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PURPOSE: The pathogenesis of inflammatory bowel disease
is thought to be a multifactorial process. One of the leading
hypotheses is that an imbalance in normal gut flora induces
an excessive immune response and contributes to inflam-
mation in the gastrointestinal tract. Administration of
probiotic bacteria reduces symptoms in patients suffering
from inflammatory bowel diseases, probably via both
manipulation of the microflora and stimulation of the
intestinal immune system. In the current study the thera-
peutic potential of two different probiotics–Lactobacillus GG
and a mixture of Streptococcus thermophilus, Lactobacillus
acidophilus, and Bifidobacterium longum (YO-MIX™ Y 109
FRO 1000)—in a rat model of colitis were evaluated.

METHODS: Male Wistar rats were administered probiotics
for three days simultaneously with colitis induction. Colonic
damage was evaluated histologically and biochemically and
colonic tissues, as well as fecal samples, were used for
bacterial studies using 16S rRNA gene primers.

RESULTS: Probiotics administration reduced the relative
amounts of the pathogenic bacteria Aeromonas and Escher-
ichia coli in the colonic tissue. However, whereas both
probiotics affected colon morphology, only Lactobacillus
GG administration reduced myeloperoxidase activity.

CONCLUSIONS: We report the therapeutic rather than
preventive potential of two different probiotics in an
animal model of colitis.

KEY WORDS: Inflammatory bowel disease; Experimental
colitis; Probiotics; Microflora.

I nflammatory bowel disease (IBD) is a chronic and
spontaneously relapsing disorder of the gastrointestinal

(GI) tract that is characterized by inflammation and tissue
damage. The mechanism as well as the exact etiology and

pathogenesis of the development of this disease are not fully
understood. Increasing experimental and clinical data
suggest that the induction and pathogenesis of IBD is a mul-
tifactorial process that involves interactions among genetic,
immune, enteric bacteria, and environmental factors.1,2

Several lines of evidence support the notion that an
excessive immune response to an essentially normal popu-
lation of gut microflora underlies the pathogenesis of IBD.
Evidence that supports this hypothesis includes the obser-
vation that inflammation usually occurs in intestinal regions
with the highest bacterial concentrations (ileum and colon),3

that patients with IBD typically have greater numbers of
adherent bacteria compared with healthy people,4 and that
antibiotic administration often is a viable treatment option.5

Studies have shown that rats and mice remain healthy when
housed in germ-free conditions but spontaneously develop
colitis upon intestinal colonization by typical commensal
bacteria.6,7 These studies are consistent with the concept that
normal enteric bacteria initiate and sustain inflammation in
genetically susceptible rodents. In addition, in human IBD
the inflammation is present in the parts of the gut that
contain the highest bacterial concentrations. Because the
intestinal microflora is essential for the development of IBD,
administration of probiotic bacteria is one possible thera-
peutic approach. Lactobacillus GG is one of the most widely
studied probiotic bacteria and has been shown to survive
gastric and bile secretions, adhere to intestinal epithelial
cells, and colonize the intestine.8 It has been found to be
beneficial and safe for the treatment of several GI conditions
characterized by increased gut permeability.9,10

Lactobacillus species have been shown to prevent colitis
in interleukin (IL)-10-deficient mice.11 Gupta et al.12 have
suggested that Lactobacillus GG may improve gut barrier
function and clinical status in pediatric Crohn’s disease. In
addition, Bifidobacteria are considered to be an important
strain in the development of the neonatal intestinal
microenvironment.13 Menard et al.14,15 have reported that
Streptococcus thermophilus exerts an anti-TNF-α effect,
stimulates the Th1 immune system, and reinforces the
colonic epithelial barrier.

This study was designed to test the therapeutic potential
of different strains of probiotic bacteria: Lactobacillus GG
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and a mixture of Streptococcus thermophilus, Lactobacillus
acidophilus, and Bifidobacterium longum (YO-MIX™ Y 109
FRO 1000) in an animal model of trinitrobenzene sulfonate
(TNBS)-induced colitis.

MATERIALS AND METHODS

Animals
MaleWistar rats (n=20; 300–450 g) were obtained from the
Harlan Laboratory at The Weizmann Institute of Science
(Rehovot, Israel). They were housed in metal cages in a
room with controlled temperature (25±2°C), relative
humidity (65±5 percent), and light (0800–2000 h). Ethics
approval was obtained for the study. The procedures were
conducted in full compliance with the strict guidelines of
the Hebrew University Policy on Animal Care and Use.

