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Recent progress in endoscopic techniques has revealed that non-steroidal anti-inflammatory drugs (NSAIDs) often cause
ulcers in the small intestine in humans, but effective therapy is not available at present. In the present study, we investigated
the effects of feeding condition and the amount of dietary fiber (DF) in the diet on the formation of gastrointestinal ulcers
induced by NSAIDs in dogs. Several types of diets containing various percentages of DF were given to dogs. Indomethacin
(1 or 3 mg/kg, p.o.), ketoprofen (2 mg/kg, s.c.), or fulnixin (1 mg/kg, s.c.) was administered once daily at 10 a.m. after a
morning meal or without a morning meal (fasted condition) for 3 – 7 days. Gastrointestinal lesions were examined 24 h after
the final dose of the drugs. When indomethacin (3 mg/kg) was administered after a morning meal (fed condition) for 7 days,
it produced many lesions in the small intestine. However, when it was given in the fasted condition without the morning
meal, the lesions were markedly decreased. All the NSAIDs given after feeding of regular dry food containing 6% DF once
a day for 3 days produced many lesions in the small intestine. The lesions were decreased or increased in dogs given
prescription diets containing low DF (1.1%) and high DF (15.4%), respectively. Furthermore, lesions were not observed in
dogs given canned diet containing very low DF (< 0.1%), whereas lesions appeared again in dogs given canned diet
supplemented with cellulose (3 or 10%) but not with pectin (10%). These results suggested that both feeding condition and
insoluble DF, such as cellulose in the diet, play an important role in the formation of NSAID-induced small intestinal lesions,
and that a diet with no or low amounts of DF may decrease gastrointestinal side-effects associated with the use of NSAIDs.
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intestinal bacteria

INTRODUCTION
Recent progress in endoscopic techniques, such as capsule
endoscopy, has revealed that small intestinal ulcerations induced
by non-steroidal anti-inflammatory drugs (NSAIDs) in humans
are more frequent and more severe than previously thought (14). Furthermore, in contrast with upper gastrointestinal ulcers,
effective therapy for the prevention of small intestinal damage is
not available in patients (5), although it has been reported that
some antiulcer agents and probiotics were effective in protecting
the small intestinal mucosa against NSAIDs not only in
experimental animals (6-10) but also in healthy volunteers (1113). Therefore, how to manage NSAID-induced small intestinal
damage is an important issue to be solved. We reported
previously that both the feeding condition when NSAIDs are
administered and the content of dietary fiber (DF) in the diet,
especially insoluble DF such as cellulose, play important roles in
the formation of small intestinal ulcers induced by NSAIDs in
mice (14), rats (15, 16), and cats (17-19).
NSAIDs are often used in dogs and cats for the treatment of
diseases, and they sometimes produce adverse effects on the
gastrointestinal mucosa (20, 21). However, very few studies have
examined the effects of NSAIDs on the small intestine in cats and
dogs, except for our studies in cats (17-19, 22-24). In the present

study, we investigated the effects of feeding condition and the
amount of DF in the diet on the formation of gastrointestinal
ulcers induced by NSAIDs in dogs using experimental doses of
indomethacin and clinical doses of ketoprofen and fulnixin,
which are commonly used NSAIDs in dogs. In addition, we
examined the effects of various diets commercially available for
dogs, such as canned diet with almost no DF and prescription
diets containing low or high concentrations of DF, on
gastrointestinal damage caused by NSAIDs.

