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Progress of Different Elution Modes of Counter-current Chromatography 

 

ZHANG Hu, SHEN Mangmang, YAN Jizhong, TONG Shengqiang

*

(College of Pharmaceutical Science, Zhejiang 

University of Technology, Hangzhou 310032, China) 

 

ABSTRACT: OBJECTIVE  To review the recent progress on various kinds of elution modes emerged during the modern 

counter-current chromatographic techniques in detail. METHODS  Almost all the related literatures about studying on different 

kinds of elution modes for counter-current chromatography were summarized, in which its applications, advantages and 

disadvantages of each elution mode were in introduced. RESULTS  Totally seven types of elution modes that frequently used in 

the modern counter-current chromatography were described, including gradient elution mode, dual-mode elution, multiple-dual 

mode, closed-loop recycling mode, elution-extrusion mode, elution-back extrusion mode and pH-zone-refining mode. 

CONCLUSION  Each of elution mode for counter-current chromatography owns its distinctive characteristic and should be 

selected in light of analytes be separated by this technique, in order to achieve better separations. 
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ÓµÔÕ (counter-current chromatography)


�_Ö9�*µ���¯×��×-×bØÔÕs

t�¹ÚÙÚ�Ûß[�Ö9��5<�Üa�

bÙ�/ZÝÆÞß� 2 �ßà��bØ��Æ
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a HSES �ÓµÔÕbÙ"�®¯ÙÚbØÔÕ

(centrifugal partition chromatography�CPC)�Zú
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���bØ��¥��X�

���/Zn�!k�'���¯µ�����

°qÑ]�BbØ��n�ãÏ�Ó@ÙÚ�Û

����#��Ö9��d_óô����¥�

õ���.�¯��õ��Üa HDES �ÓµÔ

ÕbÙ"��®¯ÓµÔÕ�Zúl�#H��
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��a�
��������X���


��a�
 �!k�'���¯µ����°

q����� �ãÏ��#��Ö9�]q�

�µ��d_�� →Û�óô��´Ë�óô�

�.�¯Û→ �óô��´��óô!'¥ó

ôõ�¯ÓµÔÕ�>óôõ��Z-Ü�¥u

_ÓµÔÕóôõ��¡��Ú! 

1.1  þ=óôõ� 

ÓµÔÕ"��Ú!9²º�ßà�E��


�a$b�Áæ"��±7�Ú!9²º�ß

à�E '#����bÙD��-)&'�Ú

þ=óô��Þ��bÙ!ÓµÔÕ�þ=óô


�æµ���$5XÖ9��$Ææ��Æ�

�Áß/�bØ���3æ"%hq��óô

��k&'-()-k���'¥��¯Ö9��*

+,'	ßà��$5óô��Á³�$b�W

]-O()�²º�.�Á$b�bØ��!.

X/0�óô�ÔÕ�!¯~-12����3

÷X¯5Ö9��µå�ßà��æ"Æ)W��

�$Ö9���æÆ4# 20%

[7]

! 

þ=óôõ�&bÙ�ÁÂ5��$b�Z

ìW6�CD$b�bÙí¼���0î�Ú!

kÚþ=óôõ��Oliveira V

[8]
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��LuV

[9]
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WuV

[10]

q;��bÙ;�<�Das NevesV
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q
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1.2  ��óôõ� 
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µ��óô�X/0�Ö9�óô�ÔÕ��?
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��óôõ��#Hb¯ 2 ÒGH 1 ÒÚ¥
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Õ(dual counter-current chromatography�DCCC)
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Li V
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<ä¸YZä�/�HeV

[20]

qfgh�í¼bÙ

3�[$b)�2 pH ��ÓµÔÕ¸��óôõ

��ý'��]=¯ 99.84%* 98.78%� 2_��

"'��Angelis V
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1.3  u���óôõ�(multiple-dual mode�MDM) 

Z��óôõ��Ü�¥�MDM �¯�_q

BC�ÓµÔÕ]"bÙÄÅ��A�Ú
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1.4  �ã�÷óôõ�(closed-loop recycling mode�

CLRM) 
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[29]
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[32]
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×�gc
Ú�Zp,S�bÙ�� 9 _j]=
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1.5  óô-��ÓµÔÕ(elution-extrusion counter- 

current chromatography�EECCC) 
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.]µ��J5B»Ö9�XµbJµ�*Ib
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f
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( R

d
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lÚ EECCC

5}
qÁÂ�Ã�í¼bÙ� 4 _¦C3� 

Á�=<ä"'��WangV

[40]

lÚ EECCC õ�

q ÄìÅ��hÁí¼bÙ� 26 mg ]=¯

97.8%��=&-8β-D-ÆÇÀZ B�Lu V
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EECCCZ[È�^)i���½ba+*í¼b

Ù3� Á�/��� 4 _]=4# 90%�ÉÊ

Ëü�6��Li V
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}jD
��~��"'�!EECCC ]&¸úû

st
Ú�Õ uæ
��Æ��[ïÍ¿!

Wybraniec V
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lÚÙS�ÓµÔÕ*óô��

õ�qÖL×�bÙ�
ØÑ¦Ô&Ô&�HuV
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2 EECCC ¸ LC/MS(×�ÔÕ //Õ )
ÚZ

100 min �q�=�bÙ� 6 �bß/���Ú

LC-MS�Ea+{|�9:" Á�/! 

