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Irsogladine maleate suppresses indomethacin-induced 
elevation of proinflammatory cytokines and gastric injury in 
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Abstract
AIM: To investigate the mucosal protective effect 
and the mechanisms of action of the anti-ulcer drug 
irsogladine maleate in gastric injury induced by 
indomethacin in rats.
METHODS: Gastric mucosal injury was induced 
in male Hos:Donryu rats by oral administration of 
indomethacin at a dose of 48 mg/kg. One hour before 
indomethacin treatment, animals were orally pretreated 
with irsogladine maleate at doses of 1 mg/kg,  
3 mg/kg or 10 mg/kg. Four hours after indomethacin 
administration, the animals were sacrificed and their 
stomachs were rapidly removed and processed for 
the evaluation of gastric mucosal damage and the 
determination of the concentrations of tumor necrosis 
factor-α (TNF-α), interleukin-1β (IL-1β), IL-8 and 
myeloperoxidase (MPO) in mucosal tissues.
RESULTS: Linear hemorrhagic mucosal lesions were 
observed primarily in the glandular stomach 4 h after 
oral administration of indomethacin. Pretreatment 
with irsogladine maleate markedly reduced the 
number and severity of these lesions in a dose-
dependent manner. The mucosal concentrations of 
proinflammatory cytokines (TNF-α, IL-1β, and IL-8) 
and MPO, which indicates the degree of mucosal 
infiltration by neutrophils, increased concomitantly with 
the occurrence of gastric injury in the indomethacin-
treated rats. Pretreatment with irsogladine maleate 
significantly decreased the levels of these inflammatory 
factors in gastric tissue elicited by indomethacin.

CONCLUSION: The mucosal protective effects 
afforded by irsogladine maleate on gastric injury 
induced by indomethacin are mediated by inhibition 
of mucosal proinflammatory cytokine production 
and neutrophil infiltration, leading to suppression 
of mucosal inflammation and subsequent tissue 
destruction.
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INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs), such 
as indomethacin and aspirin, are widely prescribed in 
clinical practice because they exhibit excellent efficacy 
in the management of  pain, fever and inflammation 
through the i r suppress ion of  the synthes is of  
prostaglandins (PGs) from arachidonic acids resulting 
from their inhibition of  cyclooxygenase (COX) [1]. 
However, the use of  NSAIDs is associated with 
significant risks of  adverse gastrointestinal events, 
such as gastric mucosal erosion, ulceration, bleeding, 
and perforation[2,3]. Such side effects considerably limit 
the use of  these drugs. In addition to the decrease in 
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the intrinsic production of  PGs in the gastric mucosa, 
other processes, such as increased mucosal production 
of  proinflammatory cytokines, increased production 
of  react ive oxygen species, and increased l ipid 
peroxidation as well as increased mucosal infiltration 
of  neutrophils, are closely associated with NSAID-
induced gastric mucosal injury[4-6].

Although the anti-ulcer drug irsogladine maleate 
has been shown in animals to exhibit potent mucosal 
protective effects on various experimental gastrointestinal 
injuries induced by a variety of  stimuli, including 
indomethacin[7-10], the exact mechanisms underlying the 
gastroprotective effect of  irsogladine maleate remains 
to be fully elucidated. We have recently found that 
irsogladine maleate increases the intracellular levels of  
the second messenger cyclic adenosine monophosphate 
(cAMP) in rat glandular stomach and in human 
neutrophils through its previously unreported ability to 
inhibit cyclic nucleotide phosphodiesterase 4 (PDE4), 
and this inhibitory activity is probably involved in the 
antiulcer effects of  the drug[11-13]. PDE4 inhibitors have 
been demonstrated to have multiple anti-inflammatory 
effects mediated by the suppression of  proinflammatory 
cytokines such as tumor necrosis factor-α (TNF-α), 
interleukin-1β (IL-1β) and IL-8, as well as by inhibiting 
neutrophil infiltration by suppressing the expression of  
adhesion molecules[14-16].

