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In developed countries at least, ulcers related to Helicobacter

pylori infection are becoming rarer. However, ulcers associated

with the use of non-steroidal anti-inflammatory drugs (NSAIDs)

remain a major clinical problem, which has not been solved

through the introduction of selective inhibitors of

cyclooxygenase (COX)-2. Recent studies suggest that NSAID-

induced ulcers can be prevented largely through co-

administration of a proton pump inhibitor to block acid

secretion in the stomach. In patients requiring aspirin therapy to

prevent cardiovascular diseases, co-administration of aspirin

plus a proton pump inhibitor was found to be safer than using

another anti-platelet therapy that does not block gastric

prostaglandin production (e.g. clopidogrel). Several recent

papers have clarified further the contribution of COX-2 to

gastric mucosal defence and to the healing of ulcers. In some

circumstances, COX-2 produces a highly potent

gastroprotective substance (15-R-lipoxin A4), and analogues of

this substance could have therapeutic value for preventing

gastric ulceration. Nitric oxide-releasing NSAIDs continue to

show promise in terms of limiting damage to the

gastrointestinal tract, even when given in combination with

aspirin. Recent studies support the notion that platelets make a

major contribution to ulcer healing, and the release of several

key growth factors from platelets appears to be regulated by

proteinase-activated receptors.
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Introduction
The stomach is exposed to a wide range of substances that

have the capacity to cause epithelial damage, as well as to

hydrochloric acid, digestive enzymes and bile. However,

significant damage to the mucosal rarely occurs. Better

understanding of the mechanisms underlying ‘mucosal

defence’ has led to the development of novel anti-ulcer

therapies. Discoveries in the past two years have con-

tinued to improve our understanding of mucosal defence,
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of the pathogenesis of gastric ulcer disease, and of the

processes contributing to the healing of ulcers.

Ulcer prevention
The realization in recent years that selective cyclooxy-

genase (COX)-2 inhibitors were not as ‘GI safe’ as their

promotional materials suggested led to several evalua-

tions of alternative methods for preventing gastric ulcera-

tion induced by non-steroidal anti-inflammatory drugs

(NSAIDs). Proton pump inhibitors (PPIs) have long been

suggested to reduce the incidence of serious gastrointest-

inal complications during NSAID use. A study by Pilotto

et al. [1] added further support to this notion by reporting

that the use of PPIs was associated with a significant

reduction in the risk of ulcer in both acute and chronic

users of NSAIDs. Moreover, the ‘number needed to treat’

to avoid one peptic ulcer in the elderly was low: three for

both acute and chronic NSAID users. Chan et al. [2��]
examined the utility of PPIs for prevention of recurrent

ulcer bleeding in patients taking aspirin to prevent vas-

cular diseases. Patients who presented with ulcer bleed-

ing were randomized, after their ulcers had healed, to

receive aspirin plus a PPI (esomeprazole), or another anti-

platelet drug (clopidogrel). Clopidogrel is an ADP recep-

tor antagonist that inhibits platelet aggregation and is

recommended for patients who have major gastrointest-

inal intolerance of aspirin. All patients in the study were

negative for Helicobacter pylori. The results of this study

were startling; in patients receiving clopidogrel, the

cumulative incidence of recurrent bleeding during the

one-year study period approached 9%. In the patients

receiving aspirin plus esomeprazole, the cumulative inci-

dence of ulcer bleeding was only 0.7%. Another member

of this class of drugs, ticlopidine, was shown to impair the

healing of gastric ulcers induced in rats by serosal appli-

cation of acetic acid [3]. These effects appeared to be

related to a previously unrecognized ability of ticlopidine

(and possibly other ADP receptor antagonists) to impair

new blood vessel growth (angiogenesis) by altering plate-

let and serum levels of anti-angiogenic factors [3].

Ulcer healing
Although suppressors of acid secretion (e.g. H2 receptor

antagonists, PPIs) have been a mainstay for promotion of

ulcer healing for three decades, there is increased interest

in recent years in the mechanisms through which ulcers

heal, and the possibility that both the speed and quality of

healing may be pharmacologically modulated. Healing

requires angiogenesis in the granulation tissue at the base

of the ulcer, together with replication of epithelial cells at

the ulcer margins and subsequent re-establishment of

glandular architecture. Epithelial and endothelial cell
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proliferation is largely driven by growth factors. In the

case of angiogenesis, vascular endothelial growth factor

(VEGF) appears to be among the most important. VEGF

is released by endothelial cells themselves, and by plate-

lets. Indeed, release of VEGF is likely to be a primary

mechanism through which platelets contribute to ulcer

healing [3].