MATERIALS AND METHODS
Animals
Seventy three (35 male and 38 female) mongrel dogs bred
for the experiments in the animal house of Tottori University
were used after feeding for > 6 months.
Experimental protocols were approved by the Animal
Research Committee, Faculty of Agriculture, Tottori University,
Tottori, Japan. In accordance with our institution’s guidelines,
the number of animals used in our studies was kept as low as
possible; in most of the experiments, 2 male and 2 female dogs
were included per group, and the same data from the control
group was used in all ulcer experiments.
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Drugs and diets
The following drugs were used: atropine sulfate (Wako,
Osaka, Japan), fulnixin (Banamin®, Dainippon, Osaka, Japan),
indomethacin (Sigma, St. Louis, MO, USA), ketoprofen
(Ketofen®, Nihon Zennyaku Kogyo, Fukushima, Japan),
pentobarbital sodium (Nembutal®, Dainippon), xylazine
(Ceractal®, Bayer, Tokyo, Japan). Atropine, ketoprofen, and
fulnixin were dissolved in physiological saline for subcutaneous
injection (s.c.), and indomethacin for oral administration (p.o.)
was suspended in 1% carboxymethylcellulose (Wako); 0.1 ml/kg
of each drug was administered.
Dry food containing regular amounts of DF (RFD: AijyoMonogatari®, Petline, Gifu, Japan; DF: 6%), prescription diet
containing low DF (LFD: canine i/d®, dry food for
gastrointestinal disease such as dyspepsia, Hill’s-Colgate Japan,
Tokyo, Japan; DF: 1.1%) and prescription diet containing high
DF (HFD: canine w/d®, dry food for metabolic syndrome such
as obesity, Hill’s-Colgate Japan; DF: 15.4%) were used.
Canned food containing almost no DF (NFD: Bistro-gonta®,
Sunrise, Tottori, Japan; DF: <0.1%) was used. In experiments
examining the effect of quality of DF on the formation of ulcers,
α-cellulose (insoluble DF, Sigma) or pectin (soluble DF from
citrus, Wako) was added to NFD.
The animals were given experimental diets containing DF
at various percentages once daily in the morning (9 – 10 a.m.)
or evening (5 – 6 p.m.) or twice daily in the morning and
evening (Fig. 1). Nutritional composition, calories and
amount of food intake per day of each diet are shown in Table
1. The amount of each diet per day were based on the
manufacturer’s information, and the diet was given once (total
amount of diet) or twice (half amount of diet was given at each
meal). When an animal stopped consuming the diet during the
experimental period, the experiment was discontinued and the
data were not used.
Induction and measurement of gastrointestinal lesions
NSAIDs were administered p.o. or s.c. at 10 a.m. just after
the morning meal (Fig. 1, Fed-A or Fed-B) or without a morning
meal (Fig. 1, Fasted) once daily for 3 – 7 days. Animals were
sacrificed by bleeding from the carotid artery under deep
anesthesia with a combination of xylazine (2 mg/kg, i.m.) and
sodium pentobarbital (25 – 50 mg/kg, i.v.) 24 hours after the
final dosing of NSAIDs. Then, the whole gastrointestinal tract
(from esophagus to distal colon) was removed and cut along the

longitudinal axis. The gastrointestinal tract was spread out on
paper and mucosal lesions were observed macroscopically. In
this study, lesions were not observed in the esophagus and colon.
The location (corpus, antrum, duodenum, or small intestine),
grade (erosion or ulcer), and area of lesions were measured. The
location of the lesions in the small intestine was expressed as the
distance (% of the whole small intestine) from the pyloric ring.
The whole length of the small intestine from the duodenum to
the ileum was divided into 10 equal-length parts. The first part
was regarded as the duodenum, and segments of the small
intestine was numbered from 2 to 10. The grade of lesions was
estimated by at least 2 persons; ‘ulcer’ was defined as a severe
lesion (deep with mucosal detachment) and ‘erosion’ was
defined as a superficial or mild lesion. The lesion area (cm2) was
obtained from the product of the length and width of the lesion,
and the total lesion area was obtained by summing the area of
individual lesions in each part of the gastrointestinal tract
(corpus, antrum, duodenum, and small intestine). Because the
duodenum is a part of the small intestine, the total lesion area in
the small intestine was calculated as the sum of the lesion areas
in parts 1 to 10 of the small intestine.
Occult blood test
Feces samples were collected every morning, and kept
–20°C until the end of the experiment for each dog. The degree
of fecal occult blood in feces samples was examined
qualitatively (none, mild, moderate, and severe) using hemotest-Shionogi® (Shionogi, Osaka, Japan).
Statistical analysis
All data are expressed as mean ± standard error of the mean
(S.E.M.). Differences between groups were analyzed using
Student’s t-test for 2-group comparisons, or analysis of variance
(Dunnett’s multiple range test) if more than 2 variables were
considered, with the significance level set at 5% (P < 0.05).

