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Irsogladine improves small-intestinal injuries in regular
users of nonsteroidal anti-inflammatory drugs
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Background: Nonsteroidal anti-inflammatory drugs (NSAIDs) cause a high frequency of mucosal injuries in
the small intestine. However, no reliable intervention, other than cessation of NSAIDs, has been established.

Objective: To evaluate whether irsogladine maleate reduces these injuries while continuing NSAID therapy.

Design: Prospective, interventional, endoscopist-blinded, randomized, controlled trial (RCT).

Setting: University hospital.

Patients: Patients regularly taking conventional NSAIDs for more than 4 weeks.

Interventions: We initially examined small-intestinal mucosal injuries by capsule endoscopy (CE) and screened
participants for the RCT. In the RCT, patients with any mucosal injury were randomly assigned to the irsogladine
group (4 mg/day) or the control group.

Main Outcome Measurements: The primary endpoint was the rate of mucosal injury improvement after
4 weeks of treatment monitored with a second CE.

Results: Sixty-one patients were evaluated with the first CE. Small intestine mucosal injuries were found in 41 pa-
tients (67.2%) and erosive or ulcerative lesions in 21 patients (34.4%). The injury prevalence was not different
with gastroprotective drug treatment. Of 41patients enrolled, 39 (19 patients in the irsogladine group and 20
in the control group) completed the study. The improvement rate was significantly higher in the irsogladine
group (16/19 patients; 84.2%) than in the control group (9/20 patients; 45.0%; P Z .02).

Limitations: Asymptomatic lesions, single-institution data, and single-blind setting.

Conclusion: Irsogladine maleate was effective for reducing NSAID-induced small-intestinal mucosal injury.
(University Hospital Medical Information Network Clinical Trials Registry number UMIN000001507.) (Gastrointest
Endosc 2014;-:1-8.)
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are
commonly used for the treatment of arthritis and inflam-
mation. However, NSAID treatment is associated with
a spectrum of toxic effects on the stomach, duodenum,
ns: CE, capsule endoscopy; GJIC, gap junctional intracel-
unication; H2RA, H2 receptor antagonist; NSAID, nonste-
-inflammatory drug; PPI, proton pump inhibitor; RCT,
controlled trial.
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and small intestine. Long-term NSAID use results in
small-intestinal inflammation, designated NSAID entero-
pathy, low-grade bleeding, and protein loss.2 NSAIDs
also can cause intestinal obstruction or diaphragm
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Irsogladine on small-intestinal injuries by NSAID Isomura et al
disease,3 clinically evident bleeding, perforation, and
peritonitis.4 Advances in small-intestinal endoscopy have
led to increased reports of small-intestinal injury occur-
ring at a greater than expected frequency of 60% to
70%.5-7 The use of NSAIDs is predicted to increase with
an aging population; thus, the number of patients af-
fected by NSAID-induced intestinal injury will increase
in the future.

Proton pump inhibitors (PPIs) substantially prevent
NSAID-induced gastroduodenal mucosal injuries8 because
gastric acid plays a primary role in the development of
this type of injury. However, PPIs are not effective in pre-
venting NSAID-induced enteropathy in experimental ani-
mals and humans.9,10 No formal intervention, other than
cessation of NSAIDs, is recognized to prevent or treat
small-intestinal mucosal injury caused by NSAIDs. Thus,
treatments beyond acid suppressors need to be estab-
lished to treat NSAID-induced enteropathy not involving
gastric acid.

Various mechanisms are involved in the pathogenesis
of NSAID-induced small-intestinal lesions, including intesti-
nal hypermotility, a microcirculation disorder, decreased
mucus secretion, increased induced nitric oxide synthase,
increased mucosal permeability, and mucosal invasion of
enterobacteria or bile acid.11,12 The main pathological
basis for gastroduodenal injuries is assumed to be suppres-
sion of prostaglandin production caused by inhibition
of cyclooxygenase activity.11 Small intestine injuries are
also caused by mitochondrial damage–induced disruption
of intercellular junctions and increased mucosal
permeability.12

