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SUMMARY

The administration of allopurinol significantly increased resis-
tance to repeated hypobaric hypoxia, while hypoxanthine decreased
it. The administration of adenine or inosine (25 mg/kg) was without
effect. The results show pathogenicsignificance of xanthine oxidase-
dependent production of free oxygen radicals in posthypoxic damage.

In other experiments, the administration of 50% ethanol (12
ml/kg) by gastric catheter increased plasma xanthine oxidase activity
in both rats and hamsters.
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INTRODUCTION

A decrease in the Poz concentration in various tissues enhances
the degradation of adenine nucleotides and increases the concentra-
tion of oxypurines (hypoxanthine and xanthine) in biological fluids
/1/. Hypoxanthine and xanthine are substrates of xanthine oxidase
(XOD; xanthine: oxygen oxidoreductase, EC 1.1.3.22), which oxi-
dizes them to uric acid. Under pathological conditions (ischemia)
this enzyme is probably converted from the D-form (xanthine:
NAD"* oxidoreductase) into its O-form, using dioxygen as electron
acceptor /2/. During regeneration of the O-form of XOD in the
presence of appropriate substrates (oxypurines), the superoxide and
hydrogen peroxide are formed /3/. Such reduced oxygen forms may
damage lipid and protein structures /4/.

During post-ischemic reoxygenation, a protective effect of allo-
purinol (4-hydroxypyrazol-3,4-d-pyrimidine) was observed /5/. Allo-
purinol is a competitive XOD inhibitor, used for treatment of clinical
hyperuricemia. The extent of post-ischemic tissue damage was also
diminished by administration of superoxide dismutase (SOD; EC
1.15.1.1) and scavengers of reactive forms of dioxygen /6/. This means
that during post-ischemic reoxygenation, the tissue is damaged by the
superoxide or by other species formed from it.

The aim of our work was to find out whether allopurinol and other
purines would protect the organism not only from post-ischemic but
also from post-hypoxic damage.

The functioning of the brain respiratory center has been proved
to be the limiting factor of survival in hypoxia. During the final step
before breath arrest the animal is unconscious. Mild hypoxia in-
creases XOD substrates, such as hypoxanthine and xanthine, in body
fluids /7/.

In some cases, XOD was reported to be a more sensitive marker
of liver tissue damage than a variety of other enzymes /8/. Therefore,
we also investigated the effect of ethanol on plasma XOD activity.
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MATERIALS AND METHODS

Animals

Wistar rats of our own breeding stock, and hamsters, mice and
guinea-pigs from the Velaz breeding farm, all females, 60-80 days old,
were used.

Hypoxia

Hypoxia was induced in a hypobaric chamber. Rats were exposed
to a simulated altitude of 7000 m (barometric pressure 41 kPa, Po>
8.5 kPa) for 1 hour. A 25 min normoxic interval followed, at the
beginning of which the animals were administered one of the follow-
ing purines, intraperitoneally: hypoxanthine 25 mg/kg, adenine 25
mg/kg, allopurinol 50 mg/kg or inosine 25 mg/kg body weight. After
normoxia, rats were exposed to a lethal hypoxic dose at a simulated
altitute of 10,500 m (barometric pressure 24 kPa, Po, 5.1 kPa) where
the survival time was measured. The criterion for determining sur-
vival time was respiratory arrest. In experiments with four animals
species, the pre-exposure was adjusted to 8000 m for 30 min, to get
the shortest survival time measurable.

Hamsters proved to be more resistant to hypoxia than rats /9/; the
measurable survival time was obtained by the following experimental
procedure: pre-exposure at a simulated altitute of 8000 m (baromet-
ric pressure 36 kPa, Po; 7.48 kPa) for one hour, lethal hypoxia at a
simulated altitude of 11,000 m (barometric pressure 23 kPa, Po; 4.2
kPa).

