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The simultaneous determination of xanthine (XAypdwanthine (HXA) and-uric acid (UA) mixture usingestrophotometric

methods is a difficult task in analytical chemisbgcause of the spectral interferences. Partiat kguares (PLS) modeling, as a
powerful multivariate statistical tool, were applie the spectrophotometric simultaneous determoinatif these substances. The
concentration ranges for XA, HXA and UA were 3.0242.7-19.0 and 3.4-25.2g ml*, respectively. The experimental
calibration set consisted of 21 sample solutiorth @wimixture design for three-component mixturdse &bsorption spectra were
recorded from 220 to 320 nm. After orthogonal sigr@arection (OSC), the unrelated information wasoved and the results
were proved. The root mean square error of presi¢gfiR MSEP) for xanthine, hypoxanthine and uric adiith OSC were 0.5161,
0.2997 and 0.5739 and without OSC were 1.6087,80.8td 1.4009, respectively. This process afforded simultaneous
determination of XA, HXA and UA in human:urine andman serum.
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INTRODUCTION method [6] and the HPLC technique [7]. Multivariate
calibration techniques, such as partial least spudPLS),

Xanthine (XA), hypoxanthine (HXA) and uric acidAY have been devised for the analysis of mixtures with

are formed during urine metabolism and are fountsisues
and bodies such as blood and urine. Extreme abhdewels
of XA, HXA and UA in blood, plasma and urine maypide
sensitive indicators of certain pathologic statesluding
xanthinuria, gout, renal failure, toxaemia duringgnancy,
and other diseases [1]. Hence, the measuremenhesfet
compounds is of considerable significance in biocical and
clinical diagnosis. These compounds have similandbal
structures and UV-Vis spectra, which has prompteduse of
analytical separation techniques such as chromabgy
methods [2-4] electrochemical methods [5], thkammetric
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overlapping spectra [8,9]. The advantage of muttiponent
analysis using partial least squares is the sp&#tkdnterest
in a mixture, as a separation step can be avoitlegl.theory
and application of partial least squares (PLS)pecsrometry
have been discussed by several researchers [83Bhe
multicomponent determinations, based on the appiceof
these methods to spectrophotometric data, have repented
in the literature [11,12].

The orthogonal signal correction (OSC) was intcetuby
Wold and others to remove the systematic varidtiom theX
response matrix that is either unrelated or orthafito theY
property matrix [13]. Therefore, it is certain thhé important
information on the analyte is retained. Sinbhen, several
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groups [14,15] have published various OSC algorithman
effort to lessen model complexity by removing tithogonal
components from the signal.

This paper describes an analytical
simultaneous determination of xanthine, hypoxamhand
uric acid using the spectrophotometric method and
multivariate calibration technique (partial leagtiares) with
pre-processing by orthogonal signal correction. &iva of
this work is to propose the orthogonal signal acirom-partial
least squares (OSC-PLS) method to resolve ternaxguras
of xanthine, hypoxanthine and uric acid in real nnas.
Generally, for the evaluation of the predictive ligpiof a
multivariate calibration model, the root mean sguarror of
prediction (RMSEP) with the relative standard errofr
prediction (RSEP) can be used [16].

EXPERIMENTAL

Materials

Xanthine, hypoxanthine and tricholoroacetic aciérav
purchased from Fluka, while uric acid was suppbgdverck.
The stock solutions of XA, HXA and UA were prepaiey
dissolving them in KOH (0.1 M). A buffer solutiopH = 7)
was prepared by KO, and NaOH (Merck). The serum and
urine samples were prepared by spiking-human seamds
human urine, with appropriate _amounts from the lstoc
solutions of XA, HXA and UA. All the chemicals useckere
of analytical reagent grade. Throughout the expenis
distilled water was used.

Apparatus and Software

The electronic absorption measurements were daoig
on a Lambda EZ210 Spectrophotometer (slit widthir scan
rate: 800 nm mif) with 1.00 cm quartz cells. The pH
measurements were made with a Metrohm 692 pH mete
illustrating a combined electrode. All absorptigrestra were
digitized and stored at wavelengths from 220 to 820 in
steps of 1 nm and, then, transferred in txt fortna Pentium
4, 2.4 GHz computer using MATLAB software, versi@n
(The Math Works). The PLS and OSC calculus was goted
with the PLS_Toolbox (Eigenvectors Company, Versds).
Also, the calculations of the mixture design weradm with a
program written in MATLAB by the authors.
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Procedure
Standard calibration set. A mixture design for three-
component mixtures was used for the calibratiorjlsgt8] to

method for therovide good prediction in the PLS method. A tragset of

21 samples was taken. Figure 1 shows the ternadures of
aanthine, hypoxanthine and uric acid in the calibra set.
The concentration of XA, HXA and UA was varied betm
3.0-24.3, 2.7-19.07and. 3.4-25;8 mi*, respectively. The
mixed standard solutions were placed in a 10.0 ghimetric
flask and completed to final volume with bufferwidn (pH =
7.0). Finally, the absorption spectra of all theegared
solutions were recorded between 220 and 320 nmmstgai
blank of universal buffer. The spectral region begw 220 and
320 nm was selected for the analysis, implying thai
experimental points per spectra were involved assibectra
were digitized every 1.0 nm. This region was selédtecause
it offered the maximum spectral information frone imixture
components of interest. All absorption data weree- pr
processed by standard mean centering and scaling.

