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Abstract

Tissue level of nitrate and nitrite are established indicators of altered nitric oxide metabolism under various pathological conditions.
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Determination of these anions in biological samples, in the presence of high chloride concentration, using capillary zone elec
suffers from poor detection sensitivity. Separation conditions providing excellent resolution and submicromolar detection sensitivityte
and nitrite have been developed and validated. Simple sample preparation was applied that maintains nitrite stability in tissue ext
the same time allows transient isotachophoresis stacking of the analytes. Nitrate and nitrite concentrations in rat brain and liver tiss
were determined in control and lipopolysaccharide treated animals.
© 2004 Elsevier B.V. All rights reserved.

Keywords:Sample stacking; Isotachophoresis; Nitrite; Nitrate; Inorganic anions; Nitric oxide

1. Introduction

Nitric oxide (NO) is established as an important cell-
signalling molecule and anti-infective agent in the mam-
malian tissues. Under physiological conditions its primary
decomposition product is nitrite[1]. In the presence of ox-
idizing agents (e.g. oxyhaemoglobin) it is further oxidized
to nitrate. Under various pathological conditions, character-
ized by oxidative stress of cells, NO combines with reactive
oxygen species, like superoxide anion, and can give rise fur-
ther series of compounds, called reactive nitrogen species
(RNS). These derivatives can modify biopolymers and cause
cell damage. Peroxynitrite is regarded as the most important
nitrating agent in biological systems[2], which can be spon-
taneously decomposed to nitrate at physiological pH[3]. The
nitrite and nitrate level, and their ratio in tissues are indicators
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of the disturbed NO metabolism, and can be used for th
timation of NO and RNS production. The direct quantita
assessement of these latter compounds otherwise is
difficult, because of their very short half-lives. Analysis
plasma and urine levels of these anions has limited relev
in this regard, because of the oxyhaemoglobin catalyzed
version of nitrite to nitrate, and the bias caused by the di
the concentration of nitrate.

Determination of nitrite and nitrate in biological samp
by capillary electrophoresis is difficult because of the h
salt (chloride) content of the sample matrix and the relat
low analyte concentrations. In order to prevent peak di
tion, high ionic strength separation buffers and low sam
volumes should be used. Various capillary zone electrop
sis (CZE) separation conditions for quantitative determ
tion of nitrite and nitrate in plasma and tissue samples, u
direct UV detection at 214 nm, have been reported in the
several years[4–14]. Majority of these separations is bas
on migration of the anions in a high pH separation bu
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containing modifiers to suppress or reverse the electroosmotic
flow [4–9]. The applicability of low pH background elec-
trolytes was also demonstrated[10–13]; higher selectivity
of the nitrite and nitrate separation[10–12], and their ultra-
rapid analysis by the use of an electroosmotic flow (EOF)
modifier[11] could be achieved. Although these methods al-
low rapid separation of the analytes, some of them lack the
needed detection sensitivity. Various on-capillary sample pre-
concentration techniques or sample clean-up procedures have
been suggested to reach the required detection limit without
the loss of separation efficiency. Field-amplified stacking of
the analytes using diluted samples[5,7,13], creation of a tran-
sient pseudo-isotachophoresis (ITP) migration by inclusion
of an organic solvent (acetonitrile) into the sample[14], or
removal of chloride from the sample matrix (either by SPE
sample clean-up, or reversed pre-electrophoresis)[13] pro-
vided limits of detection (LODs) between 2 and 10�M of
nitrite and nitrate in biological samples. Better quantitation
limits could be achieved so far, when conductivity detection
was applied and the chloride was removed from the sample
[15].

High protein content of the biological samples, limited
stability of nitrite under acidic conditions or in the presence
of ferroproteins[16,17] and the prevalence of these anions
in laboratory ware and reagents[4] also require simple and
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each) between runs. Axxiom 727 (Axxiom Chromatogra-
phy, Moorpark, CA, USA) software was used for data col-
lection.

