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Abstract

Background/Aim How to prevent the small intestinal
damage induced by NSAIDs is an urgent issue to be
resolved. In the present study, we examined the effects of
soluble dietary fibers on both anti-inflammatory and
ulcerogenic effects of indomethacin in arthritic rats.
Methods Male Wistar rats weighing 180-220 g were
used. Arthritis was induced by injecting Freund’s complete
adjuvant (killed M. tuberculosis) into the plantar region of
the right hindpaw. The animals were fed a regular powder
diet for rats or a diet supplemented with soluble dietary
fibers such as pectin or guar gum. Indomethacin was
administered once a day for 3 days starting 14 days after
the adjuvant injection, when marked arthritis was observed.
The volumes of the hindpaw were measured before and
after indomethacin treatment to evaluate the effect of
indomethacin on edema. The lesions in the small intestine
were examined 24 h after the final dosing of indomethacin.
Results Hindpaw volume was increased about 3 times
14 days after injection of the adjuvant. Indomethacin
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(3-10 mg/kg, p.o.) decreased hindpaw volume dose-de-
pendently, but caused severe lesions in the small intestine
at doses of 6 and 10 mg/kg. The addition of pectin
(1-10 %) or guar gum (10 %) to the diet markedly
decreased the lesion formation without affecting the anti-
edema action of indomethacin. The same effects of pectin
were observed when indomethacin was administered
subcutaneously.

Conclusions It is suggested that soluble dietary fibers can
prevent intestinal damage induced by NSAIDs without
affecting the anti-inflammatory effect of these agents.

Keywords Arthritic rat - Dietary fiber - Indomethacin -
Intestinal ulcer - NSAID - Pectin

Introduction

Recent progress in endoscopies such as capsule endoscopy
and double-balloon endoscopy has revealed that nons-
teroidal anti-inflammatory drugs (NSAIDs) [1-4] and
aspirin [5—7] often cause mucosal damage, not only in the
stomach and duodenum, but also in the small intestine, and
the intestinal lesions are more common than previously
thought. It has been reported that some probiotics and anti-
ulcer agents protected the small intestinal mucosa against
NSAIDs in pilot clinical studies in healthy volunteers [8—
10] and experimental animals [11-14]. However, at pre-
sent, effective therapies for the prevention of intestinal
damage are not available in patients. Therefore, how to
manage NSAID-/aspirin-induced small intestinal damage
remains an urgent issue [15]. In previous studies, we found
that soluble dietary fibers (DFs) such as pectin and guar
gum could prevent the adverse effects of NSAIDs on the
small intestine in cats [16, 17]. However, there are few
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reports about whether soluble DFs affect the main phar-
macological action of NSAIDs, such as anti-inflammatory
action, or not.

On the other hand, it has been reported that patients with
rheumatoid arthritis are more susceptible to NSAID-in-
duced gastric damage than other NSAID users [18]. This is
a very important problem for patients because they cannot
avoid using NSAIDs. Kato et al. [19, 20] have reported that
NSAIDs caused more severe lesions in the gastrointestinal
mucosa in rats associated with adjuvant-induced arthritis (a
rat model of rheumatoid arthritis) than those in normal rats.
Therefore, in the present study, we firstly examined the
effect of arthritis on indomethacin-induced small intestinal
lesions and secondly examined the effect of soluble DFs on
the anti-inflammatory action and ulcerogenic effect of
indomethacin in the arthritic rats. The results showed that
arthritis aggravated the intestinal damage and that soluble
DFs were able to prevent the intestinal damage aggravated
by arthritis without affecting the anti-inflammatory action
of indomethacin.

Materials and Methods
Ethics Approval

Experimental protocols were approved by the Animal
Research Committee at the Faculty of Agriculture, Tottori
University, Tottori, Japan.

Animals

Seven-week-old male Wistar rats (Shimizu Laboratories,
Shizuoka, Japan) weighing 180-220 g were used.

Diets

The animals were usually given a regular powder diet
(RPD) for rats (CE-2; Clea Japan, Osaka, Japan). In
experiments examining the effect of DFs on the formation
of intestinal lesions and the anti-inflammatory activity of
indomethacin, a dietary-fiber-free diet (FFD) (F2LCP;
Oriental Bioservice, Kyoto, Japan), the FFD supplemented
with insoluble DF (a-cellulose; Sigma, St. Louis, Missouri,
USA), or the RPD supplemented with soluble DFs (pectin
and guar gum; Wako, Osaka, Japan) was used (Table 1).