RESULTS
Gastrointestinal lesions induced by indomethacin in various
feeding conditions
When dogs were given RFD twice a day (Fig. 1, Fed-A),
indomethacin given once daily for 7 days produced many lesions

Table 1. Nutritional composition of the experimental diets (%).
Diet
Protein
Fat
CHO
Fiber
Minerals
H2O

a

Dry food
RFD
LFD
HFD
>20.0 (22.2)
24.2 (26.3)
17.1 (18.8)
>5.0 (5.6)
12.7 (13.8)
8.0 (8.8)
51.0 (57.1)
47.9 (52.0)
46.3 (50.9)
<6.0 (6.7)
1.1 (1.2)
15.4 (16.9)
<10 (11.2)
<9 (9.8)
<5 (6.1)
<10
<10
<11
Calories of diet (kcal/100 g)
290
385
290
Amount of diet given/day (g/10 kg. body weight)a
250
164
217

( ): % in dry condition, According to the manufacturer’s information.

Canned food
NFD
8.8 (50.3)
5.1 (29.1)
<0.1 (0.6)
<0.1 (0.6)
1.9 (10.9)
82.5
80
700
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in the small intestine as well as in the stomach and duodenum.
Most of these were severe lesions (ulcers) (Fig. 2a, 2b and 3a).
In dogs given RFD once daily in the morning (Fig. 1, Fed-B), the
lesions caused by indomethacin were obviously decreased (Fig.

3b). When indomethacin was administered in Fasted conditions
(Fig. 1, Fasted), it caused only very mild lesions (erosions) both
in the antrum and duodenum, and almost no lesions were
observed in the rest of the small intestine (Fig. 3c). The mean

Fig. 1. Experimental schedule. The
dogs were given the various diets
twice daily in the morning (9 – 10
a.m.) and evening (5 – 6 p.m.) (FedA), or once daily in the morning (FedB) or evening (Fasted). Non-steroidal
anti-inflammatory drugs (NSAIDs)
were administered orally (p.o.) or
subcutaneously (s.c.) at 10 a.m. just
after feeding of diet for 1 h (Fed-A
and Fed-B), or without diet (Fasted)
for 3 – 7 days. Gastrointestinal lesions
were examined 24 h after the final
dose of NSAID.

Fig. 2. Gastrointestinal mucosal lesions induced by non-steroidal anti-inflammatory drugs (NSAIDs) in dogs. (a), (c): Indomethacin
(3 mg/kg, p.o.) was administered at 10 a.m. after feeding of diet twice daily for 7 days (Fed-A). Many lesions are seen in the stomach,
duodenum, and small intestine; big, deep lesions are observed around the pyloric ring (a) and in the lower small intestine (c). (b), (d):
Ketoprofen (2 mg/kg, s.c.) was administered at 10 a.m. after feeding of diet twice daily for 3 days. Several mild and moderate lesions
are observed both in the antrum and duodenum (b) and in the lower small intestine (d). Arrows show the location of the lesions (yellow:
erosion; red: ulcer).
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lesion areas (MLAs) of the stomach (corpus and antrum),
duodenum and small intestine in the Fed and Fasted groups are
shown in Fig. 3d. Among the three groups, large differences
were observed in the lesions of the small intestine, i.e., the
MLAs of the small intestine in the Fed-A, Fed-B, and Fasted
groups were 11.5 ± 4.0 cm2 (n = 5), 7.7 ± 2.0 cm2 (n = 4), and
0.3 ± 0.1 cm2 (n = 4, P < 0.05 vs. Fed-A and Fed-B), respectively.
The distribution of individual lesions caused by indomethacin in
the small intestine of each dog in the Fed-B and Fasted groups
are shown in Fig. 4a and 4b, respectively. The lesions are
observed mainly in the duodenum and lower half of small

