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� �. (+)-(18-crown-6)-tetracarboxylic acid(18C6H4)� �� ���� �� ����  !�" gemifloxacin#

$%& ��'()*� �� +,�-.. Body fluid/	 ����  !�" gemifloxacin0 1�2" +34 56 +

3 78, .9+ +3 :0 �; <= >?# <@.. A;B body fluidC0 D4 EF0 BGH IJ4 18C6H4K L

M �� NOPQ*� "�� gemifoxacinR 18C6H40 NOPQ# STM.. �� ���K BGH IJ UI0 N

O PQ# VI� WT XY QZ/ [\IG ,8] EDTA� ^<�-.. 7_ QZ/ 150 mM0 BGH IJI `

a b c/F +, de0 fNR I( 780 gh� &i b � jk..

���: $%& ��'(, �� +3, /lmnopqGro%Gs, tru /qv

ABSTRACT. Chiral separation of gemifloxacin, an quinolone antibacterial agent, using (+)-(18-crown-6)-tetracar-

boxylic acid (18C6H4) as a chiral selector was performed by capillary electrophoresis (CE). Direct analysis of quinolone

antibacterial agent in body fluid is beneficial in terms of fast analysis time, multicomponent analysis. However, high con-

centration of sodium ion in body fluid can prevent gemifloxacin from interacting with 18C6H4 since sodium ion has high

affinity with 18C6H4 due to the strong charge interaction. Ethylenediaminetetraacetic acid (EDTA), as a chelating ligand,

was added in the running buffer in order to reduce the interaction between sodium ion and the chiral selector. Increased

separation efficiency and reduced migration time were observed while sodium ion exists in the sample solution at the

concentration up to 150 mM.

Keywords: Capillary Electrophoresis, Chiral Separation; Ethylenediaminetetraacetic Acid, (+)-(18-crown-6)-tetracar-

boxylic Acid
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wa x4 0yz{I r%| �}~� UQ�� j

*� I r%| �} 0yz0 � I9��{4 ��

� �� .6 �F� "� C/	 +T, �� � �9

��� ��< xI j.. I{ � I9��{4 ��

M 9+4 �QM yz*� PQ�� .6 9+4 yz

*�	 PQ# �= ��.. A,� ��/ �r	�

"�/ ��� T�u PQ# �� �.. A;��, �

� �}~# ��M yz/	 � I9��0 �F� �

��� ��0 yz0 d�# ��� � < ¡¢��

�k� £� I9��{0 +, �¤/ �M &¥F D

o=� �k..

�; <=0 +, �¤ ¡/	 £� I9��{0 +

,/ ¦, §I� S)4 �� ¨©# IQM +,F<

ª4 �9� Z� t�«¬A­®) (High Performance

Liquid Chromatography : HPLC)1,2R <¯ t�«¬A

­®) (Gas Chromatography : GC)3I.. A;B HPLC

� °�� �±N# <@ PreparationQ ¨©4 <²I

³´� �� ���� �� �±N*� UQ�� 7_

0 µI xI UQ�� ¶? :I j.. A,� GC�

+,F< ª.� >?4 j*B +3 7_< ·¸9#

<¹º �� �yI j*�, 2Q0 »W< A.= ¼

= ½�.. ¾ ¿À/	 £� I9��{0 +,/ U

QM $%& ��'()(Capillary Electrophoresis : CE)4

I(N0 XY QZ/ ^<� �� ���K +,b r

%| �}~ UI/ Á9� (2 ÂÁ NÃ0 diastereomeric

pair� IQM.. A;�� hÄ0 ���ÅI Æ¢�..

$%& ��'()4 XY QZ/ �� ���� ^<

�� ÇÈ ��� .µM �� ���� UQ�� 8¶

�� £� I9��� +,b � j..4 I;M £� I

9��� +,��É α−, β−, γ− UIÊ�Ë¯G�,5,6

tru /qv,7,8 �� �È�9�,9 ¶Ì�10 :0 .µ

M �� ���< IQ�.. ÍM $%& ��'()4

�� Î�Ï2 ÐÑ# IQ�� ÐÑ0 ��I Ò0 Ó

1�*� 7_ Ô0 +sI 2Õ	 D4 +, deR

+3 78I Ö4 >? :I j..

