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Abstract
Background/Aims—Proton pump inhibitors (PPI) are widely used to prevent NSAID-induced
peptic ulcers. NSAIDs produce small intestinal injury and some PPIs have been reported to have a
protect against NSAID-induced small bowel injury in rats. To compare PPIs, revaprazan, and
phosphatidylcholine-associated indomethacin (Indo-PC) for protection against indomethacin
(Indo) induced small bowel injury. Methods: Rat intestinal epithelial cells (IEC-6) were pretreated
with omeprazole, lansoprazole or revaprazan prior to exposure to Indo or Indo-PC. Cell viability
was assessed by methyl thiazolyl tetrazolium assay. Omeprazole, lansoprazole or revaprazan were
administered orally to rats prior to vehicle or Indo. Indo-PC was administered alone. After 24h
small intestinal erosions were counted; intestinal bleeding was assessed as hemoglobin
concentration of small intestinal fluid. Results: Omeprazole, lansoprazole and revaprazan did not
protect against Indo-induced IEC-6 cell injury. Indo-PC was less damaging in vitro than Indo
alone. In vivo neither omeprazole nor lansoprazole protected against Indo-induced small bowel
injury, however, revaprazan pretreatment and Indo-PC resulted in significantly fewer erosions
(>50% reduction) or bleeding (>80% reduction).

Conclusion—PPIs showed no small bowel protective effect in vitro or in vivo. Revaprazan
showed a small bowel protective effect in vivo whereas Indo-PC was protective both in vitro and
in vivo.

Introduction
Nonsteroidal anti-inflammatory drugs (NSAIDs) are extensively used for their analgesic,
antipyretic and anti-inflammatory properties. However, NSAIDs can induce gastrointestinal
(GI) injury which is an important issue in clinical practice. Proton pump inhibitors (PPI) are
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widely used to reduce NSAID-induced peptic ulcer and are currently recommended for the
prevention of NSAID-induced peptic ulcer in high risk groups[1]. NSAID induced small
intestinal injury has been reported in 60–70% of users [2–5]. Although NSAID-induced
small intestinal injury is typically asymptomatic, it can result in clinical outcomes such as
overt bleeding, stricture or small bowel perforation. The pathophysiologic mechanism for
small intestinal injury induced by NSAIDs has not been fully elucidated, nor have reliably
protective drugs been identified.

Recently, studies in rats have shown that some PPIs have a protective role against NSAID-
induced small intestinal injury acting through anti-inflammatory and antioxidant
mechanisms, and not by the suppression of acid secretion[6–8]. However, in other studies,
PPIs have been reported to exacerbate NSAID-induced lower gut injury [9]. This paper
sought to test and compare the effects of an acid pump antagonist (APA), revaprazan [10]
and administration of the NSAID indomethacin linked to phosphatidylcholine (PC) (i.e., the
PC-associated NSAIDs indomethacin, Indo-PC][11]. Protection against indomethacin
(Indo)-induced small intestinal injury was evaluated using both in vitro and in vivo systems.

Methods
Materials

Omeprazole was purchased from LKT laboratories Inc. (St. Paul, MN), and lansoprazole
and Indo from Sigma Aldrich (St. Louis, MO). Revaprazan was a gift from Yuhan Corp.
(Seoul, South Korea). Indo-PC was prepared according to published protocols [11] and was
a 1:2 preparation (by weight) of Indo and Phospholipon 90G (Lipoid Corp., Germany).

In vitro system
To assess whether there was direct protective effect of drugs in vitro, we conducted the
following experiments: rat Intestinal epithelial cells (IEC-6) were maintained in Dulbecco’s
modified eagle media (DMEM) containing 10% fetal bovine serum, 4 μg/mL insulin and
penicillin/streptomycin under humidified atmosphere containing 5% CO2 at 37C. Cells were
studied in 24-well tissue culture plates starting with 105 cells per well. Omeprazole,
lansoprazole, and revaprazan were solubilized in dimethyl sulfoxide and diluted at least 100-
fold in DMEM media for cell studies. We determined beforehand that DMSO had no
activity to either injure or protect cells at the concentrations and times used. Indo was
solubilized by forming the sodium salt, and Indo-PC was resuspended by vortex and
sonication in phosphate buffered saline prior to dilution in DMEM. Initially, we determined
the maximum concentration of omeprazole, lansoprazole and revaprazan which did not
affect cell viability over 24 hours exposure. Next the concentration of Indo showing 50%
cell viability compared to saline control following exposure for 24h was determined. Using
these optimized concentrations, omeprazole, lansoprazole and revaprazan were incubated on
IEC-6 cells for 1 hour prior to Indo addition and incubation was continued for 24 hours. An
equivalent concentration of Indo-PC was used alone for 24 hours.

