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| A simple and sensitive microfluidic capillary electrophoresis method with laser induced fluorescence detection was developed for the

respectively. The analysis was achieved within only 1.6 min.
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INTRODUCTION

Sulfonamides are synthetic antimicrobial drugs, which
are used in aquaculture and animal husbandry and as medicines
for human beings to treat diseases such as gastrointestinal and
respiratory tract infections'. Represented by sulfamethazine
(SMZ), they have been widely used for clinical and veterinary
practice for decades, but abuse of them or insufficient with-
drawal time would lead to accumulation of these drugs in
animal or human tissues*’. Sulfonamides at high levels may
cause allergy, carcinogenesis and antibiotic-resistance of
bacteria, which attracted the attention of public*®. Therefore,
it is important to develop simple, accurate and sensitive
methods for the detection of sulfonamides.

Various approaches are reported in literatures for the
determination of SMZ in combination with other sulfonamides
such as sulfanilamide (SAM), sulfaquinoxaline (SQX),
sulfadimethoxine (SDM), sulfamerazine (SMR), sulfathiazole
(STZ), sulfadiazine (SDZ) and sulfamethoxazole (SMX), etc.,
which include spectrophotometry’, flow injection analysis®’,
voltammetry'®", immunoassay'*'*, gas chromatography-mass
spectrometry (GC-MS)'>'®, high performance liquid chroma-
tography (HPLC)'"""? and chemometrics methods™.

Microfluidic technologies are powerful tools to perform
chemical and biochemical assays. Microchips have been

through the separation and determination of sulfamethazine, sulfamerazine and sulfamethoxazole in a running buffer solution containing
20 mmol/L borax (pH 9.2) with 15 % (v/v) ethanol. The injection and separation voltages, the concentration of borax, pH of the buffer and
the content of ethanol in running buffer were optimized to get great influence on the separation. This proposed method showed satisfactory
sensitivity with the limits of detection (S/N = 3) of 0.01 to 0.04 umol/L for the sulfonamides. The method also exhibited very good

-
analysis of sulfonamides using fluorescein isothiocyanate as derivatization reagent. The performance of the system was demonstrated |
reproducibility with the relative standard deviations of not more than 9.2 and 2.2 % for fluorescence intensity and migration time, |
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successfully applied in a variety of electrically driven separation
techniques since they were introduced in the early 1990s*'%,
The separation performance of microchip electrophoresis
(MCE) was found to be similar to conventional capillary electro-
phoresis in spite of geometrical restrictions. The prominent
advantages of MCE include shorter analysis time, lower consum-
ption of sample and reagent, good integration and high-
through-put screening®**. Laser induced fluorescence (LIF)
provides high sensitivity and becomes the most important
detection technique in MCE*"*’, However, because very few
analytes themselves can emit enough fluorescence, a derivati-
zation procedure with a suitable fluorescent reagent to produce
a fluorescent adduct is necessary for the development of a
MCE-LIF method. Wang et al., have performed the separation
and detection of SAM, SMX, SMZ and SQX using MCE-
LIF*. However, they didn't consider the separation of SMZ
and SMR, which have the similar structure only with the diffe-
rence of a 6-position methyl group (Fig. 1, upper). In addition,
Chu et al.”' determined SMZ, SDM, SMR, STZ, SDZ and SMX
based on capillary zone electrophoresis with electrochemical
detection. However, a little bit high detection limits were obtained
ranged from 9.3 x 10*-1.3 x 10”7 g/mL for SMZ, SMR and
SMX. Separation and determination of SMZ and SMR at low
concentration is a challenging task of great importance. In
this paper, a simple MCE-LIF method was developed for
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simultaneously separating and detecting three commonly used
sulfonamides, SMZ, SMR and SMX, with fluorescein isothio-
cyanate (FITC) as fluorescent reagent (Fig. 1, lower).
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Fig. 1. Molecular structures of SMZ, SMR and SMX (upper) and the
reaction of FITC with sulfonamide (lower). R-NH, represents the
sulfonamide

