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Although aspirin in daily doses exceeding 325 mg is taken

for its analgesic and anti-inflammatory effects, low-dose

aspirin (LDA; daily dose 75–325 mg) is prescribed for its

anti-platelet aggregation effects in the prevention of car-

diovascular (CV) diseases associated with atherothrom-

botic disease. Since even a very low dose of aspirin (e.g.,

*10 mg daily) can decrease the generation of protective

prostaglandins (PGs) in the gastric mucosa, aspirin always

carries the risk of gastrointestinal (GI) toxicity, ranging

from mild upper GI distress to peptic ulcer disease and its

complications. The risk of upper GI mucosal injury and

hemorrhage with aspirin is increased with older age, higher

doses, previous ulcer history, male sex, and concomitant

use of non-aspirin non-steroidal anti-inflammatory drug

(NSAIDs), corticosteroids, or other anti-thrombotic agents.

Though in some patients, the CV benefits of LDA might be

overshadowed by the risk of GI complications, in others,

withdrawal of aspirin therapy can precipitate a fatal event.

Therefore, although its GI risk is real, aspirin is one of the

most commonly prescribed drugs worldwide with enor-

mous clinical impact. Consequently, physicians always

need to weigh the potential benefits and harms for each

patient for whom an aspirin regimen is prescribed [1].

Given its known GI toxicity, novel strategies to protect

long-term aspirin-requiring patients from aspirin-associ-

ated GI mucosal injury are essential [2]. To date,

concomitant therapy with anti-secretory agents such as

proton pump inhibitors (PPI) or histamine H2 receptor

antagonists (H2RA) has been advocated in order to reduce

GI mucosal injury. Eradication of Helicobacter pylori

infection might be an additional option in patients with a

history of ulcer or patients subjected to long-term pre-

scription of NSAIDs. Though PPIs reduce the risk of

developing gastroduodenal ulcers, H2RAs effectively pre-

vent LDA-induced GI ulcers, and the eradication of H.

pylori is equivalent to treatment with PPIs in preventing

recurrent ulcer bleeding, recent investigations revealed that

PPIs not only did not prevent aspirin/NSAID-induced GI

damage, but paradoxically can aggravate foregut mucosal

injury through either causing dysbiosis [3] or by altering

epithelial permeability in animal models as well as human

trials [4]. Therefore, efforts to discover novel co-therapies

aimed at countering aspirin-induced mucosal injury are of

considerable importance.

In this issue of Digestive Diseases and Sciences, Lin

et al. [5] report that the oral administration of co-lyophi-

lized aspirin/trehalose (Lyo A/T) significantly reduced the

occurrence of gastric injury in healthy dogs compared with

dogs that received aspirin alone and that the cutaneous

reaction by topical NSAIDs was suppressed by Lyo A/T

[6]. The mechanism by which Lyo A/T reduced gastric

damage was hypothesized to occur through the suppression

of mucosal cell apoptosis supported by significantly

reduced DNA fragmentation, apoptotic cell frequency, and

autophagy in Lyo A/T-treated cells and the gastric mucosa

of rats, the latter findings confirmed with advanced meth-

ods such as the terminal deoxynucleotidyl transferase

dUTP nick end labeling (TUNEL) assay, immunohisto-

chemistry of cleaved caspase-3, and Raman spectroscopy

scattering bands. The protective effects of trehalose, a

natural disaccharide commonly used in foodstuffs or
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cosmetics, were thought to be due to the suppression of

inflammatory cytokine production. GI toxicity due to

aspirin is thought to result from cyclooxygenase (COX)

inhibition, combined with reduced autophagy and

increased caspase-independent non-apoptotic cell death

which normally removes damaged cells [7], highlighting

the importance of autophagy in the gastric mucosa as a

protective mechanism, as opposed to apoptosis, which

promotes injury. Effective therapeutic targeting of aspirin-

induced apoptosis likely requires inhibition of the mito-

chondrial and caspase-mediated apoptotic pathways. Lyo

A/T can thus be considered as an example of a drug that

activates autophagy, protecting against GI mucosal dam-

age. Other drugs that have been combined with aspirin or

NSAIDs in an effort to reduce mucosal injury include apple

polyphenol extracts, soluble dietary fiber, and S-allyl cys-

teine (SAC) through the induction of cytoprotective glu-

tathione and lactoferrin, among other compounds [8].

