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Abstract

Simultaneous determination of nitrite (NO), nitrate (NQ ™), thiocyanate (SCN) and uric acid in human saliva was performed by capillary

zone electrophoresis using a coated capillary with reversed electroosmotic flow (EOF), using a 100 mM sodium phosphate buffer at pH 6.5 as
a running buffer. Saliva samples were deproteinized with acetonitrile and filtered through a membrane filter. The important advantages of the
reported method are: simple operation, short analysis time, minimal sample pre-treatment and sample dilution. In order to evaluate the daily
variations of the anionic components, the concentrations were determined in the human saliva of four healthy volunteers upon waking and at

2 hintervals during a day.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Saliva is a complex liquid consisting of secretions from

and it has been reported that the detectable levels of uric
acid in human saliva were related to the levels in the blood
of gout patient48]. Many methods have been reported for

several salivary glands. It contains a number of compounds,the determination of the above anionic components in saliva,
namely proteins, peptides, amino acids, hormones, elec-including UV-vis spectrophotometry,8—10] flow injec-

trolytes and lipid¢1]. The salivary composition is controlled

tion analysis[9,11], ion chromatography12,13] and high

by the autonomic nervous system and influenced by aperformance liquid chromatograpt$0,14,15] Capillary

number of physiological factorf2]. For example, levels
of nitric oxide metabolites in human body fluids, nitrite
(NO27) and nitrate (N@™), can be used as indicators of
oxidative and nitrosative stregd8-6]. Since thiocyanate
(SCN) is an end product of detoxification of hydrogen
cyanide included in cigarette smoke, its excretion in urine
and saliva can provide a useful marker of exposure in
smokers and nonsmokdid. An elevated blood level of uric

acid (hyperuricemia) may indicate an increased risk of gout,
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electrophoresis (CE) is widely used for inorganic ion analysis
as a simple alternative to ion chromatography, particularly
in environmental fields. Additionally, determinations of
NO>~, NO3~ and/or SCN in human saliva have been also
performed by micellar electrokinetic chromatography using
zwitterionic micelles[16], capillary isotachophoresigd.7]
and capillary zone electrophoresis (CZE) using a high ionic
strength electrolyte buffel8]. The aim of this work was

to develop an accurate, fast and simple CZE method for the
simultaneous determination of NO, NO3~, SCN~ and
uric acid in saliva. A preliminary study of the daily variations
of the salivary anionic components has been performed.
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2. Experimental nal standard solution (2 mM fumaric acid dissolved in the ar-
tificial saliva medium) and 10QL of acetonitrile was filtered
2.1. Chemicals through a 0.4m membrane filter prior to sample injection.

Sodium nitrite (NaN@), potassium nitrate (KN§),
potassium thiocyanate (KSCN), and fumaric acid were 2-4. Apparatus and analytical methods
of analytical grade, and purchased from Kanto Kagaku
(Tokyo, Japan), Kishida (Osaka, Japan), Wako (Osaka, Japan) CE separations were performed on a G1600A Agilent
and Nakalai Tesque (Kyoto, Japan), respectively. Sodium capillary electrophoresis system (Yokogawa Analytical Sys-
urate was of extra pure grade and purchased from Wako.tems, Tokyo, Japan). Fused-silica capillaries from Polymi-
Hexadimethrine bromide (polybrene, PB) was purchased €ro Technologies (Phoenix, AZ, USA) with dimension of
from Sigma—Aldrich Japan (Tokyo, Japan), and dextran sul- 33¢m (24.5cm to the detector) 50pum i.d. x 365pum o.d.
fate sodium salt (DS) was from ICN Biomedicals (Aurora, Were coated with successive multiple ionic polymer layers,

Oh, USA). Other reagents were of analytical grade. namely SMIL(3)-coatind20]. Separations were performed
in 100 mM sodium phosphate buffer at pH 6.5 as a running
2.2. Saliva sampling procedure buffer. Prior to each analysis, the capillary was rinsed with 5%

(w/v) PB solution dissolved in the phosphate buffer for 5 min,

Saliva samples of four healthy volunteers (three males andthen the running buffer for 3min and finally conditioned by
one female, nonsmokers) were collected in Salivette tubes@PPlying the voltage of-10kV for 2.5min. A sample was
(Sarstedt, Nmbrecht, Germany) upon waking, at 2 h inter- injected hydrodynamically for 6 s at 5 kPa (50 mbar). The ap-
vals during a day, and at the points until 11:00 after waking Plied voltage was-10kV and UV detection at 214 nm was
the following morning. The study was approved by the In- performed. The ratio of the peak area of the analyte to that of
stitutional Ethics Committee in AIST and informed consent the internal standard was used for quantitative purposes.
was obtained from all volunteers prior to their participation.
The collected samples were kept in a refrigerator or a cool
box before receipt from the volunteers at our laboratory. Im- 30
mediately after receipt, the Salivette tubes were centrifuged
at 2500 rpm for 10 min. The saliva samples were divided into
several portions of an appropriate volume for analysis and
stored at-20°C.

