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ABSTRACT: OBJECTIVE  To establish a method for determining entrapment efficiency of forsythiaside compound liposome. 

METHODS  The liposome were prepared by reverse evaporation method, and treated with ultrafiltration. HPLC was used to 

detect the content of drug in the forsythiaside compound liposome. RESULTS  The standard curve for forsythiaside and 

chlorogenic acid was linear in the concentration range of 0.78 125−50 µg·mL

−1
. The mean value entrapment efficiency of 

forsythiaside and chlorgenic acid in the three samples were 92.38% and 44.72% with RSD of 2.76% and 2.35%. CONCLUSION  

The entrapment efficiency of forsythiaside compound liposome can be determinated simply and quickly by the 

HPLC-ultrafiltration. 

KEY WORDS: ultrafiltration; HPLC; forsythiaside; lipsome; entrapment efficiency 
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LR4001 ±²³´µ(¶q Heidolph Instruments

·¸)¹Agilent1200h0¡c¢£µ(º»¼JQ½

¾¿ÀJÁS�ÂÃJ3Ä¬ÅÆÇ�Ã�Èq

Agilent ·¸ )¹Allegra 64R �§ÉÊ��À

(Beckman·¸)¹SHZ-IIIËÌÍ¼(�ÎÏÐÑÒ

µÃÓ)F   

����¬(Milipore ·¸�ÔÕ'Ö®6

10 K)¹�×��Ø�Ã(0.22 µm�Èq PALL)¹

����(Ù�ÚÎÑTÛt-Ü·¸�ÝÞß

MVST-12100301�àáâ98%)¹���(
qã�

äå��ÝÞßZ0260611�àáß100%)¹�æç

Z9 (�ÎèéêÚ�Ût-Ü·¸�àáâ

98%)¹ëìí(q��îÒïðj-Ü·¸)¹éÑ

ñ E(Sigma ·¸ )¹¢£àòó�ôí (Fisher 

Scientfic)¹¢£àZ�(MREDA Technology Inc)¹

'�àòí(õöÒ÷Ó)F 

2  	
��� 

2.1  ����789:;	<= 

ø+ùú³´><=9:;F�ûüý�®

Z9Jëìí�éÑñ E «� 3 mL òþ
�%�

-�Oa��������	\c�òþ5)�

� 5 min����]�
�	
³´�90 r·min

−1
�

��òþ�
 50 minF��-À«j	³´�5

)Tk.�h�á	�����6\5�¡��

���® PBS(pH=6.5)\Ò��.�	
³´��

�®-À«j�<�����789:;F 

2.2  �T�®�/ 

2.2.1  ¢£��   ¢£�ßAgilent ZOR BAX 

SB-C

18

(4.6 mm�250 mm�5 µm)��Scß0.2%

Z�\«¡(A)-ôí(B)-òó(C)��á�¾(�S

c B 12%��Sc Cß0~3 min 15%¹3~6 min 

15%~20%�60 min� 20%)��§ß1.0 min·mL

−1
�

Ç���ß325 nm� !��ß280 nm��Â®ß

5 µL��"ß30 #Fª���R%������

��-0'��$%�&''6 3.53 min � 7.12 

min�¢£%(ü)ÖQ 0.95~1.05*&�¢£%+

, 1F 

2.2.2  ¢£��ê-�  ''ý����«¡J

���«¡.&��������5)«¡�"

+ 0.22 mm �Ã/��012.2.12¢£���Â¹

ý����789:;�+ôí34��0�5

8>�ÂF¤1+, 1�#$ª8>R-0% 2 �

-0&''��!9:;
Z9�&'(¢£'

�678F 

2.2.3  9:;½<<  �ûý��������

(=>? 4 mg�«� 10 mL ôí
�@Y.<&

�>Aá6 50�25�12.5�6.25�3.125�1.562 5� 
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A−>?@A1B−BCD1C−>?@AEF1D−>?@AEFGHI 

Fig 1  HPLC chromatograms  

A−forsythiaside; B−chlorgenic acid; C−forsythiaside compound; 

D−forsythiaside compound lipsome  

0.781 25 µg·mL

−1
	9:«¡F+ 0.22 µm �Ã/

��012.2.12¢£���Â�B^AáC7�

Â 5D�''?%EF(A)�Â>Aá(C)6GHI

9��JK;½�L��������	9:;