Some experiments were not preceded by hypoxia; in others, oxy-
gen was applied during the interval between the two hypoxias at an
overpressure of 5 kPa.

XOD measurement
XOD activity was measured by our own method adapted from the
polarographic assay of oxypurines /10/. XOD activity was expressed

in nmoles of oxygen consumed per second at 37°C (i.e., nkat), using
the radiometer Po; electrode system.
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Ethanol administration and measurement

50% ethanol was administered by gastric tube at the dosages of 8
ml/kg and 12 ml/kg body weight. Blood samples (puncture of myo-
cardium by a special glass capillary) were obtained at 0, 90 and 120
min after administration. Ethanol was determined by gas chroma-
tography accoding to Goldbaum /11/.

RESULTS

1. Effect of allopurinol, hypoxanthine, adenine, inosine and oxygen
in rats exposed to interrupted hypoxia

Application of hypoxanthine after the initial hypoxic dose de-
creased the survival time of rats by an average of 20% in comparison
with controls. Administration of allopurinol resulted in an average
increase of 25%; no significant changes in survival time were ob-
served after administration of adenine or inosine. Simultaneous
administration of allopurinol and hypoxanthine or inosine increased
the survival time more than allopurinol alone.

After the hyperoxic break, the survival time of controls was in-
creased by a factor of about two. All the differences between allo-
purinol and other purines administration were more pronounced as
compared to normoxia (Fig. 1).

In experiments without preliminary hypoxic exposure, neither
allopurinol nor the other purines affected the survival time signifi-
cantly (Fig. 2).

2. Effect of allopurinol, hypoxanthine, adenine, inosine and oxygen
in hamsters exposed to interrupted hypoxia

Hypoxanthine application during the normoxic interval decreased
the survival time, while application of allopurinol resulted in an
increase (Fig.3). All differences are significant, but less pronounced,
as compared torats. This is in agreement with different plasma XOD
activities in rats and hamsters (Table 1).
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Fig. 1: Influence of purines on suvival time of rats in hypoxia interrupted by
normoxia and/or hyperoxia. Sal - saline; Hx - hypoxanthine; Ade -
adenine; Ino - inosine; All - allopurinol. Hatched columns: xanthine
oxidase inhibited by allopurinol. Student’s t-test: *p<0.05; **p<0.01;
op<0.05. Asterisks: Comparison to the appropriate control (Sal).
Circles: Comparison inside the allopurinol group.

3. Comparison of XOD activities in the plasma of four animal
species and their sensitivities to interrupted hypoxia

The higher the normal XOD activity in the plasma, the less
resistant was the species to hypoxia (Table 1).

4. Effect of ethanol

The administration of ethanol resulted in a significant increase of

XOD activity in the plasma of both rats and hamsters (Tables 2 and
3).
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Fig. 2: Influence of purines on survival time of rats and hamsters in continuous
lethal hypoxia. For symboals see Fig. 1.
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Fig. 3: Influence of purines on survival time of hamsters in hypoxia interrupted
by normoxia and/or hyperoxia. For symbols see Fig. 1.
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TABLE 1
Survival time in hypobaric hypoxia

Species Normal Plasma Xanthine Oxidase  Survival Time (min)
_(nkat/)
Guinea Pig no measurable activity n=11 100.80+13.84 n=10
Hamster no measurable activity n=10 54.25+11.33 n=20
Rat 99.46*+1385 n=20 25.20+537 n=10
Mouse 259.67+58.23 n=19 3.33+1.00 n=17
means*S.D.
TABLE 2

Ethanol-induced changes in rat plasma xanthine oxidase activity (nkat/1)

Time After 0 90 120
Treatment (min.)

Controls (saline)  178.1+30.7 n=3 162.8+338 n=35 192.1+444 n=4
Ethanol (8 ml/kg) 26794603 n=5 334.0+68.0** n=5 411.7+653** n=3
Ethanol (12 mlkg) 216.6+923 n=5 313.6+95.1** n=5 322.8+84.2* n=5

*p<0.05; **p <0.01 as compared to controls

TABLE 3
Ethanol induced changes in hamster plasma xanthine oxidase activity (nkat/1)

Time After 0 90 120
Treatment (min.)

