRìí¾î�Ã� 0.66¤ 0.87' 

2.4  MN�ïð   

2.4.1  ��ñ�ïð  ÔÇò2.2.1óôõ��»

¼Áp 20 µL
öò2.3óôõMNHI
� 17α-EqS 

EqS ES»¼(C)�÷ø½
�q§¸¹º(A)�ù

ø½'Õú���ûüME�Ã�ny=26 261x+ 

6 729(r= 0.999 5)
y=26 903x+11 409(r=0.999 8)


y=35198x−55 032(r=0.999 5)'�ýþ�&� 3QZ

�é�»¼�Ã� 0.97~4.99 µg·mL

−1

 2.00~ 

6.02 µg·mL

−1

4.07~11.84 µg·mL

−1
¢��ñ���' 

2.4.2  ��È§���  Çò2.2.1óôõRST

��»¼� 17α-EqS EqS ES»¼�Ã� 3
4


8 µg·mL

−1
	��Áp
öò2.3óôõklßàH

I
��é� 6	

�¸¹º'�ý 17α-EqS 

EqS ES ¸¹º	 RSD �Ã� 0.38%
0.28%


0.21%' 

2.4.3  �I�ïð   Ç�����TÁp
ö

ò2.3óôõklßàHI
�Ãa 0
3
6
9


12 hé�

�¸¹º'�ý 17α-EqS EqS ES

¹º	 RSD�Ã� 1.78%
1.92%
1.75%' 

2.4.4  ÄÅ¼��  Ç������T 6 

ö

ò2.3óôõklßàHI

�¸¹º
¿³�

�
�ý 17α-EqS EqS ES ����¨(n=6)�

Ã� 2.09
3.69
4.16 µg·mL

−1
uRSD�Ã� 0.70%


1.18%
1.12%' 

2.4.5  ûC�ïð  Ç8HÒ��	����T

9

öò2.2.2óôõMN�^
�ÃØ��
�


W 3 Qc�»¼	RST
öò2.3óôõklß

àHI
3QZ�Ø�ûC��ýëþ 1 þ 2J

þ 3' 

