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We evaluated the ameliorating effects of short-chain
inulin-like fructans (SIF) with different degrees of
polymerization (DP) on the healing stage of trinitroben-
zene sulfonic acid (TNBS)-induced colitis in rats. The
rats were assigned to 3 groups 10 d after the colitis
induction, and fed for 24 d on a control diet or diet
including 60 g of DP4 or DP8/kg. The fecal myeloper-
oxidase (MPO) activity and IgA concentration were
monitored every 7 d. The colonic MPO activities and
cecal concentrations of organic acids, lactobacilli, bifi-
dobacteria, mucin and IgA were measured at the end of
the study. DP4, but not DP8, significantly reduced the
colonic inflammation accompanied by higher cecal
concentrations of short-chain fatty acids, propionate in
particular, and lactic acid-producing bacteria. DP4
therefore accelerated the healing process of TNBS-
induced colitis, even when the treatment was initiated
after inducing colitis.
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Inflammatory bowel disease is a chronic disease of the
digestive tract and usually refers to two related con-
ditions, ulcerative colitis and Crohn’s disease, charac-
terized by spontaneously relapsing inflammation. The
etiology of inflammatory bowel disease remains unclear,
but it is believed that genetic, immunologic and colonic
environmental factors, including microbiota, may be
involved.1) Diet is a major factor affecting the luminal
environment and intestinal immune function.2) Consid-
erable attention has recently been paid to prebiotic and
probiotic treatments which aim to stimulate the growth
of lactic acid-producing bacteria, reduce colonic pH, and
maintain mucosal integrity by augmenting the produc-
tion of colonic short-chain fatty acids (SCFAs).3–6)

Prebiotic and probiotic treatments also have the poten-
tial to increase both luminal mucin and IgA that are
related to the mucosal barrier function against bacteria
and endotoxin translocation.7,8)

We have previously shown that pre-treating short-
chain inulin-like fructans (SIF), with average degrees
of polymerization (DP) of 4 (virtually the same as
fructooligosaccharides) and 8, exerted preventive effects

on the acute phase of trinitrobenzene sulfonic acid
(TNBS)-induced colitis in rats.7) SIF, and DP8 in
particular, increased the cecal concentrations of SCFA,
mucin and IgA before the induction of colitis, and
reduced bacterial and endotoxin translocation to the
mesenteric lymph node and portal blood 3 d after the
TNBS administration. However, these beneficial effects
of DP4 and DP8 on the cecal valuables were abolished
10 d after the TNBS administration, despite the signifi-
cant reduction of colonic inflammation. We therefore
assumed that these anti-inflammatory effects of SIF
might be exerted through a shield-like effect against
endotoxin and bacterial translocation at the early stage
of colitis, leading to the reduced colonic damage 10 d
after the induction of colitis.7)

A number of studies examining the effects of pre-
biotics, including dietary fiber and probiotics, on TNBS-
induced rat colitis have already been reported, but most
of them evaluated the preventive effects in the acute
phase of colitis within 1–2 weeks after TNBS admin-
istration;5,6,9–12) the outcome was mostly successful
when the treatment began before the induction of colitis.
Indeed, Peran et al.6) have reported for rats that a pre-
treatment of Lactobacillus rutei and L. fermentum,
starting 2 weeks before TNBS administration, signifi-
cantly reduced colonic damage both histologically and
biochemically. However, Kennedy et al.13) have shown
that probiotic Lactobacillus plantarum species 299 and
oat fiber had no effect on colonic inflammation when
given for 7 d following TNBS administration. This was
probably because the inflammation in the acute phase of
TNBS colitis was so extensive and severe due to the
caustic properties of TNBS and ethanol,14) besides the
hapten-induced immunological modulation.15) Even
chemotherapy, using an inhibitor of neutrophil activa-
tion16) and dexamethazone,17) did not produce any
significant effects when the treatment was initiated after
the induction of colitis. Taken together, it is likely that,
apart from the preventive effect, the acute phase of
TNBS colitis is not suitable for examining any beneficial
(therapeutic) effects of dietary factors.
It has been well established that the rat TNBS colitis