Thirty mM Sulfate-�-alanine pH 3.8 buffer was used for
the separations (when other pH is not indicated). Hundred
mM formate–NaOH buffer pH 7 containig 0.09% NaCl or
50 mM acetate–NaOH buffer pH 7 containig 0.09% NaCl was
used for the preparation of model samples of nitrite, nitrate
and bromate (IS) to induce their transient ITP migration. The
separations were performed at constant current of−75�A
(if otherwise is not indicated).

2.2. Reagents

Solutions were prepared using ultrapure water from a
Milli-Q water system (Millipore, Bedford, MA, USA). Ul-
trapure analytical grade potassium nitrate, sodium nitrite
and potassium bromate were purchased from Fluka (Buchs,
Switzerland). Sodium hydroxide, sodium chloride, sulfuric
acid, formic acid and acetic acid of highest purity were from
Merck (Darmstadt, Germany). 0.1 M stock solution of stan-
dards were prepared and kept at−20◦C. Lipopolysaccharide
from E. coli and�-alanine were obtained from Sigma (St.
Louis, MO, USA).
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The aim of this study was to find separation conditions

iding improved detection sensitivity and better reproduc
ty of nitrite and nitrate measurements in tissue sample
his paper separation conditions providing excellent res
ion and increased detection sensitivity by sample-ind
ransient ITP stacking of the analytes are described. Sp
are was taken to maintain nitrite stability during sam
reparation and analysis. The method yields good re
ucibility and accuracy, the analysis time is short. The c
osition of the separation medium, and the sample clea

s simple, there are no need of using buffer modifier or
ensive and time-consuming sample preparation. Nitrat
itrite concentrations in rat brain and liver tissue extracts
etermined in control and lipopolysaccharide (LPS) inje
nimals to demonstrate the increased tissue level of
nalytes following induction of NO synthesis.

. Experimental

.1. Instrumentation and separation conditions

All experiments were performed with a Prince (Pri
echnology, Emmen, The Netherlands) capillary e
rophoresis system equipped with a UV detector, se
14 nm. Separations were carried out in uncoated fused
apillaries 75�m i.d., 365�m o.d., 70 cm total length, 55 c
o the detector (Polymicro Technology, Phoenix, AZ, US
he capillary was washed successively with 1 M sod
ydroxide, water and the separation buffer (200 kPa, 1
.3. Animals

Male Wistar rats (6-weeks old, 180–200 g) were supp
y the Animal Center of the Semmelweis University. All

mal procedures were performed according to theGuidelines
f care and use of laboratory animalsof the Semmelwei
niversity. The animals were housed in a climate contro

22 ± 2◦C) animal room with 12-h light and 12-h dark c
le. Standard laboratory rodent chow and tap water we
ibitum. The rats were treated intraperitoneally with a
le 10 mg/kg dose of LPS or saline (control animals). Tis
amples were obtained 24 h after treatment.

. Results and discussion

.1. Optimization of the separation method

.1.1. Buffer composition
Majority of the previously published CZE methods u

igh pH separation buffer, where both nitrite and nitrate
ess high, but similar electrophoretic mobilities. The us
OF modifier to suppress and reverse the bulk flow
eeded to have rapid separations applying negative p

ty [4–9], but the analytes migrated rather close to each o
t lower pH, the resolution of the analytes can be increa
ecause of the selective retardation of nitrite (pK of nitrite