Chai et al. [4] demonstrated that VEGF-induced angio-

genesis is dependent upon the presence of serum

response factor (SRF). SRF is a transcription factor that

plays an important role in immediate early gene expres-

sion and embryonic development. Inhibition of the activ-

ity of SRF, through injection of an antisense expression

plasmid into gastric ulcers in rats, led tomarked inhibition

of angiogenesis in the ulcer bed.

Proteinase-activated receptors (PARs) are thought to

participate in many functions in the gastrointestinal tract

[5]. These receptors are activated in a unique manner:

proteolytic cleavage of the N-terminus unmasks the

ligand for the receptor itself. PAR1 and PAR4 are the

receptors for thrombin on human platelets. A recent

report suggests that these receptors may play an impor-

tant role in regulating the release of pro- and anti-angio-

genic factors from platelets, and can therefore affect ulcer

healing [6��]. Activation of PAR1 was found to release

VEGF from human platelets, but inhibited the release of

a potent anti-angiogenic factor, endostatin. By contrast,

activation of PAR4 led to suppression of VEGF release,

and stimulation of endostatin release. The importance of

PAR1 as a potential therapeutic target for modulating

ulcer healing was shown by the impairment of gastric

ulcer healing in rats treated daily for one week with a

PAR1 antagonist. These studies raise the possibility that

ulcer healing may bemodulated by therapeutics targeting

PAR receptors on platelets (and possibly other cells), so as

to manipulate the release of growth factors.

Some drugs known to interfere with gastric ulcer healing

in a clinical setting have been shown to affect, in a

negative way, the expression of growth factors known

to promote healing. For example, selective and non-

selective COX inhibitors can delay ulcer healing, which

might be related, in part, to their ability to reduce the

expression of growth factors such as beta-fibroblast

growth factor [7]. Moreover, these drugs cause a change

in serum and platelet levels of growth factors, resulting in

a greater level of anti-angiogenic factors over pro-angio-

genic ones. These changes are consistent with the obser-

vation that NSAIDs and selective COX-2 inhibitors

inhibit angiogenesis in the ulcer bed [7,8].

Cyclooxygenase-2
One of the biggest pharmaceutical news stories in recent

years was the sudden withdrawal from the marketplace of

VioxxTM (rofecoxib) and, subsequently, BextraTM (val-
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decoxib). Adverse cardiovascular and skin effects, respec-

tively, were the major cited reasons for these withdrawals.

However, concerns were also raised in recent years about

the putative gastrointestinal safety of this class of drugs.

There is now substantial evidence that COX-2 is an

important contributor to mucosal defence (Figure 1).

This enzyme is rapidly upregulated in response to ische-

mia, injury or suppression of COX-1 [9,10]. Takeuchi

et al. [10] reported that suppression of COX-1 led to

gastric hypermotility and upregulation of COX-2 expres-

sion in the rat stomach. Interestingly, pre-treatment with

atropine did not affect the suppression of prostaglandin

(PG) synthesis induced by a selective COX-1 inhibitor

(SC-560) or by indomethacin, but it did block the hyper-

motility and the upregulation of COX-2. These data do

not prove a causative link between hypermotility and the

upregulation of COX-2; nevertheless, these observations

could provide clues to help establish the mechanisms

responsible for upregulation of COX-2, and thus offer a

better understanding of mucosal defence mechanisms.

Interestingly, Bhandari et al. [11] reported that both COX-

1 and COX-2 were upregulated in ulcerated human

gastric tissue, with the increases being parallel to the

degree of damage. These studies underscore the dynamic

nature of mucosal defence, and the fact that many dif-

ferent mediators contribute to the resistance of gastric

tissue to injury and to its repair after injury has occurred.

The role of COX-2 in gastrointestinal mucosal defence

was recently reviewed in detail [12].