Paying particular attention to the novel inhibitory 
action of  irsogladine maleate on PDE4, in the present 
study we investigated the mucosal protective effect of  
irsogladine maleate and its underlying mechanisms of  
action by using a rat model of  gastric injury elicited 
by indomethacin, focusing on the effect of  the drug 
on cytokine production and neutrophil infiltration in 
the gastric mucosa. We found that irsogladine maleate 
markedly reduced gastric injury in indomethacin-treated 
rats with a concomitant decrease in levels of  TNF-α, IL-
1β, IL-8 and myeloperoxidase (MPO) in gastric mucosal 
tissue. The possible contribution of  PDE4 inhibitory 
activity to the mucosal protective effect of  irsogladine 
maleate was also discussed.

MATERIALS AND METHODS
Animals
Male Hos: Donryu rats (Japan SLC, Hamamatsu, Japan) 
at 6 weeks of  age were used following quarantine and 
acclimation for a week after delivery to the laboratory. 
The rats were housed in rooms at 20-26℃ with a relative 
humidity of  35%-75% in a 12 h light-dark cycle (lights 
on, 8:00-20:00) and a ventilation frequency of  at least  
15 times per hour. The rats were fed standard laboratory 
chow (F-2; Funabashi Farm, Funabashi, Chiba, Japan) 
with free access to tap water. All the animals were fasted 
for 18 h before the experiments. However, free access 
to tap water was allowed 1 h before the experiments. 
All experimental procedures were approved by the 
Committee for the Institutional Care and Use of  
Animals of  Nippon Shinyaku Co.

Preparation of drugs
Irsogladine maleate, synthesized at Nippon Shinyaku 
Co., was suspended in 5 g/L methylcellulose solution. 
Indomethacin, purchased from Sigma Chemicals (St. 
Louis, MO, USA), was dissolved in 50 g/L NaHCO3 
solution.

Production of indomethacin-induced gastric mucosal
injury in rats
Gastric mucosal injury was produced by intragastric 
gavage of  indomethacin at a dose of  48 mg/kg. 
Irsogladine maleate was given oral ly 1 h before 
indomethacin treatment. Four hours after indomethacin 
treatment, the animals were sacrificed with an overdose 
of  diethyl ether and their stomachs were rapidly removed 
and processed for the evaluation of  gastric mucosal 
damage and determination of  TNF-α, IL-1β, IL-8 and 
MPO in the mucosal tissues.

Evaluation of gastric mucosal injury
The stomach was distended with 10 mL of  8 g/L 
formaldehyde and immersed in the formaldehyde solution 
for 10 min. The lightly fixed stomach was then opened 
along the line of  the greater curvature and spread out on a 
board. The hemorrhagic lesions in the mucosal layer were 
examined under a dissecting microscope (Olympus SZ40, 
Olympus Optical Co., Tokyo, Japan) at × 10 magnification 
by an observer who was unaware of  the treatments. The 
gastric ulcer index was calculated for each rat as the sum 
of  the lengths in millimeters of  the hemorrhagic lesions 
(seen as red streaks).

Determination of the concentrations of TNF-α, IL-1β and
IL-8 in gastric mucosa
To evaluate the effect of  irsogladine maleate on the 
mucosal production of  cytokines elicited by treatment 
with indomethacin, the concentrations of  TNF-α, 
IL-1β, and IL-8 in gastric mucosa were determined. 
Briefly, the gastric mucosa was rapidly scraped from 
the gastric wall of  each rat and immediately frozen 
on dry ice and kept at -70℃ until analysis. Mucosal 
samples were homogenized with a Physcotron NS-
310E mechanical microhomogenizer (Niti-on, Tokyo, 
Japan) in 1 mL of  PBS containing complete protease 
inhibitor cocktail (Roche, Indianapolis, IN, USA). The 
homogenate was centrifuged for 30 min at 15 000 r/min 
(4℃) in a Hitachi Himac CF 15D2 centrifuge (Hitachi 
High-Technologies, Tokyo, Japan) and the supernatant 
was retained for determination of  proinflammatory 
cytokines. TNF-α and IL-1β were determined by 
enzyme-linked immunosorbent assay (ELISA) with 
commercial kits from R&D Systems (Minneapolis, MN, 
USA). IL-8 was determined with a commercial ELISA 
kit from Panapharm Laboratories (Kumamoto, Japan). 
The total protein in the supernatant was determined with 
the Bio-Rad protein assay kit (Bio-Rad Laboratories, 
Hercules, CA, USA), and the concentrations of  TNF-α, 
IL-1β and IL-8 were expressed as ng per gram of  total 
protein.



