Available online at www.sciencedirect.com

S(HENCE@DIRECT’ JOURNALOF
J CHROMATOGRAPHY A
E EVIE Journal of Chromatography A, 1051 (2004) 213-219
www.elsevier.com/locate/chroma
Comparison of ion-pair chromatography and capillary zone
electrophoresis for the assay of organic acids as markers
of abnormal metabolism
Shu-Ping Wang, Chiou-Shyi Liao
Department of Applied Chemistry, Providence University, 200 Chungchi Road, Shalu, Taichung Hsien 433, Taiwan
Abstract

The abnormal organic acids in urine are closely related with physiological metabolism. To determinate the low-molecular-mass metabolites
in human biological fluids, although there were some previous reports by both of capillary electrophoresis and ion-exchange high-performance
liquid chromatography, but it was rarely found by reverse phase of liquid chromatography using ion pair reagent. The objective of this study
was aimed to suggest and compare two methods, an additional chromatographic method—ion-pair chromatography (IPC) and a sharp capillary
zone electrophoresis (CZE), to determinate organic acids, acting as the abnormal metabolic markers, namely uric acid, orotic acid, pyruvic
acid, a-ketoglutaric acid, fumaric acid, and hippuric acid. The proposed method of IPC possessed both the extreme stability for column and
the good results of reproducibility, linearity and detection limit. The optimum mobile phase was 22% methanol and 10 mh\bustra-
ammonium hydrogen sulfate (pH 4) by gradient elution. As well as the optimum condition of CZE was 5% acetonitrile and 0.5 mM CTAB
in phosphate buffer. From the results, CZE showed better recovery and sharp lucid electropherogram. Finally, the two proposed analytical
methods were applied to assay human urine with direct and spiked analysis. CZE showed good potency to overcome the sample-to sample
variation with standard deviation less than 10%. By comparison results of urinary spiked analysis between IPC and CZE by statistical paired
t-test, the results were evaluated no significant difference Unded.05. The quantitative linearity of both methods was fitted in application
of clinical biological analysis even with 50-fold dilution.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction is essential in order to diagnose certain metabolic disorders
[2].

In the latest decade, a growing interest has been noted for  Orotic acid (OA) is an intermediary metabolite in the
the determination of organic acids in biological, clinical and biosynthesis of pyrimidine nucleotides. The acid is presentin
food samples. healthy adults urine only attrace concentrationsin urine of the

Some of organic acids found in human serum or urine value of 0.8+ 0.3umol L~ [3], however, at the deficiency
have known physlogical significance in relation to their con- of enzyme uridine monophosphate synthase, which partici-
centrations in biological fluids, since they are intermedi- pates in the synthesis of uridylic acid from orotic acid, the
ates formed at various stages of amino acid as indicatorsexcretion of orotic acid into urine increases (orotic aciduria).
of a variety of diseasgl]. Organic acids are intermediates It may be about 1000 times higher in urine of patients having
in the most important metabolic pathway of carbohydrate, orotic acid as a diagnostic metabolié. «-Ketoglutaric acid
lipids and proteins. Precise measurement of organic acids(KA)is a metabolic marker at-ketoglutaric acidurigs]. Fu-
of abnormal metabolic markers present in biological fluids maric acid (FA) is decomposed from malic acid which will

be increased as fumarase deficief@y Hippuric acid (HA)
* Corresponding author. Tel.: +886 4 26328001x15201; IS b|osyntheS|z§d from.glycme, b.enZOIC.aCId .and CoA .by en-
fax: +886 4 26327554 zymes located in the mitochondrial matrix of liver and kidney
E-mail addressspwang@pu.edu.tw (S.-P. Wang). cells, and is presented at elevated levels in uremia patient’s
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urine. This metabolic pathway provides an alternative flux of with a 20p.L sample loop. The DAD wavelength of was set

nitrogen from the usual urea precursors to glycine and it is at 220 nm. The separations were performed on a Guard-Pak

