J.Serb.Chem.Soc. 68(8-9)691-698(2003) UDC 612.461.25+543-4:543.645:574.152
JSCS - 3078 Original scientific paper

Determination of uric acid in human serum by an enzymatic
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Abstract: In this work a new enzymatic method for the determination of uric acid in human
serum has been developed. The method is based on the oxidative coupling reaction between
the N-methyl-N-(4-aminophenyl)-3-methoxyaniline (NCP) reagent and the hydrogen — do-
nor reagent, N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3-methylaniline (TOOS), in the system
involving three enzymes: uricase, peroxidase and ascorbate oxidase. Using this method uric
acid could be determined in concentrations up to 1.428 mmol/L, with a relative standard de-
viation of up to 1.8 %. The effect of the medium pH and the NCP concentration on the lin-
carity of the chromogen absorbance versus the uric acid concentration curve was investi-
gated. The influence of the uricase activity on the maximum rate of uric acid oxidation was
also examined. The use of the NCP reagent demonstrated a more precise and more sensitive
determination of the uric acid compared to the determination with 4-aminoantipyrine
(4-AA) as the coupling regent. The sensitivity of the method determined from the calibration
curve was 0.71 absorbance units per mmol/L of uric acid; the limit of detection was LOD =
0.0035 mmol/L and the limit of quantification was LOQ = 0.015 mmol/L of uric acid.
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INTRODUCTION

Uric acid is a metabolic product of exogenous (brought in with food) or endogenous
purine bases. Since uric acid is found in human serum in relatively low concentrations (ref-
erence range is 0.21 to 0.42 mmol/L in men and 0.16 to 0.36 mmol/L in women) it is nec-
essary to use specific and sensitive methods for its determination. The existing methods
could be conveniently devided into two groups: reductive and enzymatic. The reductive
methods are non-specific and involve the oxidation of uric acid with phosphotungstate re-
agent to allantoin with resultant blue coloring of tungstate solution. The enxymatic meth-
ods are specific. They involve the catalytic oxidation of uric acid with the enzyme uricase
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to allantoin with the formation of hydrogen peroxide.! The peroxide, the concentration of
which is directly proportional to the concentration of uric acid, could then be determined
by a number of methods.2-10

Owing to their specificity, enzymatic methods have found widespread use. The reagents
mixture used in this method contains the enzymes: uricase, peroxidase, hydrogen — donor re-
agent and coupling reagent. As hydrogen — donor reagent various derivatives of phenol or
aniline have been used.!! Formerly, as the coupling reagent, 4-AA was used. In the present
work the use of the NCP reagent instead of 4-AA is proposed. This reagent forms a colored
compound (chromogen) with TOOS reagent in the presence of H,O, (oxidative coupling).
The concentration of the chromogen is directly proportional to the concentration of uric acid.
The chromogen shows an absorption maximum at 750 nm. The chromogen formed with
4-A A possesses an absorption maximum at 556 nm. This batochromic shift of 194 nm is es-
pecially convenient in the analysis of hemolyzed or lipemic serum where undesirable prod-
ucts are colored with an absorption near 500 nm and, thus, may strongly interfere with the
uric acid determination. The sensitivity of the uric acid determination with the NCP reagent is
considerably higher than that with 4-AA, as well.

EXPERIMENTAL
Apparatus

The absorbance measurements were made with a double beam UV-VIS spectrophotometer Cintra
model 40 (GBC, Australia). The cells were thermostated with a temperature precision to + 0.01 °C. The
absorbance — concentration curves were obtained by using a single beam UV spectrophotometer Ultrospec
model 2000 (LKB-Pharmacia, UK). The pH measurements were made with a Corning model 250 pH-meter
equipped with an Orion sure — flow combined electrode (USA).

