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Abstract—The effects of allopurinol pretreatment (1 mg/ml in the drinking water for 7 days at an
estimated daily dose of 75mg/kg) on biochemical and chemical changes occurring following left
circumflex coronary artery ligation (40 min) and reperfusion (60 min) were examined in pentobarbital-
anesthetized rabbits. During the ischemic phase, allopurinol pretreatment provided significant pres-
ervation of cellular ATP levels and of mitochondrial ATP generation as compared with untreated
animals (P < 0.05). During the reperfusion phase, allopurinol pretreatment significantly prevented the
decrease in left ventricular pressure, sodium and calcium accumulation and decreases in sarcolemmal
Na*, K*-stimulated and sarcoplasmic reticulum K*, Ca**-stimulated ATPase activities as compared
with untreated animals (P < 0.05). In contrast, the decrease in mitochondrial (azide-sensitive) ATPase
during ischemia and the partial recovery during reperfusion were unaffected by allopurinol pretreatment.
Our results indicate that the myocardial protective effects of allopurinol may differ mechanistically in
the ischemic and reperfusion phases of injury. The fact that rabbit hearts do not contain detectable
xanthine oxidase activity would seem to preclude an obligatory role of this enzyme both in the generation
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of myocardial ischemic/reperfusion injury and in the protective actions of allopurinol.

In-hospital deaths in patients with acute myocardial
infarction result predominantly from two causes—
primary arrhythmias and pump failure. Whereas the
incidence of death due to arrhythmias has been
reduced by the use of antiarrhythmic agents, the
mortality rate after myocardial failure, manifested
by cardiogenic shock or pulmonary edema or both,
has not been altered substantially by currently avail-
able pharmacological interventions and remains
high. The quantity of viable contracting myocardium
in patients dying as a result of pump failure is less
than that of patients in whom ventricular arrhythmias
are the cause of death [1-3]. A therapeutic inter-
vention decreasing the amount of myocardial tissue
undergoingirreversible damage after coronary artery
occlusion may not only reduce immediate mortality,
but also leave the patient with a greater quantity of
viable myocardium, thereby reducing the risk or
extent of pump failure [4].

Since it was first established that the mass of dama-
ged myocardium following coronary artery occlusion
in man is a major determinant of prognosis, meas-
urements of infarct size have been used extensively
in evaluating interventions which may have a poten-
tially beneficial effect on the course of myocardial
ischemic injury [5, 6] Within the last decade, several
drug interventions, such as glucose-insulin-pot-
assium [7], hyaluronidase [8], B-blockers [9, 10] and
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calcium antagonists [11] have been studied for their
effectiveness in protecting the ischemic myocardium.
Of the numerous pharmacological interventions
which are currently undergoing critical scrutiny, the
xanthine oxidase inhibitor allopurinol appears to be
promising in exerting a salutary influence on the
ischemic myocardium [12-15].

Work by DeWall et al. [12] and Arnold et al.
[13] has indicated that pretreatment of dogs with
allopurinol provides protection against ischemic
injury induced by coronary artery ligation. However,
the criteria for effectiveness of allopurinol were lar-
gely based on hemodynamic and ECG measurements
which do not readily permit the elucidation of the
molecular mechanisms responsible for the observed
protective effects. We have shown recently that allo-
purinol administered chronically in drinking water
(at a concentration of 1 mg/ml) affords marked pro-
tection against myocardial ultrastructural alterations
induced by coronary artery ligation and subsequent
reperfusion in the rabbit [16], a species claimed to be
devoid of measurable myocardial xanthine oxidase
activity [17]. To further explore the cellular basis of
allopurinol action on the ischemic myocardium, we
have studied its effects on the maintenance of ionic
balance, high energy phosphates, mitochondrial
function and various subcellular organelle marker
enzyme activities in anesthetized rabbits subjected
to reversible coronary artery ligation.

MATERIALS AND METHODS

Male New Zealand white rabbits (2 to 2.5 kg) were
randomly divided into four groups of ten animals
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each as follows: Group I, sham-operated control
animals that received no drug treatment; Group I1,
sham-operated allopurinol-treated animals; Group
11, control animals subjected to coronary artery
ligation and reperfusion: and Group IV, allopurinol-
treated animals undergoing ligation and reperfusion.
The duration of coronary ligation was 40 min and
that of reperfusion was 60 min as described in earlier
studies from our laboratory [16, 18]. All treated ani-
mals received allopurinol (1 mg/ml in drinking
water) for 7 days prior to surgery—a treatment regi-
men which we have shown recently to be protective
against myocardial ultrastructural damage following
coronary artery ligation and reperfusion [16].