s 3.15), while the mobility of nitrate does not change[11].
n the previously described methods, polyacrylamide co
apillary [10] or EOF reversal[11] were used to get rap
nionic separations in acidic background electrolytes. U
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low separation pH allows the adjustment of the resolution
of nitrate and nitrite, furthermore reasonably rapid analy-
sis time can be achieved even without using EOF modifier,
as is demonstrated in our present experiments. Thirty mM
sulfate-�-alanine buffer was chosen to perform the separa-
tions, because the mobility of sulfate is similar to those of
the analytes, and is between those of the intended leading
and terminating ions, thus allows the sample-induced tran-
sient ITP migration of the analytes[18]. We have studied the
resolution of nitrite, nitrate and bromate (IS) in the sulfate-
�-alanine buffer of various pH (between pH 2 and 4) us-
ing uncoated fused silica capillary; electropherograms are
shown inFig. 1. The separation was too slow at pH 3 and
below, since high portion of nitrite was protonated, and had
low electrophoretic mobility. At pH 3.5 nitrite and bromate
co-migrated, thus further increase of pH was needed to get
the desired resolution and shorter migration time. Eventu-
ally, pH 3.8 was chosen to perform rapid separations with
excellent resolution of the analytes. The EOF velocity was
rather constant in the studied pH range, as is shown by the un-
changed migration times of nitrate and bromate between pH 3
and 4.

F
d
p

3.1.2. Injection conditions
Separation performance is usually degraded by the pres-

ence of salts in biological samples, causing alterations in
peak heights and peak distortion associated with an enhanced
zone dispersion[14,19]. High salt content of the sample al-
lows only small injection volume without the deterioration
of separation efficiency, however, this results in unsatisfac-
tory detection limits when direct UV detection of analytes at
214 nm is used. Two approaches of the on-capillary sample
concentration was examined in our further experiments.

3.1.2.1. Field amplified sample stacking.On-capillary sam-
ple concentration with field amplified stacking can be
achieved by dilution of the sample with deionized water.
Longer plug of the diluted, low conductivity sample can be
injected hydrodynamically into the capillary, filled with the
separation buffer of higher conductivity. After the high volt-
age is applied, the ions in the low-conductivity sample plug
experience a higher field strength than those in the high-
conductivity separation buffer, thus the sample ions move
quickly through the sample matrix and slow down when enter
the separation electrolyte, resulting in a narrow zone of ana-
lytes at the boundary of the two solutions[20]. Using field am-
plified sample stacking, up to 10% of the separation capillary
can be filled with sample without a decrease in the separation
e en-
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ig. 1. Separation of nitrate, nitrite and bromate (10, 20, and 100�M in
istilled water, respectively) in 30 mM sulfate-�-alanine buffers of various
H. Voltage:−14 kV. Injection: 2.5 kPa, 30 s.

t be
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fficiency. When higher volume is injected, zone broad
ng and increase in the migration times occur because

small portion of the field strength drops across the se
ion electrolyte and there is a mismatch in the electroosm
elocity in the different parts of the capillary[20]. Larger
njection volumes can be used, when the removal of the
onductivity sample matrix from the capillary is possible a
tacking is performed. Burgi and Chien used polarity-sw
o reverse the EOF and eliminate the sample water int
nlet vial, while keeping anionic analytes in the capillary[21].
n our present work, the separation is performed in reve
olarity mode; the migration of the anionic analytes is op
ite to the direction of the weak EOF. Under these condit
arge sample volume can be filled into the capillary, bec
he low conductivity sample matrix is pumped out by
OF during the field amplified sample stacking. This ca
chieved because of the uneven distribution of field stre
hich provides higher EOF velocity in the sample plug c
ared to the separation electrolyte. Separation of a m
ample containing nitrite, nitrate and bromate dissolve
hysiological saline is shown inFig. 2A. Good separation e
ciency was only achievable by loading small volume of
igh salt content sample into the capillary (about 1% of
apillary volume), which resulted in unacceptably high de
ion limit. However, almost the total capillary length could
lled with the sample when it was highly diluted with deio

zed water. Excellent separation efficiency was gained w
inty percent of the capillary was loaded with the sample

er its 100 times dilution, since the low-conductivity sam
atrix was removed by the EOF through the capillary

et (Fig. 2B). This procedure provides considerable sam
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Fig. 2. Separation of nitrate, nitrite and bromate (20, 4 and 200�M in
0.9% NaCl, respectively). Injection: (A) 1 kPa, 15 s and (B) 10 kPa, 135 s of
the 100× diluted (with deionized water) sample. Separation buffer: 30 mM
sulfate-�-alanine pH 3.8, voltage:−14 kV.

concentration; 0.04�M sample nitrite on capillary could be
well detected (Fig. 2B). The estimated LOD achievable in the
original (undiluted) biological specimens is about 2�M ni-
trite. Although this procedure provides acceptable detection
limits, the rather long analysis time, because of the lengthy
procedure of the sample stacking, is a disadvantage of this
method. Thus, the possibility of sample concentration by a
transient ITP migration of the analytes has also been studied.

