Available online at www.sciencedirect.com

S(HENCE@DIRECT’ JOURNALOF
CHROMATOGRAPHY A

e
ELSEVIER Journal of Chromatography A, 1051 (2004) 185-191

www.elsevier.com/locate/chroma

Simultaneous determination of nitrate and nitrite in biological fluids
by capillary electrophoresis and preliminary study on their
determination by microchip capillary electrophoresis

Takashi Miyad8, Yoshihide Tanak® Hidenori Nagal, Sahori Taked} Keiitsu Sait6,
Keiichi Fukushf, Yasukazu Yoshid& Shin-ichi Wakid&*, Etsuo Nik?

@ Human Stress Signal Research Center, National Institute of Advanced Industrial Science and Technology, AIST Kansai,
1-8-31 Midorigaoka, lkeda, Osaka 563-8577, Japan
b Special Division for Human Life Technology, National Institute of Advanced Industrial Science and Technology, Osaka 563-8577, Japan
¢ Faculty of Human Development, Kobe University, Kobe 657-8501 Japan
d Faculty of Maritime Sciences, Kobe University, Kobe 658-0022, Japan

Abstract

In order to develop a highly sensitive and high-throughput screening method for nitrogen monoxide metabolites in biological fluids, we
have investigated the simultaneous determination of nitrite and nitrate, using capillary electrophoresis and microchip capillary elestrophores
In capillary zone electrophoresis, a running buffer based on human serum components with high ionic strength has been developed for the
determination of nitrite and nitrate in human serum and human saliva. We obtained successful separation of nitrite and nitrate in the serum
and the saliva within 7 min under optimum analytical conditions. Linear calibration curves for nitrite and nitrate for both peak height and area
were obtained by a standard addition method. The limits of detection obtained at a signal-to-noi§iNptib3 for nitrite and nitrate in the
serum were 2.6 and 18V, respectively. The values of the relative standard deviation of peak height for the serum witf 8itite and
20.9uM nitrate were 5.7 and 4.1%, respectively. For on-site analysis with high-throughput screening, a microchip capillary electrophoresis
method using a microchip made of quartz with a UV detector was developed. In this high-throughput format, using a running buffer with an
electroosmotic flow modifier, the peaks of nitrite and nitrate in an artificial serum sample were obtained within 8 s. In high-resolution mode,
using the buffer without electroosmotic flow modifier, the separation of nitrite and nitrate was obtained within 15s. In high-resolution mode,
using an artificial serum sample with p® NO,~ and 50uM NO3~, the limits of detectiongN = 3) of 41uM for NO,~ and 26.M for
NO;~ were obtained. The method was applied to human serum and saliva. We obtained peaks due to nitrite and nitrate in 10-fold diluted saliva.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction is important for human health to monitor the amount of NO.
NO levels in serum are changed by sefS]sand infectious
Nitrogen monoxide (NO) is synthesized frarrarginine gastroenteriti§6]; in cerebrospinal fluid, by Parkinson'’s dis-

in mammalian cells by a family of three NO synthags easd7]; and, in urine, by nephritic syndrome in childrij.

NO has been identified as a mediator in many physiologi- It is important to determine NO, however, NO is known to

cal functions, including the regulation of vascular tq2g be rapidly oxidized to nitrite (N@~) and nitrate (NQ@™) in

cell-to-cell communicatiof3], and phagocytosigl]. In or- the blood[9]. Due to its short half-life, most NO assays in

der to correlate changes in the amount of NO with disease, itbiological fluids measure N§J and NG~ as markers of NO
release.
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NO,~ and/or NGQ~ in human blood, the Griess reaction is biological fluids, using MCE, laser-induced fluorescence de-

widely used[11,12] Moreover, the separation methods for tection, ECD and conductivity detection were used. The use

determination of N@~ and/or NQ~ in saliva, plasma and  of UV detection has not been reported as far as we know.

urine by high performance liquid chromatography with an In this paper, we describe that improvement in the limit

electrochemical detectdt 3], in saliva by ion chromatogra-  of determination by suppression of the system peak resulted

phy (IC) with conductivity detectiofil4] and in serum using ~ from the running buffef25], and the preliminary study on

asequential injection analysis flow system with a spectropho- determination of N@~ and NG~ in biological fluids us-

tometer{15] have been developed. Capillary electrophoresis ing MCE with the improved running buffer. In particular, in

