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ABSTRACT

A Fluorometric assay for semen xanthine oxidase activity that could be
used as a back-up to current tests in the differential diagnosis of
spermatozoa disorders is described. The assay is based on the H,O,-
dependent oxidation of thiamine catalyzed by peroxidase mimetic (amixture
of hematin (HT) and hemoglobin (HB)). The method is sensitive, precise
(CV below 7.9%), and linear up to 40 U/I. The analytical recovery of the
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present method is estimated. The comparison with the UV method gave
good correlation (r = 0.994). The method is applied to the measurement of
the X O activity in seminal plasma of fertile men and Asthenzoospermic
patients. Reference values for seminal xanthine oxidase activities
determined with the present method on 30 healthy personsare 70.37+23.1.
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INTRODUCTION

The key role of reactive oxygen speciesin the
pathophysiol ogy of sperm function has been consid-
ered comprehensively™!. Their productionin semenhas
been related to loss of motility, decreased capacity
for sperm-oocytefusion, loss of fertility!? and defec-
tive sperm rol €3, Human spermatozoaare recognized
to be susceptibleto lipid peroxidation because of its
high content of unsaturated fatty acids* and attack of
ROS such as hydrogen peroxide on the sperm mem-
brane phospholipids may be areason of idiopathic
subfertility. XO (XO, Xanthine:oxidoreductase,
E.C.1.2.3.22) isrecognized to be a potent producer

of superoxide and hydrogen peroxide, which arethe
most injurious ROS for spermatozoa®. X anthine oxi-
dase catal yses the oxidation of hypoxanthineto xan-
thine and of thelatter to uric acid®, The enzymeis
present inintestine, liver, milk andin most mamma-
liantissues, including seminal fluidg2. Inview of the
problem of the ROS sourcein seminal plasma, itis
essential to examinethelevelsof xanthine oxidasein
semen.

Previous assays for XO employ one of the fol-
lowing principles. Inthefirst, XO activity is deter-
mined spectrophotometrically by measuring thefor-
mation of uric acid from xanthing®. Thisassay under-
goes certain disadvantages. It issensitive, but cannot
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detect thelow levels of enzymefound in human semi-
nd fluidsinnormal aswell asunder pathological con-
ditions.

Inthe second assay, X O activity isdetermined by
using the[**C] X anthine asdescribed by Dougherty!.
The disadvantages of thisassay involvethe need for
specid technique, anditisreagentshavealimited shelf
life

Thethird assay involvesthe high-performancelig-
uid chromatographic techniques?. Thistype of as-
says has some disadvantages such asthe unavail abil -
ity of [aboratory equipment to performinalarge num-
ber of laboratories and the need for advanced skills
to complete.

Battelli et al., ™Y described acompetitive enzyme-
linked immunosorbent assay (ELISA) to measurethe
xanthine oxidase level. Thismethod measures both
active and inactive XO protein, which makes this
method unsuitablefor clinical use.

Atlanteet al., *¥ and Beckman et al ., '*! devel-
oped amethod in which the conversion of pterineinto
isoxanthopterin by hydrogen peroxideis monitored
fluorometrically to measure X O activity. Thisassay
disregarded theinteraction that resultsfrom the pres-
ence of the catalase enzyme.

Inthispaper, precisefluorimetric method isintro-
duced. The present assay has used 3-aminotriazol to
eliminatetheinteraction with catalase. Theassay is
uncomplicated and thereagents used arerelatively
stable.

PRINCIPLE

XO oxidizesxanthineto hydrogen peroxide (H,0,):
Xanthine + H,0 + O, » Uric Acid . H,0,

Hydrogen peroxide (H,0O,) reactsstoichiometrically
with thiamineto generate fluorescencethiochrome (at
Ex/Em = 370/425 nm) in the presence of amixture of
hematine and hemogl obin, which acts as peroxidase
mimics. Aminotriazole (AT) isincluded toinhibit cata:
lase enzyme and preventstheinterference with mea
surements, asshowninFigure 1. Sincethefluorescence,
intensity isproportional to XO level; the XO activity
can beaccurately measured.
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Figure 1 : The Fluorometric M easurement of Xanthine
Oxidase (XO).

REAGENTS
1. Hemoglobin (5x 107 M).
2. Hematin stock solutionisprepared by dissolving

0.05ghematinin25 ml 0.2 N sodium hydroxide.
Thissolution remains stablefor 3 monthswhen
refrigerated.

3. Hematinworking solutionisprepared by diluting
0.5-ml of hematin stock solution to 50 ml of 25
mM sodium phosphate buffer (pH 7.4).