Induction of Colitis and Probiotic Bacteria
Probiotic strain, Lactobacillus GG (Lgg), was provided by
Valio (Helsinki, Finland) and YO-MIX™ Y 109 FRO 1000
probiotic bacterial mix (Y 109) was obtained from Danisco
Cultures (Niebull, Germany). This probiotic formulation
consists of three live bacterial strains: Streptococcus strain
(thermophilus); Lactobacillus strains (acidophilus); and
Bifidobacterium strains (lactis). The two probiotics were
administered in the drinking water, each in the amount of
1×108 colony forming units (CFU)/ml.

The rats were randomly assigned to four groups; two of
them (noncolitic and control) received no probiotic
treatment and the two remaining groups (treated groups)
were induced colitis and received the probiotics daily for
three days simultaneously with colitis induction. A modi-
fication of the procedure developed by Morris et al.16 was
used to induce colitis. Rats were lightly anesthetized with
ether and a rubber catheter was inserted through the anal
canal for a distance of 8 cm into the colon just proximal to
the splenic flexure. Colitis was induced by administering
0.3 ml 2,4,6-trinitrobenzene sulfonic acid (TNBS; Sigma
Chemical, St. Louis, MO; 100 g/l dissolved in 50 percent
ethanol). Animals from all groups were killed 72 hours after
colitis induction.

Assessment of Colonic Damage
Colitis severity was assessed in two ways: histologic
evaluation, and quantification of granulocyte infiltration
through measurement of myeloperoxidase (MPO) activity.
Once the rats were killed, the colon was removed aseptically
and divided into three segments. One fragment was fixed in
4 percent (v/v) buffered formaldehyde and the tissue was
subsequently processed for histologic evaluation, and
another sample was frozen at −80°C for MPO activity
assay. The remaining sample was stored at −20°C for
microbiologic studies. Equivalent colonic segments were
obtained from the noncolitic group. Inflammation and
crypt damage were assessed on hematoxylin and eosin-

stained sections, using a modification of a validated scoring
scheme described by Dieleman et al. (Table 1).17 Each
section was then scored for each feature separately and the
total colonic histology scores are the sum of the five
different subscores. Using this scoring system, the mini-
mum score was 0 and the maximum score was 18.

MPO activity was assayed by determining the decom-
position of hydrogen peroxide in the presence of o-
dianisidine18 100 to 200 mg tissue was homogenized in
hexadecyltrimethylammonium bromide (HTAB) buffer.
The assay mixture, in a cuvette of 1 cm path length,
contained 2.9 ml Dianizidine solution, 100 µl of the
homogenate sample, and 10 µl H2O2. The homogenate
was added last and the change in absorbance at 460 nm was
followed for 90 seconds. All measurements were performed
in duplicate. MPO activity was expressed in units per gram
tissue.

Bacterial Genomic DNA Extraction
Bacterial genomic DNA was isolated from tissues by using a
Wizard® Genomic DNA purification kit according to the
manufacturer’s protocol (Promega, Madison, WI).

Feces were treated as previously described by Zhu et
al.19 They were homogenized by vortexing with 4 mm
diameter glass beads for three minutes. Debris was removed
by centrifugation at 700 g for one minute, and the
supernatant was collected and centrifuged at 12,000 g for
five minutes. The pellet was washed twice with phosphate-
buffered saline and stored at −20°C until DNA extrac-
tion.19,20 For DNA purification, the pellet was resuspended

Table 1. Histologic scoring of colitis

Feature graded Score Description

Inflammation
severity

0 None
1 Mild
2 Moderate
3 Severe

Inflammation
extent

0 None
1 Mucosa
2 Mucosa and submucosa
3 Transmural

Regeneration 4 No tissue repair
3 Surface epithelium not intact
2 Regeneration with crypt

depletion
1 Almost complete regeneration
0 Complete regeneration or

normal tissue
Crypt damage 0 None

1 Basal 1/3 damage
2 Basal 2/3 damage
3 Only surface epithelium intact
4 Entire crypt and epithelium lost

Percent
involvement

1 1–25
2 26–50
3 51–75
4 76–100
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in EDTA and treated with 10 g/l lysozyme (Sigma Aldrich,
St. Louis, MO) for 45 minutes at 37°C. The bacterial
genomic DNA was then isolated and its concentration and
purity checked spectrophotometrically.

