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Abstract

AIM: To investigate the therapeutic effects of four
strains of probiotics (£. feacalis, L. acidophilus,
C. butyricum and B. adolescentis) on dextran sulphate
sodium (DSS)-induced experimental colitis in Balb/c
mice.

METHODS: Eighty Balb/c mice were randomly
divided into 8 groups. Weight-loss, fecal character,
fecal occult blood and hematochezia were recorded
daily. Disease activity index (DAI) scores were also
evaluated everyday. Length of colon was measured
and histological scores were evaluated on the 13th
day. Myeloperoxidase (MPQO) activity was detected.
Interleukin-1 (IL-1) and IL-4 expression was detected
by ELISA and RT-PCR.

RESULTS: The four strains of probiotics relieved the
inflammatory condition of DSS-induced experimental
colitis in mice. Weight loss was slowed down in
all probiotics-treated mice. Even weight gain was
observed by the end of probiotics treatment. The DAI
and histological scores of probiotics-treated mice were
lower than those of mice in the control group (1.9 £ 0.2
vs 8.6 £ 0.4, P < 0.05 for £ faecalis). The length of

colon of probiotics-treated mice was longer than that
of mice in the control group (10.3 = 0.34 vs 8.65 + 0.77,
P < 0.05 for £. faecalis). The four strains of probiotics
decreased the MP activity and the IL-1 expression, but
increased the IL-4 expression. £. faecalis had a better
effect on DSS-induced experimental colitis in mice than
the other three strains.

CONCLUSION: The four strains of probiotics have
beneficial effects on experimental colitis in mice.
E. faecalis has a better effect on DSS-induced
experimental colitis in mice than the other three
strains. Supplement of probiotics provides a new
therapy for UC.

© 2009 The WG Press and Baishideng. All rights reserved.
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INTRODUCTION

Ulcerative colitis (UC) is a non-specific chronic
inflammation of intestinal tract. The primary
therapies with salazosulfamide, glucocorticoids and
immunodepressant probiotics are limited by their side-
effects, poor compliance of patients and high relapse
rates! .

It is well known that consumption of certain
bacteria improves intestinal health®. Animal and
clinical studies also indicate that gastrointestinal bacteria
play an important role in the development of UC®.
Supplements of probiotics provide a new therapy for
UC. Bibiloni e# a/” found that VSL#3 (including 4
strains of Lactobacilli, 3 strains of Bifidobacteria and 1
strain of Streptococcus) displays a beneficial effect on UC.
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Kruis et /' showed that Escherichia coli and Nissle 1917
have a similar effect and safety on 5-aminosalicylic
acid!". It was reported that administration of
Lactobacillus casei obviously decreases histological damage,
while administration of Escherichia coli O83 and Nissle
1917 is beneficial for immunological regulation!". Peran
et al'? showed that probiotics can relieve UC symptoms
through different mechanisms of action".

Because of the specific damage site of UC and the
different colonizations of each bacterium, different
probiotics have different effects on UC L In order
to find out effective strains, we compared the effects
of four strains of probiotics on experimental colitis in
mice.

MATERIALS AND METHODS

Bacterial strains

L. acidophilus, C. butyricum, B. adolescentis and E. feacalis
were isolated from intestinal tract of healthy adults and
identified in our facility.

Reagents

Salicylazosulfapyridine (SASP) was purchased from
Fuda Pharmaceutical Co. Ltd (China). Dextran sulphate
sodium was produced by MW 5000, Sigma-Aldrich Co
(USA). ELISA kit was bought from Boster Biological
Technology, Ltd (China), RT-PCR correlate agents were
purchased from Promega Biotech Co., Ltd (USA) and
Myeloperoxidase (MPO) diagnostic kit was bought from
Jiancheng biotech Co (China).

Experimental design
Six-eight-week-old Balb/c mice (half males and half
females, weighing 20.0 £ 2.0 g) provided by Hunan
Agricultural University (China) were randomly divided
into 8 groups, housed in clean filter-top cages under
standard conditions (50% Z 10% humidity) in a 12-h
dark/12-h light cycle, and fed with standard mouse
chow. All mice were fed under standard conditions for
5 d. All mice were divided as follows: (1) Normal group:
Normal diet without special treatment; (2) Model group:
drinking 5% DSS for modeling; (3) NS group: 5% DSS
for modeling + NS (100 pL/10 g) by gavage (4) SASP
group: 5% DSS for modeling + SASP (50 mg/mL) by
gavage; (5) L. acidophilus group: 5% DSS for modeling
+ 10° U/mL L. acidophilus by gavage; (6) C. butyricum
group: 5% DSS for modeling +10° U/mL C. butyricum
by gavage; (7) B. adolescentis group: 5% DSS for modeling
+10° U/mL B. adolescentis by gavage; (8) E. faecalis group:
5% DSS for modeling +10° U/mL E. faecalis by gavage;
The four strains of probiotics were grown overnight in
culture media and suspended in normal saline (NS) to
a concentration of 10° U/mL. SASP was dissolved in
NS to a concentration of 50 mg/mL. The mice were
fed with 200 pL of this daily-prepared suspension via
an intragastric tube. On the 13th day, all mice were
sacrificed.