Cell viability was assessed by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) uptake into live cells. The MTT assay was performed on the plated cells by
incubation with 0.05% MTT in media for 2 hours using a previously reported protocol [12].

Indo-induced apoptosis was measured using Apo-ONE Caspase-3/7 Assay kits (Promega
Corp., Madison WI), according to manufacturers instructions. Following cell incubations as
described above, the assay reagent was added to cultures and fluorescence was measured
after 1.5 hours.
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In vivo system
Approval for all protocols was obtained from the institutional Animal Welfare Committee
which follows the guidelines and is accredited by the US Public Health Service. Male
Sprague-Dawley rats (Harlan Sprague-Dawley, Indianapolis, IN, USA) were used in all
studies. Animals were maintained on a 12 hours light/dark cycle with food and water
provided ad libitum, except as noted. Sprague-Dawley rats (male, N = 72, average weight =
298 gram) were used to investigate the protective role of each drug against Indo in vivo.
Omeprazole, lansoprazole and revaprazan were suspended in 0.5% carboxymethylcellulose
for oral administration (1 mL/rat). Omeprazole (30 and 100 mg/kg), lansoprazole (30 and
100 mg/kg) and revaprazan (30 mg/kg) were administered orally 30 minutes prior to Indo.
Indo was dissolved in 1.25% sodium bicarbonate to 2.5 mg/mL, and the pH adjusted to 7.4
before oral administration (10 mg/kg or 1 mL/250 g body wt). To confirm a therapeutic
effect of each PPI, in separate experiments we measured the gastric fluid pH 1 hour after
PPIs were administered to rats. At PPI doses of 100 mg/kg the gastric fluid pH was
maintained at a pH>6.8, compared to control values of pH<4. Indo-PC (10 mg/kg) was
administered orally to rats after dispersion by vortex and sonication in saline.

Rats were sacrificed 24 hours after Indo administration to determine small intestinal injury.
The entire small intestine was resected along the antimesenteric border and was visually
examined along its length. A segment of 15 cm that included the most severe lesions was
selected form the distal half of the small intestine and erosions were counted independently
by two persons (e.g., number of erosions/15 cm). We calculated numbers of erosion using
the sum of longitudinal length.

Intestinal bleeding was assessed by the measuring hemoglobin (Hb) concentration of small
intestinal fluid collected by flushing 8 mL of normal saline followed by 2 mL of air through
the lumen of whole small intestine. Intestinal fluid Hb level was measured by a modification
of the benzidine method as previously reported [13,14].

Experiments were analysed initially by one-way ANOVA, followed by post hoc testing with
the Fisher LSD test. The level of significance was set at P < 0.05.

Results
In vitro system

The cell viability was dose-dependently reduced by increasing concentrations of Indo
(Figure 1A). The concentration of Indo that reduced cell viability 50% compared to the
untreated control was 1 mM and it was used in further studies. The concentrations of drug
that did not affect viability were 0.1 mM concentration of omeprazole, 0.05 mM of
lansoprazole or 0.0025mM of revaprazan (data not shown). MTT assays showed that
omeprazole, lansoprazole and revaprazan failed to protect against 1 mM Indo-induced
intestinal cell injury (Figure 1B). In contrast, Indo-PC at 1 mM was significantly less
damaging (approximately 35%) than Indo alone (Figure 2A). Using caspase-3/7 activity as a
marker of apoptosis also showed that Indo-induced apoptosis was significantly less with
Indo-PC compared to Indo alone (Figure 2B).

In vivo system
Gross small intestinal lesion scores—When administered to rats, Indo at 10 mg/kg
caused small intestinal injury consisting of punctuate hemorrhagic spots or erosions on the
small intestinal mucosa (Figure 3A). There was no concomitant stomach or large intestinal
injury during the same time frame in this rat model. Because pretreatment with lansoprazole
or omeprazole (30 mg/kg) did not reduce Indo-induced small intestinal injury (not shown), a
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higher dose of 100 mg/kg of each PPI was used. Even at this higher dose, neither PPI
protected against Indo-induced intestinal injury (Figure 3B). In contrast, revaprazan
pretreatment (30 mg/kg) apparently reduced the small intestinal lesion scores by
approximately 50%, although it did not reach statistical significance (p=0.06). Indo-PC (10
mg/kg) was also associated with a markedly fewer small intestinal lesions (reduction of
more than 80%; p<0.05) compared to the Indo alone group (Figure 3B).

Hemoglobin assay of small intestinal fluid—Vehicle control
(carboxymethycellulose) produced very low Hb concentration similar to the saline control
group (data not shown). In contrast, Indo treatment significantly increased the intestinal
fluid Hb concentration, while lansoprazole and omeprazole pretreatment prior to
administration of Indo induced the release of Hb in the intestinal fluid that was similar to the
levels observed in response to the administration of Indo alone (Figure 4). Both the
revaprazan pretreatment group and indo-PC group showed a significant reduction in
intestinal fluid Hb concentration (i.e., over 80%) compared to Indo alone (p<0.05).