model induced long-lasting colitis for at least 6 weeks
after its induction, although the colonic inflammation
gradually healed and damage scores decreased from its
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inflammatory peak 7 d after the induction.14,18) This may
permit us to study the influence of dietary factors during
the healing stage of colitis. The present study was
accordingly aimed to examine whether the effects of SIF
could accelerate the healing process of TNBS colitis in
rats. Once colitis had been established, the rats were
assigned to each dietary group on the basis of the
severity of colonic inflammation as assessed by the fecal
myeloperoxidase activity (MPO). The dietary treatment
was started 10 d after the induction of colitis and
continued for 24 d.

Materials and Methods

Materials. SIF with DP4 and DP8 were used. Meioligo� P DP4 was

purchased from Meiji Seika (Tokyo, Japan), its composition being 44%

of 1-kestose, 46% of nystose, and 10% of 1-f-�-fructofuranosyl

nystose. DP8 (with a 5–13 range of DP) was prepared by enzymatic

synthesis, using a novel fungal enzyme �-fructosidase from bacillus sp.

217C-11, as described previously.7,19)

Care of the animals. Male Sprague-Dawley rats (SPF) were

purchased from Shizuoka Laboratory Animal Center (Hamamatsu,

Japan). They were housed in individual screen-bottomed stainless steel

cages in a room with controlled temperature (23� 2 �C) and lighting

(lights on from 8:00 to 20:00). The rats were fed with a control diet for

at least 3 d for adaptation which was formulated from 250 g/kg of

casein, 652.25 g/kg of cornstarch, and 50 g/kg of corn oil.19) The

remainder of the diet consisted of vitamins and minerals (AIN-76).20)

The body weight and food intake were recorded every morning before

replenishing the diet. The study was approved by the Animal Use

Committee of Shizuoka University, the animals being maintained in

accordance with the guidelines of Shizuoka University for the care and

use of laboratory animals.

Comparison between fecal MPO and plasma �1-acid glycoprotein

(�1-AG) as non-invasive inflammation markers (preliminary experi-

ment). Thirteen rats (251–278 g, 8 weeks old) were used. After feeding

the control diet for 7 d, the rats were lightly anesthetized with diethyl

ether and then treated with an intracolonic injection of a 20% glycerin

solution (0.2mL/rat), using a lubricated polypropylene catheter

(1.5mm diameter) inserted 8 cm into the colon via the anus.

Preliminary results indicated that this treatment was useful for

removing the colonic contents. Defecation was usually completed

within 15min, and the colon was kept empty for at least 60min after

the treatment. At 60min after administering the glycerin solution, 8

rats were anesthetized by diethyl ether and similarly given 30mg of

TNBS dissolved in 0.25mL of 50% ethanol (v/v) by a polypropylene

catheter inserted 8 cm through the anus. Another 5 rats received saline

as a control. Feces were collected 7–8 d after the TNBS administration

and used for measuring the fecal MPO activity. The rats were then

anesthetized with diethyl ether 8 d after the instillation, and the colon

and blood were collected. The colon was cut open longitudinally and

the colonic contents removed. The colonic tissue was stored at �80 �C

pending measurement of the MPO activity. The blood sample was

obtained from the abdominal aorta with a heparinized syringe. The

plasma was then obtained, after centrifugation at 2000� g for 10min

at 4 �C, and used for measuring �1-AG.

Ameliorating effects on the healing stage of TNBS-induced colitis

by SIF ingestion. Thirty-five rats (207–237 g, 7 weeks old) were used.

