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On-line sample cleanup and chiral separation of gemifloxacin
in a urinary solution using chiral crown ether as a chiral selector

in microchip electrophoresis
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Abstract

In chiral capillary electrophoresis of primary amine enantiomers using (+)-18-crown-6-tetracarboxylic acid (18C6H4) as a chiral selector,
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he presence of alkaline metal ions in the sample solution as well as in the run buffer is undesirable due to their strong competitive b
8C6H4. A channel-coupled microchip electrophoresis device was designed to clean up alkaline metal ions from a sample matrix fo
nalysis of amine. In the first channel, the metal ions in the sample were monitored by indirect detection using quinine as a chrom
rained to the waste. In the second separation channel, gemifloxacin enantiomers, free of the alkaline metal ions, were successfu
sing only a small amount of the chiral selector (50�M 18C6H4).
2004 Elsevier B.V. All rights reserved.
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. Introduction

As a result of an increasing concern about the phys-
ological, sensory, and toxicological properties of chi-
al compounds, many analytical methods including high-
erformance liquid chromatography and capillary elec-

rophoresis (CE) have been applied to separate, identify, and
uantify chiral compounds[1,2]. Microchip electrophoresis

s based on the same separation principle as CE[3,4] and can
e superior to CE in the incorporation of complex channels
nd parallel processing systems for high throughput analyses
wing to modern micromachining technology. For example,
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precolumn[5], postcolumn[6], or two-dimensional[7] mi-
crochip electrophoresis devices could be easily fabricate
coupling microchannels. Very fast separation within a
milliseconds could also be achieved by constructing a
short separation channel of 200�m [8]. Recently, high spee
chiral separation of fluorescein isothiocyanate-labeled a
acids has been demonstrated using cyclodextrin as a
selector in microchip electrophoresis with a short separ
channel of 7 cm[9].

Chiral crown ether, (+)-18-crown-6-tetracarboxylic a
(18C6H4; Fig. 1a), is quite efficient in resolving chiral p
mary amines[10–12]. 18C6H4 can form diastereomeric com
plexes with protonated primary amine enantiomers an
chiral recognition stems from the difference in the co
plex formation energies. Alkaline metals such as sodium
potassium can also form strong complexes with 18C4,
which is detrimental to capillary electrophoretic separa
of amine enantiomers[13]. Thus, alkaline metal ions shou
be avoided as a buffer constituent when 18C6H4 is used a
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Fig. 1. The structure of (a) 18C6H4 and (b) gemifloxacin.

a chiral selector. Biological samples usually contain sodium
and potassium ions at about 1 wt.% concentration[14]. Such
metal ions not only in the run buffer but also in the sample so-
lution could spoil the separation efficiency significantly[15].
Furthermore, direct injection of biological samples contain-
ing salts into a mass spectrometer for further analysis can
cause electrospray instability and sensitivity reduction[16].
Various sample pretreatment methods such as solid phase ex-
traction and dialysis often have to be applied to clean up such
salts[16–22].

In this paper, we investigated channel-coupled microchip
electrophoresis for the chiral separation of gemifloxacin
[15,23,24], which is a primary amine and chiral antibacte-
rial agent as shown inFig. 1b, in a urinary solution using
18C6H4 as a chiral selector. In the first channel, highly mobile
metal ions in a gemifloxacin sample, monitored by indirect
detection, were removed to the waste and then gemifloxacin
enantiomers were separated using a run buffer containing
18C6H4 in the second channel. Channel-coupled microchip
electrophoresis will be suitable for desalting from the sample
solution, considering its simplicity, analysis time, and solvent
compatibility.

