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Abstract Proton pump inhibitors (PPIs) have been shown
to be effective in preventing gastric and duodenal ulcers in
high-risk patients taking nonsteroidal anti-inflammatory
drugs (NSAIDs); by contrast, scarce information is avail-
able concerning the effects of PPIs on intestinal damage
induced by NSAIDs in humans or in experimental animals.
We examined the effects of lansoprazole and omeprazole on
the intestinal injury induced by indomethacin in the
conscious rat. PPIs were administered by the intragastric
route at 30, 60 and 90 umol/kg, 12 h and 30 min before and
6 h after indomethacin treatment. The effects of omeprazole
and lansoprazole were evaluated on: (1) macroscopic and
histologic damage; (2) mucosal polymorphonuclear cell
infiltration; (3) oxidative tissue damage and (4) bacterial
translocation from lumen into the intestinal mucosa.
Lansoprazole and omeprazole (at 90 umol/kg) significantly
decreased (P<0.01) the macroscopic and histologic damage
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induced by indomethacin in the rat small intestine.
Furthermore, both drugs greatly reduced (P<0.01) the
associated increases in myeloperoxidase levels and lipid
peroxidation induced by indomethacin, whereas they only
moderately affected (P<0.05) the translocation of enter-
obacteria from lumen into the intestinal mucosa. These data
demonstrate that omeprazole and lansoprazole can protect
the small intestine from the damage induced by indometh-
acin in the conscious rat. The intestinal protection, possibly
related to antioxidant and anti-inflammatory properties of
these drugs, may suggest new therapeutic uses of PPIs in
intestinal inflammatory diseases.
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Abbreviations

CD Crohn’s disease

CFU colony-forming unit

CMC carboxymethylcellulose

COX cyclooxygenase

HTAB  hexadecyl trimethyl ammonium bromide
IBD inflammatory bowel disease

MDA malondialdheyde

MPO myeloperoxidase

NSAID nonsteroidal anti-inflammatory drug
PG prostaglandin

PPI proton pump inhibitor

TBARS thiobarbituric acid reactive substances
TSA tryptone soya agar

ucC ulcerative colitis
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Introduction

The use of nonsteroidal anti-inflammatory drugs (NSAIDs)
is associated with the development of upper gastrointestinal
tract mucosal injury, particularly in high-risk patients
(Wolfe et al. 1999). It is now well recognized that these
drugs, besides causing gastric ulceration, may damage the
small intestine and the colon in healthy subjects and
exacerbate disease activity both in ulcerative colitis (UC)
and Crohn’s disease (CD), leading to small bowel
perforation, bleeding and strictures (Bjarnason et al. 1993;
Fortun and Hawkey 2005; Thiéfin and Beaugerie 2005).
The etiology of NSAID damage to the bowel is complex
and still incompletely understood; cyclooxygenase (COX)
inhibition appears to have a minor role in the pathogenesis
of NSAID enteropathy, although the protective effects of
misoprostol suggest that prostaglandin (PG) depletion is
partly involved (Whittle 2004). Three different crucial steps
seem to be involved in the pathogenesis of NSAID
enteropathy (Beck et al. 1990; Reuter et al. 1997; Konaka
et al. 1999; Whittle 2004): (1) uncoupling of mitochondrial
oxidative phosphorylation which leads to increased intesti-
nal permeability, (2) aggression of the mucosa by bile and
luminal bacteria and (3) neutrophil chemotaxis and activa-
tion. As observed in many other gastrointestinal inflamma-
tory conditions (Wallace et al. 1990; Halliwell et al. 2000),
a crucial role has been attributed to the oxidative stress and
the production of reactive oxygen species from activated
neutrophils that invade the intestinal mucosa (Yamada and
Grisham 1991; Somasundaram et al. 2000; Basivireddy et
al. 2002). Finally, the enterohepatic re-circulation of
NSAID molecule has been considered a contributing factor
in enhancing topical mucosal injury, by repeatedly exposing
the intestinal mucosa to high NSAID levels (Reuter et al.
1997; Whittle 2004).

