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Abstract

AIM: To investigate the effects of sodium alginate (AL-
Na) on indomethacin-induced small intestinal lesions in
rats.

METHODS: Gastric injury was assessed by measuring
ulcerated legions 4 h after indomethacin (25 mg/kg)
administration. Small intestinal injury was assessed by
measuring ulcerated legions 24 h after indomethacin (10
mg/kg) administration. AL-Na and rebamipide were oral-
ly administered. Myeloperoxidase activity in the stomach
and intestine were measured. Microvascular perme-
ability, superoxide dismutase content, glutathione per-
oxidase activity, catalase activity, red blood cell count,
white blood cell count, mucin content and enterobacte-
rial count in the small intestine were measured.

RESULTS: AL-Na significantly reduced indomethacin-
induced ulcer size and myeloperoxidase activity in the
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stomach and small intestine. AL-Na prevented increas-
es in microvascular permeability, superoxide dismutase
content, glutathione peroxidase activity and catalase
activity in small intestinal injury induced by indometh-
acin. AL-Na also prevented decreases in red blood cells
and white blood cells in small intestinal injury induced
by indomethacin. Moreover, AL-Na suppressed mucin
depletion by indomethacin and inhibited infiltration of
enterobacteria into the small intestine.

CONCLUSION: These results indicate that AL-Na amel-
iorates non-steroidal anti-inflammatory drug-induced
small intestinal enteritis via bacterial translocation.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Sodium alginate ameliorates small intestinal
enteritis via bacterial translocation.
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INTRODUCTION

It is well-known that non-steroidal anti-inflammatory
drugs (NSAIDs) damage the stomach. Small bowel inju-
ries from these drugs have also been reported. Patients
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who are on long-term NSAIDs treatment develop mu-
cosal injuries of the small intestine, including bleeding,
erosion, and ulcers" Y. In rats, indomethacin, one of
the most commonly used NSAIDs, causes significant
gastrointestinal damage[s’()], and several enteropathic con-
sequences have been identified, including bacterial trans-

7 (8] [

location'”, neutrophil activation", oxidative stress ', and

mucin deﬁciencym}.

Proton pump inhibitors (PPIs) significantly improve
NSAIDs-induced pathologies of the gastrointestinal
tract'!. However, PPI may not demonstrate a thera-
peutic effect on NSAIDs-induced small bowel disease
because gastric acid contributes little to small intestinal
ulceration"*", Moreover, it has been reported that PPIs
exacerbate NSAIDs-induced small intestinal injury in
rats by causing dysbiosism. Therefore, drugs that pro-
tect against NSAID-induced gastrointestinal injury are
needed. Rebamipide, a mucosal protective agent, has
been reported to suppress NSAIDs-induced intestinal
injury“s’m]. However, the development of a better thera-
peutic agent is needed. It was reported that rebamipide,
one of mucosal protective agent, suppressed NSAIDs-
induced intestinal injury“s’m. But, the development of
more therapeutic agent is demanded.

Sodium alginate (AL.-Na) is a polysaccharide with ho-
mopolymeric blocks of (1-4)-linked B-D-mannuronate,
and its C-5 epimer a-L-glucuronate residues are widely
distributed in the cell walls of brown algae. AL.-Na elic-
its a muco-protective effect by covering the surface of
the gastrointestinal tract. Therefore, it may be useful
for the treatment of gastric and esophageal ulcers and
bleeding!""*. Recently, it was reported that AL-Na may
be an efficacious, non-erosive treatment for reflux dis-
case™ and it may also be a useful in the treatment of
upper gastrointestinal disease. Moreover, Humphreys ez
al” reported that AT-Na was pootly absorbed, primat-
ily through the gastrointestinal tract, and was excreted
in the feces. Therefore, AL-Na may be effective in both
the upper and lower gastrointestinal tracts. Additionally,
AL-Na is reportedly an effective treatment for experi-
mental colitis®** and for radiation-induced colon dam-
agem’zs]. Therefore, we hypothesised that AL-Na may
ameliorate small intestinal damage and evaluated its ef-
fects on indomethacin-induced small intestinal injuries
in rats.

MATERIALS AND METHODS

Animals

Six-week-old male Sprague-Dawley rats (body weights
of 160-200 g) were purchased from Japan SLC, Shizuo-
ka, Japan. Animals were maintained in an air-conditioned
room with controlled temperature (24 'C £ 2 °C) and
humidity (55% % 15%). They were housed in steel cages
with a 12 h light-dark cycle (lights on from 0700 to 1900

h). Food and water were freely available except during

test periods. All animal handling procedures were con-
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ducted in accord with the guidelines for Animal Experi-
ments of Sakai Chemical Industry.