utilized for the detoxification of aromatic compounds, such Insertsp.Bondapak @s in front of a Hypersil BDS &g col-

as toluene. From the report by Moon et[@l, itis presented  umn (5um, 25cmx 4.6 mm i.d.). The IPC condition was

in urine samples from factory workers with ranged from 10 as following: 10.0mM of TBA—methanol (78:22) for the

to 1430 ppn{7]. Uric acid (UA) is the final product of purine  first 1 min, then increasing to 40% methanol immediately for

metabolism is presented in urine and blood and would presentthe following 9 min at flow rate of 1.0 mL/min. The sample

at elevated levels in uremia patients urine gBjo Pyruvic was filtered through a 0.46m poly(vinylidene difluoride)

acid (PA) is a metabolite of inborn errors of metabolism, and (PVDF) syringe filter before it was injected into the HPLC

indicates in pyruvate carbolylase deficierj@. system. The identification of the separated compounds was
To diagnose inborn error of organisms, it is important to accomplished by co-chromatography with the authentic sam-

use a method enabling for determination of both increasedple and with the aid ofhax and purity index from DAD and

and normal levels of these urinary acids. Their determina- data processing.

tion has been performed by high-performance liquid chro-

matography (HPLCJ)10], gas chromatographt1-14} *H 2.2.2. Capillary electrophoresis

nuclear magnetic resonance (NMR) spectrosdapy, cap- All of separations were performed with a Spectraphoresis
illary electrophoresi§l,4,16—20] and also by micellar elec- 100 capillary electrophoresis system from Thermo Separa-
trokinetic capillary chromatography (MEK(21,22] Al- tion Products TSP (Fremont, CA, USA). The capillary used

though the capillary electrophoresic method had been re-for separation was 7pmi.d., 375u.m o0.d. and 75 cm length
ported, but they always needed rather complex pretreatment(50 cm to detector). Signal was monitored at 210 nm with a
performed due to in acidic medium, such as solid-phase ex-UV-vis SC-100 detector from TSP. Electropherograms were
traction and solid-phase microextraction. The detection limit recorded with an SISC-LAB Chromatography Data Station.
(0.4-0.6umol/L) did rather unsatisfy the trace amount in When capillary tube was first used, it was conditioned with
urine even though combining isotachophoresis (ITP) in the 1M NaOH for 60 min and then with deionized water for
clean up pretreatment and with the aid of diode-array detec-60 min. Further equilibration was performed with 1 M NaOH
tion (DAD) [19]. Additional, it usually used ion exchange for 3 min, deionized water for 3 min and the corresponding
and amino column of HPLC in food analydi®3,24] The running buffer for 3 min. All of the samples including stan-
aim of this study was to develop and optimize an additional dard solutions were filtered through a 0% PVDF syringe
ion-pair chromatographic method and a capillary zone elec- filter. Standards and samples were injected into the capillary
trophoresic method in alkali medium with simple and easy by electrokinetic injection at a fixed time of 4.0s. The op-
pretreatment. Besides, we did the comparison the merits oftimized condition was performed at 0.5 mM CTAB and 5%
these two methods. acetonitrile in 10/30 mM phosphate buffer, and applied volt-
age of—15kV on fused silica capillary of 7am x 75 cm.

2. Experimental 2.3. Sample preparation

2.1. Chemicals Human urine and blank solution (3mM trisodium
. . . ) phosphate—methanol, 30:70, pH 11.1) mixed with ratio of
Cetyltrimethylammonium broml_d<_a (CTAB) was obtained 1:1 and then centrifuged at 8000 rpm for 5min. Pipet 1 mL

frothCI d('l;okyo,JJ_?psn)k. ACS?R'U”HG. and _me”?g‘“o' were aliquot and diluted to 25 mL with water for IPC injection. For
purchased from J.T. Baker (USA). Hippuric acid, pyruvic o7 jniaction, pipet another 1 mL aliquot and added 2.5 mL

acid, trisodium phosphate, disodium phosphate, and telra- o5 mM CTAB and 2.5 mL of phosphate buffer before diluted
butylammonium hydrogensulfate (TBA) were obtained from to 25 mL. The dilution factor is 50-fold.