Polymerase Chain Reaction Amplification of Bacterial
Genes Coding for 16S rRNA
Molecular techniques based on 16S rRNA gene sequences
provide a reliable method for the detection and identifica-
tion of bacterial species. 16S rRNA-gene-targeted group-
specific primers were used to identify predominant bacteria
in a semiquantitative polymerase chain reaction (PCR).
Lactobacillus group-specific PCR was performed as de-
scribed in Wang et al.21 Bifidobacterium genus-specific PCR
was performed by using 16S rRNA gene-targeted primers,
as described by Langendijk et al.22 Escherichia coli group-
specific PCR was performed by using 16S rRNA gene-
targeted primers according to Tsen et al.23 Streptococcus
thermophilus strain PCR was performed by using primers
according to Furet et al.24 Aeromonas strain-specific PCR
was performed by using the 16S rRNA-targeted primers
designed with the programs BLAST and RDPII (http://
www.ncbi.nlm.nih.gov/BLAST, http://rdp.cme.msu.edu/
html/). The target sites for the primers were identified as
sequences that are invariant, or nearly so, in members of
each bacterial group. The conserved 16S rRNA region,
identifying all known bacteria, was amplified by using
universal bacterial primers according to Amit-Romach et
al.20 The universal primer set was used to determine the
total microflora population.22,25 For PCR amplification of
the bacterial targets from tissue, 100 ng of extracted DNA
was amplified, and for the bacterial targets from feces, 50 ng
of extracted DNA was amplified using GoTaq® Green
Master Mix (Promega). DNA (5 μl) was added to 45 μl of
PCR mixture containing 10 μl nuclease-free water, 5 μl of
each primer, and 25 μl Taq polymerase. To determine the
linear phase of the amplification, the PCR was run with
different numbers of cycles (25, 30, 35, 40, 45, or 50) for
each primer set. Amplification of the fragments was as

follows: Lactobacillus spp.—a 286-bp 16S rRNA fragment,
35 cycles; Bifidobacterium spp.—a 510-bp 16S rRNA frag-
ment, 42 cycles; E. coli strains—a 584-bp 16S rRNA fragment,
42 cycles; Aeromonas spp.—a 586-bp 16S rRNA fragment,
32 cycles; Streptococcus thermophilus—a 279-bp 16S rRNA
fragment, 46 cycles; universal primers—a 611-bp 16S rRNA
PCR product, 37 cycles.

Amplification conditions were: denaturation (94.5°C,
30 seconds), annealing (60°C, 1 minute), and extension
(72°C, 50 seconds). PCR products were visualized by
agarose (2 percent) gel electrophoresis stained with ethi-
dium bromide, and quantified with a Gel-Pro Analyzer™
version 3.0 (Media Cybernetics, Inc., Bethesda, MD). The
evaluation of the different PCR products was normalized to
the density of the PCR product of the universal primers by
densitometer scanning and was reported in arbitrary units
as described previously.20 The relative amount was defined
as the amount of group-specific bacteria of the total amount
of microflora population (universal primers). The primers
used to amplify the bacterial 16S rRNA are shown in
Table 2.

Statistical Analysis
Treatment-dependent changes were analyzed by using one-
way analysis of variance (ANOVA). Statistical differences
among means were considered significant at P<0.05. A
posthoc test (Tukey-Kramer) was performed when the
interaction between treatments was significant. Tests were
performed within segments and not between them. JMP
version 5.1 was used for all analyses. Values are presented as
means ± standard error of the mean.

RESULTS

Effect of Probiotic Administration on Colonic
Inflammation
Intrarectal administration of TNBS resulted in macroscopic
colitis-associated damage, with diarrhea, shortening and
thickening of the colon, and mucosal ulceration.