2. Experimental
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strate[3,6]. A wet-etching mask of a Cr/Au (200̊A/2000Å)
layer was deposited on both sides of a 500-�m thick
quartz wafer by thermal evaporation. A positive photoresist
(AZ1512; Clariant, Somerville, NJ, USA) was then spin-
coated on both sides of the wafer, and the column design
(Fig. 2) was transferred to the substrate using a film pho-
tomask (Ppmtechnology, Seoul, Korea). The patterned pho-
toresist layer was hardened (110◦C; 1 h) and the unpro-
tected Cr/Au layer was removed. Microfluidic channels on
the quartz chip were then isotropically etched in 49 vol.%
hydrofluoric acid solution for 20 min at 20◦C (etching rate
∼ 1.5�m/min). The channels were trapezoidal with a depth
of 31�m and width of 68 and 94�m at the bottom and top,
respectively. Reservoirs were fabricated by a sandblaster us-
ing 20-�m sand with a 100-�m thick dry film resist (BF410;
Tokyo Ohka Kogyo, Kanagawa, Japan) etch mask. The two
wafers were directly bonded at room temperature and then
annealed in a furnace (1000◦C, 3 h). Reservoirs were labeled
as: (A) run buffer; (B) sample; (C) sample waste; (D) buffer
waste; (E) run buffer containing a chiral selector; and (F)
buffer waste containing the chiral selector, as shown inFig. 2.
The volume of each reservoir was 80 mm3.

2.3. Microchip electrophoresis
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.1. Materials

18C6H4 was obtained from RStech (Daejeon, Kor
nd Fluka (Buchs, Switzerland). Gemifloxacin was
uired from LG Chemical (Daejeon, Korea). Bis(2-hydro
thyl)aminotris(hydroxymethyl)methane (Bis–Tris), po
ium chloride, and quinine were from Sigma (St. Louis, M
SA). Sodium chloride was from Junsei Chemical (Tok
apan). Citric acid (CA) was from Yakuri (Osaka, Jap
ll reagents were of analytical grade and were used w
ut further purification. Deionized water was obtained f
NANOpure purification system (Barnstead, Dubuque
SA). Human urine was taken from a healthy volunteer
sed immediately after collection.

.2. Microchip fabrication

A microchip was fabricated using standard photolit
raphic, wet etching, and bonding techniques on a quartz
Microchip electrophoresis was performed using
aboratory-constructed CE system as described in[15]. A
e–Cd laser (Omnichrome, Chino, CA, USA) operatin
25 nm was used as a light source for laser-induced
escence detection. The fluorescent light was collected

ig. 2. Schematic layout and dimensions of the microchip. Reservoi
abeled as: (A) run buffer; (B) sample; (C) sample waste; (D) buffer w
E) run buffer containing a chiral selector; and (F) buffer waste conta
he chiral selector. The channel depth was 35�m and width at a half-dep
as 60�m. The dots represent the detection points, which are located
nd 38 mm from the first and second injection crosses, respectively.
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10× microscope objective (Edmund Optics, Barrington, NJ,
USA) through a 405-nm bandpass filter (Melles Griot, Irvine,
CA, USA) and was detected with an integrated photomulti-
plier tube (HC 120-01, Hamamatsu, Bridgewater, NJ, USA).
Data acquisition and analysis were performed using an MIO-
16-XE DAQ board (National Instruments, Austin, TX, USA)
with LabVIEW 5.0.1 (National Instruments). Sample injec-
tion and separation on the microchip were performed using a
multi-channel high-voltage power supply (Model 1000/3125,
Canberra, Meriden, CT, USA), capable of generating 0–5 kV.