I ¿À/	 £� I9��� ����  !�"

gemifloxacin(Fig. 1a)# UQ�-.. Gemifloxacin4 �

` ��×�  !�0 >?" AØ Ù9Ú/ �M dR

ÛÅ oÜr O��� gÝ0 °" Ú*� Þß@ AØ

µ9Ú/ �T	F àáM d�# <=� j..

Gemifloxacin/� pyrrolidineâã� �+/ �� äh

(Fig. 1a å)< j*� 1æ o|ç�� <=� j..11

�; <= .µM �� ��� ¡ (+)-(18-crown-6)-

tetracarboxylic acid(18C6H4; Fig. 1b)� 1æ o|ç�

� <@ £� I9��0 +,/ ¦, §"..12 18C6H4

0 �F�{0 1æ o|ç�� <@ �� ����0

�Q94 µ9è�� op �}~R 3é0 +NH-O �

hê}/ 0T tru /qvëR ì}�� Á9b �

j.. ÍM 18C6H40 ívì¿�K £� I9�� +

è0 IJ�M Aî UI/	0 ï�2 >ð, A,�

��2 NOPQ :/ 0T £� I9��� 	� .6

/ñ=� <=� �..

����  !� gemifloxacin0 I9�� +,� Ç

� ±� � IòÕ¹ ó*B urineR ô4 body fluid/

	0 1�2" +34 7_ �õ, R±/	0 78 h

¢� VÓ � j� .9+ +30 >?# <=� j..

ÍM, �õ, R±/	 7_0 +3 ��è �� 9+

0 ö¿# VÓ � j.. ÷ø0 ��/ 0�È ��+

0 body fluid� 140 mM ±F0 RÄ0 BGH IJ#

���� j..13

A;B, 18C6H4� BGH IJR ôI ì}�� Á

Fig. 1. The structures of (a) gemifloxacin and (b) chiral crown
ether, 18C6H4.
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9b � j� ~�I `a�� �� �� NO PQ*

� "�� 1æ o|ç�� <@ £� I9��K0 ê

}�. ù LM ê}ú# <@.. A;��, £� I9

��0 +,� BGH IJ : ì}�� Á9�� IJ

I ��� XY QZ/	 +, deI ûÕ=� c÷/

18C6H4K ì}�� Á9�� IJ80 �� NO PQ

0 'f# üh� ��º M..14

RÄ0 BGH IJ4 �� ���" 18C6H4K0 L

M NO PQ*� "T £� I9�� gemifloxacin0

+, de# t� ûÕý�.. Iõ© BGH IJ0

'f*� body fluid/	 gemifloxacin0 1�2 +3

/ x4 >ð< �6..

¾ � /	� BGH IJ EF� body fluidC0 B

GH IJ ��ÄR ô4 EF� Å{Õ �QZN/	

�� ��� 18C6H4K ì}�� Á9b � j� BG

H IJI `a�� þÿ/	F gemifloxacin# de2

*� +3�� )# � �-.. A,�, BGH IJ

I �oj� �QZN/	 7_� 1� +3 �*��

7_0 �õ,/ �6 �õ, R±/	 x4 780 h

¢K .9+ +3I �=�� ¶? :# Tê�� WM

� � �-.. I ¿À/	� 1æ o|ç�� <@ �

���  !�" £� I9�� gemifloxacin0 +3#

W�� 18C6H4� �� ���� UQ�-�, BGH

IJR �� ���" 18C6H4 UI0 LM �� NO

PQ# VI� W�� [\IG ,8] EDTA15� Bis-

Tris XY QZ/ ^<�*��, 18C6H4K ì}�� Á

9�� BGH IJ80 �� NO PQ0 'f# üh

��� BGH IJ/ 0M +,de0 ��� VÓ �

jk..

