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Involvement of superoxide and xanthine oxidase in neutrophil-

independent rat gastric damage induced by NO donors

D. Lamarque & 'B.J.R. Whittle

Wellcome Foundation Ltd, Beckenham, Kent BR3 3BS

1 Nitric oxide (NO) and the superoxide anion can interact to form the cytotoxic moiety, peroxynitrite.
The involvement and potential source of superoxide in the gastric mucosal damage induced by local
infusion of NO donors, has now been investigated in the pentobarbitone-anaesthetized rat.

2 Local intra-arterial infusion of the NO donor, sodium nitroprusside (40 ug kg™ min™") for 10 min
induced macroscopically apparent gastric mucosal injury.

3 This mucosal damage was dose-dependently reduced by prior administration of a systemically acting
form of superoxide dismutase conjugated with polyethylene glycol (500—2000 iu kg™, i.v.).

4 Likewise, the mucosal damage induced by nitroprusside was dose-dependently reduced by prior
administration of the xanthine oxidase inhibitor, allopurinol (20—100 mg kg™, i.p. or 100 mg kg™,
p.o.).

5 Pretreatment with allopurinol (100 mg kg™!, i.p.) also reduced the mucosal injury induced by local
intra-arterial infusion of the nitrosothiol, S-nitroso—N-acet}/l-penicillamine (40 ug kg™ min~'), but not
that induced by local infusion of endothelin-1 (5 pmol kg™ min™"), indicating specificity of action.

6 Prior administration (4h) of rabbit anti-rat neutrophil serum (0.4 ml kg™, i.p.), which reduced
circulating neutrophils by 90%, did not significantly protect against mucosal injury induced by
nitroprusside.

7 Intravenous administration of the platelet-activating factor receptor antagonists, WEB 2086 (1 mg
kg™") or BN 52021 (10 mg kg™"), or the thromboxane synthase inhibitor, OK'Y 15181 (25 mg kg™"), did
not modify mucosal damage induced by nitroprusside, showing lack of involvement of these neutrophil-
derived mediators.

8 These findings indicate the involvement of superoxide in the injurious actions of the NO donors,
implicating a cytotoxic role of peroxynitrite. Xanthine oxidase, but not neutrophils, appears to be a
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source of the superoxide.
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Introduction

Nitric oxide (NO), formed from L-arginine by a constitutive
NO synthase, has a key modulator function in the regulation
of microvascular integrity in the gastro-intestinal tract
(Boughton-Smith ez al., 1990; Hutcheson et al., 1990; Whittle
et al., 1990; Kubes & Granger, 1991; Kubes & Granger, 1992;
Whittle, 1993). By contrast, the excessive production of NO in
the gut by the inducible isoform of NO synthase following
challenge with endotoxin (Salter et al., 1991) results in mi-
crovascular permeability in the stomach and intestine and in
epithelial cytotoxicity (Boughton-Smith ez al., 1993a; Laszlo et
al., 1994a,b; Tepperman et al., 1994).

NO derived from exogenous sources can likewise exert a
dual action on the integrity of the gastric mucosa. Thus, in-
tragastric application of NO donors such as glyceryl trinitrate,
isoamyl nitrate or nitroprusside can protect against acute
haemorrhagic mucosal injury provoked by topical irritants
(MacNaughton et al., 1989; Kitagawa et al., 1990). Local in-
tra-arterial infusion of glyceryl trinitrate, as well as low doses
of the nitrosothiol, S-nitroso-N-acetyl penicillamine (SNAP)
can also protect against gastric mucosal injury (Lopez-Bel-
monte et al., 1993). By contrast, close-arterial infusion of 2—4
fold higher doses of SNAP or nitroprusside can themselves
provoke extensive haemorrhagic mucosal damage (Lopez-
Belmonte et al., 1993; Whittle, 1994).