EXPERIMENTAL

The glass microchip was provided by Dalian Institute of
Chemical Physics, Chinese Academy of Sciences (Dalian,
China). Channel cross-section was close to a rectangle structure
(70 pm width, 15 um depth); the detection was performed 45
mm downstream from the cross-section on the microchip. The
four reservoirs were 3.0 mm in diameter and 1.5 mm in depth
(Fig. 2a). An intelligent four-path-high-voltage electric device
(IFED) and a chip-based CE LIF detector (LIF-D) are provided
by Professor Qing-ling Li (Shandong Normal University, Jinan,
China) as presented in Fig. 2b. Confocal optics mode structure
was chosen as optics collection system of LIF-D. A 473 nm
semiconductor double-pumped solid-state laser (SDPSS,
MBL-20) from Changchun New Industries Optoelectronics
Tech. (Changchun, China) was used as the excitation source.
The laser beam was reflected and focused on the detection
point; emission fluorescence was optically filtered by a 525 +
10 nm narrowband filter from Omega Optical (Brattleboro,
VT, USA) before being detected by a photomultiplier (PMT,
CR131) from Hamamatsu (Iwata, Japan). Signal acquisition
and processing were operated on a CT-22 data acquisition card
from Qianpu Data (Shanghai, China), with a sampling frequency
of 20 Hz.

Fluorescein isothiocyanate (FITC), sulfamethazine
(SMZ), sulfamerazine (SMR) and sulfamethoxazole (SMX)
were all purchased from Sigma-Aldrich (St. Louis, Mo, USA).
Ethanol, 2,5-dimethyl formamide (DMF), triethylamine (TEA)
and borax were of analytical-reagent grade, provided by
Nanjing Chemical Reagent (Nanjing, China). De-ionized water
was used throughout the experiments. Buffer solutions were
prepared by diluting the borax stock solution (1 mol/L, pH
9.2) with water and then adjusted with 1 mol/L HCL or 1 mol/
L NaOH to the required pH. All buffer solutions were filtered
through a 0.22 pm filter from Hanbon Sci. & Tech. (Huaian,
China) before use.

Derivatization: Fluorescein isothiocyanate solution was
prepared by dissolving 12 mg in 5.7 mL DMF and 0.3 mL
TEA. FITC working solution (2.0 x 10* mol/L) was freshly
diluted from the solution by DMF and TEA (19:1, v/v). SMZ
(112 mg), SMR (105 mg) and SMX (102 mg) were respectively
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Fig. 2. Schematic diagrams of (a) channels design of the microchip and
(b) MCE experimental system. S, sample reservoir; SW, sample
waste reservoir; B, buffer reservoir; BW, buffer waste reservoir;
IFED, intelligent four-path-high-voltage electric device; LIF-D, LIF
detector

dissolved in 4 mL DMF. Mixed standard solutions were then
obtained by diluting the corresponding stock solutions by 20
mmol/L borax buffer solution (pH 9.2). 30 uL FITC working
solution was added to 1 mL mixed standard solution, cons-
tantly stirring in 1.5 mL centrifuge tube, kept in a dark place
overnight at room temperature™.

Microchip procedure: Microfluidic manipulations were
carried out according to the following steps. 20 mmol/L
borax buffer solution (pH 9.2) containing 15 % (v/v) ethanol
was used as running buffer solution. The microchannels of
the chip were firstly rinsed with 1 mmol/L NaOH for 15 min,
then water for 15 min and running buffer solution for 10 min.
The laser beam was adjusted to focus at 45 mm position in the
separation channel near the channel cross. Four platinum elec-
trodes (0.1 mm in diameter) randomly chosen from IFED were
inserted into the corresponding reservoirs, respectively.