E. Merck (Germany). Uric acid and orotic acid were from

Aldrich (USA). Thena-ketoglutaric acid and fumaric acid

were purchased from Sigma (USA). Deionized water was 3. Results and discussion
purified through a purification system which gives a conduc-

tivity above 18 M2 cm. All chemicals used were analytical 3.1. lon-pair chromatography

grade.
The six low-molecular-mass organic acids of abnormal
2.2. Instrumentation and methodology metabolic markers studied were as listedTable 1 Some
of them are hard to dissolve in solvent, such as water,
2.2.1. lon-pair chromatography methanol and acetonitrile, etc. So, they needed addition of ba-

HPLC apparatus consisted of Perkin-Elmer (Norwalk, CT, sic trisodium phosphate in the preparation of stock solution.
USA) 1020 LC plus integrator linked to a model 235C diode- Organic acids are preferred as anions in basic medium that
array detector, 250B delivery pump and an injection valve they could not be separated by simple HPLC because each
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Table 1 5
The structures of six organic acids studied - < 0.10
o
1. Uric acid (UA) 4., Pyruvic acid (PA) - I
pKa =5.83 (2-oxopropionic acid) 0.03+
pKa=2.5 @ - Abs unit
0 3
H L)
HN N
)\ >:0 CH3COCOOH
N
(o) IP\{I H
2. Orotic acid (OA) 5a-Ketoglutaric acid (KA)
pKa=1.8 (2-oxoglutaric acid) =
" PKa1 = 3.1, Kap = 4.4 %
0. N (6] /\
~ _NH HOOCCHCH,COCOOH
COOH E}
3. Hippuric acid (HA) 6. Fumaric acid (FA) /\
(N-benzoylglycine) Ka1=3.03, Ka2=4.44
pKa=3.7