Induction of gastric lesions

Animals were fasted for 18 h, orally administered in-
domethacin (Wako, Japan) at a dose of 25 mg/kg and
sacrificed after 6 h. Stomachs were removed, inflated by
injecting 10 mL of 2% formalin for 10 min to fix the
tissue walls, and opened along the greater curvature. Vis-
ible hemorrhagic lesions were examined, and the areas
(mm?) of visible lesions were calculated using Image ]
software.

Induction of small intestinal lesions

Animals were not fasted, orally administered indometh-
acin at a dose of 10 mg/kg and sacrificed after 24 h
under deep ether anesthesia. The small intestines were
removed, and the organ length and wet weight were
measured. Evans blue (1 mL; Sigma Aldrich Corp., St.
Louis, MO, United States) was intravenously injected
into the animals 30 min before sacrifice. The small intes-
tines were opened along the anti-mesenteric attachment
and examined for lesions, and the areas (mm?) of visible
lesions were calculated using Image ] software. Blood
sampling was conducted before Evans blue injection,
and hematocyte numbers were determined using an au-
tomated blood cell counter (KX-21NV; Sysmex, Japan).

Drug administration

AL-Na was obtained from Kyosei pharmaceutical (Japan),
and low molecular weight AL.-Na was provided by Kai-
gen (Japan). AL-Na and low molecular weight AL-Na
were dissolved in distilled water. Rebamipide (Mucosta;
Otsuka Pharmaceutics, Japan) was suspended in a 0.5%
carboxymethylcellulose (CMC-Na; Wako) solution. In
the small intestinal studies, AL-Na (250 and 500 mg/kg),
low molecular weight AL-Na (500 mg/kg), rebamipide
(100 mg/kg), and CMC-Na (250 mg/kg) were orally
administered 30 min before and 6 h after treatment with
indomethacin®. Indomethacin-treated control animals
were administered distilled water at the same time.

Assessment of myeloperoxidase activity
Myeloperoxidase (MPO) activity in the stomach and
small intestine were measured. The animals were sacri-
ficed under deep cther anesthesia, and the stomachs and
small intestines were removed. After rinsing the tissues
with saline, the mucosa was scraped, weighed, and ho-
mogenised in 50 mmol/L phosphate buffer containing
0.5% hexadecyl trimethyl ammonium bromide (HTAB,
pH 6.0; Sigma). Homogenised samples were frozen,
thawed twice and then centrifuged at 8000 g for 20 min
at 4 'C. Supernatants were then assayed using a fluoro-
metric detection kit (Assay Designs, Taiwan). Changes
in fluorescence were measured using a plate reader with
545 nm excitation and 590 nm emission filters (ARVOsx;
Wallac, United States).
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Determination of mucosal microvascular permeability
Microvascular permeability was evaluated in intestinal
mucosa following treatment with indomethacin by mea-
suring the amount of extravasated Evans blue dye.

After the removal of ileal tissue, the tissue was dilut-
ed with IN KOH (0.7 mL) at 37 'C for 24 h. Acetone-
phospholic acid was then added, and the sample was
shaken. The sample was prepared after deposit filtration.
The quantity of accumulated dye in the sample dilution
was measured after 30 min using a spectrophotometer
(JASCO; V-560, Japan) at 620 nm and was expressed as
pg per 100 mg wet tissue.

Determination of superoxide dismutase content,
glutathione peroxidase activity, and catalase activity
After rinsing the ileal tissues with saline, the mucosa
was scraped, weighed, and homogenised in 50 mmol/L
phosphate buffer containing 5 mmol/L Ttis-HCI buffer
solution (pH 7.4), 5 mmol/L EDTA, and 1 mmol/L
2-metrcaptoethanol. After centrifugation at 15000 g for
20 min at 4 C, the superoxide dismutase (SOD) content
of the supernatants was determined using a superoxide
dismutase ELISA kit (Northwest Life Science Specialties;
NWLSS, United States). Subsequently, the glutathione
peroxidase (GPx) and catalase activities were measured
using a glutathione peroxidase assay kit (NWLSS) and a
catalase activity assay kit (BioVision, United States). The
absorbance was measured at 450, 340, and 570 nm using
a plate reader iIEMS reader MF; Labsystems, Finland).