Reagents and solutions

Bidistilled water and analytical grade reagents were used for the preparation of the solutions. Uric acid
standard, uricase, peroxidase (POD) and ascorbate oxidase were the products of SERVA (FRG). The NCP and
TOOS reagents were the products of Dojindo Lab (Japan). The phosphate buffer and 4-aminoantipyrine (4-AA)
were the products of Merck (FRG). Sodium tetraborate, EDTA and Triton X-100 detergent were the products of
Serva (FRG); hydrogen peroxide (30 %) was from Zorka — Sabac (Serbia nad Montenegro). The control serum
with a declared amount of uric acid was obtained from Boehringer Mannheim — Precinorm (Austria).

Reagent for the determination of the uricase activity

Prior to the uric acid determination, the optimal uricase activity needed for the determination had to be es-
tablished. The composition of the solution used for uricase activity determination was: phosphate buffer (pH
7.40), 0.1 mol/L; sodium tetraborate, 20 mmol/L; EDTA, 1 mmol/L; Triton X-1000, 0.01 %. The activity of
uricase were 100, 200, 300 and 400 U/L. The primary standard solution of uric acid had a concentration of 1.428
mmol/L and was used as the analyt. An amount of 25 pL of the sample was added into 1.0 mL of the reagent and
the absorbance was measured at 750 nm using the reagent solution as the blank at a temperature of 37 °C.

Reagent for the determination of uric acid

The composition of the reagent solution used for uric acid determination in serum was: phosphate
buffer (pH 7.40), 0.1 mol/L; NCP reagent, 0.075 mmol/L; TOOS reagent, 0.2 mmol/L; sodium tetraborate, 20
mmol/L; EDTA, 1 mmol/L; peroxidase (POD), 1000 U/L; ascorbate oxidase, 1000 U/L; uricase, 200 U/L and
Triton X-100, 0.01 %. Ascorbate oxidase was added in order to prevent the reaction between hydrogen perox-
ide and vitamin C present in serum.
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Analytical procedure

A serum sample of 25 pL volume was added into 1.0 mL of the reagent solution (2.4). The absorbance
of the solution was measured at 750 nm after five minutes incubation at 37.0 °C using the reagent solution as
the blank.

RESULTS AND DISCUSSION

The procedure of uric acid determination is based on the reactions:

Uric acid —7€%¢_, allantoine + HyO, )

The concentration of chromogen (green colored dye stable fifteen minutes) which is
formed by oxidative coupling of NCP and TOOS reagents is directly proportional to the
concentration of the uric acid.

/CH2CH3 H,0,/POD
N\ I
CHZCI:HCH2$O3Na H;CQ
H;C OH
TOOS T—QNW
CHj
NCP
H3CO
/CH7CH3
N
(|: CH20H0H2803Na
Chromogen

The spectra of the NCP reagent (Fig. 1, curve 1), TOOS reagent (Fig. 1, curve 2) and
the chromogen compound (Fig. 1, curve 3) were taken at pH 7.40. The absorption maxi-
mum of the chromogen is at 750 nm. Thus, its absorption maximum is batochromically
shifted compared to its components.

The adventage of the application of NCP reagent lays in the fact that the formed
chromogen (Fig. 2, curve 2) has a batochromic shift of the absorption maximum at 750 nm
compared to the method that uses 4-AA instead of NCP, as a coupling reagent, when the
formed chromogen has an absorption maximum at 556 nm (Fig. 2, curve 1).

The effect of pH on the chromogen spectra was investigated in the pH interval from
6.5t0 7.5. The reason for choosing the pH interval was in the fact that all the enzymes used
show optimal activity under such conditions. The obtained spectra (Fig. 3) show that varia-
tion of pH has no significant effect on the intensity and position of the adsorption maxi-
mum of the chromogen. Thus, the working pH was set at 7.40.
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Fig. 1. Absorption spectra of NCP (curve 1, 0.05 mmol/L; pH 7.40), TOOS (curve 2, 0.05 mmol/L; pH
7.40) and the chromogen (curve 3, NCP — 0.05 mmol/L, TOOS — 0.05 mmol/L; pH 7.40).