Measurement of mucosal MPO levels
To estimate the degree of  mucosal infiltration by 
neutrophils elicited by treatment with indomethacin, 
the MPO levels were measured in the gastric mucosa. 
Briefly, gastric mucosal samples were homogenized 
with a microhomogenizer in 1 mL of  10 mmol/
L Tris (pH 7.4) containing 200 mmol/L NaCl, 5 
mmol/L EDTA, 100 mL/L glyc ine, 1 mmol/L 
phenylmethanesufonyl fluoride, 1 µg/mL leupeptin, 
and 28 µg/mL aprot inin. The homogenate was 
centrifuged and the supernatant was retained for 
determination of  MPO with an ELISA kit from 
Hycult Biotechnology (Uden, Netherlands) according 
to the manufacturer’s instructions. The total protein 
in the supernatant was also determined as described 
above and the concentration of  MPO was expressed 
as ng per gram of  total protein.

Statistical analysis
The results are presented as mean ± standard error of  
the mean (SE). The statistical significance of  differences 
between normal and control groups was evaluated by 
the Aspin-Welch test, and the statistical significance of  
differences among the control and irsogladine maleate-
treated groups was evaluated by the Williams test. P < 
0.05 was considered statistically significant. All tests were 
two-tailed, and performed with SAS version 8.2 (SAS 
Institute, Cary, NC, USA).

RESULTS
Effect of irsogladine maleate on gastric mucosal injury
induced by indomethacin
Four hours after oral administration of  indomethacin, 
at a dose 48 mg/kg, gross linear hemorrhagic mucosal 
lesions were clearly observed in the glandular mucosa, and 
pretreatment with irsogladine maleate markedly reduced 
the number and severity of  these lesions (Figure 1). 
Gastric mucosal injury was quantified under a dissecting 
microscope, and a gastric ulcer index of  39.1 ± 7.7 mm was 
calculated (Figure 2). Pretreatment with irsogladine maleate 
reduced the gastric ulcer index in a dose-dependent manner 
to 27.1 ± 6.2 mm at the dose of  1 mg/kg, 18.3 ± 7.2 mm 
at the dose 3 mg/kg, and 5.7 ± 4.0 mm at the dose of  10 
mg/kg. In particular, irsogladine maleate at the dose of  3 
mg/kg or 10 mg/kg significantly reduced the gastric ulcer 
index.

Effect of irsogladine maleate on TNF-α levels in gastric 
mucosa
Intragastric administration of  indomethacin induced a 
marked increase in mucosal TNF-α concentrations. The 

DC

BA Figure 1  Protective effect 
of i rsogladine maleate on 
g a s t r i c  m u c o s a l  l e s i o n s 
induced by indomethacin in 
rats. Stomachs from rats not 
pretreated with irsogladine 
maleate (A) and pretreated 
with irsogladine maleate at 
the doses of 1 mg/kg (B), 
3  mg/kg (C )  or  10 mg/kg 
(D), respectively, 1 h before 
administration of indomethacin. 
Nine rats were used in each 
group.

