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Table 1 Precision, detection limits, and regression equations for determination of chloride, inorganic phosphate, and
citric acid using CZE"
Analyte RSD b)/% LOD (S/N=3)/ Concentration/ Regression equation (correlation coefficient)
-1 -1
Area Height Time pmol L mmol L Area Height
- g y = 1.51 X 10°x-1.84 x 10* y=1.20 X 10°x + 4.42 X 10°
Cl 0.62 0.34 0.37 4.7 0-20 (0.9999) (0.9591)
5 g y=4.62 X 10°x + 8.50 X 10° y=7.14 X 10'x + 4.42 x 10’
PO, 1.3 0.43 0.45 2.0 0-0.20 (0.9998) (0.9949)
Citric y=6.80 X 10'x +2.74 X 10°  y = 4.57 X 10"x + 2.77 X 10°
acid 3.2 3.1 1.1 1.3 0-0.050 (0.9996) (0.9793)

a) Electrophoretic conditions :

capillary, L, =72 cm, Lge, =50 cm, 75 um LD. X 375 um O.D. ; BGE, 5 mmol/L 2,6-pyridinedicar-

boxylic acid (PDC) containing 0.01 % hydroxypropylmethylcellulose (HPMC) adjusted to pH 3.5 with 1 mol/L sodium hydroxide ;

voltage, 15 kV with the sample inlet side as the cathode ; wavelength for detection, 273 nm.

b) Sample, standard solution containing

0.10 mmol/L PO,’”-P, 10 mmol/L Cl~, and 0.030 mmol/L citric acid ; vacuum injection period, 3 s (¢a. 63 nL); eight determinations

VHOBAE LTERINED, 5%, MENIZEFNER,
PO, ZXZVBEFRT L. T2, ThOESIE, C %
P&, —MISENRLOTHIBIZE W T E R w7z
¥, CZE TIXMEWLEZ A2 LE D 5. HERLE
ZBWT, SHFHBA F >, BGE (IS 72z #
DA v (MERIDG) LEEEbEILICLD, MK
K DWEEDHRA L THOE—27 L LTHRiItEha?. K
W7 ClE, MIEEWING & L<C PDC 2 L7,

MERFHI AT OBEEIC X D ohr Lz, 9, Melied
DOP % 273 nm, HIRMIRE % 30C IZfE L7z HLw
Fr¥5 ) —OAIZIE, 1 mol/LAKEILF b Y AT 40
4y, MKT10 P8 L7z, 9, BGE (0.01% HPMC %
%% 5 mmol/L PDC, pH 8.5) ¥ v ¥'F1) —(Z 857K
L7z, R\, A2 EZ=2R5 1L (169 kPa) 12X D) 38
(% 63 nL) FEA L7214, EHEAM % Bt & LC 15 kV El
mL7z.
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Table 2  Effects of deproteinization on precision and the analytical results for chloride, inorganic phosphate, and cit-

ric acid in a human serum of a healthy adult”

RSD "/ %
- - Analytical results
Analyte Area Height Time

Without With Without With Without With Without With

depro.” depro. depro. depro. depro. depro. depro. depro.
clr 1.3 1.0 0.61 0.47 0.54 0.35 10917 103 £ 1
PO,">" 0.72 1.6 0.48 0.69 0.74 0.51 3.9 0.02° 3.8 £0.04
Citric acid 4.1 4.0 2.0 3.0 0.72 0.65 2.8+0.1" 2.6+0.2

a) Electrophoretic conditions as in Table 1 ; b) Eight determinations ; c) depro., abbreviation of deproteinization ; d) mEq/L ; e)

mg/dL ; f) mg/dL

Table 3 Analytical results for chloride, inorganic
phosphate, and citric acid in serum samples

Citric

Cl”/mEq L™ PO, -P/mg dL ' acid/
Sample mg dL™'
CZE®  Conven.” CZE Conven. CZE
19 102+3 94° 44+0.1 4.4° —
29 198+ 1 1169  84£0.2 7.6 —
37 091=+1 104 2.9 +0.1 3.4 —

2.2 +0.06 2.7 —
2.6 £0.08 24 —
2.7 £0.06 2.3 —
32=*0.1 34 —

4" 83+0.8 101
57 95+09 100
6" 108+1 101
7% 102 +0.6 101

87 114+0.7 100 2.4+ 0.08 2.2 2.1£0.1

97 104+0.4 100 2.6 = 0.04 41 2.8 +0.1
107 106 +1 98 3.5+ 0.1 3.3 2.8+0.1
117 125 +9 106 3.7 £ 0.03 4.1 3.7+0.2
1279 103 %1 101 3.8 +0.04 4.1 2.6 £0.2
137 104+ 0.6 104 3.8 +0.03 4.1 1.5+0.2
147 104+0.8 97 3.5 = 0.03 3.8 1.7 £0.1
157 109+ 0.9 96 4.0 £ 0.09 3.8 1.6 £ 0.1

a) CZE, capillary zone electrophoresis, electrophoretic con-
ditions as in Table 1, three determinations ; b) conven.,
abbreviation of conventional method ; c¢) a serum sample for
quality control (normal range); d) a serum sample for qual-
ity control (abnormal range); e) analytical results by the
manufacturer ; f) human serum of healthy adults
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Fig. 1 Electropherogram for chloride, inorganic
phosphate, and citric acid in a human serum sample

Sample, a human serum from a healthy adult without
deproteinization. Identification of peaks : a, Cl” ; b,
PO437 ; ¢, citric acid.  Electrophoretic conditions as
in Table 1
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We developed a capillary zone electrophoresis (CZE) method with indirect UV detection for
the simultaneous determination of major constituents, such as chloride (expressed as Cl ),
inorganic phosphate (PO,*7), and citric acid in a human serum. The limits of detection
(LODs) for Cl, PO43_, and citric acid were, respectively, 4.7, 2.0, and 1.3 umol/L at a signal-
to-noise ratio of three. The relative standard deviation (RSD, n =8) of the peak area
obtained for Cl PO43_, and citric acid in human serum from a healthy adult without deprot-
einization were 1.0, 1.6, and 4.0 %, respectively. The analytes were detected within 18 min.
Dproteinization was not required using a background electrolyte (BGE) containing 0.01%
hydroxypropylmethylcellulose (HPMC). The analytical results for CI” and PO,’" in serum
samples for quality control and human serum samples from healthy adults obtained by the pro-
posed method agreed with those obtained by conventional methods. The proposed proce-
dure could be useful as a simple diagnostic method for patients suffering from some diseases.

Keywords : capillary zone electrophoresis ; chloride ; citric acid ; human serum ; inorganic phos-
phate.