Composition of diets: RPD contained 24.9 % crude
protein, 4.4 % crude fat, 4.1 % crude fiber, 6.9 % crude
ash, 2.5 % minerals, and 51 % soluble non-N materials
such as starch and sucrose. FFD (F2LCP; Oriental
Bioservice) contained 19.6 % protein, 17.1 % fat, 4.6 %
minerals, 2.3 % vitamins, and 53.8 % sucrose.
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Table 1 Composition of diet with regard to soluble and insoluble
DFs

Diet Soluble DF Insoluble DF

Control diet

Regular powder diet (RPD) + +
Dietary-fiber-free diet (FFD) — —
FFD + cellulose (insoluble DF) — +
RPD + pectin (soluble DF) ++ +
RPD + guar gum (soluble DF) ++ +

Each diet was given to rats starting 2 days before the administration
of indomethacin until the end of the experiment

Drugs

The following drugs and chemicals were used: car-
boxymethylcellulose (CMC), Freund’s complete adjuvant
(FCA; killed M. tuberculosis, H37Ra), indomethacin, and
ether (Wako, Osaka, Japan). Drugs for oral or subcutaneous
administration were suspended in a 1 % CMC solution. The
drugs were prepared just prior to the experiments and
administered at a volume of 0.2 mL/100 g body wt.

Induction and Measurement of Small Intestinal
Damage

Indomethacin (3, 6, or 10 mg/kg) was administered orally
or subcutaneously once or once daily for 3 days in unfasted
rats. The animals were killed by ether overdose 24 h after
the final dose of indomethacin. The small intestines were
spread out on paper and opened along the anti-mesenteric
side, and the contents were removed. The length (mm) of
the individual lesions was measured under a dissecting
microscope with a 1-mm square grid eyepiece (x10), and
the sum of the lengths of all of the lesions in each intestine
was used as the lesion index. The individual measuring the
lesions did not know the treatments given to the animals.

Induction of Arthritis by FCA and Evaluation
of Inflammation (Edema)

Arthritis in rats was induced by the method described by
Winter and Nuss [21]. Briefly, 50 pl of Freund’s complete
adjuvant (FCA; 10 mg/ml killed M. ruberculosis, suspended in
paraffin oil) was injected into the plantar region of the right
hindpaw under ether anesthesia. Inflammation was estimated
by measuring the change of volume of the paw in both hindlegs
according to the method of Winter and Nuss [21] (Fig. 1a).

Statistics

All data are expressed as mean = SEM. Differences
between groups were analyzed by Student’s  test for paired
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Fig. 1 Adjuvant-induced arthritis in rats. Fifty microliters of FCA
was injected into the plantar region of the right hindpaw under ether
anesthesia. A Measurement of inflammation (edema) of a hindpaw. A
hindleg was dipped into the tube filled with water containing 1 %
detergent until the edge of the bristle. The weight of fluid overflowing
from the tube was measured and used to determine the volume of the
paw. B Photograph of the hindlegs 14 days after injection of FCA.
Color of the legs becomes reddish, and edema is observed in both /eft
(mild) and right (severe) legs. C Photograph of small intestine 24 h
after the administration of indomethacin (10 mg/kg, p.o.). Many
lesions are observed in the mucosa

group comparisons, or analysis of variance (Dunnett’s
multiple range test) if more than 2 variables were consid-
ered, with the significance level set at P < 0.05.

Results
Time Course of Adjuvant Arthritis

The injection of FCA into the right hindpaw caused acute
inflammation (severe edema, reddish appearance, and
hyperthermia) in the paw topically. The edema peaked
within 3 days (primary phase), and at 10 days or later it
gradually increased again, and another peak value was
observed 21 days later (secondary phase) (Fig. 2). The
volume of the left hindpaw did not change during the first
7 days, but then gradually increased and peaked at 21 days
(Fig. 2). Figure 1b shows the reddish edema of both hind-
paws 14 days after the injection of FCA. Atday 21, edema, a
reddish appearance, and skin ulcers were observed system-
atically in the forepaws, tail, ears, and nose.