3.1.2.2. Sample induced transient ITP migration.On-
capillary transient ITP migration usually permits the injec-
tion of large volume (about 30–50% of capillary volume) of
sample into the capillary, without the restriction of having
low sample conductivity, characteristic of the field ampli-
fied sample stacking[22]. When high mobility ion (in this
case chloride) is present in the sample at a concentration of
several orders of magnitude higher than the analyzed species
(nitrite, nitrate), sample induced transient ITP stacking can be
expected[18,22]. The zones of the minor sample components
become stacked (concentrated) and migrate in ITP mode for
some time behind the zone of the macrocomponent prior to
their migration in zone electrophoresis. Usually the co-ion of
the background electrolyte is chosen to be the terminator ion
[23]. Artificial samples containing 0.09% NaCl (10 times di-
luted physiological saline) were created to model separation
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Fig. 3. Separation of nitrate, nitrite and bromate 5, 5 and 50�M, respectively,
in 100 mM formate–NaOH buffer pH 7 containig 0.09% NaCl. Separation
buffer: 30 mM sulfate-�-alanine pH 3.8, constant current:−75�A. Injec-
tion: 2.5 kPa, for 30, 60 and 90 s, corresponding to 5, 10 and 15% of capillary
volume, respectively.

this condition, 30 mM sulfate-�-alanine pH 3.8 background
electrolyte was used, and the sample was supplemented with
the intended terminator ion; the analyte standards were dis-
solved either in 50–100 mM formate–NaOH or 50–100 mM
acetate–NaOH buffer pH 7 containing 0.09% NaCl, respec-
tively. The macrocomponent chloride, like in biological sam-
ples, serve as the leading ion. Under these conditions, when
both leading and terminator ions were present in the sam-
ple, transient ITP migration and concentration of the analytes
were observed. Both formate and acetate were proved appro-
priate terminator ions, however, the application of the slower
acetate allowed higher sample injection volume. The mobil-
ity of formate was close to that of the sample components of
interest, thus the zone of formate unstacked just before the
zone of bromate, allowing injection volume not more than
15% of the capillary volume (Fig. 3). Having the acetate in
the sample, 40% of the capillary volume could be filled with
the sample and still good resolution of the analytes could be
achieved (Fig. 4). However, when 40% injection volume was
used, the zone of nitrate destacked just before reaching the
detector, which limited the further increase of sample injec-
fficiency of the biological samples. Low mobility termin
or ion as co-ion of the background electrolyte (50–250
ormate-�-alanine or 50–250 mM acetate-�-alanine pH 3.8
s separation buffer) was first chosen, but under these
itions, the zones of the sample components reached th

ector earlier than they were unstacked, thus the indiv
omponents could not be detected (data not shown). S
aneous stacking of sample components can also be ach
hen the co-ion of the background electrolyte possess

ntermediate mobility and both the leading and termina
ons are present in the injected sample[18]. In order to creat
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Fig. 4. Separation of nitrate, nitrite and bromate 5, 5 and 50�M, respec-
tively, in 50 mM acetate–NaOH buffer pH 7 containig 0.09% NaCl. Sepa-
ration buffer: 30 mM sulfate-�-alanine pH 3.8, constant current:−75�A.
Injection: 10 kPa for 30, 45 and 60 s corresponding to 20, 30 and 40% of
capillary volume, respectively.