These acute injurious actions of high local intra-arterial
concentration of NO may involve the production of the cy-
totoxic peroxynitrite moiety from NO and the superoxide
anion, which can subsequently yield the reactive hydroxyl ra-
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dical (Beckman et al., 1990). Evidence for the ability of this
factor to injure the gut comes from studies where direct ap-
plication of a peroxynitrite-generating system to the rat colonic
mucosa produces local tissue inflammation (Rachmilewitz et
al., 1993). Early studies have demonstrated the involvement of
superoxide in the microvascular injury following ischaemia-
reperfusion in the intestine (Parks er al., 1982; Parks &
Granger, 1983) and in the stomach (Itoh & Guth, 1985; Droy-
Lefaix et al., 1991). Furthermore, local infusion of a super-
oxide generating system can provoke gastric mucosal injury
(Esplugues & Whittle, 1989). Endogeous superoxide may be
generated from a number of cellular sources and enzymes.
Thus, in studies of ischaemia-reperfusion injury in the intes-
tine, the formation and release of superoxide is considered to
be derived from local tissue as a result of activation of xanthine
oxidase as well as from infiltrating neutrophils (Parks et al.,
1982; Morgan-Smith et al., 1987; Nilsson et al., 1994).

In the present study, the involvement of superoxide in the
gastric mucosal injury provoked by NO donors in the pento-
barbitone-anaesthetized rat, was evaluated by use of the sys-
temically acting conjugate of superoxide dismutase (SOD) with
polyethylene glycol (Boughton-Smith er al., 1993b) which
scavenges the superoxide anion. The specificity of this action
was determined by evaluating its action on the gastric mucosal
injury induced by local intravascular infusion of the ulcero-
genic peptide, endothelin-1 (Whittle & Esplugues, 1989). To
explore the involvement of neutrophils as a source of super-
oxide in NO donor-induced mucosal damage, rabbit anti-rat
neutrophil serum was used to deplete circulating neutrophils.
Further, since the release of the neutrophil-derived mediators,
platelet activating factor (PAF) or thromboxane A, could also
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be involved in such tissue damage, the effects of the PAF-
receptor antagonists, WEB 2086 and BN 52021 (Casals-Sten-
zal, 1987; Kolati et al., 1991) or the thromboxane synthase
inhibitor, OKY 1518 (Boughton-Smith et al., 1989) were stu-
died. The role of xanthine oxidase as a source of superoxide in
the NO donor-induced rat mucosal injury was evaluated with
the xanthine oxidase inhibitor, allopurinol, which has been
shown to inhibit the oxygen-radical production and tissue in-
jury associated with ischaemia-reperfusion in the stomach and
intestine (Granger et al., 1981; Itoh & Guth, 1985; Perry et al.,
1986; Nilsson et al.,1994).

Methods

Animal preparation

Male Wistar rats, weighing 200250 g, were fasted overnight
but allowed free access to water. The animals were anaes-
thetized with sodium pentobarbitone (60 mg kg™, i.p.). The
abdomen was opened by a mild-line incision, the oesophagus
and pylorus were ligated and 2 ml of 0.1 M hydrochloric acid
(HCI) was instilled into the gastric lumen via a 25 g needle
inserted through the forestomach. The left gastric artery was
cannulated with tubing of 0.6 mm diameter (PE 10, Clay
Adams, Parsippany, New Jersey, U.S.A.) as previously de-
scribed (Esplugues & Whittle, 1989). Body temperature was
monitored by a rectal thermometer and maintained at 36°C by
a heating blanket.

Effect of NO donors on gastric mucosa

Nitroprusside (40 ug kg™’ min~"), SNAP (40 ug kg~' min~")
or isotonic saline was infused for 15 min through the left
gastric artery at a rate of 13 ul min~'. These doses of the NO
donors were selected from previous dose-response studies as
near-maximal for provocation of acute mucosal injury (Lopez-
Belmonte et al., 1993). After 20 min following termination of
the infusion, the stomachs were removed for assessment of
macroscopic or histological damage.

Effects of polyethylene glycol-SOD

The systemically acting conjugate of SOD and polyethylene
glycol (SOD-PEG: 500—2000 iu kg ') or isotonic saline, was
administered by an intravenous bolus injection, 15 min prior
to the local intra-arterial infusion of nitroprusside (40 ug
kg™ min"). The doses of SOD-PEG were taken from pre-
vious studies on its inhibitory action on the inflammatory re-
sponse in the rat skin following systemic administration
(Boughton-Smith ez al., 1993b).

Effect of allopurinol on NO donors damage

Allopurinol (20 - 100 mg kg, i.p.) was administered 3 h prior
to local intra-arterial infusion of nitroprusside (40 ug
kg™ min™") or SNAP (40 ug kg™! min~'). In control rats, the
vehicle for allopurinol was administered by i.p. injection. The
doses of allopurinol were selected from a previous study on its
use in ischaemic injury of the small intestine (Parks et al.,
1982). In a further series of ex?eriments, allopurinol was ad-
ministered orally (100 mg kg™ for 2 days prior to study),
using doses shown to inhibit gastric lesions produced by hae-
morrhagic shock (Yasue & Guth, 1988).