After feeding the control diet for 7 d, the rats were administered with

20% glycerin and then TNBS/50% ethanol in the same manner as that

used in preliminary experiment 1. The feces were collected 6–9 d after

instillation and measured for MPO activity (6–7 d) and IgA concen-

tration (8–9 d). The rats were then allocated to 3 groups on the basis of

the fecal MPO activities, and allowed free access for 24 d to the control

diet, the diet containing 60 g of DP4/kg of diet or the diet containing

60 g of DP8/kg of diet. Each of the test fructans was substituted by the

same amount of cornstarch as that in the control diet (control, n ¼ 15;

DP4 and DP8, n ¼ 10). The feces were collected every 7 d and

measured for the MPO activity and IgA concentration. The rats were

anesthetized with diethyl ether at the end of test period, and the cecum

and the colon were excised. The cecal contents were removed,

weighed, and divided into two portions. One was freeze-dried and used

for a mucin analysis, and the other was used for measuring the pH

value, organic acids, IgA, bifidobacteria and lactobacilli. The colon

was handled in the same manner as that described for the preliminary

experiment.

MPO activity. The colonic MPO activity was determined as

previously described.7) Briefly, the colon was minced and homogen-

ized by a Polytron device in a 50mM potassium phosphate buffer

(pH 6.0) containing 0.5% hexadecyltrimethyl ammonium bromide.

The resulting homogenate was subjected to three cycles of freeze-

thawing and sonication, and then centrifuged at 20;000� g for 30min.

The feces were handled in the same manner as that described for the

colonic tissue, but without freeze-thawing and sonication. The super-

natants of the colonic and fecal homogenates were used to determine

the MPO activity, using 0.0005% hydrogen peroxide as the substrate

for MPO. One unit of MPO activity is defined as that converting

1mmol of hydrogen peroxide to water per 1min at 25 �C.

Plasma �1-AG. Plasma �1-AG was analyzed by an �-1-acid

glycoprotein rat ELISA kit (Life Diagnostics, PA, USA) according to

manufacturer’s instructions.

Cecal pH and organic acids. After the cecal contents had been

homogenized, a portion of the homogenate was diluted with the same

weight of distilled water, and then the cecal pH value was measured

with a C-1 compact pH meter (Horiba, Tokyo, Japan). The cecal

organic acids were measured by the internal standard method21) with an

LC-10A HPLC instrument (Shimadzu, Kyoto, Japan) equipped with a

Shim-pack SCR-102H column (8mm i.d.� 30 cm long, Shimadzu)

and a CDD-6A electro-conductivity detector (Shimadzu).

Secretory IgA. The feces and cecal contents were homogenized with

a 10-fold volume of phosphate-buffered saline (PBS, pH 7.4) contain-

ing Complete protease inhibitors (Roche, Basel, Switzerland) for feces

and 0.02M sodium azide and 0.5% Tween20 for the cecal contents.

Each of these homogenates was centrifuged at 15;000� g, and the

resulting supernatant was applied to an IgA determination by ELISA,

using Nunc-Immuno MaxiSorb F96 plates with a small modification22)

of the method described by Grewal et al.23) Each assay was conducted

in duplicate.

O-Linked oligosaccharide chains. Mucins were extracted by the

method of Bovee-Oudenhoven et al.24) with some modifications.19) The

O-linked oligosaccharide chains were determined as a mucin marker.

After appropriately diluting the mucin fraction, the O-linked oligosac-

charide chains were measured with a fluorimetric assay25) that

discriminated O-linked glycoproteins (mucin) from N-linked glyco-

proteins, as described by Bovee-Oudenhoven et al.24) Standard

solutions of N-acetyl galactosamine (Sigma, St. Louis, MO, USA)

were used to calculate the quantity of oligosaccharide chains liberated

from mucins during the procedure.

Isolation of bacterial DNA. A 50mg amount of the cecal contents

was suspended in 1mL of sterile PBS (pH 7.2), and the suspension

centrifuged at 700� g for 1min. The supernatant was collected and

re-centrifuged at 10;000� g for 10min to yield the bacterial fraction.

Bacterial DNA was isolated from this fraction by Isoplant (Nippon

Gene, Tokyo, Japan) according to manufacturer’s instructions. The

concentration and purity of the bacterial DNA were estimated by

measuring its OD260=280 value.