tion. 30% of the capillary volume was chosen as injection
size in the analysis of biological extracts containing similar
amount of acetate. When transient ITP preconcentration was
intended to perform, the commonly used internal standard
of anion analysis, bromide was not appropriate, because it is
faster than chloride, thus another UV absorbing anion, bro-
mate was chosen as IS. Sulfate, the co-ion of the background
electrolyte has similar mobility to nitrite, thus destacking
of analyte zones does not follow the familiar pattern of the
transient ITP migrations (where destacking of zones starts
either from the high-mobility or from the low-mobility
analyte zones and follows according to the order of the
mobilities). Under our separation conditions, the first and
last zones (nitrate and bromate) are sharper, and the zone
of nitrite is a little bit more dispersed. First destacking
and more dispersion of the zone of analyte having similar
mobility to the co-ion of the background electrolyte were
predicted based on theory, and have proved by Krivankova
et al. [24]. Otherwise, under our separation conditions, the
pH difference between the sample and the background elec-
trolyte zones may contribute to the stacking of nitrite, because

of its pH dependent mobility. Nitrite is faster in the higher
pH sample zone, and slows down reaching the saparation
buffer of lower pH, thus zone sharpening is induced. Using the
pH 3.8 sulfate-�-alanine separation buffer and hydrodynamic
injection of artifical sample of standards dissolved in
50 mM acetate–NaOH pH 7 buffer containing 0.09% sodium
chloride, limit of detection for nitrite in the submicromolar
range (about 0.2�M) can be expected.

3.1.3. Sample clean-up
In aqueous solutions nitrite is stable for up to several hours,

but it is rapidly converted to nitrate by oxyhaemoglobin or
other ferrohemoproteins in tissues, thus rapid deproteiniza-
tion of the samples is required. However, nitrite is also un-
stable under acidic conditions, where it is converted to NO,
and subsequently lost to the gaseous phase, thus acidic de-
proteinization cannot be used[16]. Acetonitrile was applied
to remove sample proteins by Friedberg et al.[14], and in
addition to deproteinization, low conductivity acetonitrile in
the sample induced stacking of the analytes after their injec-
tion. We have tried this favourable method to achieve both
deproteinization and on-capillary sample concentration, but
did not get the expected concentrating effect. The explana-
tion of this observation remains to be clarified. Although it
should be noted, that according to our knowledge, pseudo-
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TP, induced by acetonitrile in the sample, have not b
emonstrated, so far in separation electrolytes of acidic
hus, a strong base was used for the rapid inactivation o
ample proteins[16]. Tissue samples were homogenize
volumes of 0.1 M NaOH to immediately destroy prote

hen the pH of an aliquot was adjusted to about 7 by an e
olume of 0.09 M acetic acid (in accordance with our p
iously established injection conditions). The samples w
eated in boiling water bath for 3 min and after cooling
recipitated proteins were removed by centrifugation.
upernatants were used for sample injection. The stabil
itrite and nitrate during this sample clean-up procedure
ssessed at three concentration levels (2.5, 5 and 10�M) of

he analytes. The normalized peak areas of nitrite and n
ere compared when the aqueous samples and the sa

ollowing the clean-up procedures were analyzed. Using
-test, the normalized peak areas were not found signific
ifferent. This sample clean-up procedure is appropria
se for the extraction of nitrite from the tissue extracts w
ut its loss or conversion. In the previously published pap
ltrafiltration was commonly used to remove sample prot

4–6,9], although it is a rather expensive and time-consum
ethod.

