
DETERMINATION OF OROTIC ACID IN URINE BY CAPILLARY ZONE ELECTROPHORESIS 
WITH ”IN-COLUMN” SAMPLE CLEAN-UP AND DIODE ARRAY DETECTION

 Mariana Danková*, Stanislav Strašík, Dušan Kaniansky  Mariana Danková*, Stanislav Strašík, Dušan Kaniansky 
Department of Analytical Chemistry, Faculty of Sciences, Comenius University in Bratislava, Mlynská Dolina CH-2, SK-84215 Bratislava, Slovakia; e-mail:dankova@fns.uniba.sk

C 1C 1

C 2C 2

DAD - inDAD - inDAD - outDAD - out

BFBF

CE 1CE 1

CE 2CE 2

SS

VV

EE

EE

4 8 12

time (min)

*
8 9 10 11

4 8 12

time (min)

*
8 9.5 11

4 8 12

*

4 8 12

*

4 8 12

*

4 8 12

*

4 8 12

*
1 mAU

4 8 12

0.5 mAU
*

OA OA
0.5 mAU 0.5 mAU

a

b

c

d

218 nm 280 nm

a

b

c

4 5 6 7 8 9 10 11 12

*

4 5 6 7 8 9 10 11 12

0.5 mAU

*

4 5 6 7 8 9 10 11 12

*

4 5 6 7 8 9 10 11 12

*

4 8 12

*

4 8 12

*8 9 10

OA

8 9 10

OA

8 9 10

OA

8 9 10

OA

8 9 10

OAd

e

f

time (min) time (min)

218 nm 280 nm

4 5 6 7 8 9 10 11 12

0.5 mAU

*

4 5 6 7 8 9 10 11 12

*

4 8 12

*
8 9 10

OA

4 8 12

*8 9 10

OA

4 5 6 7 8 9 10 11 12

*8 9 10

OA

4 5 6 7 8 9 10 11 12

*

8 9 10

OA

8 9 10

OA

8 9 10

OA

time (min) time (min)

218 nm 280 nm

4 8 12

*

4 8 12

*

8 9 10

OA

8 9 10

OA

4 5 6 7 8 9 10 11 12

*

4 5 6 7 8 9 10 11 12

*
8 9 10

OA

8 9 10

OA

time (min) time (min)

b

0.5 mAU

a

218 nm 280 nm

FSW-TTFA 

-0.2

1.3

2.8

8 9.5 11

-
lo

g
(1

-r
+

0
.0

0
0

1
)

0

1.5

3

8 9.5 11

time (min)

-
lo

g
(1

-r
+

0
.0

0
0

1
)

9.1 9.35 9.6

E1

5.10-4

9.1 9.35 9.6

E2

5.10-5

9.1 9.35 9.6

5.10-6

E3

9.1 9.35 9.6

E4
5.10-7

time (min)time (min)

FSW-EFA

9 9.35 9.7

2.10-5

P1

9 9.35 9.7

P2

2.10-5

9 9.35 9.7

P3

1.10-6

9 9.35 9.7

P44.10-9

9 9.35 9.7

P5
1.10-11

9 9.35 9.7

P6
6.10-14

time (min)

OPA

time (min)

DETERMINATION OF OROTIC ACID IN URINE BY CAPILLARY ZONE ELECTROPHORESIS 
WITH ”IN-COLUMN” SAMPLE CLEAN-UP AND DIODE ARRAY DETECTION

T
he electrolyte system suitable to a sensitive CZE determination of analyte present in 

a complex biological matrix must provide a required separative effect while its 

constituents cannot disturb the detection of analyte. A search for such a system can 

be in some instances time consuming, especially, when a pre-column sample 

cleanup is not applied. 

The separation in a tandem of the carrier electrolytes can simplify a search since the 

separating and detection conditions may be selected, within certain limits, as 

complementary.  We developed a technique of tandem-coupled (TC), independently filled, 

columns to implement such an approach to the CZE separations performed in the closed CE 

separation system. 

This work was aimed at investigating capabilities of CZE in TC columns, in a 

combination with diode array detection (DAD), to the separation, identification and 

quantitation of analytes present in complex biomatrices. Orotic acid served as a model 

analyte in our study while urine represented a multicomponent and variable ionic biomatrix. 

In this context we should note that the determination of orotic acid in urine has a practical 

clinical relevance (orotic aciduria). 

INSTRUMENTATION

An ITAChrom EA-101 capillary electrophoresis analyzer (J&M, Aalen, Germany), 

assembled in the CZE configuration of the separation unit, was used in this work. The 

sample was injected by a 200 nl internal sample loop of the injection valve of the analyzer. 