Real-time PCR for bifidobacteria and lactobacilli. Amplification

and detection of the bacterial DNA were performed with an ST-300

Light Cycler (Roche). Bifidobacterium genus-specific (forward, TCG

CGT C(C/T)G GTG TGA AAG; reverse, CCA CAT CCA GC(A/G)

TCC AC)26) and Lactobacillus genus-specific (forward, TGG AAA

CAG (A/G)TG CTA ATA CCG; reverse, GTC CAT TGT GGA AGA

TTC CC)27) primer pairs were used. Real-time PCR was performed in a

reaction volume of 20mL, the mixture containing 10 mL of SYBR
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Premix Ex Taq II (Takara Bio, Tokyo, Japan), 0.8mL of 200 nM each of

the forward and reverse primers, 6.4mL of H2O and 2mL of the

bacterial DNA templates. The reaction conditions were 95 �C for 30 s,

then 43 cycles at 95 �C for 5 s and 64 �C for 30 s for quantifying the

bifidobacteria, and 95 �C for 30 s, then 43 cycles at 95 �C for 5 s and

65 �C for 30 s for quantifying the lactobacilli. The amplification

specificity was confirmed by subjecting the PCR products to a melting

curve analysis. Bifidobacterium animalis (JCM 1190T) and Lactoba-

cillus murinus (JCM 1717T) were cultured in De Man, Rogosa and

Sharpe broth (Becton Dickinson, Rockville, MD, USA), and genomic

DNA was extracted by Isoplant-II (Nippon Gene) according to the

manufacturer’s instructions. Fragments of 16S rDNA were amplified

by PCR with the Bifidobacterium or Lactobacillus genus-specific

primer pairs already described. The amplicons were purified by a

GFXe PCR DNA and Gel Band Purification kit (GE Healthcare

Bioscience, Tokyo, Japan) and cloned in pGEMEasy T vectors

(Promega, Madison, WI, USA). Transformation was performed with

competent Escherichia coli XL-1 Blue cells and plated on to Luria–

Bertani agar plates supplemented with ampicillin (25mg/mL), X-Gal

(30mg/mL) and isopropyl �-D-1-thiogalactopyranoside (20mg/mL),

the plates being incubated overnight at 37 �C. The white transformants

were picked out and grown in Luria–Bertani broth. Plasmid DNA was

extracted with a QIAprep Spin Miniprep kit (Qiagen, Germantown,

MD, USA) and used as a standard for real-time PCR.

Statistical analyses. Data were analyzed by one-way ANOVA,

significant differences among means being identified by a Tukey-

Kramer test. The data were logarithmically transformed when the

variance was not homogenous by the Bartlett test. If the variance was

still not homogenous after logarithmic transformation, the data were

presented as medians with range, and then analyzed by Kruskal-Wallis

ANOVA with a subsequent Kolmogorov-Smirnov 2-sample test. The

statistical calculations were carried out by Stat View 5.0 software (SAS

Institute). Regression analyses were performed with the Stat Cel 2

program (Tokyo Shoseki), n being at the level of an individual rat

when correlation coefficients were calculated.

Results

Fecal MPO and plasma �1-AG as non-invasive
inflammation markers (preliminary experiment)

The average body weight of the rats was 295� 3 g
just before the TNBS administration. The respective
food intake and body weight gain were 156� 5 g/8 d
and 40� 3 g/8 d for the normal rats, and 107� 4 g/8 d
and 11� 3 g/8 d for the TNBS-administered rats. The
colonic MPO activities were about 6-fold higher in the
TNBS-administered rats than in the normal rats (normal,
4:2� 0:8; TNBS, 25:2� 3:5 unit/g of tissue). Both the
fecal MPO activity (normal, 0:05� 0:01; TNBS,

0:09� 0:01 unit/g of feces) and the plasma �1-AG
concentration (normal, 0:14� 0:00; TNBS, 0:20� 0:01
mg/mL) were also significantly higher in the TNBS-
administered rats than in the normal rats. The correla-
tions between the colonic MPO activity and both the
fecal MPO activity and plasma �1-AG concentration
were significant (Fig. 1a and b). However, higher
correlation was apparent between the fecal MPO activity
and colonic MPO activity. Even if the data from normal
rats are omitted, significant correlation was apparent
between the fecal MPO activity and colonic MPO
activity with a correlation coefficient of 0.81.