Whereas much attention has been directed toward the
prevention/treatment of gastroduodenal ulcers during
chronic NSAID use, no drug is currently recommended
for the therapy of NSAID-induced intestinal damage (Laine
2001; Goldstein 2004; Fortun and Hawkey 2005). Clinical
trials with misoprostol gave inconsistent results and the use
of antibiotics, based on the pathogenetic role of bacteria,
was unsuccessful (Fortun and Hawkey 2005). Finally, the
possibility of circumventing NSAID-related injury by using
selective COX-2 inhibitors is still under evaluation (Thiéfin
and Beaugerie 2005).

Proton pump inhibitors (PPIs) such as omeprazole and
lansoprazole, are the drugs of choice for the treatment of
acid-related disorders (Robinson 2004), their high clinical
efficacy being due to the blockade of the enzyme H'/K'-
ATPase (the gastric proton pump), which is the last step in
the acid-secretory process (Hersey and Sachs 1995).
Several double-blind randomized trials have clearly docu-
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mented that PPIs are as effective as misoprostol (Hawkey et
al. 1998; Graham et al. 2002), and superior to histamine
H,-receptor antagonists (Yeomans et al. 1998; Lai et al.
2003) in preventing NSAID-associated gastric and duode-
nal ulcers. Therefore, because of the lower compliance
and the poor tolerability profile of misoprostol, current
treatment guidelines recommend the use of PPIs as a
strategy of choice in high-risk patients taking NSAIDs;
actually, a co-therapy with a PPI is suggested also in
patients treated with selective COX-2 inhibitors, although
originally considered safer than traditional NSAIDs (Laine
et al. 2003).

It has been recently postulated that the antiulcer and
gastroprotective effects of PPIs may also involve acid-
unrelated mechanisms, that include production of mucosal
protective factors (Takahashi et al. 1997; Tsuji et al. 2002),
inhibition of neutrophil infiltration and of oxidative tissue
damage (Kobayashi et al. 2002; Biswas et al. 2003; Natale
et al. 2004; Blandizzi et al. 2005; Fornai et al. 2005). To
support this, several in vitro studies have revealed that
omeprazole and lansoprazole possess a direct scavenging
activity against oxygen free radicals and inhibit neutrophil
function (Wandall 1992; Suzuki 1995; Lapenna et al. 1996;
Suzuki et al. 1996; Yoshida et al. 2000; Zedtwitz-
Liebenstein et al. 2002; Simon et al. 2006). Thus, it is
plausible to hypothesize that the antioxidant properties of
PPIs may be beneficial in other pathologic conditions
associated with oxidative damage, including NSAID enter-
opathy or inflammatory bowel disease (IBD; Halliwell
et al. 2000; Podolsky 2002; Hanauer 2006). Data concern-
ing intestinal effects of PPIs are few and controversial.
Recently, it has been reported that parenteral administra-
tion of lansoprazole reduced intestinal mucosal lesions
produced by ischemia-reperfusion (Ichikawa et al. 2004)
or by indomethacin in rats (Kuroda et al. 2006); on the
other hand, in humans, case reports of microscopic or
collagenous colitis have been associated with the use of
lansoprazole (Thomson et al. 2002; Wilcox and Mattia
2002), and contrasting findings were reported on the
ability of omeprazole to induce protective effects on the
intestine (Heinzow and Schlegelberger 1994; Goldstein
et al. 2005).

Based on these data, the present study was designed to
examine the effects of intragastric treatment of two PPIs
widely used in clinical practice, namely omeprazole and
lansoprazole, on the intestinal damage induced by acute
administration of indomethacin in the conscious rat.
Indomethacin-induced enteritis has become a commonly
used experimental model to unravel new approaches in the
prevention and/or therapy of NSAID-induced enteropathy
(Yamada et al. 1993; Elson et al. 1995). In addition, this
model is extensively employed to clarify the pathogenesis
of intestinal inflammation and for the screening of novel
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drugs for IBD treatment, due to the histo-pathological and
functional similarities between ileal CD and indomethacin
jejunal lesions in rats (Anthony et al. 2000).

