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Pulmonary Xanthine Oxidase Activity of Rats Exposed
to Prolonged Immobilization Stress
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Abstract. This study was designed to study xanthine oxidase (XO) and xanthinc
dehydrogenase (XD) activity 1n the lung of rats expored to prolonged restraining
nmmnobihization stiess Immobilization caused more than twofold inciease of xan

rhie onxidase activity i the rat lung The activity of vanthine oxidase decreased
m lung homogenates mcubated at —20°C for 24 h The same mcubation of ho

mogenates from contiol 1ats caused a non sigmficant mcrease of the activity No
mecasurable NAD depcndent xanthime dchydiogenase activity could be established
m the lungs of both contiol rats and 1ats subjected to immobilization All 1ats 1e-
vealed mcthylenc blue-dependcnt xanthine dehvdrogenase activity which was more
than two times higher mm the unmobihized animals Incubation at —20°C for 24
L mcreased the methylene blue dependent ~anthine dehydiogenase activity 1n ho
mogenates fiom control rats and decreased the enzvme activity in homogenates
from mmmobilized rats A working hypothesis was proposed for the sequence of
events (yplaining the results obtamned XO catalyzed generation of activated oxy

gent spccies may take place i the imtiation of lipid perovadation in the lung of rats
immobilized for prolonged periods of time

Key words: Immobilization stiess — Lung  Xanthine oxidase — Nanthine de-
hydiogenase  Activated oxygen

Introduction

Ou previous works (Kovacheva et al 1994, Kovacheva and Ribarov 1995) have
demonstiated a well expressed lipid peronidation 1n the lungs of rats exposed to
immobilization stress The mechanism(s) of this phenomenon 15 not clear Sev-
e1al factors may contiibute to the triggering of lipid peroxidation including stress-
mduced ligh levels of catecholanunes (Kvetnansky and Mikulay 1970 Selye 1976
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Haggendal et al 1987), release of transttion metal complexes fiom different stor-
age sites (Della Corte and Stirpe 1972, Engerson et al 1987), metabolic acidosis
(Pojarov et al 1990), 1schemia, ete

Xanthine onidase (xanthine-oxygen oxidoreductase EC 1232 ) 15 at the end
of the catabolic sequence of purme nucleotide metabolism m humans and a few
other uticotelic species (Kizakr and Sahurada 1989) Although the main physiolog
ical function of xanthine oxidase remains unclear there 15 growing intcrest m the
ability of this enzyme to serve as a source of oxidizing agents such as hydrogen
peronide and superoside 1adicals The mterest 1 these functions of the enzyme (as
asource of oxidizing agents) has increased markedly since 1t has been implicated
m the pathogenests of 1schemia-1eperfusion myury of tissues such as heart hiver
hidney mtesting, skan sheletal muscle, and bramn (McCord 1985 Bedhman 1986
Cngerson et al 1987 Bechman ct al 1989)

In mvo under noimal conditions, the santhime utihz/ing enzyme exsts pre
dommantly as xanthine dehvdiogenase It utihzes NAD' o1 methylene blue rather
than oxygen as an clectron acceptor (Stupe and Della Corte 1969 Della Corte ¢t
al 1969 Della Corte and Stupe 1972, Clare et al 1981, Mckelvey et al 1988) In
certam conditions such as 1schemia (Stirpe and Della Cotte 1969, Della Cotte ot
al 1969 Della Corte and Stupe 1972, Clare et al 1981, Parks and Granger 1986
Mchelves et al 1988) acute ethanol admmnistration (Sultatos 1988 Kato et al
1990) et however the dehyvdrogenase foim of the ensyme mayv be converted to
onddase form In the presence of O, 1t generates superoside radicals and hydrogen
perovade (Stupe and Della Cotte 1969, Della Corte and Stupe 1972, McCord 1985
Paiks and Granger 1986, Bechman 1986, Engerson et al 1987) This process 15
dangerous because the generated activated oxygen species can participate m reac
tions leadmg to mutiation of hpid peroxidation and damage to the cell membrane
(Slater 1984 McCord 1985 Kagan 1988, Susuki and Sudo 1989)

The prcsent work was carnied out 1w an attempt to shed some hght on the
e chamsm of mtiation of hipid perosidation m the lung of 1ats exposed to acute
prolongcd nunmobilization stress In particular, the inmobihzation-mduced changes
ot the lung xanthine dehydrogenase activity and xanthime oxidase activity were
i estigated

