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� �

� ����� ��	 
��
 ���� �� S-bupivacaine� SMB� ���� R-bupivacaine�
�� �����. �

� !� ��" #$� %&� '() *+,)-. #$-�
�� /01234� 56�. PIM� ���� 57 �8

Langmuir *+,)-��9 :;<4 a� R-bupibacaine7 6.20, S-bupivacaine7 8.79 :;<4 b� => 0.364, 0.922 ml/

mg�6�. � :;<4?7 @� A�>� B��C D EF/0� ���> G" HBIJIK� 56�, #$B�
 LM

�> G&� Kromasil® CHI-TBB
 NOP 1Q10 cm  !� 2-2-2-2 �R�
 P SMB� ���� S.B�
 racemic

bupivacaine� 98% �@ �TU
 �����.

Abstract − In this work, S-bupivacaine with the pharmacological activity of epidural anaesthesia was separated from R-bupi-

vacaine by SMB (simulated moving bed). Nonlinear isotherm was suggested from the single column experiment and the mass
transfer coefficient was obtained from an empirical equation. The parameters of a in competitive Langmuir adsorption equa-

tion empirically determined by PIM (pulsed input method) for R and S-bupibacaine were 6.20, 8.79 respectively, while those of

b were 0.364, 0.922 ml/mg, respectively. These equilibrium and kinetic parameters were used by a commercially available sim-
ulator to find the optimum operating condition for resolving the two racemic mixtures. It was experimentally confirmed that

based on these experimental conditions, the separation of bupivacaine enantiomers was successfully performed with the purity

of more than 98% by SMB composed of eight column (2-2-2-2, 1×10 cm) packed with Kromasil® CHI-TBB.
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1. � �
 

��� ����� �	
� �
 	
� ���� ���� ���

��� �	 � �� ��  !"�� #$% ��&, '(& )*+,

- �./ 01� 23�� 4$[1]. 567� 89�� :���  ;

<=>?@� A�&1� BC3� �D A� E=?;(enantiomer)�

89�� 41F G� �H>�  ; I�J J� $K LM� NOP

$. EQP enantiomer� �
 �H>� �
=(chirality)- R� 4�

P S� BC3 E=?;�J[2], chiral center- �T� 41F, J�

U�T V� BC3 :WX� <Y- �T� 4$. Enantiomer� Z[

P �\ <Y- �T� 4� ]^�, >�·��& =?� Z[�T_,

$K enantiomer̀� <Y& 3abc, J� $K dA� efg�`

h;&� i�3j� �k  ; I�J J� $K LM� NOP$. B

C3 E=?; l� mn Po >?_E �	& +pE 4� qrT $

K Xj� BC3 E=?;� stu  �v=� qwIT VBq x

� gy �bc� z�1� {�|}$[3]. �	
  !� 4mJ z�

� �NP >?_� ~� 0E �N&E� ]^� �
 	
� ���

� �� � �(�� 0E �N&E� E� �K enantiomer� ���

�� l�=E �:|}$.

�
 �������� �
 �H> l� P �T enantiomer̀  ��
†To whom correspondence should be addressed.
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Simulated Moving Bed� ��� Bupivacaine� �� �	(2) 
�� �� 
� �� �� 729
=� R� �
 ��3(CSP)� EcP �
 ��� Ec�� ��E$.

�T_ �� c� ��` �� �K c?� ��, ��� �� +��

�kJ :c�, z� >?� 6� ��� �&HP ^(�� T��

4$. (Yc ���J� E- :;M N 4� ���J SMB(simulated

moving bed) �������� �g|}$. SMB� 1960�: UOP

(universal oil products)� �k \[� E=?;q , , ¡� , ¢�

:��� 6�£ ��"�� &c�� ¤kJ ��¥ ���J[4], �

8� e�£ �������` ¢� ��� ��p¦� T�§J� c

�- &¨ ©cª� �k «f�- ¬­M N 4�, c�� ,�©c�

�P ��:3>?� ��� ����F, 6� ��� �k :c��

!®c ��� &cM N 4m ���� ¯_ s�°  >"�"��

J� ±²� ³� 4� l�P ����E$[5]. �T_, SMB ���

���� "�� ´µ� ±� ¶·P ¸Q �T ¹N- �ºk» ��

]^�, ̧ w� ������� "�� �&�- NO��¼ �� ½¾

E ��|�, �°J �&� "� ��� ��P �cE ���  ̈¥$.