Materials and methods
Experimental animals

Male Wistar rats (220-240 g) were purchased from Harlan-
Italy (Milan, Italy). They were housed in a restricted access
room with controlled temperature (23°C) and a light/dark
(12 h:12 h) cycle, and allocated in wire mesh cages with a
maximum of 4 subjects per cage. Food and water were
provided ad libitum. The study received the approval of the
local Animal Ethic Committee of the Faculty of Medicine,
University of Parma, Italy.

Induction of intestinal damage

Enteritis was induced in separate groups (n=6-8 rats for
each group) of unfasted rats, by means of a single
intragastric administration of 20 mg/kg indomethacin,
suspended in 1% carboxymethylcellulose (CMC), in a
volume of 5 ml/kg. Control rats received equivalent
volumes of 1% CMC. Indomethacin-treated rats were
divided in sub-groups, which received by intragastric
gavage either 1% CMC (vehicle-treated rats) or multiple
administrations of PPIs at selected times (12 h and 30 min
before and 6 h after indomethacin treatment). Lansoprazole
or omeprazole were administered at three different doses:
30, 60 and 90 pumol/kg. This range of doses was chosen on
the basis of previous works showing an inhibition of acid
secretion of 80-100% (Satoh et al. 1989; Seensalu et al.
1990) and a protective activity against NSAID-induced
gastric damage in rats by oral administration (Morini et al.
1995; Natale et al. 2004; Blandizzi et al. 2005). Multiple
intragastric administrations of PPIs were given to ensure
adequate systemic bioavailability, due to the high first pass
metabolism of these drugs (Robinson 2004). Separate
groups of rats received PPIs alone, administered at the
above doses following the same protocol, in order to
examine their effects on healthy intestine. Rats were killed
by cervical dislocation under deep ether anaesthesia 24 h
after indomethacin administration and the intestinal lesions
were evaluated.

Macroscopic evaluation of intestinal damage

The small intestine was removed from each animal and the
first 20 cm of the proximal region, starting from the
pylorus, were discarded. The remaining portion of intestine
was divided into 5 cm-segments. Intestinal segments were

opened along the antimesenteric border, gently cleaned of
fecal content, fixed on a slide and photographed for
macroscopic evaluation of damage. Damaged area of each
segment was calculated by means of a digital image
analysis software (ImageJ, NIH) and summed per small
intestine. The ulcerogenic effect of drugs was expressed as
a percentage of damaged area over the total examined
intestinal mucosa. The examiners were unaware of animal
treatment.

Histology

Histology was carried out on segments of small intestine
removed from four rats of each group. Intestinal segments
were immediately injected with 10% formalin and left in
the same fixative solution. After 30 min, they were opened
along the anti-mesenteric border, cleaned of fecal content
and fixed in 10% formalin for 24 h. From each intestinal
segment six sections were randomly chosen and processed
into paraffin. Serial paraffin sections (4 pum) were then
prepared and stained with hematoxylin-eosin and PAS for
morphological examination. Histologic damage was
assessed by two observers, blind to the treatment, according
to the scoring system by Anthony et al. (1993), modified as
follows:

Grade |
— shortening and distortion of villi
— loss of epithelium
— infiltration of epithelium by eosinophils
— no neutrophil infiltration

Grade 11
— mucosal neutrophil infiltration
— focal and upper villous necrosis

Grade III
— mucosal and transmural necrosis
— extensive neutrophil infiltration
— floride acute peritonitis

Myeloperoxidase activity

Intestinal myeloperoxidase (MPO) activity was assumed as
a quantitative index of mucosal inflammation and was
measured according to a previously described method with
slight modifications (Bradley et al. 1982). Briefly, a 5 cm-
long segment of jejunum from each rat was homogenized in
1 ml hexadecyltrimethyl-ammonium bromide (HTAB)
buffer (0.5% in 50 mM phosphate buffer, pH 6.0) for each
50 mg tissue and centrifuged at 12,000 g for 15 min at 4°C.
An aliquot of the supernatant (7 ul) from each sample was
then added to 200 pl of a reaction mixture containing
0.167 mg/ml O-dianisidine dihydrochloride and 0.0005%
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hydrogen peroxide in 50 mM phosphate buffer at pH 6.0.
Changes in absorbance at 450 nm were measured using a
microplate absorbance reader (Tecan Sunrise, Tecan Inc,
Mannedorf, Switzerland). One unit of MPO was defined as
degrading 1 umole hydrogen peroxide per minute at 25°C.
Data were expressed as units of MPO per mg tissue.