Effect of FCA Injection on Small Intestinal Damage
Induced by Indomethacin

Indomethacin (10 mg/kg) was administered orally once
before or 3, 7, 14, or 28 days after the injection of FCA or
vehicle (50 pl of liquid paraffin). The gastrointestinal lesions
were examined 24 h after the administration of indomethacin.
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Fig. 2 Time-dependent changes in the volume of hindpaws after the
injection of FCA. FCA was injected into the plantar region of the
right hindpaw at day O, and the volumes of both hindpaws were
measured at various days after the injection of FCA until day 28.
Volumes of the right (open circle) and left (filled circle) paws at
various days are expressed as the % of volume at day O regarded as
100 %. Data show the mean values and the SEs of six rats

Under the applied conditions, indomethacin caused few
lesions in the stomach, but many lesions in the middle and
lower parts of the small intestine (Fig. 1c). The lesion index of
the small intestine in the normal rats administered indo-
methacin was 84.2 + 19.7 mm (n = 6). As shown in
Fig. 3A, the lesion indices in FCA-treated rats were larger
than those in the vehicle group. The lesion indices of the FCA
group were significantly (P < 0.05) larger than those of the
vehicle group at days 14 and 28 (Fig. 3A).

The effect of FCA on the lesion formation at doses of 3, 6,
and 10 mg/kg indomethacin was examined at day 14. In the
group given vehicle, indomethacin at 3 mg/kg did not cause
any lesions, but caused lesions at 6 and 10 mg/kg dose-
dependently; that is, the lesion indices were 8.2 = 6.0 mm
(n = 6) and 100.0 & 26.4 mm (n = 8), respectively. The
administration of FCA alone did not cause any lesions in the
small intestine, but it markedly increased the lesions induced
by indomethacin; that is, the lesion indices at doses of 6 and
10 mg/kg were 111.3 £39.0 mm (n =6, P <0.05 vs.
vehicle) and 242.2 + 42.9 mm (n = 8, P < 0.05 vs. vehi-
cle), respectively (Fig. 3B).

Effects of FFD on Ulcerogenic and Anti-
inflammatory Actions of Indomethacin in Arthritic
Rats

To determine the role of dietary fiber in the formation of
intestinal lesions by indomethacin, rats were given RPD or
FFD starting 2 days before the administration of indo-
methacin until the end of the experiment. Indomethacin
(3-10 mg/kg) was given orally once daily for 3 days
starting at 14 days after the injection of FCA.
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Fig. 3 Effect of FCA on the formation of small intestinal ulcers
induced by indomethacin. A Time-dependent changes in the ulcero-
genic effect of indomethacin. FCA (filled square) or vehicle (open
square) was injected into the plantar region of the right hindpaw at
day 0. Indomethacin (10 mg/kg, p.o.) was administered at various
days after the injection of FCA until day 28. B Dose-related response
of ulcerogenic effect of indomethacin. Indomethacin (3, 6, and
10 mg/kg, p.o.) was administered at 14 days after FCA injection. The
intestinal lesions were measured 24 h after the administration of
indomethacin. Data show the mean values and the SEs of 6-8 rats. a:
P < 0.05 versus vehicle

Indomethacin at a dose of 3 mg/kg did not cause any
lesions in the small intestine in both groups given RPD or
FFD. However, indomethacin at doses of 6 and 10 mg/kg
caused many severe lesions in the group given RPD; that is,
the lesion indices were 176.2 + 32.0 mm (n = 6) and
194.3 + 26.9 mm (n = 8), respectively. However, in the
group given FFD, the ulcerogenic action of indomethacin
was markedly decreased; that is, the lesion indices at doses
of 6 and 10 mg/kg were 2.0 £ 2.0 mm (n = 6, P < 0.01
vs. RPD) and 12.1 £ 3.9 mm (n = 7, P < 0.01 vs. RPD),
respectively (Fig. 4A).

The volume of the hindpaw increased slightly during
3 days of treatment with vehicle (1 % CMC instead of
indomethacin) in the group given RPD; that is, the volume of
the right hindpaw was 113.6 £+ 7.9 % (n = 6). Indometha-
cin (3-10 mg/kg) decreased the paw volume dose-
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dependently, and the peak effects were observed at a dose of
6 mg/kg in both RPD and FFD groups (Fig. 4B). The effects
at 3 mg/kg were almost the same and significant (P < 0.05
vs. vehicle) in both groups, but those at 6 and 10 mg/kg were
weak in the group given FFD (Fig. 4B). The paw volumes at
a dose of 6 mg/kg of indomethacin in both groups were
700£70% (m=6, P<001 vs. vehicle) and
84.5 £ 2.6 % (n = 8, P < 0.01 vs. vehicle), respectively.