(CE) has also been widely used. However, itis not easy to an-MCE, the selection of high-throughput and high-resolution

alyze anionsin liquids, such as biological fluids and seawater, modes was investigated by active control of EOF, using run-

because anions in a sample matrix with high ionic strength ning buffer with/without CTAC. Moreover, the method was

easily diffuse over the injected sample zone. The determina-applied to human serum and saliva.

tion of NO,~ and NG, using CE, has been investigated

by several authorgl6-18] The separation methods, using

CE for simultaneous determination of NOand NG~ in 2. Experimental

human extracellular fluids, in hair and skin samples obtained

from a victim of gunshot and in neuronal tissues have been2.1. Chemicals and solutions

reported. In order to obtain highly sensitive determination,

some devices are presented. In order to eliminate a baseline A running buffer B as given ifmable B was prepared

dip caused by bromide ions, tetradecyltrimethylammonium and adjusted to pH 7.4 with 0.1 M hydrochloric acid. As a

bromide (TTAB) has been used as an electroosmotic flow running buffer for CZE and the high-throughput mode in

(EOF) modifier: TTAB solution was passed through an anion MCE, the running buffer B with 1 mM CTAC (running buffer

exchange cartridge to replace bromide ions with hydroxide A, Table 1 column A) was used. For the high-resolution mode

ions [16]. Chloride in the sample was removed by passing in MCE, the running buffer B was used. An artificial serum

the sample through a solid-phase extraction cartrj@gé¢ as given inTable 2was prepared and adjusted to pH 7.4
Previously, we have investigated anion analysis in seawa-[25]. As an artificial serum sample in MCE, the electrolyte

ter by capillary zone electrophoresis (CZE), using a running with added NQ~ and NG~ was used. CTAC was obtained

buffer similar to artificial seawater compositifi®] in order from Tokyo Kasei (Tokyo, Japan). All other chemicals were

to reduce the very high chloride peak and also to concentrateof analytical grade and used without further purification. All

the sample zone by stacking and/or transient isotachophore-

sis (tITP)[20—24] Therefore, based on this methodology, we 1apie 1

have developed a novel running buffer based on human seruntomposition of running buffers

components after deproteinization, because human serum isgomponent A: Running buffer A B: Running buffer B
like seawater, a sample matrix of high ionic strength. In ad- concentration (mM) concentration (mM)
dition, using artificial seawater as running buffer, we investi- g, HPQ, 200 200
gated high-speed separation by addition of another EOF mod-Kcl 12.0 120
ifier, cetyltrimethylammonium chloride (CTAC), and highly  NaCl 412 412
sensitive determination by using the stacking concentration Y"¢2 543 543

Glucose 472 472

technique. In the study presented here, we obtained the simul—CTAC 100 -
tar_1eous determmatlon,Of NO and NG ,m human Sferum' Running buffer A was used for CZE and the high-throughput mode in MCE.
using the CE method with the novel running buffer with added Running buffer B was used for the high-resolution mode in MCE. Running
CTAC and sample stackin@5]. However, an improvement  puffers were adjusted to pH 7.4 with 0.1 M hydrochloric acid.
in limit of determination of NQ~ is required.

Moreover, microchip CE (MCE) has attracted much atten-
tion, because of its usefulness in high-throughput screeningTable 2

and requiring only.L level sample volumel26,27] Kikura- Composition of artificial serum

Hanajiri et al.[28] has developed a microchip made of poly Component Concentration (mM)
(dimethylsiloxane) (PDMS) with electrochemical detection NaHPO, 2.00

(ECD) for the measurement of NO. Nitrite was determined NaHCG; 240

within 45 s by MCE—ECD, however, nitrate must be reduced XC! 4.20

to nitrite by a chemical reaction using Cu-coated Cd granules. ggg'um lactate 94; 4

Goto et al[29] has developed a bioassay system for the de- (g4 543

termination of NO from cells, using a glass microchip based Glucose 472

on the Griess reaction. The assay time was reduced by opti-Sodium acetate 20

mization of some conditions, however itwas still 2 h. Inmany The artificial serum sample for use in MCE was adjusted topH 7.4 with 0.1 M
literature reports on the determination of the components in hydrochloric acid and known additions of NOand NG~ were used.
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solutions were prepared in distilled water purified by Milli-Q 3. Results and discussion
Jr. (Millipore, MA, USA).

