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Abstract : Inthisstudy, amodified xanthine oxidase
activity measurement method isdefined, and results
obtained by the different methods were compared. In
theactivity measurements, acommercid milk xanthine
oxidase enzyme product was used asthe sample.

Significant differenceswere observed betweenthere-
sults of our modified method and those of origind
method (Method 1). Theresultsof our modified method

INTRODUCTION

Xanthineoxidase (XO; EC 1.2.3.2) isan enzyme
catayzing the conversion reaction of xanthineto uric
acid with production of superoxideradical (O 7). Itis
theratelimiting enzymein nucleicacid degrafjati on,
throughwhichall purinesare channelled for termina
oxidation™. X O activity wasinvestigated in severd dis-
orders.

Intheactivity measurements, someresearchersfol-
lowed absorbanceincreasesat 293 nm dueto uricacid
formation during the conversion reaction of xanthineto
uricacid (Method-2) and others measured absorbances
after thereaction was stopped by trichloroacetic acid
(Method-1)2°, However, there are problemsin both

and other method (M ethod 2 in which no trichloroace-
ticacidisused) arehowever quitesimilar.
Themodified method presented herediminatesfaults
of the previous methods and givescomparableresults.
© Global Scientificlnc.

K eywor ds: Xanthineoxidase; Activity measure-
ment; M ethod comparison.

procedures because of two reasons.

In both previous methods (M ethods-1 and 2), xan-
thineitself (0.17 mM) givessignificant absorption at
thiswave ength, and absence of xanthineinblank causes
fadseincreasesintheactivity measurements. Addition-
aly, inthemethod-1, trichloroaceticacid (TCA) addi-
tion causes suppressionsin absorbance va ues of both
xanthineand uric acid, leading to measurement of low-
ered enzymeactivity values.

Authors have given no detail s about their proce-
duresinthestudies. Therearehowever two possibili-
tiesinthisregard.

1. When absorbances of blank and sample tubes
are obtained only after incubation period, this causes
addition of absorbancevaueof xanthinetothat of uric
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acid, which causesfd seincreasesintheactivity results.
By thisprocedure, one may determineactivity inthe
sampleshavingeven no XO enzyme.

2. When absorbance of blank and sample tubes
are obtained two times, beforeincubation period and
after stopping the reaction by TCA, lower or some-
timesno enzymeactivity vauesare obtained dueto the
fact that TCA at this concentration significantly sup-
presses absorbance of both xanthineand uric acid. By
thisprocedure, one may determineno enzymeactivity
inthesamplesactualy having X O activity.

In order to € ucidate possible sources of measure-
ment faultsin the previous methods and to eliminate
them, we performed several experimentsand devel-
oped amodified method to measure XO activity cor-
rectly.

MATERIALSAND METHODS

Chemicals used in the study were of anaytical
grade. Asenzyme source, commercia milk XO was
used in theenzymatic activity measurements (Sigma,
X-4500). Activity assayswere performed by using 3
methods; method-1134, method-212° and our modified
method. Theresultsof dl themethodswere compared.

Reagents

Phosphate buffer: pH: 7.5; 46.7 mM; 0.1 mM
EDTA infind concentration.

Xanthine 0.17 mM infind xanthine concentration.
TCA: 3.33% (w/v) infina concentration.
Method-1534

Samplewaspreincubated at 37°C for 40 minutes.

Reagents (mL) Blank Assay
Buffer 2.80 2.70
Xanthine 0.100
Sample (Enzyme solution) 0.100 0.100

First absorbance values were read at 293 nm (A ;)
and incubation is made for 30 min.

TCA 0.100 0.100

After centrifugation at 5000 x g for 10 min., second
absorbance values were read at 293 nm (A»).

In this method, absorbance change (AA) can be
caculatedintwoways.

Procedurel

A = (Az)asay - (Az)blank and
A/min=A/30or,

Procedure?2

A = [(Az)awy b (Az)blank] - [(Al)aSay - (Al)blank]

A/min=A/30

M ethod-2[2

Samplewaspreincubated at 37°C for 40 minutes.
Reagent (mL) Assay

Buffer 2.80
Xanthine 0.100
Sample-(Enzyme solution) 0.100

Absorbance was read at 293 nm and absorbance change
per minute was determined.

A/min=A/1
M odified M ethod
Samplewaspreincubated at 37°C for 40 minutes.