It has become clear that one of the products of COX-2

contributes to mucosal defence in a special circumstance;

namely, after aspirin administration. Aspirin modifies

COX-2 such that it can no longer produce PGs, but it

continues to convert arachidonic acid to 15-R-hydroxyei-
cosatetraenoic acid. This product can then be converted,

via 5-lipoxygenase, to 15-epi-lipoxin A4 or ‘aspirin-trig-

gered lipoxin’ (ATL) [13]. ATL acts to reduce the extent

of gastric damage that would otherwise be induced by

aspirin [14]. Synthetic lipoxin analogues might therefore

represent a novel group of gastroprotective substances.

Indeed, two recent papers illustrated the ability of lipoxin

analogues to reduce inflammation and promote healing in

rodent models of colitis [15,16].

When COX-2 inhibitors are administered together with

aspirin, formation of ATL is blocked, resulting in a

marked increase in gastric damage. This has been demon-

strated in animal and human studies [14,17,18,19�]. How-

ever, in a study of rats with arthritis, Fiorucci et al. [20]
demonstrated that a nitric oxide-releasing derivative of

naproxen was able to suppress COX-2 activity (and thus

ATL formation) but, even when given together with

aspirin, did not produce gastric injury (Figure 2). This

study underscores the potent gastroprotective effects of

nitric oxide, as demonstrated in previous studies (for

review, see [21]). Elevation of gastric damage in patients
www.sciencedirect.com
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Figure 1

Roles of COX-1 and COX-2 in gastric mucosal defence. PGs generated from COX-1 and COX-2 contribute to mucosal defence in distinct

ways. Whereas PGs from COX-1 mediate mucus and bicarbonate secretion and mucosal blood flow, those from COX-2 play a role in regulating

epithelial proliferation and leukocyte–endothelial adherence. PGs derived from COX-1 also appear to downregulate expression, and possibly

activity, of COX-2. Inhibition of both COX-1 and COX-2 is required for gastric damage to occur in healthy animals. When COX-2 is acetylated

by aspirin, it produces ATL, which can inhibit leukocyte–endothelial adherence and thereby counteract the pro-adhesive effects of aspirin.

In doing so, ATL limits the extent of gastric damage that would otherwise be caused by aspirin. Indeed, when a COX-2 inhibitor is administered

together with aspirin, ATL formation is inhibited and much greater levels of gastric damage are seen.
on low-dose aspirin who are also taking an inhibitor of

COX-2 has led to the suggestion that patients needing

low-dose aspirin therapy should be receiving a PPI to

reduce the risk of gastric injury [22].

Although a role for COX-2 in ulcer healing has been

demonstrated in several studies, downstream enzymes
Figure 2

Gastric damage induced by aspirin in combination with other arthritis

drugs. The gastric damage produced in arthritic rats through

administration of naproxen or celecoxib was significantly increased

by co-administration of aspirin (*p<0.05). However, the nitric

oxide-releasing NSAID (HCT-3012) did not cause significant gastric

damage, even when co-administered with aspirin. Further details

of this study can be found in [20].
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responsible for PGE2 synthesis that are important for

ulcer healing have not been clearly identified. Gudis

et al. [23] examined subtypes of PGE synthase in human

ulcer specimens. All three isoforms of this enzyme were

present, but only mPGES-1 paralleled COX-2 expression

(i.e. increased expression in ulcerated versus normal

tissue). The mPGES-1 isoform was expressed in

mesenchymal cells and in inflammatory cells in the ulcer

bed. Selective inhibitors of various isoforms of PGE

synthase are in development by several pharmaceutical

companies. Potentially, an inhibitor that spared mPGES-

1 might not interfere with gastric ulcer healing.

Enhancing mucosal defence
Several recent studies have focused on novel approaches

to enhancing the resistance of the gastric mucosa to

injury. PGs, nitric oxide and, more recently, lipoxin A4

[16] have been shown to be important mediators of

mucosal defence. Annexin-1 can now be added to this

list. Annexin-1 is a protein with a broad range of anti-

inflammatory activities that is induced by glucocorticoids

[24]. Zanardo et al. [25�] demonstrated that annexin-1 is

constitutively expressed in the rat stomach; administra-

tion of a low dose of glucocorticoid resulted in a marked

reduction in the severity of indomethacin-induced gastric

damage. Using antagonists to the receptor for annexin-1

(which, interestingly, is the same receptor activated by

lipoxin A4), and using an immuno-neutralizing antibody,

Zanardo et al. [25�] demonstrated that the protective

effects of the glucocorticoid were mediated via
Current Opinion in Pharmacology 2005, 5:573–577
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Figure 3

Evidence for a role of annexin-1 in gastric mucosal defence. Gastric damage induced in rats by indomethacin was significantly reduced by

pre-treatment with dexamethasone (**p<0.01). However, immunoneutralization of annexin-1 (a-annexin) or blockade of the receptor for annexin-1

(with an antagonist called Boc2) reversed the protective effects of dexamethasone. Further details of this study can be found in [25�].
annexin-1 (Figure 3). Moreover, they showed that

annexin-1 contributes to ‘basal’ gastric mucosal defence.