Figure 2  Protective effect of irsogladine maleate on gastric mucosal lesions 
induced by indomethacin in rats. Each value represents the mean ± SE for 9 
rats. aP < 0.05 and bP < 0.01 vs control group.
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TNF-α level in the gastric mucosa of  normal animals 
was 0.070 ± 0.014 ng/g protein, which was significantly 
increased to 0 .490 ± 0 .072 ng/g prote in af ter 
intragastric administration of  indomethacin (Figure 3A). 
Pretreatment with irsogladine maleate reduced the 
concentration of  mucosal TNF-α in a dose-dependent 
manner to 0.354 ± 0.086 ng/g protein at the dose of  
1 mg/kg, 0.186 ± 0.042 ng/g protein at the dose of   
3 mg/kg, and 0.045 ± 0.005 ng/g protein at the dose of  
10 mg/kg, respectively. In particular, irsogladine maleate 
at the dose of  3 mg/kg or more significantly reduced the 
TNF-α levels in gastric mucosa.

Effect of irsogladine maleate on IL-1β levels in gastric
mucosa
Intragastric administration of  indomethacin induced 
a marked increase in mucosal IL-1β concentrations. 
The IL-1β level in the gastric mucosa of  normal 
animals was 36.1 ± 8.1 ng/g protein, which was 
significantly increased to 160.2 ± 19.8 ng/g protein after 
intragastric administration of  indomethacin (Figure 3B). 
Pretreatment with irsogladine maleate reduced the 
concentration of  mucosal IL-1β to 154.0 ± 15.7 ng/g 
protein at the dose of  1 mg/kg, 85.4 ± 15.4 ng/g 
protein at the dose of  3 mg/kg, and 93.0 ± 17.4 ng/g 
protein at the dose of  10 mg/kg, respectively. In 
particular, irsogladine maleate at the dose of  3 mg/kg 
or more significantly reduced the IL-1β levels in gastric 
muccosa.

Effect of irsogladine maleate on IL-8 levels in gastric 
mucosa
Intragastric administration of  indomethacin induced a 
marked increase in mucosal IL-8 concentrations. The 

IL-8 level in gastric mucosa of  normal animals was 1.1 ±  
0.5 ng/g protein, which was significantly increased to 
27.0 ± 6.6 ng/g protein after intragastric administration 
of  indomethacin (Figure 3C). Pretreatment with 
irsogladine maleate reduced the concentration of  
mucosal IL-8 in a dose-dependent manner to 24.8 
± 6.0 ng/g protein at the dose of  1 mg/kg, 19.9 ±  
5.9 ng/g protein at the dose of  3 mg/kg, and 2.8 ±  
0.6 ng/g protein at the dose of  10 mg/kg, respectively. 
In particular, irsogladine maleate at the dose of   
10 mg/kg significantly reduced the IL-8 levels in gastric 
mucosa.

Effect of irsogladine maleate on MPO levels in gastric
mucosa
The MPO level in the gastric mucosa of  indomethacin-
treated animals was 12.7 ± 4.3 ng/g protein (Figure 3D). 
Pretreatment with irsogladine maleate reduced the MPO 
concentration in gastric mucosa to 7.0 ± 1.6 ng/g at 
the dose of  1 mg/kg, 9.1 ± 2.2 ng/g at the dose of   
3 mg/kg and 4.9 ± 0.8 ng/g at the dose of  10 mg/kg, 
respectively. In particular, irsogladine maleate at the dose 
of  10 mg/kg significantly reduced the MPO levels in 
gastric mucosa.

DISCUSSION
Though several studies have been published on 
the mechanisms underlying the mucosal protective 
effects of  irsogladine maleate, an anti-ulcer drug 
often prescribed in Japan, on various gastrointestinal 
mucosal injuries[9-13], the exact mechanisms by which 
this drug exerts its mucosal protective effects are not 
completely clear. In the present study, we investigated 
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Figure 3  Effect of irsogladine maleate on gastric mucosal TNF-α (A), IL-1β (B), IL-8 (C) and MPO (D) induced by indomethacin in rats. Each value represents the 
mean ± SE for 9 rats, bP < 0.01 vs control group, dP < 0.01 vs normal group.
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the mechanisms underlying the gastroprotective effect 
of  irsogladine maleate by using a rat experimental model 
of  gastric injury elicited by indomethacin, focusing 
on the involvement of  mucosal proinflammatory 
cytokine production and neutrophil infiltration into the 
gastric mucosa. We found that the concentrations of  
TNF-α, IL-1β, IL-8 and MPO in gastric mucosa of  the 
rats increased concomitantly with the occurrence of  
gastric injury induced by a single intragastric dose of  
indomethacin. Pretreatment with irsogladine maleate 
markedly reduced the gastric injury with a concomitant 
decrease in the levels of  these inflammatory factors.