Table 2. PCR primers used to amplify bacterial 16S rRNA genes

Bacterial group Primers Sequence(5′-3′) Length (bp)

Universal Unibac- f CGTGCCAGCCGCGGTAATACG 611
Unibac- r GGGTTGCGCTCGTTGCGGGACTTAACCCAACAT

Lactobacillus LAA-f CATCCAGTGCAAACCTAAGAG 286
LAA-r GATCCGCTTGCCTTCGCA

Escherichia coli strain E.coli-f GGGAGTAAAGTTAATACCTTTGCTC 584
E.coli-r TTCCCGAAGGCACATTCT

Bifidobacterium Bif164-f GGGTGGTAATGCCGGATG 510
Bif662-r CCACCGTTACACCGGGAA

Aeromonas Aeromonas-f CACCAAGGCGACGATCCCTAGCTGG 586
Aeromonas r AAGCCACGTCTCAAGGACACAGCCT

Streptococcus St1 TTATTTGAAAGGGGCAATTGCT 279
thermophilus St2 GTGAACTTTCCACTCTCACAC
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Histologic assessment of colonic samples from the
TNBS group revealed severe transmural disruption of the
normal architecture of the colon, with extensive ulceration
and inflammation involving all of its intestinal layers (score
(mean ± standard error), 15.88±0.66). Colonic samples
were characterized by neutrophil infiltration in the mucosal
layer and submucosa. Most of the rats showed epithelial
ulceration of the mucosa affecting >85 percent of the
surface. The inflammatory process was associated with
crypt loss. Histologic analysis of the colonic specimens from
rats induced colitis and treated with probiotic revealed only
a minor effect of Y 109 on colonic tissue, with a mean score
that was not significantly different fromTNBS group (13.67±
1.86). On the other hand, administration of Lgg improved
colonic tissue architecture significantly compared with the
TNBS group (mean score, 10.75±1.8). Tissue in the process
of reepithelization surrounded the ulceration zone in a few of
the Lgg-treated rats. Moreover, the transmural involvement
of the lesions was reduced. In those rats, the improvement in
colonic histology was accompanied by a reduction in
inflammation infiltrate (Fig. 1).

Colonic damage was assessed biochemically by colonic
MPO activity. MPO is an enzymatic marker of neutrophil
infiltration into GI tissues. MPO activity was enhanced in
the TNBS group compared with controls; however, it was
only slightly reduced in some but not all of the Lgg-treated
rats (Fig. 2).

Microbiologic Studies
The relative amounts of Lactobacillus spp. decreased
slightly, but nonsignificantly, after TNBS induction. Ad-
ministration of the Y 109 probiotic resulted in a small
increase in the relative amounts of Lactobacillus. Bifidobac-
teria were almost undetectable in the colon tissues. TNBS
induction did not change the relative amounts of Bifido-
bacteria relative to controls. Y 109 probiotic treatment
significantly increased this bacterial population (P<0.05).
The relative amount of S. thermophilus was the same in all
groups (Fig. 3).

TNBS induction led to the appearance of E. coli strains
and Aeromonas in the colon of two rats. These animals also
had the highest colonic histology scores (i.e., their inflam-
mation was more severe). Rats treated with Lgg tended to
colonize less E. coli and Aeromonas than TNBS rats, whereas
the Y 109 probiotic-treated rats showed variability in this
parameter (Fig. 4).

Analysis of the colon-associated bacterial population
revealed a large variation among individuals with respect to
some bacterial species. The presence of different bacterial
species in rat feces samples was analyzed as well.

The results indicated that the relative amounts of
Lactobacillus spp. were slightly increased and the Bifidobac-
teria population in the feces was significantly reduced after
TNBS induction. Administration of Lgg resulted in a small
increase in the relative amounts of Lactobacillus compared

with the TNBS group, whereas the Y 109 probiotic had no
effect on relative Lactobacillus amounts but elevated the
relative amount of Bifidobacteria spp. S. thermophilus was
undetectable in feces samples from TNBS-induced rats. In
the feces of the three other groups, it was detected in very
small amounts (Fig. 5).

E. coli strains were detectable in only one fecal sample
from each group, and there were no significant differences

FIGURE 1. Histologic sections of colonic tissue stained with
hematoxylin and eosin. Magnification x40; bar=500 µm. 1A-B.
Noncolitis group showing the normal histology of the rat colon. 2A-
B. Trinitrobenzene sulfonate colitis group showing complete
destruction of the tissue. 3A-B. Y 109-treated group showing a very
slight improvement of the inflammatory process. 4A-B. Lactobacillus
GG-treated group showing improvement in both the inflammatory
process and the colonic tissue architecture.
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between them. Aeromonas was identified in three fecal
samples from the control group, one from the TNBS group,
and two from the probiotics-treated group (Fig. 6).