Materials and Methods

Sixteen Wistar male 1ats (200£20 g) were used The animals wetre divided mto two
groups (1) 10 1ats were exposed to stiess after 6 hows of deprivation of food and
water by unmobilizing cach annmal m a specially designed plexiglas rest-ramer for
30 b (u) the remanung 6 1ats were not mmobihized and used as a contiol group
All anumals were kalled by cervical extension Then lungs were quickly 1emoved the
blood was washed out the tissue was rinsed 1 cold saline and homogemzed mn 0 1
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mol/l Tiis-HCL buffer, pH 8 1 (1g of iver + 5 ml of buffer), mn a Potter-Elvejhem
homogemzer The homogenate was centiifuged at 800 x ¢ for 20 min and the su-
pernatant was centrifuged again at 100,000 x g for 1 h The clear supernatant was
continuous-flow-dialyzed for 3 h agamnst 300 vol of the same buffer All procedures
were cartied out at 4°C

The enszyme activity was estimated as uric acid production for 30 min The
assay was cartled out 1n a mixture containing, m a final volume of 3 ml 0 1 mol/!
Tuis-HC1 buffer, pH 8 1, 60 mmol/]1 xanthine, 0 67 mmol/l NAD" or 33 mmol/l
methy lene blue, and 0 2 ml of lung supernatant (added last) (Stirpe and Della Corte
1969) Xanthine oxidase-catalyzed production of uric acid was stopped by addition
to the mixture of 0 1 ml of 100% (w/v) trichloroacetic actd The precipitated mate-
t1al was removed by centrifugation 800 900 x g The uric acid production at 25°C
was estunated by the mnercase of absorbance at 292 nm, using a molar extinction
coefhicient of €39y = 11 x 10% Imol™! an~! (Bechman et al 1989) Xanthine was
omutted from the reference cuvettes

The NAD™-dependent or the methylene blue-dependent xanthine dehydio-
genase activity wae determined by measuning the amount of uric acid formed
acrobically in the presence of NAD' or methylene blue (XO plus XD) with the
oxygen-dependent XO activity subtracted (Della Corte and Stirpe 1970) One unat
of enzvime activity 15 defined as the amount of the enzvme requued to convert 1
mmol of xanthine to utic acid per mmute, and specific activity 1s defined as micro
moles of xanthine converted to uric acid per minute per milligram protemn (Parks
and Granger 1986)

Piotemn content was measured by the method of Lowry et al (1951) with
bovine serum albumin as a standard

All 1eagents were of finest grade, and watet was glass-distilled

For multiple group comparisons, one-way analysis of variance (ANOVA) was
cmployed followed by Bonferront’s test for sigmficant differences Statistical signifi-
cance was defined at the P < 0 05 level The statistical procedures were performed
with InStat software version 2 1, purchased from Sigma Chemical Company (St
Lows, USA) Data were expressed as means + SEM

Results

Figuie 1 presents the 1esults concerning XO activity m lung homogenates 1solated
from contiol rats and rats exposed to prolonged immobilization stress The enzyme
activity assayed immediately after the sacrification of the amimals 15 shown 1n the
left panel of the Figute The night panel presents the enzyme activity assaved
homogenates mmcubated at —20°C for 24h It 1s evident from the left panel that
the lung XO 1n rats subjected to immobilization 1s more than two times hgher
compared to control 1ats (P < 0001) Sumlarly, an wcrease of XO activity was
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Figure 1. \anthine onidase activity 1n the lungs of control rats and rats exposed to
unmobilization stress The left panel shows the enzyvme activity assaved immediately after
the preparation of the homogenates The 11ight panel shows the enzyme activity assaved
1 homogcnates wcubated at ~20°C for 24 h The rats were unmobilized for 30 h The
1esults are presented as mean £ SEM

Table 1. \anthme oxidase (XO) activity and NAD™' dependent vanthune dehvdrogenase
{(\D) actinity 1 lung homogenates from contiol and inmobilization- stressed rats Effects
of mcubation of the homogenates at —20°C for 24 h The 1esults are presented as mean

+=SFNMN

Uric acid production
(nmol/mn/mg protemn)

Form of the ensyme Assayed Assaved
nnmediately after 24 h at —20°C
control immobilized control  1mmobilized
X0 66030 14554+ 45 810+135 7504120

NO plus NAD? dependent XD 480475 1260120 8O0 75 720k 45

observed mn contiol lung homogenates mcubated at low temperatuie However, the
mcrease was sigmficantly smaller than immobihization stress-induced nciease In
contiast, the mcubation at ~20°C for 24 b of lung homogenates from immobilized
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Figure 2. Methslene blue-dependent xanthme dehydiogenase activity i the lungs of
control rats and 1ats exposed to ummobilization stress The left panel shows the enzyvme
activits assaved mmrhediately after the preparation of the homogenates The 11ght panel
shows the enzvme activity assayed i homogenates incubated at —20°C for 24 h The rats
were immobilized for 30 h The results are presented as mean + SEM