Lipid peroxidation

Membrane lipid peroxidation was determined as an index
of oxidative damage and was assessed by measuring
thiobarbituric acid reactive substances (TBARS) in intesti-
nal tissues, according to the technique described by
Uchiyama and Mihara (1978), with minor modifications.
Briefly, samples of jejunum from treated rats were
collected, homogenized in 0.15 M KCI (1 ml for 100 mg
wet tissue) and centrifuged at 400 g for 10 min. Aliquots
(0.5 ml) of supernatants were then mixed to 1 ml 0.6%
thiobarbituric acid, 3 ml of 1% phosphoric acid and 83 pl
of a 0.2% solution of 2,6-ditert-butyl-4-methylphenol in
95% ethanol. After heating at 85°C for 60 min, samples
were then ice-cooled and centrifuged at 2,600 g for 15 min,
and the absorbance of the supernatant was measured using
a multiplate spectrophotometer (Tecan Sunrise, Tecan Inc,
Mannedorf, Switzerland) at a wavelength of 530 nm.
Results were expressed as pumoles malondialdehyde
(MDA) per mg tissue, MDA representing a suitable index
of oxidative tissue damage (Kwiecien et al. 2002).

Mucosal enterobacterial number

Mucosal enterobacterial content was determined, as an
indirect index of increased epithelial permeability, accord-
ing to the method originally described by Reuter et al.
(1997), slightly modified. A sample of jejunum of about
10 cm was excised from each rat, opened along the
antimesenteric side and gently cleared from fecal content
with sterile saline. The sample was then homogenized in
1 ml of sterile Ringer solution per 100 mg wet tissue.
Aliquots of the homogenates were then placed on plates
containing tryptone soya agar (TSA) or blood agar (Oxoid
Ltd, Hampshire, England). TSA plates were incubated at
37°C for 24 h in aerobic conditions, while blood agar plates
were incubated for 48 h in an anaerobic environment
(Anaerogen, Oxoid Ltd, Hampshire, England). Plates
containing 20-200 colony-forming units (CFU) were
examined for the number of enteric bacteria and results
were expressed as log CFU per gram of tissue.

Statistical analyses

Results are expressed as means+SEM for 6-8 rats. Differ-
ences among groups were evaluated by one-way analysis of
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variance, followed by Dunnett’s test. P<0.05 was consid-
ered statistically significant. Calculations were performed
by commercial software (GraphPad Prism, ver. 3.03,
GraphPad Software Inc., San Diego, California, USA).

Drugs

The following drugs and reagents were used: indomethacin
and all the analytical chemicals (Sigma Chemicals Co., St.
Louis, MO, USA); lansoprazole (Sigma-Tau S.p.A, Pome-
zia, Italy); omeprazole (Astra Zeneca, Sodertalje, Sweden).
All drugs were prepared immediately before use, as
suspensions in 1% CMC, and administered by intragastric
route in a volume of 5 ml/kg body weight.

Results
Macroscopic damage

Intragastric treatment with 20 mg/kg indomethacin resulted
in severe intestinal damage which was characterized by
segmental linear mucosal ulcerations extending along the
mesenteric border of the jejunum and proximal ileum,
bowel thickening and adhesions. The percentage of macro-
scopically visible damage accounted for 10.2+2.2% of the
total examined intestinal area (Fig. 1). Pretreatment with
lansoprazole and omeprazole at the lowest dose (30 pmol/
kg) did not modify indomethacin-induced injury (data not
shown) and induced at 60 pumol/kg a slight inhibition of
intestinal lesions, which, however, did not achieve statisti-
cal significance (Fig. 1). By contrast, damaged area induced
by indomethacin was significantly reduced by lansoprazole

154
Il Indomethacin + vehicle

[ Indomethacin + lansoprazole
ZZ) Indomethacin + omeprazole

—
2

macroscopic damage
(% of total examined area)
o

0-
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Fig. 1 Macroscopic damage induced by indomethacin (20 mg/kg,
intragastrically) in the small intestine of rats pre-treated with intra-
gastric administration of vehicle (1% CMC) or lansoprazole (60 and
90 umol/kg) or omeprazole (60 and 90 pmol/kg). Bars represent
means+SEM. * P<0.05 and ** P<0.01 vs. indomethacin + vehicle
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at 90 umol/kg (4.47+£0.66%; P<0.01) or by omeprazole at
90 pumol/kg (4.2940.85%; P<0.05; Fig. 1). Therefore, this
dose was chosen for the following histologic, biochemical
and microbiologic studies. Neither omeprazole nor lanso-
prazole modified per se the intestinal mucosa (not shown).