The run buffer for indirect detection in the first channel
was (50 mM Bis–Tris + 10�M quinine)/CA of pH 4.0. The
chiral run buffer was prepared by dissolving 50�M 18C6H4
in (50 mM Bis–Tris + 10�M quinine) and then adjusting the
pH to 4.0 with CA. The run buffer was pipeted into reservoirs
A through D and the chiral run buffer into reservoir F. The first
and second channels were filled with the run buffer with qui-
nine and chiral run buffer, respectively, by applying a vacuum
to reservoir E for 30 s. Then, reservoirs B and E were refilled
with a sample solution and the chiral run buffer, respectively.
The voltages applied to reservoirs A through D for the elec-
trophoretic separation in the first channel were 5, 4.8, 4.3,
and 3 kV, respectively, with other reservoirs floating. Sample
injection in the first separation channel was performed under
a gated sample-loading mode[6]; the electrokinetic injec-
t for
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Fig. 3. Simultaneous detection of metal ions and gemifloxacin in microchip
electrophoresis. Peaks: (1) K+, (2) Na+, (3) gemifloxacin racemate; run
buffer: (50 mM Bis–Tris + 10�M quinine)/CA of pH 4.0; sample solution:
(50 mM NaCl + 50 mM KCl + 100�M gemifloxacin) in the run buffer; light
source: He–Cd laser (325 nm); indirect laser-induced fluorescence detection
at 405 nm using a photomultiplier tube. The applied voltages applied to
reservoirs A through D for the electrophoretic separation were 5, 4.8, 4.3,
and 3 kV, respectively, with other reservoirs floating. Sample injection was
performed by floating a potential at reservoir A for 1 s, while keeping the
potential of the other reservoirs fixed.

floxacin racemate peak. Gemifloxacin could be successfully
separated from metal ions since the latter have much higher
mobilities than the former. The run-to-run reproducibility
in the gemifloxacin peak was higher than 99% and further
monitoring of the gemifloxacin peak in the first separation
channel was not necessary for the later chiral separation of
gemifloxacin in the second channel after initial confirmation.
The migration time of gemifloxacin was 1.5± 0.1 min for
multi-day runs.

In the previous study, the chiral separation of gemifloxacin
dissolved in a highly saline solution was investigated us-
ing 18C6H4 as a chiral selector in CE and microchip elec-
trophoresis[15]. The resolution between two gemifloxacin
enantiomers was reduced from 4.0 to 1.5 in the presence of
20 mM sodium ion in the sample solution. Sodium ion binds
to 18C6H4 more strongly than gemifloxacin ion[13]. Until
the zones of sodium ion and gemifloxacin are well separated,
sodium ion significantly inhibits gemifloxacin from binding
to 18C6H4. Since 18C6H4 is highly negatively charged at
pH 4.0, the complex formation with 18C6H4 decreases the
mobility of sodium ion. This gives more time for sodium ion
to interfere with the binding of gemifloxacin with 18C6H4,
which leads to a reduction in resolution. Thus, the removal
of sodium ions from the sample solution is essential for the
efficient chiral separation of gemifloxacin.

ere
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o
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ion was performed by floating a potential at reservoir A
s, while keeping the potential of the other reservoirs fi
emifloxacin was injected into the second separation c
el by floating reservoir D, with reservoir F grounded,
5 s right after the analyte passed the first detection po
nsure that all gemifloxacin was introduced into the se
hannel. The chiral separation of gemifloxacin enantiom
n the second channel was conducted by applying 3.0 k
eservoir E, with reservoir F grounded and all other reser
oating. The detection points were located at 32 and 38
rom the first and second injection crosses, respectively

. Results and discussion

The cleanup of metal ions was performed using the
eparation channel including reservoirs A, B, C, and D. M
toring of metal ions was conducted with an indirect de
ion method. A mixture of 50 mM KCl, 50 mM NaCl, an
00�M gemifloxacin was separated with the run buffe
50 mM Bis–Tris + 10�M quinine)/CA of pH 4.0. Bis–Tri
as used as a run buffer component to prevent the com

tive binding with the chiral selector 18C6H4 [13]. 10�M
uinine was added to the run buffer as a chromophore fo

ndirect detection of metal ions in microchip electropho
is. Two negative peaks and one positive peak were obs
s shown inFig. 3. The first negative peak at 0.3 min w