Prediction set. For the prediction set, seven mixtures were
prepared randomly (Table 1). The concentration eangere
added to be 3.0-24.3, 2.7-19.0 and 3.4-3%2ml™ for XA,
HXA and UA, respectively.

25

20

Concentration of UA

25

centrd e

Oneen
tration of Ly con

Fig. 1. Ternary mixtures of xanthine, hypoxanthine and uric
acid in the calibration sefpg mr?).
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Table 1. Added and Found Results of the XA, HXA, UA Synibéflixtures

Added (g miY)

Found (ig mi?)

Recovery (%)

XA HXA UA XA HXA UA XA HXA UA
PLS method
15.60 6.75 7.14 15.08 5.95 5.92 96.7 28882.9
11.10 14.04 8.84 10.70 14.00 8.62° 96.4 99.7.59
7.50 1296 21.76 6.54 14.78 21.24 87.2 /114.1.6 97
7.20 5.67 6.80 6.80 5.41 554 944 495815
19.20 945 1496 1560 8.68/ 12.89 .81.3 91.8 86.2
14.40 540 19.04 13.13 597 1695 91.2 1105 89.0
15.00 8.37 10.54 1358 7.93 9.23¢ 90.5 94.7 87.6
OSC-PLS method

15.60 6.75 7.14 15.83 6.31 7.60 101.53.59 106.4
11.10 14.04 8.84 10.50. 14.67 8.75 94.6 104.99.0
7.50 1296 21.76 7.71 1298 23.01 102.8 100.25.71
7.20 5.67 6.80 6.68 5.53 7.10 92.87.5 104.4
19.20 945 1496 18.43 9.51 14.93 96.0 100.89.8
14.40 540 .19.04 14.80 531 1950 102.8 980832.4
15.00 8.37. 1054 15.62 8.45 10.07 104.1 101.85.5

Sample Preparation

NaOH solution was added to the supernatant solufitih its

Serum sample. The serum samples were homogenizedfinal pH value was equal to 7.0. Also, appropriataounts

For the deproteinization, 1°’ml of 24% w/v trichlaoetic acid
was added to 1.0 ml.of serum. After 15 min, theultésy

mixture was centrifuged for 15:min at 3000 rpm [IEfjen, a
certain amount of NaOH solution was added to tipesatant
solution to reach the final pH value of 7.0. Aftands, an
appropriate amount from the stock solution of XAAdand

UA was added to 0.5 ml of the lastly prepared seamd
completed to the final volume (10.0 ml volumetiiask) with
buffer solution to obtain the desired concentratidine
electronic absorption spectrum was recorded inrdmge of
220-320 nm against a blank solution of universalise

Urine sample. The urine sample was diluted 1:3 with

distilled water. Then, the cell debris and the ipatate matter
were removed from the urine using low-speed cergéfion
(for 5 min at 1500 rpm) [20]. Afterwards, a cémtamount of

from the stock solutions of XA, HXA and UA were adbito

0.5 ml of the lastly prepared urine and completethe final

volume (10.0 ml volumetric flask) with buffer solom to get

the desired concentration. The electronic absampfmectrum
was recorded in the range of 220-320 nm againstaakb
solution of universal serum.

RESULTSAND DISCUSSION

Selection of Optimum Chemical Conditions

Figure 2 depicts the absorption spectra in theeagsl
solutions of xanthine, hypoxanthine and uric adighd 7.0. A
universal buffer solution of pH 7.0 was selected.s€lect the
optimum pH value at which the minimum overlap ocedr
the pH influences on the absorption spectra of XA and
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on the original data. The results revealed thaiB€ method
removed the information from the UV-Vis data thasanot

—

& 0.8 indeed necessary for thevariables fitting. Occasionally, the

E 0.6 OSC method also removed the nonlinear relationships
g betweenX andy.

204

< - Selection of the Optimum Number of Factors

The optimum.number of factors (latent variables)be
included in the calibration model was determined by
computing the prediction error sum of squares (PRES the
cross-validated models, using a high number ofofacthalf
Fig. 2. Pure spectra ofanthine (12:g ml*), hypoxanthine (11 the number of total standard + 1), which is definsdollows

ug miY) and uric acid (18g mi): (=) XA, (@)  inEq. (1):
HXA, (----) UA.