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

Moreover, in presence of NADT(O,-dependent xanthine oxidase plus NAD™-
dependent xanthine dehvdiogenase) the production of uric acid was slightly lower
than m the absence of NADY(O;-dependent xanthine oxidase) (Table 1)

The production of uiic acid in the lung homogenates from contiol rats in-
creased 1 the presence of methylene blue. As seen 1n the left panel of Fig 2, this
effect was significantlv stionger (moie than twofold) in lung homogenates from
immobilized rats. Incubation of homogenates from control rats at —20°C greatly
mcreased then ability for methylene blue-dependent production of wic acid On
the contraiv, mcubation of homogenates from immobilized 1ats 1esulted in a slight
decrease of thenr ability of methylene blue-dependent oxidation of xanthine to uiic
acd

Discussion

The 1esults show that it is mainly XO which oxidizes xanthine to uric acid in the
rat lung. The enzyme activity strongly increased as a 1esult of acute prolonged
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unmobilization of the animals The mechamsm of this effect 15 not clear It 15 most
unbihely that there 1s any conversion of XD 1nto XO because no measurable NADY-
dependent xantlune dehydiogenase was found m the lung homogenates from both
control and immobilized rats In addition 1f the mmunobihization induced increase ot
the lung XO were due to conversion of methy lene blue-dependent XD into XO then
ND would deciease On the contrary we found a significant mcrease of xanthine
dchiy diogenase as a result of immuobilization of the ammals

It 15 mteresting to note that the mcreases (in percentages) of XO and methy -
lene blne-dependent XD m 1ats subjected to unmobilization was approsumatels
the same (116% and 133% 1espectively) Therefore, it mav be assumed as a work-
mg, Iy pothesis that the lung xanthme-utilizing enszyme exasts m a form which can
use both oxygen and methylene blue as election acceptor Sumilar hypothesis has
becn proposed eather (Della Corte 1972 Paiks and Giranger 1986) for the liver
ranthime utilizing cuzvine Further, it seenis reasonable from the biological pomt
of view that the debyvdiogenase/onidase form of the ensyme 15 mhibited i vivo
The procedures used for lung homogenate preparation possibly destioy partially
the mlubitor(s) thus causing some XO and methylene blue-dependent XD activi-
t10s to appear even 1 the controls The unmobilization stress possibly destioys this
mhubitor(s) to a greater extent In contiol homogenates this process seems to be
mcomplete and possibly goes on further duning the mcubation at low temperature
On the other hand, the dehydrogenase/ovadase form of the enzyme 1s likely to be
unstable when not mhibited Therefore, two competitive processes (1) destruction
of the mhubitor and (1) time-dependent mactivation of the produced dehy droge-
nasc /onidase torm of the enzyme seem to take place durmg the mcubation at low
tcmperature In contiol homogenates the first process prevals It results i an in-
areased activaty of the dehy diogenase/oxidase form of the ensyme In homogenates
extracted hom mmmobilized 1ats (characterized by hugh activity of the dehydroge-
nase/ontdase forn of the enzyme) dunng the meubation at low temperature the
sccond process (ensvine mactivation) prevails It results m a decreased activity of
the dehy diogenase/oxadase torm of the enzyme On the other hand, 1t 1s well known
that mcubation of Iiver homogenates at —=20°C for 2th caused some conversion of
XD activity mto XO activity (Stupe and Della Corte 1969, Della Corte et al 1969)

The proposed mechanisin seems to be able to explain the obtained results Nev-
ertheless 1t needs further experimental evidence As mentioned above, our earlicl
axpanuents (Kovacheva et al 1994 Kovacheva and Ribarov 1995) demonstrated
the development of lipid peroxadation i the lungs of nmmobihized rats On the other
hand the present work descuibes data showing significant increase of XO 1 the
lungs of mmobilized rats There are many data suggesting that n vwo, the hiver
vanthme-utilizing enzyme 1s predominantly NAD'-dependent xanthine dehydio-
genase and that 1t also can use methvlene blue as an election acceptor (Stupe and
Della Cotte 1969, Della Corte ot al 1969, Della Corte and Stirpe 1972, Clare et al
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1981 Mchelvey et al 1988) In owr experunents, no measurcable NADT-dependent
santhme dehvdiogenase activity could be observed

Taking mto account all the above data, 1t may be assumned that XO-catalyzed
generation of activated oxygen species (superoxide radicals, hydiogen peroxide
singlet oxygen, etc ) may take place, at least i part, i the mtiation of hipd
peroxidation m the lung of unmobilized 1ats It 15 not (lear, however, whether the
mereased XO activity 15 the cause for lung lipid peronidation or the consequence
of 1t This problem nught be 1esolved by mvestigating the mmmobihization-induced
changes of the lung XO 1 1ats supplemented with vitamin E Such expernments
are under way m owr laboratory
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