Reagents (mL) Blank Assay
Buffer 2.70 2.70
Xanthine 0.100 0.100
Sample-(Enzyme solution) 0.100 0.100
TCA 0100 -
Incubation was made at 37°C for 30 minutes
A 0.100

After centrifugation at 5000xg for 10 min., absorbance
valueswereread at 293 nm.
A=(A) - (A)
A/min=A/30

XO activitieswerecalcul ated by using extinction
coefficients () established in each assay condition. For
the establishment of extinction coefficients, defined con-
centrations of thexanthineand uric acid were prepared
inthe buffer above with and without TCA and absor-
bancevauesat 293 nm wererecorded. Then, € values
were calculated by using theformulaof A= (g) L C.

Here A=Absorbance; L= Light path (1 cm); C=
Concentration.

blank

Extinction Coefficients () ascm™. pmol™.L
Before TCA addition After TCA addition

Uric acid 10.0x 10 7.0x 10°
Xanthine 1.0x10° 0.2x10°
XOActivity (1U/mL) = (A/min) x (Ve ...) X V/ VX (/1000

mL)
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V.. V¢ Totd and Samplevolumes(mL)

Here,

A/minisca culated dividing absorbance change by
incubation period (For the method-1 and modified
method, itis30 min. Seetables)

Infact, wesupposethat it would be better to make
afurther correctionandysisfor al of themethodsgiven
hereinorder to obtain correct activity values.

The problem isthat xanthineisconsumed during
the conversion reaction to the sameamount of uricacid,
and itsabsorbanceisdecreased infina mixture. This
leadsto lowered readings of uric acid absorption and
thereby, lowered X O activity. It ispossibleto correct
thisfault by using acorrection analysis as described
below.

X=Observed absorbance(A2)
Y =Real absorbance
Y: X + X (exanthine/ euricacid)

After thiscorrection, (Y/min) becomesthered ab-
sorbance change per minute and used instead of (A/
min).

RESULTS

Resultsobta ned by the methods asdescribed above
aregivenin TABLE 1. Asseenfromtheresults, there
aregreat differencesbetween theresultsof original pro-
cedures (Method-1) and, those of both method-2 and
modified method. However, the results of method-1
and modified method arequitesmilar.

Evaluation of themethods

Theresultsobtained by themethods mentioned are
seeninTABLE 1.

(a) Linearity
Following equations were obtained by linearity

andyss

9 = 0.444x - 0.115 (for reference method)

o= 0.428x + 1.200 (for modified method)

Where, v=enzymeactivity (IU/ml); x=sampleamount
(enzymesolution) (1)

(b) Correlation analysis

Correlation coefficient val ue between enzyme ac-
tivity and enzyme amount wasr=0.99 for referenceand
modified methods. Recovery of added enzymeactivity
was 98+3.1 % for the reference method and 99+2.9
% for the modified method. Therecovery was estab-
lished by measuring enzyme activity after adding cer-
tain amountsof enzyme (sample) solutionsintothere-
action mixture. As seen from theresults above, there
aredgnificant differencesbetween theresultsof method-
1 (procedure 1) and, those of method-2 and our modi-
fied methods. Inthisregard, our modified method gives
precise and comparableresuilts.

(c) Precision analyses

Resultsof precisonandysesaregivenin TABLES
2 and 3. Intrarun analysiswas performed by measur-
ingactivity tentimesaday inthesame sample, and inter
run anaysiswas performed by measuring activity one
timeaday for consecutive 10 days. Then, coefficients
of variation (CV) valueswere established by using the
formulaof (Standard deviation/mean) x 100 for each
andyss.

DISCUSSION

XOisanimportant enzymeparticipatingin purine
catabolism!¥, iniron absorption and mobilization® and
inoxidation reactionsof awidevariety of substrates. It
a s0 servesasan ubiquitous source of oxidizing agents
and isresponsiblefor the production of oxygen free

TABLE 1: Mean£SD values (mIU/mL) established by the XO activity methods (n=10).

Original Method I [ Il v
Procedur el 71.4+8.2 34.2+6.1 17.9+2.1 7.9+0.9
Procedure2 19.3+2.8 n.a n.a n.a

Ao Ac Ao Ac Ao Ac Ao Ac
Reference Method 40.0£3.2 444436  195+£2.0 21.7+2.1 9.0+0.6 9.9+0.7 40+£03 4.4+03
Modified Method 429+4.0 441+46 211418  21.8£2.1 114412 11.8+1.3 40+03 4.1+0.3
I Activities of undiluted enzyme (sample) solution; I1, 111 and IV: Activities of 2.0, 5.0 and 10.0 fold diluted enzyme solution; A

Observed activity; A : Corrected activity; n.a: No activity
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TABLE 2: Intra-run and inter-run coefficient of variation
values(n=10for each) established by r efer enceand modified
methods.