intestine in the Fed-B group, and the small intestinal lesions
were markedly decreased in the Fasted group. Time-dependent
changes in the occult blood test in 4 dogs in the Fed-B and
Fasted groups given indomethacin for 7 days are shown in Fig.
4c and 4d, respectively. In the Fed-B group, on the starting day
none of the dogs showed any positive responses. In line with
study days, the number of dogs with positive responses
increased, and severe occult response was observed in all 4 dogs
at day 7 (Fig. 4c). On the other hand, in the group given
indomethacin in the Fasted condition, mild responses were
observed during 7 days’ treatment (Fig. 4d).

Fig. 3. Effect of feeding condition on
indomethacin-induced gastrointestinal
lesions. Indomethacin (3 mg/kg, p.o.)
was administered at 10 a.m. for 7 days
just after twice daily feeding of RFD
(a, Fed-A), once daily in the morning
(b, Fed-B) or once daily in the evening
(c, Fasted). Figures in (a), (b),(c) show
indomethacin-induced mean lesion
area of each part of the stomach and
small intestine (C, gastric corpus; A,
gastric antrum; D, Duodenum; 2 – 10:
parts of the small intestine). Figure (d)
shows the mean value of the total
lesion areas in the stomach (S),
duodenum (D), and small intestine
(SI) in the three feeding conditions.
Data show the mean ± S.E.M. lesion
areas for 4 (Fed-B, Fasted) or 5 (FedA) dogs. a P < 0.05 vs. Fed-A and FedB (Student’s t-test).
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Effect of dietary fiber on gastrointestinal lesions induced by
indomethacin or ketoprofen
1. Effect of NFD, cellulose, and pectin on indomethacin-induced
lesions
To examine the effects of DF on lesion formation, dogs were
given RFD (DF: 6%), NFD (DF: < 0.1%), or NFD supplemented
with cellulose (10%) or pectin (10%) once daily in the morning
(Fed-B), and indomethacin (3 mg/kg, p.o.) was administered just
after the morning meal (10 a.m.) once daily for 3 days. In dogs
given RFD, indomethacin produced many lesions in the
stomach, duodenum, and small intestine, and large MLAs were
observed in the middle and lower parts of the small intestine

(Fig. 5a). In the dogs given NFD, the lesions caused by
indomethacin were markedly decreased, and almost no lesions
were observed in the stomach, duodenum, or small intestine
(Fig. 5b). In the group given NFD with 10% cellulose,
indomethacin again produced lesions in the small intestine (Fig.
5c) but not in the stomach or duodenum. However, in the dogs
given NFD supplemented with 10% pectin indomethacin did not
cause any lesions in the gastrointestinal mucosa (Fig. 5d).
The MLAs of the stomach, duodenum, and small intestine in
the groups given RFD, NFD, and NFD supplemented with
cellulose or pectin are summarized in Fig. 5e, 5f, and 5g. The
MLAs in the stomach, duodenum and small intestine given RFD
were 1.9 ± 0.4 cm2, 2.1 ± 0.7 cm2, and 31.3 ± 2.5 cm2 (n = 4),