Effects of Cellulose on Ulcerogenic and Anti-
inflammatory Actions of Indomethacin in Arthritic
Rats

To determine the role of insoluble DF in the formation of
intestinal lesions by indomethacin, rats were given RPD,
FFD, or FFD supplemented with cellulose. Indomethacin
(10 mg/kg) was given orally once daily for 3 days starting
at 14 days after the injection of FCA.

As shown in the previous section, FFD markedly
decreased the lesions caused by indomethacin. However, the
addition of cellulose (3 or 10 %) to the FFD increased the
lesion index dose-dependently (Fig. 5A). The lesion index in
the 10 % cellulose group was 98.6 £ 11.9 mm (n = 7), and
it was significantly (P < 0.05) greater than that of FFD alone.

The addition of cellulose (3 and 10 %) to the FFD
concentration-dependently increased the anti-inflammatory
action of indomethacin (Fig. 5B).

A
E 250
£ Il RPD (Control diet)
- 200
x O3 FFD
5 150
c
= 100
c
2 50
3 o b D
Day 14 Day17
RPD 3 6 10
Vehicle Indomethacin (mg/kg, p.o.)
B
. 140
X
% 120 I
o
L
S 100 a a a
g b
: . I
(=}
= 60 Day 14 Day17
RPD 3 6 10
Vehicle Indomethacin (mg/kg, p.o.)

Fig. 4 Effect of FFD on ulcerogenic and anti-inflammatory effects of
indomethacin in arthritic rats. The rats fed RPD or FFD from 12 days
after the injection of FCA. Indomethacin (3, 6, and 10 mg/kg, p.o.)
was administered once daily for 3 days starting at day 14. The
intestinal lesions (A) and the volume of the paw (B) were measured
24 h after the final doses of indomethacin (day 17). Data show the
mean values and the SEs of 6-8 rats. a: P < 0.05, b: P < 0.01 versus
RPD with indomethacin (A) and with vehicle (B)
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The level of hematocrit in the vehicle group was
409 £ 0.6 % (n = 7). Indomethacin at 10 mg/kg mark-
edly decreased the level in the group given RPD to
320 £ 3.1 % (n = 8, P <0.01 vs. vehicle). In the group
given FFD, the decrease in the hematocrit level by indo-
methacin was mild; that is, the level was 38.3 £ 0.9 %
(n =17, P <0.05 vs. RPD). The addition of cellulose (3
and 10 %) to the FFD decreased the level again concen-
tration-dependently, and the level at 10 % was
313 £ 1.3 % (n =7, P < 0.01 vs. vehicle) (Fig. 5C).

Effects of Pectin and Guar Gum on Ulcerogenic
and Anti-inflammatory Actions of Indomethacin
in Arthritic Rats

To determine the effect of soluble DFs in the formation of
intestinal damage by indomethacin, pectin (1-10 %) or
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Fig. 5 Effect of cellulose on ulcerogenic and anti-inflammatory
effects and changes in hematocrit levels caused by indomethacin in
arthritic rats. The rats fed RPD alone or FFD with or without cellulose
(3 and 10 %) from 12 days after the injection of FCA. Indomethacin
(10 mg/kg, p.o.) was administered once daily for 3 days starting at
day 14. The intestinal lesions (A), the paw volume (B), and the
hematocrit levels (C) were measured 24 h after the final dose of
indomethacin (day 17). Data show the mean values and the SEs of
6-8 rats. a: P < 0.05, b: P <0.01 versus RPD with indomethacin
(A) and with vehicle (B, C)

guar gum (10 %) was added to the RPD. Indomethacin
(10 mg/kg) was given orally once a day for 3 days starting
at 14 days after the injection of the FCA. Pectin decreased
the lesion index concentration-dependently, and the effects
of 3 and 10 % were significant (P < 0.05 and 0.01 vs. RPD
alone) (Fig. 6A). Guar gum (10 %) also significantly
(P < 0.01 vs. RPD alone) decreased the intestinal lesions.
The addition of pectin or guar gum to the RPD did not
affect the anti-inflammatory action of indomethacin
(Fig. 6B).