4. Peroxidasemimicssolutionisprepared by mixing
equa volumesof Hemogl obinand Hematinwork-
ing solution. (Itisprepared immediately before
usng).

5. Xanthine Solution (0.15mM) isprepared by dis-
solving 0.228 gminaminimal volume of NaOH
100 ml. Add approximately 90 ml of phosphate
buffer (pH 7.4). Adjust to pH 7.4 at 25°C with
either 1 M NaOH or 1 M HCI. Diluteto afinal
volumeof 100 ml. prepared fresh)

6. Thiaminstock solution (10mM ) isprepared by
dissolving 337 mg of thiaminehydrochloridein 100
ml of water. Refrigerated at 4 °C, this solution
stablefor one month. A working solution (2x10
3M) isprepared daily by diluting one volume of
stock solutiontofivevolumeswith distilled water.

7. Hydrogen peroxide (100uM) isfreshly diluted and
standardized daily usingamol ar extinction coeffi-
cient of 43.6 M*cm™ at 240 nm.

8. Sodium phosphate buffer pH 7.4 (50 mM) ispre-
pared by dissolving 1.1 gof NaHPO,and0.27g
of KH,PO, in 100 ml distilled water.

9. 3-aminotriazole(50mM): isprepared by dissolv-
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ing 0.42 gm of 3-aminotriazolein 100 ml of phos-
phate buffer (pH 7.4).

An K,HPO,-NaOH buffer solution (pH-12) is
prepared by adjusting 100 mM K_HPO, (1.369
of KH,PO, dissolvein 100 ml D.W) to pH-12
with2M NaOH (8 gof NaOH in 100 ml dissolve

10.

PROCEDURE

Fipettethefollowing reagentsinto suitabletubes:

Mix by vortex, leavetest tubesfor 5min at room
temperature, transfer the solutionsto suitable cuvettes
and read fluorescent intensity. Huorescent intengity was

inD.W). linearly re ated to hydrogen peroxide concentration with
Pipettethefollowingreagentsinto suitabletubes:
Test TestBlank STD1  STD2 STD3 STD4  STD5 STD Blank
Sample puL -
H,O,STD e e 30 uL 50puL  100pL 200puL 300 pL -
AT 500 pL 500 pL 500l  480uL  430pL  330puL  230uL 530 uL
Mix by inversion and equilibrate to 37°C for 5 min. Then add:
xanthine solution 400 pL 400 pL 400 L 400 puL 400 puL. 400 puL 400 pL 400 pL
Mix by inversion and incubate at 37C for exactly 30 minutes. Then add:
*Phosphate buffer (pH 12). 1500 u. 1500 ul. 1500 pL 1500 pL. 1500 pL. 1500 uL 1500 u. 1500 pL
Thiamin 250 puL 250 pL 250puL  250pul  250puL 250 uL 250 pL 250 uL
Peroxidase- mimics 250 puL 250 pL 250puL  250pul  250pL 250 pL 250 pL 250 uL
** Sample . —eeeee- 30 uL

* There is no need to use concentrated acids or high temperature to stop the reaction that catalyzed by a xanthine oxidase
because this enzyme inhibited completely when the pH equal to 12. (ref. 14); ** Serum is added to test blank to insure the
prevention of overlapping of peroxidesin sample (seminal plasma) with hydrogen peroxide that formed from the reaction, which

catalyzed by xanthine oxidase.

thefluorophotometer (excitation, 370 nm; emission, 425
nm).

CALCULATIONS

Sandard curve

Al Standard = | Standard - | Standard blank
Plot the Al of the Standards vs. pmoles of H,O,

Sampledetermination

| Sample=1Test - | Test Blank (I: fluorcencein-
tengty)

Determinethe pmoles of H,O, liberated using the
Standard Curve.

Units/L enzyme= *df = (umol/min) /L =(U/L)=mU/ml

B
(30)(0.03)
B = umoles of H,0O, liberated according to standard
curve, df = Dilution factor; 30 =Timeof assay inmin-
utes, 0.03=Volume (in milliliter) of enzymeused.

INSTRUMENT

Spectrofluorometer shimadzu RF- 5301.

Satistical analysis

Stetidtica parameterssuch as: meanvaue(X), San-
dard deviation (SD), and coefficient of variations(CV)
areca culated with EXCEL.

