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Abstract
Background: Probiotics are used in the therapy of inflammatory bowel disease. This study
aimed to determine whether prior administration of probiotic lactobacilli and bifidobacteria
would prevent disease and change gut flora in an animal model of colitis.
Methods: Swiss albino mice received a probiotic mixture (four Lactobacillus and four
Bifidobacterium species) or medium (control) for a week prior to induction of colitis by oral
4% dextran sodium sulfate (DSS) for seven days. Appropriate non-colitis controls were
used. Histological damage was assessed (n = 5 per group), as was expression of mRNA for
tumor necrosis factor (TNF)-a, interferon (IFN)-g, transforming growth factor (TGF)-b1
and SOCS-1 in the colonic mucosa (n = 6 per group). Secretion of TNF-a was measured in
distal colon organ culture (n = 5–6 per group). Levels of Bacteroides, Bifidobacterium, and
Lactobacillus acidophilus in feces were quantified by real time polymerase chain reaction
(PCR) targeting 16S rDNA.
Results: Compared to untreated DSS colitis, probiotic treatment significantly reduced
weight loss (P < 0.05), shifted histological damage to lesser grades of severity (P < 0.001),
reduced mRNA expression of TNF-a and TGF-b1 (P < 0.05), and down-regulated produc-
tion of TNF-a from distal colon explants (P < 0.05). Colitis induced a significant reduction
in the relative proportions of Bifidobacterium, Bacteroides and Lactobacillus acidophilus
group bacteria in feces, and these levels were significantly increased in probiotic-treated
mice compared to DSS mice (P < 0.001).
Conclusion: Prior administration of probiotic bacteria reduced mucosal inflammation and
damage in DSS-induced colitis. DSS colitis was associated with significant changes in the
fecal anaerobic bacterial flora and these changes were modulated by administration of
probiotic bacteria.
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Introduction
The pathogenesis of inflammatory bowel disease (IBD) is not fully
understood, but abnormal innate immune responses to luminal
bacteria are likely to be important. These responses may be
manipulated to prevent or attenuate colitis in clinical practice.1

Certain constituents of the normal colonic microflora, such as
Lactobacillus and Bifidobacterium, are specifically used to treat
IBD.2 Probiotics have been demonstrated in experimental systems
to modulate cytokine production, to strengthen the mucosal barrier
and to reduce inflammation.3–5 All these mechanisms may contrib-
ute to their therapeutic efficacy in colitis.

Clinical and experimental studies using animal models suggest
that there is a dysbiosis, i.e. altered relative balance of aggressive
and protective bacterial species, in inflammatory bowel disease.6,7

This balance may potentially be altered by the use of antibiotics
to selectively decrease aggressive bacterial species, or globally

decrease luminal and mucosal bacterial concentrations. It may also
be altered by the use of probiotics to tilt the balance back towards
the protective species. Escherichia coli and several Lactobacillus
strains attenuate the development of spontaneous intestinal inflam-
mation in mice that are genetically deficient for interleukin-10
(IL-10).3 Many lactobacilli exhibit natural anti-inflammatory prop-
erties, enhancing lymphocyte proliferation, augmenting innate and
adaptive immune responses, and stimulating production of the
anti-inflammatory cytokine IL-10.8 Bifidobacteria are the other
major commensal bacteria that are considered to be probiotic.9 A
commercially available mixture of lactobacilli and bifidobacteria,
VSL#3, is effective in preventing10 but not in healing fully estab-
lished DSS colitis in animals.11 This mixture of probiotic bacteria
is also useful in treating pouchitis in humans.12

The present study was designed to examine the effect of a
mixture of Lactobacillus and Bifidobacterium species in the pre-
vention of colitis in a mouse model and on the relative proportions
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of Bacteroides (the predominant anaerobic bacteria), Bifidobacte-
rium and Lactobacillus in the feces of these animals.

