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Induction of rat gastric damage by the
endothelium-derived peptide, endothelin
B.J.R. Whittle & J.V. Esplugues

Department of Pharmacology, Wellcome Research Laboratories, Langley Court, Beckenham, Kent BR3 3BS

The effect of the endogenous vasoconstrictor peptide,
endothelin, on gastric mucosal integrity has been inves-
tigated in the rat. Local intra-arterial infusion of endo-
thelin, in picomole doses, dose-dependently induced
haemorrhagic and necrotic damage in the gastric
mucosa. Such injury was not prevented by atropine,
cimetidine, adrenoceptor antagonists, indomethacin, or
the 5-lipoxygenase inhibitor BW A4C. These results
suggest a potential pro-ulcerogenic role of endothelin in
the pathogenesis of gastric damage and ulceration.

Introduction Endothelin, a recently described 21-
residue peptide synthesized by vascular endothelial
cells, exhibits vasoconstrictor actions both in vitro
and in vivo (Yanagisawa et al., 1988). Since an ade-
quate blood flow in the gastric microcirculation is
considered essential to maintain mucosal integrity,
we have now investigated whether endothelin can
induce gastric damage.

Methods Male Wistar rats (230-250 g) deprived of
food but not water for 18-20 h, were anaesthetized
with sodium pentobarbitone (60mgkg-1, i.p.), the
stomach exposed by a mid-line incision and the left
gastric artery cannulated (Esplugues & Whittle,
1988a). Systemic arterial blood pressure (BP) was
measured from a cannula inserted into a carotid
artery and connected to a pressure transducer and a
chart recorder (Rikadenki, R-50).

Acid-saline (100mm HCl, 50mM NaCl; 2ml) was
instilled into the gastric lumen via a needle inserted
through the forestomach, to ensure an acidic
environment. Endothelin (Peninsula Labs, Inc., CA.,
USA, stored at -20°C) was prepared freshly in iso-
tonic saline, and administered by close intra-arterial
infusion (10 ulmin-) for 10min. Twenty minutes
later, the stomachs were removed, opened along the
greater curvature, pinned out in neutral buffered for-
malin and photographed. The extent of
macroscopically-visible damage was determined in a
randomized manner via computerized planimetry
and calculated as the % of glandular mucosa
exhibiting damage.
For histological assessment, samples were excised

from standardized regions of the stomach and pro-

cessed prior to embedding in paraffin. Sections
(4pm), stained with haematoxylin and eosin, were
examined in a randomized manner under a light
microscope, with a histological score being assigned
according to previously defined criteria (Esplugues &
Whittle, 1988a).
BW A4C (N-(3-phenoxycinnamyl-acetohydrox-

amic acid) (Tateson et al., 1988) was synthesized in the
Wellcome Research Laboratories; cimetidine was
obtained from SK&F Labs. and the other drugs
from Sigma Chemical Company. Data are expressed
as mean + s.e.mean, with comparison between the
groups being made by Student's t test for unpaired
or paired data and by the Mann-Whitney U-test for
the histological index, where P < 0.05 was taken as
significant.

Results Local intra-arterial infusion of the vehicle,
isotonic saline, induced minimal macroscopically-
detectable damage of the gastric mucosa. Intra-
arterial infusion of endothelin (10-250 ng kg-'
min-1; 4-100pmolkg-'min-') however, induced a
dose-dependent increase in macroscopically-assessed
damage (Figure 1). Local infusion of endothelin (40
and 100 pmol kg-1 min- 1) also increased BP (by
7 + 1 and 9 + 1 mmHg, n = 4, P < 0.05 respectively;
from a resting value of 107 + 3 mmHg, n = 12).
Intravenous infusion of endothelin (100 pmol
kg-1min-1 for 10min) likewise increased BP (by
12+4mmHg, n=4, P<0.05), yet did not cause
any detectable mucosal damage.
The macroscopic damage was apparent across the