� 1  17α-EqS 
��
��� 

Tab 1  Results of recovery tests for 17α-EqS 

	
�/ 

mg 

�
�/ 

mg 

���/ 

mg 

���/ 

% 

��� 

��/% 

RSD/% 

0.050 2 0.075 6 0.025 101.6 

0.050 2 0.075 1 0.025 99.6 

0.050 2 0.075 3 0.025 100.4 

0.050 2 0.125 6 0.075 100.5 

0.050 2 0.126 1 0.075 101.2 

0.050 2 0.125 9 0.075 100.9 

0.050 2 0.176 5 0.125 101.0 

0.050 2 0.175 9 0.125 100.6 

0.050 2 0.176 1 0.125 100.7 

100.7 0.56 

� 2  EqS 
��
��� 

Tab 2  Results of recovery tests for EqS 

	
�/ 

mg 

�
�/ 

mg 

���/ 

mg 

���/ 

% 

��� 

��/% 

RSD/% 

0.063 2 0.113 4 0.05 100.4 

0.063 2 0.112 8 0.05 99.2 

0.063 2 0.114 1 0.05 101.8 

0.063 2 0.164 9 0.10 101.7 

0.063 2 0.164 2 0.10 101.0 

0.063 2 0.164 1 0.10 100.9 

0.063 2 0.213 3 0.15 100.1 

0.063 2 0.212 7 0.15 99.67 

0.063 2 0.212 2 0.15 99.33 

100.5 0.96 

� 3  ES 
��
��� 

Tab 3  Results of recovery tests for ES 

	
�/ 

mg 

�
�/ 

mg 

���/ 

mg 

���/ 

% 

��� 

��/% 

RSD/% 

0.121 6 0.223 1 0.101 8 99.71 

0.121 6 0.224 2 0.101 8 100.8 

0.121 6 0.223 7 0.101 8 100.3 

0.121 6 0.323 4 0.199 0 101.4 

0.121 6 0.320 1 0.199 0 99.75 

0.121 6 0.322 5 0.199 0 101.0 

0.121 6 0.419 1 0.296 0 100.5 

0.121 6 0.418 7 0.296 0 100.4 

0.121 6 0.418 1 0.296 0 100.2 

100.4 0.55 
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2.5  f¨	HI 

���T	�� ¡
ÄÅÔÇ��»¼�

�RSTÁp 20 µLé�
��»¼é� 3	
Ç

��¨'� ES�_`RST
17α-EqSJ EqS�

�H�£
ö

mm

ss

m

s

sm

CA

CA

f

f

f

/

/==
s±¿³��»

¼õ	 f ¨
�Ç���¨
«� ES R 17α-EqS

J EqS	qR´©µ¶' 

2.6  f¨HIMN	�>�ïð 

�

mm

ss

m

s

sm

CA

CA

f

f

f

/

/== s±�
���¦kl�

�	�0µ� kly klm ã¼ áâ 

áåqª! YHçè"¯FGé#$µ�ïð


P%µ�&§'m¥çåJ��()' 

2.6.1  m¥çèR f¨HI	�¦  HPLC*+Y

H¥	çè��,�-)
2:¿�./I�(

) ¡�02 nm1¢'���2pqklm&�

Ã� 203
204
205
206
207 nmçèõé�3

¿³ f¨
�ýëþ 4' 

� 4  ������� f ������ 

Tab 4  The effect of wave length changing on f value 

��/nm f 

17α-EqS/ES

 f 

EqS/ES

 

203 0.922 6 0.882 9 

204 0.930 7 0.895 7 

205 0.940 8 0.908 8 

206 0.942 5 0.927 9 

207 0.951 3 0.922 5 

��� 0.937 6 0.907 6 

RSD/% 1.18 2.05 

�þ 4���4���2Wopqklm&


çè@|5�
_`RST ES Ra 17α-EqS J

EqS 	qR´©µ¶ f ¨5�c�
RSD �Ã�

1.18%J 2.05%' 

2.6.2  áåqª!R f¨HI	�¦  HPLC	á

åqª!5�6R�TJRST	ìí7|�

¦
[j��08q��	ª!956�¦ 3 �

Z�	ìí¾î'���2pqklm&ïðc

�ª!��	áåqRaqR´©µ¶ f ¨	�

¦
��¤ 0.025 mol·L

−1
���$�Áp	ª!

�Ã� 23æ77
24æ26
25æ75
26æ74
27æ

73'é�3¿³ f ¨
�ýëþ 5' 

� 5  ���� ��� f ������ 

Tab 5  Influence of the composition proportion of the 

mobile phase on f value 

�������� f 

17α-EqS/ES

 f 

EqS/ES

 

23�77 0.939 1 0.905 9 

24�76 0.940 7 0.881 2 

25�75 0.938 6 0.898 7 

26�74 0.939 3 0.881 4 

27�73 0.915 8 0.897 8 

��� 0.934 7 0.893 0 

RSD/% 1.13 1.25 

�þ 5���4���2Wopqklm&


áåq	ª!5�:Z 3QZ�ìí¾î	95


_`RST ESRa 17α-EqSJ EqS	qR´©µ

¶ f¨5�c�
RSD�Ã� 1.13%J 1.25%' 

2.6.3  m¥áâR f¨HI	�¦  HPLC;	á

â��,�-)
>��2pqklm
�Ã�

0.8
0.9
1.0
1.1
1.2 mL·min

−1
	áâé�
H

IqR´©µ¶ f¨
�ýëþ 6' 

� 6  ���!��� f ������ 

Tab 6  Influence of flow rate on f value 

 !/mL·min

−1
 f 

17α-EqS/ES

 f 

EqS/ES

 

