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Small intestinal injury caused by nonsteroidal anti-inflam-

matory drugs (NSAIDs), common and clinically significant

[1], is difficult to detect and largely asymptomatic, with

associated hospital costs and rates of mortality higher than

those for NSAID-induced upper gastrointestinal (GI) injury

[2]. There are no proven-effective preventative or thera-

peutic options available to physicians [3]. Indeed, in animal

studies, anti-secretory drugs that are commonly used to

reduce the incidence of NSAID-induced damage in the

upper GI tract [proton pump inhibitors (PPI), histamine H2-

receptor antagonists (H2RA)] markedly exacerbate

NSAID-associated jejunal and ileal damage [4, 5], in part

through significant changes to the intestinal microbiota that

include a marked reduction in numbers of Bifidobacteria

[5], and by increasing the cytotoxicity of bile [6]. A recent

capsule endoscopic study of NSAID-enteropathy in

patients with arthritis identified the three strongest risk

factors for developing severe intestinal damage and

reduced hematocrit: use of a PPI, use of an H2RA, and

advanced age (odds ratios of 5.2, 4.0, and 4.2, respectively;

all p\ 0.05) [7].

Rodent models have been very useful for studying the

pathogenesis of this condition, since the factors contribut-

ing to the damage in such models appear to be similar to

those in humans: alterations in the intestinal microbiota,

enterohepatic circulation of the NSAID, increased cyto-

toxicity of bile, and other factors [3] (Fig. 1). Although

altering the intestinal microbiota with antibiotics and/or

reducing the enterohepatic circulation of the NSAID all

markedly diminish NSAID-enteropathy in rodents [3],

some of these approaches are not viable, nor desirable,

therapeutic strategies for humans, since they can also

reduce the therapeutic efficacy of the NSAID. Animal

studies of prophylaxis with antibiotics have yielded

inconsistent or conflicting results [8, 9], further compli-

cated by concern about the development of resistant strains

of bacteria, particularly if long-term or repeated use of

antibiotics is required for effectiveness [10].

In this issue of Digestive Diseases and Sciences, Satoh

et al. [11] report that NSAID-induced intestinal damage in

arthritic rats could be markedly reduced or prevented

simply through the provision of a diet enriched in soluble

fiber. After arthritis had been induced and established in

rats by injection of Freund’s adjuvant, the rats were placed

on a powdered diet alone, or one supplemented with one of

two soluble fibers: pectin or guar gum. Two days later, a

3-day course of indomethacin treatment was started, with

blind evaluation of the intestinal damage occurring 1 day

after the final treatment. The authors observed a 60–90 %

reduction in intestinal damage in the rats receiving the

pectin- or guar gum-supplemented diets as compared to

controls. Importantly, the dietary interventions did not

attenuate the desired anti-inflammatory effects of the

NSAID. Also, feeding the rats an enriched with insoluble

(cellulose-based) dietary fiber diet did not significantly

alter the severity of NSAID-induced intestinal damage

[11].

There are several potential mechanisms of action that

could be invoked to explain the remarkable effectiveness of

the diets high in soluble fiber in this rat model. A favorable

alteration in the intestinal microbiome would be logical

candidate. NSAID administration to rodents substantially

alters the numbers and types of bacteria in the intestine; in
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general terms, there is a marked increase in numbers of

Gram-negative bacteria (which tend to promote tissue

injury, in part through release of endotoxin) and a signifi-

cant decrease in Gram-positive bacteria (many of which

exert protective effects in the GI tract) [3, 4, 8]. Diets

enriched in pectin or guar gum produce health-benefitting

modifications to the rat microbiome [12, 13]. For example,

pectin decreases cecal colonization with the Gram-negative

bacterium Bacteroidetes, while increasing colonization

with Gram-positive Firmicutes [12]. Guar gum diets sim-

ilarly increase intestinal colonization with Bifidobacteria

[13], the same group of bacteria that was significantly

diminished in rats treated with PPIs, and associated with

increased severity of NSAID-enteropathy [4]. Importantly,

pectin and guar gum diets promote the growth of bacteria

that produce butyrate [12, 13], a short-chain fatty acid that

is important for the maintenance of epithelial barrier

integrity. Short-chain fatty acids can trigger release of

glucagon-like peptide-2 from L-cells in the intestine and

therefore promote healing of tissue injury (such as that

induced by NSAIDs) via stimulation of epithelial prolif-

eration [14, 15]. There is good evidence that certain pro-

biotics, including Bifidobacteria ssp., Lactobacillus ssp.,

and Faecalbacterium prausnitizii, can exert beneficial

effects against NSAID-enteropathy in animal models [8, 9].