Coronary ligation. After the appropriate treat-
ment, each animal was anesthetized with sodium
pentobarbital (30 mg/kg) administered intra-
venously and prepared for coronary artery ligation
as described previously [18]. If fibrillation oc-
curred during the ischemic or reperfusion periods,
sinus rhythm was restored by the application of
0.5 Watt-second countershocks, a level below the
threshold shown by Koning et al. [19] to produce
tissue damage in isolated rabbit hearts. Sham-oper-
ated animals (Groups I and IT) were subjected to all
experimental procedures, except that the left cir-
cumflex coronary artery was not occluded.

Chemical analyses. Samples for ATP analyses were
obtained directly from the beating heart, quickly
frozen in liquid nitrogen and assayed later according
to the method of Jaworek et al. [20]. Intracellular
sodium in the occluded zone was measured by the
method of Moore et al. [21] and calcium, magnesium
and potassium were determined by the method of
James and Roufogalis [22].

Mitochondrial ATP generation. Mitochondria
from control or ischemic tissue were isolated as
described by Peng et al. [23]. ATP-generating
capacity was measured by incubating freshly isolated
mitochondria at 37° in a reaction medium containing
250 mM sucrose, 12.5mM Tris-Hepes* (pH 7.2),
3.0mM Tris-glutamate and 3.0mM potassium di-
hydrogen phosphate. Mitochondria were added to
provide a final concentration of 2.5 mg protein/ml,
and the reactions were started by adding ADP to a
final concentration of 2.5 mM. After 15, 30, 45, 60
or 120 sec, the reactions were terminated by adding
10% cold trichloroacetic acid, and the ATP gen-
erated was measured as described above.

Lysosomal enzymes. Lysosomes from the
occluded zone were isolated as previously described
by Godin et al. [24]. The activities of three lysosomal
hydrolases (acid phosphatase, cathepsin D and N-
acetyl-B-glucosaminidase) were measured as
described by Barett [25].

Marker enzyme activities. Fractionation of the left
ventricle to yield mitochondria- and sarcolemma-
enriched vesicle preparations was done as previously
described {24]. To minimize the effects of ves-
iculation on measured enzyme activities [26], assays
were performed in the presence of experimentally
determined, maximally activating concentrations of

* Abbreviations: Hepes, 4-(2-hydroxyethyl)-1-pipera-
zine-ethanesulfonic acid; and EGTA, ethyleneglycolbis
(amino-ethylether)tetra-acetate.
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Triton X-100 (0.005% for the mitochondrial and
sarcoplasmic reticular enzymes and 0.01% for the
sarcolemmal enzymes). Protein was determined by
the method of Lowry et al. [27] using bovine serum
albumin as a standard.

Sufficient ischemic tissue was available from each
animal for preparation of mitochondrial and sarco-
lemma-enriched fractions so that pooling of tissue
from different animals was not required. The activity
of cytochrome ¢ oxidase was measured in both sar-
colemmal and mitochondrial fractions to assess the
mitochondrial contamination of the sarcolemmal
preparation, and no differences were observed
between control and ischemic-reperfused mem-
branes (control 12.7 3.1, ischemic reperfused
10.8 = 3.4% contamination; mean = SD, N =7).
Thus, ischemia-related changes in mitochondrial and
sarcolemmal enzyme activities are not likely due to
differences in subcellular fractionation. Bersohn et
al. [28] have also shown that there was no difference
in the fractionation of sarcolemma from control ver-
sus ischemic myocardial tissue. Finally, we have
analyzed homogenates of control, ischemic and
ischemic/reperfused myocardial samples for the
presence of xanthine oxidase activity using the pre-
parative procedure outlined by Chambers ef al. [29]
and the enzyme assay described by Rowe and Wyn-
gaarden [30].

Statistical analysis. Results were analyzed using a
one-way analysis of variance followed by Tukey’s
test to assess specific group differences at P < 0.05.