0.8 0.914 2 0.871 8 

0.9 0.918 2 0.887 0 

1.0 0.935 7 0.895 4 

1.1 0.929 0 0.875 7 

1.2 0.948 0 0.876 8 

��� 0.929 0 0.881 3 

RSD/% 1.46 1.10 

�þ 6���4���2Wopqklm&


m¥áâ5�00.1 mL·min

−1
J00.2 mL·min

−1

¾
_`RST ESRa 17α-EqSJ EqS	qR´

©µ¶ f¨5�c�
RSD�Ã� 1.46%J 1.10%' 

2.6.4  m¥yãR f¨HI	�¦  HPLC	yã

<ã¼��I¾î¢67|çå
>��2pq

klm
�Ãa 35
38
40
42
45 äé�3H

IqR´©µ¶ f¨
�ýëþ 7' 

� 7  ��"#��� f ������ 

Tab 7   Influence of column temperature on f value 

"#/$ f 

17α-EqS/ES

 f 

EqS/ES

 

35 0.909 9 0.919 8 

38 0.917 6 0.881 9 

40 0.935 6 0.912 4 

42 0.938 5 0.913 7 

45 0.904 7 0.884 5 

��� 0.921 3 0.902 5 

RSD/% 1.64  1.97 
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�þ 7���4���2Wopqklm&


m¥yã5�02 ä"05 ä¾
_`RST ES

Ra 17α-EqS J EqS 	qR´©µ¶ f ¨5�c

�
RSD�Ã� 1.64%J 1.97%' 

2.6.5  c�T=�>?klyR f ¨HI	�¦  

� HPLC 	j@YHDE�6>Ac�T=	k

ly
c�klyî��,��I()'öò2.3ó

ôõklßàHI
���2Wopqklm&

°> 3 �c�T=	�>?klyYH3¿³q

R´©µ¶ f¨
�ýëþ 8' 

� 8  $%&'�%()��"� f����� 

Tab 8  The effect of different chromatographic columns on f 

value 

%&' f 

17α-EqS/ES

 f 

EqS/ES

 

Agilent Zorbax Extend-C

18

 0.940 8 0.891 2 

DiKMA Diamonsil C

18

 0.921 9 0.882 1 

YMC-Pack ODS 0.954 7 0.911 5 

��� 0.939 1 0.894 9 

RSD/% 1.75 1.68 

�þ 8���4���2Wopqklm&


°>c�B:	��>?kly
_`RST ES

Ra 17α-EqS J EqS 	qR´©µ¶ f ¨5�c

�
RSD�Ã� 1.75%J 1.68%' 

2.6.6  c�WopqklmR f ¨HI	�¦  

c�B: ?C	Wopqklm1îD,��

I)E'öò2.3óôõklßàHI
°>��

�klynAgilent Zorbax Extend-C

18

(4.6 mmz

150 mm
5 µm)
�Ã� 3 2Wopqklm&é

�
3¿³qR´©µ¶ f¨
�ýëþ 9' 

� 9  $%������ f������ 

Tab 9  Influence of liquid instrument on f value 

%&( f 

17α-EqS/ES

 f 

EqS/ES

 

Waters 2690 0.936 1 0.880 3 

Agilent 1100 0.942 4 0.904 2 

)* LC-20AT 0.910 5 0.872 8 

��� 0.929 7 0.885 7 

RSD/% 1.82 1.85 

�þ 9 ���4°>���kly�Ã�c

�	pqklm&é�
_`RST ES Ra

17α-EqS J EqS 	qR´©µ¶ f ¨5�c�


RSD�Ã� 1.82%J 1.85%' 

2.6.7  qR´©µ¶ f 	��¨  �j@Y�F

^�
yã áâ çè&§'��m¥©Gç

å7|	HI()
JklyJklmK��G

5�µ�
�ò2.6.5óJò2.6.6óôõLÒ f	�

�¨
«�_`RST ES Ra 17α-EqS J EqS

	qR´©µ¶
�ýëþ 10' 

� 10  $%���*$%&'�%()��"� f+,� 

Tab 10  f average value in different HPLC instruments and 

columns 

+,-. f 

17α-EqS/ES

 f 

EqS/ES

 