Discussion
NSAIDs have been widely used for decades to relieve pain, inflammation and fever.
However, the main factor that limits use of NSAIDs is the GI side effects of dyspepsia,
bleeding and peptic ulceration. Although the adverse side effect of NSAIDs on the upper GI
tract is well known, NSAID-induced small intestinal injury is less appreciated and although
the small intestine may be a common site for NSAID toxicity, injury is generally
asymptomatic and is difficult to detect using conventional endoscopic methods. However,
newly developed diagnostic modalities such as capsule endoscopy and double balloon
enteroscopy have identified NSAID enteropathy as an emerging problem. For example,
several recent studies have reported that lower GI events accounted for one-third of all
clinically relevant GI events and that NSAID-induced lower GI complication (perforation,
bleeding, obstruction) is increasing while upper GI complication is decreasing. In fact, the
ratio of upper/lower complications was 4.1 in 1996 but only 1.4 in 2005 [15] and it has been
suggested that the incidence of lower GI complications is now similar to that observed in the
upper GI tract [15].

Unlike upper GI toxicity, cyclooxygenase-mediated mechanisms of the small intestine may
be less important. The pathophysiologic mechanism of NSAID enteropathy is not fully
elucidated. Factors involved include: 1) NSAID-induced direct damage of enterocyte
mitochondria during absorption by uncoupling of mitochondrial oxidative phosphorylation
[16], 2) increased intestinal motility [17], 3) NO derived from induced iNOS [18–20], 4)
increased small intestinal permeability [16], and 5) luminal aggressive factors including bile,
hydrolytic and proteolytic enzymes, bacterial degradation products, bacterial invasion of the
mucosa, and the enterohepatic circulation of NSAID [21–23].

Up to now, no medications have been shown to reliably and specifically prevent or heal
NSAID-induced small intestinal injury. However NSAIDs may differ in their tendency to
produce small bowel injury, For example, selective COX-2 inhibition with celecoxib after
short-term (2 weeks) use had fewer mucosal breaks when compared to naproxen plus
omeprazole but no improvement in intestinal permeability[24]. However, subjects with more
than 3 months of selective COX-2 inhibition with a variety of coxibs developed injury
similar to non-selective COX inhibition [3]. In a 6 month trial of celecoxib versus enteric-
coated diclofenac plus omeprazole, there were fewer cases of clinically significant GI events
with celecoxib compared to the nonselective NSAID however, they did not directly examine
either mucosal injury or permeability[25]. Capsule endoscopy showed that misoprostol
(prostaglandin E2) co-administration with the NSAID diclofenac was associated with
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significantly fewer small bowel mucosal breaks than NSAID administration [26].
Misoprostol also decreased low-dose aspirin-induced small bowel injuries [27]. Rebamipide,
a so called mucosal protective agent, has also been reported to prevent diclofenac-induced
small bowel injury as observed with capsule endoscopy after seven days of treatment in
healthy patients [28]. There was also a tendency for protection in a two week trial but it did
not achieve statistical significance [29]. In a similar trial design against a one week
diclofenac challenge, the anti-ulcer drug geranylgeranylacetone also provided significant
intestinal protection [30], but it has not been further evaluated for more long term efficacy.

A number of animal studies where protection against NSAID-induced intestinal injury was
examined have reported that both recombinant human lactoferrin [31] and the probiotic
Lactobacillus casei strain Shirota [32] exerted intestinal protection against indomethacin and
other NSAIDs.

PPIs are widely available and there have been reports [6–8] that lansoprazole prevented
indo-induced small intestinal injury in a rat model by upregulation of heme oxygenase-1
producing anti-inflammatory and anti-oxidative responses. Here we conducted experiments
to elucidate whether PPIs in comparison to an acid pump antagonist could protect against
NSAID-induced intestinal injury. We were unable to confirm a protective effect of
traditional PPIs against Indo-induced intestinal injury in an acute rodent model system. PPIs
also did not prevent Indo-induced cell injury in vitro. The explanation for this lack of
protection is not clear, as we attempted to replicate the published study conditions. It is
reported that chronic use of PPI can shift bacterial flora in the intestine and that this PPI-
induced dysbiosis can aggravate NSAID enteropathy [9]. Whether this dysbiosis can occur
24 h after only one PPI dose as in our studies appears unlikely, but remains to be
investigated further. We did however attempt to eliminate some possible explanations for
the lack of a PPI protective effect. For example, gastric pH was measured to confirm that the
PPI doses tested produced an appropriate anti-secretory effect. Also, controls for the vehicle
(carboxymethycellulose) showed that this solution itself was not toxic to the small intestine.
Thus, contrary to previous reports, we found that PPIs had no protective effect against
NSAID-induced intestinal injuries.