DISCUSSION

This study reported the therapeutic potential of two
probiotics—Lgg, and the Y 109 probiotics bacterial mix—
on the course of inflammation in an animal model of
colitis. The approach used included administration of
probiotics with the drinking water for three days while
simultaneously inducing colitis.

Previous studies have demonstrated the preventative
effect of probiotics in the TNBS model.26,27 In those
studies, probiotics were given two weeks before induction
of colitis, and all of the probiotics assayed were shown to
have anti-inflammatory activity as evidenced histologically;
however, each probiotic showed its own anti-inflammatory
profile.

Although both probiotics helped to promote the re-
covery of colonic tissue after TNBS induction, the restoration
with respect to crypt damage and to the extent and severity of
the inflamed tissue was more evident in the rats that received
Lgg than in those that received Y 109. This beneficial effect
also was observed biochemically: Lgg decreased colonic MPO
activity (Fig. 2). The observed inhibition of neutrophil
infiltrationmay reflect one of the intestinal anti-inflammatory
effects of the probiotics against tissue injury.

Previous studies have suggested that after TNBS
induction, specific strains of luminal colonic microflora
invade the disrupted colonic epithelial wall and the
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FIGURE 2. Effects of probiotic treatments on colonic myeloperox-
idase (MPO) activity in rats with trinitrobenzene sulfonate (TNBS)-
induced colitis. Values are mean ± standard error of the mean (n=5).
The means of treated groups without a common letter differ (P<
0.05). Lgg = Lactobacillus GG.
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FIGURE 3. Effects of probiotic treatments on the population of
beneficial bacteria in the colon of rats with trinitrobenzene sulfonate
(TNBS)-induced colitis. A. Relative proportions of beneficial bacteria in
the colon. B. Representative PCR products of 16S rDNA of the beneficial
bacteria and invariant sequences of all known intestinal bacterial
species (Universal) in the colon of all four groups. Values are mean ±
standard error of themean (n=5). Themeans of treated groupswithout
a common letter differ (P<0.05). Lgg = Lactobacillus GG.
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existence of these bacteria within the wall contribute to the
transmural inflammation.28 Human and animal studies
also have shown a significant decrease in the number of
bacteria and Lactobacillus in IBD groups compared with
healthy subjects.27,29 It is possible that products of the
commensal flora promote inflammation in the presence of
an impaired mucosal barrier or injury to the mucosa.30

Because the microbial environment has been shown to
play a role in the development of IBD, modulation of the
microbiota presents an option for therapeutic interven-
tion.31 Administration of probiotics is one of the methods
used to manipulate the intestinal microbiota in an attempt
to reduce the inflammatory response. In fact, it has been
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FIGURE 4. Effects of probiotic treatments on the pathogenic
bacterial population in the colon of rats with trinitrobenzene
sulfonate (TNBS)-induced colitis. A. Relative proportions of patho-
genic bacterial in the colon. B. Representative polymerase chain
reaction products of 16S rDNA of pathogenic bacterial and invariant
sequences of all known intestinal bacterial species (Universal) in the
colon of all four groups. Values are mean ± standard error of the
mean (n=5). The means of treated groups without a common letter
differ (P<0.05). Lgg = Lactobacillus GG.
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FIGURE 5. Effects of probiotic treatments on the beneficial bacterial
population in feces of rats with TNBS-induced colitis. A. Relative
proportions of beneficial bacteria in the colon. B. Representative
polymerase chain reaction products of 16S rDNA of the beneficial
bacteria and invariant sequences of all known intestinal bacterial
species (Universal) in the colon of all four groups. Values are mean ±
standard error of the mean (n=5). The means of treated groups
without a common letter differ (P<0.05). Lgg = Lactobacillus GG.
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reported that administration of a mixture of Bifidobacterium
and Lactobacillus32 prolongs remission in ulcerative colitis.

In this study, attenuation of disease activity was
associated with modulation of the gut microflora, as
investigated by the culture-independent 16S rRNA gene
target method. We demonstrated the ability of both
probiotics to modify the colonic microflora, which had
been altered as a consequence of the TNBS-induced colitis.
TNBS induction resulted in the appearance of E. coli strains,
mainly pathogenic ones, as reported by Tsen et al. who
tested these specific primers.23 Aeromonas, an extremely
aggressive bacterium that leads to intestinal and nonintes-
tinal diseases,33 appeared as well. Probiotics treatments in
our study reduced the relative amounts of both pathogenic
bacteria in the colonic tissue.