%&( 0.929 7 0.885 7 

%&' 0.939 1 0.894 9 

��� 0.934 4 0.890 3 

2.7  �T��HI 

2.7.1  +½N  �Ç 3 QRSTMÂpÈ�
Ì

ÍZ� 17α-EqS EqSJ ES	»¼�Ã� 2.23


4.15
9.38 µg·mL

−1
	�½Áp'ÄÅ�Ç��T

ÁpJRSTÁp 20 µL
öò2.3óôõklßà

HI
�+½N¿³��T� 3 QZ�	��


�ýëþ 11' 

2.7.2  _`RSTN  ÄÅ�Ç ES RSTÓÂ

pÈ�
ÌÍZ 9.38 µg·mL

−1
	Áp
̂ �RST

Áp'ÄÅ�Ç��TÁpJRSTÁp 20 µL


öò2.3óôõklßàHI
�_`RSTN

(

ss CA

A

fC

/

×= s±)¿³��T� 3 QZ�	�

�'�� f

17α-EqS/ES

J f

EqS/ES

�Ã� 0.934 4 J

0.890 3
�ýëþ 11' 

� 11  2-./��012345 3-67�89:;�

<= 

Tab 11  Comparison of contents of conjugated estrogens by 

two methods 

17α-EqS/µg·mL

−1
 EqS/µg·mL

−1
 ES/µg·mL

−1
 

/0 

123 45���3 123 45���3 123 

1 1.56 1.45 1.98 1.93 2.91 

2 1.37 1.28 1.42 1.39 4.38 

3 1.63 1.52 1.95 1.90 2.22 

4 1.10 1.02 1.54 1.50 2.01 

5 2.83 2.63 2.36 2.31 4.92 

6 1.05 0.97 2.59 2.52 4.49 

7 2.92 2.72 3.71 3.62 3.91 

8 1.31 1.22 2.22 2.16 3.30 

9 2.06 1.91 2.14 2.08 4.93 

10 2.64 2.46 3.49 3.40 4.39 

N�&O�é#×R tY�
�ýPQ P¨�

>0.05
�ýRPS�)E' 
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3  �� 

����
��>A�	�T
�7.��

�0
;<CU���¾ö£VV
FGH��

��� ES EqSJ 17α-EqS	��'W 3Q��


��	RSTVXWX
B4Y¾�ZFHI

��	����T
RST[\9
]Ø';<

	YHZ['[\]^_	_`RSTN`F°

> ES�QRST
«�HI���� 3Q�G�

�
��	��'[MNHI�T¾a�' f¨


�¾Da�'()
O¤+½N	�ýqª
b

�¿� tY�
�cc,�PS�)E
>_`R

STNHI()���� 3 Q�G��
��	

����# j>	' 
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Separation of Bortezomib and Its Optical Isomers on Amylose Chiral Stationary Phase by NP-HPLC 

 

ZOU Huasheng, ZHENG Lu

*

, YAO Shuyang, WU Bin, ZHANG Yibo(Yangtze River Pharmaceutical Group Shanghai 

Heini Pharmaceutical Co., Ltd. Shanghai 201318, China) 

 

ABSTRACT: OBJECTIVE  To develop a normal phase HPLC method for the separation of bortezomib and its optical isomers. 

METHODS  The chiral separation of bortezomib and its optical isomers on amylase tris (3,5-dimethylphenylcarbamate) chiral 

stationary phase was carried out. The effectes of different proportions of n-hexane/isopropanol/ethanol in mobile phase were 

investigated, and the flow rate of mobile phase and column temperature were also optimized. RESULTS  The mobile phase of 

the established method was n-hexane-isopropanol-ethanol(86�6�8), with the flow rate of 0.6 mL·min

−1
. The column 

temperature was set at 30 �. CONCLUSION  The method is simple, rapid and can be used for analysis of bortezomib and its 

optical isomers. 

KEY WORDS: HPLC; chiral stationary; bortezomib; isomer; Chiralpak AD-H 
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