Ameliorating effects of SIF ingestion on the healing
stage of TNBS-induced colitis
The average body weight of the rats just before the

TNBS administration was 278� 2 g. The food intake
and body weight decreased sharply for the first few days
after the TNBS administration and then gradually
recovered in the following days. The average body
weight of the rats was 286� 3 g before the dietary
treatment. The food intake was significantly lower
during the dietary treatment by the rats fed with the
DP4 and DP8 diets than by those fed the control diet
(control, 487� 9; DP4, 444� 9; DP8, 387� 13 g/24 d),
although significant differences in the body weight gain
were only apparent between the DP8 and control diet
groups (control, 113� 2; DP4, 103� 5; DP8, 75� 7 g/
24 d; Fig. 2a and b). Soft unformed feces were observed
during the initial few days from the rats fed with the
DP4 and DP8 diets.
At the start of the dietary treatment (d 0), the average

fecal MPO activity among the rats was 0:9� 0:3 unit/g
of feces. The fecal MPO activity in the rats fed the DP4
diet was increased by d 7, then decreased to the same
level as that in the control group by d 14, and remained
constant until the end of the test period (Fig. 3a). The
fecal MPO activity in the rats fed the DP8 diet was
significantly higher than in those fed the control diet by
d 7 and d 14, and was comparable with those on the
control diet by d 21. The fecal IgA concentration was
significantly higher in the rats fed the DP4 and DP8 diets
than in those fed the control diet by d 7 (Fig. 3b).
The autopsy showed no ulcer and bleeding when

macroscopically observed in the colonic mucosa of all

r = 0.86
p < 0.001
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of the dietary groups. However, the relative colon
weight differed among the groups, being highest in the
DP8 group, intermediate in the control group, and lowest
in the DP4 group (Table 1). The colonic MPO activity
was significantly lower in the DP4 group than in the
control and DP8 groups. The cecal tissue weight was
highest in the DP8 group, intermediate in the DP4 group
and lowest in the control diet group. The weight of the
cecal contents was significantly higher in the rats fed the
DP4 and DP8 diets than in those fed the control diet, and
a significant decline of the cecal pH value was apparent
in the rats fed the DP4 and DP8 diets. The cecal
concentrations of organic acids differed significantly
among the groups, the concentrations of acetate,
propionate and total SCFA being highest in the rats
fed the DP4 diet. The concentrations of n-butyrate and
succinate were higher in the rats fed the DP4 and DP8
diets than in those fed the control diet, while the lactate
concentration was highest in the rats fed the DP8 diet
(Table 1). The cecal concentrations of IgA and mucin
were higher in the DP4 and DP8 dietary groups than in
the control diet group, while the cecal lactobacilli count
was significantly increased solely in the DP4 dietary
group. Cecal bifidobacteria were detected in some of the
rats fed the DP4 (6/10) and DP8 (5/10) diets, but not
detected in the rats fed the control diet (0/15).

Discussion

It is a prerequisite that the average severity of colonic
inflammation among the dietary groups is comparable at
the beginning of the dietary treatment when evaluating
the effects of dietary factors on the healing stage of
colitis. Saiki28) and Wagner et al.29) have shown in a
human experiment that the stool level of MPO in
patients with active inflammatory bowel disease was
correlated with laboratory parameters and the endo-
scopic grade of inflammation. The present results also
showed that the fecal MPO activity was correlated with
that of the inflamed colonic tissues in rats with TNBS
colitis. Accordingly, after colitis had been established,
the rats were assigned to each dietary group on the basis
of the severity of the fecal MPO activity.
Unlike the results from a previous study showing that

both DP4 and DP8 had preventive effects against the
development of TNBS-induced colitis in rats,7) the
present results clearly show that only DP4, but not DP8,
ameliorated the healing process of TNBS-induced colitis
when the dietary treatment was initiated 10 d after the
induction of colitis. This ameliorating effect of DP4 was
accompanied by higher cecal concentrations of SCFA,
and propionate in particular, and by the cecal numbers
of lactobacilli and bifidobacteria when compared with
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those of the control and DP-8 diets. The present study is,
to our knowledge, the first to demonstrate an ameliorat-
ing effect of fructooligosaccharides (DP4) on colonic
inflammation when the treatment was initiated after
establishing colitis.