Various probiotic bacteria have been found to possess
different mechanisms of action. One common mecha-
nism that is evident in a wide variety of probiotic strains
is adherence to the intestinal mucosal surface, which
prevents colonization of pathogenic bacteria.34 This is a
form of competition between the two species. Another
common mode of action is via stimulation of the
intestinal immune system. Several studies reported that
lactobacilli are potent inducers of IL-12.35,36

Generally, luminal content and feces are used for
microbial studies.26,27 Here, the relative proportions and
microbial profile of the colon-associated bacteria were
found to differ from those of the feces-associated bacteria.
These observations are in accordance with our previous
work37 and with that of Zoetendal et al.38 These differences
may be related to the fact that many pathogenic bacteria
must bind to epithelial cells to affect the host: bacteria that
fail to adhere to the intestinal epithelium are washed out
with the luminal contents, leaving the body in the feces.
Hence, the feces may contain mainly bacteria that could not
adhere and, as such, it does not provide an accurate
reflection of the colonic microbial ecology. Isolation of
bacteria from the tissue and the feces may better reflect the
actual colonized microbiota.

In this study, concurrent administrations of Lgg and
Y 109 probiotics with induction of colitis were shown to
possess anti-inflammatory activity in a rat model of
TNBS-induced colitis. The different probiotic regimens
differed in their efficacy as anti-inflammatory agents and
did not share the same mechanisms of action. It is
noteworthy that Lgg was found to be more effective than
Y 109 as a probiotic. Nevertheless, both of these
probiotics improved different parameters of inflamma-
tion, including colonic damage, and modulated the gut
microflora. We suggest that the colonization of these
probiotics in the colonic epithelium results in beneficial
effects on GI inflammatory conditions, which are prob-
ably secondary to their immunomodulatory properties. It
is possible that administration of probiotic bacteria down-
regulated colonic proinflammatory cytokines via the
suppression of nuclear factor kappa B (NF-kB), in
addition to increased production of mucosal IL-6.
Suppression of cytokines production may improve resto-
ration of intestinal barrier function and reduce proin-
flammatory mediators in intestinal lumen.39

In summary, the results obtained in this study
emphasize the therapeutic potential of dietary probiotics
in IBD in general and of Lgg in particular. Studies with
human subjects are needed to substantiate these findings
in patients with IBD.

ACKNOWLEDGMENT

The authors thank Mr. Eli Zinal, head of Tnuva R&D, for
his help and constructive advice throughout the study.

0.12

0.04

0.08

Control

Universal

E.coli

TNBS

E.coli

TNBS+Lgg TNBS+Y 109

0.16

0.20

16s rDNA
(A.U.)

a

a

a

a

0.30

0.10

0.20

Control

Universal

Aeromonas

TNBS

Aeromonas

TNBS+Lgg TNBS+Y 109

0.40

0.50

16s rDNA
(A.U.)

a

a
a

a

FIGURE 6. Effects of probiotic treatments on the pathogenic
bacterial population in feces of rats with TNBS-induced colitis. A.
Relative proportions of pathogenic bacterial in rats feces. B.
Representative polymerase chain reaction products of 16S rDNA of
pathogenic bacterial and invariant sequences of all known intestinal
bacterial species (Universal) in rat feces. Values are mean ± standard
error of the mean (n=5). The means of treated groups without a
common letter differ (P<0.05). Lgg = Lactobacillus GG.

AMIT-ROMACH ET AL.: PROBIOTICS THERAPEUTIC POTENTIAL IN TNBS MODEL1834



REFERENCES

1. Fiocchi C. Inflammatory bowel disease: etiology and
pathogenesis. Gastroenterology 1998;115:182–205.

2. Podolsky DK. Inflammatory bowel disease. N Engl J Med
2002;347:417–29.

3. Thompson-Chagoyan OC, Maldonado J, Gil A. Aetiology
of inflammatory bowel disease (IBD): role of intestinal
microbiota and gut-associated lymphoid tissue immune
response. Clin Nutr 2005;24:339–52.