� �

��� 	
 ��

. I ¿À/	� $%& ��

'( >â" �I�-��¯ 3000 $%& �� '(>

â 7¯�(Bio-Rad Laboratories, Hercules, CA, USA)

# UQ�-.. �	��� ¯
I <�M è�-<7�

$��	 �	 
>4 270 nm/	 ¿À# 7��-..

7_ Çï4 1-psi(6895 Pa)�1 s� �� Ô�2" Çï

S�# IQ�-.. $%&4 50µm0 C�R 365µm

0 ��# <=� � �I 24 cm"(�	 �4 20 cm/

Wâ) Q� ¿,í $%&(Polymicro Technologies,

Phoenix, AZ, USA)# UQ�-.. $%&4 7_� +

3M ���/ D4 Ïú*� H2O, 0.1 M NaOH, H2O,

XY QZ �	�� $%&# ��I �� 3+ ±F �

ÕÇk.. I�4 7_� +3��É jÕ	 $%& �

� '(>â/	0 +,F� ª� �� W�I.. $�

¿À4 NJ 25oC/	 ¿��-� 7_� +,��É

Æ¢M ���Ï4 15 kV� Ó±�� �=�-.. ¿

À þÿ# Table 1/ B�Ck..


� �� � �� ��. I ¿À/	 UQ� ��

����� 18C6H4(Rstech, Daejeon, Korea; Fluka,

Buchs, Switzerland)� UQ�-� +3 ~� 7_" £

� I9���� ��×�  !�" gemifloxacin(LG

Chemical, Daejeon, Korea)# UQ�-.. +3 7_0

+,� WM XY QZ/� Bis-Tris(Sigma, St. Louis, MO,

USA), Citric acid(Yakuri, Osaka, Japan), EDTA(Sigma,

St. Louis, MO, USA)� UQ�-.. Ý� BGH(Sigma,

St. Louis, MO, USA)4 99.99%0 �F� <@ �# I

Q�-.. XY QZ4 °�� EF0 Bis-Tris/ citric

acid� <�� pH 4.0*� þ±�-.. ÍM �� ��

�" 18C6H4� 0.2 mM0 EF� XY QZ/ �� U

Q�-.. EDTA� �� EF� ��7�� XY QZ

/ ^<�-..

+3 7_� UQM £� I9�� gemifloxacin0

EF� 100µMI� ¡90 ~/� Ò0 �= �=Å

s9" ~/� oÇ � ��.. A,� ~/ �4 �/

� pH� D�F ��I � !�= ��.. I 7_�

��0 EF�  ,M Bis-Tris/ Citric acid(CA)� pH

4.0*� þ±M XY QZ/ �-.. Ý� BGH4 20

mM/	 150 mM!= EF� ��7�� +3 ~� 7

_/ ^< 7"..

Gemifloxacin# ~/ �� +£ £F�� #4 êR

270 nm $õ/	 ü� �£F� �-.. �� Î�Ï2

ÐÑ0 %& 7_�� o%'(Merck, Darmstadt, Germany)

# UQ�-.. ¿À/ UQ� 7_{4 ��M 3æ (

Table 1. The conditions of capillary electrophoresis

Parameter Condition
Column

Running buffer

Injection
Applied voltage
Detection
Room temperature

Uncoated fused silica capillary
(ID 50µm×24 cm: To detector 20 cm)
(20~50 mM Bis-Tris+0.2 mM 18C6H4
+0~25 mM EDTA)/CA
1-Psi (6895 Pa)×1s
15 kV
UV absorbance at 270 nm
25oC
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)�(Barnstead, Dubuque, IA, USA)/ �� UQ�-..