Controls (saline) 387169 n=9 614+119 n=9 663+255 n=8
Ethanol (12 mi/kg) 586+14.7* n=9 105.6+32.7* n=9 116.1+28.4** n=10

*p<0.05; **p<0.01 as compared to controls

DISCUSSION

Xanthine oxidase is a membrane-associated and cytosolic enzyme
/12/. High activity has been observed in the liver, intestine and
kidney, and also in blood plasma. There is no correlation between
plasma and organ activity; an interspecies variability has been de-
scribed in organ XOD /13/. The native form of XOD seems to be the
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D-form /14/. The conversion of about 30% of organ XOD to its
superoxide producing the O-form has been described after ischemia
/15/. The native form in plasma is the O-form — therefore, this
activity can be involved in posthypoxic tissue damage.

The effect of hypoxanthine and allopurinol was obvious only in
pre-exposed groups. Pre-exposure did not affect the survival time in
the following lethal hypoxia (Figs. 1, 2, 3), but increased oxypurines
in body fluids /16/. A mild hypoxic pre-exposure can also facilitate
the conversion of the D-form into the O-form.

Hypoxanthine was more efficient when combined with hyperoxia
rather than nomoxia. Thus, the toxic effect of hypoxanthine is mod-
erated by Poz decrease and is not fully displayed until reoxygenation.
The observed protective effect of allopurinol is in agreement with
this assumption.

XOD reaction and its inhibition by allopurinol may affect resis-
tance by a variety of mechanisms. Tissues may be damaged during
interrupted or alternating hypoxia by reactive species of oxygen
formed during the XOD reoxidation, as in the case of ischemia.

Another possible mechanism of the beneficial effect of allopuri-
nol may be the protection of the purine pool from degradation. Asa
consequence of XOD inhibition by allopurinol, the increased quan-
tity of hypoxanthine after hypoxia cannot be oxidised to uric acid and
is used for the regeneration of adenine nucleotides via the “salvage
pathway”. Our experiments show the negligible effect of the stimu-
lated salvage pathway (i.e., the administration of allopurinol simul-
taneously with hypoxanthine or inosine) compared to the decrease of
survival time caused by free radical production after a hyperoxic
break.

In rats, the protective effect of allopurinol was more obvious than
in hamsters. This fact is in agreement with the negative correlation
between the XOD activity in plasma of different species and the
resistance of the species to alternating hypobaric hypoxia.

In our previous work we showed a correlation between the devel-
opment of XOD inrat plasma and the increased sensitivity to hypoxia
during ontogenesis /16/.

Hypoxia does not influence XOD activity in plasma /16/.

The administration of ethanol in our experiments increased the
plasma XOD activity without elevation of any other enzymes. In-
creased lipid peroxidation and formation of reducing equivalents and
acetaldehyde occurs due to ethanol metabolism via alcohol dehydro-
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genase and via the microsomal ethanol-oxidizing systems. These
products damage cellular membranes /17/; this may be associated
with the release and conversion of XOD. Our finding af a small
amount of D-form XOD in rat plasma is in agreement with this
assumption (Novak, Stipek, Zima - in preparation).

CONCLUSIONS

1. Xanthine oxidase plays an important role in post-hypoxic tissue
damage. Its activity in plasma can affect the resistance of the species
to alternating hypoxia.

2. The protective effect of allopurinol is caused by the decrease
of reactive oxygen species production. The stimulation of the salvage
pathway by allopurinol and simultaneous application of other purines
is negligible.

3. The plasma XOD seems to be a sensitive marker of liver
damage. Its higher activity due to acute ethanol intoxication in the
presence of appropriate substrates (oxypurines) may improve the
ethanol organ damage.
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