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Pulmonary Xanthine Oxidase Activity of Rats Exposed 
to Prolonged Immobilization Stress 
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Abstract . This stud\ was designed to stiuh xanthine oxidase (XO) and xanthine 
deli\diogenase (XD) acti\it\ in the lung of ta t s expo/ed to piolonged lestrammg 
immobilization stiess Immobilization caused more than twofold mciease of xan 
thine oxidase activit\ m the rat lung The actrwty of xanthine oxidase decieased 
m lung homogenates incubated at —2U°C for 24 h The same incubation of ho 
mogenatcs from contiol ía t s caused a non significant mciease of the aetmťv Xo 
mcasmabk N \ D + depc ndent xanthine- dehydrogenaseactniťv could be established 
m the lungs of both contiol rats and ía t s subjected to immobilization 4.11 í a t s ic-
\ealed me tlnlene blue-dependent xanthine dehydrogenase activitv which was moie 
than two times highei m the immobilized animals Incubation at —20°C for 24 
h me i eased the methylene blue dependent xanthine dehydrogenase activiU m ho 
mogenates h o m contiol rats and decieased the enzyme activity m homogenates 
h o m immobilized rats A working hypothesis was pioposed foi the sequence of 
e\ ents e vplainmg the lesults obtained XO catalyzed generation of acti\ ated ox\ 
gen spe c ies may take place m the initiation of lipid peroxidation m the lung of ía ts 
immobilized foi piolonged periods of t ime 

K e y words: Immobilization stiess — Lung Xanthine oxidase - Xanthine de
hydrogenase 4c ti\ ated oxygen 

Introduct ion 

Oui pre\ious works (Kovache\a et al 1994, Kovacheva and Ribarov 1995) ha\e 
demonstiated a well expiessed lipid peioxidation m the lungs of ía ts exposed to 
immobilization stiess The mechanism(s) of this phenomenon is not clear Sev-
eial factois ma> c o n t u b u t e to the triggering of lipid peroxidation including stress-
induced high levels of catecholamines (K\etnansky and Mikulaj 1970 Selje 1976 
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Haggendal et al 1987), release of transition metal complexes h o m different stoi-
age sites (Delia Coite and S tupe 1972, Engerson et al 1987), metabolic acidosis 
(Pojaiov et al 1990), ischemia, etc 

Xanthine oxidase (xanthme-oxygen oxrdoreductase EC 1 2 3 2 ) is at the end 
of the catabohe sequence of purrrre nucleotide metabolism m humans and a few 
othei uricotelic species (Ki/aki and Sakuiada 1989) Although the mam physiolog 
leal function of xanthine oxidase remains uneleai theic is giowmg mteiest m the 
abihtv of tins enzvme to s e n e as a source of oxidizing agents such as hychogen 
pel oxide and superoxide íadicals The mteiest m these functions of the enz\ me (as 
a somee of oxidizing agents) has increased markedly since it has been implicated 
m the pathogenesis of lseheima-iepeifusion mjuiy of tissues such as heart hvei 
kidne\ intestine, skin skeletal muscle, and biain (McCoid 1985 Beckman 1986 
Engeison et al 1987 Beckman et al 1989) 

In m no undei noimal conditions, the xanthine utilizing enzvme exists pie 
dommanth as xanthine dehvdiogenase It utilizes N 4 D + oi methylene blue íathei 
than o\\ge5n as an eleetron aeeeptoi (Stupe and Delia Coite 1969 Delia Coite et 
al 1969 Delia Corte and S tupe 1972, Claic et al 1981, Me kelvev et al 1988) In 
eei tam conditions such as ischemia (Stirpe and Delia C'oite> 1969, Delia Coite et 
al 1969 Delia Coite and S tupe 1972, Claie et al 1981, Paiks and Giangei 1986 
Me kelvev et al 1988) acute ethanol admmistiat ion (Sultatos 1988 Kato et al 
1990) etc however the deh\drogenase form of the enzyme mav be eorrverted to 
oxidase foi m In the piesence of 0> it geneiates supeioxide ladieals and hychogen 
peioxide (Stupe and Delia Corte 1969, Delia Corte and Stupe 1972, McCord 1985 
Parks and Granger 1986, Beckman 1986, Engeison et al 1987) Tins process is 
dangeious because the geneiated activated oxygen species can pait ieipate m ieac 
tions leading to initiation of lipid peroxidation and damage to the eê ll membrane 
(Slatei 1984 Mc Corel 1985 Ivagan 1988, Suzuki and Sudo 1989) 