EQP �� ½¾, �� �c� ¬­�� ¤k f!�©- ¿Ok»

�� ��=E :À|¨ |}$.

Á 6<�J ©cP ½�>?� bupivacaine((±)1-buthyl-N(2,6-

dimethylphenyl)-2-piper idinec-arboxamide)� �_½ '�Â �Ã� ©

c|� Ä� �Ã(� ©c|Bq[6], ÅP ÆÇ� NÈ� É(�� +

,- T�� 4$[7]. Ä� �Ã(�J� ��& v=� S-bupivacaine

_ �T� 41F, R-bupivacaine� ÆÇ� NÈ� É(�� �bc�

{E� 4$[8]. �O¥ Yoon Ê[9]� Ë[��, SMB ÌÍ� Îk

racamic bupivacaine�J ��&1� ��& v=� {E� S-

bupivacaine� ���Ï$. 3c simulator- Ec�  ̧Ð�� �K f!�

©- NO� ,̧ E- Îk �&� ��YÑ� <�� ÌÍ&1� Ò�

�� 0E Á 6<� ²&E$.

2. � �

2-1. SMB ��

SMB� z�� EZÓ(moving bed), Ô©�$. EZÓ� ��3,

EZ3� µÕ Ö×1� DO½Ø 6�&1� ��� DO|mT� ½

ÙÚE$. [Û&� 4�� zone1� <=¥ SMB� ÜD¥ ��E J

� 6Ý|m 4� ÞßD ½ÙÚ1� Fig. 1, ¢� <=� �T� 4

$. ����\ �� z� àH>, �NP c�� Ôh|� À �� Ö

×, ����\ �� >? l áâ¦E 	P =�, B� ÐÈ|m iã

|� raffinatè  3:&1� áâ¦E ä� =�, A� ÐÈ|m iã|

� extract� À �� Ö×1� <=|m 4$. J� 6Ý¥ ��� Ô

h|� iã|� å �� Ö×1� g� 4�� section(1, 2, 3, 4)1�

qæ N 4$. gg� section�� ��P ��E 1�ç 6Ý|m 4�

g section�$ $K LM� P$. ÔZÓ, Z[�¨ ��3� Ö×�

_@� ¤kJ ��¥ ÜD ��� gg� Ôh�` iã�- [�P

½¾ ¾è1� EZ3� Ö× �µ1� EZ½�q Ôh�` iã��

��½é ê EZ3� Ö×� �° ��� EZ½�§, ��3, EZ

3 ¾� µÕ Ö×� �T� +,�  ë$. EQP µÕ Ö×� EZ

Ó, ¢� z�� �k ��� DO|mD$. ��3� EZ ��� �

�, ±h�/iã�� ¤�� ¹�� Ù¤W ½¾� Îk Ý�|m D$.

Ì( ��� DO|mT� ì� z� ±h�` extract ©E� section

2̀  z� ±h�` raffinate ©E� section 3E$. Section 2�J� ±

h¥ E=�7� àH> l�J 3:&1� áâ¦E íP =�, A�

��3� áâ|m extract o1� �© EZ�¨ |�, 3:&1� á

â¦E 	P =�, B� µÕ �µ1� îQ@m ï� EZ3� �k ð

¨ ñâE DO|m EZ3, ªò raffinate �µ1� DO|mT§J

3:&1� áâ¦E íP =�, A� ÐÈ|m D$. Section 3�J�

±h¥ àH>E EZ3� DO�µ1� EZ�§J ��3� áâ|

m µÕ Ö×1� EZ�¨ |m 3:&1� áâ¦E 	P =�, B�

EZ3�J ÐÈ¥$. 

2-2. ��� ��

½�� ������� ��� ±h|§ EZ3, ��3�J� >

?NT£� $ó, ¢$.

(1)

qi� =� i� ��3�J� ôX Ð�E� ci� EZ3�J c?� Ð

�E$, Ez,i� õ{� �!7NE$. vi� EZ3� Ö× ��- qw

IF, εb� f; "ö÷E� εb=εi+εp(1-εp)E$. εi� ÜD(� �P "

ö÷E�, εp� ÜD(� I� "ö÷E$. gg ��I�J >?fø

, ÈÒ!, Ô�, ��3�J� áâ� �º�Ï$. Ez, i� £ (2)� �

ù <�Ï1F, ��E tPú û$� ���Ï$[10].