Irsogladine (2,4-diamino-6-[2,5-dichlorophenyl]-s-triazine
maleate) was developed in Japan for the treatment of
peptic ulcers and gastritis. Irsogladine has a protective
mucosal effect based on a mechanism apparently different
from those of antisecretory drugs.13 The primary unique
function of irsogladine is facilitation of gap junctional intra-
cellular communication (GJIC) through an increase in cy-
clic adenosine 30,50-monophosphate production via the
inhibition of phosphodiesterase.13,14 Increased GJIC by
irsogladine suppresses increased mucosal permeability by
maintaining and fortifying the tight junction.15 Effects on
the mucosal barrier, independent of gastric acid, could
compete with the mechanisms producing NSAID toxicity
in the small intestine. The protective effect of irsogladine
on indomethacin-induced small-intestinal lesions was
demonstrated in a rat model16 and in pilot studies of
healthy human volunteers taking NSAIDs.17 Irsogladine
has been used for more than 20 years, and its safety has
been well established.13

The aim of this study was to assess the protective effect
of irsogladine on NSAID-induced small-intestinal injuries in
patients who regularly use NSAIDs. In the first step of the
study, we screened participants for the subsequent ran-
domized trial by performing a baseline capsule endoscopy
(CE). In the second step, we evaluated whether irsogladine
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Take-home Message

� Capsule endoscopy revealed small-intestinal mucosal
injuries in 67.2% and erosive or ulcerative lesions in
34.4% of Japanese patients regularly taking conventional
nonsteroidal anti-inflammatory drugs (NSAIDs). The
randomized, controlled trial showed that the
improvement in the number of small intestine mucosal
injuries in regular users of NSAIDs was significantly higher
in the irsogladine group.

� Irsogladine may be effective for the prevention or
treatment of NSAID-induced small-intestinal mucosal
injury.

maleate was able to reduce NSAID-induced small-intestinal
injuries by using an interventional, endoscopist-blinded,
randomized, controlled trial (RCT).
METHODS

Study population
Patients regularly taking NSAIDs were enrolled in this

study from November 2008 through August 2012 at the
University of Tokyo Hospital. From 2008 to 2009, patients
taking only loxoprofen sodium were enrolled. After 2009,
the study protocol was revised to increase enrollment by
including patients taking any NSAID. The enrolled patients
met the following inclusion criteria: (1) 20 to 80 years of
age; (2) taking any NSAID, except cyclooxygenase-2 selec-
tive drugs, at least once a day for more than 4 weeks before
the start of this study; and (3) continuing the use of
NSAIDs with the same regimen for the 8-week observation
period of this study. Patients were excluded if they had
active bleeding of the digestive tract; had serious liver, kid-
ney, heart, or lung disease; were taking 2 or more types of
NSAIDs, antiplatelet, or anticoagulant drugs, steroids, or
prostaglandin derivatives; had suspected small-bowel
obstruction; had a history of surgery of the digestive tract
except for appendectomy; had a drug addiction or alco-
holism; were pregnant or hoped to become pregnant dur-
ing the study period; or were judged to be inappropriate
for this study by the chief investigator. Patients taking anti-
secretory drugs such as PPIs or H2 receptor antagonists
(H2RAs), or gastric mucosal protective drugs such as reba-
mipide or teprenone were eligible.

Study design
This study was a prospective, interventional,

endoscopist-blinded, RCT conducted in accordance with
the Declaration of Helsinki. Written informed consent
was obtained from all of the participants at study entry.
The study protocol was approved by the local ethics
committee at the University of Tokyo Hospital on August
18, 2008. The study was registered in the University
www.giejournal.org
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Figure 1. Study design summary. CE, capsule endoscopy; NSAIDs, nonsteroidal anti-inflammatory drugs.

Isomura et al Irsogladine on small-intestinal injuries by NSAID
Hospital Medical Information Network Clinical Trials Regis-
try on November 15, 2008 (UMIN000001507).