Fig. 4. Effect of feeding condition on
indomethacin-induced small intestinal
lesions and gastrointestinal bleeding.
Indomethacin (3 mg/kg, p.o.) was
administered at 10 a.m. for 7 days just
after feeding of RFD once daily in the
morning (Fed-B) or once daily in the
evening (Fasted). (a), (b): Both the
location and severity (erosion or ulcer)
of each lesion observed in each of 4
dogs are shown. Many severe lesions
are observed in the lower half of the
small intestine in the group given
indomethacin after feeding in the
morning (a), and a few mild lesions are
observed in the group given
indomethacin in the Fasted condition
(b). Gastrointestinal bleeding was
examined in feces samples qualitatively
(none, mild, moderate, or severe) by an
occult blood test using hemo-testShionogi® (Shionogi, Osaka, Japan)
(c), (d). Data show the results from 4
dogs in the Fed-B (c) and Fasted (d)
groups. In the Fed-B group, positive
responses were increased according to
the number of treatment days, and
severe occult blood response was
observed at day 7 in all 4 dogs. On the
other hand, in the group given
indomethacin in Fasted conditions, a
mild response was observed during 7
days’ treatment.
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Fig. 5. Effect of dietary fiber (DF) on the formation of
gastrointestinal lesions induced by indomethacin.
Dogs were given RFD (DF: 6%) (a), NFD (DF <
0.1%) (b), NFD supplemented with cellulose (10%)
(c) or pectin (10%) (d) once daily in the morning (9 –
10 a.m., Fed-B), and indomethacin (3 mg/kg, p.o.)
was administered once daily at 10 a.m. for 3 days. The
mean lesion areas of each part of the stomach,
duodenum, and small intestine are shown. Figures (e),
(f), and (g) show the mean value of total lesion areas
in the stomach (e) duodenum (f), and small intestine
(g) in the above feeding conditions. Data show the
mean ± S.E.M. lesion areas for 4 dogs in each group.
a P < 0.05; b P < 0.01 vs. RFD (Dunnett’s test).
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Fig. 6. Effect of dietary fiber (DF) on the
formation of gastrointestinal lesions
induced by ketoprofen. Dogs were given
RFD (DF: 6%) (a), NFD (DF < 0.1%) (b)
or NFD supplemented with cellulose
(10%) (c) twice a day in the morning (9 –
10 a.m.) and evening (5 – 6 p.m.) (Fed-A),
and ketoprofen (2 mg/kg, s.c.) was
administered once daily at 10 a.m. for 3
days. The mean lesion areas of each part of
the stomach, duodenum, and small
intestine are shown. Figures (d), (e), and
(f) show the mean value of total lesion
areas in the stomach (d), duodenum (e),
and small intestine (f) in the above feeding
conditions. Data show the mean ± S.E.M.
lesion areas for 4 dogs in each group. (a) P
< 0.05 vs. RFD (Dunnett’s test). (b) P <
0.01 vs. NFD (Student’s t-test).
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respectively. The MLAs in the group given NFD were very
small, i.e. 0.1 ± 0.1 cm2 (n = 4, P < 0.01 vs. RFD), 0.3 ± 0.1 cm2
(n = 4, P < 0.05 vs. RFD), and 0.4 ± 0.2 cm2 (n = 4, P < 0.01 vs.
RFD), respectively. In the group given NFD with cellulose, the
MLAs in the stomach and duodenum were not changed, but the
MLA in the small intestine was increased (10.6 ± 4.2 cm2, n = 4).
Addition of pectin to NFD did not significantly affect the MLAs
in the stomach, duodenum, or small intestine.
2. Effect of NFD and cellulose on ketoprofen-induced lesions
Dogs were given diet twice daily and ketoprofen (2 mg/kg,
s.c.) was administered once daily for 3 days. In dogs given RFD,
ketoprofen produced lesions mainly in the antrum and lower half
of small intestine (Fig. 6a), and most were mild lesions
(erosions). In the dogs given NFD, the lesions caused by
ketoprofen were markedly decreased, and almost no lesions were

observed in the stomach, duodenum, or small intestine (Fig. 6b).
In the group given NFD with 3% cellulose, ketoprofen again
produced many lesions in the stomach, duodenum, and small
intestine (Fig. 6c). Although the MLA in the corpus was larger
than those of the RFD or NFD groups, it was not significant.
The MLAs of the stomach, duodenum, and small intestine in
the groups given RFD, NFD, and NFD supplemented with
cellulose are summarized in Fig. 6d, 6e, and 6f. The MLAs in the
stomach, duodenum, and small intestine in dogs given RFD were
0.62 ± 0.30 cm2, 0.65 ± 0.43 cm2, and 2.61 ± 0.73 cm2 (n = 4),
respectively. The MLAs in the group given NFD were 0.14 ±
0.10 cm2, 0.0 ± 0.0 cm2, and 0.01 ± 0.01 cm2 (n = 4, P < 0.05 vs.
RFD), respectively. In the group given NFD with cellulose, the
MLAs in the stomach, duodenum, and small intestine were
increased, and the increase in the small intestine was significant
(2.05 ± 0.54 cm2, n = 4, P < 0.01 vs. NFD alone).