RESULTS

Because allopurinol had to be dissolved in 5N
NaOH, and high concentrations of allopurinol were
required, the drug was given in the drinking water
(subcutaneous injections of high doses of allopurinol
dissolved in NaOH caused severe irritation and,
therefore, this method of administration was
avoided). All the allopurinol-treated animals con-
sumed approximately 180 + 20 ml water/24 hr (giv-
ing an estimated daily allopurinol dose of approxi-
mately 75 = 8 mg/kg). The food consumption and
body weight of the allopurinol-treated animals were
not affected by the allopurinol treatment (Table 1).

Occluded zone. The size of the occluded zone was
similar in both the untreated and allopurinol-treated
animals (untreated 60 *2, allopurinol-treated
62 = 3% of left ventricle). Thus, any beneficial
effects of allopurinol treatment cannot be ascribed
to differences in the amount of ischemic tissue at risk
of undergoing necrosis.

Table 1. General features of allopurinol-treated animals

Food Water
Body wt  consumption  consumption
Treatment (kg) (g/24 hr) (ml/24 hr)
Control 2.8x0.2 175+ 20 200 = 20
Allopurinol 2.9 +0.2 150 = 15 180 = 20

Allopurinol was administered in the drinking water at a
concentration of 1 mg/ml for 7 days. Values are expressed
as mean * SE (N = ten animals).
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Table 2. Hemodynamics following 40 min occlusion (40 min O) and 60 min reperfusion (60 min R) of the

left circumflex coronary artery in allopurinol-treated and untreated animals

Left Rate of
Left ventricular Mean rise of left
ventricular end-diastolic Heart arterial ventricular
pressure pressure rate pressure pressure
(mm Hg) (mm Hg) (beats/min) (mm Hg) (mm Hg/sec)
Untreated
Preligation 100 = 10 4+2 2905 100 = 10 4200 + 200
40 min O 100 = 15 6+4 300 =10 90 = 10 3800 + 300
60 mm R 50 £ 5* 105 315 + 10* 50 + 5* 1800 + 200*
Allopurinol-treated
Preligation 115+ 10 52 290 = 10 120 = 10 4300 + 200
40 min O 110 = 10 5+2 290 + 10 110 £ 10 4000 = 200
6C min R 70 £ 10*+ 105 315+ 10 70 £ 10*+ 2300 + 200*

Values are expressed as mean + SE (N = ten animals).
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* P < 0.05, significantly different from respective untreated or allopurinol-treated preligated value.
+ P < 0.05, significantly different from corresponding untreated reperfusion value.

Table 3. Myocardial cations in untreated and allopurinol-treated animals following 40 min
occlusion (40 min O) and 60 min reperfusion (60 min R)

Potassium Magnesium
Sodium (ng atoms/mg dry weight) Calcium

Untreated

Preligation 48.2 + 8.1 177 + 14 182=+1.1 26+0.2

40 min O 79 + 8* 226 = 19* 22+2 3002

60 min R 127 = 11.6* 129 = 11* 15.1 = 1.6* 13.2 £1.9*
Allopurinol-treated

Preligation 51+8.7 210+ 11 19.3+2.1 3.0+0.2

40 min O 69 + 7* 2369 24x4 3.1x06

60 min R 91 + 6.3*+ 164 £ 9*+ 14.6 =3.1* 6.8 £2.1*%

Values are expressed as mean *+ SE (N = ten animals).
* P < 0.05, significantly different from respective untreated or allopurinol-treated preligated

value.

+ P < 0.05, significantly different from corresponding untreated reperfusion value.

Hemodynamics. Prior to coronary artery ligation,
the hemodynamic status of allopurinol-treated ani-
mals was not detectably different from that of
controls. Following occlusion and reperfusion,
untreated animals showed a depression of both mean
arterial and left ventricular pressures (Table 2). In
the allopurinol-treated animals, mean arterial and
left ventricular pressures were decreased to a similar
degree following occlusion and reperfusion, but the
magnitude of the depression was significantly less:
than that in the untreated animals. In both the all-
opurinol-treated and untreated animals, the left ven-
tricular end-diastolic pressure did show a tendency
to increase, but the increase was not significant when
compared to preligated values. Allopurinol treat-
ment did not alter significantly the increased heart
rate and the decreased rate of rise of left ventricular
pressure observed following coronary occlusion and
reperfusion.