The separations were carried out in a laboratory made tandem-coupled CZE 

column (see, Fig. 1). The column was provided with a pair of 320 um I.D. fused silica 

capillary tubes (J&W, Folsom, Canada). The length of the first capillary (from the injection 

valve to the bifurcation block) was 120 mm and the length of the second capillary (from 

the bifurcation block to the detector) was 70 mm. 

A TIDAS, multi-wavelength photometric absorbance diode array detector (J&M) 

was connected to an on-column detection cell of the CZE column via optical fibers (J&M). 

The detector operated under the following conditions: (1) scanned wavelength range - 

200 to 350 nm; (2) integration time - 15 ms; (3) scan interval - 1.25 s; (4) number of 

accumulations - 80. 

The spectral data were acquired and processed by a Spectralys program (version 

1.81, J&M). In addition, current data processing procedures of the Spectralys 

(background corrections, smoothing) were complemented by more advanced 

chemometry procedures [Fixed Size Moving Window  Target Transformation Factor 

Analysis (FSW-TTFA); Orthogonal Projection Approach (OPA)] that run on PC. 

PRE-COLUMN SAMPLE PREPARATION

Urine samples, obtained from healthy adults with different diet habits 

and children suffering from orotic aciduria, were diluted 5 or 10 times with 

deionized water immediately after the receipt and, subsequently, filtered 

[1.2 um pore size filter (Millipore, Molsheim, France)]. pH of the samples 

were adjusted to values of 2.8 by citric acid. The samples prepared in this 

way were stored in a freezer at -15°C. They were melted at a room 

temperature prior to the analysis and filtered [a 0.45 um pore size 

(Millipore)] before the injection into the CE equipment.

CZE WITH AN IN-COLUMN SAMPLE CLEANUP IN THE TANDEM-COUPLED COLUMNS

The CZE runs in the tandem-coupled columns (see Fig.1) were divided into two distinct stages:  

The carrier electrolyte employed in the first (separation) stage served, mainly, to the separation of orotic acid (the test analyte) from the matrix constituents. 

The best results in this respect were achieved by performing the separation at a low pH (2.8) under an accompanying, “in-column” sample cleanup due to 

electroneutral complexing agents of the carrier electrolyte solution (System No. 4, in Table 1). 

Benefits attributable to the use of the complexing agents [alpha- and beta-cyclodextrins, polyvinylpyrrolidone and 3-(N,N-dimethyldodecylammonio)-

propanesulfonate] in the first stage are apparent from electropherograms (Fig. 2) as obtained by the DAD in the detection stage of the tandem under the electrolyte 

conditions favoring the detection and spectral identification of the analyte (System No. 1, in Table 1). 

The migration time data as obtained for orotic acid in repeated CZE runs with a urine sample (Table 2) document a reproducible operation of the electrolyte 

tandem in the TC columns. At the same time the shapes of the peaks in Figs. 2-4 indicate that a coupling of the capillaries in the bifurcation block (BF, in Fig.1) did 

not contribute to the band spreading.

URINE MATRIX AND THE DETECTION AND QUANTITATION OF OROTIC ACID 

A general applicability of the present tandem of the carrier electrolytes to the detection and determination of orotic acid in urine indicate electropherograms as 

registered from the runs with samples obtained from healthy adults with different diet habits and children suffering from orotic aciduria (Figs. 3 and 4).

The concentration limits of detection obtained for orotic acid by DAD, evaluated from the CZE runs with 5-times diluted urine samples (200 nl sample loads), 

were 3.5 umol/l (218 nm) and 0.4 umol/l (280 nm). 

 The repeatabilities of quantitation attainable for the test analyte under the employed tandem working conditions indicate the peak area data in Table 2. 

Parameters of the regression equations describing the calibration graphs for the determination of orotic acid at 218 and 280 nm detection wavelengths are given in 

Table 3. 

DAD IDENTIFICATION OF OROTIC ACID IN URINE

Electropherograms obtained from the CZE runs with one of the urine samples (Fig.4b) indicate the presence of orotic acid in the sample. To confirm 

or deny this, the DAD data from the relevant runs were processed by chemometry methods [Fixed Size Moving Window-Target Transformation Factor 

Analysis (FSW-TTFA); Orthogonal Projection Approach (OPA); Fixed Size Moving Window-Evolving Factor Analysis (FSW-EFA)].

The presence of orotic acid in its migration position was not confirmed by the FSW-TTFA analysis of the acquired spectra. This documents plots of 

logarithmically transformed Pearson`s correlation coefficients in Fig. 5. Here, a deformation of the peak in the plot as obtained for urine spiked with orotic 

acid (Fig. 5b) can be very likely attributed to a matrix co-migrant (see also a peak marked with an asterisk in Fig.4b). 