Diets enriched with soluble fiber can also modulate bile

flow and bind certain bile acids, which could further con-

tribute to reducing the severity of NSAID-induced

enteropathy [16].

Could a dietary approach to prevention of NSAID-en-

teropathy be successful in humans? If it is assumed that a diet

enriched with soluble fiber would produce a similar effect in

humans as was observed in rats, then such a diet should be a

relatively inexpensive preventative strategy, offering the

additional well-documented health benefits of a higher-fiber

diet [17]. This approachwould be attractive to some patients,

assuming that, as in the rats, there is no diminution of the

efficacy of anti-inflammatory therapy for the patient. There

is potential for very good compliance, particularly in patients

who are seeking ‘‘natural’’ rather than drug-based remedies.

On the other hand, since compliance is often a limiting factor

with dietary approaches to disease management (e.g., obe-

sity, type 2 diabetes, hypertension), particularly if the patient

does not perceive a clear benefit of the strategy, a dietary

approach could be a significant issue for prevention of

NSAID-enteropathy. Taking an inhibitor of gastric acid

Fig. 1 Pathogenesis of NSAID-enteropathy: Multiple mechanisms

contribute to the small intestinal damage caused by nonsteroidal anti-

inflammatory drugs (NSAIDs). All NSAIDs suppress cyclooxygenase

activity, thereby decreasing synthesis of prostaglandins (which are

protective in the gastrointestinal tract) and thromboxane (which

promotes blood clotting). Bile, enteric bacteria, and the enterohepatic

recirculation of NSAIDs are all important factors in the production of

intestinal injury, and they are also interrelated, since bile can affect

the composition of the intestinal microbiota, and the microbiota can

alter the metabolism, absorption, and cytotoxicity of bile. NSAIDs

significantly change the composition of the intestinal microbiota

(dysbiosis), with a loss of Gram-positive bacteria and a marked

increase in Gram-negative bacteria; such changes are associated with

reduced mucosal defense and an increase susceptibility to damage.

NSAID-induced dysbiosis is also associated with a marked increase in

the cytotoxicity of bile on epithelial cells. Endotoxin release from

Gram-negative bacteria further exacerbates mucosal injury, in part

through induction of release of pro-inflammatory cytokines such as

tumor necrosis factor-a
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secretion to relieve the symptoms of acid reflux works well,

in part because the patient experiences a significant ‘‘signal’’

(pain), and that signal is attenuated after taking the anti-

secretory drug. However, NSAID-induced enteropathy is

largely an asymptomatic disorder, with no patient-perceived

signal to trigger and maintain compliance with a treatment

regimen. If there were a reliable biomarker of NSAID-

enteropathy, it could be used as the positive feedback for the

patient to continue with a dietary regimen, in much the same

way that regular measurement of blood cholesterol is an

encouragement for patients to continue taking a lipid-low-

ering statin. At present, the noninvasive biomarkers for

NSAID-induced damage are limited: examples include

monitoring changes in hematocrit, fecal blood, or fecal

calprotectin.

There may be significant patient-to-patient variability in

the amount of soluble dietary fiber required to produce

beneficial effects, and it is possible that some patients will

not tolerate the diet. Whether or not the short-term benefits

demonstrated in the rat study can be maintained over the

many years that patients with diseases like arthritis take

NSAIDs is another uncertainty.

An alternative approach to prevention of NSAID-en-

teropathy that would be simpler in application and more

easily controlled in a clinical setting would be the use of

specific probiotics. The main advantages of this strategy,

assuming that it is effective, would be greater patient

compliance. A suitable probiotic or combination of probi-

otics may be sufficient to attenuate or reverse the intestinal

dysbiosis caused by NSAIDs and therefore prevent

intestinal damage. The primary challenge for this approach

will be the formulation of an appropriate number and mix

of organisms into a tablet. Given the substantial economic

costs and morbidity associated with NSAID-enteropathy,

and the continued growth in the use of this class of drugs, a

strong case can be made for taking on such a challenge.
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