.2. Method validation

Calibration curves were constructed by addition of nit
0.3–6�M) and nitrite (0.2–4�M) standards to extracted t
ue (rat liver) samples containing 50�M IS. Equations o
ypical calibration curves were as follows: area (nitrate)/
IS) = 3.534 (±0.104) [nitrate] + 0.317 (±0.111),r = 0.9957
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Table 1
Reproducibility data of nitrate and nitrite measurements in tissue samples

Added nitrate/nitrite (�M) Within run (n = 5) Between run (n = 3)
Precision area R.S.D. (%) Accuracy concentration (%) Precision area R.S.D. (%) Accuracy concentration (%)

Nitrate 1.5 3.36 112.7 9.56 114.6
3 5.32 106.4 8.93 109.4
6 2.47 105.9 10.39 113.9

Nitrite 0.5 9.04 109.0 9.79 101.2
1 3.29 101.2 8.74 107.6
2 2.12 113.6 10.25 108.2

area (nitrite)/area (IS) = 4.303 (±0.104) [nitrite] − 0.044
(±0.050),r = 0.9962. The sensitivity of the assay was also
evaluated; the limit of detection, LOD (S/N = 3) in aqueous
solution of nitrate and nitrite, prepared in acetate buffer con-
taining sodium chloride, were found to be 0.1 and 0.15�M,
respectively. The lower limit of quantification (R.S.D. less
than 20%) was 0.2 and 0.3�M for nitrate and nitrite, respec-
tively. The intra- and interday precision and accuracy were
determined at three concentration levels of nitrate and nitrite
(1.5, 3, 6�M and 0.5, 1, 2�M added to the tissue, respec-
tively). The intra-assay relative standard deviations of peak
area ranged from 2.5 to 5.3% for nitrate, and 2.1 to 9.0%
for nitrite. The accuracy was between 105.9 and 112.7% for
nitrate, and 101.2 and 113.6% for nitrite. The between-day
precision ranged from 8.7 to 10.4% and accuracy between
101.2 and 114.6% for the two analytes. Data are summarized
in Table 1.

3.3. Determination of nitrite and nitrate concentration
in biological samples

Nitrate and nitrite concentrations in liver and brain tissue
samples of rats were determined in control and LPS treated
animals. LPS is a well-known inducer of the inducible iso-
form of nitric oxide synthase (NOS), thus increases the NO
p itrate
a rats
a ated
[ d in-
t ured
2 ated
a h in-
t -
t ntrol
a d
c ere
a r

T
N

N
N

T

Fig. 5. Electropherograms of brain tissue samples of control and LPS treated
rats. Tissues were homogenized in 5 volumes of 0.1 M NaOH containing
100�M IS, pH of an aliquot was adjusted by addition of an equal volume
of 0.09 M acetic acid. The sample was placed into boiling water bath for
3 min to precipitate proteins, after cooling and centrifugation supernatants
were injected: 10 kPa for 45 s. Separation buffer: 30 mM sulfate-�-alanine
pH 3.8, constant current:−75�A.

present experiments. The standard error of the measurements
was also much bigger than in our study when basal tissue lev-
els of nitrate and nitrite were determined. Contamination of
laboratory wares and reagents with these anions as a possible
cause of this discrepancy cannot be ruled out.

4. Conclusions

CZE determinations of low amount of nitrite and nitrate
in biological samples, in the presence of high salt content,
requires the concentration of the analytes to reach the needed
detection sensitivity. In our present experiments, separation
conditions allowing field-amplified concentration of large
volume of diluted sample, and sample preparation provid-
ing transient ITP stacking have been demonstrated. Both
procedures allow determination of submicromolar concentra-
tions of nitrate and nitrite. The method allowing the sample-
induced ITP stacking is suitable for the analysis of these
roduction. Previously, considerable enhancement of n
nd nitrite levels in airway surface liquid and plasma of
fter intrathecal instillation of LPS have been demonstr

12]. In the present experiments, LPS was administere
raperitoneally (10 mg/kg), and the anions were meas
4 h after its administration. In the tissues of LPS tre
nimals the level of the anions increased, although hig

erindividual differences were observed (Table 2). Represen
ative electropherograms of brain tissue samples of co
nd LPS treated rats are shown inFig. 5. Previously reporte
oncentrations of nitrite and nitrate in rat brain tissues w
bout one order of magnitude higher[5], than found in ou

able 2
itrate and nitrite concentrations in rat liver and brain samples

Rat liver (�mol/kg± S.E.M.) Rat brain (�mol/kg± S.E.M.)
Control LPS treated Control LPS treated

itrate 32.8±5.59 68.5± 47.9 16.5±1.07 29.1± 15.1
itrite 8.78±0.93 21.81± 4.81 4.53±0.21 15.65± 10.5

he effect of LPS treatment,n = 5 in each group.
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anions in tissue extracts with excellent precision and accu-
racy.