Although the mechanisms of  NSAID-induced gastric 
injury are not well understood, it is well accepted that 
both COX-dependent and independent mechanisms are 
involved in the pathogenesis of  indomethacin-induced 
gastric injury. Mucosal proinflammatory cytokines, 
such as TNF-α, IL-1β and IL-8, are considered key 
inducers of  gastric injury induced by NSAIDs like 
indomethacin[5,13]. For example, it is recognized that 
TNF-α may strongly promote inf lammation and 
subsequent tissue destruction by recruiting leukocytes, 
particularly neutrophils and monocytes, through the 
induction of  adhesion molecules on both leukocytes 
and vascular endothelial cells[17,18]. It is also known 
that TNF-α can induce the production of  superoxide 
and proinf lammatory cytokines by inf lammatory 
cells[18,19]. In addition, intravenous administration of  
TNF-α induces gastric injury characterized by marked 
neutrophil infiltration into the gastric mucosa of  rats[20], 
while TNF-α levels in the gastric mucosa correlate well 
with the severity of  gastric injury in rats[21-23]. It was 
reported that IL-1β and IL-8, as well as TNF-α, can 
promote inflammatory response and are involved in 
NSAID-induced gastric mucosal injury in humans and 
animals[17,24-26].

In an attempt to clarify the mechanisms underlying 
the protective effects of  irsogladine maleate on gastric 
mucosa, we evaluated it effects on the production of  
TNF-α, IL-1β, and IL-8 in gastric mucosa. We found 
that these cytokines were involved in the inflammatory 
response in a rat gastric mucosal injury model induced by 
indomethacin, and the concentrations of  TNF-α, IL-1β 
and IL-8 in gastric mucosa increased concomitantly with 
the occurrence of  gastric mucosal lesions, suggesting 
that the increased levels of  these cytokines are closely 
associated with the occurrence and development of  
gastric mucosal lesions. Irsogladine maleate suppressed 
gastric mucosal injury at the dose of  3 mg/kg or higher. 
The doses of  irsogladine maleate showing effective 
mucosal protection in this study are similar to those 
showing protection in previous studies of  a variety of  
animal models of  gastric injury[7-9,13]. Irsogladine maleate 
also significantly suppressed the increased levels of  
TNF-α, IL-1β and IL-8 in gastric mucosa, indicating 
that the suppression of  proinflammatory cytokine 
production in gastric mucosa by irsogladine maleate 
significantly contributes to its protective effect on gastric 
mucosa.

In addition to proinflammatory cytokines, the 

accumulation and activation of  neutrophils, which may 
lead to microcirculation disturbance and production 
of  free radicals in gastric mucosa, are also important 
events in gastric injury induced by NSAIDs[6,27]. Studies 
on experimental models of  gastric injury induced 
by NSAIDs have demonstrated that infiltration of  
neutrophils into the injured mucosa occurs in rats as 
early as 15-30 min after indomethacin administration[28], 
and gastric injury can be ameliorated in animals by 
eliminating the neutrophils through the administration 
of  antineutrophil antibodies[6]. Neutrophil infiltration 
into gastric mucosa is, therefore, considered a critical 
step in the development of  gastric injury induced by 
NSAIDs. In the present study, irsogladine maleate 
significantly reduced the MPO levels in gastric mucosa, 
indicating a reduction in mucosal infiltration by 
neutrophils. The suppression of  neutrophil infiltration 
into the gastric mucosa may, therefore, contribute to 
the protective effect of  irsogladine maleate on gastric 
mucosa.