Ions. No significant differences were observed in
the Na*, K*, Mg?* or Ca’>* myocardial levels in
control versus allopurinol-treated animals prior to or
following 40 min of coronary artery ligation (Table
3). Reperfusion in untreated animals was associated
with significant increases in myocardial calcium and

sodium and significant decreases in potassium and
magnesium. The reperfusion-induced alterations in
myocardial sodium, potassium and calcium levels
were reduced significantly by allopurinol treatment
(Table 3).

Subcellular organelle enzymes. The activities of
various subcellular organelle enzyme markers in both
untreated and allopurinol-treated animals were simi-
lar prior to ligation (Table 4). Following ligation,
the mitochondrial (azide-sensitive) ATPase activity
decreased by the same extent (60%) in both groups
of animals and showed partial recovery following
reperfusion, which although somewhat greater in
the allopurinol-treated animals was not significantly
different from untreated animals. The reduction in
sarcolemmal (ouabain-sensitive) Na*, K*-ATPase
activity after occlusion was comparable in the
untreated and the allopurinol-treated animals. Fol-
lowing reperfusion, the sarcolemmal ATPase activity
was preserved to a greater degree in the allopurinol-
treated animals (Table 4). Although sarcoplasmic
reticulum (azide-insensitive, EGTA inhibitable)
K*,Ca?*-ATPase activity decreased to the same
extent in both the untreated and allopurinol-treated
animals after 40 min of occlusion, following reper-
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Table 4. Subcellular organelle ATPase activities in untreated and allopurinol-treated
animals following ligation (40 min O) and reperfusion (60 min R)

Sarcoplasmic
Mitochondrial Sarcolemmal reticular
ATPase ATPase ATPase
(umol P;/mg protein/hr)
Untreated
Preligation 224 x 11 79+0.3 33+0.2
40 min O 92 £ 7* 5.1 %04 22 +0.3*
60 min R 165 = 7.1* 3804 1.7 +0.3*
Allopurinol-treated
Preligation 2187 8.1x0.2 34202
40 min O 106 % 9* 5.9 £0.3* 2.6 £0.3*
60 min R 175 = 11* 4.9 = 0.4*+ 2.4+ 0.2*+

Values are expressed as mean + SE (N = ten animals).
* P <0.05, significantly different from respective untreated or allopurinol-treated

preligated value.

T P < 0.05, significantly different from corresponding untreated reperfusion value.

fusion a further decline in the activity of this
enzyme was observed only in the untreated animals
(Table 4).

ATP. Myocardial ATP levels following coronary
artery ligation and reperfusion in untreated and
allopurinol-treated animals are shown in Fig. 1. The
mean level of myocardial ATP prior to ligation,
although somewhat higher in the allopurinol-treated
animals, was not significantly different from that
observed in untreated animals. Following 40 min of
coronary artery ligation, control animals showed a
35% drop in myocardial ATP content followed by
a further 48% decrease following reperfusion. In
marked contrast, ATP levels in the allopurinol-
treated animals were well conserved. There was only
a 7% decrease after 40 min of ligation and a further
7% drop in ATP level following 60min in
reperfusion.

Mitochondrial ATP generation. The results of

mitochondrial ATP generation are summarized in
Table 5. Prior to ligation no difference in mito-
chondrial ATP generation was observed between
untreated and allopurinol-treated animals. Fol-
lowing 40 min occlusion, untreated animals showed a
marked inhibition of mitochondrial ATP-generating
capacity (80%) which had decreased further (to
greater than 90% inhibition) after reperfusion.
Allopurinol pretreatment produced significant pro-
tective effects, particularly in the ischemic phase
(where inhibition was only 45%) as compared with
the reperfusion phase (where 65% inhibition was
observed).

Lysosomal enzymes. The non-sedimentable frac-
tion of the lysosomal enzymes N-acetyl-B-glu-
cosaminidase and acid phosphatase increased sig-
nificantly in both the untreated and allopurinol-
treated animals following ligation and reperfusion.
The increase in the non-sedimentable fraction of
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Fig. 1. Myocardial ATP levels in control and allopurinol-treated animals following coronary artery

occlusion (40 min) and reperfusion (60 min). Key: *P < 0.05, significantly different from corresponding

control preligated value; and TP < 0.05. significantly different from corresponding control occlusion or
reperfusion value.
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Table 5. Mitochondrial ATP generation in hearts of
untreated and allopurinol-treated animals subjected to
40 min occlusion and 60 min reperfusion

ATP generation (umol/mg/min)