Acknowledgements

We are grateful to the Hungarian Scientific Research
Found (No. T042595) and the Hungarian Academy of Sci-
ences (No. 02-0-06) for their support. The excellent technical
assistance of András Simon is highly appreciated.

References

[1] L.J. Ignarro, J.M. Fukuto, J.M. Griscavage, N.E. Rogers, R.E. Byrns,
Proc. Natl. Acad. Sci. U.S.A. 90 (1993) 8103.

[2] A. van der Vliet, J.P. Eiserich, H. Kaur, C.E. Cross, B. Halliwell,
Methods Enzymol. 269 (1996) 175.

[3] A. van der Vliet, J.P. Eiserich, C.A. O’Neill, B. Halliwell, C.E.
Cross, Arch. Biochem. Biophys. 319 (1995) 345.

[4] A.M. Leone, P.L. Francis, P. Rhodes, S. Moncada, Biochem. Bio-
phys. Res. Commun. 200 (1994) 951.

[5] A. Meulemans, F.J. Delsenne, J. Chromatogr. B 660 (1994) 401.
[6] T. Ueda, I. Maekawa, D. Sadamitsu, S. Oshita, K. Ogino, K. Naka-

mura, Electrophoresis 16 (1995) 1002.

[7] P.N. Bories, E. Scherman, L. Dziedzic, Clin. Biochem. 32 (1999) 9.
[8] M. Tuncel, D. Dogrukol-Ak, N. Erkasap, J. Chromatogr. B 751

(2001) 257.
[9] T. Miyado, H. Nagai, H. Takeda, K. Saito, K. Fukushi, Y. Yoshida,

S. Wakida, E. Niki, J. Chromatogr. A 1014 (2003) 197.
[10] G.M. Janini, K.C. Chan, G.M. Muschik, H.J. Issaq, J. Chromatogr.

B 657 (1994) 419.
[11] J.E. Melanson, C.A. Lucy, J. Chromatogr. A 884 (2000) 311.
[12] K. Govindarju, M. Toporsian, M.E. Ward, D.K. Lloyd, E.A. Cowley,

D.H. Eidelman, J. Chromatogr. B 762 (2001) 147.
[13] A.R. Timerbaev, K. Fukushi, T. Miyado, N. Ishio, K. Saito, S. Mo-

tomizu, J. Chromatogr. A 888 (2000) 309.
[14] M.A. Friedberg, M.E. Hinsdale, Z.K. Shihabi, J. Chromatogr. A 781

(1997) 491.
[15] D.Y. Boudko, B.Y. Cooper, W.R. Harvey, L.L. Moroz, J. Chromatogr.

B 774 (2002) 97.
[16] H. Preik-Steinhoff, M. Kelm, J. Chromatogr. B 685 (1996) 348.
[17] M. Kelm, K. Yoshida, in: M. Feelisch, J. Stamler (Eds.), Methods

in Nitric Oxide Research, Wiley, Chichester, 1996, p. 45.
[18] L. Krivankova, P. Bocek, J. Chromatogr. B 689 (1997) 13.
[19] Z.K. Shihabi, in: G.P. Landers (Ed.), Handbook of Capillary Elec-

trophoresis, CRC Press, Boca Raton, FL, 1997, p. 457.
[20] D.S. Burgi, R.L. Chien, Anal. Chem. 63 (1991) 2042.
[21] D.S. Burgi, R.L. Chien, Anal. Chem. 64 (1992) 1046.
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