Measurement of mucin content

Rats were anesthetised with diethyl ether, and the small
intestines were excised. The luminal contents were col-
lected by flushing with 15 mL of ice-cold PBS (pH 7.4)
containing 0.02 mol/L sodium azide and the same vol-
ume of air. The contents were freeze-dried and stored for
luminal mucin analysis. Total freeze-dried samples were
suspended in a sodium chloride solution (0.15 mol/L)
containing 0.02 mol/L sodium azide at 4 “C. The samples
were homogenised for 1 min and immediately centrifuged
at 10000 g for 30 min to obtain the supernatant. Mucin
was recovered as a 60% ethanol precipitate of the super-
natant and was dissolved in 3.0 mL of distilled water for
analyses using a MUC2 enzyme-linked immunosotrbent
assay kit (USCN life science, China). Absorption at 450

nm was measured using a plate reader (ARVOsx).

Measurement of enterobacterial count in the intestinal
mucosa

After rinsing the ileal tissues with saline, the mucosa was
scraped, weighed and homogenised in 1 mL of sterile
PBS per 100 mg of wet tissue. Aliquots of the homog-
enate were placed on blood agar and Gifu anaerobic
medium (GAM) agar (Nissui, Osaka, Japan). Blood agar
plates were incubated at 37 ‘C for 24 h under aerobic
conditions, and GAM agar plates were incubated at
37 C for 24 h under anaerobic conditions (BBL Gas-
Pack Pouch Anaerobic System, BectonDickinson, MD).
Both types of plates, containing between 10 and 200
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colony-forming units (CFU), were analysed and summed
to determine the total number of enterobacteria, and the
number of enterobacteria that were present the small
intestine was expressed as log CFU/g tissue.

Pathological studies

Stomach and ileal tissues were immediately fixed in 10%
neutral buffered formalin. After fixation, the materi-
als were dehydrated with ethanol, cleared using xylene,
and embedded in paraffin. From these specimens, 3 ym
paraffin sections were stained with hematoxylin and
eosin (HE) and periodic acid-Schiff (PAS) for immuno-
histochemical analyses. The sections were cut, dewaxed,
rehydrated, and immersed in methanol containing 0.3%
(w/v) H202 for 30 min to inactivate endogenous pet-
oxidases. Sections were incubated overnight at 4 C with
monoclonal mouse anti-proliferating cell nuclear antigen
(PCNA; Dako, Denmark). After washing with PBS, the
slides were incubated for 30 min with biotinylated horse
anti-mouse serum (Vector, Burlingame, United States)
followed by avidin-conjugated horseradish peroxidase
(Vector, Butlingame, United States). The enzyme activity
was detected using DAB (3,3’-diaminobenzidine).

Evaluation of indomethacin absorption

Blood samples were collected 1 h after administration
of indomethacin for evaluation of its absorption. The
concentration of indomethacin in plasma was measured
using high-performance liquid chromatography (HPLC).
The HPLC system consisted of an AS-2055 injector,
a UV-2070 detector, and a PU-2080 chromatographic
pump (Nihonbunkoh, Japan). Separation was achieved
on a reversed-phase column (4.6 mm X 250 mm, 3 um,
ODS, Waters, United States). The mobile phase was ac-
etonitrile-phosphoric acid (60:40 v/v), and the flow-rate
was 0.8 mL/min. The chromatogram was monitored at
a wavelength of 254 nm throughout the experiments.
Blood samples were centrifuged at 500 g for 20 min and
subsequently at 1000 g for 20 min. The resulting plasma
was mixed with 0.15 mL of acetonitrile containing 5 pg/
mL of the internal standard, mefenamic acid. Denatured
protein precipitates were separated using a solid-phase
extraction cartridge (Waters). The extract was evaporated
at 40 C under N2 gas, and 100 pl. of the supernatant
was redistilled into the mobile phase and injected into
the HPLC column.

Statistical analysis

All data ate presented as the mean * SE. Statistical anal-
yses were performed using one-way analysis of variance
(ANOVA) with Dunnett’s test or Student’s unpaired 7
test. Significant differences were indicated by P values
less than 0.05.

