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Analysis of orotic acid in human urine by on-line combination of
capillary isotachophoresis and zone electrophoresis
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Abstract

The techniques of the on-line combination of capillary isotachophoresis with zone electrophoresis in two coupled
capillaries (ITP–CZE) and a single capillary zone electrophoresis (CZE) were used for the sensitive determination of orotic
acid (OA) in human urine. The simple CZE system was successfully applied for fast and reliable analyses of urine of healthy

26adult volunteers (the detection limit 1.7?10 M OA, the total time of analysis 6 min). However, this method failed in
analyses of OA in urine of ill children due to more complex matrix of the samples. Here, the ITP preconcentration and
preseparation step coupled on-line with CZE proved to serve well with an electrolyte system developed and optimized for
this purpose. The maximum selectivity and resolution of OA from other sample constituents in ITP–CZE was achieved by
use of an electrolyte system of very low pH 2.15 both for ITP and CZE stage. The sensitivity of detection and simplicity of
OA identification were enhanced by use of an external UV scanning detector. High sensitivity of ITP–CZE combination

27(limit of detection 3?10 M OA), low sample consumption (1 ml), good reproducibility of migration times (inter-day
RSD,1.86%) and acceptable reproducibility of the determination of OA in urine samples (average RSD57.27%) make this
technique suitable for routine determination of trace concentration of OA especially in urine of ill children under various
pathological conditions and medication.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction To diagnose inborn errors of organisms, it is
important to use a method enabling the determination

Orotic acid (OA) is an intermediary metabolite in of both increased and normal levels of OA in urine.
the biosynthesis of pyrimidine nucleotides [1]. Its A variety of methods based on different principles
concentration in urine of healthy persons is lower describe the determination of OA in different ma-

25than 10 M, however, at the deficiency of enzyme trices, e.g., high-performance liquid chromatography
uridine monophosphate synthase, which participates (HPLC) [3–9], gas chromatography–mass spec-
in the synthesis of uridylic acid from OA, the trometry (GC–MS) [5,6,10], isotachophoresis (ITP)
excretion of OA into urine increases (orotic aciduria) [11], capillary zone electrophoresis (CZE) [12],
[1–3]. Orotic aciduria also occurs in the deficiencies colorimetric [13,14] and enzymatic methods [15].
of urea cycle enzymes, in lysinuric protein intoler- The majority of them, however, when applied for the
ance and is induced by use of some drugs [3]. analyses of complex biological samples, suffer from

low sensitivity and require a time consuming and
laborious sample pretreatment.*Corresponding author. Tel: 1420-5-726-8123; fax: 1420-5-
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combination of capillary isotachophoresis with zone to the bifurcation point (9 cm to the conductivity
electrophoresis (ITP–CZE) in a column coupling detector)30.8 mm I.D. The CZE capillaries were
instrumentation [16–18] was chosen. The technique both made from FEP and fused silica. The I.D. of the
combines the high separation capacity of ITP with FEP capillaries was 0.2 mm, the total length was
high separation efficiency and sensitivity of CZE. On either 23 or 35 cm, the effective lengths to the UV
condition that a suitable electrolyte system is select- detector (l5254 and 289 nm) were 18.5 and 30.5
ed for ITP step, performed in the first preseparation cm, respectively. The fused silica capillary for CZE
capillary of a higher internal diameter (I.D.), sample was of 80 cm [effective length to the scanning
components create correct and stable iso- detector (Spectra Focus, Thermo Separation Prod-
tachophoretic zones with sharp boundaries. The ucts, San Jose, CA, USA) 60 cm]30.1 mm I.D. In
concentration in their zones is adjusted at a defined the ITP step, constant current of 500 mA was used
ratio according to the concentration of the leading for the separation and for the detection was de-
ion, which results in preconcentration of the mi- creased to 250 mA. The CZE separation in the
crocomponents. The macrocomponents are detected second capillary was run at constant current of 35–
in the first step and driven afterwards out of the 120 mA. The sample was injected with a 10–ml
separation path. Only a well defined fraction of the microsyringe (Hamilton, Bonaduz, Switzerland). The
sample containing the stacked analyte is transferred electrolyte chambers containing the leading elec-
into the second analytical capillary and analyzed by trolyte (LE) and the background electrolyte (BGE)
CZE with high resolution under the optimum con- were separated from the electrolytes in capillaries by
ditions. It was already proved that ITP–CZE per- semipermeable Cellophane membranes.
formed in a column coupling instrumentation is All the CZE experiments in a single capillary were
capable to separate micro- and macrocomponents in performed with a P/ACE 5010 capillary electro-