(2)

��������J >?fø �ü� áâ-ñâ ��� tPú ýþ

� ÔP� >?fø ��- ��P$. EZ3�J áâ( õ ÿ§1�

½�� >?fø� �� ��� �X&1� ÿ½P �;� �X <Z

¦ �ü� &c�Ï�, £ (3), ¢E qw� N 4$. qi� ��3�J

� c?� Ð�� EZ3 Ð� Cì  ôX� E�� �E� kf� õ{�

>?fø7NE$.

(3)

2-3. �	
 ��(triangle theory)

�gX E�� È�µ� Ò!, >?fø ��� �º�T V� ôX

E�� �B� P$. E=�� àH>� áâ¦� 	E� �P g >?

� ;Õ½¾, Ù¤W ½¾, t*� £ (4)̀  ¢� 
7- _�P$. 

(4)

tR,i� g =�� ;Õ½¾EF, £ (5)̀  ¢E qw� N 4$.

�X áâôX£� �D$� ��M ] £ (4)� £ (6)1� ��M

N 4$.

εiEz i,
∂2ci

∂z2
---------– vi

∂ci

∂z
------- εb

∂ci

∂t
------- 1 εi–( )

∂qi

∂t
------- 0=+ + +

virp

εiEz

--------- 0.2
εi

------- 0.011
εi

------------- Re
εi

------ 
 0.48

+=

∂qi

∂t
-------

3kf

rp

------- qi
* qi–( )=

tR B, t* tR A,< <

Fig. 1. Scheme of SMB.
HWAHAK KONGHAK Vol. 41, No. 6, December, 2003



730 ������������������
��� 
(5)

(6)

t0=εV/QE�� Henry 3N� :kJ ���§

(7)

m2, m3� gg section 2̀  section 3�J� EZ3, ��3� Ô� �

- qw
$. g section�J EZ3� � ��Ô�� �;3�J� �

��Ô�1� q� �, mj�J $ó, ¢E ��¥$[11].

(8)

V� ��� ��, ε*� f; "ö÷, Qi� k  section�J� Ô�E

$. >?fø, Ò!E t½¥ E37�J� m2̀  m3� 
P plot 3�

�gX ��� ��M N 41F, E �gX I�J� T�¥ ���`

N�� {Ç�� k- ~� N 4$. ÅP �NP raffiantè  extract_

� ~� N 4� �& YÑ� �gX� ¤o �T�E$. �gX� �

X áâôX£� �� ¹N- Ec�¸ �gX1� qw� N 4$.

�X� áâôX£� $ó, ¢E qw
$.

(9)

Hi� Henry 3NEF, qì  ci� ��3, EZ3�J� ½�� Ð�

- qw
$. £ (10)-(13), ¢� g section� '7YÑ� Ec�¸ �

�� [mq� YÑ� � N 4$.

(10)

(11)

(12)

(13)

£ (14)̀  ¢� ��X� '�& Langmuir áâôX£� �T� '�,

�X áâôX£, ¢E £ (15)-(18), ¢� '7YÑ� Îk � N 4$.

(i = A, B) (14)

(15)

(16)

(17)

(18)

γi� qs,ì  Ki� �� qwIF, qs,i� =� i� ��3� �: áâ|�

�E�, Ki� áâôX£� ��¹NE$.

�X áâôX£� �T� '� g section�J� mj� J� ´µ�

±T VT_, ��X� áâôX£� �T� '��� m1, m4� Ô�

�� m2, m3� �°J �¤� ø°D$.

��X áâôX£�J �gX� ��´L� '7� $ó� £ (19-

21)� Ec�¸ �£M N 4$(Fig. 2)[12-13].

w-f ��:

(19)

w-b ��:

(20)

�� r-a:

(21)

g '7� ��@� $ó, ¢1F �gX� ��´L� ð¨ 2��

¨ k�$.

point a (γA, γB)

point b (γB, γB)

point f (ωG, ωG)

point r 

point w 

¤� ��£� ½�� Ð�` ωF, ωG� ��¹N� ªNEF E0�

$ó� E	��£� �1� <M N 4$(ωG>ωF>0).