To reflect the general conditions of mice, DAI

January 21, 2009  Volume 15  Number 3
Primer Product
(bp)
IL-1B Sense: 5'-AGCCCATCCTCTGTGACTCATG-3' 422
Antisense: 5-GCTGATGTACCAGTTGGGGAAC-3'
IL-4 Sense: 5'-ACTTCAGTGGCTGGATTTAT-3' 424
Antisense: 5 ATTCCCTGAAAGGCTTGGTC-3'
B-actin Sense: 5' ATGGATGACGATATCGCT-3' 569

Antisense: 5'-ATGAGGTAGTCTGTCAGGT-3'

scores were determined by an investigator blind to the
protocol by scoring the extent of body weight loss,
fecal character, fecal occult blood or hematochezia as
previously described!"?. On the 13th day, blood was
collected and all mice were sacrificed. The colon, from
the colo-cecal junction to the anus was excised with
its length measured, rinsed with 5 mL of 0.01 mol/L
PBS (pH 7.4) to remove the fecal remnants, cut open
longitudinally at the mesenteric attachment. One cm of
the distal colon was removed and fixed for 48 h in PBS-
buffered 10% formalin. The tissue was then processed
for paraffin embedding and cut into 5-pm thick sections.
The sections were stained with hematoxylin and eosin
(HE). Other part of the colon was preserved in liquid
nitrogen.

MPO activity
MPO activity was measured as an indicator of

neutrophil accumulation in colonic mucosa as preciously
described!"”.

RT-PCR

All primers were designed by software Primer5 (Table 1).
The anneal temperature was 58-53C for 45 min at 30
amplification (Table 1).

ELISA analysis

The concentrations of IL-1 and I1.-4 were measured in
homogenized colons with an ELISA kit according to its
manufacturers protocol and expressed as per milligram
of protein.

Statistical analysis

Statistical analyses were performed using SPSS for
Windows, version 13.0. All results were expressed as
mean * SD. Data sets were analyzed by one-way analysis
of variance (ANOVA) and Fishers’ protected LSD post
hoe-test. Those with a significant difference were further
analyzed by Student-Newman-Keuls test. P < 0.05 was
considered statistically significant.

RESULTS
Weight loss

No difference was observed in body weight of mice among
the 4 groups on day 0 (ANOVA). Body weight increased
gradually in the normal group. Mice in the model group
had a weight gain during the first 4 d due to lack of
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Figure 1 Body weight changes in all groups. The body weight of mice on the
1st day was taken as the basal level. The body weight of mice each day minus
the basal body weight was expressed as the body weight change. The negative
value indicates the decreased weight, and the positive value indicates the in-
creased weight.
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Figure 2 Length of colon on the 13th day. °P < 0.05 vs normal group; °P <
0.05 vs model group; °P > 0.05 vs normal group; °P < 0.05 vs SASP treatment
group.

gavage stimulation, and a significant weight loss from day
5. Because of the double stimulation of DSS and gavages,
mice in the NS group had an obviously weight loss. Mice
in the SASP group maintained their body weight at its
base level during the first 7 d, but had a significant weight
loss from day 8 due to severe experimental colitis. The
four strains of probiotics, especially E. feacalis, could
inhibit the weight loss (Figure 1).

Length of colon
The length of colon of mice in the model and NS
groups was significantly decreased compared with the
SASP group. C. butyricum, L. acidophilus, B. adolescentis,
E. faecalis could effectively prevent the shortening of
colon (Figure 2).

DAl scores
Weight loss, fecal character, fecal occult blood and

hematochezia were evaluated individually as previously
described™. The highest DAI score was obsetrved in

o -9 Normal —k— L. acidophilus
8 @ Model ~@— C butyricum =
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/ SASP -m— E faecalis

DAI scores
(9]
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Figure 3 DAI scores of different groups. The DAI score was zero in normal
group. The score increased gradually and reached 8.6 on the 13th day in model
group. The score was low in SASP treatment group during the first 8 d, in-
creased gradually during the last 5 d and reached 5.0 on the 13th day. The DAI
scores of all four strains of probiotics were low in probiotics treatment groups,
especially in E. faecalis treatment group. The maximum DAI score was only 1.9.

model and NS groups. SASP had a good effect on carly
experimental colitis, but a poor long-term effect on
severe experimental colitis. The DAI scores of the four
groups were low (Figure 3).