Fig. 7. Effect of prescription diets on
the formation of gastrointestinal
lesions induced by NSAIDs. Dogs
were given NFD (DF < 0.1%), lowfiber diet (LFD; DF: 1.1%), RFD (DF:
6%), or high-fiber diet (HFD; DF:
15.4%) once (Fed-B) or twice (Fed-A)
daily in the morning (9 – 10 a.m.) and
evening (5 – 6 p.m.), and
indomethacin (IND, 1 and 3 mg/kg,
p.o.), ketoprofen (KET, 2 mg/kg, s.c.),
or fulnixin (FUL, 1 mg/kg, s.c.) was
administered once daily at 10 a.m. for
3 days (indomethacin and ketoprofen)
or 5 days (fulnixin). Data show the
mean ± S.E.M. lesion areas for 4 dogs
in each group. (a) P < 0.05, (b) P < 0.01
vs. RFD (Student’s t-test).

Fig. 8. Effect of atropine on the
formation of gastrointestinal lesions
induced by indomethacin. Dogs were
given RFD once daily in the morning
(9 – 10 a.m.) and indomethacin (3
mg/kg, p.o.) was administered once
daily at 10 a.m. for 3 days. Atropine
(ATR, 0.1 mg/kg) was administered
subcutaneously twice daily, i.e. just
before feeding of diet (9 a.m.) and 5
p.m. The mean lesion areas of each
part of the stomach, duodenum, and
small intestine are shown. Data show
the mean ± S.E.M. lesion areas for 4
dogs in each group. (a) P < 0.05, (b) P <
0.01 vs. Control (Student’s t-test).

571
Effect of prescription diets on small intestinal lesions induced
by non-steroidal anti-inflammatory drugs
In this study, dogs were given commercially available
prescription diets containing low (1.1%) or high (15.4%)
concentrations of DF in addition to RFD, and low and high doses
of indomethacin (1 and 3 mg/kg, p.o.) or clinical doses of
ketoprofen (2 mg/kg, s.c.) and fulnixin (1 mg/kg, s.c.) were
administered once daily for 3 days (indomethacin and
ketoprofen) or 5 days (fulnixin). In dogs given RFD, all the
NSAIDs caused lesions in the small intestine, although the MLA
of the small intestine in the group given indomethacin even at
low dose was clearly higher than those with ketoprofen and
fulnixin (Fig. 7). In these studies, similar results were obtained
by the administration of all the NSAIDs, i.e. the MLAs were
decreased in the group given LFD and increased in the group
given HFD. The MLAs in dogs given LFD were significantly
decreased (P < 0.05 or <0.01 vs. RFD). As mentioned in the
previous section, in the dogs given NFD the lesions caused by
indomethacin and ketoprofen were markedly decreased (P < 0.01
and < 0.05 vs. RFD) (Fig. 5g, 6f, and 7).
Effect of atropine on gastrointestinal lesions induced by
indomethacin
To examine the effect of atropine on gastrointestinal lesion
formation, in this study dogs were given RFD once daily in the
morning (Fed-B), and indomethacin (3 mg/kg, p.o.) was
administered once daily for 3 days. Atropine (0.1 mg/kg) was
administered subcutaneously twice daily, i.e., just before feeding
of diet (9 a.m.) and 5 p.m. for 3 days. In the control dogs,
indomethacin produced many lesions in the stomach, duodenum,
and small intestine (Fig. 8). The MLAs in the small intestine as
well as in the stomach and duodenum were significantly (P <
0.01) decreased in dogs given atropine (Fig. 8).