Although the pro-apoptotic effects of aspirin damage the

foregut mucosa, aspirin also prevents the development of

neoplasia through either ablating cancer stem cells or

inhibiting inflammasome-related genes. Aspirin inhibits

COX as well as several COX-independent cellular pro-

cesses such as apoptosis through stimulation of pro-apop-

totic genes, inhibition of anti-apoptotic executors,

inhibition of angiogenesis essential for vascular delivery of

oxygen and nutrients, and the hindering of signal trans-

duction pathways involved in cellular proliferation. The

hypothesized mechanism by which aspirin induces apop-

tosis includes induction of G0/G1 cell cycle arrest, down-

regulation of B cell lymphoma (Bcl)-2 expression,

decreased PGE2 production, and the induction of the potent

cyclin-dependent kinase inhibitors p21waf1/cip1 and p27kip1.

Mitigation of the adverse effects of aspirin-induced COX

inhibition can be achieved with the provision of exogenous

PGs or by PG-inducing agents that have been used clini-

cally to prevent or reduce aspirin-related mucosal damage.

Another approach would be the antagonism of apoptosis

unrelated to COX inhibition. Although overexpression of

COX-2 with resultant increased PG biosynthesis is con-

sidered desirable for GI protection, unregulated PG syn-

thesis correlates with carcinogenesis and metastasis at most

anatomic sites, providing the impetus to harness alternative

protective pathways. Several selective COX inhibitors

(coxibs) have been introduced clinically COX-2 in order to

reduce mucosal injury. Although coxibs selectively inhibit

COX-2 to save gastroprotective PGs through COX-1

preservation, some COX-1 activity remains, varying

according to the specific coxib used, such as celecoxib,

valdecoxib, or rofecoxib. Since selective COX2 inhibition

is anti-inflammatory, such selectivity reduces mucosal

injury while conferring the anti-inflammatory effects of

COX inhibition, at the price of increasing CV risk, limiting

their attractiveness. This explains why the combination of

aspirin or naproxen with molecules antagonizing the

mucosal damaging effects of NSAIDs such the gaseous

mediators nitric oxide (NO) and hydrogen sulfide (H2S) or

phosphatidylcholine (PC) are being investigated as novel

mucosal-protective NSAIDs.

Aside from the many mechanisms and pathways

designed to reduce aspirin/NSAID-induced mucosal injury

described above, other mechanisms are being currently

explored. As an example, one mechanism by which aspirin

damages intestinal epithelial cells is by oxidation-related

modification of the intercellular junction component zonula

occludens (ZO)-1, increasing epithelial permeability.

Irsogladine maleate (IM), a drug that can strengthen

intercellular tight junctions, can thus counter aspirin-in-

duced mucosal damage through reducing the effects of

aspirin on epithelial permeability. Our group reported that

the maintenance of intestinal barrier function after aspirin/

NSAID administration prevents the development of

mucosal injury through combination with either IM or X-3
polyunsaturated fatty acids (n-3 PUFAs) through counter-

acting NSAID-disrupted permeability. IM or n-3 PUFAs

had been clinically used for the prevention of the devel-

opment and healing of gastric ulcers in a wide variety of GI

disease models irrespective of the presence of acid secre-

tion, a promising basis for future therapies [9].

In conclusion, from its long history originating in the

discovery of the antipyretic and analgesic effects of willow

tree bark extract through the synthesis of acetylsalicylic

acid to the current availability of coxibs and the combi-

nation of NSAIDs with anti-secretory drugs, progress has

occurred in the prevention of adverse effects of this useful

drug class, although major aspirin/NSAID adverse effects,

GI complications, and CV risks still remain as unsolved

problems [10]. In near future, the modification or conju-

gation of aspirin with substances such as trehalose holds

considerable promise in terms of preserving aspirin’s use-

ful analgesic, antipyretic, and anti-aggregation effects

while markedly reducing unwanted GI mucosal injury.
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