0 oro
3a%
@—y)—NH—CHZ—COOH HOOCCH=CHCOOH (d) <

compound may be eluted over solvent without any partition.
The application of ion suppression techniques by reversed-
phase chromatography in the analysis of ionizable molecules®® 20 40 60 80 100 120 140 160 180 200 220 240
is limited to interesting analytes of weakly basic or acidic retention time (min)
functional groups. An attractive alternative to ion exchange Fig. 1. Effect of pH in IPC. Conditions as ection 2.2
and ion suppression analysis of ionic samples is the technique
commonly referred to as ion-pair chromatography (IPC). The
pH of the eluant is adjusted in order to encourage ionization, acids were partially. On the other hand, it also showed that
for acids pH 7.5 is used and for bases pH 3.5. The chromato-they could not be associated with TBA and caused to eluting
graphic retention is altered by including an ion pair reagent, a together at pH 3. Consequently, we chose pH 4 for it showed
large bulky ion of opposite charge to analyte called counter- peak symmetry and the better resolution.
ion, in the mobile phase and then which will form a neutral The interaction between ion pair and stationary phase was
ion-pair with the ionic sample components. increasing with the concentration of TBA. The range var-
There are three basic models proposed to describe the ioried from 2.5 to 12.5mM in 2.5 increments. The influence
pair mechanism: ion pair, ion exchange and ion interaction of various concentrations of TBA is shown Table 2 Fi-
[25]. IPC can also be a good choice if th& values of nally, 10.0 mM was chosen as the optimum concentration for
the analytes are very similar and selectivity can be influ- a good resolution of orotic and pyruvic acid&E 1.24). We
enced by the choice of the counter ion. From comparison applied gradient elution to shorten the analysis time. The mo-
the trial results of pseudoephedrine hydrochloride and TBA, bile phase used was 10.0 mM of TBA—methanol (78:22) for
we adopted TBA as the ion-pair reagent in this study. Es- the first 1 min, then increasing to 40% methanol immediately
sentially, we had been trying to addition of TBA in sample for the following 9 min. Uric acid, without carboxylic group,
solution, that is absence of TBA in mobile phase. But the elu- is as a neutral type at pH 4, and it was eluted first without
tion was failed because the analytes were eluted company-any association with TBA. The rest five analytes were eluted
ing with solvent without any partition, that means they were with the order of the polarities of ion pairs. Hence, the eluting
could not be associated with TBA. The pH of TBA solution order was uric, orotic, pyruviay-ketoglutaric, fumaric and
is around 2.2 without any adjustment. It is over the limitation hippuric at detection wavelength of 220 nm. Furthermore, it
and may injure the packing of column. So, we adjusted with increases the reliability of results with the aid\gfax and pu-
a solution of 100 mM trisodiumphosphate/100 mM disodium rity index from DAD and data processing. The chromatogram
hydrogenphosphate to interesting pH. Accordingly, the pH of under optimized condition is shown kig. 2 It offers good
3-6 was studied from considering thiégof analytes and the  reproducibility of retention time and peak area (R.S.D. < 0.4
limiting of column. The results were showedHig. 1 The and 2.8%, respectively) with six measurements. The linear-
analytes may be ionized and associated with TBA from the ity is presented iTable 3 The LODs were obtained by three
result in retention. But at pH 6, fumaric andketoglutaric times of standard deviation by dividing the slope, and the stan-
acids were fully overlapped, and orotic, hippuric, and pyruvic dard deviation was calculated from 20 measurements of five-
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Table 2
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TBA (mM) Retention time (mirh
Uric Orotic Pyruvic a-Ketoglutaric Fumaric Hippuric Rs?
12.5 3.23 4.79 5.05 5.88 6.35 20.10 121
10.0 3.23 4.83 5.09 5.75 6.20 18.78 1.24
7.5 3.21 4.94 5.17 5.89 6.42 19.42 1.16
5.0 3.19 4.95 5.17 5.85 6.42 18.49 1.04
25 3.21 5.12 5.31 6.09 6.86 18.26 0.87
@ The mobile phase was methanol-TBA (20:80) at flow rate of 1 mL/minren@.
b Rs denoted the resolution of orotic acid and pyruvic acid, is calculated byoRE (tr1)]/Wi + Wo.
Table 3
IPC results of organic acids
Acid Linearity r Calibration LOD
(ppmp curve (x10°) (ppm)
Uric 0.1-20.0 0.9982 2.50C +0.54 0.11
Orotic 0.1-30.0 0.9999 2.91€0.12 0.11
Pyruvic 0.4-100.0 0.9997 0.54C +0.07 0.43
a-Ketoglutaric 1.0-100.0 0.9969 0.46€0.08 0.98
Fumaric 0.1-20.0 0.9981 5.18C + 0.47 0.10
Hippuric 0.1-20.0 0.9982 3.38C +0.42 0.15

2 The linearity was obtained from 10-level concentrations.

Abs

Fig. 2. The optimum chromatogram of organic acids by IPC. Conditions as
in Section 2.2

folds of least-dilution solution. Pyruvic angtketoglutaric
acids have larger LODs for their rather poor molar absorp-
tivities. But they still could be a suitable determination for

0.30

0.251

0.20 4

0.151

0.05

0.0

uric acid

orotic acid

pyruvic acid

fumaric acid

o-ketoglutaric acid

hippuric acid

5.0

minutes

abnormal metabolic urine.