Methods

Bacterial strains

The bacterial strains used in the study were: Lactobacillus
strains—L. rhamnosus GG (Culturelle), L. plantarum
(CIP102021), L. casei (CIP107868) and L. lactis (CIP101028);
and Bifidobacterium strains—B. bifidum (CIP56.7T), B. infantis
(CIP64.67T), B. lactis CIP105265T), B. adolescentis (CIP64.59T).
Lactobacilli and bifidobacteria are commonly used as probiotics. It
is generally understood that there is variation among different
strains with respect to specific probiotic properties. A mixture of
bacteria with different properties (eg. VSL #3) is more effective in
the treatment of intestinal inflammation than individual probiotic
organisms. We thus decided to use a mixture of four lactobacilli
and four bifidobacteria. Lactobacillus were cultured in DeMan
Rogosa and Sharpe medium (Himedia Laboratories, Mumbai,
India) under anaerobic conditions for 16 h at 37°C on the day
before the experiments. Bifidobacterium species were grown in
Bifidobacterium medium (Himedia Laboratories, Mumbai, India)
under anaerobic conditions.

Animals used

Male Swiss albino mice weighing 25–30 g, exposed to 12 h light
and dark cycle and fed with water and normal chow ad libitum,
were used for the studies. The protocol was approved by the
institutional Animal Ethics Committee.

Induction of colitis

Dextran sodium sulfate (DSS, Cat.No. 160110, MW 36 000–
50 000, MP Biomedicals, Illkirch, France) was administered in the
feed (4% w/w) for 7 days.13 The weight of the animals and fecal
occult blood (Hemospot strips, Corel Clinical Systems, Goa,
India) were measured daily.

Probiotic treatment

Following culture, Lactobacillus and Bifidobacterium species
were pelleted by centrifugation at 2000–3000 rpm, 108–1010

organisms resuspended in 500 mL phosphate buffered saline (PBS,
pH 7.4), and introduced into the stomach of the mice daily using
PE160 tubing (Intramedic, Becton Dickinson, Franklin Lakes, NJ,
USA) attached to a syringe.

Experimental groups

Control Group—Received PBS as a vehicle daily for 14 days. DSS
Group—Received intragastric phosphate buffered saline (PBS) for
14 days, with 4% DSS being added to the feed from Day 8 of
intragastric PBS administration for 7 days. This was the disease
group to serve as primary comparison with the active probiotic
intervention group. Probiotic Group—Received four Lactobacil-
lus strains (Lactobacillus GG, L. plantarum, L. casei and L lactis)
and four Bifidobacterium strains (B. bifidum, B. longum, B. infantis

and B. lactis) suspended in 500 mL of PBS and fed intragastrically
for 14 days. 4% DSS was added to the feed from Day 8 of gavage
and continued for 7 days. This group was the intervention group
where probiotic administration preceded induction of DSS colitis.
Mice were daily monitored for weight changes and fecal occult
blood. At the end of 14 days the animals were killed using an
overdose of ketamine. The colon was removed and its length
measured before it was cut open and processed for histology,
biochemical studies and organ culture.

Histological scoring

The changes of DSS colitis were most prominent in the distal
colon. The distal colon was cut open and fixed in entirety by
immersion in 10% buffered formalin and processed to paraffin
blocks. Four-micron sections stained with hematoxylin and eosin
(HE) were examined by an experienced histopathologist (AP)
blinded to the intervention. The entire length of the distal colon
was evaluated under high power. Each high power field was scored
as showing one of the following:

Normal mucosa: Surface epithelium intact, crypts normal, no
inflammation.
Healing ulceration: Partial crypt and surface epithelial loss with
evidence of re-epithelialization, or crypts showing severe regen-
erative change.
Severe ulceration: Complete loss of surface and crypt epithelium
extending to muscularis mucosa.

The number of fields showing each of these features was added
and expressed as a percentage of the total number of fields exam-
ined per colon.

Organ culture of distal colon

In separate experiments, segments of distal colon from animals in
each of the three groups were removed, cut open longitudinally,
and washed in PBS containing penicillin and streptomycin. Seg-
ments measuring 1 cm in length were placed in 24-well flat bottom
culture plates, Falcon Multiwell (BD Biosciences, San Jose, CA,
USA) containing fresh RPMI 1640 medium (Himedia, India)
supplemented with penicillin and streptomycin, and incubated at
37°C in 1 mL of fresh supplemented RPMI 1640 medium for 24 h.
Culture supernatants were stored at -20°C until analysis. Tumor
necrosis factor (TNF)-a in the supernatant was measured by
enzyme immunoassay (eBioscience, San Diego, CA, USA).