1.6  óô-��óôÓµÔÕ(elution-back extrusion 

counter-current chromatography�BECCC) 

BECCC 
¸ EECCC �Ù���ÓµÔÕ�

4 LuV

[47]

�hi�!ú#Hb¯ 2B¹ÅG�*


¸ EECCC����>óô#H�.]¹Ú�B

�"Ú�æµ���µ����"#IJÚ��
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��

[47]

�EECCC�±&'�ÚZ�ä�«��b

c*bÙí¼Vãä!XZ�åæç�½bí¼
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[48]

�EECCC *

BECCCZ7E�Y8CD5b�a+bÙ��C

t|��Ú����ZBCÁI�¥ EECCCC@

BECCCÆ)#���©! 

1.7  pH ���íõ�(pH-zone-refining mode) 

pH ���íõ�
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ÔÕ�Ü�¥�Aaß�¨UÓµÔÕbÙí¼

st!ú%
�/�oÙ��*`kÁ�Æ�X

[�bÙ���	'aCè�JCè[í¼Áb

Ù!k�'Cè��¯Ö9��ú�OÏ5<�

([)�k��¯µ���ú�OÏóô[(�)�d
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´Ö9��Kµ���ÏÖ9�)��3�[�
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Ùß/'êw��w�óô�ß�X«/��b

ëZêw��2ì

[49]

! 

pH���íõ�¸�"ÓµÔÕí¼st�

²�CbÙ/0�JbÙ6zjJbÙ��é/

×j=íî�]=jJ�0«/�íîZ��2

ìX0��EJ&"#�E pHF�EV Ráé

�ÙSv"'�V�¡

[50]

��0î�Úa�Ü�
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[51-53]
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���òù!­®�Z�·$lÚ pH ���íõ

�qóôá�í¼bÙõö3�[�Z 1.20 g ÷
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7�í¼bÙ�� 129 mg Ñøóôá[* 12 mg

×ù-ú[����]=#� 94%* 92%�Ëé

z#� 85%* 86%

[54]

�ÜaûÌ�ü-ý�þ'Ä

Á+,à�ÓµÔÕÄÁbÙ�Þ�5}lÚ pH

���íõ�íb 3 _ β-����àY�G��

��J����*����!&�hÁí¼bÙ

356 mg �����ú����]=&#� 98.9%

* 96.3%

[55]

!

� 1  ��������	
��
�� 

Tab 1  Scope of application, advantages and disadvantages of the different elution modes 

¦§¨© ª«¬­ ®A SA 

¯°¦§¨© ±²³´�yµ�hy¶·7

\� 

¸�±²³´�¹Q¶·�º� ¯°»¼y½¾¿À�ÁÂ�ÃÄ

ÅÆÇÈÉÊËÌÍ� 

ÎÏ¦§¨© ±²ÐÑÒ�yÓÔ¶ÕÖy

¶·7\×�Ø±²Ù¶Ôy

¶·7\� 

¹Q¶·�º�ÕÖÚÛÜÝ/�Þ�ßà

á»¼âã�¹Q¶·äå�º�Ú%æ²

�çèÕ� 

¶·fN�éê��Úéêë&� 

ì@ÎÏ¦§¨© ¶·°ÒÐÕÖy¶·7\íî

ïäå�ð²ñ¶� 

¹Q¶·°�òóîï|ôõh� ë&ßàö÷�»¼âãøù� 

úûün¦§¨© ¶·°ýyÕÖy¶·äå�ð

²ñ¶� 

¹Q¶·°��øùþ�»¼âã ë&ßà÷��ª�%æ²ìÕÖ

y¶·� 

¦§-Å���ÇÈ �±²³´yÕÖ¶·7\�Q

�ç¶·7\� 

¸�±²³´�¹Q¶·�º��Ó¶·ß

àá»¼âã�Úéêë&� 

��ÌÍÊËÒ���	
��


%�»¼½¾��Ó���� 

¦§-�Å��ÇÈ �±²³´yÕÖ¶·7\� ¸�±²³´�¹Q¶·�º��Ó¶·ß

àá»¼âã�ë&��� 

»�*����Úéêë&� 

pH���7¨© :��í:���Ú·�åh�

y¶·7\�ð²ñ¶� 

¶·�ç��¶·õºQ�¶·� /ó�

Q°îï!ä°Q�ÓçÀ�Äîï"�*


#$%ÄÌÍ�Ú�fÌÍ pH&ÌÍ�

��'/y·�(å�h� 

)*¶·Ú·�åyh��Ä¶·

h� pKa+: 0.2 yÐÑ� 

 

2  �� 

ÓµÔÕÆ�óôõ�JÆ�bcbÙÄÅ

�C@�ï���¡�Z�Ú���Í;X
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ABSTRACT: OBJECTIVE  This review summarizes application of high performance liquid chromatography coupled to a 

tandem mass spectrometer(HPLC-MS/MS) methodology in drug metabolism and pharmacokinetic screens for a series of new 

chemical entities during the lead optimization stages. METHODS  Relevant literatures were consulted, analysis and summary 

were made. RESULTS  The HPLC-MS/MS methods were widely used to support both in vitro and in vivo experiments and for 

the qualitative assays, such as metabolite identification. CONCLUSION  HPLC-MS/MS is a powerful and indispensable 

analytical tool in drug metabolism and pharmacokinetic screening.  

KEY WORDS: DMPK; drug development; HPLC-MS/MS; pharmacokinetics 
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