3.1. Capillary electrophoresis
2:2. Instrumentation In CZE, for the determination of NO and NQ~ in
human serum, running buffer Argble 1A) was used. The
characteristic of the running buffer is that the proportion of
sodium to potassium ions in the artificial serum was equal to
the proportion of these ions in human serum, in order to ob-
tain a stable baseline. When we determinedN@nd NG~

A capillary ion analyzer (Waters, MA, USA) was used.
The separation voltage was 10kV (negative polarity at inlet
side) and detection wavelength was set at 214 nm. Ai3i5
0.d. x 75pm i.d. fused-silica capillary was used for sepa-

ration. Its total length was 50 cm and effective length was in the serum using CE with the running buffer, we obtained
42.5 cm. Gravity injection at 10 cm height was employed for successful separation of NOand NGy~ peaks within 6 min

100 s (ca. 156 nL) to the serum and for 30 s (ca. 46 nL) to the I

: . as shown irFig. 2
saliva. The data was collected and analysed, using a 805 data . S _
station (Waters), In order to opt_aln calibration curves for I\%Qand NG,

A MCE-2010 (Shimadzu, Kyoto, Japan) and microchip a standard addition method for NOand NG~ in the serum
Type-U (Shimadzu) made of quartz were used for high-
throughput analysis. The microchip was cross-type with a -1
sample injection channel, a separation channel and four reser- 1 mAU b
voirs at the ends of each channel as showFRim 1 Elec-
trophoretic sample injection and separation was performed by
applying a voltage to the sample and buffer reservoirs of the
chip, using computer-programmed sequencing of the MCE-
2010. The separation behavior was observed using direct UV
detection at 214 nm for the whole separation channel, using
a linear photodiode array detector.

A HM-60V pH meter (DKK-Toa, Tokyo, Japan) was also
used.

2.3. Sample preparation

Pooled human serum (NESCOL-X; The chemo-sero-
therapeutic research institute, Kumamoto, Japan) was depro-
teinized by sequential centrifugal ultrafiltration at 200@,
using Biomax-100K, Biomax-30K and Biomax-5K filtration
units (Millipore, MA, USA) in that order. Human saliva was
collected with a Salivette (Sarstedt, Germany). In CZE, these
samples were diluted 10-fold with distilled water to achieve
the sample stacking effects. In MCE, the saliva with already
known concentrations of N and NG~ from CE, of 637 w

and 54374.M, respectively{30], was used.

Sample reservoir (Port1)

Buffer reservoir Waste reservoir
(Port3) | | (Portd)
- v
Oy | 1
Sample waste \ ] 4 6
reservoir i : ;
T N Time / min
(Pon2) / N "\ Separation
o e channel Fig. 2. Electropherogram of 10-fold diluted human serum as a sample with
Sample injection channel running buffer A. Analytical conditions: capillary, fmi.d. x 50 cm fused-

silica capillary; detection, at 214 nm; applied voltage, 10kV (negative po-
Fig. 1. Structure of the cross-type microchip: a sample injection channel, a larity at inlet side); injection, gravity for 10 cm 100s (ca. 156 nL). Peaks:
separation channel and four reservoirs at the ends of each channel. a, NO~; b, NO3~.
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Table 3 centrations of these in human blood. The running buffer was

R.S.D. of within-run and between-run, LOD in CE applied to the determination of NO and NG~ in human
R.S.D. (%) LOD saliva. When the saliva was introduced by gravity injection
Within-run (0 = 10) Between-runr(= 4) (WM) for 30s (ca. 46 nL) onto the capillary, the best result was

obtained. The unstable current on the capillary was caused
by the larger injection volume. Because the conductivity and
the viscosity of the saliva differ from those of the serum,
the saliva was not deproteinized. It is thought that the causes
of instability were the low conductivity and the high viscos-
was applied. A standard solution was added to the serumity. We achieved successful separation of NGnd NG~