RNA isolation and real-time polymerase chain
reaction of cytokines

In separate experiments, total RNA was isolated from the distal
colon using RNeasy Mini Kit (Qiagen GmbH, Hilden, Germany).
cDNA was synthesized from 250 ng of total RNA using a Reverse
Transcriptase core kit (Eurogentec, Liege, Belgium). Primers for
real time polymerase chain reaction (PCR) for the following
cytokines were obtained commercially (SuperArray Inc, Freder-
ick, MD, USA, http://www.superarray.com/QRT): Tumor growth
factor (TGF)-b (PPM02991A-200), tumor necrosis factor
(TNF)-a (PPM03113A-200), Interferon (IFN)-g (PPM03121A-
200). Primers for SOCS-1 (Forward GAC ACT CAC TTC CGC
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ACC TT, Reverse CGA AGA AGC AGT TCC GTT G) and
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (RT
Primer DB-2922, http://medgen.ugent.be/rtprimerdb) were syn-
thesized by Sigma Genosys (Bangalore, India). Real time PCR
was performed using SYBR Green (Molecular Probes, Eugene,
OR, USA) in a Chromo 4 continuous fluorescence detection
system (BioRad, Hercules, CA, USA). Cycling conditions were
as follows: denaturation for 5 min at 95°C, amplification for 40
cycles at 95°C for 30 s, 60°C for 30 s, and at 72°C for 40 s. After
completion of the cycling process, samples were subjected to a
temperature ramp (from 53 to 95°C) with continuous fluores-
cence monitoring for melting curve analysis. For each PCR
product, a single narrow peak was obtained by melting curve
analysis at the specific melting temperature, indicating specific
amplifications. Each PCR reaction was performed in duplicate.
Amplification of target mRNA was expressed relative to ampli-
fication of the housekeeping gene, GAPDH, using the 2-DCT

method.14

Fecal DNA extraction

DNA was extracted using QiaAMP DNA Stool Minikits (Qiagen,
Valencia, CA, USA) from 125 mg (wet weight) of fresh feces
collected from mice at the time of killing, eluted in a final volume
of 200 mL and stored at -20°C.

Quantitative bacterial PCR

Real-time PCR was performed to quantify bacterial groups or
genera of interest. Primers targeted at the 16S rDNA were
designed to amplify sequences specific for the Bacteroides-
Prevotella-Porphyromonas group, the Bifidobacterium genus and
the L. acidophilus group. In addition, the universal primer set
amplified a universal sequence present in all bacteria, in relation to
which amplification of the group-specific or genus-specific
sequences was expressed, as relative difference. The Ribosomal
Database Project15 (http://rdp.cme.msu.edu/html/) was utilized for
identifying the primers that were able to amplify the rDNA of the
selected target bacteria. Primers targeted at the Bacteroides-
Prevotella-Porphyromonas group amplified targets from the
genera mentioned, the bifidobacterial primers amplified total Bifi-
dobacterium species, and the Lactobacillus acidophilus group
primers amplified rDNA from a closely related group of lactoba-
cilli including L. acidophilus, L. amylovorus, L. amylolyticus, L.
crispatus, L. gasseri and L. johnsonii. Quantitative PCR was per-
formed using SYBR Green master mix (Eurogentec). Details of
the PCR and the quality controls used have been described else-
where.16,17

Statistical analysis

All data were expressed as mean (SEM). Significance of differ-
ences between groups for continuous variables was assessed using
the Student t-test or Mann-Whitney independent samples test
depending on the nature of distribution of the data. Two-tailed P
values <0.05 were considered statistically significant.

Results

Disease activity indices in colitis

Animals in the Control group gained weight over the two week
period of observation, whereas mice in the DSS group showed
significant reduction in weight over the same time, and this was
attenuated in the Probiotic group (Table 1). The length of the colon
was significantly shortened in mice in the DSS group. Though the
colon length was greater in the Probiotic group, this was not
statistically significant (P = 0.07). Histological examination in the
Control group revealed intact mucosa over the entire length of the
distal colon with normal surface epithelium and normal crypts. In
the DSS group, mucosal damage varied from healing ulceration to
severe ulceration. In the Probiotic group, the damage was signifi-
cantly less and was shifted from severe ulceration towards healing
ulceration and normal mucosa (Table 1). The significance of this
shift was assessed by a Chi-square test for trend using the percent-
ages of each form of mucosal damage, which showed a significant
difference between the DSS and Probiotic groups (P < 0.0001).