Absorbance, mAU

2.3. Standard and sample preparation

An artificial saliva medium, namely SAGF medium
(Gal-Fovet artificial saliva) [19] without potassium thio-
cyanate as given ifable 1 was used in preparing the
following standard solutions to propose a simple and
versatile analytical method. Stock standard solutions of
10mM NaNQ, 10mM KNGOz, 10mM KSCN, and 1 mM
sodium urate were prepared by dissolving in the artificial
saliva medium. A standard solution was prepared by mix-
ing the stock standard solutions and diluting with the ar-
tificial saliva medium at the concentrations of 13@mL
(asNQ7), 18.6pg/mL (as N@ ), 43.56u.g9/mL (as SCN)
and 33.42.g/mL (as uric acid). A frozen saliva sample was
thawed to room temperature prior to use. A mixture ofi20
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Table 1
Composition of the SAGF medium without potassium thiocyaft# Fig. 1. Effect of the capillary preconditioning step, applying voltage prior
Reagent Concentration Reagent Concentration to the sample injection. Capillary preconditioning prior to the injection of a
(mg/L) (mg/L) standard solution: (a) 5 min flush with 5% (w/v) PB solution buffer and 3 min

flush with buffer; (b) addition of voltage preconditioning for 2.5 min at 10 kV.

NaCl 1256 N&S0-10H0 7632 Capillary: SMIL(3)-coated, 33cm (24.5cm to the detecterpOpum i.d.;

KCI 9639 NH4Cl 1780 . . . .
running buffer: 100 mM phosphate buffer (pH 6.5). Sample: human saliva

KH2POy 6545 CaCh-2H,0 2278 from volunteer B. Peak identification — 1: nitrite, 2: nitrate, 3: thiocyanate

Urea 2000 NaHCGQ, 6308 : : P » < thiocyanate,

4: fumarate (internal standard), 5: urate.
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3. Result and discussion vided an adequate baseline as showRim 1b. Concerning
the robustness of the analytical method, the running buffer in
3.1. Method development the range of pH 6.0-7.5 was shown to have no effect on the
selectivity.

The direction of electroosmotic flow (EOF) can be re-
versed (i.e. from cathode to anode) by changing the charge or3.2. Daily variations of salivary anionic components
the capillary surface from negative to positive. EOF reversion
is particularly useful for the analysis of anions by increasing Fig. 1b shows a representative electropherogram of sali-
the operating speed, since the anionic ions migrate throughvary sample solutions. The analytes of interest are not inter-
the capillary due to the combination of their electrophoretic fered with by any components in the artificial saliva medium
mobility and EOF. A SMIL(3)-coated capillary with a sta- such as chloride and sulfate. Several neutral species (corre-
ble wall modification of PB/DS/PB20] was used in this  sponding to the EOF marker) were detected at ca. 9 min (data
study, nevertheless the EOF gradually decreased during sucnot shown). Daily variations of N&, NO3~, SCN™ and
cessive analysis. Since the deterioration of capillary coating uric acid were determined using saliva samples from four
layer may relate to the fact that the salivary matrix of high volunteers A-D, and the results are summarizeéim 2
ionic strength includes an equivalent volume of acetonitrile, a Since salivary N@~ and NG~ concentrations increased af-
rinse step with a 5% (w/v) PB solution for 5 min was adopted ter a high NQ~ meal and these levels were sustained for
for the process of the capillary preconditioning before each at least 5 h post N& ingestion[21], the higher concentra-
analysis. As shown iRig. 1a, however, a drop in the electro- tions of NGO~ and NG~ in saliva samples from volunteer
pherogram baseline is always observed after 2 min, in spiteC seemed to be related to the effects of diet. Concerning
of an adequate rinse with the run buffer. This corresponds to SCN™, elevated levels were present in some data points such
the elution of residual bromide ions of PB on the capillary as volunteer A at 11:00 (day 1) and volunteer D at 17:00.
surface. Thus, the equilibrium process of the applied voltage However, there was no effect of passive smoke exposure, be-
was added to the preconditioning process. Under the opti- cause the volunteers stayed in the nonsmoking room of our
mum capillary preconditioning, the electropherogram pro- laboratory.
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Fig. 2. Daily variations of (a) nitrite, (b) nitrate, (c) thiocyanate and (d) urate in human saliva. Volunteers — A: closed circle, B: open cioded@riahgle,
D: open triangle. The arrows in the figure show the mealtimes of volunteer C.
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Table 2

Linearity data and limit of detection (LOD) obtained from the standard solutions

Component Concentratioh§.g/mL) Regression line r LODP (ug/mL)
NO2~ 1,25,5,10, 20,50 y =0.030x + 0.006 1.0000 0.7

NO3~ 10, 25, 50, 100, 200, 500 y=0.031x — 0.116 0.9998 11

SCN- 4, 10, 20, 40, 80, 200 y=0.017x — 0.028 1.0000 5.4

Uric acid 4,10, 20, 40, 80, 200 y =0.026x + 0.038 0.9995 2.3

2 Two determinations at each concentration.
bS/IN=3.

3.3. Analytical validation the results shown imable 3 In order to evaluate the repeata-

bility of this method, multiple sample preparations from the

3.3.1. Linearity and limit of detection same saliva and the same standard solution were analyzed.
The linearity was examined using a standard solution with The results, expressed as the R.S.D., are givaalite 4

the addition of different volumes of stock standard solutions.