RESULTS

Effects of drugs on indomethacin-induced gastric
lesions
Administration of indomethacin at 25 mg/kg caused
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Figure 1 Effects of drugs on indomethacin-induced gastric lesions. Animals were given indomethacin (25 mg/kg, po) and killed 6 h later. AL-Na (250 and 500
mg/kg) or Reb (100 mg/kg) was given orally at 30 min before administration of indomethacin. The lesion areas (A) and myeloperoxidase (MPO) activity were mea-
sured (B). C: Hematoxylin and eosin stained microscopic observations of the rat gastric mucosa of the control (Cont) group; D: Indomethacin (IND); E: AL-Na (250
mg/kg); F: AL-Na (500 mg/kg); G: Reb (100 mg/kg). Each column and vertical bar represents the mean + SE (n = 8). Significantly different from the Cont group at "P <
0.01 (Student's t-test). Significantly different from the IND group at *P < 0.05 and P <0.01, respectively (Dunnett's test). AL-Na: Sodium alginate; Reb: Rebamipide.

severe hemorrhagic lesions covering the entire glandular areas of indomethacin-related ulcers relative to those
area of the stomach (Figure 1A). Oral treatment with of indomethacin-treated control animals. Rebamipide at
AL-Na at 250 and 500 mg/kg significantly reduced the 100 mg/kg also reduced indomethacin-induced gastric
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Figure 2 Effects of drugs on indomethacin-induced small intestinal lesions. Animals were given indomethacin (10 mg/kg, po) and killed 24 h later. AL-Na (250
and 500 mg/kg) or Reb (100 mg/kg) was given orally twice at 30 min before and 6 h after administration of indomethacin. (A) The lesion areas and (B) myeloperoxi-
dase (MPO) activity were measured. C: Hematoxylin and eosin-stained microscopic observations of the rat small intestinal mucosa of the control (Cont) group; D:
Indomethacin (IND); E: AL-Na (250 mg/kg); F: AL-Na (500 mg/kg); G: Reb (100 mg/kg). Each column and vertical bar represents the mean + SE (n = 8). Significantly
different from the cont group at °P < 0.01 (Student's t-test). Significantly different from the IND group at °P < 0.05 and P < 0.01, respectively (Dunnett's test). AL-Na:
Sodium alginate; Reb: Rebamipide.

lesions. Figure 1B shows the effect of AL-Na on gastric mediated increases in MPO activity. Moreover, 100
MPO induction by indomethacin. A single oral dose of mg/kg rebamipide also reduced indomethacin-induced
500 mg/kg AL-Na significantly inhibited indomethacin- MPO activity. Histological comparisons of treated and
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Figure 3 Effects of drugs on indomethacin-induced anemia. Animals were given indomethacin (10 mg/kg, po), and blood samples were obtained 24 h later. AL-
Na (250 and 500 mg/kg) or Reb (100 mg/kg) was given orally twice at 30 min before and 6 h after administration of indomethacin. A: Erythrocyte; B: Haemoglobin; C:
Haematocrit. Each column and vertical bar represents the mean + SE (n = 8). Significantly different from the control group at °P < 0.01 (Student's t-test). Significantly
different from the indomethacin group at °P < 0.01 (Dunnett’s test). Cont: Control; IND: Indomethacin; AL-Na: Sodium alginate; Reb: Rebamipide.

untreated tissues indicated that indomethacin caused
exfoliation of gastric epithelial cells and disrupted the
mucosal layer of the stomach (Figure 1D), compared
with the controls (Figure 1C). Administration of AL-Na
alleviated the ulceration induced by indomethacin (Figure
1E and F). Rebamipide also ameliorated indomethacin-
induced gastric injury (Figure 1G).

Effects of drugs on indomethacin-induced small
intestinal lesions

Administration of indomethacin at 10 mg/kg caused se-
vere hemorrhagic lesions in the small intestine, primarily
the jejunum and ileum (Figure 2A). Oral treatment with
AL-Na at 500 mg/kg significantly reduced the areas of
indomethacin-related ulcers compared to those of the
indomethacin-treated control animals. Rebamipide at
100 mg/kg also reduced indomethacin-induced small
intestinal lesions. Figure 2B shows the effect of AL-Na
on intestinal MPO induction by indomethacin. A single
oral dose of 500 mg/kg AL-Na significantly inhibited
indomethacin-mediated increases in MPO activity. More-
ovet, 100 mg/kg rebamipide also reduced indomethacin-
induced MPO activity. Histological comparisons of
treated and untreated tissues indicated that indomethacin
caused an inflaimmatory reaction that was chatracterised
by epithelial losses; ulcers; inflammatory infiltration into
the lamina propria, submucosa, and serosa; and shorten-
ing of crypts (Figure 2D) compared with indomethacin-
untreated groups (Figure 2C). The severity of these
inflammatory reactions was reduced in animals treated
with AL-Na (Figure 2E and F). Rebamipide also amelio-
rated indomethacin-induced small intestinal injury (Fig-
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Table 1 Effects of drugs on loss of body weight, food intake
and feces weight