dentified as a potassium ion peak, and the second pe
.5 min as a sodium ion peak by spiking. Peak fronting
bserved since metal ions have higher mobility than the
uffer cations[25]. The positive peak was assigned as a g
Enantiomers of gemifloxacin in a urinary solution w
eparated on a coupled-channel microchip with a run b
f (50 mM Bis–Tris + 10�M quinine)/(50�M 18C6H4 +
A) of pH 4.0 (Fig. 4). First, metal ions were separated fr
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Fig. 4. Chiral separation of gemifloxacin dissolved in a urinary solution with
microchip electrophoresis. Peaks: (1) K+; (2) Na+; and (3) gemifloxacin
racemate. Peaks for gemifloxacin enantiomers are denoted by ‘g’. (a) The
removal of metal ions was performed in the first separation channel. (b) The
chiral separation was performed in the second separation channel using a
run buffer of 50 mM Bis–Tris/CA containing 50�M 18C6H4 (pH 4.0). A
urinary solution was five-fold diluted using 50 mM Bis–Tris/CA (pH 4.0).
Gemifloxacin was 100�M in five-fold diluted urinary solution. The sample
injection and electrophoretic separation in the first channel were performed
as inFig. 3. Gemifloxacin was injected into the second separation channel
by floating reservoir D, with reservoir F grounded, for 15 s right after the
analyte passed the first detection point to ensure that all gemifloxacin was
introduced into the second channel. For the analysis in the second channel,
the applied voltage was 3.0 kV at reservoir E with reservoir F grounded and
all other reservoirs floating. Analytes were detected at 32 and 38 mm from
the first and second injection crosses, respectively.

gemifloxacin racemate in the first separation channel to avoid
the undesirable effects of metal ions (Fig. 4a). A successful
chiral separation of gemifloxacin enantiomers was achieved
in the second separation channel, which was filled with a run
buffer containing only 50�M 18C6H4 (Fig. 4b). Quinine,
which was used to monitor the elution of sodium ions, had a
negligible effect on this chiral separation since it is a tertiary
amine and hardly binds to 18C6H4. Regardless of whether
the second channel was filled with run buffer with or with-
out 18C6H4, the change in migration of gemifloxacin in the
first channel was negligible, indicating that the diffusion of
18C6H4 into the first channel is not problematic. The migra-
tion times for the gemifloxacin enantiomers were 1.6± 0.1
and 1.8± 0.1 min after the sample introduction into the sec-
ond channel. Thus, the total analysis time was less than 4 min.
The area ratios of the earlier to the later eluting gemifloxacin
peaks were 50:50 and the resolution was 2.0, which is the
same as when metal ions were not included in the sample
solution using only the chiral buffer system and an effec-
tive separation channel length of 3.8 cm. Previously, gemi-
floxacin enantiomers dissolved in a urinary solution could be
separated with a resolution of 2.0 on a polydimethylsilox-

ane microchip using a run buffer of 50 mM Bis–Tris/(15 mM
EDTA + 0.5 mM 18C6H4 + CA) of pH 4.0 and effective
length of 9.4 cm[15]. Adding EDTA to a run buffer improved
the separation efficiency of the gemifloxacin enantiomers,
at the expense of resolution. By removing metal ions using
a channel-coupled microchip, however, a similar resolution
could be obtained using a smaller amount of 18C6H4 (50�M)
and a shorter effective length of 3.8 cm.

4. Conclusions

The chiral separation of gemifloxacin in saline solution
using 18C6H4 as a chiral selector was investigated using
a channel-coupled microchip electrophoresis device. Metal
ions hampering the complex formation of primary amine an-
alytes with 18C6H4 were removed in the first separation chan-
nel using the difference in electrophoretic mobilities of metal
and amine ions. In the second separation channel the enan-
tiomers of gemifloxacin were successfully separated with a
run buffer of (50 mM Bis–Tris + 10�M quinine)/(50�M
18C6H4 + CA) of pH 4.0. By desalting the sample solution
using a channel-coupled microchip electrophoretic device,
we could avoid the undesirable competitive binding effect of
the alkaline ions and significantly reduce the consumption of
t

A

ile
T In-
f of
K

R

) 3.
ok of
7, p.

ech-
. 51.
Anal.

J.M.

000)

Anal.

[ olut.