The pie sent work was carired out rrr an atterrrpt to shed some lrglrt on the 
mechanism of initiation of lipid peroxidation m the lung of ía t s exposed to acute 
pioloiige d immobilization stiess In partie ulai, the nnmobilization-mdueed changes 
of the lung xanthine dehvdiogenase actrvrtv and xanthine oxidase activity weie 
nnest igated 

Mater ia l s and M e t h o d s 

Sixteen Wrstar male rats (200±20 g) were used The annuals weie divided into two 
groups (r) 10 rats were exposed to stiess after 6 horns of depiivation of food and 
watei In immobilizing each animal m a specrallv designed plexiglas rest-tamei for 
30 h (n) the lemannng 6 ía t s were not rmmobilized and used as a contiol gioup 
411 animals weie killed by ceivical extension Then lungs weie quicklv removed the 
blood was washed out the tissue was rinsed m cold saline and homogenized m 0 1 
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mol/1 Trrs-HCl buffer, pH 8 1 ( lg of hver + 5 ml of buffer), m a Pottcr-Elvejhem 
homogenizer The homogenate was centirfuged at 800 x q for 20 mm and the su
pernatant was centrrfuged agam at 100,000 x g for 1 h The clear supernatant was 
contrrruous-flow-dralyzed for 3 h against 300 vol of the same buffer All procedures 
were car r red out at 4°C 

The enzyme actrvrty was estimated as urrc acrd production foi 30 mm The 
assay was earned out in a mrxture containing, irr a final volume of 3 ml 0 1 mol/1 
Tns-HCl buffer, pH 8 1, 60 mmol/1 xanthine, 0 67 mmol/1 NAD+ or 33 mmol/1 
methv lene blue, arrd 0 2 ml of lurrg supernatant (added last) (Strrpe arrd Delia Corte 
1969) Xanthine oxidase-catalyzed pioduction of uric acid was stopped by addition 
to the mixture of 0 1 ml of 100% (w/v) tnchloroacetic acrd The precrpitated mate-
nal was removed bv eontrrfugatron 800 900 x g The uric acid pioduction at 25°C 
was estimated by the mciease of absorbarrce at 292 rrnr, usrrrg a molar extinction 
coefficient of e2<>2 = 1 1 x 104 1 mol^ 1 c m " 1 (Beckman et al 1989) Xanthine was 
omitted from the iofeience cuvettes 

The XAD+-dependent or the methylene blue-dependent xanthine dehvdio
genase activity wa1 determined by measuring the amount of uric acid foi mod 
aeiobically in the presence of NAD+ oi methylene blue (XO plus XD) with the 
oxygen-dependent XO aetivrty srrbtracted (Delia Corte and Stirpe 1970) One unit 
of enzyme activity is defined as the amount of the enzvme requned to conveit 1 
mmol of xanthine to mie acid pei minute, and specific activity is defined as micro 
moles of xanthine converted to urrc acid per minute pei milhgiam piotem (Paiks 
and Giangei 1986) 

Pio tem content was measured by the method of Lowry et al (1951) with 
bovine serum albumin as a s tandaid 

All íeagents were of finest grade, and water was glass-drstilled 

For multiple group comparrsons, orre-way analysrs of varrance (ANOVA) was 
employed followed by Bonferrom's test for significant differene es Statrstrcal srgmh-
cance was defined at the P < 0 05 level The statistical proceduies were pei foi mod 
with InStat softwaie version 2 1, purchased from Sigma Chemical Company (St 
Louis, USA) Data weie expiessed as means ± S E M 