CV % | I 111 v

M2. M.M. M2, MM. M2. M.M. M2. M.M.
25 24 28 24 32 29 25 33
Inter—run 54 60 62 57 39 51 42 66

M2: Method-2; M.M: Modified Method; |: undiluted enzyme
solution; 11, 111 and IV: 2.0, 5.0 and 10.0 fold diluted enzyme
solution.

Intra—run

TABLE 3: Intra-run coefficient of variation valueson different
days(n=10) established by r efer enceand modified methods.

CV %

1%day 3day 7"day 10"day
M2 MM M2 MM. M2 MM. M2 M.M.
Intra—run 25 24 33 25 28 33 26 28
M2: Method-2; M.M: Modified M ethod

radicalsintheliving celld™. The physiological impor-
tance of xanthine oxidaseis exemplified by thedisor-
dersof gout and xanthinuria. In severd diseases, XO
activitieswerefound to bealtered inthetissues, cells
and biologica fluidsand many studieswere carried out
to establish X O activitiesin some pathol ogical condi-
tiong®19, For thisreason, establishment of aprecise
and accurate method seemsto be essential.

Indeed, several methods have been used to mea-
sure XO activity inthe biological materias. Spectro-
photometric methods based on manometric measure-
ment of oxygen uptake, measurement of methyleneblue
or cytochromec reduction™, severad colorimetric meth-
ods*4, radioisotopic assays*®, fluorometric proce-
dured*¥ and radioimmunoassay techniques®® have
been described by several researchers. Each method
has both advantages and disadvantagesin | aboratory
gpplications. In any case, themethod to be used should
be correct and give accurate and preciseresults.

Inthisrespect, X O activity method used by Prgjda
et all¥ and Kokoglu et al® presentsan important prob-
lem dueto methodologica problems. Asseenfrom our
results, thereare great differences between theresults
of themethods. Thesedifferencesmainly arisefromtwo
reasons. First, as described inthe methods blank con-
tainsnoxanthineevenit givessignificant absorbance at
thiswavel ength. For thisreason, eventhough thereis
no X O activity inasample, one can measurefa seac-
tivity vaueby using procedure Linthemethod-1. This
ismainly dueto presence of xanthineinthe assay mix-

ture. Second, TCA suppresses absorbances of both
xanthine and uric acid significantly, thereby causing
measurement of lowered enzymeactivity. Itisa so pos-
sibletofind no activity with the method- 1 (procedure
2), particularly whileworking with sampleshaving low
XO activity (TABLE 1). Infact, when asamplewith
low XOactivity isbeing studied, itisbetter touselower
xanthine concentrations (such as 0.033 mM) because
hi gh xanthine concentration causes high absorbance
va ues, which decreasesassay senditivity. Our modified
method eliminatesall thesefaults. Asseen, theresults
obtained by modified method and method-2 are quite
similar and, precision and accuracy vauesof the meth-
odsarecomparable. There are however great differ-
ences between theresults of procedurel and 2 of the
method-1 and other methods.

In our opinion, another important point inthe XO
activity assay, which hasnot been evauated inthe pre-
viousmethods, isthat, absorbance of xanthinedecreases
after incubation period dueto theconversion reaction
of xanthineto uric acid. For thisreason, background
absorption of xanthineislowered in sampletube after
incubation. Thisdifference causes|owered estimation
of uric acid absorption and X O activity. Thiscan be
corrected by theanalysisasdescribed inthematerias
and methods section. With thiscorrection analysis, we
foundthat red X O activity washigher by gpproximatey
5% than that of observed activity.

Modified X O activity method presented heregives
comparableresultseliminating fault sourcesinthepre-
vious methods. This method can be easily and accu-
rately used for the XO activity measurement inthebio-
logicd samples.

Simplified description of themethod and itsfuture
application

The method presented hereisbased on determina
tion of absorptionincreasesat 293 nm dueto increase
inuric acid production by the effect of xanthine oxi-
dase. First, TCA addition to stop the reaction causes
suppression of absorbances of both xanthineand uric
acid and second, xanthineitsdf givessgnificant absorp-
tion a 293nm, previous method causesfa seincreases
in the activity measurements. Our modified method
eliminatesthesefaultsand givesmore correct and pre-
ciseresults. Thereforeit isimportant to measure XO
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activity inthebiologica samplesby using the method
giveninthe present study.
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