to yield concentrations of 5, 10, 15 and 20 NO2~. The in the saliva within 7 min as shown iRig. 3. Using cali-
serum with a standard solution was diluted 10-fold and used. bration curves, the concentrations of NOand NG~ in
Calibration curves for N@~ were fairly linear and correla-  the saliva as shown iRig. 3were 118.5 and 532,0M, re-

tion coefficients were 0.996 and 0.997 for peak height and spectively. The concentrations of NOand NG~ in human
peak area, respectively. Moreover, in the case ogNG saliva, 80-148 and 169-29M, respectively, have been re-
standard solution to yield concentrations of 10, 20, 30 and ported previously14]. In other literature, in human saliva,
40p.M NO3~ was added into the serum, correlation coeffi- 125-27QuM NO>~ and 579-884.M NO3~ was reported
cients were 0.994 and 0.995 for peak height and peak area[32]. In comparison, the concentrations of NOand NG~
respectively. Using calibration curves, the concentrations of

NO2~ and NG~ inthe serum were 9.2 and 2Qu®/, respec-

tively. b

Using the serum, the reproducibility and the limits of de-
tection (LODs) of NQ~ and NG~ were obtained as shown 1 mAU
in Table 3 Relative standard deviation (R.S.In;= 10)
of within-run (repeatability) was calculated from the peak
height and area for N&, and NG~. R.S.D. 6 = 4) of
between-run (between-day) was calculated from the peak
height and area. LODSS(N = 3) were 2.6.M for NO2~ 4
and 1.5.M for NO3™.

Recoveries for N@~ and NG~ using the serum are
shown inTable 4 The serum, containing a standard solu-
tion was diluted 10-fold and used. Average results based on
three data points at each condition were used.

In addition, we tried to apply the CE method to human
saliva. Saliva sampling has the advantage of non-invasiveness
in comparison to blood sampling. This method might be ca-
pable of evaluating a stress-induced exercise tolerance test
by monitoring the concentrations of some components in hu-
man saliva. Takahashi et §B1] reported that the concen-
tration of NO;~ in human blood fluctuated in the exercise
tolerance test. The concentrations of NOand NG~ in
human saliva might be changed corresponding to the con- a

Peak height Peakarea Peakheight Peak area

NO,~ 5.7 6.6 5.2 2.8 2.6
NOs~ 41 4.2 6.0 6.9 15

Table 4

Recoveries for N@~ and NG&~ in CE
Component Concentration (mM) Recovery (%)
Spiked Found

NO, ™ 50 5.42 1084
100 9.76 976
150 1388 925
200 2085 1043 5 -

NO3™ 100 8.01 801
200 2257 1129

288 gg% g;; Fig. 3. Electropherogram of 10-fold diluted human saliva as a sample with
- _ gravity injection for 10cmx 30s (ca. 46 nL). Other analytical conditions
The serum spiked with N and NG~ was diluted 10-fold. are the same d8ig. 2 Peaks: a, N@™; b, NO;~.

Time / min
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in human serum have been reported as 5-20 and 14M52 3 b
respectively{15]. It is clear that the amounts of NO and A
NO3~ in the saliva are larger than those in the serum. [ /\

3.2. Microchip capillary electrophoresis 5 ,Hﬂ K k ?
\ /

MCE system is useful for on-site analyses with high-
throughput screening. We made preliminary studies of high- f \
throughput separation of NO and NG~ using a microchip
made of quartz with direct UV detection at 214 nm for the
whole separation channel, using a linear photodiode array
detector.

For the high throughput, running buffer A as well as CE
was used. When using cross-type chip, pinched injection \
is generally used for sample injection. However, as injec- | a
tion volume is low, sensitivity is low. Therefore, an injection \ [‘\
method similar to floating injection was used. The applied f

/ \
voltage conditions for each ports were as follows; in case of /j \ / *\
sample injection mode, 0.00, 0.30, 0.15 and 0.15 kV were ap- i JV) VW\;\,\/WN \/ H\\«

10 15 20 25

Absorbance (mAU)
w

. f
plied to ports 1 to 4, and in case of sample separation mode, ”MW\'“‘"’ v
0.15, 0.15, 0.00 and 1.00kV were applied to ports 1-4, re- 1
spectively. Under these conditions, the peaks ohbN@nd 0 5

NOs3™~ in the artificial serum sample with 2Q0M NO,~ and Distance (mm)