6the concentration ratio up to 1:10 in complex phoretic instrument controlled by P/ACE Control
samples and the high sensitivity and reproducibility Software (Beckman, Fullerton, CA, USA). The fused
of the CZE separation are not influenced by varying silica capillaries of I.D. 0.1 mm with the length
sample composition and origin [19–22]. either 27 cm or 47 cm [19 cm and 39 cm to the UV

This work presents a simple and reliable ITP–CZE detector (l5200, 280 nm), respectively] were used
method for a sensitive determination of OA in uncoated or with the inner surface coated with linear

´ ´human urine. For the success, sensitivity and repro- polyacrylamide according to the Hjertens method
ducibility of the ITP–CZE analysis, the selection of [23] modified as described in Ref. [24]. The polarity
a suitable electrolyte system is of key importance. of the high voltage was set with the cathode at the
The suitable electrolyte system was developed and injection end and the anode at the detection end. The
optimized for ITP–CZE and adopted for a single electroosmotic mobility measured in the coated
CZE analysis of OA in human urine as well. Results capillary with mesityloxide at reversed polarity was

29 2 21 21obtained by both techniques were compared. less than 2?10 m V s . The samples were
injected by pressure 34.4 kPa for 5–30 s, corre-
sponding to a volume of about 39–234 nl. Sepa-

2. Experimental rations were performed at a constant voltage of 7–15
kV and at the operating temperature 258C.

2.1. Instrumentation
2.2. Chemicals

A CS isotachophoretic analyzer EA 100 Villa
ˇ ´ ´Labeco (Spisska Nova Ves, Slovak Republic) All chemicals used were of the analytical grade.

equipped with the column switching system was Orotic acid and spermine were purchased from Fluka
used for the ITP–CZE measurements. The capillary (Buchs, Switzerland), glutamic acid from Merck
used for ITP separations made from fluorinated (Darmstadt, Germany), 1,3-bis[tris(hydrox-
ethylene–propylene copolymer (FEP) was of 16 cm ymethyl)methylamino]propane (BTP) and orotate
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reductase (EC 1.3.1.14) from Sigma (St. Louis, MO, 3. Results and discussion
USA), hydroxypropylcellulose (HPC) from Ega
(Steinheim/Albuch, Germany). The other chemicals 3.1. ITP–CZE
were supplied by Lachema (Brno, Czech Republic).
The fresh untreated samples of urine were obtained

3.1.1. Selection of the electrolyte system for ITP–from healthy volunteers and from ill children under
CZEvarious pathological conditions and medication

OA is a strong acid having low pK value (2.07(Medical Hospital, Olomouc, Czech Republic), the a
29 2 21 21urinary creatinine was determined using the classical [25]) and ionic mobility of 33.1?10 m V s

´Jaffe reaction with the Hitachi 917 automatic ana- [26]. In urine samples OA occurs in the presence of
lyzer (Boehringer, Mannheim, Germany). Deionized a variety of other micro- and macrocomponents, the
water prepared by mixed-bed ionex aqua purificator effective mobilities of some of them are close to OA.

¨G7749 (Miele, Gutersloh, Germany) was used for The full ITP separation of OA from chlorides,
the preparation of all solutions. citrates, lactates and especially from phosphates was

achieved at the pH of the leading electrolyte (pH )LE

6.8 (system I, Table 1). At this pH all theLE

2.3. Sampling macrocomponents created isotachophoretic zones
migrating in front of the zone of OA and after the

Urine of healthy volunteers and ill children was detection they were driven out of the capillary to the
stored frozen at 288C, before analysis it was ther- helping electrode, and thus removed from the migra-
mostatted at 508C for 1 h and sonicated for 5 min tion path. The zone of OA was transferred quantita-
with the aim to dissolve completely OA present in tively into the analytical capillary filled with BGE.
the sample. Urine samples were diluted with deion- For the full separation of OA from other unknown
ized water (1:4, v /v) to avoid the undesirable constituents of the sample, which were transferred
difference between the sample and the electrolyte together with OA into the analytical capillary, lower
density and analyzed directly without any pretreat- pH of BGE was used than the value adjusted in ITP
ment. step (6.95, calculated by using the procedure pub-