DISCUSSION
In the present study, we first examined the effects of three
different feeding conditions (Fed-A, Fed-B, and Fasted) on
gastrointestinal lesions induced by indomethacin in dogs, and
found that the lesions in the small intestine in the fasted
condition (Fasted) was significantly (P < 0.05) smaller than
those in fed conditions (Fed-A and Fed-B). The effect was also
confirmed by a fecal occult blood test, i.e. indomethacin given
after feeding of diet (Fed-B) produced severe responses, but
there were very mild in the group given indomethacin in the
fasted condition (Fasted). These results support our previous
findings on the effect of feeding condition on the formation of
small intestinal lesions in mice (14), rats (15, 16), and cats (1719), i.e. NSAIDs caused no or few lesions in the small intestine
when they were administered in the fasted condition, but
produced many lesions when they were given just after feeding
of diet (cats) or without fasting (mice and rats). Furthermore, in
a previous study in cats (19) we found that the small intestinal
lesions induced by enteric coated aspirin were markedly reduced
when the drug was administered 3 hours after a meal, compared
with the lesions caused by aspirin given just after a meal. All of
the findings in mice, rats, and cats (14-19), and the results in the
present study in dogs suggest that NSAID-induced small
intestinal damage may be reduced by taking NSAIDs in the
fasted condition, or practically, at least several hours after the
meal, e.g. before go to bed in the evening.
We previously observed that small intestinal lesions induced
by NSAIDs are dependent on the amount of insoluble DF in the
diet in mice (14), rats (15, 16), and cats (17-19). Therefore, we