4. Swidsinski A, Ladhoff A, Pernthaler A, et al.Mucosal flora in
inflammatory bowel disease. Gastroenterology 2002;122:44–
54.

5. Greenberg GR. Antibiotics should be used as first-line therapy
for Crohn’s disease. Inflamm Bowel Dis 2004;10:318–20.

6. Guarner F, Malagelada JR. Role of bacteria in experimental
colitis. Best Pract Res Clin Gastroenterol 2003;17:793–804.

7. Taurog JD, Richardson JA, Croft JT, et al. The germfree state
prevents development of gut and joint inflammatory disease
in HLA-B27 transgenic rats. J Exp Med 1994;180:2359–64.

8. Alander M, Satokari R, Korpela R, et al. Persistence of
colonization of human colonic mucosa by a probiotic
strain, Lactobacillus rhamnosus GG, after oral consump-
tion. Appl Environ Microbiol 1999;65:351–4.

9. Arvola T, Laiho K, Torkkeli S, et al. Prophylactic
Lactobacillus GG reduces antibiotic-associated diarrhea in
children with respiratory infections: a randomized study.
Pediatrics 1999;104:e64.

10. Isolauri E, Majamaa H, Arvola T, Rantala I, Virtanen E,
Arvilommi H. Lactobacillus casei strain GG reverses
increased intestinal permeability induced by cow milk in
suckling rats. Gastroenterology 1993;105:1643–50.

11. Madsen KL, Doyle JS, Jewell LD, Tavernini MM, Fedorak
RN. Lactobacillus species prevents colitis in interleukin 10
gene-deficient mice. Gastroenterology 1999;116:1107–14.

12. Gupta P, Andrew H, Kirschner BS, Guandalini S. Is
Lactobacillus GG helpful in children with Crohn’ disease?
Results of a preliminary, open-label study. J Pediatr
Gastroenterol Nutr 2000;31:453–7.

13. Tannock GW. New perceptions of the gut microbiota:
implications for future research. Gastroenterol Clin North
Am 2005;34:361–82, vii.

14. Menard S, Candalh C, Bambou JC, Terpend K, Cerf-
Bensussan N, Heyman M. Lactic acid bacteria secrete
metabolites retaining anti-inflammatory properties after
intestinal transport. Gut 2004;53:821–8.

15. Menard S, Laharie D, Asensio C, et al. Bifidobacterium
breve and Streptococcus thermophilus secretion products
enhance T helper 1 immune response and intestinal barrier
in mice. Exp Biol Med (Maywood) 2005;230:749–56.

16. Morris GP, Beck PL, Herridge MS, Depew WT, Szewczuk
MR, Wallace JL. Hapten-induced model of chronic inflam-
mation and ulceration in the rat colon. Gastroenterology
1989;96:795–803.

17. Dieleman LA, Palmen MJ, Akol H, et al. Chronic
experimental colitis induced by dextran sulphate sodium
(DSS) is characterized by Th1 and Th2 cytokines. Clin Exp
Immunol 1998;114:385–91.

18. Bradley PP, Priebat DA, Christensen RD, Rothstein G.
Measurement of cutaneous inflammation: estimation of

neutrophil content with an enzyme marker. J Invest
Dermatol 1982;78:206–9.

19. Zhu XY, Zhong T, Pandya Y, Joerger RD. 16S rRNA-based
analysis of microbiota from the cecum of broiler chickens.
Appl Environ Microbiol 2002;68:124–37.

20. Amit-Romach E, Sklan D, Uni Z. Microflora ecology of the
chicken intestine using 16S ribosomal DNA primers. Poult
Sci 2004;83:1093–8.

21. Wang RF, Cao WW, Cerniglia CE. PCR detection and
quantitation of predominant anaerobic bacteria in human
and animal fecal samples. Appl Environ Microbiol 1996;
62:1242–7.

22. Langendijk PS, Schut F, Jansen GJ, et al. Quantitative
fluorescence in situ hybridization of Bifidobacterium spp.
with genus-specific 16S rRNA-targeted probes and its appli-
cation in fecal samples. Appl Environ Microbiol 1995;61:
3069–75.

23. Tsen HY, Lin CK, Chi WR. Development and use of 16S
rRNA gene targeted PCR primers for the identification of
Escherichia coli cells in water. J Appl Microbiol 1998;85:554–
60.