Untreated  Allopurinol-treated
Preligation 0.61 = 0.06 0.59 = 0.09
40-min Occlusion 0.12 £ 0.03* 0.36 £ 0.08%
60-min Reperfusion 0.05 + 0.02* 0.22 + 0.07¢

Values are expressed as mean = SE (N = ten animals)
*P<0.05, significantly different from respective
untreated or allopurinol-treated preligated value.
+ P < 0.05, significantly different from corresponding
untreated occluded or reperfusion value.
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to the protective effects of allopurinol in myocar-
dial ischemic/reperfusion injury in dogs [13, 15,
29,31,32] and in rats [14]. In all the foregoing
studies, allopurinol was given chronically for at least
24 hr prior to, and in some cases also during, the
induction of ischemia. Reimer and Jennings [33], on
the other hand, failed to demonstrate protection by
allopurinol in dogs when the drug was administered
immediately prior to coronary occlusion. In a
recently completed study, we have shown that rabbits
subjected to the same allopurino] treatment regimen
as the one used here showed marked preservation of
myocardial ultrastructure following coronary artery
ligation and reperfusion, with particularly prominent
effects on mitochondrial integrity [16]. The resuits
of the present biochemical study reinforce these
observations, in that allopurinol pretreatment pro-
tected against the marked reduction in mitochondrial
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Fig. 2. Non-sedimentable activities of lysosomal enzymes, acid phosphatase, cathepsin D and N-acetyl-
B-glucosaminidase, following coronary ligation and reperfusion in untreated and allopurinol-treated
animals. Lysosomal enzyme activity is expressed as percent non-sedimentable over sedimentable
plus non-sedimentable. Key: *P < 0.05, significantly different from preligated value; and P <0.05,
significantly different from corresponding untreated occlusion or reperfusion value.

cathepsin D was significantly less in the allopurinol-
treated animals (Fig. 2).

Mpyocardial xanthine oxidase activity. Consistent
with a previous report in the literature [17], we have
been unable to detect xanthine oxidase activity in
homogenates of rabbit myocarium—even following
a 40-min period of ischemia with subsequent reper-
fusion for 60 min, conditions under which maximal
increases in the activity of xanthine oxidase would
have been expected [29].

DISCUSSION

The possibility that allopurinol may reduce the
severity of ischemic injury following coronary artery
occlusion was first suggested by DeWall et al. [12]
on the basis of experiments involving dogs and sheep
subjected to coronary artery ligation. Since that time,
a number of reports have been published attesting

ATP-generating capacity and depletion of cellular
ATP levels associated with myocardial ischemic/
reperfusion injury. The beneficial effects of allo-
purinol were not restricted, however, to mito-
chondria but were extended to the sarcolemma (as
indicated by reduced Na*,K*-ATPase inactivation
and preservation of myocardial cation composition),
the sarcoplasmic reticulum (as seen in the activity
of the Ca**-dependent ATPase associated with this
organelle) and, to some degree, cathepsin D-con-
taining lysosomes. Certain protective actions of ailo-
purinol, notably the preservation of cellular ATP
levels and of mitochondrial ATP-generating
capacity, were exerted predominantly in the ischemic
phase, while other beneficial actions, such as the
prevention of a decrease in left ventricular pressure,
of sodium and calcium accumulation and of the
decreases in sarcolemmal and sarcoplasmic reticulum
ATPases, were greater during reperfusion. This
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would seem to suggest that the molecular processes
determining cellular injury, and therefore the pro-
tective actions of allopurinol, are mechanistically
different in these two phases.

The ability of allopurinol to protect against isch-
emic injury in the heart [13-15, 29, 31, 32] and other
tissues such as kidney [34] and skeletal muscle [35]
has usually been attributed to its xanthine oxidase
inhibiting properties. Some have postulated that xan-
thine oxidase inhibition might be protective by faci-
litating purine salvage, thereby enabling ischemic
tissues to maintain their ATP stores [12,13].
However, Chambers et a/. [29] have suggested that
the washout of nucleotide degradation products of
ATP is so rapid (T, = 3min) that it is unlikely that
allopurinol could preserve ATP by this mechanism.
Our demonstration in the present study that allo-
purinol exerts marked ATP-sparing effects in the
ischemic rabbit heart which is devoid of measurable
xanthine oxidase activity further supports this view.
On the basis of the biochemical data obtained here
and the results of our earlier ultrastructural inves-
tigation [16], it seems likely that the preservation by
allopurinol of ATP levels in ischemic myocardium
is related to protective effects of the drug on the
structural and functional integrity of mitochondria.
The mitochondrial actions of allopurinol were also
emphasized in the recent study by Peterson et al. [36]
of globally ischemic rabbit myocardium showing that
allopurinol can facilitate the transfer of electrons
from ferrous iron to ferric cytochrome c, thereby
enhancing electron transport under conditions of
ischemia-induced perturbations of mitochondrial
membrane components.