Effects of PAF-receptor antagonists and thromboxane
synthase inhibitor

The PAF receptor antagonists, WEB 2086 (1 mg kg™') or BN
52021 (10 mg kg ™), or the thromboxane synthase inhibitor,
OKY 15181 (25 mg kg ') were administered as a bolus injec-
tion through a tail vein via a 25 g needle, 15 min before the
local intra-arterial infusion of nitroprusside (40 ug kg™

min "), The doses of these agents were derived from previous
dose-response studies on their actions on endotoxin-induced
mucosal damage (Boughton-Smith et al., 1989; Laszlo et al.,
1994c). Control rats received an intravenous bolus of isotonic
saline, followed by the local intra-arterial infusion of ni-
troprusside or SNAP.

Effects of anti-rat neutrophil serum on mucosal injury

Rabbit anti-rat neutrophil serum (0.4 ml kg~!, i.p.) was in-
jected 4 h prior to local infusion of nitroprusside (40 ug
kg™ min') or SNAP (40 ug kg~' min~"). Control rats re-
ceived isotonic saline (i.p.), followed by the local intra-ar-
terial infusion of the NO donors. The dose of anti-
neutrophil serum was derived from previous studies (Tep-
perman et al., 1993). The reduction in the number of cir-
culating neutrophils was determined by differential staining
of a blood sample taken from the abdominal aorta of pen-
tobarbitone-anaesthetized rats, 4 h after antibody injection,
using a modified Wright-Giesma stain (Diff-Quick; Baxter
Corp., Fl, US.A).

In a series of control studies to demonstrate the efficacy of
this anti-neutrophil serum in a model of gastric mucosal injury
known to be neutrophil-dependent (Kvietys et al., 1990), the
effect of ?rior administration of anti-neutrophil serum
(0.4 ml kg™, i.p.) was evaluated on the mucosal injury pro-
voked by a 5 min intra-luminal exposure to acidified ethanol
(2 ml of ethanol 40% in 0.1 M HCI). A control group of rats
received saline (i.p.) followed by intraluminal instillation of
acidified ethanol.

Effects of SOD-PEG or allopurinol on the mucosal
injury induced by endothelin-1

To demonstrate the specificity of the protective actions, the
effects of SOD-PEG (2000 iu kg™!, iv.) or allopurinol
(100 mg kg™, i.p.), were evaluated on the mucosal injury in-
duced by ET-1 (5 pmol kg ! min~! in 0.1% bovine serum al-
bumin in saline), which was infused for 15 min at a rate of
13 pl min~.

Assessment of mucosal damage

Twenty minutes after terminating the local intra-arterial in-
fusion of the NO donors, the stomachs were removed and
opened along the great curvature. They were either pinned,
mucosal side up, to a wax block, immersed in neutral buffered
formalin and photographed on colour transparency film, or a
segment taken for histological evaluation. The extent of mac-
roscopically visible damage was determined from the projected
transparencies in a randomized manner via computerized
planimetry, and expressed as the percentage of the total mu-
cosal area. Macroscopic damage provoked by local infusion of
ET-1, or intraluminal instillation of acidified ethanol was de-
termined in a similar fashion, with tissue being taken 20 min
after terminating the ET-1 infusion or immediately after the
5 min challenge with acidified ethanol.

For histological confirmation of the effects on nitroprus-
side-induced mucosal damage, sections of mucosa were as-
sessed by use of a histological score as described previously
(Esplugues & Whittle, 1989). Two samples of the corpus mu-
cosa were excised from comparable regions in each stomach
and were processed by routine techniques before embedding in
paraffin. Sections were stained with haematoxylin and eosin
and examined under a light microscope, in a randomized
fashion. The 1 cm length of each histological section was di-
vided into 4 subsections. Each subsection was histologically
assessed for epithelial cell damage (with a score 1); glandular
disruption, vasocongestion or oedema in the upper mucosa
(with a score of 2); haemorrhagic damage in the mid to lower
mucosa (score of 3) and deep necrosis and ulceration (score of
4). Each subsection was evaluated on a cumulative basis (the
maximum score being 4) and the overall mean score value was
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taken as the histological index for that section. All determi-
nations were performed in a randomized manner with the
histological sections coded to eliminate observer bias.