The effects of pectin on the ulcerogenic and anti-in-
flammatory actions of indomethacin administered subcu-
taneously were examined in arthritic rats. Indomethacin
(10 mg/kg) was given subcutaneously once a day for
3 days starting at 14 days after the injection of the FCA. As
shown in Fig. 7A, B, similar results to those of oral indo-
methacin were observed; namely, pectin (10 %) added to
the RPD significantly prevented the intestinal lesion for-
mation (P < 0.05 vs. RPD), but did not affect the decrease
in paw volume by indomethacin (P < 0.01 vs. RPD).

The body weight in the vehicle group slightly increased
during 3 days of treatments. Indomethacin (10 mg/kg, s.c.)
gradually decreased the body weight in the group given
RPD alone, and the effects were significant (P < 0.01)
after 2 and 3 doses (Fig. 7C). However, in the group given
RPD supplemented with pectin (10 %), indomethacin did
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Fig. 6 Effect of pectin and guar gum on the ulcerogenic and anti-
inflammatory effects of indomethacin in arthritic rats. The rats fed
RPD alone or RPD supplemented with pectin (PEC, 1-10 %) or guar
gum (GG, 10 %) from 12 days after the administration of FCA.
Indomethacin (10 mg/kg) was administered orally once daily for
3 days starting at day 14. The intestinal lesions and the paw volume
were measured 24 h after the final dose of indomethacin (day 17).
Data show the mean values and the SEs of 6-8 rats. a: P < 0.05, b:
P < 0.01 versus RPD with indomethacin (A) and with vehicle (B)
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Fig. 7 Effect of pectin on ulcerogenic and anti-inflammatory effects
and decrease in body weight caused by indomethacin given subcu-
taneously in arthritic rats. The rats fed RPD alone or RPD
supplemented with pectin (PEC, 10 %) from 12 days after the
administration of FCA. Indomethacin (IND, 10 mg/kg) was admin-
istered subcutaneously once daily for 3 days starting at day 14. The
intestinal lesions (A) and the paw volume (B) were measured 24 h
after the final dose of indomethacin (day 17), and body weight
(C) was measured every morning at 10 a.m. Data show the mean
values and the SEs of 6-8 rats. a: P < 0.05, b: P < 0.01 versus RPD
with indomethacin (A) and with vehicle (B), and versus control (C)

not cause a decrease in body weight during 3 days of
treatment (Fig. 7C).

Discussion

Kato et al. [19, 20] have reported that NSAIDs produced
more GI lesions in arthritis rats than those in normal rats,
supporting the findings of Fries et al. [18] showing that
rheumatoid arthritis patients are more sensitive to gastric
damage from NSAIDs than other patients. In the present
study, we firstly examined the effect of arthritis on indo-
methacin-induced intestinal damage. The results showed
that the lesion indices of indomethacin-induced intestinal
lesions in the arthritic rats were larger than those in the rats
treated with vehicle, and the effect was significant when
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indomethacin was administered 14 or 28 days after the
injection of adjuvant, when arthritis became marked, con-
firming the findings of Kato et al. [20] in the small intestine.

Small intestinal damage caused by NSAIDs/aspirin is
more common in patients taking the drugs for more than
3 months than previously thought [1-7]. However, effective
therapy for this intestinal damage is not available at present,
although several possibilities have been proposed [8—14]. In
previous studies, we found that soluble DFs such as pectin
and guar gum could prevent the intestinal damage induced
by NSAIDs/aspirin in cats [16, 17]. In the present study, we
examined the effects of soluble DFs on both anti-inflam-
matory (anti-edema) action and ulcerogenic effect of indo-
methacin using an arthritic rat model. Indomethacin (6 and
10 mg/kg, p.o.) given once daily for 3 days starting at
14 days after adjuvant injection significantly decreased the
edema (anti-inflammatory action), but produced severe
lesions in the small intestine in the rats given a regular
powder diet (RPD). Pectin (1-10 %) added to the diet
markedly prevented the formation of small intestinal lesions
concentration-dependently, but it did not affect the anti-in-
flammatory action of indomethacin (10 mg/kg, p.o.), even at
the highest concentration of 10 %. Similar results were
obtained when guar gum (10 %) was added to the diet. These
results suggest that soluble DFs can prevent the intestinal
side effects of NSAIDs without affecting their anti-inflam-
matory action, indicating the usefulness of soluble DFs for
the treatment of small intestinal damage in NSAID/aspirin
users including rheumatoid arthritis patients.