(22)

3. � �

3-1. 
� � ��

ÌÍ� ©c¥ ½�� racemic bupivacaine(Fig. 3)hydrochlorideE�

Sigma Co.�J <h�Ï$. EZ3� ©c|� c� l�J n-hexane,

IPA(iso-propanol), acetic acid� J.T. Baker(USA)�J <h�Ï�,

triethylamine� Sigma Co.(USA)�J <h�Ï$. ½�� �s4�

hydrochloride- (B��¼ ©cP sodium hydrogen carbonatè

DCM(dichloromethane)� Kanto Chemical(Japan), J.T. Baker(USA)�

J gg <h�¸ ©c�Ï$. ÅP, sodium hydeogen carbonate Nc

tR t0 1 1 ε–( )
ε

--------------dq
dc
------+ 

 =

t0 1 1 ε–( )
ε

--------------HB+ 
  t* t 0 1 1 ε–( )

ε
--------------HA+ 

 < <

HB m2 m3 HA< < <

mj
Qit

* Vε*–

V 1 ε*–( )
-----------------------=

qi Hici=

HA m1 ∞< <
HB m2 HA< <
HB m3 HA< <

εp–

σ 1 εp–( )
--------------------- m4 HB< <

qi
γici

1 KAcA KBcB+ +
--------------------------------------     =

γA m1 min, m1 ∞< <=

m2 min, m2 m3,( ) m2 m3 m3 max, m2 m3,( )< < <

εp–

σ 1 εp–( )
--------------------- m4 m4 max, m2 m3,( )< <

1
2
--- γB m3 KBCB

F m3 m2–( )+ +{=

γB m3 KBCB
F m3 m2–( )+ +( )

2
4γBm3–[ ]

0.5
– }

γA ωG 1 KACA
F+( )–[ ]m2 KACA

FωGm3+ ωG γA ωG–( )=

γA γB 1 KACA
F+( )–[ ]m2 KACA

FγBm3+ γA γA γB–( )=

m3 m2
γA m2–( )

2

KACA
F

-------------------------------+=

ωG
2

γA
-------

ωG ωF γA ωG–( ) γA γB–( ) γBωG γA ωF–( )+[ ]
γAγB γA ωF–( )

---------------------------------------------------------------------------------------------------,
 
 
 

ωG
2

γA
-------

ωG ωF γA ωG–( ) γA γB–( ) γBωG γA ωF–( )+[ ]
γAγB γA ωF–( )

---------------------------------------------------------------------------------------------------,
 
 
 

1 KACA
F KBCB

F+ +( )ω2 γA 1 KBCB
F+( ) γB 1 KACA

F+( )+[ ]ω γAγB+– 0=

Fig. 2. Plot of m2 vs. m3.
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Simulated Moving Bed� ��� Bupivacaine� �� �	(2) 
�� �� 
� �� �� 731
�� _@� ¤k ©c¥ >� 3	 �ÕP 01� J.T. Baker(USA)�

J <h�Ï$.

SMB ÌÍÇ�� ÌÍÌ�J \; (b�Ï1F, ��� 1�10 cm Ù

���Ù ��� slurry packer(Alltech, USA)- Ec�¸ Kromasil®

CHI-TBB(Eka Chemicals, Sweden)� ÜD�¸ ©c�Ï$. SMB� <

=� g section   ��E 2�ç 6Ý¥ 2-2-2-2 <=1� �Ï1F,  

!� SP930D �" !(Younglin, Korea) 4�- gg feed, eluent, raffinate,

recycle� 6Ý�¸ ©c�Ï$. Multi-position valve(Valco Instruments

Co. Inc., USA) 5�- ��, 6Ý�¸ ©c�Ï�, check-valve

(Upchurch Scientific, USA) 8�- gg� �� ©E� 6Ý�¸ LÕ

àH� �T�Ï$. Extract̀  raffinate�� relief-valve(Swagelok, USA)

- ©c�¸ [� "¦ E3�J g iã���ù �E iã|�# �

Ï$. Multi-position valve� HplcCtrl $f 1.0(Younglin, Korea)� %

&'II* ()ù� *��¸ [�P ½¾ ¾è1� ¤�� ¹��# (

m�Ï$.