SCFAs, the predominant end-products of non-diges-
tible carbohydrate fermentation in the colon, exert a
variety of physiological effects. Inter alia, n-butyrate is
the major energy source of colonocytes30) and inhibits
the activation of nuclear factor-�B that encodes proteins
playing important roles in immune response and
inflammation.31) The physiological concentration of
butyrate has also caused a significant increase in mucus
secretion in the colonic lumen32) that may serve as an
intestinal barrier against bacterial and endotoxin trans-
location. The efficacy of butyrate enemas has been
reported for patients with diversion colitis or distal
ulcerative colitis.33,34) Butzner et al.35) have shown that
butyrate enema therapy stimulated mucosal repair in rat
TNBS colitis, but Tarrerias et al.36) have reported that a
butyrate enema failed to decrease colonic hypersensi-
tivity and inflammation. Despite the higher butyrate and
mucin concentrations in the present study in the rats
fed both the DP4 and DP8 diets, no effect on colonic
inflammation was apparent in rats fed the DP8 diet. We
therefore cannot ascribe the healing effect of DP4 solely
to the higher butyrate concentration.

SCFAs, and particularly acetate and propionate, have
recently been found to bind and activate G-protein-
couple receptor 43 (GPR 43, also known as FFAR2)
present mainly in neutrophils.37) It has also been
suggested that the stimulation of GPR43 by SCFAs
could play a central role in the normal resolution of
colonic inflammatory responses.38) In this respect, it is
notable that the cecal concentrations of acetate and
propionate were much greater in rats fed the DP4 diet
than in those fed the control and DP8 diets. It is
therefore plausible to assume that, under the exper-

imental conditions used in the present study, the higher
concentrations of cecal propionate and acetate in the rats
fed the DP4 diet might have been responsible for the
reduction of colonic inflammation during the healing
process of TNBS colitis.
Another possibility for the anti-inflammatory effects

of DP4 may have been the increased numbers of cecal
lactobacilli and bifidobacteria. Cherbut et al.5) have
suggested that the capacity of fructooligosaccharides
(virtually DP4) to increase the lactobacilli count was the
main mechanism explaining their protective effect on
colonic inflammation, rather than the increased SCFA
production. Indeed, lactic acid bacteria have evoked a
local immune stimulus to increase the levels of luminal
secretory IgA39,40) and anti-inflammatory cytokine-like
IL-10.41) Ingesting DP4 increased the cecal concentra-
tion of lactic acid-producing bacteria accompanying the
increased cecal IgA concentration to the greater degree
than that observed in the control and DP8 groups.
Despite the greater preventive effects shown by DP8

in the previous study,7) the DP8 treatment failed to
reduce, but rather aggravated colonic inflammation in
the healing stage of colitis. The reason for this has not
yet been fully elucidated, although it is well known that
administering TNBS altered the microflora, decreasing
lactobacilli and increasing gram-negative bacilli in
the rat cecum.42,43) The bacterial capacity to ferment
ingested SIF under such conditions might be consid-
erably compromised when compared with normal con-
ditions just before the induction of colitis. Our previous
study has clearly shown that the beneficial effects of
DP4 and DP8 on cecal SCFAs, lactate, pH value, mucin
and IgA were totally abolished by 10 d post-TNBS
administration, even when the treatment started before
the induction of colitis.7) However, the importance of
the substrate size (DP) in the fermentation of fructans
has been reported in a previous study, indicating that
1-kestose and nystose were directly incorporated into