TNF-a secretion in mouse colon organ culture

Explant cultures of distal colon from the Control group secreted
minor but detectable amounts of TNF-a (Fig. 1). Secretion of
TNF-a was significantly increased in animals that received DSS
and this was significantly attenuated in the Probiotic group
(Fig. 1).

Fecal microflora in DSS colitis and the
influence of probiotic administration

DSS colitis was associated with gross alterations in the fecal
flora. Levels of all the bacteria examined—Bifidobacterium
genus, Bacteroides-Prevotella-Porphyromonas group, and
Lactobacillus—decreased significantly in the animals in the DSS
group compared to the Control group (Fig. 2). In the Probiotic
group levels of Bifidobacterium and Lactobacillus were increased
compared to the normal control group (Fig. 2). Interestingly, the

Table 1 Disease severity and histological damage indices

Control DSS Probiotic

Change in weight at
end of 2 weeks (g)

+3.15 (0.5) -2.94 (0.23)* -0.66 (0.51)**

Colon length at end
of study

8.42 (0.22) 5.33 (0.29)* 6.06 (0.16)

Histological change
Normal 100 28.2 (15.6) 49.2 (6.0)†

Healing ulceration 0 35.8 (6.7) 44.7 (6.6)†

Severe ulceration 0 34.8 (13.4) 8.4 (5.1)†

Values shown are mean (SEM) of five experiments. *P < 0.001 com-
pared to control. **P < 0.05 compared to DSS. Histological damage was
expressed as the percentage of total area of distal colon in each animal
that showed normal mucosa, healing ulceration or severe ulceration.
†Chi square test for trend P < 0.001 for Probiotic compared to DSS
group.
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levels of Bacteroides also normalized in the Probiotic group and
were significantly higher than in the DSS group (Fig. 2).

mRNA expression of TGF-b, IFN-g, TNF-a
and SOCS-1

Tumor necrosis factor-a mRNA levels were significantly
increased in DSS colitis compared to the Control group, and this
increase was attenuated in the Probiotic group (Fig. 3). The
increase in mRNA levels paralleled the pattern of TNF-a secretion
in the colon organ culture. The mRNA levels of TGF-b1 were also
increased in the DSS group and this increase was attenuated in the
Probiotic group (Fig. 3). Interferon-g levels were increased in the
DSS group when compared to Control group, but were not reduced
in the Probiotic group. SOCS-1 mRNA levels were not signifi-
cantly different between the groups.

Discussion
The present studies show that induction of dextran sulfate sodium
(DSS) colitis in wild-type Swiss albino mice was accompanied by
major reductions in the fecal concentrations of several bacterial
species including the Bacteroides-Prevotella-Porphyromonas
group, the Bifidobacterium genus and prominent Lactobacillus
species. Intragastric administration of a probiotic bacterial cocktail
consisting of four species of Lactobacillus and four species of
Bifidobacterium significantly attenuated clinical, histological and
biochemical parameters of inflammation in mice with DSS colitis.
The probiotic treatment also restored levels of Bacteroides to
normal, while raising levels of Bifidobacterium and Lactobacillus
species to well above normal.

Dextran sulfate sodium (DSS) induced a severe colitis in mice
that affected mostly the distal part of the colon with severe ulcer-
ation and crypt loss with damage extending to the muscularis
mucosa. Mice administered DSS showed significant weight loss
and shortening of colon with diarrhea and positive fecal occult

blood. Pretreatment of the mice with a probiotic bacterial mixture
before the induction of colitis reduced the amount of mucosal
damage and the cytokine changes associated with colitis, but did
not totally abolish the development of colitis. Organ culture of the
distal colon mucosa substantiated the anti-inflammatory effect of
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Figure 1 Secretion of tumor necrosis factor-a into the medium from
distal colon mucosal explants of mice in the control (n = 5), DSS (n = 6)
or DSS + Probiotic (n = 5) groups. Following the experimental treat-
ment, 1 cm length of distal colon was maintained in explant culture and
TNF-a secretion into the medium measured by ELISA. Values shown
are mean (SEM). *P < 0.001 compared to Control. **P < 0.05 compared
to DSS.
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Figure 2 Bacterial quantitation in feces on day 8 of colitis. Values are
mean (SEM) of 12 samples. Bacterial numbers are expressed as relative
difference of amplification of the target sequence compared to amplifi-
cation of the universal 16S rDNA sequence. *P < 0.001 compared to
Control. **P < 0.05 compared to Control. P < 0.001 compared to DSS.
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probiotics, with reduced TNF-a secretion in probiotic treated
colitic mice compared to those that did not receive probiotics.