We previously reported that insoluble DFs, in contrast to
soluble DFs, play an important role in the formation of
NSAID-induced intestinal lesions in normal rats and cats
[22, 23]. In the present study, we examined this possibility
in arthritic rats. As mentioned above, indomethacin pro-
duced severe lesions in the small intestine in the rats given
a regular powder diet (RPD) containing crude DF at a
concentration of 4.1 %. In the rats given a fiber-free diet
(FFD), the intestinal lesions due to indomethacin were
markedly decreased, but in the rats given FFD supple-
mented with cellulose (1-10 %), indomethacin again pro-
duced intestinal lesions in a concentration-dependent
manner. These results correspond with the previous find-
ings that insoluble DFs play an important role in the for-
mation of intestinal ulcers in rats and cats and also support
the idea that the intestinal ulcers are initiated by rubbing of
the mucosa with insoluble DFs under the conditions of
decreased mucus and increased intestinal motility caused
by NSAIDs [16, 23, 24].

On the other hand, the anti-edema action of indo-
methacin was mildly decreased in the rats given the FFD
compared with that in the rats given the regular powder diet
(RPD). These results are explained as follows: In the group
given the regular diet, indomethacin produced severe
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lesions in the small intestine, resulting in a decrease in
body fluid due to intestinal bleeding. This might have
caused a decrease in edema in the paw and enhanced the
apparent action of indomethacin on the edema. This is
supported by the facts that the hematocrit level in the group
given FFD and indomethacin was significantly higher than
that in the animals given the regular diet and indomethacin,
and the addition of cellulose to the FFD again caused
intestinal lesions by indomethacin and a decrease in the
hematocrit level with an increase in anti-inflammatory
action.

We have proposed that multiple factors, such as
intestinal hypermotility, decreased mucus secretion,
enterobacteria, bile acid, and indigestive solid components
of food are involved in the pathogenesis of NSAID-induced
small intestinal damage [15, 24, 25]. Several possibilities
are considered as mechanisms by which soluble DFs pre-
vented the intestinal damage induced by indomethacin,
namely the effect of soluble DFs on intestinal motility,
mucus, enterobacteria, bile acid, and the intestinal
absorption of indomethacin, among others. Previously, we
reported that pectin prevented indomethacin-induced
intestinal damage in cats, but it neither affected the
absorption of indomethacin from the gastrointestinal tract
nor inhibited the intestinal hypermotility caused by indo-
methacin [16]. In the present study, pectin prevented the
formation of intestinal lesions induced by indomethacin
administered subcutaneously. These results rule out the
possibility that pectin prevented the formation of intestinal
damage by affecting the absorption of indomethacin or by
inhibiting the intestinal motility. We suggested in a study
in cats that both soluble DFs and mucin from pig stomach
protected the small intestine against NSAID-induced
damage by compensating for a decrease in barrier function
caused by NSAIDs due to their viscous nature because a
good correlation was found between the viscosities of
mucin and the soluble DFs (guar gum, pectin, and poly-
dextrose) and the protective activities of these substances
on the intestinal mucosa [16]. This may partly explain the
protective activity of pectin on the intestinal mucosa in the
present study in arthritic rats. In addition, in the present
study, pectin prevented the decrease in body weight
induced by repeated administration of indomethacin for
3 days. These results strongly support the usefulness of
soluble DFs as a new therapy for NSAID-induced intestinal
damage.

We have reported that pectin prevented the small
intestinal damage induced not only by NSAIDs but also by
enteric-coated aspirin in cats [16, 17]. These findings and
the results of the present study show that soluble DFs such
as pectin and guar gum can prevent the intestinal lesions
caused by NSAIDs/aspirin without affecting the anti-in-
flammatory action of these agents. In this context, the

question arises of what level of soluble DFs is necessary to
protect the small intestine against NSAIDs/aspirin. It is
very difficult to answer this question because it is well
known that food materials contain different amounts of
soluble and insoluble DFs, and each individual takes dif-
ferent kinds of meals every day. However, from the results
in cats [16], it is suggested that a small amount (less than
1 %) of soluble DFs would be sufficient to decrease the
intestinal lesions induced by NSAIDs. We expect that the
clinical usefulness of soluble DFs in decreasing adverse
events in the small intestine in patients will be revealed in
the near future.
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