All eligible patients who consented to participate under-
went a baseline CE. Patients with any mucosal injury at the
first CE were randomly assigned to the irsogladine group
or the control group by means of computer-generated
random numbers. The patients in the irsogladine group
received 4 mg irsogladine (Gaslon N; Nippon Shinyaku
Ltd, Kyoto, Japan) once a day in the morning for 4 weeks,
and those in the control group received no additional
medication. Four weeks later, patients underwent the sec-
ond CE. Laboratory studies, including a complete blood
count and blood chemistry, were performed at study entry
and at the end of treatment. All of the coauthors had access
to the study data and had reviewed and approved the final
manuscript.

CE procedure and evaluation
CE was performed by using Pillcam SB (Given Imaging

Inc, Yoqneam, Israel). Patients fasted for 12 hours and
took 40-mg simethicone orally before CE to prevent bub-
ble formation in the small intestine. No other bowel prep-
aration was used. Patients were allowed to drink 2 hours
after capsule ingestion and to eat 4 hours after capsule
ingestion. Eight hours after capsule ingestion, the sensor
array and recording device were removed. To ensure that
the capsule was not retained in the body, abdominal radio-
graphs were obtained on days 3 through 7 after CE exam-
ination. If the passage of the capsule was visualized, the
subsequent abdominal radiograph was cancelled. Two
experienced investigators independently reviewed the
CE images at 12 to 20 frames per second without any
demographic, diagnostic, or drug treatment details. After
www.giejournal.org
the independent review, the investigators discussed all
CE findings and reached a consensus.

The damage scale was based on a previous classifica-
tion6,7: category 1: red spot (dotlike lesion that is obviously
red or crimson with preservation of villi; category 2:
reddened folds (reddened patchy lesion or continuous er-
ythema); category 3: denuded area (loss of villous struc-
ture without a clear breach of the epithelium); category
4: mucosal break (mucosal erosions/ulcers representing
central pallor and surrounding erythema and loss of villi);
category 5: stricture; and category 6: presence of blood
without visualized lesion. The number of each kind of
small-intestinal mucosal injury was counted for each
patient, and the total number of the lesions was calculated.
The lesions were localized to the proximal jejunum or
distal ileum of the small bowel based on transit time.
The transit time from the pylorus to the cecum was divided
in half, and the former portion was defined as jejunum, the
latter portion as ileum.

Sample size for randomization
Previous studies showed that conventional NSAIDs

induced small-intestinal mucosal injuries in 60% to 70%
of patients compared with 10% in healthy volunteer con-
trols.5-7 Additionally, in a rat model, irsogladine decreased
the hemorrhagic mucosal area of the small intestine more
than 50% compared with the control group.16 Based on
these results, the required sample size for the RCT was
calculated to be 20 in each group to detect a significant dif-
ference with a 5% 2-sided significant difference level and
an 80% power of detection, assuming that an improvement
rate was 50% in the irsogladine group and 10% in the con-
trol group.
Volume -, No. - : 2014 GASTROINTESTINAL ENDOSCOPY 3
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TABLE 1. Demographic features of participating
patients evaluated for the prevalence of small-intestinal
mucosal injuries

No. of patients 61

Age, y, mean � SD (range) 58.9 � 12.7 (29–80)

Sex, M/F 32/29

Body mass index, kg,
mean � SD (range)

24.6 � 4.6 (17.4–40.6)

Duration of NSAIDs ingestion,
mo, median (range)

33 (2–240)

No. of NSAID administrations/
day, median (range)

2 (1–3)

Indication for NSAIDs, no. (%)

Orthopedic disease 61 (100.0)

Type of NSAID, no. (%),
median dose (mg/day) (range)

Loxoprofen 45 (73.8), 120 (30-180)

Diclofenac 7 (11.5), 50 (25-75)

Lornoxicam 5 (8.2), 10 (8-12)

Indomethacin 2 (3.3), 50 (50-50)

Zaltoprofen 1 (1.6), 240 (240-240)

Mofezolac 1 (1.6), 225 (225-225)

Concomitant use of
gastroprotective drugs, no. (%)

50 (82.0)

Proton pump inhibitor 10 (16.4)

Irsogladine on small-intestinal injuries by NSAID Isomura et al
Endpoints
The primary endpoint of this RCT was the improvement

rate of small-intestinal mucosal injury at the posttreatment
CE after 1 month of treatment. The mucosal injury was
considered improved when the posttreatment CE revealed
that at least 1 of the total number of all small-intestinal
mucosal injuries was reduced from the baseline CE. The
rates of patients with improvement were compared be-
tween the irsogladine and control groups. The secondary
endpoint was the improvement rate according to lesion
category.