Alendronate is a bisphosphonate used for the prevention

of osteoporosis, but its use is associated with eosophageal

and gastric ulceration [26]. Alendronate is a topical irritant

(i.e. detergent) that induces an inflammatory response in

the mucosa. Sener et al. [27�] tested the hypothesis that

blockade of the leukotrieneD4 receptor would reduce the

degree of inflammation and therefore the severity of

alendronate-induced gastric damage. Indeed, treatment

of rats with montelukast resulted in a marked reduction in

the extent of gastric injury and in the infiltration of

neutrophils associated with administration of alendro-

nate.

The identification of H. pylori as a major risk factor for

gastric ulcer development has changed the management

of this disease. Animal models of gastric ulcer have

revealed that other species of bacteria will rapidly colo-

nize gastric ulcers and can profoundly alter the natural

course of healing [28]. Moreover, both antibiotic and

probiotic approaches can be used to accelerate experi-

mental ulcer healing [28,29]. Uchida and Kurakazu [30]

further examined this notion using an antral ulcer model

in rats. They reported that yogurt containing Lactobacillus
gasseri dose dependently prevented the formation of

antral ulcers induced by combined administration of

diethyldithiocarbamate and hydrochloric acid. Interest-

ingly, the yogurt increased the concentrations of PGs in

the stomach, possibly explaining its gastroprotective

effects.

Conclusions
Advances continue to be made to understand the

mechanisms through which the gastric mucosa is able
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to resist autodigestion and damage induced by exogenous

agents. Such advances are likely to lead to the develop-

ment of novel therapies for the prevention of damage to

the stomach and elsewhere in the gastrointestinal tract. In

the meantime, new evidence from clinical trials is provid-

ing important information on how to prevent damage to

the stomach induced by agents such as NSAIDs. For

example, co-administration of a PPI appears to provide a

highly significant level of protection. Better understand-

ing of the mechanisms through which ulcers heal is also

providing clues to the development of novel therapies

that will accelerate healing and improve the quality of

ulcer healing.

Acknowledgements
Dr Wallace is an Alberta Heritage Foundation for Medical Research
Scientist and holds a Canada Research Chair in Inflammation. His
research is supported by grants from the Canadian Institutes of
Health Research.

References and recommended reading
Papers of particular interest, published within the annual period of
review, have been highlighted as:

� of special interest

�� of outstanding interest

1. Pilotto A, Franceschi M, Leandro G, Paremeris F, Cascavilla L,
Longo MG, Niro V, Andriulli A, Scarcelli C, Di Mario F: Proton-
pump inhibitors reduce the risk of uncomplicated peptic ulcer
in elderly either acute or chronic users of aspirin/non-steroidal
anti-inflammatory drugs. Aliment Pharmacol Ther 2004,
20:1091-1097.

2.
��

Chan FK, Ching JY, Hung LC, Wong VW, Leung VK, Kung NN,
Hui AJ, Wu JC, Leung WK, Lee VW et al.: Clopidogrel versus
aspirin and esomeprazole to prevent recurrent ulcer bleeding.
N Engl J Med 2005, 352:238-244.

The combination of low-dose aspirin for cardiovascular protection, plus a
PPI for gastroprotection, resulted in a low rate of ulcer bleeding. By
contrast, use of an inhibitor of platelet aggregation (clopidogrel) that does
not inhibit COX activity was associated with an ulcer bleeding rate
approaching 9%.
www.sciencedirect.com



Recent advances in gastric ulcer therapeutics Wallace 577
3. Ma L, Elliott SN, Cirino G, Buret A, Ignarro LJ, Wallace JL:
Platelets modulate gastric ulcer healing: role of endostatin
and vascular endothelial growth factor release. Proc Natl Acad
Sci USA 2001, 98:6470-6475.