Change body Change food

Change feces

weight (g) intake (g/rat) weight (g/rat)
Control 75+22 19.7+14 6.3+0.7
Indomethacin -52+58° 85+2.6° 35+0.6°
AL-Na (250 mg/kg) 18476 15.1+4.2° 47+12
AL-Na (500 mg/kg) 75+28° 19.2+23¢ 5.8+0.8°
Reb (100 mg/kg) 12+49 15+3.1 5+0.7

Differences of weigh change 24 h after indomethacin were measured. Data
are presented as the means + SE (n = 8). Significantly different from the
control group at °P < 0.01 (Student’s t-test). Significantly different from
the indomethacin group at °P < 0.05 and ‘P < 0.01 (Dunnett’s test). AL-Na:
Sodium alginate; Reb: Rebamipid.

ure 2G).

Effects of drugs on body weight, food intake, and feces
weight

Indomethacin caused decreases in body weight, daily
food intake, and feces weight. These changes were al-
most completely ameliorated by treatment with AL-Na
(Table 1), with significant differences observed in the
decreases of body weight, food intake, and feces weight
between indomethacin-treated control and Al-Na-treat-
ed (500 mg/kg) animals. In contrast, rebamipide did not
prevent decreases in body weight, food intake, or feces
weight.

Effects of drugs on indomethacin-induced anemia
Figure 3 shows the effects of AL-Na on indomethacin-
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Figure 4 Effects of drugs on indomethacin-induced atrophy. Animals were given indomethacin (10 mg/kg, po) and killed 24 h later. AL-Na (250 and 500 mg/kg) or
Reb (100 mg/kg) was given orally twice at 30 min before and 6 h after administration of indomethacin. A: The small intestinal length was measured; B: Microscopic ob-
servations with proliferating cell nuclear antigen (PCNA) positive cells of the rat ileal mucosa of the control (Cont) group; C: indomethacin (IND); D: AL-Na (250 mg/kg); E:
AL-Na (500 mg/kg); F: Reb (100 mgrkg). Each column and vertical bar represents the mean + SE (n = 8). Significantly different from the Cont group at °P < 0.05 (Student’
s t-test); Significantly different from the IND group at °P < 0.05 (Dunnett's test). AL-Na: Sodium alginate; Reb: Rebamipide. The allows show PCNA positive cells.

induced anemia. The administration of 10 mg/kg in-
domethacin lead to decreased blood cell numbers. The
number of erythrocytes, hemoglobin levels, and hema-
tocrit were significantly reduced compared with those
in untreated rats (Figure 3A-C). Oral administration of
AI-Na at 250 or 500 mg/kg significantly preserved the
erythrocyte numbers, hemoglobin levels, and hematocrit.
In contrast, rebamipide at 100 mg/kg had no significant
effect on these parameters.

Effects of AL-Na on indomethacin-induced atrophy of
the small intestine

Figure 4A shows the effects of AL-Na on indometha-
cin-induced atrophy of the small intestine. The adminis-
tration of indomethacin reduced the length of the small
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intestines compared with those of the untreated animals.
A dose of 500 mg/kg AL-Na significantly ameliorated
the losses in intestine length compared with those of
indomethacin-treated control rats. However, a dose of
100 mg/kg rebamipide showed no significant effect. To
confirm these data, we performed immunostaining for
PCNA. As shown in Figure 4B, only a few crypt cells
were positive for PCNA in the animals treated with
indomethacin alone, and disintegration of the crypt
structures was observed (Figure 4C). In contrast, strong
PCNA staining was detected in ileal crypts of animal
tissues treated with AL-Na (500 mg/kg) (Figure 4D).
However, rebamipide at 100 mg/kg had no effect on
PCNA staining in indomethacin-treated control animals
(Figure 4F).

