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ABSTRACT: OBJECTIVE  To separate the enantiomers of alvimopan by HPLC which was developed using chiral mobile 

phase. METHODS  Separation was performed on a C

18

 column(4.6 mm×250 mm, 5 µm). The mobile phase was methanol- 

water(concentration of 0.5% glacial acetic acid, 0.5% triethylamine and 1%β-cyclodextrin)(20�80). The detection wavelength 

was set at 275 nm and the temperature was 40 �. RESULTS  With this method, alvimopan and its enantiomers were well 
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separated, the resolution met the requirement. CONCLUSION  The method is simple, specific, sensitive, repeatable accurate 

and inexpensive. 

KEY WORDS: β-cyclodextrin; chiral mobile phase additive; enantiomeric resolution; alvimopan 
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Fig. 1  Alvimopan and its enantiomers 

A−alvimopan; B−enantiomer(2R,3S,4S); C−enantiomer(2S,3S,4S); D− 
enantiomer(2R,3R,4R). 
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Fig. 2  HPLC chromatograms  

A−system suitability solution; B−sample solution; 1−alvimopan; 

2−enantiomer(2S,3S,4S); 3−enantiomer(2R,3R,4R); 4−enantiomer(2R,3S,4S). 
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Tab. 2  Results of sample enantiomer determination 

qp/% 

��� 

20100501 20100502 20100503 20100504 

2R,3S,4S ��� 0.03 0.07 0.05 

2R,3R,4R 0.05 ��� 0.04 ��� 

2S,3S,4S 0.07 0.05 0.05 ��� 

3  
� 

3.1  ¡w�
)* 

h� β-���BC�������¡w��

��
GH��?�z�� ODS ��i� ¡�_

ìí_Ã+�úBC��i
�]���s,@


-
./��)*?�¡w> 

3.2  β-���[BC�]
01 

h�y� β-���-�����;Å�(Æ

0.1%É9Ê�2:ê pH 6.0)-93(23Ë77)-��

������ú 3 AGH�õï�Q�4�y$

]f>5678[4]
��ÁÂ��93-;Å�(Æ

0.2%ÇÈ:�É9Êê pH 6.0�2%β-���)15�85

-���¥����ú 3 AGH�$9:]f¥

�93-;Å�(Æ 0.2%ÇÈ:�É9Êê pH 6.0�

1%β-��� )15Ë 85 -��������ú

(2R,3S,4S)GH�]fÝ- 0.9>̀ �-;�β-��

�
�Ý[����
GH�]f@01>6<

β-���
�Ý=|>YZ[��i
01�?�

��P β-���
~w- 1%> 

3.3  ��ÁÂ
)* 

����_���� (2R,3S,4S)GH�_

(2S,3S,4S)GH�O(2R,3R,4R)GH�ÀT 275 nm

@@s|�A��)* 275 nm Þ-¡wÎ{> 

6B93ú2»
CD$E[�ÑGH�


]f01�]^�F93-;Å�(Æ 0.2%ÇÈ:�

É9Êê pH 6.0�1% β-���)15Ë85_G2»-

;Å�(Æ 0.2%ÇÈ:�É9Êê pH 6.0�1% β-

���)15Ë85_H2»-;Å�(Æ 0.5%ÇÈ:�

É9Êê pH 6.0�1%β-���)20Ë80_I2»-

;Å�(Æ 0.5%ÇÈ:�0.5%É9Ê�1%β-��

�)20Ë80 -���>`��
J�2»Þ-��

������ú(2R,3S,4S)GH�
]fÝ- 1.5�

n�(2S,3S,4S)GH�õï=K�¸�2»�L�

$�GH�õïMN��OP)*H-���>

Ã pHQ¡w�;Å�(Æ 0.5%ÇÈ:�É9Êê

pH 6.0)ú;Å�(Æ 0.5%ÇÈ:�0.5%É9Ê)


pHQ/��4¥���HúI[�ÑGH�
]

f01�
-xG�����ú(2R,3S,4S)GH�


]fÝÀ- 1.5>� 0.5%É9Ê�é���
�

aX�¸��R�ST�É9Êê pH 6.0 
�Q>

�Äw�I2»-;Å�(Æ 0.5%ÇÈ:�0.5%É

9Ê�1%β-���)20Ë80 -���> 

3.4  iÌ[BC�]
01 

)*iÌ 30 Í������ú(2R,3S,4S)GH

�
]fÝ- 1.5¥)*iÌ 40 Í������

ú(2R,3S,4S)GH�
]fÝ- 2.0¥�)*iÌ-

40 Í> 



 