Statistical analysis

All data are expressed as the means +s.e.mean. Comparisons
between groups of data were made by Student’s ¢ test for non-
paired data. P values of less than 0.05 were taken as sig-
nificant.

Drugs

Nitroprusside, superoxide dismutase-polyethylene glycol con-
jugate, allopurinol and endothelin-1 were purchased from
Sigma Chemical Co. (Poole, Dorset) and rabbit anti-rat neu-
trophil serum from Accurate Chemical and Scientific Cor-
poration (Westbury, N.Y., U.S.A.). Allopurinol was dissolved
in equimolar solution of sodium hydroxide then diluted in
normal saline. Endothelin-1 (human-porcine) was dissolved in
sterile distilled water and kept frozen (—20°C) in aliquots.
Samples were freshly diluted in 0.1% bovine serum albumin in
saline when required. Nitroprusside and SNAP (synthesized in
the Dept. Medicinal Chemistry, Wellcome Research Labora-
tories) were dissolved freshly in isotonic saline and kept on ice
protected from the light. WEB 2086, BN 52021 and OKY 1581
were gifts from Boehringer Ingelheim KG (Germany), from
IPSEN Industrie (France), and from ONO Pharmaceuticals
(Japan) respectively. These drugs were prepared freshly for
injection by dilution with isotonic saline or the vehicle sup-
plied.

Results

Effects of SOD-PEG on gastric mucosal damage induced
by NO donors

Local intra-arterial infusion of nitroprusside (40 ug kg™
min~") for 15 min induced haemorrhage gastric mucosal da-
mage, when assessed macroscopically 20 min after termination
of the infusion (Figure 1). Intra-arterial infusion of the vehicle,
isotonic saline, did not induce any significant mucosal damage
(4£2% of total mucosal area, n=6).

Bolus intravenous administration of SOD-PEG (500-
2000 iu kg ") caused a significant dose-dependent reduction in
the extent of damage induced by the local intra-arterial infu-
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Figure 1 Effects of bolus i.v. pretreatment (15min) of polyethylene
glycol conf'ugated with superoxide dismutase (SOD-PEG; 500-
2000iukg™) on the gastric mucosal damage induced by local intra-
arterial infusion of nitroprusside (NP, 40 ugkg ™' min~' for 15min).
Results, expressed as % of the mucosal area shown macroscopic
damage, are shown as mean+s.e.mean of » (number in columns)
values, where significant difference from the control group (nitroprus-
side alone) is shown as *P<0.01, **P<0.001.

sion of nitroprusside (Figure 1). With the highest dose of SOD-
PEG (2000 iu kg~!, i.v.), the area of mucosal exhibiting de-
tectable mucosal injury following nitroprusside infusion was
not significantly different from that observed under control
conditions (Figure 1).

Effect of allopurinol on gastric mucosal damage induced
by NO donors

Prior administration of allopurinol (20—100 mg kg~', i.p.)
caused a significant dose-dependent reduction in the gastric
mucosal damage induced by local infusion of nitroprusside
(Figure 2). Likewise, oral pretreatment of allopurinol
(100 mg kg™! for 2 days) caused significant reduction in the
extent of mucosal damage induced by nitroprusside (from
51+4% to 23+6% of total mucosal area, n=13 and 7 re-
spectively; P<0.01).

The gastric damage induced by local infusion of SNAP
(40 pg kg™! min~') was also significantly inhibited by admin-
istration of allopurinol (100 mg kg, i.p.), being reduced from
34+4% to 20+3% of total mucosal area (n=>5 for each,
P<0.05).

Effects of PAF receptor antagonists or a thromboxane
synthase inhibitor

Pretreatment with the PAF receptor antagonists, WEB 2086
(1 mg kg™') or BN 52021 (10 mg kg™"), or with the throm-
boxane synthase inhibitor, OXY 1581 (25 mg kg™"), did not
significantly reduce mucosal damage induced by nitroprusside
(Table 1).

Effects of anti-neutrophil serum

Pretreatment (4h) with rat anti-neutrophil serum (0.4 ml
kg™, i.p.), which reduced the circulating neutrophil count by
90+ 5% (n=6), did not reduce the mucosal damage induced
by concurrent local infusion of nitroprusside (Figure 3?.
Likewise, the damage induced by SNAP (40 ug kg™ min™)
was not significantly reduced by pretreatment with anti-neu-
trophil serum (35+8 and 44+ 7% of total mucosal area, with
and without anti-neutrophil pretreatment respectively; n=35
for each).