March 14, 2014 | Volume 20 | Issue 10 |
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Figure 5 Effects of drugs on indomethacin-induced vascular permeability and oxidative stress. Animals were given indomethacin (10 mg/kg, po) and killed 24
h later. AL-Na (250 and 500 mg/kg) or Reb (100 mg/kg) was given orally twice at 30 min before and 6 h after administration of indomethacin. A Vascular permeability; B:
Superdismdeoxidase content; C: Glutathione peroxidase activity; D: Catalase activity were measured. Each column and vertical bar represents the mean + SE (n = 8).
Significantly different from the control group at °P < 0.05 and °P < 0.01 (Student's t-test); Significantly different from the indomethacin group at °P < 0.05 and P < 0.01,
respectively (Dunnett’s test). Cont: Control; IND: Indomethacin; AL-Na: Sodium alginate; Reb: Rebamipide.

Effects of drugs on vascular permeability and oxidative
stress in the small intestine

Figure 5 shows the effects of AL-Na on vascular permea-
bility and oxidative stress induced by indomethacin. Indo-
methacin significantly increased ileal vascular permeability
(Figure 5A). Oral doses of 500 mg/kg AL-Na or 100
mg/kg rebamipide significantly inhibited indomethacin-
induced vascular permeability. At a dose of 10 mg/kg,
indomethacin significantly reduced the SOD, GPx, and
catalase activities in ileal tissues (Figure 5B-D). At 500
mg/kg, AL-Na significantly restored the GPx and cata-
lase activities in indomethacin-treated control rats. At 100
mg/kg, rebamipide also inhibited indomethacin-mediated
decreases in the GPx and catalase activities.

Influence of drugs on absorption of indomethacin
Plasma indomethacin concentrations were measured us-
ing HPLC. In plasma from indomethacin-treated control
animals, indomethacin was detected at 30.7 £ 7.3 mg/mlL..
In animals that were treated with AL-Na at 250 mg/kg
or 500 mg/kg, the indomethacin concentrations were
not different from those in indomethacin-treated control
animals, with 32.5 £ 7.0 mg/mL and 31.5 + 5.8 mg/mL
detected, respectively. Rebamipide treatment also had no
effect, with 31.5 + 5.7 mg/mL indomethacin detected in
the plasma of these animals.
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Effects of drugs on indomethacin-induced mucin
depletion

Figure 6A shows the effects of AL-Na on indomethacin-
induced mucin depletion. Administraton of 10-mg/kg in-
domethacin decreased the MUC2 protein levels. Oral doses
of 500 mg/kg AL-Na significantly inhibited this dectease
in MUC2 protein. Rebamipide at 100 mg/kg also reduced
the indomethacin-induced decreases in MUC2 protein lev-
els. Hence, we examined goblet cells, which are the major
source of mucin, through the PAS staining of ileal tissues.
Indomethacin-treated control animals showed depleted gob-
let cell numbers (Figure 6C) compated to untreated animals
(Figure 6B). Treatment with AL-Na or rebamipide amelio-
rated this indomethacin-induced deficiency (Figure 6D-F).

Effects of AL-Na on changes in enterobacterial count in

small intestinal mucosa

Indomethacin caused a marked increase in the mucosal
invasion of enterobacteria (Table 2). Administration of
AL-Na (500 mg/kg) significantly decreased the number
of enterobacteria compared with the indomethacin-
treated control group.

Effects of low molecular AL-Na on indomethacin-

induced small intestinal lesions
Oral administration of 5% low molecular weight (7.26

March 14, 2014 | Volume 20 | Issue 10 |
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Figure 6 Effects of drugs on indomethacin-induced mucin depletion in small intestine. Animals were given indomethacin (10 mg/kg, po) and killed 24 h later.
AL-Na (250 and 500 mg/kg) or Reb (100 mg/kg) was given orally twice at 30 min before and 6 h after administration of indomethacin. A: The mucin of the small in-
testine was measured; B: PAS-stained microscopic observations of the rat small intestinal mucosa of the control (Cont) group; C: Indomethacin (IND); D: AL-Na (250
mg/kg); E: AL-Na (500 mg/kg); F: Reb (100 mg/kg). Each column and vertical bar represents the mean + SE (n = 8). Significantly different from the Cont group at *P <
0.01 (Student's t-test). Significantly different from the IND group at °P < 0.01 and °P < 0.05 (Dunnett’s test). AL-Na: Sodium alginate; Reb: Rebamipide.