Safety and compliance assessment
A safety assessment was carried out based on documen-

tation of any adverse events that occurred during the study
period. Treatment compliance was defined as the percent-
age of the test drug used. A treatment compliance of at
least 80% was considered to be acceptable.

Statistical analysis
The results were presented as the mean or median

(� standard deviation or range) for quantitative data and
as frequency (percentage) for categorical data. Quantitative
data were compared by using the Student t or Wilcoxon
rank sum test. Categorical data, prevalence of mucosal
injuries, and improvement rates were compared by using
a c2 or the Fisher exact test. Trend of prevalence of
mucosal injuries according to the number of NSAID
administrations per day was tested by an exact trend test.
A 2-sided P value of!.05 was considered to indicate statis-
tical significance.
H2 receptor antagonist 4 (6.6)

Rebamipide 27 (44.3)

Teprenone 11 (18.0)

Sofalcone 3 (4.9)

M/F, Male/female; NSAIDs, nonsteroidal anti-inflammatory drugs.
RESULTS

Patients enrolled in the baseline CE
examination

A summary of the study design is shown in Figure 1.
A total of 62 patients (33 male, 29 female) participated in
this trial and underwent a baseline CE examination. The
capsule reached the cecum in 55 patients (88.7%) and
the ileum in 6 (9.7%) within the reading time. One
male patient was excluded from the following analysis
because of stomach retention. A total of 61 patients were
evaluated for the prevalence of small-intestinal mucosal
injuries and eligible for the subsequent RCT. The demo-
graphic features of these patients are shown in Table 1.
Loxoprofen was used by 15 patients enrolled until
December 2009 and in 45 patients (73.8%) throughout
the entire study. Seven patients (11.5%) were taking
diclofenac, 5 (8.2%) lornoxicam, 2 (3.3%) indomethacin,
1 (1.6%) zaltoprofen, and 1 (1.6%) mofezolac. Fifty patients
(82.0%) were taking concomitant gastroprotective drugs
with 10 taking a PPI, 4 an H2RA, 27 rebamipide, 11 tepre-
none, and 3 sofalcone. Five patients were taking 2
types of gastroprotective drugs, with 2 taking a PPI and
4 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2014
rebamipide and 3 an H2RA and rebamipide. All of the pa-
tients were regularly using NSAIDs because of orthopedic
disease of their back or knees. None of the patients had
abnormal results on laboratory studies at the time of study
entry and permanent retention of the capsule requiring
endoscopic/surgical removal developed in none of them.
Prevalence of small-intestinal mucosal injuries
in NSAID users

CE findings of small-intestinal mucosal injuries in
patients taking NSAIDs are shown in Table 2. At least 1
small-intestinal mucosal injury was found in 41 patients
(67.2%). Erosive or ulcerative lesions were seen in 21 pa-
tients (34.4%). No active bleeding sites or strictures were
www.giejournal.org
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TABLE 3. Prevalence of small-intestinal mucosal
injuries and erosive/ulcerative lesions

Prevalence

Any mucosal
injuries,
no. (%)

Erosive or
ulcerative

lesions, no. (%)

Total 41/61 (67.2) 21/61 (34.4%)

Age, y P Z .75 P Z 1.0

20–39 2/4 (50.0) 1/4 (25.0)

40–59 16/24 (66.7) 8/24 (33.3)

60–80 23/33 (69.7) 12/33 (36.4)

Duration of NSAID use P Z .40 P Z .77

%6 mo 4/6 (66.7) 3/6 (50.0)

6 mo–10 y 29/40 (72.5) 13/40 (32.5)

O10 y 8/15 (53.3) 5/15 (33.3)

No. of NSAID
administrations/day

P Z .56 P Z .40

1 4/8 (50.0) 1/8 (12.5)