next examined the effect of DF on the formation of small
intestinal lesions induced by indomethacin in dogs. Indomethacin
administered after feeding of RFD containing 6% crude DF
produced many severe lesions in the small intestine after 3 days’
treatment. The lesions were decreased substantially in dogs given
NFD (canned diet containing almost no DF, i.e., < 0.1%).
Furthermore, indomethacin caused lesions again in the small
intestine in dogs fed NFD supplemented with 10% cellulose
(insoluble DF), but not with 10% pectin (soluble DF Similar
results were obtained when a clinical dose of ketoprofen (2
mg/kg, s.c., for 3 days) was used instead of indomethacin. In all
species (mice, rats, cats, and dogs) tested to date, the formation of
small intestinal lesions seems to depend on the involvement of
insoluble DF in the diet, suggesting that insoluble DF may play
an important role in the formation of small intestinal damage by
NSAIDs also in humans. It will then be a question of how
insoluble DF plays a role in the formation of small intestinal
damage. It has been reported that NSAIDs cause hypermotility in
the small intestine and decrease the mucus content of the small
intestine in rats (25, 26). We also have reported that indomethacin
markedly increased ileal motility in cats (17). In this study
indomethacin-induced small intestinal lesions were almost
completely diminished by treatment with low dose of atropine, an
anti-cholinergic agent. It has been reported that indomethacin
decreases mucosal protective activity via an increase of
mitochondrial reactive oxygen species (ROS) in the mucosa
before the formation of intestinal lesions in mice (27).
Considering all of these findings together, it may be plausible that
insoluble DF causes physical damage to the mucosal surface
when the intestine is strongly contracted under fragile conditions
of a decrease in surface mucus (26) and an increased
concentration of mucosal ROS (27). This will explain the early
stage of small intestinal damage caused by NSAIDs.
On the other hand, it is well known that NSAIDs often cause
ulcers not only in the stomach but also in the duodenum in humans,
but they hardly produced lesions in the duodenum in rodents such
as mice and rats. In the present study NSAIDs produced obvious
lesions in the duodenum in dogs, and we reported previously that
NSAIDs caused duodenal ulcers in cats (17, 22). Although it is
unknown why NSAIDs do not cause ulcers in the duodenum in
rodents, the different feeding patterns (continuous vs. intermittent)
of rodents and dogs as well as cats and humans may explain, at
least in part, the different effect of NSAIDs on the duodenum (22).
From these findings it was suggested that the gastrointestinal
damage caused by NSAIDs in dogs may be closer to that of
humans. In the present study, the lesions in the duodenum as well
as in the stomach were markedly decreased in dogs given NFD,
suggesting that DF plays an important role in the formation of
ulcers not only in the small intestine but also in the stomach and
duodenum. Various irritants, such as gastric acid, enteric bacteria,
bile acids, and food substances, may then aggravate the
gastrointestinal lesions caused by NSAIDs.
The above findings suggest that NSAID-induced small
intestinal damage could be reduced by decreasing the amount of
DF; therefore, we next examined this possibility further using
prescription diets for dogs containing a low amount of DF (LFD,
DF: 1.1%) or a high amount of DF (HFD, DF: 15.4%). In this
study we used ketoprofen and fulnixin at clinical doses in dogs
and low and high doses of indomethacin as NSAIDs. All the
NSAIDs produced lesions in the small intestine in dogs given
RFD (DF: 6%). NSAID-induced intestinal lesions were markedly
decreased and increased in dogs fed LFD or HFD, respectively.
In recent clinical studies on NSAID-induced intestinal lesions in
humans, the incidence of lesions varied from 8.4% to 70% (1-4).
The difference in incidence may be due, at least in part, to
differences in the amount of DF in the diets. The results of the
present study suggest that it will be useful to take a diet with low
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amounts of DF in order to reduce the gastrointestinal side-effects
of NSAIDs not only in dogs but also in humans. However, it has
been reported that DF plays an important role in the pathology of
inflammatory bowel disease such as ulcerative colitis and
Crohn’s disease, probably via influence on the microbial
composition of the gut (28-30). On the other hand, we found that
soluble DF such as pectin, in contrast to insoluble DF, could
prevent the formation of small intestinal lesions induced by
NSAIDs in mice (14), rats (16), and cats (18, 19). Therefore, it
will be important to consider both the amount and quality
(soluble or insoluble) of DF when we control the content of DF
in the diet for the treatment of gastrointestinal diseases.
Recent studies using video capsule endoscopy showed that
intestinal lesions induced by NSAIDs in humans are often seen in
the middle and lower parts of the small intestine (31). In the
present study both indomethacin and ketoprofen given after
feeding of RFD produced lesions mainly in the lower half of the
small intestine. We found a similar distribution of NSAID-induced
small intestinal lesions in mice (14), rats (16), and cats (17).
Although we did not examine the mechanism of this characteristic
distribution of small intestinal lesions, several possibilities have
been considered from the pathogenesis of small intestinal lesions
(32). The first possibility may relate to the concentration of
insoluble DF, i.e., the soluble components of the diet, such as
water and nutrients, will be absorbed in the upper and middle parts
of the small intestine, resulting in an increase in insoluble
(undigested) solid components of food, including substances
harmful to the mucosa, in the lower small intestine. The second
possible mechanism may involve a different distribution of
intestinal bacteria, especially Gram-negative bacteria (33), i.e., the
distribution of bacteria in the upper small intestine will be less
than that in the lower intestine because of the presence of
bactericidal factors, such as gastric acid and bile acids.
Furthermore, there will be a possibility that bacteria may be
refluxed from the caecum and colon into the ileum, probably
caused by abnormal hypermotility of the intestine caused by
NSAIDs, although there is no direct evidence. Therefore, the
lower intestine may be more vulnerable to bacterial invasion,
which can aggravate the lesions. In addition, it is possible that
high concentrations of bile acids and NSAIDs are achieved locally
in the lower small intestinal mucosa because of enterohepatic
circulation (34-36). Intestinal bacteria and bile acids may be not
harmful to the mucosa in normal physiological conditions, but
they will act to aggravate mild lesions in the mucosa.
From the results of present study it was suggested that both
the timing of NSAID use with respect to food intake and
insoluble DF, such as cellulose in the diet, play an important role
in the formation of gastrointestinal lesions induced by NSAIDs.
These results further suggested that a diet with no or low
amounts of DF may decrease gastrointestinal side-effects
associated with the use of NSAIDs not only in dogs but also in
humans. We expect that the clinical advantages of diets with low
DF in decreasing adverse events, especially in the small
intestine, will be further explored in the near future.
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