Histologic damage

Microscopic examination of the intestinal tissue from rats
treated with PPIs alone revealed negligible lesions of
surface epithelium, which were similar to those observed
in control rats (data not shown). By contrast, in animals
treated with 20 mg/kg indomethacin, histology revealed the
loss of superficial epithelium, necrosis of the upper villi
(grade 1II lesions, shown in Fig. 2b) and transmural necrosis
associated with massive mucosal infiltration by polymor-
phonuclear cells (grade III lesions, shown in Fig. 2c).
Damaged area in these samples extended for 1.56% (grade
IT lesions) and 12.76% (grade III lesions) of the total
examined area (Fig. 2d). Both lansoprazole (90 umol/kg)
and omeprazole (90 pmol/kg) significantly (P<0.01)
reduced grade III lesions induced by indomethacin (from
12.76 to 3.85 and 2.81%, respectively), while leaving
unaffected grade II lesions (Fig. 2d). Overall, PPIs reduced
the number of lesions (78 and 70% reduction for
omeprazole and lansoprazole, respectively) without influ-
encing the type of lesion.

Fig. 2 Microscopic aspect of rat
jejunum. a Normal architecture
of jejunum from control rats.

b Grade II lesions induced by
indomethacin. Note the focal
and upper villous necrosis
(arrow). ¢ Grade III lesions
induced by indomethacin.

Note the transmural necrosis
(asterisks), the massive neutro-
phil infiltration and the acute
peritonitis (arrow; Scale bar
250 pwm). d Quantitative data of
histologic damage in indometh-
acin-treated rats. Lansoprazole
(Lans) and omeprazole (Ome),
both administered intragastri-
cally at 90 pmol/kg, signifi- c
cantly decreased grade II1
lesions induced by indomethacin
in comparison with vehicle-
treated rats (Ve, 1% CMC).
Results are means+SEM.

** P<0.01 vs. vehicle

Myeloperoxidase activity

MPO levels in the intestinal mucosa of control rats were
0.015+0.004 U/mg tissue and were not modified by omep-
razole or lansoprazole alone (data not shown). Indo-
methacin (20 mg/kg) caused a marked increase in
mucosal MPO levels (0.052+0.005 U/mg tissue; P<0.001)
which were significantly (P<0.05) reduced by treatment
with omeprazole (90 umol/kg) or lansoprazole (90 umol/kg)

(Fig. 3).
Lipid peroxidation

MDA values in the intestinal mucosa of control rats were
0.021+0.002 pumol/mg tissue and were not modified by
PPI treatment (data not shown). Indomethacin (20 mg/kg)
significantly increased mucosal MDA levels (0.058+
0.003 pumol/mg tissue; P<0.01) (Fig. 3); both lansoprazole
(90 pumol/kg) and omeprazole (90 wmol/kg) significantly
(P<0.01) reduced the tissue accumulation of MDA induced
by indomethacin (Fig. 3).

Mucosal bacterial number

The number of aerobic and anaerobic bacteria in the intes-
tinal mucosa of control rats was 5.45+0.33 and 5.64+0.36
log CFU/g tissue, respectively. Indomethacin (20 mg/kg)
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Fig. 3 Evaluation of myeloperoxidase (MPO) activity (top panel) and
malondialdehyde (MDA) levels (lower panel), as index of neutrophil
infiltration and lipid peroxidation, respectively. Intragastric indometh-
acin (20 mg/kg) induced significant increases in MPO and MDA
levels; both values were significantly reduced by lansoprazole
(90 pmol/kg) or omeprazole (90 pmol/kg), when compared with
vehicle (1% CMC). Results are expressed as means+SEM. #P<0.05
and ##P<0.01 vs. indomethacin + vehicle; ***P<0.001 vs. vehicle

induced a significant (P<0.01) increase in mucosal content
of both aerobic and anaerobic bacteria, as compared with
vehicle-treated rats (Table 1); bacterial translocation in-
duced by indomethacin was significantly (P<0.05) de-
creased by lansoprazole and omeprazole treatment (both at
90 umol/kg) (Table 1).