3.2. Capillary zone electrophoresis

10.0

CZE separation at a high pH will be faster and be minimized
disturbances caused by matrix constituents. This is due to the
fact that a number of matrix constituents were precipitated
and migrating with the effective mobility close to that of the
analyte will be minimized under such alkali medium. Thus,
the risk of the overlap of the analyte peak by the matrix con-
stituents will be reduced. Besides, thKgpof analytes are
ranged from 1.8 to 5.8. Thus, all of analytes are anionic un-
der basic electrolyte. Furthermore, we had to select a shorter
wavelength because some of analytes are poor detectable in
UV region. For this reason above mentioned, borate and phos-
phate buffer were the appropriate buffer in preliminary test.
But an obsession of shifting baseline formed in borate buffer,
although itis generally preferred used. Finally, the phosphate
buffer was used to achieve this study. On the other hand, we
added cationic surfactant, 0.50 mM of CTAB to modify the
mobility of electroosmotic flow, and to improve the resolu-
tion. To optimize the resolution, we varied the composition
of trisodiumphosphate and disodium phosphate at the fixed
total concentration of 20 mM. The composition of 5/15 and
pH of 11.3 showed the better resolution from the results as
shown inTable 4

Besides the pH, the ionic strength is an important factor
that we can use to improve efficiency, resolution and sensitiv-
ity of the separation system. Variation of the salt concentra-
tion should have identical effects in electropheresis and elec-
troosmosis since they are based on the same principles, both
of mobility should be directly proportional to the charge atthe

As already reported papers, the electrolyte employed in surface and to reciprocal of the square root of ionic strength
the separation of CZE could be optimized with respect to the [26]. We continued to vary the concentration of phosphate at
resolution of abnormal metabolic markers from urine matrix. the chose ratio of 1:3 by the composition of 5/15, 10/30, and
Considering acid-base properties of analytes and a multicom-15/45. The concentration of buffer increased, the mobility of
ponent and variable nature of urine matrix it is clear that the both electrophoresis and electroosmosis reduced. Although
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Table 4
Effect of pH on migration time and resolution
NagPOy/NapHP Oy (mM/mM) pH Migration timé (min) Resolution
Fumaric a-Ketoglutaric Orotic Uric Pyruvic Hippuric RP R
15/5 11.8 5.03 5.19 5.27 5.64 5.96 7.72 0.85 3.18
10/10 11.6 4.97 5.14 5.22 5.63 5.89 7.63 0.96 2.62
5/15 11.3 5.24 5.41 5.51 6.05 6.19 8.06 1.14 1.46
3/17 11.0 4.93 5.08 5.18 5.76 5.76 7.33 111 0.00
& Condition: 5% acetonitrile in 0.5 mM CTAB and applied voltage-df5k V on capillary of 75um x 75 cm, anch = 3.
b Ry denoted the resolution of-ketoglutaric acid and orotic acid.
¢ R; denoted the resolution of uric acid and pyruvic acid.
Table 5
Effect of concentration of phosphate buffer in CZE
NagPOy/NapHP Oy (mM/mM) Migration timée* (min) Resolution
Fumaric a-Ketoglutaric Orotic Pyruvic Hippuric Re? R
5/15 5.24 541 551 6.05 6.19 8.06 1.14 1.46
10/30 4.76 4.94 5.03 5.51 5.69 7.53 1.05 1.27
15/45 4.18 431 4.42 4.82 4.98 6.52 0.99 1.18
@ The performed condition was 5% acetonitrile in 0.5 mM CTAB, and applied voltagel6fkV on fused silica capillary of 7&6m x 75cm,n = 3.
b R denoted the resolution of-ketoglutaric acid and orotic acid.
¢ R}, denoted the resolution of uric acid and pyruvic acid.
Table 6
Effect of acetonitrile in CZE
Acetonitrile (%) Migration timé& (min) Resolution
Fumaric a-Ketoglutaric Orotic Uric Pyruvic Hippuric Rs? R®
25 4.74 491 4.99 5.42 5.59 7.25 0.95 1.40
5.0 4.76 4.94 5.03 551 5.69 7.53 1.05 1.27
7.5 4.86 4.99 5.09 5.55 5.64 7.16 1.01 0.79
10.0 4.75 4.87 4.97 5.40 5.44 6.83 0.99 0.73

a Condition: 0.5 mM CTAB and 10/30 mM phosphate buffer, and applied voltagel&fkV on capillary of 75.m x 75cm,n=3.
b R denoted the resolution of-ketoglutaric acid and orotic acid.
¢ Ry denoted the resolution of uric acid and pyruvic acid.