The separation capacity of ITP system used corre- lished in Ref. [27]). Further improvement of res-
sponds to 7 ml of undiluted urine. Usually, only 5 ml olution was achieved by involving an interaction of
of diluted urine was injected because the separation polyamine spermine with sample components. To
capacity of CZE stage was limited even though the meet the demands on optimum pH (4–5.2) and
longer capillary (35 cm30.2 mm I.D. or 80 cm30.1 spermine concentration (7 mM), the resulting con-
mm I.D.) was used. centration of glutamic acid in BGE was estimated to

Table 1
Electrolyte systems used

ITP–CZE

System I System II

Leading electrolyte 0.01 M HCl1BTP, pH 6.810.02% (w/v) HPC 0.01 M HCl1glycine, pH 2.1510.02% (w/v) HPC
Terminating electrolyte 0.01 M glutamic acid 0.01 M H PO3 4

Background electrolyte 0.03 M glutamic acid10.007 M spermine, pH 5.2 0.03 M H PO 1glycine, pH 2.153 4

CZE

System III System IV

Background electrolyte 0.1 M glutamic acid10.02 M spermine, pH 5.2 0.03 M H PO 1glycine, pH 2.153 4
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be 0.03 M. This optimized composition of the fered by the instrumentation, i.e., 254 nm with Hg
electrolyte system I was verified in a series of lamp or 289 nm with iodine lamp. Due to substan-
samples of urine of healthy adult volunteers spiked tially lower noise of Hg lamp, better results and
with OA and a reliable resolution of OA from all lower limit of detection (signal:noise53:1) for OA
other sample microcomponents was proved. In the determination were achieved using the detection at
analyses of urine of ill children under various 254 nm in spite of the fact that OA has the
pathological condition and medication, however, the absorption maximum at 284 nm.
resolution of OA from other absorbing microcompo- The migration times of OA in CZE stage of
nents of the sample was unsatisfactory due to the ITP–CZE combination were constant regardless of
more complex matrix. Reliable results were achieved the sample composition and amount of the sample
by shifting pH of the separation medium to low injected. The intra- and inter-day relative standard
values (system II, Table 1), which is possible due to deviation (RSD), the linearity and the equations of
low pK value of OA. At pH 2.15 the effective calibration curves of both peak height and area vs.a LE

mobility of majority of the macrocomponents (phos- OA concentration constructed in aqueous solutions
phates, lactates, citrates) is lower than that of OA. and urine and achieved LODs are summarized in
Phosphates are used both as a suitable terminating Table 2. The record of the ITP–CZE analysis of
electrolyte (TE) for ITP step and a co-ion of BGE urine of a healthy adult person and urine spiked with

24for CZE, optimum pH of BGE (pH ) was found to 1?10 M OA is shown in Fig. 1, the content of OABGE

be 2.15. This optimized electrolyte system II was in all analyzed samples was found to be below the
tested on a series of children’s urine and reliable LOD.
results were obtained.

3.1.2.2. Urine of ill children
3.1.2. Qualitative and quantitative analysis The determination of OA in children’s urine was

performed in electrolyte system II. To increase
3.1.2.1. Urine of adult volunteers further the sensitivity of detection and to make the

Qualitative and quantitative analyses of urine of identification of OA easier, the external UV Spectra
healthy adult volunteers were performed using the Focus scanning detector was used and the absorption
electrolyte system I under the optimum conditions. signal was followed at three wavelengths corre-
Detection was performed at both wavelengths of- sponding to two absorption maxima (l5210 and 280

Table 2
Equations of calibration curves, linearity, RSDs and LODs for ITP–CZE

Electrolyte system System I System II

Instrumentation 1st capillary: FEP 9030.8 mm I.D. 1st capillary: FEP 9030.8 mm I.D.