By contrast, in a control study, pretreatment with anti-
neutrophil serum substantially reduced the gastric mucosal
damage induced by intra-luminal challenge with acidified
ethanol (2 ml ethanol 40% in 0.1 M HCI) as shown in Figure 3.
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Figure 2 Effects of administration of allopurinol (20—100mgkg™)
on rat gastric mucosal damage induced by local intra-arterial infusion
(15min) of nitroprusside (NP, 40 ugkg ' min~"). Results, expressed
as % of the mucosal area exhibiting macroscopic injury, are shown
as the mean+s.emean, of n (number in column) values, where
significant differences from the control group (nitroprusside alone) is
shown as *P<0.05, **P<0.01.
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Table 1 Lack of effect of PAF receptor antagonists, WEB
2086 (1 mg kg', i.v.) or BN 52021 (10 mg kg™, i.v.), and the
thromboxane synthase inhibitor, OKY 15181 (25 mg kg™',
i.v) on gastric muscosal damage induced by local intra-
arterial local infusion of sodium nitroprusside (NP,

40 pg kg™ min! for 15 min)

Treatment % damage n

NP 384 [73))

NP+ WEB 2086 43+5 (@)
(1 mg kg™")

NP+ BN 52021 53+5 (C))
(10 mg kg™)

NP+OKY 15181 40+4 @
(25 mg kg™

Results are shown as % area of the rat gastric mucosa
exhibiting macroscopic damage, and are expressed as
mean +s.e. mean of (n) animals.
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Figure 3 Effects of pretreatment with anti-rat neutrophil serum
(ANS; 0.4mlkg™, i.p.) on gastric mucosal damage induced by local
intra-arterial infusion of nitroprusside (NP, 40ugkg'min~' for
15min) or by a 5min intraluminal challenge with acidified ethanol
(40% in 0.1M HCI). Results, expressed as % of the mucosal area
exhibiting macroscopic damage are shown as meanz+s.c.mean of n
(number in column) values, where significant difference from
corresponding control value is shown by ***P<0.001.

Effects of SOD-PEG or allopurinol on endothelin-1
induced damage

Close-arterial infusion of endothelin-1 (5 pmol kg™ min™" for
15 min) induced haemorrhagic injury of the mucosa, involving
38+£5% (n=10) of total gastric area when assessed 20 min
later. Concomitant administration SOD-PEG (2000 iu kg~*,
i.v.) or administration of allopurinol (100 mg kg™, i.p.) did
not significantly alter the extent of mucosal damage, being
42+ 5% (n=17) and 28 +3% of total mucosal area (n=4), re-

spectively.
Histological assessment of gastric damage

The damage induced by local intra-arterial infusion of ni-
troprusside was histologically characterized by severe damage
to the epithelium, disruption of the glandular structure, focal
areas of haemorrhage and, in some cases, necrosis in the dee-
per parts of the mucosa. Pretreatment with SOD-PEG
(2000 iu kg', i.v.) or allopurinol (100 mg kg™, i.p.) reduced
the levels of histologically assessed damage to values similar to
that of the controls (Table 2). By contrast, pretreatment with
anti-neutrophil serum (0.4 ml kg, i.p.) did not modify the
degree of histological damage (Table 2).

Table 2 Effects of prior administration of superoxide
dimutase conjugated with polyethylene glycol (SOD-PEG:
2000 iu kg™’ i.v.), allopurinol (100 mg kg™, i.p.) or rabbit
anti-rat neutrophil serum (ANS, 0.4 ml kg™, ip.) on the
damage to the rat gastric mucosa following local intra-
arterial infusion of sodium nitroprusside (NP, 40 pg
kg min™ for 15 min), as determined histologically

Treatment Histologi- (n)
cal index

Saline 0.7+0.3 4

NP 2.4+0.2* 14

NP +SOD-PEG 0.6+0.4t 4
(2000 iu kg™)

NP +allopurinol 0.2+0.1¥t 4
(100 mg kg™')

NP+ ABS 1.9+0.2 7
0.4 ml kg™)

Results are expressed as a histological index (scale, 0—4) and
shown as menazs.e.mean of (1) animals, where statistical
difference from control is given as *P<0.01 and from the
nitroprusside group as 1P <0.05, ++P<0.01.