Each concentration was prepared in duplicate. The obtained3.3.3. Stability of saliva samples

correlation coefficient between the concentration of analytes ~ The stability was determined of both the collected saliva

and the ratio of all peak areas to the internal standard for sample and the salivary sample solution for injection. As

all calibration curves is adequate as giveTable 2 Based  given in Table § the concentration of the anionic compo-

on these linearity data, standard solutions prepared at a sinnents remained stable over a period of 48 h in the refrigerator

gle concentration are considered to be sufficient for accurateand for 4 h at room temperature. The salivaryZN@oncen-

guantification. The limits of detection (LODs, S/N = 3) were tration increased during storage at room temperature since

calculated from the baseline noise for a time period from 0.5 some bacterial contaminant from the tongue reduceg NO

to 1.5 min using Agilent Technologies ChemStation software to NO;™ [21]. By contrast, the prepared salivary sample so-

and are given iffable 2 lution after deproteinizing was stable over a period of 8 h at

room temperature.

3.3.2. Accuracy and repeatability Table 4
The accuracy was examined using a standard additionrepeatability of the analytical procedure
method. Each concentration was prepared in triplicate, with component  Standard solution

Saliva sample

Concentration R.S.D. (%) Concentration R.S.D. (%)

Table 3 (ng/mL) (n=6) (rng/mL) (n=16)
Accuracy of the analytical procedure using the standard addition method NO,~ 211 15 7 17
Component Concentratiop.g/mL)? Recovery (%) NO3~ 25.0 3.1 206 2.3
- SCN- 23.0 1.3 12 3.4
Spiked Fount Uricacid  36.9 5.0 3.3
NOz~ 2.189 2287 1045
4.379 4930 1126 Table 5
6.568 7326 1115 Change in the components of salivary samples stored at room temperature
8.757 9507 1086 (RT) and at 3C
10.946 11871 1084 - - -
Storage period Component Collected saliva Sample solution
NOsz™ 19.869 21192 1067 after deproteinizing,
39.738 43681 1099 3°C RT RT
59.607 63707 1069 an NO,~ 974 976 964
79.476 86369 1087 NO-— 096 971 974
99.345 108090 1088 sen- 1029 1001 974
SCN~- 8.206 8729 1064 Uric acid 1042 1032 1053
16.413 17890 1090 8h NOy~ 916 1089 974
24.619 25987 1056 NO=— 92'1 916 1046
32825 36489 1112 sen- 930 928 1048
#L0ss 43326 1105 Uricacid 979 998 994
Uric acid 7615 7543 991 _
24h N 996 1335 1048
15229 15973 1049 NSQ?f 978 814 1051
oA o o e s
’ Uric acid 986 826 96.9
38.074 38929 1022
2 Concentration of the components in saliva used in this experiment: 48h l[l\l(()){ 1%2 1211_; 1811;1
NO2~, 3.977png/mL; NO3~, 21.875.g/mL; SCN-, 20.246u..g9/mL; uric scir 101'4 787 1070
acid, 20.24G.g/mL. Uicacid 994 603 97.4

b Average results based on three replications at each concentration.
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4. Conclusion [3] I. Guevara, J. lwanejko, A. Demimska-Kig€, J. Pankiewicz, A.

Wanat, P. Anna, |. Gabek, S. Barts, M. Malczewska-Malec, A.
A fast and simple CE method was implemented for the _ Szczudiik, Clin. Chim. Acta 274 (1998) 177.

) ) o 4] A. Hausladen, J.S. Stamler, Methods E I. 300 (1999) 389.
analysis of salivary N@~, NO3—, SCN~ and uric acid, and 4] gus-aden A, e oS =heymo (1999)

; g . : . [6] K.M. Miranda, M.G. Espey, D.A. Wink, J. Inorg. Biochem. 79 (2000)
the acceptable analytical validation data was obtained. Inthis =~ »37,

work, preliminary determinations of the daily variations of  [6] J.W. Blum, C. Morel, H.M. Hammon, R.M. Bruckmaier, A. Jaggy,
the salivary NQ—, NO3~, SCN~ and uric acid were per- A. Zurbriggen, T. Jungi, Comp. Biochim. Phys. A 130 (2001) 271.
formed without explicit consideration of either endogenous [/ Z: Glatz, S. Noakowa, H. Serboa, J. Chromatogr. A 916 (2001)

or exogenous factors. This analytical method would be of 273

) . . . i [8] B. Owen-Smith, J. Quiney, J. Read, Lancet 351 (1998) 1932.
practical use for the study of oxidative and/or nitrosative [9] m.J. Moorcroft, J. Davis, R.G. Compton, Talanta 54 (2001) 785.

stress, such as the determination of nitric oxide metabolites[10] B. zappacosta, S. Persichilli, P.D. Sole, A. Mordente, B. Giardina,
in human body fluids. Arch. Oral Biol. 44 (1999) 485.
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