2nd capillary: FEP 35030.2 mm I.D. 2nd capillary: silica 80030.1 mm I.D.

l5254 nm (Villa Labeco) l5280 nm (Spectra Focus)

Sample Aqueous solution Urine of adults Aqueous solution Urine of children

Equation of Peak height (mAU) y51.067210.5655x y51.236710.6160x y50.065310.8980x y50.027610.9620x
2 2 2 2calibration curve vs. c (mM) r 50.990 r 50.9981 r 50.9985 r 50.9984OA

Peak area (mAU s) y522146.1119 501.8x y5211 608.6118 711.1x y521626.6130 557.8x y522163.9131 957.1x
2 2 2 2vs. c (mM) r 50.9978 r 50.9996 r 50.9993 r 50.9974OA

24 25Linearity range LOD 1?10 M OA LOD 2?10 M OA

26 26 27 27LOD (M) 3.6?10 3.0?10 3.8?10 4.0?10

RSD of Intra-day 1.12 (n56) 1.54 (n59) 1.08 (n55) 1.10 (n56)

migration Inter-day 1.25 (n58) 1.86 (n55) 1.48 (n56) 1.49 (n510)

times (%) within 4 days within 5 days within 4 days within 4 days
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Fig. 1. Determination of OA in urine of a healthy adult person by ITP–CZE combination. (a) Trace of ITP step in the preseparation
capillary; (b) trace of CZE step in the analytical capillary. Sample: 5 ml of 53 diluted urine of a healthy adult with (1) and without (2)

24addition of 1?10 M OA. Electrolyte system I (Table 1). Instrumentation: CS isotachophoretic analyzer Villa Labeco, 1st capillary: FEP, 9
cm30.8 mm I.D., conductivity detector, constant current 500 mA was used and decreased to 250 mA for the detection; 2nd capillary: FEP,
35 cm30.2 mm I.D., UV detector (l5254 nm), constant current 120 mA.

nm) and the minimum (l5240 nm) of OA spectrum. the neighborhood of OA showed similar ratio, it was
The ratio of absorption signals was A :A :A 5 used for the unambiguous identification of OA.210 240 280

10:2:9 and as no other microcomponent migrating in The reproducibility of migration times of OA in
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CZE stage of ITP–CZE combination expressed by of children’s urine were by one- to two-orders of
intra- and inter-day RSD, the equations of calibration magnitude higher compared to the results obtained
curves constructed in aqueous solutions and chil- by ITP–CZE or to values presented in literature
dren’s urine, the linearity and achieved LODs are [3,7]. Treatment of urine with orotate reductase (50
summarized in Table 2. No interferences were ml of urine was incubated with 0.011 U of enzyme
observed in 14 tested samples of children’s urine, the orotate reductase for 10 min at 258C prior to CZE
concentrations of OA found are given in Table 3. To analysis) revealed that the peak assigned to OA does
compare the results with the literature values, the not correspond solely to this analyte but also to other
concentrations of OA were related to the creatinine unknown absorbing sample constituents. The suffi-
concentrations and it was found out that they corre- cient and reliable resolution of OA from other
spond to the level of OA in urine of 1–10 years old components of children’s urine was not reached even
children reported in [3,7]. The OA concentrations if BGE of low pH 2.15 (system IV, Table 1) was
were evaluated from the peak area, average RSD of used. Hence single CZE was used for reliable
determination was 7.27% (n57). The record of the determination of OA in urine of healthy adults only.
ITP–CZE analyses of urine samples from two chil-
dren is shown in Fig. 2. 3.2.2. Qualitative and quantitative analysis

The qualitative and quantitative analyses of urine
3.2. Single CZE of healthy adult volunteers were performed in the

BGE of electrolyte system I (Table 1). In this
3.2.1. Selection of the electrolyte system for CZE system, OA was resolved from other sample con-