R e s u l t s 

Frgure 1 presents the results concerning XO activity m lung homogenates rsolated 

from control ra ts and rats exposed to prolonged rmmobrlrzation stress The enzyme 

activity assayed immediately after the sac rific ation of the anrmals rs shown in the 

left panel of the Figuie The light panel piesents the enzyme activity assayed m 

homogenates incubated at —20°C for 24h It is evident from the left panel that 

the lung XO m rats subjected to immobilization is more than two times higher 

compared to contiol rats (P < 0 001) Simrlarly, an mcrease of XO actrvrty was 
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Figure 1. Xanthine oxidase activity in the lungs of control rats and rats exposed to 
immobilization stress The left panel shows the enzvme activity assayed immediately after 
the piepaiation of the homogenates The light panel shows the enzvme activity assayed 
m homogenates incubated at — 20°C for 24 h The rats were immobilized for 30 h The 
K suits die piesented as mean ± S E M 

Table 1. Xanthine oxidase (XO) activity and N 4 D + dependent xanthine dehvdiogenase 
(XD) aetivitv m lung homogenates from contiol and immobilization- stressed rats Effects 
of incubation of the homogenates at —20°C foi 24 li The íesults are presented as mean 
i S F M 

Uric acid production 
(nmol/mm/mg protein) 

Foi m of the enzyme Assayed 
immediately 

Assayed 
after 24 h at - 2 0 °C 

XO 

control immobilized c ontrol immobilized 

66 0 ± 3 0 145 5 ± 4 5 81 0 ± 1 3 5 750 ± 1 2 0 

XO plus N 4D+ dependent XD 48 0 ± 7 5 126 0 ± 12 0 78 0 ± 7 5 72 0 ± 4 5 

obseived in contiol lung homogenates incubated at low temperature However, the 

increase was significantly smaller than immobilization stress-induced rrrcrease In 

eontrast, the incubation at — 20°C foi 24 h of lung homogenates from rmmobrhzed 
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Figure 2. Methvlene blue-dependent xanthine dehvdiogenase activity in the lungs of 
contiol íats and íats exposed to immobilization stress The left jMnel shows the enzvme 
activitv assayed immediately after the preparation of the homogenates The light panel 
shows the enzvme activitv assayed in homogenates incubated at — 20°C for 24 h The rats 
were immobilized foi 30 h The results are piesented as mean ± S E M 

íats decreased significantly the XO activity to values tvpical of fleshly prepaied 
homogenates fiom control rats (P < 0.001) 

Moieover, in presence of NAD + (02-dependent xanthine oxidase plus N A D + -
dependent xanthine dehvdiogenase) the production of uric acid was slightly lower 
than m the absence of NAD+(02-dej:>endent xanthine oxidase) (Table 1) 

The pioduction of uiic acid in the lung homogenates from contiol ía ts in
creased m the piesence of methylene blue. As seen rn the left panel of Fig 2, this 
effect was significantly stionger (moie than twofold) in lung homogenates from 
immobilized ía ts . Incubation of homogenates from control rats at —20°C greatly 
inn eased then ability foi methylene blue-dependent pioduction of uiic acid On 
the e ontiaiv, incubation of homogenates fiom immobilized rats resulted in a slight 
deciease of therr abrlity of methylene blue-dependent oxidation of xanthine to uiic 
acid 

Discuss ion 

The results show tha t it is mainly XO which oxidizes xanthine to uric acrd in the 

rat lung. The enzyme activitv strongly increased as a result of acute prolonged 
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immobilization of the animals The mechanism of this effect is not cleai It is most 
unlikely that theie is any conveision of XD into XO bee ause> no measruable N A D + -
dependent xanthine dehvdiogenase was found m the lung homogenates fiom both 
c ontiol and immobilized íats In addition if the immobilization inducer! me lease of 
the lung XO weie due to conveision of uiethy lene1 blue-dependent XD into XO them 
XD would deuease On the cont ia iy we found a significant mciease of xanthine 
de hyehogoiiaso as a íesult of immobilization of the animals 