2 19/28 (67.9) 10/28 (35.7)

3 18/25 (72.0) 10/25 (40.0)

Type of NSAID P Z .48 P Z .04

Loxoprofen 28/45 (62.2) 13/45 (28.9)

Diclofenac 4/7 (57.1) 2/7 (28.6)

Lornoxicam 5/5 (100.0) 4/5 (80.0)

Indomethacin 2/2 (100.0) 2/2 (100.0)

Zaltoprofen 1/1 (100.0) 0/1 (0.0)

Mofezolac 1/1 (100.0) 0/1 (0.0)

Concomitant
gastroprotective drugs

P Z .96 P Z .31

None 8/11 (72.7) 5/11 (45.5)

Concomitant 33/50 (66.0) 16/50 (32.0)

Proton pump 7/10 (70.0) 6/10 (60.0)

TABLE 2. Capsule endoscopy findings at baseline

Total
no. (%) Jejunum Ileum Both

No lesion 20 (32.8) d d d

Any lesions 41 (67.2) 14 5 22

Red spot 29 (47.5) 11 8 10

Reddened folds 25 (41.0) 15 7 3

Denuded area 7 (11.5) 6 1 0

Mucosal break
(erosion or ulcer)

21 (34.4) 9 8 4

Stricture 0 (0.0) 0 0 0

Blood 0 (0.0) 0 0 0

Isomura et al Irsogladine on small-intestinal injuries by NSAID
found, and no distinct predominant location was noted in
any mucosal injury.

The prevalence of any small-intestinal mucosal injury
and erosive/ulcerative lesions based on background factors
is shown in Table 3. No difference was found with regard to
the total number of small-intestinal injuries among the pa-
tients using various NSAIDs. However, some kinds of
NSAIDs seemed to be associated with erosive/ulcerative
lesions, such as lornoxicam þ indomethacin in 6 of 7
patients (85.7%) versus all other NSAIDs in 15 of 54 pa-
tients (27.8%, P Z .005). Although the prevalence of
small-intestinal mucosal injuries increased according to
the number of NSAIDs administrations per day, the trend
did not reach statistical significance (P Z .38 by exact
trend test). Lesions did not correlate with patient age or
duration of NSAID use. Lesion prevalence was not
different according to the concomitant use of gastropro-
tective drugs, with 66.0% of patients taking any gastropro-
tective drugs and 72.7% of patients not taking any (P Z
1.0). There was also no difference in the types of gastro-
protective drugs and no adverse events with the CE
procedure.
inhibitor

H2 receptor
antagonist

3/4 (75.0) 2/4 (50.0)

Rebamipide 16/27 (59.3) 7/27 (25.9)

Teprenone 8/11 (72.7) 4/11 (36.4)

Sofalcone 2/3 (66.7) 0/3 (0.0)

NSAID, Nonsteroidal anti-inflammatory drug.
Patients enrolled in the RCT
Forty-one patients who had any mucosal injury were

randomly assigned to the irsogladine group (n Z 20) or
the control group (n Z 21). Recruitment was ended
when the number of participants in the RCT was more
than 40. After assignment, 1 patient in the irsogladine
group was excluded because of refusal to undergo post-
treatment CE, and 1 patient in the control group was
excluded because the symptoms worsened, necessitating
a change in the NSAID regimen.

Posttreatment CE was not performed in these 2 pa-
tients. Consequently, 39 patients (n Z 19 in the irsogla-
dine group and n Z 20 in the control group) were
www.giejournal.org
analyzed for the efficacy of irsogladine (Fig. 1). Baseline
characteristics of patients in the RCT are shown in
Table 4. There were no significant differences between
the 2 groups at the baseline CE examination with regard
Volume -, No. - : 2014 GASTROINTESTINAL ENDOSCOPY 5
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TABLE 4. Baseline characteristics of patients in
the trial

Irsogladine Control P value

No. of subjects 19 20

Age, y, mean � SD 58.2 � 2.9 59.5 � 2.8 .74*

Sex, M/F 12/7 9/11 .26y
Duration of NSAIDs,
mo, median (range)