-

LEMIE R R N N L L A I Y N N DO I L L L T

300.0 400.0 500.0 600.0 700.0 800.0 900.0

nm
Fig. 2. Absorption spectra of the chromogen with 4-AA (curve 1, uric acid — 1.428 mmol/L, pH 7.40) and
the chromogen with NCP (curve 2, uric acid — 1.428 mmol/L, pH 7.40).

The effect of the NCP concentration on the absorbance of the chromogen (Fig. 4) was
investigated using NCP reagent in the concentration range from 0.025 to 0.075 mmol/L at
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Fig. 3. Absorption spectra of the chromogen (0.1 M TOOS and 0.025 M NCP) in the pH region 6.50 — 7.50.

constant concentration of TOOS, 0.2 mmol/L. The maximal absorbance of formed
chromogen, at 750 nm, was 3 units which is enough for the determination of uric acid up to
a concentration of 1.428 mmol/L.

During the investigations of the chromogen formation (Fig. 1, curve 3), the effect of
pH (Fig. 3) and NCP concentration on the absorbance of chromogene (Fig. 4), a hydrogen
peroxide concentration of 5.0 mmol/L. was used.

Kinetic studies

The activity of uricase was followed kinetically as the rate of uric acid oxidation to
peroxide and allantoine (Eq. (1)). It was assumed that the reaction was finished when dA/d¢
= 0. At a uricase activity of 200 U/L, complete oxidation of the uric acid (1.428 mmol/L),
was achieved in 5 min. Thus, the uricase was used at this level of activity in the determina-
tion of uric acid (Fig. 5).

For the construction of a calibration curve for the determination of uric acid, standard
solutions of uric acid in the concentration range from 0 to 1.428 mmol/L were used. The
linear equation was y = 0.709 x + 0.00061, » = 5 with a correlation coefficient = 0.9998,
where y denotes the absorbance and x is the concentration of the uric acid in mmol/L.

On the basis of the obtained calibration curve, uric acid was determined in samples
from 50 patients. Analysis was performed as described in the section Analytical Procedure.

In order to check the obtained results, uric acid was determined in the same samples of
human serum by the standard enzymatic method based on the use 4-A A as the coupling re-
agent instead of NCP. The obtained results indicated a high level of correlation (a = 0.006,
b =0.998 and r = 0.9993).
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Fig. 4. The effect of the NCP concentration on the formation of the chromogen (curve 1, NCP—0.025
mmol/L, curve 2, NCP — 0.05 mmol/L, curve 3, NCP — 0.075 mmol/L; TOOS — 0.2 mmol/L, pH 7.40).

Accuracy of the method was examined by the recovery test. To hyman pool serum
known amounts of uric acid were added and the concentration of the uric acid was deter-
mined from the calibration curve. The recovery was calculated from the expression:

Abs Overlay - Acurkin

1.000
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0.000 = - e
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Time mm:ss
Fig. 5. The influence of the uricase activity on the rate of uric acid oxidation (uricase activity: curve 1 — 100
U/L, curve 2 —200 U/L, curve 3 — 300 U/L, curve 4 — 400 U/L: uricase activity shown as dA/dz vs. time
(curve 1’—4").
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% recovery = (FS— US) / ADD x 100

where £ is concentration of the uric acid in the fortified serum sample. US is the concen-
tration of uric acid in the unfortified (blank) serum and ADD is concentration of uric acid in
the added aliquot. The obtained results are given in Table L.