It is interesting to note tha t the increases (m peieentages) of XO and methy
lene blue-de pendent XD in l a t s subjected to immobilization was appioxnnateh 
the same (116'X and 133/i lespec tively) Theiefoie, it mav be assumed as a woik-
mg hypothesis that the lung xantlime-utihziiig enzvme exists in a foi m which can 
use both oxygen and methylene blue as election aceeptoi Snnilai hypothesis has 
been pioposed eaihei (Delia Coi te 1972 Parks and Giangei 1986) foi the hvei 
xanthine utilizing enzyme Fui thei , it seems leasonable fiom the* biological point 
of v rew that the dehvdrogenase/oxrelase form of the enzyme rs inhibited /// inuo 

The piexechues used foi lung homogenate piepaiation possibly destioy paitiallv 
the inhibitor(s) thus causing some XO and methylene blue-dependent XD activi
ties to appeal even m the controls The- immobilization stiess possibly destioys this 
mhibitoi(s) to a greater extent In contiol homogenates this process seems to be 
incomplete and possibly goes on fuithei dining the incubation at low tempeia tu ie 
On the othei hand, the dehydrogenase/oxidase foi m of the enzyme is likely to be 
unstable when not inhibited Therefore, two competitive piocesses (i) destruction 
of the nihibitoi and (n) time-dependent maetivation of the pioduced dehydroge
nase /oxidase foim of the enzyme seem to take place duimg the incubation at low 
tempeiatuie In contiol homogenates the fust process pievails It icsults in an m-
c leased ae tiv it y of the deliy drogenase/oxidase form of the enzyme In homogenates 
extiacted fiom immobilized í a t s (chaiacterized by high activity of the dehvdioge-
nase/oxiclase foi in of the enzyme) duimg the rncubation at low tempeia tu ie the 
second pioeess (enzvme maetivation) pievails It íesults in a decieased activity of 
the dehydrogenase/oxidase form of the enzyme On the othei hand, it is well known 
that incubation of hvei homogenates at —20°C foi 24h caused some conveision of 
XD ae tiv lty into XO at tiv it v (S tupe and Delia Coite 1969, Delia Coite et al 1969) 

The- pioposed mechanism seems to be able to explain the obtarrred results Nev
ertheless it needs fuithei experimental evidence As mentioned above, oui earhei 
cxpciiinents (kovacheva et al 1994 kovacheva and Ribaiov 1995) demonst iated 
the development of hprd pei oxidation m the lungs of immobilized rats On the othei 
hand the piesent woik desciibcs data showing significant mciease of XO m the 
lungs of immobilized ía ts Theie aie many data suggesting that m vivo, the hvei 
xanthmc-utihzmg errzyrrre rs predominantly NAD+-dependent xanthine dehydro-
gerrase and tha t it also can use methylene blue as an election acceptor (Stupe and 
Delia Coite 1969, Delia Coi te et al 1969, Delia Corte and Stirpe 1972, Clare et al 
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1981 Me kelvey et al 1988) In oui experiments, no measurcable NAD+-dependerrt 

xanthine dehvdiogenase actrvrty could be observed 

Taking into account all the above data, rt may be assumed that XO-eatalyzed 

generation of activated oxygen species (superoxide radicals, hychogen pei oxide 

smglet oxygen, etc ) may take place, at least m pai t , m the initiation of lipid 

pei oxidation m the lung of immobilized ía ts It is not cleai, however, whethei the 

increases! XO activity is the cause foi lung lipid pei oxidation or the consequence 

of it This pioblem rrrrglrt be resolved by mvestrgatmg the mimobilization-mdueed 

changes of the lung XO m ía ts supplemented with vitamin E Such expeiimonts 

aie undei way m oui laboratory 
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