áâôX£� ���� ��� ¤k ©c¥ Ë[ ��� 1�10, 0.46

�25 cm Ù���Ù ��� gg Kromasil® CHI-TBB� ÜD�¸ ©

c�Ï1F, HPLC� M930 �" !(Younglin, Korea)̀  M720 UV +

ã�(Younglin, Korea)� <=�Ï$. ¼Eù N,� Autochro-WIN $

f 2.0(Younglin, Korea)� %&'II* ()ù� *��¸ NO�Ï$.

f!�©� ©c¥ 3c simulator� Aspen Chromatography ver. 11.1,

service pack 1(Aspen Tech., USA)1� %&'IV* ()ù� *��¸

�© NO�Ï$.

3-2. ����

ÌÍ� ©c|� �NP =�� bupivacaine� ~� ¤�¸ ½�� 4

� sodium hydrocarbonatè DCM� Ec�¸ hydrochloride- (B�

� ¤P f-�- �Ï$. ½� 3 mg  sodium hydrogen carbonate ¡

��, DCM� gg 2 ml� ��� ���Ï$. Sodium hydrogen

carbonate ¡��� 3	 �Õ¥ > 100 ml  7.0 g E3� ��� .m

,¡� 3j� |�# ���Ï$. [��� ½�- ��¥ DCM� /

fú 0� ê DCM, ¢� �� sodium hydrogen carbonate ¡���

.� ê À 3¾� >?føE cE��# 	 1�¾ 1@m ±}$. 1

�¾ ôôP ì� Àm 3 ��� [mq�# P ê 3:&1� �lE

ä� DCM3� �2 3:�- Ec�¸ �ÃP ê, ô4 �5�- E

c�¸ DCM� �Õ½é ê  =¥ Ý�� ©c�Ï$.

EZ3 YÑ� n-hexane/IPA/acetic acid/triethylamine=99/1/0.2/0.05(vol.

fraction) E}$. áâôX£� ~� ¤k ±h��- 0.02 ml� ���

� Ð�� 1, 5, 10, 20 mg/ml� |�# ±hP ê cã��� ~}$.

Ë[ ���J <P áâôX£� ��¹N �� Ec�¸ �&� Y

®YÑ� Ý��� ¤k f!�©- NO�Ï$. SMB«f l Ù¤W

½¾E [�PT ���¸ [�P ½¾� g ¡6� Ù¤WE |�#

�Ï$.

 4. �	 
 ��

4-1. ���
� � ���� ��

������� ��I�J [mq� áâ 7#�8� Ek�� "

�� 2���¼ 4mJ �Ç �9&� \�� EZ3, ��3�J ½

�� ôX
7- qwI� áâôX£E� EZ3, ��3�J� 3

a¾� ½� Ð�� ªN� ÿ½M N 4$. áâôX£� Ý��� �

& ��, Z& �� l�J, f\� ��& �ÒP áâôX �� ~�

N 4T_, ÌÍ ��, ½¾E ï� :�� Ë�E 4�, E� �kJ

ê\� 7! ,�E ¶·P Ë�E 4T_ cã ��1��ù ��¥

áâôX£� ��¹N- ~� N 4$[14].

;� ±hÐ�- 1, 5, 10, 20 mg/ml� ¹�½��, ±h�� 0.02 ml

� ���¸ ±h�Ï� ] Fig. 4�J {� 0, ¢� ��X� cã

��� ~}$. ¸�J, ©c¥ ��� SMB Ç�� *�¥ �� l �

q- ���¸ ©c�Ï$. ±hÐ�� �K cã��� ���Ï� ]