Discussion

Intestinal toxicity related to chronic NSAID use is a
growing medical problem, particularly in elderly people
(Bjarnason et al. 1993; Fortun and Hawkey 2005; Thiéfin
and Beaugerie 2005). Pathogenetic factors that have been
proposed as initiating events for NSAID enteropathy
include both inhibition of protective prostaglandins and
COX-independent mechanisms (Beck et al. 1990; Reuter et
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Table 1 Effects of proton pump inhibitors on bacterial translocation
in the rat intestinal mucosa induced by indomethacin

Treatment Enteric bacteria (log CFU/g)
Aerobes Anaerobes
Vehicle 5.45+0.33 5.64+0.36
Indomethacin + vehicle 7.91£0.14" 7.87+0.15%
Indomethacin + Lansoprazole 7.46£0.13° 7.42+0.16°
Indomethacin + Omeprazole 7.11+£0.30° 7.20£0.26°

All values are means+SEM obtained from 8 rats
4 P<0.01 vs. vehicle-treated rats
® P<0.05 vs. indomethacin + vehicle-treated rats

al. 1997; Konaka et al. 1999; Whittle 2004). Topic mucosal
injury induced by NSAIDs has been considered of crucial
importance in the early phase of intestinal injury, by
causing biochemical damage of mitochondria and uncou-
pling of oxidative phosphorylation (Beck et al. 1990;
Somasundaram et al. 2000; Basivireddy et al. 2002); this
leads to increased epithelial permeability and exposes the
mucosa to luminal aggressive factors such as bile, bacteria
and bacterial products (Yamada et al. 1993; Reuter et al.
1997; Konaka et al. 1999; Whittle 2004). The role of
luminal bacteria is supported by findings which demon-
strated that indomethacin-induced damage is absent or
reduced in germ-free rats (Robert and Asano 1997) or after
antibacterial treatment (Yamada et al. 1993; Konaka et al.
1999; Kunikata et al. 2002). Neutrophil tissue infiltration is
considered a crucial factor in NSAID enteropathy (Yamada
and Grisham 1991; Yamada et al. 1993; Whittle 2004).
These phagocytic cells may cause tissue injury by produc-
ing a variety of oxidants, including superoxide radical and
hydrogen peroxide, and by releasing from their cytoplasmic
granules an array of damaging enzymes such as myeloper-
oxidase, elastase and collagenases.

In agreement with previous data (Yamada and Grisham
1991; Yamada et al. 1993; Reuter et al. 1997; Konaka et al.
1999), we observed that indomethacin induced severe
intestinal damage in the rat small intestine, that was evident
both macroscopically and histologically, resulting in loss of
surface epithelium, mucosal necrosis and massive inflam-
matory cell infiltration. Intestinal lesions were associated
with a marked increase in mucosal MPO levels, considered
a reliable marker of tissue neutrophil infiltration, together
with increased MDA levels, deriving from membrane lipid
peroxidation, which is considered a suitable index of oxi-
dative damage. These changes were associated with en-
hanced bacterial translocation from lumen into the mucosa.

In the present study, we have shown that the intestinal
damage induced by indomethacin was prevented by two
different proton pump inhibitors, i.e. omeprazole and
lansoprazole, administered by intragastric route. The intes-
tinal protection induced by PPIs was evidenced as a
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significant reduction in the macroscopic damage and was
also confirmed histologically by the reduced number of
grade III lesions (the more serious lesions induced by
indomethacin), that are associated with mucosal necrosis
and massive neutrophil infiltration. Likewise, PPIs were
able to significantly reduce the increase in MPO levels and
lipid peroxidation stimulated by indomethacin. This was
also recently observed by Kuroda et al. (2006) with
lansoprazole, which was effective after a single subcutane-
ous treatment with 5 mg/kg. In the present study, both
omeprazole and lansoprazole were given by multiple
intragastric administrations and induced protective effects
at doses that were comparable with those (60—100 pmol/
kg) previously reported to be effective in gastric ulceration
models (Morini et al. 1995; Natale et al. 2004; Blandizzi et
al. 2005) and in acid secretion assays (Satoh et al. 1989;
Seensalu et al. 1990).