PDE4 inhibitors may exert their anti-inflammatory 
action on various inflammatory diseases by suppressing 
the production of  proinflammatory cytokines and the 
expression of  adhesion molecules by increasing the 
levels of  intracellular cAMP[14-16]. In addition, the PDE4 
inhibitor rolipram can ameliorate indomethacin-induced 
gastric injury in rats by inhibiting the production of  
TNF-α[29]. We and others have recently reported that 
irsogladine maleate prevents ischemia-reperfusion-
induced gastric injury and indomethacin-induced 
small intestinal lesions in rats, probably by inhibiting 
PDE4[10,13]. It is, therefore, likely that irsogladine maleate 
exerts its protective effect on indomethacin-induced 
gastric injury by suppressing mucosal TNF-α, IL-1β and 
IL-8 production by neutrophils and/or macrophages 
through its inhibition of  PDE4 in these inflammatory 
cells. The suppression of  these proinflammatory 
cytokines by irsogladine maleate may in turn decrease 
the expression of  adhesion molecules in both vascular 
endothelial cells and neutrophils, resulting in a reduction 
in mucosal infiltration by neutrophils with consequent 
prevention of  tissue destruction. Irsogladine maleate 
also inhibits the in vitro production and release of  
superoxide from human neutrophils by inhibiting 
PDE4[12]. Therefore, it is likely that the protective effects 
of  irsogladine maleate on gastric mucosa arise not only 
from its suppression of  neutrophil infiltration through 
its inhibition of  proinflammatory cytokine production 
and adhesion-molecule expression, but also from its 
direct suppression of  neutrophil activation through its 
inhibition of  PDE4.

In conclusion, irsogladine maleate exerts its mucosal 
protective effects on gastric injury by suppressing the 
acute inflammatory response and subsequent tissue 
destruction in gastric mucosa through its suppression 
of  mucosal proinflammatory cytokine production and 
neutrophil infiltration as well as by directly inhibiting 
neutrophil activation. It is also likely that the suppression 
of  proinf lammatory cytokines or neutrophils by 
irsogladine maleate arises from its ability to inhibit PDE4.
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 COMMENTS
Background
Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely prescribed for their 
efficacy in the management of pain, fever and inflammation. However, NSAIDs 
are associated with significant risks of adverse gastrointestinal events, which 
considerably limit the use of these drugs. Although irsogladine maleate exhibits 
potent mucosal protective effects against indomethacin-induced gastrointestinal 
injuries in animals, its mechanisms of action are not fully understood.
Research frontiers
We investigated the mechanisms underlying the protective effect of irsogladine 
maleate on gastric mucosa by using a rat experimental model of gastric 
injury elicited by indomethacin, focusing on the involvement of mucosal 
proinflammatory cytokine production and neutrophil infiltration into the gastric 
mucosa. 
Innovations and breakthroughs
The present study reported the effect of irsogladine maleate on mucosal 
proinflammatory cytokine production and neutrophil infiltration into the gastric 
mucosa in indomethacin-induced gastric injury.
Applications
A single intragastric dose of irsogladine maleate could markedly reduce gastric 
injury with a concomitant decrease in the levels of inflammatory factors in 
indomethacin-treated rats, suggesting that irsogladine maleate can be applied 
to the treatment of patients with NSAID-induced gastric injury.
Peer review 
In this study, the authors examined the effects of irsogladine maleate on 
gastric mucosal injury and proinflammatory cytokine production and neutrophil 
infiltration (measured by MPO) using a rat model of gastric injury elicited by 
indomethacin. The authors found that irsogladine maleate could markedly 
reduce gastric injury in indomethacin-treated rats with a concomitant decrease 
in the gastric mucosal levels of tumor necrosis factor-α (TNF-α), interleukin-1β 
(IL-1β), IL-8 and myeloperoxidase (MPO). The results of these straightforward 
experiments demonstrate that the protective effects of irsogladine are mediated 
by reducing neutrophil induction and inhibition of mucosal cytokine expression. 
This paper is well written and the data are novel.  
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