+ 0.6 mPas) or original AL-Na solutions (360 £ 4.4
mPas) at a dose of 500 mg/kg significantly reduced
indomethacin-induced small intestinal lesions and vascu-
lar permeability compared with those of indomethacin-
treated control rats (Figure 7). However, treatments with
2.5% CMC-Na solutions, which show similar viscosity
to original AL-Na (CMC-Na, 376 £ 5.6 mPas), did not
affect indomethacin-induced small intestinal lesions or
vascular permeability.

DISCUSSION

Previous studies have demonstrated that AL-Na lay-
ers cover lesions, inhibit the lytic actions of pepsin and
hydrochloric acid, and protect the mucosal surface of
the upper gastrointestinal tract"”. These studies also
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show that AL-Na enhances the production of gastric
hexosamine in hydrochloric acid-induced gastric ulcers
in rats™”. Presently, we confirmed the effects of AL-Na
on indomethacin-induced gastric ulcers, and additional
protection from indomethacin-induced small intestinal
injury, symptoms of anemia, reduction of intestinal
length, increases in inflammatory response, and oxida-
tive stress in small intestine has been observed. has been
observed. Next, we tested the influence of AL-Na on
indomethacin plasma concentration, and results in AL-
Na had no influence. Therefore, the effect of AlL-Na
on indomethacin-induced gastrointestinal injury is not
thought to be involved in the inhibition of indometh-
acin absorption. Several studies have reported intestinal
bleeding and chronic anemia associated with indometh-
acin™"’. Moreover, decreased haemoglobin levels have
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Figure 7 Effects of low molecular sodium alginate on indomethacin-induced small intestinal lesions. Animals were given indomethacin (10 mg/kg, po) and
killed 24 h later. Original AL-Na (500 mg/kg), low AL-Na (500 mg/kg) or CMC-Na (250 mg/kg) was given orally twice at 30 min before and 6 h after administration of
indomethacin. (A) The lesion areas were measured. (B) The vascular permeability was measured. Each column and vertical bar represents the mean + SE (n = 8).
Significantly different from the control group at °P < 0.01 (Student's ttest). Significantly different from the indomethacin group at °P < 0.05 and °P < 0.01 (Dunnett's
test). Cont: Control; IND: Indomethacin; AL-Na: Sodium alginate; Low AL-Na: Low molecular sodium alginate; CMC-Na: Sodium carboxymethylcellulose.

Table 2 Effects of sodium alginate on number of enterobac-

teria in ileal mucosa

n Total number of enterobacteria
log CFU/g tissue
Control 6 6.84 +£0.44
Indomethacin 6 7.82+0.42°
AL-Na (250 mg/kg) 6 7.26 +0.53
AL-Na (500 mg/kg) 6 6.96 + 0.83°

Number of enterobacteria 24 h after indomethacin administration was
counted. Data are presented as the means * SE. Significantly different
from the control group at °P < 0.01 (Student’s t-test). Significantly different
from the indomethacin group at °P < 0.05 (Dunnett’s test). AL-Na: Sodium
alginate.

been reported as a consequence of indomethacin treat-
ment in rodents”™. In the present study, AL-Na also in-
hibited indomethacin-induced decreases in haemoglobin
levels, whereas rebamipide showed no significant effect.
Daigo e a/"” reported that AL-Na precipitated fibrino-
gen and increased fibrin polymerisation. They also dem-
onstrated enhanced aggregation of platelets following
AL-Na treatment™. Hence, we suggest that AL-Na
elicits mucoprotective effects and a hemostatic effect in
the lower gastrointestinal tract in addition to protective
effect on stomach.

Subsequently, we focused on the effects of AL-Na in
small intestinal mucosa. The importance of mucus to the
physiological defence mechanisms of the gastrointesti-
nal tract is well documented™. Mucin comprises highly
glycosylated large glycoproteins with protein backbone
structures that are rich in serine and threonine and atre
linked to a wide variety of O-linked oligosaccharides[34].
It has been reported that indomethacin decreases the
mucus content of the small intestine in rats"?. In ad-
dition, higher magnification of the surface mucus gel
layer of the small intestine has been reported during the
healing process of NSAIDs-induced enteritis in rats” >,
Therefore, it is clear that mucin plays an important role
in NSAID-induced gastrointestinal disease. Barcelo ez
al’ reported that AL-Na induced mucin secretion in rat
colon. Therefore, we hypothesised that mucin induction
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by AL-Na is the main mechanism involved in the healing
of NSAIDs-induced enteritis. Mucin genes are broadly
classified as secretory or membrane-associated. MUC2,
MUC5AC, MUC5B, and MUC6 have been identified as
gel-forming secretory mucin proteins. MUC2 is the ma-
jor mucin produced by the goblet cells of the intestinal
mucosa”™. In stomach, AL-Na increased hexosamine
levels, which are glycoprotein constituting gastric mu-
cusP”. Next, we examined MUC2 production in rat small
intestines and showed that AL-Na inhibited indometh-
acin-induced MUC2 reduction in goblet cell.