Discussion

The present study indicates that the acute gastric mucosal in-
jury provoked by local intra-arterial infusion of nitroprusside
can be attenuated by intravenous administration of the sys-
temically active conjugate, SOD-PEG, that scavenges super-
oxide. The specificity of these actions of SOD-PEG was
confirmed by its failure to affect the gastric damage induced by
intra-arterial infusion of ET-1. These observations extend re-
cent findings that mucosal damage provoked by NO donors
can be abolished by concurrent local intra-arterial infusion of
native SOD (Lamarque & Whittle, 1995), in doses shown
previously to reduce the mucosal injury provoked by local
infusion of the superoxide-generating system, xanthine oxi-
dase-hypoxanthine (Esplugues & Whittle, 1989). Such findings
therefore support the involvement of the superoxide anion in
the tissue damage induced by nitroprusside or SNAP, which
thus implicates the involvement of the cytotoxic moiety, per-
oxynitrite, formed from NO and superoxide (Beckman et al.,
1990).

Neutrophils are a source of superoxide generation and,
moreover, play a key role in the gastrointestinal microvascular
dysfunction provoked by ischaemia-reperfusion (Nilsson ez al.,
1984; Grisham et al., 1986), by infusion of PAF (Wallace &
Whittle, 1986; Kubes et al., 1990; Wood et al., 1992) or by
topical application of ethanol (Kvietys et al., 1990). However,
the involvement of neutrophils in the gastric injury induced by
NO donors would appear unlikely since NO can prevent
neutrophil aggregation (McCall et al., 1988) and their adhesion
to the microvasculature (Kubes et al., 1991). Furthermore, in
the present study, depletion of circulating neutrophils by over
90% by the use of anti-neutrophil antiserum failed to affect the
mucosal damage provoked by nitroprusside. By contrast, the
same treatment with this anti-neutrophil serum abolished the
haemorrhagic mucosal injury sustained by a brief intragastric
exposure to acid-ethanol. Such findings, while confirming the
important role of the neutrophil in the acute mucosal damage
provoked by this topical irritant, demonstrate that as with
gastric antral lesions induced by indomethacin (Trevethick et
al., 1994), a neutrophil involvement is not an obligatory re-
quirement for the provocation of all forms of gastric ulcera-
tion.

Commensurate with the lack of effect of neutrophil deple-
tion, the local release of the neutrophil-derived gastric ul-
cerogen, PAF (Rosam et al., 1986), does not appear to be
involved since the PAF-receptor antagonists, WEB 2086 or BN
50521 failed to prevent nitroprusside-induced mucosal injury.
Likewise, the generation of the pro-ulcerogenic mediator,
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thromboxane A, (Whittle, 1993) by neutrophils, platelets or
local tissue in the mucosal injury caused by NO donors can
be excluded because of the lack of effect of the thromboxane
synthase inhibitor, OKY 1581. Since both PAF and neu-
trophils play an important role in injury following ischameia-
reperfusion injury in the stomach and intestine (Grisham et
al., 1986; Morgan-Smith er al., 1987; Wallace et al., 1990;
Droy-Lefaix et al., 1991), these present findings also suggest
that NO-donor provoked gastric damage is not a result of
similar ischaemic events in the mucosal microcirculation.
Xanthine oxidase, an enzyme found in endothelial cells
(Ratych et al., 1987; Zweier et al., 1988; 1994) but not in the
neutrophil (Jones et al., 1985), is a prime source of super-
oxide generation. Allopurinol, administered by acute pre-
treatment by the intraperitoneal route, or following oral
administration over 2 days, reduced the mucosal injury in-
duced by local infusion nitroprusside or SNAP. As with the
protective actions of allopurinol on gastric mucosal injury
following hypovolaemic shock in the gastric mucosa and
ischaemia reperfusion in the stomach and intestine (Granger
et al., 1981; Itoh & Guth, 1985; Perry et al., 1986; Andrews
et al., 1992), such actions should reflect the inhibition of
xanthine oxidase. The specificity of these actions of allo-
purinol in the present study was demonstrated by its failure
to attenuate the mucosal injury induced by close-arterial
infusion of endothelin-1. However, as in ischaemia-reperfu-
sion injury in the cat small intestine (Nilsson et al., 1994) a
neutrophil- and xanthine oxidase-independent source of su-
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