230 260 290 320
Wavelenght(nm)

PRESS=) (y — §)° @)

UA were studied over the pH range of 5.0-10.0. Thewherey; is the reference concentration for tffesample and
individual calibration curves were constructed wsaveral 9i represents the estimated concentration. The emgloy
points, with the absorbance versus the XA, HXA &  cross-validation method was to eliminate only camgle at a
concentrations in the ranges of 3.0-24.3, 2.7-48d3.4-25.2 time and, then, the remaining standard spectra dvdng
ug ml, respectively. The wavelengths, used to produee thcalibrated by PLS. With this calibration, the saepl
calibration curve, were 268, 249 and 291 nm for XA concentration, being left out, was predicted. Tgriscess was

and UA, respectively. repeated until each standard had been left out. dreselect
the optimum number of factors, the criteria propbd®y
Pre-processing by Orthogonal Signal Correction Haaland and Thomas [20] were applied. The optimumber

For the calibration set, three OSC components weeel  of factors, obtained by the application of the P&l OSC-
for filtering. To evaluate the prediction errorsrfdhe PLS models, are summarized in Table 2. In all gabesvalue
validation set, it was revealed that the OSC-tebatiata of the F-ratio probability dropped below 0.75, whiwvas
provided substantially lower RMSEP values than ¢hokthe  selected as the optimum one. As can be seen frine Pathe
original data. Also, the OSC-filtered data gave msionpler OSC-PLS method has used fewer number of factors tia
calibration models with fewer components than thescbased PLS method.

Table 2. Statistical Parameters of the Optimized Matrixrgsihe OSC-PLS and PLS

Component NFE PRESS RMSEP RSEP (%)
Xanthiné 5 0.3329 0.5161 3.8233
Hypoxanthin8 5 0.4209 0.2997 3.1555
Uric acid’ 5 0.1486 0.5739 4.1383
Xanthiné 6 0.5013 1.6087 11.9167
Hypoxanthiné 6 1.3876 0.8580 9.035
Uric acidf 6 0.2273 1.4009 10.1018

Rumber of factors’Using OSC-PLSUsing PLS.
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Determination of Xanthine, Hypoxanthine and Uric
Acid in Synthetic Mixtures
The predictive ability of the method was determdingth

the use of seven three-component mixtures (thepositions
are given in Table 1). The deriving data afterapplication of
the PLS and OSC-PLS algorithm to seven syntheticpses
are listed in Table 1. Table 1 also depicts thevery for the
prediction series of XA, HXA and UA mixtures. As¢an be
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Fig. 3. Plots of the predicted concentratig the actual
concentration of xanthine, hypoxanthine and
uric acid by PLS @) and OSC-PLS®).

seen, the recovery was also acceptable. The roah mguare
error of prediction and the relative standard eofgorediction
values are summarized in Table 2. The plots ofptteelicted
concentration actual values for XA, HXA and UA are
illustrated in Fig. 3 (line equations anB’ values are
displayed, as well).

Determination of Xanthine, Hypoxanthine and Uric
Acid in Real Matrix

To test the applicability and matrix interferencasthe
recommended method to the analysis of real sampihes,
OSC-PLS method was applied for the determinatiotXAf
HXA ‘and _UA in human urine and human serum. For the
serum and urine samples, the spectral region wigxted
between 230-320 nm and 250-320 nm, respectivelgesihis
was the zone with the maximum spectral informafrom the
mixture components of interest (Figs. 4 &). Table 3

Absorbance

Spectral region selected

05

220 240 260 280 300 320
Wavelenght(nm)
Fig. 4. Absorption spectra of serum sample, spiked with XA
(10 pug mit), HXA (14 ug mi*) and UA (20ug mr™).
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Fig. 5. Absorption spectra of urine sample, spiked with XA
(10 ug mI), HXA (14 pg mi*) and UA (20ug mit).
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Table 3. OSC-PLS Results Applied on the Real Matrix Samples

Added(ug mh)

Found fig mlY)

Real matrix Set
XA HXA UA XA HXA UA
I 20.0 5.0 7.0 19.41 5.20 7.36
Serum Il 6.5 15 6.0 6.84 15.12 5.81
1} 10.0 7.2 14.2 10.22 6.86 14.73
I 20.0 5.0 7.0 19.14 5.10 7.13
Urine Il 6.5 15 6.0 6.20 14.52 5.83
1] 10.0 7.2 14.2 9.82 7.11 14.02

demonstrates the results for real matrix samplesoAdingly, 2]
the OSC-PLS model was able to predict the conceortis of

XA, HXA and UA in the human serum and human urine
samples. [3]

CONCLUSIONS 4]

The XA, HXA and UA mixture is a difficult complex
system because of the high spectral overlappingerued [5]
between the absorption spectra for their components
overcome the drawback of the spectral interfergn&dsS (g
multivariate  calibration  approaches  were  applied.
Furthermore, the present study revealed that the €sild be [7]
a good method to remove the systematic variatiomfthe
response matriX, which was either unrelated or orthogonal to
the Y property matrix. Consequently, one can be certiadt
the important information.on the analyte was regdinThe 8]
good agreement clearly displayed the utility oktprocedure
for the simultaneous determination of xanthine,dxgmthine  [g]
and uric acid, without tedious pretreatment withmptex

samples in synthetic and real matrix. [10]
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