For analyses of urine of adult volunteers, the stituents and reliably detected within 6 min in a
composition of BGE identical with that in system I capillary of the effective length 19 cm. The repro-
(Table 1) was applied and reliable results were ducibility of migration times, the linearity and equa-
obtained. By using this system for analyses of urine tions of calibration curves and achieved LODs are
of ill children, however, the resolution of OA from summarized in Table 4, the record of analysis of
other sample constituents was insufficient and the urine of an adult volunteer is shown in Fig. 3.
spermine concentration had to be increased. To
maintain optimum pH 5.2, the concentration ofBGE

glutamic acid in BGE was estimated to be 0.1 M 4. Conclusions
(system III, Table 1). Using the electrolyte system
III, however, the determined levels of OA in samples From the results shown it follows that the main

Table 3
Content of OA found in samples of children’s urine analyzed by ITP–CZE using electrolyte system II

Sample c (mM) c (mM) c /c (mmol /mmol)OA creatinine OA creatinine

1 5.73 4.1 1.4
2 ,LOD 0.7 –
3 1.68 2.66 0.63
4 ,LOD 0.99 –
5 ,LOD 0.98 –
6 0.42 3.75 0.11
7 3.48 3.68 0.95
8 16.7 5.05 3.31
9 0.75 3.52 0.21

10 ,LOD 1.36 –
11 5.79 6.5 0.89
12 ,LOD 1.64 –
13 0.9 1.74 0.52
14 3.7 5.92 0.63
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Fig. 2. Determination of OA in urine of two different children by ITP–CZE combination. (a) Trace of ITP step in the preseparation
capillary; (b) trace of CZE step in the analytical capillary. Sample: 5 ml of 53 diluted urine from two different children, estimated OA

26 25concentration 5.79?10 M and 1.67?10 M. Electrolyte system II (Table 1). Instrumentation: CS isotachophoretic analyzer Villa Labeco,
1st capillary: FEP, 9 cm30.8 mm I.D., conductivity detector, constant current 500 mA; 2nd capillary: silica, 80 cm (60 cm effective
length)30.1 mm I.D., UV scanning detector (l5210, 240, 280 nm), constant current 35 mA.

27difficulties of the determination of OA in human determination (LOD 3?10 M OA), low sample
urine stem from the complexity of sample matrix consumption (1 ml), good reproducibility of migra-
which has great impact on the course of the sepa- tion times (RSD,1.86%) and acceptable reproduci-
ration process. CZE performed under optimized bility of the determination (average RSD57.27%)
conditions in a single capillary arrangement gave achieved, the technique of the ITP–CZE combina-
good results when the urine samples from adults tion can be recommended for the routine determi-
were analyzed, however, the method failed in analy- nation of OA in urine of both adults and children.
ses of more complex matrix of children’s urine. The
combination of CZE with an on-line preseparation
ITP step enabled to perform both an effective clean- Acknowledgements
up of the sample resulting in high reproducibility of
analyses, and to increase the analyte concentration in This work was supported by the Grant Agency of
its zone resulting in lower LOD. Further enhance- the Academy of Sciences of the Czech Republic,
ment of sensitivity and simplification of OA identifi- grant No. A 4031703, by the Grant Agency of the
cation were obtained by using UV detector working Czech Republic, grant No. 203/96/0124, and by the
at three wavelengths. Due to high sensitivity of Ministry of Education, grant No. VS-96021. The
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Table 4
Equations of calibration curves, linearity, RSDs and LODs for single capillary CZE

Electrolyte system BGE of system I

Instrumentation Silica capillary: 27 cm (effective length 19 cm)30.1 mm I.D.
l5200 nm (P/ACE 5010)

Sample Adult urine

Equation of Peak height (mAU) y520.331910.3186x
2calibration curve vs. c (mM) r 50.9995OA

Peak area (mAU s) y5857.4111571.87x
2vs. c (mM) r 50.9991OA

26 25Tested range of linearity 1.7?10 –8?10 M OA

26LOD (M) 1.7?10 M OA

RSD of Intra-day 1.21 (n58)
migration Inter-day 1.53 (n523)
times (%) within 5 days

Fig. 3. Determination of OA in urine of a healthy adult by CZE. Sample: urine of a healthy adult person, 53 diluted with deionized water.
BGE: identical with BGE in system I (Table 1). Instrumentation: P/ACE 5010. Capillary: silica, 27 cm (effective length 19 cm)30.1 mm
I.D., UV detector (l5200 nm). Voltage 15 kV, temperature 258C, high-pressure sampling 10 s.
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