Ten microliter of running buffer solution was filled into
reservoirs B, BW and SW, respectively and 10 pL of sample
solution to reservoir S. The sample-pinched injection and elec-
trophoresis separation were controlled by the voltage output
of the IFED for each reservoir. During the pinched injection
for 20 s, 400 V was applied to reservoir S; 230 and 280 V
were applied to reservoirs B and BW, respectively, while
reservoir SW grounded. During separation, 2200V was applied
to reservoir B, 1400 V to reservoirs S and SW with reservoir
BW grounded. Experiments were duplicated for three times
under each separation condition.

RESULTS AND DISCUSSION

Selection of derivatization medium: The reaction was
kept at room temperature overnight™. This is because at high
temperature, FITC was unstable and transformed into more
complex products. In our experiment, DMF and TEA were
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chosen as solvents of derivatization. It was found that there
were few FITC-sulfonamides detected in the resultant without
TEA.

Effect of injection and separation potentials: For a given
channel length, injection and separation voltages determine
the electric field strength, which influence both the amount of
driven sample and the velocity of electrosmotic flow (EOF),
which in turn determine the peak size and migration time of
analytes. 5 x 10”7 mol/L FITC was used as the pilot analyte
and 20 mmol/L borax (pH 9.2) containing 15 % (v/v) ethanol
as the running buffer. During sample loading, FITC was
electroosmotically transported from reservoir S into reservoir
SW using the potentials listed in Table- 1. Running buffer from
reservoirs B and BW served to electrokinetically confine the
sample in the cross intersection. Keeping reservoir S voltage
400V and changing voltages of reservoirs B and BW, we found
that in case 3 when 230 and 280 V were respectively applied
to reservoirs B and BW, the peak shape was better than those
in cases 1 and 2. After 20 s injection, applied potentials were
then switched to separation mode and the sample plug was
launched into the separation channel. With the same injection
voltage, increasing reservoir S/SW voltage or decreasing
reservoir B voltage would bring worse peak shape caused
by tailing.

Effect of injection time: The injection conditions on the
microchip are strongly dependent on the injection time, which
affects both fluorescence intensity and peak shape of FITC-
derivatized sulfonamides. The effect of injection time was studied
by varying injection time from 10-30 s. It was found that the
fluorescence intensity increased with increasing injection time
from 10 to 20 s. When the injection time was longer than 20 s,
however, peak height was nearly invariable and peak broadening
became more obvious. In this experiment, 20 s was chosen as
the optimum injection time.

Effect of running buffer concentration and pH: In
microchip electrophoresis analysis, both concentration and pH
of running buffer play important roles. The ionic strength of
the running buffer solution is directly related to the concen-
tration of borax. In this experiment, the borax concentration
was chosen in the range of 5-30 mmol/L at pH 9.2, containing
15 % (v/v) ethanol. The experiments indicated that derivatives
of sulfonamides with FITC migrated more slowly at higher
concentrations of borax. When borax concentration was below
20 mmol/L, three derivatives couldn't be separated and espe-
cially SMZ-FITC and SMR-FITC merged together. With the
increase of borax concentration, migration time became longer.

The resolutions improved significantly with increasing buffer
concentration but leveled off at higher concentrations, possibly
due to excessive Joule heating. The higher buffer concentration
led to greater electric currents as shown in Fig. 3a and more
intensive Joule heating, which might bring noise to baseline,
resulting in unstable electrokinetic conditions. In order to
obtain higher resolution and avoid excessive Joule heating, a
buffer concentration of 20 mmol/L. was considered to be a
good choice.
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Fig. 3. (a) Influence of borax concentration on injection and separation

currents, buffer pH 9.2; (b) Influence of borax buffer pH on
separation current, borax concentration 20 mmol/L. Ethanol content
in the running buffer: 15 % (v/v); Injection voltage: S: 400 V, SW:
0V, B: 230 V, BW: 280 V; separation voltage: S/SW: 1400 V, B:
2200 V, BW: 0 V; injection time: 20 s; concentrations of analytes:
5.0 x 107 mol/L, each; FITC: 6 x 10" mol/L

TABLE-1
INJECTION VOLTAGE, SEPARATION VOLTAGE, PEAK HEIGHT, TAILING FACTOR, AND ASYMMETRY FACTOR
No. Injection voltage (V) Separation voltage (V) Peak height it oo Asymitry