[
[ 992)
he chiral selector 18C6H4.

cknowledgements

This work was supported by the International Mob
elecommunications 2000 R&D Project (Ministry of
ormation and Communication) and the BK21 Program
orea.

eferences

[1] G. Gubitz, M.G. Schmid, Electrophoresis 21 (2000) 4112.
[2] N.M. Maier, P. Franco, W. Lindner, J. Chromatogr. A 906 (2001
[3] S.C. Jacobson, J.M. Ramsey, in: J.P. Landers (Ed.), Handbo

Capillary Electrophoresis, CRC Press, Boca Raton, FL, 199
827.

[4] C.S. Effenhauser, in: A. Manz, H. Becker (Eds.), Microsystem T
nology in Chemistry and Life Science, Springer, Berlin, 1998, p

[5] S.C. Jacobson, R. Hergenroder, A.W.J. Moore, J.M. Ramsey,
Chem. 66 (1994) 4127.

[6] S.C. Jacobson, L.B. Koutny, R. Hergenroder, A.W.J. Moore,
Ramsey, Anal. Chem. 66 (1994) 3472.

[7] R.D. Rocklin, R.S. Ramsey, J.M. Ramsey, Anal. Chem. 72 (2
5244.

[8] S.C. Jacobson, C.T. Culbertson, J.E. Daler, J.M. Ramsey,
Chem. 70 (1998) 3476.

[9] I. Rodriguez, L.J. Jin, S.F. Li, Electrophoresis 21 (2000) 211.
10] K. Verleysen, J. Vandijck, M. Schelfaut, P. Sandra, J. High Res

Chromatogr. 21 (1998) 323.
11] R. Kuhn, Electrophoresis 20 (1999) 2605.
12] R. Kuhn, F. Erni, T. Bereuter, J. Hausler, Anal. Chem. 64 (1

2815.



S.I. Cho et al. / J. Chromatogr. A 1055 (2004) 241–245 245

[13] J. Jang, S.I. Cho, D.S. Chung, Electrophoresis 22 (2001) 4362.
[14] H. Sigel, A. Sigel, H.G. Seiler, in: H.G. Seiler, A. Sigel, H. Sigel

(Eds.), Handbook on Metals in Clinical and Analytical Chemistry,
Marcel Dekker, New York, 1994, p. 1.

[15] S.I. Cho, K.-N. Lee, Y.-K. Kim, J. Jang, D.S. Chung, Electrophoresis
23 (2002) 972.

[16] M. Gilar, E.S. Bouvier, B.J. Compton, J. Chromatogr. A 909 (2001)
111.

[17] Z. Yu, D. Westerlund, J. Chromatogr. A 725 (1996) 137.
[18] Z. Yu, D. Westerlund, K.S. Boos, J. Chromatogr. B 704 (1997) 53.
[19] J.R. Veraart, H. Lingeman, U.A. Brinkman, J. Chromatogr. A 856

(1999) 483.

[20] J.R. Veraart, M.C. Groot, C. Gooijer, H. Lingeman, N.H. Velthorst,
U.A. Brinkman, Analyst 124 (1999) 115.

[21] D. Kaniansky, M. Masar, J. Bielcikova, F. Ivanyi, F. Eisenbeiss, B.
Stanislawski, B. Grass, A. Neyer, M. Johnck, Anal. Chem. 72 (2000)
3596.

[22] J. Lichtenberg, N.F. de Rooij, E. Verpoorte, Talanta 56 (2002)
233.

[23] C.Y. Hong, Y.K. Kim, J.H. Chang, S.H. Kim, H. Choi, D.H. Nam,
Y.Z. Kim, J.H. Kwak, J. Med. Chem. 40 (1997) 3584.

[24] S.I. Cho, H. Jung, D.S. Chung, Electrophoresis 21 (2000) 3618.
[25] D.R. Baker, Capillary Electrophoresis, Wiley, New York, 1995, p.

179.


	On-line sample cleanup and chiral separation of gemifloxacin in a urinary solution using chiral crown ether as a chiral selector in microchip electrophoresis
	Introduction
	Experimental
	Materials
	Microchip fabrication
	Microchip electrophoresis

	Results and discussion
	Conclusions
	Acknowledgements
	References