the shorter time was showed at 15/45, but the unacceptablecation of high field strength. Therefore, higher efficiency and
resolution was obtained from the results as showrainle 5 better resolution would be obtained by working at as highest
Consequently, the composition of 10/30 was chosen for its as possible field strengths. In this work, the capillary length
better resolution and shorter time. The poor solubility of an- was fixed at 75 cm, and varied the applied voltage 6f—9,
alytes was improved by adding of acetonitrile as modifier. —12, and—15kV. The optimum separation was achieved at
But the organic solvent may alter the selectivity, mobility,
and increase the solubility of hydrophobic substafg.

By comparison of the selectivity of methanol and acetoni-
trile, we chose acetonitrile as organic modifier for the better
resolution and peak symmetry. We performed the analysis at
0.5mM CTAB in 10/30 mM phosphate buffer, and applied
voltage of —15kV on a fused silica capillary of 7bm x :
75cm, and varied the percentage of acetonitrile, and the re-z
sults was shown ifiable 6 We adopted 5.0% as the optimum

ic acid

/fum;niu acid
1

2.188
“orotic acid

hippuric acid

amount in this study. 2
The driving force behind the migration of ions in CZE is
the electric field strength applied across the capillary, which
is related to the applied voltage (V) over the total capillary g
length (cm), since both the mobility of electrophoresis and S S e A R—

Migration time (min)

electroosmosis are directly proportional to the electric field

strength (V/cm). Larger field strength will result in a shorter ) . -
. . . . Fig. 3. The optimum electropherogram by CZE. Conditions &3eistion
analysis time, but the Joule heat production limits the appli- 5
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Table 7

CZE results of organic acids

Acid Linearity (ppm} r Calibration curve x10°%) R.S.DP (%) R.S.D'C (%) LOD (ppm)
Uric 0.7-80.0 0.9975 1.28C +1.22 1.7 0.6 0.87
Orotic 0.7-80.0 0.9994 0.79C +0.43 1.3 0.5 0.52
Pyruvic 3.0-70.0 0.9942 0.20C +0.28 5.4 0.6 2.22
a-Ketoglutaric 5.0-70.0 0.9952 0.12C +0.26 3.0 0.6 2.39
Fumaric 0.7-80.0 0.9982 1.48C +1.05 2.4 0.5 0.73
Hippuric 3.0-80.0 0.9996 0.59€0.28 2.1 0.9 1.53

2 The linearity was obtained from 10-level concentrations.
b The repeatability of integrated area with five measurements.
¢ The repeatability of migration time with five measurements.

—12kV, —160 V/cm of electric field strength. The resulting
electropherogram under the optimum operation condition is
shown inFig. 3.

The reproducibility of migration time and peak area was ¢
determined within-day with five measurements. The results
were shown imfable 7 All R.S.D.s were under 0.9 and 5.4%, 2
respectively. The linear range of the analysis was studied by
series of injections of standard mixture containing various
concentrations of six organic acids. The LOD was obtained
with the same method as IPC. The results of linear ranges,
correlation coefficientr, curve, and LOD were all shown in
Table 7