36 (6–240) 24 (2–204) .29z

No. of NSAIDs
administration per
day, median (range)

2 (1–3) 2 (1–3) .92z

Type of NSAIDs
(loxoprofen/other)

14/5 12/8 .37y

Concomitant
gastroprotective
drugs, yes/no

13/6 18/2 .13x

No. of small
intestinal mucosal
lesions, median
(range)

4 (1–25) 3 (1–23) .57z

No. of erosive/
ulcerative lesions,
median (range)

1 (0–18) 0.5 (0–11) .87z

SD, Standard deviation; M/F, male/female; NSAIDs, nonsteroidal anti-
inflammatory drugs.
*Student t test.
yc2 test.
zWilcoxon rank sum test.
xFisher exact test. Figure 2. Rates of improvement of small-intestinal mucosal injuries in

each group. A, Improvement rates of any mucosal lesions. B, Improve-
ment rates of erosive or ulcerative lesions. P value calculated by the
Fisher exact test.

Irsogladine on small-intestinal injuries by NSAID Isomura et al
to patient characteristics, drug exposure, and baseline CE
findings.

Effect of irsogladine on small-intestinal injuries
in NSAID users

The improvement rate was significantly higher in the
irsogladine group (16/19 patients; 84.2%) than in the con-
trol group (9/20 patients; 45.0%; PZ .02) (Fig. 2A). Erosive
or ulcerative lesions were improved in 10 of 11 patients
(90.9%) in the irsogladine group, which appeared higher
than but not significantly different from (P Z .13) the con-
trol group, in which 8 of 11 patients (72.7%) had improved
lesions (Fig. 2B). Changes in the number of mucosal in-
juries from the baseline CE in each group are shown in
Figure 3. In the control group, patients with improvement
and deterioration were balanced. In contrast, in the irsogla-
sinde group, there were only a few cases of deterioration,
and in such cases, the increase in the number of lesions
was small. The mean number of lesions in the irsogladine
group decreased from 5.9 at baseline to 3.3 at the second
CE (P Z .001, by the Wilcoxon signed rank test), whereas
the number in the control group did not show a significant
change from 6.4 to 10.9 (P Z .69).
6 GASTROINTESTINAL ENDOSCOPY Volume -, No. - : 2014
Safety and compliance
Patients in both the irsogladine and control groups

completed the study without adverse events and with
good compliance.
DISCUSSION

In this study, we prospectively demonstrated by using
CE that patients receiving long-term treatment with con-
ventional NSAIDs had a high prevalence of small-
intestinal mucosal injury and that irsogladine maleate
improved mucosal injury of the small intestine in these pa-
tients without cessation of NSAID therapy. This is the first
RCT to show that irsogladine can treat small-intestinal
mucosal injuries in patients regularly using NSAIDs for clin-
ical indications.

CE examination revealed that 67.2% of patients had at
least 1 small-intestinal mucosal injury and 34.4% of patients
had erosive or ulcerative lesions while receiving long-term
conventional NSAID treatment. These data correspond to
www.giejournal.org
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Figure 3. Changes in the number of small-intestinal mucosal injuries
after posttreatment capsule endoscopy.

Isomura et al Irsogladine on small-intestinal injuries by NSAID
those reported by previous investigators. For example,
Graham et al5 reported that small-intestinal injuries were
found in 71% of long-term NSAID users by using CE.
Maiden et al7 also used CE and found that intestinal lesions
developed in 68% of healthy volunteers after 2 weeks
of NSAID treatment, and Goldstein et al9 reported an inci-
dence of 55% in a similar study. The similar frequency be-
tween patients with long-term clinical use and healthy
volunteers in a short-term trial is intriguing because our
data showed that the prevalence of injuries was not associ-
ated with patient age or duration of medication use.