Table 1. Colonic and Cecal Variables in Rats with TNBS-Induced Colitis after Ingestion of the Respective Diets for 24 d

Control DP4 DP8

Colon

Length, cm 11:3� 1:3 11:7� 0:4 12:1� 0:4

Relative weight, mg/cm c 120� 7ab 108� 6a 148� 13b

MPO activities, unit/g of colon 8:1� 1:4b 3:7� 0:9a 7:4� 1:5b

Cecum

Tissue, g 0:7� 0:0a 1:2� 0:1b 2:6� 0:2c

Contents1, g 2.0 (1.3–2.8) 3.7 (2.6–5.5)� 3.1 (0.5–4.3)�

pH 7:6� 0:0c 6:8� 0:1b 6:4� 0:1a

Organic acids, mmol/g of wet contents

Acetate1 47 (23–55) 75 (42–102)� 54 (20–132)

Propionate1 12 (6–16) 46 (10–61)� 9 (4–55)

n-Butyrate 7� 3a 25� 3b 20� 4b

Total SCFAs1;2 61 (30–118) 145 (64–197)� 79 (30–232)

Lactate1 0 (0–1) 0 (0–21) 9 (0–40)�

Succinate1 2 (1–6) 18 (9–35)� 5 (1–19)�

IgA, mg/g of wet contents 46� 8a 229� 60b 129� 34b

Mucin1, mmol/g of wet contents 0.3 (0.2–0.7) 0.5 (0.4–0.7)� 1.3 (0.5–2.6)�

Lactobacilli1, �108 copies/g of wet contents 0.9 (0.2–2.6) 3.5 (0.2–123)� 1.7 (0.2–3.4)

Bifidobacteria1, �107 copies/g of wet contents nd4 23.1 (6.8–619.7) (6)3;y 0.5 (1.9–2.8) (5)3

Data are expressed as the mean� SE or median (range); control, n ¼ 15; DP4, n ¼ 10; DP8, n ¼ 10. Values not sharing a common superscript letter are significantly

different when analyzed by the Tukey-Kramer test.
1Data were examined by Kruskal-Wallis one-way ANOVA, followed by the Kolmogorov-Smirnov two-sample test. �p < 0:05 vs. control.
2Sum of acetate, propionate, and n-butyrate.
3Detected number of rats; yp < 0:05 vs. DP8 by the Mann-Whitney U-test.
4Not detected.
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Lactobacillus paracaseiwithout any hydrolysis and were
rapidly fermented.44) Since DP4 mainly consisted of
1-kestose and nystose, these fractions might be pref-
erable as fermentation substrates by lactobacilli, rather
than DP8 with higher DP. Differences in the ferment-
ability by lactobacilli between DP4 and DP8 in the
damaged condition might therefore explain the different
concentrations of cecal acetate and propionate, and the
numbers of lactic acid-producing bacteria after the
prolonged treatment of these SIFs for 24 d, resulting in
the different outcomes of their anti-inflammatory effects.

Both DP4 and DP8 induced a transient increase in
fecal MPO activities during the initial stage of 7–14 d
after the dietary treatment, although the reason for this
remains unclear. However, TNBS administration per se
has promoted the proliferation of gram-negative bacilli
during the acute phase of colitis.42,43) It is therefore
reasonable to assume that expansion of the pool size of
the cecal endotoxin may result in transient exacerbation
of the colonic inflammation.43) However, DP4 is the
preferred substrate for lactobacilli, rather than DP8, so
prolonged ingestion of DP4 may gradually reduce the
load from gram-negative bacilli by the shorter period of
time than that possible with DP8.

In conclusion, DP4 alone, but not DP8 ameliorated
the healing process of TNBS-induced colitis, even when
the treatment was started after the induction of colitis.
The higher concentration of cecal propionate and the
stimulated proliferation of lactic acid-producing bacteria
resulting from DP4 ingestion might be closely associ-
ated with the ameliorating effect on the healing process
for TNBS colitis in rats.
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