()

wric acid

N hippuric

hippuric acid

fumaric acid

"~ hippuric acid

(d)

c acid

5
>
=
3.3. Assay of human urine

Urine usually contains inorganic constituents (e.g. chlo- J
ride). This impact of influence is always presence in clini- 20 50 16.0 20 40 60 80 100
cal urinary analysis. The proposed method of IPC and CZE minutes minutes
were applied to assay urinary acids of four normal adults by Fig. 4. Electrophoregrams and chromatograms of sample 2. They were per-

direct and spiked analysis. The electropherograms and chroformed by CZE (a, b) and IPC (c, d) with direct and spiked analysis. Detailed
matograms of sample 2 were indicatedrig. 4. It showeda  conditions inSection 2.2

Table 8
Results of determination of urinary organic acids
Analytical Sample Found (IPC/CZE, ppfh)
method Uric Orotic Pyruvic a-Ketoglutaric Fumaric Hippuric
Direct 1 13.0/9.2 0.2/ND 0.4/4.5 1.7/ND 0.1/ND 12.3/3.1
2 8.9/6.7 0.3/ND ND/ND 2.3/ND 0.1/ND 16.7/16.6
3 1.9/1.2 ND/ND ND/ND ND/ND ND/ND 3.9/3.8
4 7.9/6.7 ND/ND ND/ND ND/ND ND/ND 2.9/3.3
Spiked’ 1 18.0/22.1 3.6/12.0 1.2/18.5 4.2/13.5 5.1/13.2 17.8/15.1
2 14.6/23.1 3.6/14.6 1.4/14.7 3.4/15.4 4.7/16.3 21.2/31.6
3 7.1/16.6 3.6/14.7 1.7/13.3 3.4/15.3 4.8/17.1 8.6/17.9
4 13.2/21.3 3.6/14.2 2.2/14.9 2.7112.4 4.6/14.5 8.6/17.0
Sample Found (IPC/CZE, ppfh)
1 100/86 68/80 16/93 50/90 100/88 110/80
2 113/109 66/97 28/98 22/103 92/109 90/100
3 104/103 72/98 34/89 68/102 96/97 94/94
4 106/97 72/95 44/99 54/83 92/97 114/91
Mean 106/99 70/93 31/95 49/95 fitis] 10291
S.D. 5/10 3/8 12/5 19/10 /8 12/8

2 The value was determined by dilution of 50-fold factor with three measurements.
b The spiked concentration was 5 ppm for IPC and 15 ppm for CZE.
¢ ND means not detected.
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sharp electropherogram, as showirig. 4a and b with sim- [2] K. Kitagishi, H. Shintani, J. Chromatogr. B 717 (1998) 327.
ple basify pretreatment and following preparation with phos- 3] J. Setik, T. Adam, V. Szel, Clin. Chim. Acta 259 (1997) 73.
phate buffer. Although the values of LOD are rather higher [4 M- Dankowa, S. Stréik, D. Kaniansky, J. Chromatogr. A 990 (2003)

. . . 121.
than IPC, but its sharp lucid electropherogram is favorable to [5] .M. Bengtsson, D.C. Lehotay, J. Chromatogr. B 685 (1996) 1.

CZE. The EOF was around 15 min as in standard solution of (] T.Hagen, M.S. Koroson, M. Sakamoto, Clin. Chim. Acta 283 (1999)
Fig. 3. And the complex signal around 5 min was speculated 77.

as matrices. The results and recovery of real sample analysis[7] D.-H. Moon, N.W. Paik, Y. Shim, J. Chromatogr. B 694 (1997) 367.
were shown iriTable 8 Clearly, recoveries of CZE, ranged [8] C.J. Petucci, H.L. Kantes, T.G. Strein, H. Veening, J. Chromatogr.