Our current study demonstrates that mucosal injuries
in the small intestine change considerably with short-
term irsogladine treatment. Using the improvement rate
in the number of injuries as the primary outcome, we
consider improvement to be a decrease in at least 1 lesion
compared with baseline. However, this was not a robust
outcome measure because patients in the control group
showed an improvement rate of 45.0%, with a balance be-
tween patients with improvement and deterioration. In
contrast, the rate of the patients with decreased mucosal
injuries was greater than 80% in the irsogladine group.
Although the estimation of the absolute rate of the
improvement differed, the results clearly showed increased
injury improvement in the irsogladine group. Additionally,
the mean number of the lesions was reduced by approxi-
mately 50% in the irsogladine group, which was in accord
with our initial hypothesis.

Bjarnason et al2 proposed a “3-hit” hypothesis for intes-
tinal injury by NSAIDs, in which NSAIDs invade the phos-
pholipid layer of epithelial cells to directly damage
mitochondria, mitochondrial damage induces disruption
of intercellular junctions and increases mucosal perme-
ability, and bile acid, proteolytic enzymes, intestinal bacte-
ria, or toxins flow over the mucosal barrier. Irsogladine
increases intracellular cyclic adenosine 30,50-monophos-
phate via nonselective inhibition of phosphodiesterase
www.giejournal.org
isozymes and exhibits gastric cytoprotection partially medi-
ated by endogenous nitric oxide.13,18,19 Based on this activ-
ity, a variety of effects of irsogladine in the GI tract are
known, including facilitation of GJIC,13,20 inhibition of
the reduced gastric mucosal blood flow response,21,22

and suppression of reactive oxygen generation.23 The facil-
itation of GJIC may be especially important for protection
against NSAID-induced injuries in the small intestine. Gap
junctions, which are created from connexin family pro-
teins, provide a low-resistance pathway for the exchange
of small polar molecules and small peptides between adja-
cent cells.24 Several studies have suggested that connexin
could induce and maintain tight junctions in both a
GJIC-dependent and –independent manner in epithelial
cells.25-27 Morita et al20 reported that irsogladine facilitation
of GJIC suppressed permeability increases through the up-
regulation of claudin-4, a component of tight junctions.

Our data further correlate with those of previous studies
showing no effect of antisecretory drugs on NSAID-
induced small-intestinal mucosal injuries9,10 because we
found no difference in the prevalence of injuries between
patients who did or did not use PPIs or H2RAs. Although
there was no statistical significance, some gastroprotective
drugs might be protective. A few studies have suggested
the effect of these drugs such as misoprostol or rebami-
pide by using CE studies in healthy volunteers.28,29 Howev-
er, irsogladine was also effective for patients taking
gastroprotective drugs. Irsogladine is absorbed in the small
intestine and has the potential to act on the entire GI tract
because the connexins, the target of irsogladine, are
distributed throughout the digestive system.13 Addition-
ally, the effects of irsogladine on stomatitis caused by Beh-
çet’s disease or anticancer drugs have been reported.30,31

This study had several limitations. First, the patients
were all asymptomatic and with no anemia. Thus, the clin-
ical implication of many of the CE findings and the effect of
irsogladine on clinically significant lesions should be eluci-
dated in future studies. Second, this study was an open-
label trial without the use of a placebo. However, CE
images were reviewed blindly and independently by 2
trained endoscopists, and patient compliance with taking
irsogladine and NSAIDs was good. Although the patients
in the control group may be more cautious about NSAID-
induced injuries, the control group was reasonable in
that injury improvement and deterioration were well
balanced. Third, this was a rather small single-institution
study. Although several studies in Japan have also sug-
gested a protective effect of irsogladine,17 these results
should be validated in larger populations.

As the population ages, the number of patients using
NSAIDs will increase and the duration of treatment will
be prolonged, along with the number of compromised pa-
tients using NSAIDs. The importance of strategies address-
ing NSAID adverse events will also increase in the near
future, and further work is needed to explore patients at
high risk of mucosal injuries induced by NSAIDs. In this
Volume -, No. - : 2014 GASTROINTESTINAL ENDOSCOPY 7
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study, we demonstrated that irsogladine maleate was effec-
tive in reducing NSAID-induced small-intestinal mucosal in-
juries. Future work will elucidate the mechanism of this
effect, the effective dose and drug combinations, as well
as the effect on more severe and clinically significant
lesions.
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