Mucin plays an important role in intestinal barrier
function®™ and in protection from bacterial transloca-
tion”. Bacterial translocation is the one of main sources
of pathogenicity arising from NSAIDs-induced enteti-
tis'”. In these studies, the mucin inducer AL-Na affected
bacterial infiltration into the small intestine, and admin-
istration of AL-Na prevented an increase in the number
of enterobacteria in ileal tissue. These data suggest that
AL-Na-induced MUC2 production in intestinal goblet
cells defended against the infiltration of enterobactetia
from small intestinal injuries caused by NSAIDs, in addi-
tion to protective effect on stomach.

Satoh et al*” reported that foods containing soluble,
but not insoluble, dietary fibers ameliorated the induc-
tion of intestinal lesions by indomethacin. Subsequently,
they reported a strong correlation between the viscosity
and the muco-protective actions of soluble dietary fi-
bers. Hence, we also tested the effects of low molecular
AL-Na and CMC-Na, which have low viscosities, on
indomethacin-induced small intestinal injury. Low mo-
lecular AL-Na also prevented small intestinal injury, but
CMC-Na did not. Hence, we suggest that the protective
effects of AL-Na are independent of viscosity. Barcelo
et al’" also reported that AL-Na increased the secretion
of mucin, but not cellulose, in control rat colons. They
reported that glucuronic acid and galacturonic acid also
increased mucin content”” and indicated that uronic
acid, which is a major constituent of AL-Na, may play
an important role in mucus secretion.

In conclusion, AL-Na prevented indomethacin-induced
lesions in the stomach and small intestines of rats via
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inhibiting bacterial translocation. In addition, the results
suggest that the therapeutic effects of AL-Na are inde-
pendent of its viscosity. Therefore, AL-Na may be an
effective treatment for NSAID-induced gut and small
intestinal mucosal injury.
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Background

Non-steroidal anti-inflammatory drugs (NSAIDs) damage the stomach. Small
bowel injuries from these drugs have also been reported. Patients who are on
long-term NSAIDs treatment develop mucosal injuries of the small intestine,
including bleeding, erosion, and ulcers. Therefore, the development of a better
therapeutic agent is needed. It was reported that rebamipide, one of mucosal
protective agent, suppressed NSAIDs-induced intestinal injury. But, the devel-
opment of more therapeutic agent is demanded.

Research frontiers

Sodium alginate (AL-Na) elicits a muco-protective effect by covering the surface
of the gastrointestinal tract. Therefore, it may be useful for the treatment of gas-
tric and esophageal ulcers and bleeding. In this study, the authors demonstrate
that the effect of AL-Na on NSAIDs-induced enteropathy in rats.

Innovations and breakthroughs

AL-Na is a useful in the treatment of upper gastrointestinal disease. Therefore,
AL-Na may be effective in both the upper and lower gastrointestinal tracts. AL-
Na is reportedly an effective treatment for experimental colitis and for radiation-
induced colon damage. Therefore, the authors hypothesised that AL-Na may
ameliorate small intestinal damage and evaluated its effects on indomethacin-
induced small intestinal injuries in rats. This is the first study to report that the
effect of AL-Na on small intestinal injury.

Applications

The study results suggest that the AL-Na is a potentially therapeutic agenta
that could be used for preventing NSAIDs-induced small intestinal enteritis via
bacterial translocation.

Terminology

AL-Na is a polysaccharide with homopolymeric blocks of (1-4)-linked B-D-
mannuronate, and its C-5 epimer a-L-glucuronate residues are widely distrib-
uted in the cell walls of brown algae.

Peer review

This is a good descriptive study in which the authors analyzed the preventive
effect of AL-Na on enteropathy induced by NSAIDs in rats. The results are in-
teresting and suggest that AL-Na is a potential therapeutic agent that could be
used for small intestinal injury induced by NSAIDs.
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