200uM NO3~ were obtained within 8 s as shownFig. 4A. ) ) ] . o

The electropherogram was obtained for the distance of the;%g Tv\rl}fhszeorglr\?tﬁggfgz g{)q’\fa E’gg%si:‘; z}festrtl'j'\‘;'if:gﬁg:]

separation channel from cross-channel in the system. There'at 214 nm for the whole straight part of the separation channel. A: high-

fore, the ion with short migration time (NO) is detected  throughput mode, running buffer A was used; separation time was 8s. B:

behind the ion with long migration time (NO). high-resolution mode, running buffer B was used; separation time was 15s.
For the high-resolution mode, running buffer Baple 1, Peaks: a, N@™; b, NO;™.

column B) was used. The above-mentioned conditions of ap-

plied voltage for each portwere used. Under these conditions,  Using the artificial serum sample, reproducibility and the

the injection method was electrophoretic injection..N@nd limits of detection (LODs) of N@~ and NGQ~ were ob-

NO3~ migrated against the EOF. The separation opN@nd tained as shown iffable 5 Using the artificial serum sam-

NOs~ in an artificial serum sample was obtained within 15s ple with 200uM NO,~ and 20QuM NO3™, in the high-

as shown irFig. 4B. throughput mode and the high-resolution mode, R.S1B. (
As in the MCE results, it was found that the EOF control 8) of within-run was calculated from the peak height and peak

enabled the selection of the high-throughput mode or the areafor NQ~ and NG ™. Itis predicted that the cause of high

high-resolution mode. In both, the high-throughput mode and R.S.D. is error in injection volume. In the high-throughput

the high-resolution mode, the validity of the electrophoretic mode, using the artificial serum sample with 108 NO,~

mobilities of NG~ and NG~ in MCE were investigated in ~ and 10Q.M NO3z~, LOD (SN = 3) of 67uM for NO,~

comparison with these in conventional CE. Assuming that and 35.M for NO3~ were obtained. In the high-resolution

the structure of channel was simple, the mobilities in MCE mode, using the artificial serum sample with 88 NO2~

were 1.3-1.7 times larger than the ones in CE. It is thought and 50uM NO3~, LOD (SN = 3) of 41uM for NO,~ and

that the difference in electric field strength between MCE and 26 uM for NO3~ were obtained.

CE is caused by the geometrical structure of channel and the The high-resolution mode was applied to human serum

applied voltage conditions. and saliva. When using the non-diluted serum, the peaks of
Table 5
R.S.D. of within-run, LOD in MCE
High-resolution mode High-throughput mode
R.S.D. (%) LOD (M) R.S.D. (%) LOD (M)
Peak height (%) Peak area (%) Peak height (%) Peak area (%)
NO,™ 16.2 209 41 21.0 2% 67
NO3~ 16.4 213 26 9.6 97 35

R.S.D..n=8.
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Fig. 5. The separation profile of NO and NG~ in the 10-fold diluted
saliva, using the high-resolution mode. Peaks: a;N®, NO; ™.

NO>~ and NG~ were not obtained because of the low con-
centrations of N@~ and NG~ in the serum. However, when

using the 10-fold diluted saliva, we obtained the peaks of

NO,~ and NGQ~ at ca. 20.5-mm and ca. 22-mm from the
cross-channel of the separation channel as showigirb.
In this study, saliva with high concentrations of NOand

NOsz~ was used. Hence, it is necessary to obtain high sensi-

tivity for the determination of NQ~ and NG~ by MCE. A

T. Miyado et al. / J. Chromatogr. A 1051 (2004) 185-191

For on-site analysis with high-throughput screening, we
made preliminary studies into high-throughput separation,
using MCE. Using the running buffer with CTAC for the
high throughput, the peaks of NO and NG~ in the artifi-
cial serum sample were obtained within 8 s. Moreover, using
the running buffer without CTAC for the high-resolution, the
separations of N@~ and NG~ were obtained within 15s.
We obtained the separation of NOand NG~ in the saliva
within 15s. In order to establish the determination of NO
and NG~ in biological fluids using MCE, improvement of
the running buffer to apply high voltages, development of
on-line concentration and selection of an internal standard
for correction of injection volume will be investigated.
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