RESULTSAND DISCUSSION

Oxidation of non-fluorescent thiamineto fluores-
cent thiochromewith peroxidase or peroxidasemimics
asacatalyst by hydrogen peroxideisoften usedtoes-
timatethyming>¢l or to estimate hydrogen peroxide*™.
Previous methods, which focused on measuring hydro-
gen peroxide, have used hemin, hematin®, meta-por-
phyrin complex 1% or hemoglobin 7 as peroxidase
mimics. Inthe present assay, anew fluorometry for as-
say xanthine oxidase via hydrogen peroxide determi-
nation ispresented, in whichamixtureof hematin (HT)
and hemoglobin (HB) is used as mimetic enzyme of
peroxidasefor fluorogenicreaction betweenthiaminand
hydrogen peroxide. The obtained resultsdemonstrated
that the mixtureof HB and HT isapromising peroxi-
dasemimic. Theemission spectraof thiamineisshown
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inFigure?2.

The concentration of 3-aminotriazolerequiredto
prevent interferencewith catdlasethat isfounded inthe
sample, isinvestigated by assaying catdaseactivity in
the presence of different concentrationsof thisinhibi-
tor. Figure 3indicatesthat the degree of catd aseinac-
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thisinhibitor. However, fiveminincubationwith 50mM-
aminotriazole allowed adding 100 k-unit of
catalase(obtained from Himedia (Product Code:
TCO037)) to reaction mixturewithout any effect onthe
measured oxidase activity.

A crude xanthine oxidase has been purified from
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Figure?2:Emission Spectra of Reagent Thiochrome. Excitation SpectrawereM onitored at 370 nm, Emission Spectrawere

M onitor ed at 425 nm.

tivation depends on the concentration and duration of
pre-incubation with aminotriazole.
Aminatriazole(50mM) isincludedindl subsequent
assaysof XO; thisconcentrationislikely to bein ex-
cessof that necessary to inactivate the catal ase present
insemind fluids. Theincrement of xanthineoxidaseac-
tivity after adding 50mM -aminotriazol ereachesup to
40% and stays constant with higher concentration of
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Figure3: Thedependenceof catalaseactivity (50 k-unit/L)
on time of incubation with different concentrations of 3-
aminotriazole.

bovinemilk according to method described by Shivrg
et al.,?. It isused to compare present method with
othersthat are used for assessment of xanthine oxi-
dase. Resultsobtained by the present method are com-
pared with those of UV-method®. Identical sample,
buffer, and substrate were used in both methods. Re-
sultshave been shownin TABLE 1.

Themethod is applied to the measurement of the
XO activity insemina plasmaof 30 fertilemen (age
31.6+3.3 year) and 30 Asthenzoospermic patients (age
32.5+3.23 year). Results have been shown in TABLE
2.

Itisevident from the abovethat theresultsof this
method can be used to assess oxidative stress of semi-
nal fluids. The obtained resultsare consistent with re-
sultsof previousstudies?.

Accuracy of the entire assay protocol ismeasured
by recovery of hydrogen peroxide added to sample
detailedin TABLE 3.
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TABLE 1: Satistical Analysisof TheValuesObtained for
XanthineOxidaseby UV- M ethod and Present M ethod.

No. of Samples 20
Mean of UV- method (U/L) 9.84
Mean of test method (U/L) 9.94
Mean of both methods (U/L) 9.89
Regression coefficient B 0.9863
Regression coefficient A 0.0137
Correlation coefficient 0.9942

TABLE 2: Levelsof Xanthine Oxidasein seminal plasma of
fertileand subfertilemen.

Healthy Asthenzoosper mic
controls patients
Xanthine
oxidase(mU/L)  70.37+£23.1 132.37+30.15
(mean+ SD)

Theprecison of theassay ismeasuredin-runona
single sampl e specimen and between run over aperiod

TABLE 3: Analytical Recovery of Hydr ogen PeroxideAdded to Sample

Present in assay Equivalents of Calculatgd activity Observeq activity? Recovery
Hydr ogen Peroxide Ulliter Ulliter %

Pooled sample e e 1062 0 -

Pooled sample + peroxide” 10 20.62 20.69 99.99
Pooled sample + peroxide 20 30.62 29.85 97.48
Pooled sample + peroxide 30 40.62 38.345 95.00
Pooled sample + peroxide 40 50.62 48.576 96.00
Pooled sample + peroxide 100 100.62 93.19 82.75

amean of triplicate determinations; ° present as H,0,

TABLE 4 : The precision of the present assay.

N Mean (zSD)U/liter CV%
Within-run 20 10.6+0.272 25
Between-run 20 9.26+0.819 7.9

of threeweekswith diquotsfrom thesame samplepool
but different reagent’s preparations. The results are
showninTABLE 4.

The assay presents anumber of advantagesmore
than the existing methodol ogies. These advantagesin-
clude; lessquantity of sampleisrequired (0.03ml); the
reagentsarerelatively stable; instrumentas, and appa-
ratusarenot complicated and availablein most research
laboratories, and the assay isfreefrominterference.
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