As for the mechanisms underlying the intestinal protec-
tion induced by omeprazole and lansoprazole, it has been
previously reported that these drugs can have gastro-
protective effects via acid unrelated mechanisms, including
inhibition of oxidative tissue damage (Kobayashi et al.
2002; Biswas et al. 2003; Natale et al. 2004; Blandizzi et al.
2005). Free radical production and tissue antioxidant
depletion have emerged as common pathogenetic mecha-
nisms in several gastrointestinal diseases (Wallace et al.
1990; Halliwell et al. 2000) and, in particular, seem to play
a crucial role in NSAID-induced intestinal mucosal damage
(Yamada and Grisham 1991; Somasundaram et al. 2000;
Basivireddy et al. 2002).

In this connection, omeprazole was found to have a
direct scavenging activity in vitro against hydroxyl radical,
one of the major causative factors of gastric ulcer (Lapenna
et al. 1996; Biswas et al. 2003); moreover, omeprazole was
more potent than naturally occurring antioxidants (i.e.
vitamin E) in preventing stress- and indomethacin-induced
gastric lesions (Biswas et al. 2003). Antioxidant properties
were attributed to the sulphoxide moiety of PPI molecule
and were reported also for lansoprazole and pantoprazole
(Simon et al. 2006). Besides acting as free radical
scavengers, both omeprazole and lansoprazole were found
to inhibit oxygen-free radical production from human
neutrophils (Suzuki 1995; Suzuki et al. 1996), human
neutrophil chemotaxis (Wandall 1992) and adherence to
endothelial cells by reducing the expression of neutrophil
adhesion molecules (Ohara and Arakawa 1999; Yoshida et
al. 2000). Indirect antioxidant effects of PPIs may be
related to the inhibition of the proton pump-driven
acidification occurring in phagolysosomes of activated
polymorphonuclear cells that infiltrate the inflammatory
sites (Agastya et al. 2000). The inhibition of V-ATPase of
neutrophils, which is crucial for the intracellular pH
homeostasis, could lead to reduced neutrophil function

and oxygen free radical generation (Grinstein et al. 1992).
In the current study, the inhibition of neutrophil infiltration
observed histologically, together with the reduced mucosal
MPO levels and lipid peroxidation induced by PPIs support
the concept that the main mechanism of PPI-mediated
intestinal protection may be related to their anti-inflamma-
tory and antioxidant activity.

Another factor which might contribute to the intestinal
protection induced by PPIs could be the reduction of
bacterial translocation into the mucosa induced by indo-
methacin, a process that is considered an early event in
determining intestinal damage (Yamada et al. 1993; Reuter
et al. 1997; Konaka et al. 1999; Whittle 2004). However,
PPI treatment only moderately reduced the number of
aerobic and anaerobic bacteria in the intestinal mucosa of
indomethacin-treated rats, suggesting that PPI have a minor
role in preventing the increase in epithelial permeability and
mucosal invasion of luminal enterobacteria.

In summary, data presented herein demonstrate that
omeprazole and lansoprazole protect the small intestine
against the damaging effect of indomethacin in the
conscious rat, their effects being possibly related to the
impairment of neutrophil function and to inhibition of
oxidative damage. The macroscopic and histologic similar-
ities between jejunal ulceration induced by indomethacin in
rats and Crohn’s disease in human terminal ileum (Elson et
al. 1995; Anthony et al. 2000) might suggest a beneficial
effect of omeprazole and lansoprazole in other experimental
models of human IBD.

Further studies in humans should determine whether the
antioxidant activity and the associated protective effects are
a general property of the PPI class and whether these drugs
may be a novel therapeutic approach for the prevention of
NSAID-induced enteropathy and, more generally, for the
control of intestinal inflammation.
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