½��W34½�MN8O''6 A

1

=3.553CPQ

0.981�r=0.999 9¹A

2

=9.787C+2.432�r=0.999 9�#

$Q 0.781 25−50 µg·mL

−1
U½�RSTUF 

2.3  8>ï!å 

2.3.1  �ûá��  ýhJ
JV 3 ^Aá	9

:�T5)¡�" 0.22 µm �Ã/��012.2.12

¢£���Â�''Q 1 d U�/ 5D��W�/

5 d�XYZU�ûá�Z&�ûáF¤1���

«¡hJ
JV 3 ^Aá	ZU�ûá''6

0.55%�0.53%�0.32%�Z&�ûá''6 1.55%�

1.64%�1.38%¹����«¡hJ
JV 3 ^A

á	ZU�ûá''6 0.51%�0.38%�0.57%�

Z&�ûá''6 2.51%�1.05%�1.28%�#$

[8>�ûáTUF 

2.3.2  8>M\i�/  ýhJ
JV 3 ^Aá

	(=>�T5)«¡ 0.1 mL�?�Í�9:;

0.1 mL�òí«]/­�+ 0.22 µm �Ã/��0

12.2.12¢£���Â�XYM\i�¤1+# 1F 

2.3.3  ^��TM\i�/  ?ý 3 �CDAá

	(=>�T5)T«¡ 200 µL������¬


�15 000 r·min

−1
�� 30 min�\��¡F%�

�p�	«¡@Y_./Aá�+ 0.22 µm �Ã/

��012.2.12¢£���Â�XY^��TM

\i�¤1+# 2F 

� 1  �	
��
����(n=3) 

Tab 1  The recoveries of forsythoside and chlorogenic acid 

with the addition of blank liposome  

�JK�/µg·mL

−1
 L�M/% 

K�/µg·mL

−1
 

>?@A BCD >?@A BCD 

 5  4.685  4.385 93.70 87.70 

10  9.562  9.195 95.62 91.95 

20 18.673 19.615 93.37 98.08 

� 2  ���������(n=3) 

Tab 2  The recovery of free forsythoside and chlorogenic 

acid after ultrafiltration (n=3) 

NOPK�/µg·mL

−1
 NOQK�/µg·mL

−1
 L�M/% 

>?@A BCD >?@A BCD >?@A BCD 

 7.167  9.431  7.023  9.418 97.99 99.86 

17.681 19.375 17.108 19.319 96.75 99.71 

31.747 32.772 31.050 32.758 97.80 99.96 

2.3.4  ���ÂM\i�/  ?ý 3 �CDAá

	9:�T5)T«¡�®��� 0.1 mL Í�9

:;5`���W����¬
������\

��¡�''%��p�«¡@Y_./Aá�

+ 0.22 µm �Ã/��012.2.12¢£���Â�

XYM\i�¤1+# 3F 

� 3  ��
����(n=3) 

Tab 3  The recovery of forsythoside and chlorogenic acid 

with the addition of blank liposome after ultrafiltration (n=3) 

NOPK�/µg·mL

−1
 NOQK�/µg·mL

−1
 L�M/% 

>?@A BCD >?@A BCD >?@A BCD 

 4.685  3.293  4.353  2.884 92.91 87.58 

27.103 17.587 26.253 17.076 96.86 97.09 

45.142 32.553 44.966 32.528 99.61 99.92 

2.4  9:;Oai	�/ 

012.128><=9:;��W�/Oai

3DFý<=U	9:; 0.2 mL�������¬


�15 000 r·min

−1
�� 30 min��\��¡F%

�¡�a"��	9:;+òí3b@Y_DÂ

cd�+ 0.22 µm �Ã/��012.2.12¢£��

�Â��$�TAáF�¡
�TAá6 C

free

�

a"��9:;
�TAá6 C

total

��G�T	

Oai·e En%=(C

total

−C
free

)/C

total

�100%�XY

�TOai En(%)�¤1+# 4F 
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� 4  ������
����� !"#(n=3) 

Tab 4  The entrapment efficiency of forsythoside compound 

liposome (n=3) 

RSM/% RSD/% 

TU 

>?@A  BCD >?@A  BCD 

1 95.13 44.01 

2 91.90 44.23 

3 90.10 45.93 

2.76 2.35 

RSM�V� 92.38 44.72   

3  
� 

9:;	fg-yz�s�9:;h��4

ij���M6s�9:;�Oai�klNf

g´m	no)ñ*.F�/Oai	8>-y

z��pqVrª�8>s�¨©�!tRuW

��ov	:wOáFkXY8>	xá�tR

y/XYOa;F�:®rv�Oai�z�3

4{-ª�XY8>|}Fª�8>t-Rg~

Q./	�á�L¡c¢£Ç���	���.

^����z�1g�&f��¢£�����

	Oai�/�y­�F 

������	�/8>�q����

[10]

��

	��1�9:;Oai�/>�Ms6¦©��

����	8>_��o�� 24 h�����+8

>�¦ 2 h LR�&�/¹��������q�

���?[8>�q������>cp&�qVF 

�z9:;Oai	�/8>?-ê���

���*[�)Á������?����T:

	�:�)ñ���)�	�/8>F 

ªr��1�/8>��	:w�z��/

Oai�V�Rg@9:;	<=8>-RS�

@���	 HPLC-����8>6RF 
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