�� � ��

�� ��. I ¿À/ UQ� ����  !�" £

� I9�� gemifloxacin/� pyrrolidine âã� �+

/ �� äh< j*� 1æ o|ç�< I �� äh0

*�Wâ/ j.(Fig. 1a). IK ôI 1æ o|ç��

<@ £� I9��0 £� +b/� tru /qv0

�F�{I �� ���� �Q�.. µ9è�� op

�}~4 3é0 +NH-O �hê}/ 0T tru /q

vëR ì}�� Á9b � j.(Fig. 2a). tru /q

v0 ívì¿�K £� I9�� +è0 IJ�M A

î UI/	0 ï�2 >ð A,�, ��2 NOPQ

:/ 0T � ì}�� 	� .6 /ñ=� <=� �

.. I;M /ñ= æI< Ê�+ I(F0 æIF �

=�, ª4 +,�*� +,< �� �..16

Fig. 2(b)� 40 mM Bis-Tris/ 0.2 mM 18C6H4 Citric

acid� pH 4.0# ,- Bis-Tris XY QZ/	 100µM

gemifloxacin# +,M Ó.G�/�A0I.. A1/

	K ôI 18C6H4� �� ���� IQM �� £�

I9��" gemifloxacin# 9�2*� +,b � jk

.. Ic0 I( 784 �� 3.53 minR 4.14 minIk

*�, +,�4 481,000/mI..

�� ����� ��� ��� � ! EDTA� "!.

I ¿À/	 UQM �� ���" 18C6H4� macrocyclic

2,/¯qv ë# <=� j.. I�4 Ó32*� Þ

4, 5�, 6$7 IJ, µè� �Õ j� op �}~

R 8±M 9~# Á9M.. £� I9��� +,��

WT ^<M �� ���" 18C6H4� BGH IJR

�� NO PQ*� LM ê}# b �< j..14 A;

�� BGH IJI op �}~R �: `a�� ��,

BGH IJI ;� tru /qvK ê}�� op �

}~I tru /qvK ê}�� �# ST�� �..

�r	 I;M 5� IJ{I XY QZ �/ `a�È,

18C6H4� IQ�� op �}~# +3b c deI

gh�� �.. I;M 5� IJI 7_ �/ `a�

� ��/F £� I9�� +3/ ¡¢M 'f# |<

�*� !��.. I/ �r �� ���K BGH I

J80 ì}�0 Á9# =� +, de0 gh� üh

� ��º M..

÷ø0 ��/ 0�È �� ���" 18C6H4< ̂ <

� pH 3.0 XY QZ/	 18C6H4/ �M BGH IJ

R £� I9�� gemifloxacin0 ê}N�� �� 9100

>90016, 1080>8017I.. I�4 �� ��� 18C6H4

< gemifloxacinR0 ê}�. BGH IJR0 ê}I

�. LM ê} N�� <@.� �# ��Ç� j..

A;�� BGH IJ4 18C6H4K NO PQ*� ì

}�� Á9 �*�� 1æ o|ç�� <@ £� I9

��0 +, de# gh 7?..

÷ø0 ��/ �vÈ [\IG ,8] EDTA� .

µM 5� IJR 8±M 9~# Á9�� BGH IJ

/ �T	 1.66 0 Á9 N� @# <@.(log Kf=1.66).18

I/ �r EDTA� 18C6H4K BGH IJ UI0 ì

}� Á9# =� BGH IJR 9~# Á9 b �I

r� !��.. ¾ ¿À/	 EDTA0 ^<� BGH I

JR 18C6H40 NO PQ# A��� 5� IJ" B

GH IJR0 NOPQ*� £� I9�� gemifloxacin

0 +,de# fN7�� �# &i�-..

Fig. 2. (a) Schematic representation of interaction between
crown ether and gemifloxacin. (b) Chiral separation of gemi-
floxacin Running buffer. pH 4.0 40 mM Bis-Tris/CA; 10 mM
EDTA; 0.2 mM 18C6H4, Wavelength: 270 nm, Applied volt-
age: 15 kV, Gemifloxacin concentration: 100µM (Gemiflox-
acin: g).
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Fig. 3/	0 ¿À þÿ# �È (a)� 20 mM BGH