±hÐ�� ��ª� �° S-bupivacaine� �� <� ���ÏT_, R-

bupivacaine� �� <� B� ¹�� =}$. ��& �Ð��J cã

��� fÛ�� '©� Æ�� êÛ�� ë >�?�(tailing)�  �

� Langmuir ôX£1� 
@|m '� Langmuir áâôX£� ��

�Ï$. ��� tc ��(dead volume)̀  "ö÷� �s{� ¤�¸

n-hexane� 0.02 ml ±h�¸ t0� 2.749 minE� ]^� A ��� �

�- �º�¸ "ö÷E 0.7B� <�Ï$. Langmuir áâ ôX£�J

� �� ¹N a- <�� ¤�¸, ±h Ð�� �K ;Õ½¾� ÂC�

¸ ��¥ Ð��J� ;Õ½¾� ��Ï$. E ;Õ½¾� Ec�¸

ôX3N �� <�� E- ��¹N a�1� Ã�¸J R-bupivacaine

� 6.24, S-bupivacaine� 8.65 �� ~}$. Ë[ =�� :kJ ��¹

N b �� Z&��� PIM(pulsed-input method)� Ec�  ̧<�¸J

[15], R-bupivacaine� 0.538 ml/mg, S-bupivacaine� 0.409 ml/mg�� ~

}$. áâôX£� ©c�¸ 7!¥ Ð��¡��, ÌÍ�, ���

Ï� ] R-bupivacaine� '� 	 0.4 min� ;Õ½¾E ­��Ï�, S-

buipvacaine� '� 	 0.6 minE ���¸ ÌÍ�, 	E� 4}$. �

°J PIM� Îk 7!� Îk ~� '� Langmuir áâôX£� ��

¹N- Y¬�¸ ÌÍ�, [���# {��¸ Table 1�J {� 0,

¢� D�« áâôX£� ��¹N�� ~}� E- Îk 7!¥ c

ã��, ÌÍ�� ���Ï� ] Fig. 4�J {� E` ¢E �� F

[��Ï$[9].

Fig. 3. Chemical structure of bupivacaine.

Fig. 4. Comparison of the calculated values and experimental data
(Concentration=20 mg/ml, injection volume=0.02 ml, flow rate=
2 ml/min).
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��� 
>?fø 7N� Sherwood N(Sh=kfrp/Dm)̀  Reynolds N(Re=vg2rpMρg/µ),

Schmidt N(Sc=µ/Dm ρgM)� :P $ó, ¢� 
7£1� 7!�Ï$

[14].

(23)

Dm� EZ3�J� ½�� Ò!7N� Wilke-Chang£� Ec�¸ 7

!�Ï� ][16], 1.93�10−5cm2/secE}1F, ���J� bupivacaine

� G ��� SchroederE (HP additive method- ©c�¸ <�Ï

� ][17] 308 cm3E}$. µ� àH¥ EZ3� ��� Grunberg̀

Nissan ��� ©c�¸ 2��Ï� ][18], 0.3034 cPE}$. £ (20)�

�kJ <P >?fø 7N �� Table 1�J {� 0, ¢E 0.308 cm/

minE}$.

4-2. SMB ��

SMB �©- ��¼ ��P ��¹N� Ë[ �� ÌÍ� ÎkJ ~

}� E ��¹N- Ec�¸ ��I� >?BZ� 
P >?NT£�

k- <�¸ SMB� �&YÑ� <�Ï$. �T_, 3a 6
¥ ¹N�

10� E31� �s, �& YÑ� *�� mºIE �K$. �Á&1�

±hÐ�� ��|m 4� ], SMB "�� «´��¼ 4mJ �Ç l

�P ¹N� g section�J� Ô�, Ù¤W ½¾E$. ±h Ð�� �

°J g section�J� Ô�, Ù¤W ½¾E $þ� ]^� iã��

J� N�, ��� g� $K �� �D$. SMB�J ±h Ð�� b

s?N# ���� ���¸ ä� ��� àH>� ��M N 4T_,

Ì( (Yc ��� "�� &c���� ±h Ð�� �� bsJ�

J%�� ]^� &�P ±h Ð�- *��� 0E l��$.