Revaprazan (YH-1885), 5,6-dimethyl-2-(4-fluorophenylamino)-4-(1-methyl-1, 2, 3, 4-
tetrahydroisoquinoline-2-yl) pyrimidine hydrochloride, is an acid pump antagonist that is
currently approved by the Korean Food and Drug Administration as a new drug for the
treatment of gastric diseases including peptic ulcer and gastritis [10,33]. Revaprazan
competes with K+ on the proton pump and represents a reversible model of action against
H+/K+-ATPase, which is distinct from that of PPIs known for irreversible inhibition. The
other advantage of an acid pump antagonist has a fast onset of action as it does not need to
be converted to an active form, and it has a high selective affinity for H+/K+ ATPase.
Revaprazan has been shown to prevent NSAID-induced gastropathy through the
preservation of heat shock protein 27 in a rat model [34]. However, in present study, we
failed in finding any significant change of heat shock potein (Heat shock protein 24, 70) in
revaprazan pretreatment group. Our results showed revaprazan did not directly protect
against indo-induced intestinal cell injury in the IEC-6 cell line. However, it was effective at
reducing intestinal bleeding in the in vivo rat experiment. The protective effect of
revaprazan may be indirect and unrelated to acid inhibition, as the PPI drugs did not show
similar protection. The underlying pathophysiologic mechanism of the protective effect of
revaprazan remains to be elucidated.

Bile acids augment indomethacin-induced GI toxicity in vivo[35–37. This toxicity of Indo
with bile acids has also been shown in vitro cell systems [12]. The cytotoxic action of
NSAIDs in combination with natural bile and/or synthetic bile acids can be reversed in a
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dose-dependent fashion by the addition of phosphatidylcholine [38]. Therefore, it follows
that indomethacin that is pre-associated with PC (Indo-PC) may have less GI toxicity than
the NSAID alone. Previous animal studies indeed showed that Indo-PC has little GI toxicity
and has similar anti-inflammatory, analgesic and bioavailability properties as compared to
Indo[11]. The results of the current study showed that Indo PC was non-injurious in vivo.
The mechanism for less injury by Indo-PC may be related to a proposed membrane-
perturbing effect of Indo [12]which could be prevented by PC. In vitro studies showed that
Indo-PC resulted in higher viability of IEC-6 cells compared to Indo when measured using
the MTT assay, supporting a reduction in the direct injurious action of Indo. It has been
reported by others [39]that a 16 hour incubation of GI cells with 0.5–1 mM Indo results in
apoptosis. We assessed the apoptotic activity of both Indo and Indo-PC and found that the
Indo-PC produced less apoptotic activity leading to reduced programmed cell death. We
speculate that a less membrane injurious effect of Indo-PC may contribute to a reduced
toxicity over time, and that reduced apoptosis may be either a direct effect or a reflection of
this lower toxicity.

In summary, we report that PPIs failed to protect the small intestine for indomethacin-
induced injury. In contrast, the acid pump antagonist revaprazan was protective. We also
showed that, in contrast to the parent NSAID, PC-associated indomethacin also was less
injurious to the small intestine. Both revaprazan and Indo-PC should be further evaluated for
protective activity against NSAID-induced intestinal injury.
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Figure 1.
In vitro studies - Indo. (A) MTT assay showed that indomethacin decreased cell viability in
a dose-dependent manner. (B) MTT assay showed that omeprazole, lansoprazole and
revaprazan did not reverse the Indomethacin-induced reduction in intestinal cell viability.
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Figure 2.
In vitro studies – Indo-PC. (A) MTT assay showed Indo-PC at 1mM was less injurious than
Indo alone. (B) Caspase-3/7 assay showed that Indo-PC induced less apoptosis than Indo
alone. *=p<0.001 versus Control; #=p<0.001 versus Indo.
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Figure 3.
In vivo studies – lesions. (A) A 10 mg/kg dose of indomethacin produced punctate
hemorrhagic spots and small punch-out lesions on the small intestine in rats. (B) Small
intestinal lesion scores. Omeprazole and lansoprazole pretreatment did not alter the
indomethacin-induced mucosal lesion score, while revaprazan pretreatment tended to reduce
the lesion score (p=0.06). Indo-PC showed significantly fewer gross small intestine mucosal
lesions than Indomethacin alone (p<0.05)*.
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Figure 4.
In vivo studies – bleeding. Intestinal fluid hemoglobin assay. Revaprazan-pretreatment
group and Indomethacin-phosphatidylcholine (Indo-PC)-group had statistically significant
decreased hemoglobin levels of the collected intestinal fluid compared to indomethacin
alone (p<0.05)*. In contrast, omeprazole and lansoprazole did not reduce intestinal bleeding
induced by indomethacin.
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