IJI 7_ �/ �oj# c, 50 mM Bis-Tris/ 0.2

mM 18C6H4K 20 mM EDTA XY QZ*� 100µM

gemifloxacin# +,M �I.. (b)� 0.2 mM 18C6H4

� �" 50 mM Bis-Tris/CA0 XY QZ/	 BGH

IJ# 20 mM �" 7_ QZ 100µM gemifloxacin0

+,� B�C� j.. Fig. 3(b)/	� BGH IJ0

'f c÷/ ®t BI ¼Õ=� wNR CA;=� w

NI B�D.. Fig. 3(a)/	� EDTA0 dR� "��

20 mM0 BGH IJ# ��M gemifloxacin0 +,�

®t $µI ÓA;EI F� BI ¼Õ=� wNI w

�� VÕ � �# G �< j.. ÍM 7_ I(F<

Hr=� wN# G �< j.. +, deF t� fN

�ÕE# G �< j.. I A1/ �� Ç=� �=Å

50 mM Bis-Tris/CA0 XY QZ/	 BGH IJI ̂

<�= �4 £� I9��0 +,/	F EDTA0 d

R/ 0T ®t0 I, J� wNIB BI ¼Õ=�

wNI w�� VÕ]� �# �� &..


� ��� #$% EDTA #$� &' ��$� ().

Fig. 4(a)/	� XY QZ0 EF(IJ %�)/ �6 7

_0 I(F� B�Ck.. UQM XY QZ4 50 mM

Bis-Tris/CA/ 0.2 mM 18C6H4K 10 mM EDTA� ^

<�� Å{k.. A1/	 �� �K ôI, IJ%�

� XY QZ0 EF< (<�È �� �WK �� Î

�Ï2 ÐÑI gh�� c÷/ 7_0 I(F< gh

�� �# ��Ç� j..

Fig. 4(b)/	� 0.2 mM 18C6H4� �" 50 mM Bis-

Tris/CA0 XY QZ/	 EDTA0 EF� 5~25 mM�

��7�� K±M gemifloxacin0 I(F� B�Ck

.. ��/	� EDTA0 EF< (<�/ �r 7_0

Fig. 3. (a) The effect of EDTA . Running buffer : pH 4.0 50
mM Bis-Tris/CA; 20 mM EDTA; 0.2 mM 18C6H4, Wave-
length: 270 nm, Applied voltage: 15 kV, Gemifloxacin con-
centration: 100µM. (b) The effect of sodium ion. Running
buffer. pH 4.0 50 mM Bis-Tris/CA; 20 mM EDTA; 0.2 mM
18C6H4, Wavelength: 270 nm, Applied voltage: 15 kV, Gemi-
floxacin concentration: 100µM, Sodium concentration: 20 mM
(Gemifloxacin: g).

Fig. 4. (a) Electrophoretic mobilities of gemifloxacin as a
function of Bis-Tris/CA buffer concentration (Gemifloxacin:
a, b). Running buffer: pH 4.0 20~50 mM Bis-Tris/CA; 10
mM EDTA; 0.2 mM 18C6H4, Wavelength: 270 nm, Applied
voltage: 15 kV, Gemifloxacin concentration: 100µM. (b)
Electrophoretic mobilities of gemifloxacin as a function of
EDTA concentration in Bis-Tris/CA buffer (Gemifloxacin: a,
b). Running buffer: pH 4.0 50 mM Bis-Tris/CA; 5~25 mM
EDTA; 0.2 mM 18C6H4, Wavelength: 270 nm, Applied volt-
age: 15 kV, Gemifloxacin concentration: 100µM.
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I(F< =�2*� (<L# ��Ç� j..

EDTA  #$� &' �� "*! ��+� (). I

¿À/	� �� ��� 18C6H4K BGH IJ0 L

M NOPQ# þU�� W�� [\IG ,8] EDTA

� XY QZ C/	0 EF� ��7�� A/ �6

��� Þo�M.. Fig. 5(a)� �È 0.2 Mm 18C6H4

� �" 50 Mm Bis-Tris/CA0 XY QZ/	 EDTA

0 EF� 5~25 Mm� ��7�� ^<�� 100µM

gemifloxacin0 +,� B�C� j.. I A­N/ B

�BOI EDTA0 EF< Do��+ +, deI (

<�� �# Þ � j..