. B 668 (1995) 241.
from 914 8 to 99+ 10% were rather fine than of HPLC. [9] S. Kimura, H. Osaka, K. Saitou, N. Ohtuki, T. Kobayashi, A. Nezu,

It showed good ability to overcome the sample-to-sample J. Neurol. Sci. 134 (1995) 103.
variation with standard deviation less than 10%. By compar- [10] J. Jen, S. Hsiao, K. Liu, Talanta 58 (2002) 711.
ison the contents between IPC and CZE of spiked analysis[11] I.M. Bengtsson, D.C. Lehotay, J. Chromatogr. B 685 (1996) 1.

by statistical pairet+test[28], the results were confirmed no  [12] H-M. Liebich, E. Gesele, J. Wll, J. Chromatogr. B 713 (1998) 427.
ianifi t diff de? < 0.05 [13] X. Fu, M. lga, M. Kimura, S. Yamaguchi, Early Human Dev. 58
significant difference un .05. (2000) 41,

[14] R. Huskova, P. Barkk, L. Cap, D. Friedecky, T. Adam, J. Chro-
matogr. B 799 (2004) 303.
4. Conclusions [15] C. Zuppi, I. Messana, F. Forni, C. Rossi, L. Pennacchirtti, F. Ferrari,
B. Giardina, Clin. Chim. Acta 265 (1998) 75.

. . [16] C.J. Petucci, H.L. Kantes, T.G. Strein, H. Veening, J. Chromatogr.
In summary, the proposed CZE method is suitable as a™ ~ 5'zz0 (1995) 241,

rapid diagnostic tool for its good recovery, sharp lucid elec- [17] m. shirao, R. Furuta, S. Suziki, H. Nakazawa, S. Fuijita, T.
tropherogram and friendly potency to overcome the sample-  Maruyama, J. Chromatogr. A 680 (1994) 247.

to-sample variation even its unsignificant value of LOD. And [18] C. Salerno, P. D'Eufemia, M. Celli, R. Finocchiaro, C. GrifO.
another method, IPC, is still utilizable by spiked analysis for ___ Giardini, J. Chromatogr. B 734 (1999) 175.

. . . [19] M. Dankowa, S. Stréik, M. Molnarova, D. Kaniansky, J. Mak, J.
its universality apparatus. And the results of IPC and CZE Chromatogr. A 916 (2001) 143.

of spiked analysis were evaluated no significant difference [20] A. proctazkow, L. Kfivankowa, P. Baek, J. Chromatogr. A 838
underP < 0.05 by statistical pairettest. (1999) 213.
[21] T.C. Tran, T.A. Hug, H.L. Kantes, J.N. Crane, T.G. Strein, J. Chro-
matogr. B 690 (1997) 35.
[22] C. Zuppi, D.V. Rossetti, A. Vitali, F. Vincenzoni, B. Giardina, M.
Acknowledgement Castagnola, |. Messana, J. Chromatogr. B 792 (2003) 223.
[23] M.A. Eiteman, M.J. Chastain, Anal. Chim. Acta 338 (1997) 69.

o . . . _oN. _nq. [25] A Braithwaite, F.J. Smith, Chromatographic Methods, fifth ed.,
Council in Taiwan for financial support (NSC-90-2113-M Chapman & Hall, London, 1996, pp. 337338,

126'004)' [26] R. Kuhn, S. Hoffstetter-Kuhn, Capillary Electrophoresis: Principles
and Practice, Springer, New York, 1990, p. 82.

[27] P. Camilleri, Capillary Electrophoresis, CRC Press, London, 1993,
pp. 151-152.

[28] D.A. Skoog, D.M. West, F.J. Holler, S.R. Crouch, Fundamental

of Analytical Chemistry, eight ed., Brooks/Cole-Thomson Learning,
[1] H. Chen, Y. Xu, F.V. Lente, M.P.C. Ip, J. Chromatogr. B 679 (1996) Belmont, p. 156.

49.

References



	Comparison of ion-pair chromatography and capillary zone electrophoresis for the assay of organic acids as markers of abnormal metabolism
	Introduction
	Experimental
	Chemicals
	Instrumentation and methodology
	Ion-pair chromatography
	Capillary electrophoresis

	Sample preparation

	Results and discussion
	Ion-pair chromatography
	Capillary zone electrophoresis
	Assay of human urine

	Conclusions
	Acknowledgement
	References