Histological scores

Histological changes in mice of the 4 groups were
evaluated individually as previously desctibed" (Figure 4).
The highest score was found in mice of the model and
NS groups, and a lower score was observed in mice of
the SASP and probiotics treatment groups compared
to mice of the model group, especially the mice in
E. faecalis treatment group (1.67 £ 0.27 »5 9.99 + 1.48,
P < 0.05) (Figure 5).

MPO activity

The level of MPO activity was low in normal group,
high in model group, and lower in SASP and probiotics
treatment groups than in model group, especially in
E. faecalis treatment group (Figure 6).

RT-PCR

The level of IL-1f mRNA was the lowest in normal
group, the highest in model group, and lower in SASP
and probiotics treatment groups than in model group
(0.82 £ 0.03 »s 1.78 £ 0.07, P < 0.05) (Figure 7A-B). On
the contrary, the level of IL-4 mRNA was the highest in
normal group, the lowest in model group, higher in SASP
and probiotics treatment groups than in model group
(0.98 £ 0.01 25 0.30 £ 0.01, P < 0.05) (Figure 8A-B)

ELISA analysis

The level of T1.-1B and IL.-4 was similar with that of
mRNA. The level of IL-1 was the lowest i L. acidophilus
and E. faecalis treatment groups (105.25 £ 7.79 5 166.93
+ 13.69, P < 0.05), and the highest iz L. acidophilns,
B. adolescentis, and E. faecalis treatment groups (184.85 *
11.51 »s119.33 + 10.86, P < 0.05) (Table 2).
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Figure 4 Histological images of mice. A: Normal group; B: Model group;C: NS group; D: SASP treatment group, E: L. acidophilus treatment group, F: C. butyricum
treatment group, G: B. adolescentis treatment group, H: E. faecalis treatment group ( HE, light microscope, x 200).

DISCUSSION

Studies showed that intestinal bacteria play an important
role in the development of UCP'. and supplement of
probiotic is beneficial for UC!'"*'. Because the damage
site of UC resides mostly at the colon or rectum and
different bacteria have different secretion functions
or metabolism in intestinal tract, complement of local
bacteria is more beneficial for UC. There are 300-500
different species of bacteria in the intestinal tractP),
and their location remains unclear at present. Since
probiotics isolated from intestinal tract have an excellent
permanent planting ability, obviously effective probiotics
should be selected in a comparative study about their
effects on experimental colitis.

Several studies on Escherichia coli Nissle, Lactobacillus
casei, Bifidobacterium lactis, Lactobacillus acidophilus, ete,
showed that these probiotics can be used in treatment of
inflammatory bowel disease (IBD)!""'**), In the present
study, the effects of the four strains of probiotics on
experimental colitis were compared.

The results of our study indicate that the four
strains of probiotics had therapeutic effects on
experimental colitis, confirming that probiotics can be
used in treatment of colitis. Weight loss was slowed
down and even weight gain was observed by the end
of our experiment. The DAI and histological scores
were low in probiotics treatment groups. These results
agree with the reported findings!">*!. The MPO activity
decreased significantly in all probiotics treatment groups,
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Figure 5 Histological scores of mice in different groups (mean * SD, n =
10). The histological score was zero in normal group was zero (°P < 0.0). The
highest score was 9.9 + 1.50 in model and NS groups (*P < 0.05). The score
was different in E. faecalis and SASP treatment groups (°P < 0.05).

Groups Number IL-1B IL-4
(pg/mg.protein)  (pg/mg.protein)
Norml 10 84.64 +7.02 205.81 + 14.83
Model 10 166.93 +13.69"  119.33 +£10.86"
NS 10 14736 £12.61°  124.37 £9.85"
SASP 10 125.1 £12.04™°  147.02 £ 12.02*¢
DSS + L. acidophilus 10 109.43 £11.98™° 177.81 +£10.29**
DSS + C. butyricum 10 121.25 +12.42*°  150.76 + 9.98"°
DSS + B. adolescentis 10 120.27 £10.90™  173.69 +11.98**
DSS + E. faecalis 10 105.25+7.79™°  184.85 +11.51°

°P < 0.05 vs normal group; ‘P < 0.05 vs model group; °P < 0.05 vs SASP
group.

especially in E. faecalis treatment group, suggesting that
the four stains of probiotics can relieve the symptoms
of experimental colitis by decreasing the infiltration of
neutrophils.

Balish e# a/*? revealed that IBD occuts in germ-
free IL-10-/- mice when they are colonized with a pure
culture of E. faecalis, indicating E. faecalis is a conditioned
pathogen. However, our study showed that E. faecalis
could relieve the symptoms of experimental colitis and
decrease the infiltration of neutrophils. E. faecalis had
a better effect on experimental colitis than the other
three strains of probiotics. Ruiz ¢ /) reported that the
expression of pro-inflammatory cells is transient 1 wk
after E. faecalis treatment in intestinal epithelial cells
from wild-type mice, suggesting that lack of protective
TGF-B/Smad signaling and failing to inhibit TLR2-
mediated pro-inflammatory gene expression in the
intestinal epithelium might be a partial mechanism of
IBD developed in IL-10-/- mice.