Fig. 5(b)/	� +,�# EDTA0 EF ��/ �r

B�Ck*� ¿À þÿ4 Fig. 5(a)K ô.. EDTA0

EF (</ �r 7_0 +,�I PoE# Þ �<

j.. +,�4 ÂÚ2" �é0 +3 ®t0 �� '

(2 I(FK �� Î�Ï2 ÐÑ0 'f# Q�..19

EDTA� ^<�� EF0 (</ �r �� Î�Ï2

ÐÑ(electroosmotic flow)R 7_0 I(F< Hr=

� �# G �< j.(Fig. 4b). A;�� �� '(2

ÐÑR �� Î�Ï2 ÐÑI ô# c EDTA0 ^<

� "�� EDTA0 EF (</ �r �� Î�Ï2

ÐÑI (<�� +,�4 gh�� �� �# ��Ç

� j..

EDTA "!� �, ��� ��� -./0 gemifloxacin

�  ��. ����  !�" £� I9�� gemifloxacin

0 7_ �/ �o j� BGH IJ0 EF� 0~150

mM� ��7R �M.. UQM XY QZ4 50 mM

Bis-Tris/CA/ 0.2 mM 18C6H4K 25 mM EDTA� �

" � Å{k.. Fig. 64 I;M þÿ/	 100µM

gemifloxacin# +3M êRI.. XY QZ C/ EDTA

� ̂ <�= �4 NÃ/	 BGH IJI ��� 7_

� +,�È ®t0 $µI ÓA;=� +, deI S

� Po=� L# Þ �< j.(Fig. 3.b). A;B Fig. 6

/	K ôI EDTA� ^<M ��/� BGH0 EF

< body fluid /	 BGH IJ0 EF þÿR �UM

150 mMÓ c/F Fig. 3(b)K  , +,� gemifloxacin

®t0 I, J� wNR BI ¼Õ=� wNI VÕT

# Þ � j.. ÍM ®t $µ0 ÓA;EF gh �

k.. I ¿À*� BGH IJI 150 mM0 EF� ̀

a�� �QZ N/	0 gemifloxacin +,� body fluid

/	F 7_ �õ, FI U��� de2*� 1�2

" +3I <��# Þ �< j..

� �

£� I9��0 +,/ <> ¦, UQ�� S)4

�� ¨©# IQM HPLCK GC I.. A;B I;M

S){4 ¨©0 <²I ³´� RÄ0 7_< Æ¢�

.� ¶?# <=� j.. I ¿À/	 UQM $%&

��'()(CE)4 I;M ÷�?{# Tê�-*�

body fluidC0 ����  !�" £� I9��

gemifloxacin0 1�2" +3# <��� �� 7_0

�õ, R±/ �6 x4 780 h¢K 7_0 +3

��è �� 9+0 ö¿# =� (7/ .9+ +3#

QI�� �-.. ��+0 body fluid� 140 mM ±F

0 RÄ0 BGH IJ# ���� j.. RÄ0 BG

H IJ4 �� ���" 18C6H4K0 LM NO PQ

*� "T £� I9�� gemifloxacin0 +, de#

t� ûÕý�.. Iõ© BGH IJ0 'f*� body

fluid0 1�2 +3/ x4 >ð< �6.. �� ��

�" 18C6H4� £� I9�� gemifloxacin0 NO P

Q�. BGH IJR ù LM NO PQ# M.. I;

M BGH IJI 7_ �/ `ab c, +, de0 �

�K ®t0 BI ¼Õ=� wNI B�D.. A,�

Fig. 6. Chiral separation of gemifloxacin in saline solution
using 18C6H4 in 50 mM Bis-Tris/CA buffer (pH 4.0) con-
taining 25 mM EDTA. Running buffer: pH 4.0 50 mM Bis-
Tris/CA; 25 mM EDTA; 0.2 mM 18C6H4, Gemifloxacin
concentration: 100µM, Wavelength: 270 nm, Applied volt-
age: 15 kV, Sodium concentration: (a) 0 mM, (b) 20 mM, (c)
100 mM, (d) 150 mM.
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