whole mucosal surface as areas of vasocongestion,
haemorrhage and necrosis with sloughing of an
opaque mucoid covering layer. On histological
evaluation, epithelial disruption was noted, with
diffuse microvascular congestion and haemorrhagic
damage throughout the mucosa. With the higher
dose of endothelin (100 pmol kg- 1 min-1 locally), the
control histological index was increased from
0.8 + 0.2 to 20 + 3 (n =4, P <0.05).
The degree of gastric damage induced by a sub-

maximal dose of endothelin (40pmolkg-'min'1)
was not significantly reduced by pretreatment
(15min) with atropine (1.5mgkg-1 i.v.), by the a-
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Figure 1 Gastric damage in the rat in the presence of
intraluminal acid (100mM HCl, 50mM NaCi), induced
by a 10min local intra-arterial infusion of endothelin
(4-100pmol kg- 1 min -). Results, expressed as the % of
the total mucosal area that exhibited macroscopically-
assessed damage, are the mean of 4 experiments in each
group; vertical lines show s.e.mean. Statistical signifi-
cance from the control (saline-infused) group is shown
as *P< 0.05, **P < 0.01.

or P-adrenoceptor antagonists phentolamine
(lOmgkg-1, i.v.) and propanolol (1 mgkg-1, i.v.), by
an anti-secretory dose of cimetidine (50mg kg 1,
i.v.), by the cyclo-oxygenase inhibitor, indomethacin
(5mg kg-1, s.c., a dose that itself did not induce
mucosal damage) or by BW A4C (20 mg kg- 1,
orally), a 5-lipoxygenase inhibitor (n = 3 or 4 per
group, P > 0.05 for each compared to those re-
ceiving endothelin alone).

Discussion These results indicate that local intra-
arterial infusion of low doses of endothelin induced
extensive damage to the rat gastric mucosa, and it is
therefore one of the most potent endogenous ulcer-

ogens described. Although the subsequent release of
pro-ulcerogenic mediators cannot yet be entirely
excluded, the mechanism by which endothelin pro-
vokes such gastric damage is likely to involve vaso-
constriction in the mucosal microcirculation. Thus,
previous studies have demonstrated that the endoge-
nous vasoconstrictor thromboxane A2 (TXA2), gen-
erated locally from blood-borne platelets,
potentiated gastric ulceration in the dog (Whittle et
al., 1981). Furthermore, local administration of a
vasoconstrictor thromboxane mimetic induced
haemorrhagic damage to the rat gastric mucosa
(Esplugues & Whittle, 1988b).
Under pathological conditions, the endogenous

release of platelet-derived TXA2 or the endothelium-
derived endothelin may be involved in initiating or
promoting gastric mucosal damage. Furthermore, a
local balance between endothelin and endothelium-
derived relaxing factors or prostacyclin, which exerts
vasodilator and protective actions in the gastric
mucosa, may be of physiological importance in regu-
lating microvascular blood flow and hence mucosal
integrity. Thus, inhibition of prostacyclin formation
by non-steroid anti-inflammatory agents or vascular
disease may lead to an imbalance in such regulation,
leading to endothelin-induced vascular spasm and
ischaemia in the gastric microcirculation, events that
could induce or predispose to mucosal damage.
The processes that regulate endothelin production

from endothelial cells are not yet clear, although
adrenaline stimulates the formation of the precursor
in vitro (Yanagisawa et al., 1988). Enhanced endothe-
lin formation in the mucosal microcirculation,
perhaps as a consequence of the release of catechol-
amines in vivo during stress conditions, may there-
fore contribute to any associated gastric damage.
Indeed, since disturbances to microvascular endothe-
lium or ischaemia are likely to be prime events
leading to mucosal disruption, local inappropriate
formation and release of vasoconstrictor mediators
such as endothelin may be intimately involved with
the pathogenesis of gastric ulceration.
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