24. Furet JP, Quenee P, Tailliez P. Molecular quantification of
lactic acid bacteria in fermented milk products using real-
time quantitative PCR. Int J Food Microbiol 2004;97:197–
207.

25. Liu Y, Han JX, Huang HY, Zhu B. Development and
evaluation of 16S rDNA microarray for detecting bacterial
pathogens in cerebrospinal fluid. Exp Biol Med (Maywood)
2005;230:587–91.

26. Peran L, Camuesco D, Comalada M, et al. A comparative
study of the preventative effects exerted by three probiotics,
Bifidobacterium lactis, Lactobacillus casei and Lactobacillus
acidophilus, in the TNBS model of rat colitis. J Appl
Microbiol 2007;103:836–44.

27. Peran L, Sierra S, Comalada M, et al. A comparative study
of the preventative effects exerted by two probiotics,
Lactobacillus reuteri and Lactobacillus fermentum, in the
trinitrobenzenesulfonic acid model of rat colitis. Br J Nutr
2007;97:96–103.

28. Garcia-Lafuente A, Antolin M, Guarner F, et al. Incrimi-
nation of anaerobic bacteria in the induction of experi-
mental colitis. Am J Physiol 1997;272(1 Pt 1)G10–5.

29. Fabia R, Ar’Rajab A, Johansson ML, et al. Impairment of
bacterial flora in human ulcerative colitis and experimental
colitis in the rat. Digestion 1993;54:248–55.

30. Chadwick VS, Anderson RP. Inflammatory products of
commensal bacteria and gastro-intestinal disorders. Dig Dis
1990;8:253–68.

31. Rioux KP, Fedorak RN. Probiotics in the treatment of
inflammatory bowel disease. J Clin Gastroenterol 2006;40:
260–3.

32. Venturi A, Gionchetti P, Rizzello F, et al. Impact on the
composition of the faecal flora by a new probiotic prepara-
tion: preliminary data on maintenance treatment of patients
with ulcerative colitis. Aliment Pharmacol Ther 1999;13:
1103–8.

33. Janda JM, Abbott SL. Evolving concepts regarding the
genus Aeromonas: an expanding Panorama of species,
disease presentations, and unanswered questions. Clin
Infect Dis 1998;27:332–44.

AMIT-ROMACH ET AL.: PROBIOTICS THERAPEUTIC POTENTIAL IN TNBS MODEL 1835



34. Knight DJ, Girling KJ. Gut flora in health and disease.
Lancet 2003;361:1831.

35. Hessle C, Hanson LA, Wold AE. Lactobacilli from human
gastrointestinal mucosa are strong stimulators of IL-12
production. Clin Exp Immunol 1999;116:276–82.

36. Maassen CB, van Holten-Neelen C, Balk F, et al. Strain-
dependent induction of cytokine profiles in the gut by orally
administered Lactobacillus strains. Vaccine 2000;18:2613–23.

37. Amit-Romach E, Uni Z, Cheled S, Berkovich Z, Reifen R.
Bacterial population and innate immunity-related genes in

rat gastrointestinal tract are altered by vitamin A-deficient
diet. J Nutr Biochem (in press).

38. Zoetendal EG, von Wright A, Vilpponen-Salmela T, Ben-
Amor K, Akkermans AD, de Vos WM. Mucosa-associated
bacteria in the human gastrointestinal tract are uniformly
distributed along the colon and differ from the community
recovered from feces. Appl EnvironMicrobiol 2002;68:3401–7.

39. Versalovic J. Probiotics: intestinal gatekeeping, immuno-
modulation, and hepatic injury. Hepatology 2007;46:618–
21.

AMIT-ROMACH ET AL.: PROBIOTICS THERAPEUTIC POTENTIAL IN TNBS MODEL1836


	Therapeutic Potential of Two Probiotics in Inflammatory Bowel Disease as observed in the Trinitrobenzene Sulfonic Acid Model of Colitis
	Abstract
	Materials and Methods
	Animals
	Induction of Colitis and Probiotic Bacteria
	Assessment of Colonic Damage
	Bacterial Genomic DNA Extraction
	Polymerase Chain Reaction Amplification of Bacterial Genes Coding for 16S rRNA
	Statistical Analysis

	Results
	Effect of Probiotic Administration on Colonic Inflammation
	Microbiologic Studies

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