Levels of TNF-a and of TGF-b1 were increased in the colonic
mucosa in DSS colitis, but these levels were reduced in colitic
mice that had been administered probiotics. Activation of TNF-a
is upstream of inflammation and therapies for inflammatory bowel
disease target this.18 Therefore reduction in this cytokine may
contribute to the beneficial effect of the administered probiotic
bacteria. On the other hand, TGF-b has three isoforms. TGF-b1 is
elevated in colitis and may be responsible for fibrosis and strictur-
ing in this disease.19 Several strains of lactic bacteria are known to
inhibit both TNF-a and TGF-b,20 and this may explain the present
observation. It has been shown that Lactobacillus casei induces
interleukin-10 in lamina propria mononuclear cells in patients with
colitis, but IL-10 expression was not examined in the present
study.21 A number of studies in experimental animals with colitis,
some with genetic manipulations to increase susceptibility, have
shown that probiotics ameliorate the course of colitis3–5 and they
provide a rationale for the use of probiotics in the treatment of
colitis. In contrast to studies that have shown an effect of probiotic
therapy in established colitis, the present study examined the role
of probiotic intake in the prevention of colitis when animals were
exposed to severe colonic injury. The present studies show that
intake of probiotics prevented or attenuated colitis induced by
DSS. An earlier study showed that DSS caused colitis even in
germ-free animals and that this colitis was rapidly lethal.22 When
the animals had bacterial colonization of the gut, the course of the
colitis was attenuated. The present study confirms the protective
role of the normal gut flora in colitis and provides a possible
explanation for the differences in IBD prevalence between devel-
oped and developing countries. In developing countries, the intake
of foods with a high content of unabsorbed carbohydrate, both
non-starch polysaccharides and amylase-resistant starch, is asso-
ciated with a different gut flora from that noted in residents of
developed countries. This flora may be protective against devel-
opment of IBD. This hypothesis needs to be evaluated by com-
parative studies of gut flora between different countries.

The mechanism whereby probiotic administration prevents or
attenuates colitis remains uncertain. Levels of Bacteroides, Bifi-
dobacterium and L. acidophilus significantly decreased in mice
with DSS colitis, compared with controls or probiotic co-treated
with DSS. Interestingly, although the probiotic preparation did
not contain any organisms of the Bacteroides-Prevotella-
Porphyromonas group, animals given the probiotic mixture
showed normalization of levels of the bacteria of this group. Bac-
teria have cooperative interactions, supporting the growth of other
species through metabolic synergy and other mechanisms.23 This
could have been responsible for the normalized Bacteroides levels
in the Probiotic group. It is conceivable that maintenance of bac-
terial levels in the colon by probiotics may have induced changes
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Figure 3 Quantification of cytokine (a) tumor necrosis factor (TNF)-a,
(b) interferon (IFN)-g, (c) transforming growth factor (TGF)-b1 and (d)
suppressor of cytokine signaling (SOCS)-1 mRNA in colonic mucosa of
mice. Values shown are mean (SEM) of 6 experiments. Amplification of
the target sequence is expressed relative to amplification of the house-
keeping gene GAPDH. *P < 0.05 compared to control. **P < 0.05 com-
pared to DSS group.
�
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in luminal metabolism that had an anti-inflammatory effect. The
bacterial flora of the colon is responsible for production of short
chain fatty acids from unabsorbed carbohydrate. These short chain
fatty acids help in epithelial repair and also reduce mucosal
inflammation through modulation of innate inflammatory path-
ways.24,25 Interestingly, Bacteroides species which are the major
constituents of the fecal flora in normal individuals are reduced in
the feces of patients with IBD and this change could be important
in pathogenesis of the disease.26

In summary, the fecal bacterial flora changes in colitis with a
gross reduction in Bacteroides, the major anaerobic bacterial
species of the colon. Administration of probiotic lactobacilli and
bifidobacteria prior to induction of experimental colitis appears to
stabilize levels of Bacteroides and is associated with an attenuated
expression of inflammation and tissue damage. These studies
suggest that alteration of the gut flora is a permissive factor in the
establishment of colitis.
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