A purity of the orotic acid peak was assessed by FSW-EFA and OPA. The first plot of the eigenvalues (E1, in Fig. 6) as obtained by FSW-EFA 

indicates an heterogeneity of the peak and the presence of a co-migrant confirms also the plot E3. Two peaks on the plot E2 can be ascribed to a spectral 

contribution of the carrier electrolyte and they reflect a small change in its concentration. The plot E4 and the plots of higher eigenvalues represent only 

noise. 

The presence of a matrix constituent in the rear part of the analyte peak was confirmed  by OPA (P3, in Fig. 7). The graphs P4 and P5 (Fig. 7) 

indicate the presence of low concentration level co-migrants. 
The FSW-TTFA, FSW-EFA, OPA data clearly indicate that orotic acid was not present at a detectable concentration in the urine sample of the child 
patient.  
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 Electrolyte system No. 

 1 2 3 4 

Solvent Water Water Water Water 

Carrier anion Phosphate Phosphate Phosphate Phosphate 

Concentration 

(mmol/l) 
10 10 10 10 

Counterion Glycine Glycine Glycine Glycine 

Additive 1 - alpha-CD alpha-CD alpha-CD 

Concentration 

(mmol/l) 
- 30 30 30 

Additive 2 - beta-CD beta-CD beta-CD 

Concentration 

(mmol/l) 
- 10 10 10 

Additive 3 - - PVP PVP 

Concentration 

(w/v, %) 
- - 1 1 

Additive 4 - - - DMDAPS 

Concentration 

(mmol/l) 
- - - 100 

Additive 5 MHEC MHEC MHEC MHEC 

Concentration 

(w/v, %) 
0.2 0.2 0.2 0.2 

pH 2.8 2.8 2.8 2.8 
 

Table 1 Electrolyte systems

alpha-CD=alpha-cyclodextrine, beta-CD=beta-cyclodextrine, 

PVP=polyvinylpyrrolidone, DMDAPS=3-(N,N-Dimethyldodecylammonio)-

propanesulfonate, MHEC=methylhydroxyethylcellulose

Run No. 
t 

(min) 

H218 

(mAU) 

A218 

(mAU.s) 

H280 

(mAU) 

A280 

(mAU.s) 

1 9.35 1.01 7.92 1.34 12.41 

2 9.35 1.01 7.84 1.35 12.80 

3 9.34 1.03 7.5 1.35 12.68 

4 9.35 1.02 7.88 1.37 12.59 

5 9.34 1.01 7.93 1.35 12.53 

6 9.33 1.02 7.63 1.37 12.50 

7 9.33 1.02 7.65 1.36 12.77 

Average 9.35 1.02 7.76 1.36 12.61 

R.S.D. (%) 0.1 0.74 2.15 0.84  1.15 
 

Table 2 Repeatabilities of the migration time, peak area and peak 
height in the CZE determination of orotic (a) acid present in urine (b)

(a) The concentration of orotic acid present in injected sample was 10 umol/l
(b) The urine sample was diluted 1:5 (v/v) with water immediately after the 
collection
t=migration time of orotic acid
H 218, H 280=peak height of orotic acid at 218 nm and 280 nm, respectively
A 218, A 280=peak area of orotic acid at 218 nm and 280 nm, respectively

 
a218 

(mAU.s) 
b218 

(mAU.s/umol/l) 
r 

a280 
(mAU.s) 

b280 
(mAU.s/umol/l) 

r 

orotic acid 0.3228 1.031 0.9998 0.1621 1.2117 0.9996 

 

Table3 Parameters of the regression equations (y = a + bx) for the calibration graphs of 
the orotic acid for 1-40 umol/l concentrations (a)

(a) y,peak area; x, concentration of orotic acid in the injected sample (umol/l); a, intercept; b, slope; n, 
number of data points; r, correlation coefficient
a 218, b 218 data based on calibration experiments at 218 nm wavelength (n=13)
a 280, b 280 data based on calibration experiments at 280 nm wavelength (n=21)

Fig. 1 CZE separation unit with a hydrodynamically closed separation 
compartment provided with tandem-coupled column. E=electrode vessels 
with driving electrodes; V=injection valve with a 200 nl of internal sample loop 
drilled in a rotating disk (S); C1, C2=columns, coupled in a bifurcation block 
(BF), provided with 320 um I.D. fuced silica capillary tubes; CE1, CE2=valves 
for filling the columns C1 and C2 with carrier electrolyte solutions, 
respectively; DAD-in and DAD-out=optical fiber connections to the diode 
array detector.