Because E. faecalis, L. acidophilus and some other
probiotics have different effects on experimental colitis
in wild-type mice rather than in immunodeficient mice,
there should be more immunological mechanisms against

MPO (U/g)

Normal

Model

L. acidophilus
C. butyricum
B. adolescentis
E. faecalis

Figure 6 MPO activity in normal group (0.399 + 0.133 U/g compared with
normal group, model group and SASP treatment group. °P < 0.05 vs normal
group, °P < 0.05 vs model group, °P < 0.05 vs SASP treatment group.
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Figure 7 A-B Level of IL-1 BmRNA. M: Marker; 1: Normal group; 2: Model
group; 3: NS group; 4: SASP treatment group; 5: L. acidophilus treatment
group; 6: C. butyricum treatment group; 7: B. adolescentis treatment group; 8: E.
faecalis treatment group. °P < 0.05 vs normal group; °P < 0.05 vs model group.

experimental colitis except for the signal pathway or
innate immunological mechanism. Some inflammatory
cytokines, especially 1L-1 and 1L-4, are closely related
with the development and progress of experimental
colitis and IBD. IL-1 is secreted by mononuclear
macrophages and high doses of IL-1, especially IL-1f3,
can result in UCPY. IL-4 is synthesized by lamina proptia
intestinal lymphocytes after iz vitro polyclonal activation.
Compared with peripheral lymphocytes, intestinal
epithelial and lamina propria lymphocytes spontaneously
secrete IL.-4*! which can inhibit secretion of IL-1B by
monocytes in a dose-dependent manner?, suggesting

www.wjgnet.com
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Figure 8 A-B Level of IL-4 mRNA. M: Marker; 1: Normal group; 2: Model
group; 3: NS group; 4: SASP treatment group; 5: L. acidophilus treatment
group; 6: C. butyricum treatment group; 7: B. adolescentis treatment group; 8:
E. faecalis treatment group. °P < 0.05 vs normal group; °P < 0.05 vs model
group; °P < 0.05 vs SASP treatment group.

that IL-4 has a protective function on regulatiing
immunological reaction in intestinal tract. Our study
showed that the expression of IL-1f was lower in
probiotics treatment groups than in model group, and
similar to that in SASP treatment group. The expression
of 1L-4 in probiotics treatment groups was increased.
The expression of 11.-4 was higher in E. feacalis treatment
group than in treatment SASP group. The general
condition, DAIT scores, histological scores, and MPO
activity were maintained at a parallel level, supporting
the effects of probiotics at cytokine level. Changes in
IL-1 and IL-4 level represent the inflammation degree
of experimental colitis. Our experimental results also
indicate that there should be some other inflammatory
cytokines involved in the difference of adaptive
immunological mechanisms in experimental colitis of
wide-type and immunodeficient mice.

In summary, L. acidophilus, C. butyricum, B. adolescents,
E. faecalis are effective against DSS-induced acute
experimental colitis. Reduced infiltration of neutrophils,
decreased expression of IL-1 and increased expression
of 1L-4 might be a partial immunological mechanism of
probiotics on experimental colitis in mice.

COMMENTS

Background

Ulcerative colitis (UC) is a non-specific chronic inflammation of intestinal tract
and the primary therapies with probiotics are limited by their side-effects,
poor compliance of patients and high relapse rates. Supplement of probiotics
provides a new therapy for UC.

Research frontiers

Bacteria play an important role in pathogenesis of UC. Supplement of probiotics
provide a new therapy for UC. Because of the specific damage site of UC and

the different colonization sites of bacteria, different probiotics display different
effects on UC. A more effective strain of probiotics should be selected for UC.

Innovations and breakthroughs

They compared the effects of four strains of probiotics isolated from healthy
human feces in order to find one or two more effective strains. E. faecalis had
a better effect than the other three strains. Their study showed that E. faecalis
had different effects on experimental colitis in wild-type mice. The experimental
results indicate that there should be some other inflammatory cytokines
involved in experimental colitis of wide-type and immunodeficient mice except
for IL-1 and IL-4.

Applications

The results of their study indicate that there should be some other inflammatory
cytokines involved in experimental colitis of wide-type and immunodeficient
mice except for IL-1 and IL-4.

Peer review

The effects of four strains of probiotics on DSS-induced colonic inflammation
in mice were clarified. The authors showed that the four strains of probiotics
derived from healthy human feces could relieve colonic inflammation as
sulfasalazine. Of the four strains, E. faecalis was most beneficial for DSS-
induced colitis. Methods employed and results obtained are reasonable.
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