n-hexane� bupivacaine� 10 mg/ml E3� 9� Ð�� ÔT|}T

_, ½¾E T�� �° ,¡�|m Ý�E �ã|m SMB «´ l [

�P Ð�- ÔT�� ¤�¸ ±hÐ�- 5 mg/mlEI�J *��¸

SMB �©- NO�Ï$. Á 6<�J� 95%E3� ��` 100%� N

�� ~� ¤P Y® YÑ� �©�J <�� ¤k, Fig. 5�J {� 0

, ¢E ±h Ð�� �° �gX E�� &c�¸ m2, m3- �£�Ï

$. ±h Ð�� ��ª� �° /f ��� �pP ´LE �	 ­�

�� �gX� '7 L½ :g�� �KLT� 0� � N 4}$. E

- EM1� &� ±hÐ�- 1.5 mg/ml� *��Ï$. ±h Ð�� 1.5

mg/ml�J� m2̀  m3� plot� Îk �&YÑ�J� g section� Ô�

, Ù¤W ½¾� <�¸ 9�Y®YÑ1� *��Ï$. 9� Y®YÑ

�J 95%E3� ��� |�# Ù¤W ½¾, g Ôh� � iã��

Ô�� ¹�½Ø ±}$. ¸Q N� �©- Îk Table 2̀  ¢� �&

YÑ� <�Ï$. SMB� ��¥ 8�� ��� �q� 6Ý¥ Ë[ E

ZÓ ½ÙÚ1� ����, ôXÐ�� �ø�Ï� ]� f!�©- Î

k ~mD ��I� Ð� <i� Fig. 6, ¢$. EZ3� �µ� 7NO

���J 8NO �� �µ1� DO�� 41F, ��3� EZ3, �©

µÕ Ö×1� 8NO�J 7NO ��1� EZ�� 4$. Racemic

bupivacaineE z�� ±h¥ ê� ��3,� áâ¦E íP S-bupivacaine

� EZ3� �µ1� Ð�� ���� EZ3� @mï� ���J�

ñâE DO|m Ð�� ­��Ï$. 3:&1� áâ¦E 	P R-bupivacaine

� ð  ̈ñâE E�m. EZ3 DO�µ1� Ð�� ���� 4T_,

DO|� ��3� �k áâE ¥ ê ��3, ªò EZ�$� $½

EZ3� �k ñâE DO|m Ð�� ­��� 'µ� {E� 4$.

g iã��J� Fig. 7, ¢E ½¾� :P Ð� <i- ~� N 4$.

¸�J, ¤s�� DZ�� ��� Á 6<�J ©c¥ SMB�J 8�

� 6Ý¥ ��E Ù¤W|m $½ ½b¤�� Psï� 0� �q�

©EQE° P$. ÅP, Fig. 7�J ¤s�� DZ�� �R�� g i

ã��J Z&� Ð�<i- qwIF, E- g Ù¤W ½¾� :P ô

S�1� qw
 0E +��E$. ±hÐ�� 1.5 mg/ml� '�, Ù¤

W ½¾E 15�E� ]^� 1 ©EQ� 120�E ��¥$. 10 ©EQ

� 1,200�E ',�Ï� ], Ð�� [��¨ ÔT|� ôXÐ�� �

øP 0� � N 4}$.

Sh 1.09
εb

----------Re0.33Sc0.33=

Fig. 5. Plot of m2 vs. m3 with feed concentrations.

Table 1. Equilibrium and kinetic parameters

R-bupivacaine S-bupivacaine

Total porosity 0.7
Langmuir isotherm parameter, a 6.20 8.79
Langmuir isotherm parameter, b (ml/mg) 0.364 0.922
Effective mass-transfer coefficient (cm/min) 0.308

Table 2. Calculated operation condition

Switchin time (min) 15
Feed flow rate (ml/min) 0.1
Eluent flow rate (ml/min) 0.86
Extract flow rate (ml/min) 0.66
Raffinate flow rate (ml/min) 0.3
Recycle flow rate (ml/min) 1

(feed concentration: 1.5 mg/ml)

Fig. 6. Steady-state concentration profile�
��

� (Feed concentration=1.5 mg/ml,
t*=15 min).
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Fig. 8�J� ±hÐ�- 5 mg/ml� �Ï� ] f!�©- Îk ~m

D ��� Ð� <i- {¸±� 4$. ±h��J 6�&1� E=�

7� àH>� racamic bupivacaineE ±h|m section 2� �© EZ

�� ��3� 7�&1� áâE DO|mD$. E ], ,�1� ±h

¥ z� >? l�J áâ¦E 	P R-bupivacaineE �© EZ�� �

�3, µÕ Ö×1� DO�� EZ3� �P ñâ DO��� nº

T¨ |�, áâ|T V� S-bupivacaineE EZ3� 0s section 31�

EZ�¨ ¥$. ,�� z�� ±h|mJ EZ3� 0s section 31�

EZP S-bupivacaine� EZ3, �© µÕ�µ1� DO|� ��3

� áâ�¨ ¥$. EZ3I� S-bupivacaine� �E ��3� áâ�{

$ ,�1� 89�¨ |m /fú áâ� �T TP ��E EZ3,

ªò raffinate� EZP ê ÐÈ¥ R-bupivacaine, ªò iã¥$. E

� �k S-bupivacaine� Ð� �¡��E UmT§J section 3� ïV

½Ø raffinate�J� R-bupivacaine� ��� ­��¨ ¥$. ÅP, Ù¤

W ½¾E ',�¸ D�« section 2� k �� ��3�J áâ¥

R-bipivacaine� �E Ef� �� Ð�� �k ��P 3jE$. �°

J ,¡� 3j� D�« section 2�J� EZ3� �k R-bupivacaine

E ñâ|T_, 3:&1� ñâ��� WmT¨ ¥$. E� �k section

2� ïVE |m extract�J� S-bupivacaine� ��� ­��¨ ¥$.