Fig. 2 

a
b

c

d

Electropherograms from the CZE separation of urine sample (a 200 nl 
injected sample volume) of child suffering from orotic aciduria in the tandem-
coupled columns (Fig. 1). The electropherograms were registered from detection 
stage (C2 in Fig. 1) in which carrier electrolyte solution of the composition given in 
Table 1 (System No.1) was employed. The driving current was stabilized at 120 
uA.
 =separation performed in the electrolyte system without complexing additives 
(System No.1, Table 1); =separation performed in the electrolyte system 
containing alpha-CD (system No.2, Table 1); =separation performed in the 
electrolyte system containing alpha- and beta-CDs and PVP (system No.3, Table 
1); =separation performed in the electrolyte system containing alpha- and beta-
CDs, PVP and DMDAPS (system No.4, Table 1). 
Fragments of the electropherograms from the migration position of orotic acid (Fig. 
2d) correspond to the run with the urine saple spiked with the acid at a 10 umol/l 
concentration (a 50 umol/l concentration in the undiluted urine sample). The urine 
samples were diluted 5-fold with dionized water immediately after the collection. 
pH of the samples was adjusted to 2.8 by citric acid.

Fig. 3 Electropherograms from the CZE separations of urine samples (a 200 nl injected sample volume) obtained from healthy adult volunteers 
with different diet habits (a-f). The electropherograms were registered from the detection stage of the tandem (C2 in Fig. 1) using the carrier 
electrolyte No.1 (Table 1). The electrolyte system No.4 (Table 1) was used in the separation stage. Fragments of the electropherograms from the 
migration position of orotic acid correspond to the runs with the same urine samples spiked with the acid at a 10 umol/l concentration (a 100 umol/l 
concentration in the undiluted urine samples). The urine samples were diluted 10-fold with deionized water and their pH was adjusted to 2.8 by 
citric acid. The electropherograms were plotted from the spectral data acquired by the DAD at a 218 nm and 280 nm wavelength. The driving 
current was stabilized at 120 uA. 

Fig. 4 Electropherograms from the CZE separations of orotic 
acid in the urine (a 200 nl injected sample volume) of children 
suffering from orotic aciduria. The electropherograms were 
registered from detection stage of tandem (C2 in Fig. 1) using 
the carrier electrolyte No.1 (Table 1). The electrolyte system 
No.4 (Table 1) was used in the separation stage. Fragments of 
the electropherograms from the migration position of orotic acid 
correspond to the runs with the same urine samples spiked with 
the acid a a 10 umol/l concentration (a 50 umol/l concentration 
in the undiluted urine samples). The urine samples were diluted 
5-fold with deionized water and their pH values were adjusted to 
2.8 by citric acid. he electropherograms were plotted from the 
spectral data acquired by the DAD at a 218 nm and 280 nm 
wavelength. The driving current was stabilized at 120 uA. 

Fig. 5 Spectral identifications of orotic acid in urine of the child suffering 
from orotic aciduria. The time courses of logarithm of the correlation 
coefficients as provided by the FSW-TTFA processing of the spectra 
acquired in the runs (Fig 4b), respectively. See an accompanying text for 
further details.

Fig. 6 A 3D analysis of the data obtained by DAD in the CZE run 
shown in Fig. 4b. The data were processed by FSW-EFA. E1-E4 
= time plots of the eigenvalues. See the relevant text for further 
details.

Fig. 7 A 3D analysis of the data obtained by DAD in the CZE run 
shown in Fig. 4b. The data were processed by OPA. P1-P6 = 
dissimilarity time plots. See an accompanying text for further details.

Using independently filled columns, the tandem of the carrier electrolytes, with a contact plane in the bifurcation block, is formed 
reproducible as demonstrated by highly reproducible migration data (Table 2). In addition, a dead volume in the contact layer of the 
bifurcation is very small and does not contribute to the band broadening of the separated constituents.

Our CZE experiments with orotic acid (a test analyte) and urine matrix clearly show practical potentialities of the present 
approach, especially, when an “in-column” sample cleanup can be included into the separation stage of the tandem. Here, even the 
carrier electrolytes of “very complex” compositions could be employed effectively (see Fig.2).  

The use of the tandem-coupling in was stimulated by our research focused on an effective use of the diode array detection (DAD) 
to the spectral identification of the CZE analytes present in biomatrices. Sub- or low umol/l limits of the detection as achieved for the 
test analyte and a 10 umol/l concentration level at which relevant spectral data for the analyte could be acquired (a 200 nl sample 
volume) indicate some of the potentialities of the present approach in this respect. From the practical point of view it is important that 
the analysis time was less than 10 minutes and the sample handling was simple (dilution, filtration an pH adjustment of urine).

A
tandem of the carrier electrolytes in CZE operating with a 
hydrodynamically closed separation system makes 
possible the separations under the conditions that 

otherwise disturbs the detection and/or spectral identification of 
the analytes. 
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