4. Chai J, Jones MK, Tarnawski AS: Serum response factor is a
critical requirement for VEGF signaling in endothelial cells and
VEGF-induced angiogenesis. FASEB J 2004, 18:1264-1266.

5. Vergnolle N, Wallace JL, Bunnett NW, Hollenberg MD: Protease-
activated receptors in inflammation, neuronal signaling and
pain. Trends Pharmacol Sci 2001, 22:146-152.

6.
��

Ma L, Perini R, McKnight W, Dicay M, Klein A, Hollenberg MD,
Wallace JL: Proteinase-activated receptors 1 and 4 counter-
regulate endostatin and VEGF release from human platelets.
Proc Natl Acad Sci USA 2005, 102:216-220.

Platelets make an important contribution to ulcer healing, in part via
release of growth factors (e.g. VEGF) that promote angiogenesis. This
study demonstrates that two PARs (PAR1 and PAR4) counter-regulate
the release of a pro-angiogenic (VEGF) and anti-angiogenic (endostatin)
factor from platelets. This study has important implications for the therapy
of wound healing and for inhibition of tumour growth.

7. Sanchez-Fidalgo S, Martin-Lacave I, Illanes M, Motilva V:
Angiogenesis, cell proliferation and apoptosis in gastric ulcer
healing. Effect of a selective cox-2 inhibitor. Eur J Pharmacol
2004, 505:187-194.

8. Ma L, del Soldato P, Wallace JL: Divergent effects of new
cyclooxygenase inhibitors on gastric ulcer healing: shifting
the angiogenic balance. Proc Natl Acad Sci USA 2002,
99:13243-13247.

9. Davies NM, Sharkey KA, Asfaha S, Macnaughton WK, Wallace JL:
Aspirin causes rapid up-regulation of cyclo-oxygenase-2
expression in the stomach of rats.Aliment Pharmacol Ther 1997,
11:1101-1108.

10. Takeuchi K, Tanaka A, Hayashi Y, Kubo Y: Functional
mechanism underlying COX-2 expression following
administration of indomethacin in rat stomachs: importance
of gastric hypermotility. Dig Dis Sci 2004, 49:180-187.

11. Bhandari P, Bateman AC,Mehta RL, Patel P:Mucosal expression
of cyclooxygenase isoforms 1 and 2 is increased with
worsening damage to the gastric mucosa. Histopathology
2005, 46:280-286.

12. Wallace JL, Devchand PR: Emerging roles for cyclooxygenase-
2 in gastrointestinal mucosal defense. Br J Pharmacol 2005,
145:275-282.

13. Serhan CN, Arita M, Hong S, Gotlinger K: Resolvins,
docosatrienes, and neuroprotectins, novel omega-3-derived
mediators, and their endogenous aspirin-triggered epimers.
Lipids 2004, 39:1125-1132.

14. Fiorucci S, Wallace JL, Mencarelli A, Distrutti E, Rizzo G,
Farneti S, Morelli A, Tseng JL, Suramanyam B, Guilford WJ,
Parkinson JF: A beta-oxidation-resistant lipoxin A4 analog
treats hapten-induced colitis by attenuating inflammation
and immune dysfunction. Proc Natl Acad Sci USA 2004,
101:15736-15741.

15. Arita M, YoshidaM, Hong S, Tjonahen E, Glickman JN, Petasis NA,
Blumberg RS, Serhan CN: Resolvin E1, an endogenous lipid
mediator derived from omega-3 eicosapentaenoic acid,
protects against 2,4,6-trinitrobenzene sulfonic acid-induced
colitis. Proc Natl Acad Sci USA 2005, 102:7671-7676.

16. Fiorucci S, de Lima OM Jr, Mencarelli A, Palazzetti B, Distrutti E,
McKnight W, Dicay M, Ma L, Romano M, Morelli A, Wallace JL:
Cyclooxygenase-2-derived lipoxin A4 increases gastric
resistance to aspirin-induced damage. Gastroenterology 2002,
123:1598-1606.
www.sciencedirect.com
17. Wallace JL, Zamuner SR, McKnight W, Dicay M, Mencarelli A,
del Soldato P, Fiorucci S: Aspirin, but not NO-releasing aspirin
(NCX-4016), interacts with selective COX-2 inhibitors to
aggravate gastric damage and inflammation. Am J Physiol
Gastrointest Liver Physiol 2004, 286:G76-G81.