�°J Fig. 8�J {� 0, ¢E ±h Ð�� ��MN# �� È�

µ� Ð� �¡ ���J >�?�(tailing) X3E ���¸ raffainte�

J` extract�J� gg� R,S-bupivacaine� ��� ­��� 'µ�

{E¨ ¥$. R,S-bupivacaine� ±hÐ�� �K �&YÑ�J� extract

` raffinate� �� ¹�� Fig. 9� qwq 4$. Gú, ±hÐ�� �

�ª� �° raffinate�J R-bupivacaine� ��� ­��� ��{$

extract�J S-bupivacaine� ��� ­��E YZ [$.

4-3. SMB ��  !�"

SMB- 10 ©EQ «c�¸ �33j� �ø½é ê $ó 11 ©EQ

E DO|� ZH iã��J �Ã�Ï$. �ÃP iã�� ÐÈ��

¤kJ, ô4�5�- Ec�¸ c�- \�½é ê 5 ml� n-hexane�

0¸ Ë[��� Ec�¸ ���Ï$. ¸�J, ÐÈ¥ ��� extract

` rafinate�J gg 15.84, 7.2iE$. Fig. 10� 11 ©EQE «c|�

ZH, gg extract (a)̀  raffinate (b)�J �ÃP iã�� Ð��¡�

�E$. Extract�J �ÃP iã�� cã��� S-bupivacaineE�, �

� §&� ��1� S-bupivacaine� ��� 98.9%E}$. ÅP, raffinate

3�J �ÃP iã�� Ð��¡���J� R-bupivacaine� ���

98.3%E}$. ±h¥ z�>?� racemic bupivacaine� ��EÂ� ]

�>E +ã|mJ g iã��J� ��� ­��¨ |}$. E� ©

c¥ ½�� �� 100%� racamic bupivacaineE s��, c� Å� f

-�,� l�J àH¥ ]�>� ��� ^�¥$. Ë[��� EcP

Fig. 7. Elution profile of extract (a) and raffinate (b) (Feed concentra-
tion=1.5 mg/ml).

Fig. 8. Steady-state concentration profile (Feed concentration=5.0 mg/ml).

Fig. 9. Effect of feed concentration on purity of extract and raffinate.
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ÌÍ�J� _�� ½�� ��� ±h|m +ã|T V`T_, SMB

- «cM '� EQP ]�>E ë «c½¾ZH ��� È&|m i

ã¥$. SMB� Çâ¥ ��� 9� 3j� ab�¨ ÔT|T VsJ

��I� Ef� c8�� 4}d ]�>� ¡ª|m 4$. EQP ]

�>� ¡ªP �� §&� ��1� ��- 7!�Ï� ], raffinatè

extract�J gg 98%E3� ���� R,S-bupivacaine� ��|}$

(Table 3). E ], extract̀  raffinate� N�� gg 82%, 93%� N��

~� N 4}$.

5. � �

R,S-bupivacaine l�J ��&1� ÔcP S-bupivacaine� ~� ¤

kJ SMB- ©c�Ï$. SMB Y®YÑ� �©- ÎkJ ~� ¤�¸

ôX � ��3N- Ë[�� ÌÍ�J <�Ï$. R,S-bupivacaine� �

�X cã��� Ec�¸ '�& Langmuir áâôX£� ~}�, Ì

Í£1��ù >?fø 7N- Ec�¸ SMB �©- NO�Ï$. 7

!¥ Ý,� �k ±hÐ�� 1.5 mg/ml̀  g section�J� Ô��J

ÌÍP Ý,� ��§, R,S-bupivacaine� 98%E3� ���� ��M

N 4}$. 


 �

Á 6<- Tzk ±e 9�� >����6<fù(��:��)̀

qgh'6<fù(PÄ,���6<z)� ­©ij�$. ÅP, Ë[�

� ÌÍ, SMBÌÍ� k¦k ±e PÄ,���6<z� lT6m�

¨ ­©ij�$.
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