There is now a growing body of evidence which
implicates oxygen-derived free radicals in the
damage produced when ischemic tissues are sub-
jected to reperfusion [37—-41]. Free radicals are able
to produce myocardial alterations characteristic of
ischemic/reperfusion injury, including disruption of
plasma membranes and lysosomes, damage to mito-
chondria and sarcoplasmic reticulum, increases in
vascular permeability, and the initiation of ven-
tricular arrhythmias [42-45]. Jolly er al. [46] have
demonstrated that infusion into the left atrium of
superoxide dismutase (which catalyzes the con-
version of superoxide radicals to hydrogen peroxide
plus molecular oxygen) and catalase (which degrades
hydrogen peroxide to water) reduces the extent of
ischemic injury in a canine occlusion-reperfusion
model. However, more recent work by Werns et al.
[47] demonstrating that superoxide dismutase alone
protects reperfused ischemic myocardium suggests
that tissue damage under these conditions may be
largely determined by superoxide anion. One pos-
sible source of superoxide in the reperfused ischemic
myocardium is the xanthine oxidase-catalyzed con-
version of hypoxanthine (arising from the degra-
dation of ATP) to uric acid—a process favored both
by the reintroduction of oxygen and by the con-
version of xanthine dehydrogenase to xanthine oxi-
dase under these conditions [48, 49]. While inhibition
of xanthine oxidase may contribute to the protective
effects of allopurinol in ischemic/reperfused tissues
containing measurable levels of enzyme activity, this
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does not seem to be a likely explanation in the case
of rabbit myocardium which we and others [17] have
shown lacks detectable xanthine oxidase activity.

It has been pointed out recently by Hallet et al.
[50] that tissue contents of xanthine dehydrogenase
and the ease with which it is convertible to the radical
generating xanthine oxidase form do not seem to
correlate with tissue sensitivity to post-ischemic
reperfusion injury. This has led these investigators
to explore polymorphonuclear leucocytes (PMN) as
a possible source of reactive oxygen radicals during
reperfusion. The ability of aprotinin, a protease
inhibitor previously shown to protect against reperf-
usion-induced injury, to inhibit the overproduction
of reactive oxygen metabolites by isolated PMN in
vitro was taken as evidence for a possible role of
PMN-derived oxygen radicals in the generation of
reperfusion injury [50]. Similarly, the protective
effects of nafazatrom in a canine model of ischemic/
reperfusion injury have been attributed to its ability
to interfere with neutrophil functional properties,
including the generation of superoxide radicals [51].
This explanation does not, however, seem to extend
to allopurinol. Jones et al. [52] have postulated that
the levels of xanthine oxidase in neutrophils are
insufficient to account for the flux of superoxide
radicals associated with activation. This claim was
based on the lack of demonstrable in vitro inhibition
by allopurinol on neutrophil superoxide generation,
chemotaxis or degranulation [52].

Thus, our data, when taken with the results of
several other published reports, indicate that xan-
thine oxidase-mediated oxygen radical generation
does not play an obligatory role in myocardial
ischemic/reperfusion injury, and the protective
effects of allopurinol against such injury are not
primarily attributable to xanthine oxidase inhibition.
Vartanyan and Gurevich [53] have reported that
allopurinol administration is associated with a time-
dependent increase in the superoxide dismutase
activity of mouse liver. Preliminary experiments in
our laboratory have shown that ischemic/reperfusion
injury in rabbits is associated with a marked increase
in susceptibility of myocardial homogenates to t-
butylhydroperoxide-induced glutathione depletion
and lipid peroxidation (D. V. Godin and M. E.
Garnett, manuscript in preparation). Based on these
observations and the aforementioned findings of
Vartanyan and Gurevich, we are currently exploring
the possibility that allopurinol pretreatment may
afford protection against ischemic/reperfusion
damage by enhancing the antioxidant capacity of
myocardial tissues.
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