B BW SISW B (mV) factor
1 280 360 1400 2200 17.3 0.89 1.29
2 200 240 1400 2200 24.0 0.98 0.98
3 230 280 1400 2200 23.5 1.00 1.02
4 230 280 1600 2200 26.1 1.66 0.48
5 230 280 1400 2000 13.8 1.52 0.57

“The tailing factor is defined as the distance from the front slope of the peak to the back slope divided by twice the distance from the center line of
the peak to the front slope, with all measurements made at 5 % of the maximum peak height. "The asymmetry factor is defined as the distance from
the center line of the peak to the back slope divided by the distance from the center line of the peak to the front slope, with all measurements made

at 10 % of the maximum peak height®.
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The influence of pH of the running buffer on separation
was tested using 20 mmol/L borax buffer solution from pH
8.2t0 10.4, containing 15 % (v/v) ethanol. The resolution didn't
show any obvious improvement, whether pH was lower or
higher than 9.2. However, the currents increased significantly,
which produced excessive Joule heating and strong noise,
shown in Fig. 3b. Therefore, it seemed reasonable to choose
20 mmol/L and 9.2 as the optimal concentration and pH of
borax buffer solution, respectively.

Effect of ethanol concentration: Ethanol with abundant
hydroxyl groups was selected in this work. It was added to the
running buffer to act as a viscosity regulator and surface charge
modifier’**. The effect of ethanol on FITC-derivatized sulfo-
namides separation was studied by ranging the ethanol content
from 0 to 25 % (v/v), whereas borax concentration was main-
tained at 20 mmol/L and pH at 9.2. As shown in Fig. 4, both
peak shape and resolution of SMZ-FITC, SMR-FITC and
SMX-FITC, as well as FITC were improved greatly, with
increasing ethanol concentration to 15 %. When ethanol concen-
tration increased from 15 to 25 %, fluorescence intensity
decreased greatly and migration time extended from 93 to
152 s. Hence, a pH of 9.2 and a concentration of 20 mmol/L
borax buffer with 15 % (v/v) ethanol were finally selected for
good peak shape and low current (Fig. 4c).
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Fig. 4. Effect of ethanol concentration on FITC-sulfonamide separation:
20 mmol/L borax buffer, pH 9.2; all other conditions were the same
as in Fig. 3. In Fig. 4c, 1: SMZ-FITC; 2: SMR-FITC; 3: SMX-
FITC; other peaks were from FITC

Linearity, limits of detection, limits of quantitation and
reproducibility: Under the optimized conditions, the typical
electrophorogram of FITC-sulfonamides is shown in Fig. 4c.
It is found that the FITC derivatives of SMZ, SMR and SMX
were separated clearly. A series of mixed standard solutions
of SMZ, SMR and SMX, ranging from 0.05 to 1.25 umol/L,
were analyzed. There are six series concentrations used
for SMZ, SMX and SMX. The fluorescence intensity and

concentration of each analyte were subjected to regression
analysis to calculate the calibration equations and correlation
coefficients. The limits of detection (LODs) and limits of
quantitation (LOQs), calculated on the basis of S/N ratios of 3
and 10, respectively (Table-2). Each mixed standard solution
was analyzed for 4 times. The precisions of fluorescence
intensity and migration time were evaluated by relative standard
deviations (RSDs). The RSDs of fluorescence intensity were
less than 8.7, 9.2 and 6.5 % and those of migration time were
less than 2.2, 2.1 and 2.0 %, respectively, for FITC derivatives
of SMZ, SMR and SMX.

Conclusion

A separation and detection method for three sulfonamides
SMZ, SMR and SMX was developed using MCE-LIF tech-
nique in combination with FITC derivatization. The reaction,
injection and separation conditions were optimized to improve
the sensitivity, as well as to separate FITC-derivatized SMZ,
SMR and SMX, especially for FITC-SMZ and FITC-SMR
with very similar structures in a short running time.
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