18. Fiorucci S, Santucci L, Wallace JL, Sardina M, Romano M,
del Soldato P, Morelli A: Interaction of a selective
cyclooxygenase-2 inhibitor with aspirin and NO-releasing
aspirin in the human gastric mucosa. Proc Natl Acad Sci USA
2003, 100:10937-10941.

19.
�

Laine L, Maller ES, Yu C, Quan H, Simon T: Ulcer formation with
low-dose enteric-coated aspirin and the effect of COX-2
selective inhibition: a double-blind trial.Gastroenterology 2004,
127:395-402.

This paper confirms and extends the findings of [18] that co-administra-
tion of a selective COX-2 inhibitor and low-dose aspirin results in sig-
nificantly more damage to the stomach than with either agent alone.

20. Fiorucci S, Di Lorenzo A, Renga B, Farneti S, Morelli A,
Cirino G: Nitric oxide (NO)-releasing naproxen (HCT-3012 [(S)-
6-methoxy-alpha-methyl-2-naphthaleneacetic Acid 4-
(nitrooxy)butyl ester]) interactions with aspirin in gastric
mucosa of arthritic rats reveal a role for aspirin-triggered
lipoxin, prostaglandins, and NO in gastric protection.
J Pharmacol Exp Ther 2004, 311:1264-1271.

21. Wallace JL, Miller MJ: Nitric oxide in mucosal defense: a little
goes a long way. Gastroenterology 2000, 119:512-520.

22. Laine L: Proton pump inhibitor co-therapy with nonsteroidal
anti-inflammatory drugs — nice or necessary? Rev
Gastroenterol Disord 2004, 4:S33-S41.

23. Gudis K, Tatsuguchi A, Wada K, Futagami S, Nagata K,
Hiratsuka T, Shinji Y, Miyake K, Tsukui T, Fukuda Y, Sakamoto C:
Microsomal prostaglandin E synthase (mPGES)-1, mPGES-2
and cytosolic PGES expression in human gastritis and gastric
ulcer tissue. Lab Invest 2005, 85:225-236.

24. Perretti M, Gavins FN: Annexin 1: an endogenous anti-
inflammatory protein. News Physiol Sci 2003, 18:60-64.

25.
�

Zanardo RC, Perretti M,Wallace JL:Annexin-1 is an endogenous
gastroprotective factor against indomethacin-induced
damage. Am J Physiol Gastrointest Liver Physiol 2005,
288:G481-G486.

Annexin-1, which can be induced by glucocorticoids, makes an important
contribution to gastric mucosal resistance to injury. Antagonists of the
receptor to which annexin-1 binds can exacerbate gastric injury.

26. Marshall JK: The gastrointestinal tolerability and safety of oral
bisphosphonates. Expert Opin Drug Saf 2002, 1:71-78.

27.
�

Sener G, Kapucu C, Cetinel S, Cikler E, Ayanoglu-Dulger G:
Gastroprotective effect of leukotriene receptor blocker
montelukast in alendronate-induced lesions of the rat
gastric mucosa. Prostaglandins Leukot Essent Fatty Acids 2005,
72:1-11.

A leukotriene D4 receptor antagonist significantly reduced the gastric
inflammation and injury caused by the osteoporosis drug alendronate.

28. Elliott SN, Buret A, McKnight W, Miller MJ, Wallace JL: Bacteria
rapidly colonize andmodulate healing of gastric ulcers in rats.
Am J Physiol 1998, 275:G425-G432.

29. Elliott SN, Wallace JL, McKnight W, Gall DG, Hardin JA,
Olson M, Buret A: Bacterial colonization and healing of
gastric ulcers: the effects of epidermal growth factor.
Am J Physiol Gastrointest Liver Physiol 2000, 278:G105-G112.

30. Uchida M, Kurakazu K: Yogurt containing Lactobacillus gasseri
OLL2716 exerts gastroprotective action against [correction of
agaisnt] acute gastric lesion and antral ulcer in rats.
J Pharmacol Sci 2004, 96:84-90.
Current Opinion in Pharmacology 2005, 5:573–577


	Recent advances in gastric ulcer therapeutics
	Introduction
	Ulcer prevention
	Ulcer healing
	Cyclooxygenase-2
	Enhancing mucosal defence
	Conclusions
	Acknowledgements
	References and recommended reading