TABLE 1. Application of the proposed method to the analysis of uric acid

Added/(mmol/L) Found?/(mmol/L) Recovery £ RSD/%
0.286 0.282 98.6+1.80
0.571 0.568 99.5+1.52
0.857 0.863 100.7 £ 1.29
1.142 1.152 100.9 £1.35
1.428 1.417 99.2 +1.40

Mean value of ten determinations

The sensitivity of the method as determined from the calibration curve was 0.71
absorbance units per mmol/L of uric acid. This is significantly higher than that obtained us-
ing 4-AA (0.35 absorbance units per mmol/L of uric acid). The detection limit (LOD) was
0.0035 mmol/L and the quantification limit (LOQ) for uric acid was 0.015 mmol/L.

CONCLUSIONS

Owing to the significantly higher absorbance of the chromogen and the increased sen-
sitivity of the method as a result of the batochromic shift of the absorption maximum of the
chromogen, the interference from the serum components on the determination of uric acid
was diminished. This enabled precise and accurate determination of uric acid in human se-
rum. The NCP reagent possesses better analytical properties than the so far used 4-AA re-
agent.
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U3BOJ

OJJPEGLMBAILE MOKPARHE KMCE/IMHE Y CEPYMY EH3MMCKOM METOJJOM
ITPUMEHOM N-METUJI-N-(4-AMUHO®EHNIT)-3-METOKCUAHWUIVIH PEATEHCA

MWJIEHA JEJIMKWh-CT. AHKOBl, IMMPEIPAT BYPBEBURZ U JEJAH CT. AHKOB>

1 Dapmayeyiticku ¢aryaitieiti, O0cek 3a anaauiiuiky xemujy, Bojeooe Citieiie 450, ii. tip. 146, 11224 Beozpao,
ZHpupoano—M(uTAeMamuqxu chaxyattieit, i. tp. 60, 34000 Kpazyjesay, u 3 Boanuua “/p Apazuwa Muwosuh”, Oocex 3a
6uoxemujy, Yrnueepsuitieiti y beozpady, 11000 beozpao

Y papy je npeanoXeHa HOBa €H3MMCKa METOfia 3a ofipebuBame MOKpahHe KucelHe y Xyma-
HOM cepyMy. MeTofia je 3acHOBaHa Ha KyIUIOBamy N-MeTHI-N-(4-aMIHO(DEHI )-3-MEe TOKCHAHIITHH
(NCP), pearenca ca N-etuin-N-(2-xunpokcu-3-cysaconpormn )-3-metmwtanmwmaoM (TOOS), xumpo-
FeH—JIOHOP PEareHcoM, Yy €H3MMCKOM CHUCTEMY TPU €H3UMA: YpHKa3a, NepoKcuia3a U ackopOar
okcupiasza. MokpahHa KucenHa ce 0BOM METOIOM MOKe ofipebuBaTi y KoHIleHTpanujama 1o 1.428
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mmol/L ca peraTHBHOM CTaHAApHHOM AeBHjaiujoM 0 1.8 %. Mcnuran je yruiaj pH Meaujyma u
KoHueHTpanyje NCP peareHca Ha JIMHEApHOCT 3aBUCHOCTH ancopOaHIije XpOMOreHa Off KOHICH-
Tpaiuje MokpahHe kucenmue. Takobe je WCIIMTaH YTHIA] aKTUBHOCTU YpHKa3e HA MaKCHMAJHY
Op3uny okcupanuje Mokpahne kucenmne. [Ipumena NCP pearenca omoryhasa npenysHuje 1 oceT-
uBHje ofipebnBame MoKpahHe Kucenmue y nmopebemy ca oapebuBameM y3 4-aMIHOAHTANAPUH
(4-AA) xao peareHca 3a KykmtoBame. OceT/LHBOCT METOfIe, ofipehbeHa 13 KaauOpalmone KpuBe,
u3Hocuna je 0.71 ancopnumony jepuauily no mmol/L MOKpahHe KHCeNnHE; rpaHulia JICTeKIHje je
n3Hocuna 0.0035 mmol/L a rpanuna kBanTudukanygje 0.015 mmol/L.

(ITpumsbeno 8. mapra 2003)
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