�1104�       Chin J Mod Appl Pharm, 2014 September, Vol.31 No.9                      

�������� 2014	 9
� 31�� 9


 

3.5  ��i[BC�]
01 

)� Phenomenex Luna C

18

 100A i(4.6 mm¤

250 mm�5 µm)Oø­M Hypersil ODS2 ��i

(4.6 mm¤250 mm�5 µm)������ú 3 AG

H�
]fÝ"#�i�#�îïï[�C#�

�)*UVW/XWY<XZ-[\�> 

4  �� 

���� β-���-BC�������]

����ú)GH��]^.*��ÁÂ�_`

����
 HPLC BC�]]m�>Ã^��+

�a�?�bcCd�ìíÝ��e(C"#�

f�C#�g��hiNj���J��k�ú

��BC��i]m����,@
-./> 

REFERENCES 

[1] Ch.P(2010)Vol �(���� 2010 	�. ��) [S]. 2010: 

Appendix 5, 19-22, 29, 194, 204. 

[2] Manual of National Drug Standard Operating(������

����)[S]. 2013: 157-161. 

[3] �ICH�Quality Management Compilation(�ICH�� !"

#$%&) [S]. 2010: 50-59. 

[4] LU T G, YANG M J. Separation of paroxetine and its 

intermediate enantiomers by High Performance Liquid 

Chromatography using carboxymethyl-β-cyclodextrin as chiral 

mobile phase additive [J]. Chin J Chromatogr('(), 2007(6): 

830-833. 

��� !2014-02-12 

 

 

 

HPLC 0¬­®ÊËËÌ�ÍÎ/;�¶�Ï;º�ÏÐ*»¼ 

 

 
 

��

1

����

1

���

2

�	
�

1,2*

,�


1

����

1

(1.c�7$',�',.�# 730030�2.c�;$'%'@A,��

@A�.�# 730050) 

 

�����  ���������	
��
�����������������������   ! TC-C

18

(250 mm× 

4.6 mm"5 µm)��#"$%�&'((A)-0.2%)�*+�(B),-./(0~8 min"10%A"8~45 min"10%→30%A)"$01

1.0 mL·min

−1
"2�341280 nm"#5125 ���	  ���	
��
����������678 0.4~4.0"4~40

� 2~20 µg·mL

−1
9:;<=>?@"�?@A rBC& 0.999 8"0.999 9"0.999 9"DEFGH(n=9)BC& 104.7%"99.5%

� 105.8%��
  IJ�K!L���	
��
���������������"J�MN�O0���� 

��
����	P��
�P����P���P����P������� 

������R917.101       ������B       �����1007-7693(2014)09-1104-04 

DOI: 10.13748/j.cnki.issn1007-7693.2014.09.018 

 

Simultaneous Determination of Gallic Acid, Protocatechuic Acid and Catechin in Pine Needles of Cedrus 
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ABSTRACT: OBJECTIVE  To develop an HPLC method for simultaneous determination of gallic acid, protocatechuic acid 

and catechin components in pine needles of Cedrus deodara. METHODS  Agilent TC-C

18

 column (250 mm×4.6 mm, 5 µm) 

was adopted. The mobile phase was methanol (A)-0.2% phosphoric acid (B) with gradient elution (0−8 min, 10%A; 8−45 min, 

10%→30%A) at the flow rate of 1.0 mL·min

−1
. The column temperature was 25  and the detection wavelength was � 280 nm. 

RESULTS  Calibration curves were found to be linear in the ranges of 0.4−4.0 µg·mL

−1
 for gallic acid, 4−40 µg·mL

−1
 for 

protocatechuic acid and 2−20 µg·mL

−1
 for catechin. The correlation coefficients were 0.999 8, 0.999 9, 0.999 9. The average 

recoveries(n=9) of gallic acid, protocatechuic acid and catechin were 104.7%, 99.5% and 105.8%. CONCLUSION  The 
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