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the integrity of intestinal mucosal barrier in DSS-induced experimental
colitis

Ryma Toumi1, Katia Abdelouhab1, Hayet Rafa1, Imene Soufli1, Djamila Raissi-Kerboua2, Zineb Djeraba1, and
Chafia Touil-Boukoffa1

1USTHB (University of Sciences and Technology), Laboratory of Cellular and Molecular Biology (LBCM), Cytokines and NO Synthases Team, Faculty

of Biological Science, Algiers, Algeria and 2Clininical Pathology Laboratory, Algiers, Algeria

Abstract

The etiology of inflammatory bowel diseases which include ulcerative colitis (UC) and Crohn
disease has not yet been clarified. Several hypotheses suggest a change in composition of gut
microflora along with an impaired mucosal barrier that lead to excessive mucosal immunologic
responses. Increased production of nitric oxide (NO) contributes greatly to the tissue injury
caused by chronic inflammation. Evidence indicates that the mucus layer covering the
epithelium is altered during UC and experimental colitis. Our aim in this study was to
investigate the potential therapeutic effect of probiotic during DSS-induced colitis by
modulating the immune system and colonic mucus production. For that purpose, the
probiotic formulation Ultrabiotique� (Lactobacillus acidophilus, Bifidobacterium lactis,
Lactobacillus plantarum and Bifidobacterium breve) was administered daily for 7 d to mice
with colitis. Probiotic supplementation improved clinical symptoms and histological alterations
observed during DSS induced colitis. Ultrabiotique� treatment down regulated the NO
production by peritoneal macrophages of DSS-treated mice and enhanced mucus production
in both DSS-treated and healthy mice. In conclusion, the modification of microflora by the
Ultrabiotique� played a beneficial role in maintaining the integrity of the intestinal mucosal
barrier and promoted tissue repair.
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Introduction

Inflammatory bowel diseases (IBD) including Crohn’s disease

and ulcerative colitis (UC) are a group of diseases character-

ized by chronic and relapsing gastrointestinal inflammation.

The precise etiology of IBD remains uncertain. However, it is

widely admitted that a combination of genetic susceptibility,

immune disorders and environmental factors are involved

in the pathogenic mechanisms behind these conditions1,2.

Increasing evidence from animal models of IBD has high-

lighted the importance of the cross talk between gut flora, the

mucosal epithelial barrier and the intestinal immune system.

Disruption of any of these components has been shown to

result in intestinal inflammation3. Abnormal activation of the

mucosal immune responses is thought to be the major trigger

of an ongoing intestinal inflammation. The chronic inflam-

mation in IBD is characterized by a concomitant production of

high levels of pro-inflammatory cytokines (TNF-a, IL-1b,

IL-8, IFN-g, IL-12) and free radicals such as nitric oxide

(NO)4,5. The later seems to be involved in the development of

tissue injury into the intestine in IBD6–9.

The involvement of gut flora in the etiology of IBD is

supported, firstly, by effective responses to treatment with

antibiotics in patients and, secondly, by the highlighting of

microbial agents and/or their components in intestinal

inflammatory lesions10,11. The imbalance of gut flora

known as dysbiosis leads to the alteration of the intestinal

epithelial mucosa and to the abnormal and uncontrolled

activation of the immune system12. Furthermore, in UC and

DSS induced colitis, the mucus layer overlying the intestinal

epithelial surface seems to be altered. The secretion of mucins

by goblet cells plays a pivotal role in protecting mucosal

epithelial layer against bacterial invasion, thereby preventing

inflammation and tissue damage in the gastro-intestinal

tract13. In acute DSS-induced colitis, bacteria and/or bacterial

products play a major role in the enhancement of an intestinal

inflammation similar to UC14. However, if some bacterial

groups such as Enterobacteriaceae and Clostridium are

potentially pathogenic and may be involved in the develop-

ment of IBD. In contrast, others such as Bifidobacterium and

Lactobacillus could prevent it10. Currently the search for new

preventive and therapeutic approaches for IBD brought a real
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interest for probiotics defined as living micro-organisms that

promote beneficial health effects when ingested15. Clinical

trials and experimental studies suggest that selected probiotic

species, alone or in combination, can prevent recurrent

intestinal inflammation and possibly treat active IBD. The

exact mechanisms of action of probiotics have not thus far been

clarified. Nonetheless, it appears that their high prevalence in

the gut reinforces the epithelial barrier function and maintains

the balance between the pro and anti-inflammatory immune

responses. The anti-inflammatory effect of oral probiotics

lactobacilli and bifidobacteria has been shown in some

inflammatory conditions such as pouchitis, UC and several

animal models of IBD16–18. In our previous study, we have

demonstrated that supplementation of the probiotic formula

Ultrabiotique� which consists of four-strain cocktail of

lactobacilli and bifidobacteria (Lactobacillus acidophilus,

Bifidobacterium lactis, Lactobacillus plantarum and

Bifidobacterium breve) to mice before treatment with DSS

reduced the severity of colitis19. The increasing number of

lactobacilli and bifidobacteria in the colon prevented intestinal

mucosa from inflammatory lesions and reduced the local NO

production. Considering these observations, in this current

study we investigate the potential therapeutic effects of

Ultrabiotique� when supplemented during the induction of

colitis. The aim of this line of research was to have more light on

the mechanisms of protection by probiotic. We, therefore,

examined its immunomodulatory effects on NO production

in peritoneal macrophages (pM�) cultures. Data from this study

indicate that stimulation of colonic mucus would maintain the

integrity of the epithelial barrier by decreasing bacterial

translocation and promoting tissue repair of damaged mucosa.

Materials and methods

Probiotic formulation and other chemicals

Ultrabiotique� produced by Laboratoire Nutrisanté

(Montaigu-France) consists of four live bacterial strains:

Lactobacillus acidophilus, Lactobacillus plantarum,

Bifidobacterium lactis and Bifidobacterium breve). Each

capsule of Ultrabiotique� contains 4� 109 colony-forming

units (CFU) of viable lyophilized bacteria. The lyophilized

probiotic was dissolved in skimmed sterile milk and diluted to a

concentration of 109 CFU/ml of milk. DSS (molecular weight

36 000–50 000) was obtained from MP Biomedicals (Illkirch,

France). Griess reagents for the determination of NO metab-

olites were [Naphtyl Ethylene Diamine (NED) (C22H20N2,

2HCl) and sulfanilamide (p-aminobenzenesulfonamide,

C6H8N2O2S)] obtained from Sigma Chemical (St. Louis, MO).

Animals

Male Swiss albino mice weighing 25–30 g were purchased

from Pasteur Institute (Algiers, Algeria). They were exposed

to 12 h light and dark cycle. Food and water were supplied

ad libitum.

DSS-induced colitis

Dextran sodium sulfate (molecular weight 36 000–50 000)

was dissolved in tap water to obtain a 2.5% DSS solution.

Swiss albino mice were allowed free access to 2.5% DSS

solution as drinking water for 7 d to develop a mouse model of

colitis as described by Okayasu et al.20. The solution was

freshly prepared every 2 d.

Probiotic treatment

To evaluate whether the probiotic formula Ultrabiotique� is

effective in the treatment of colitis mice were randomly

divided into four groups (n¼ 4 mice per group) as follows:

� (DSS) group: model group receiving 2.5% DSS in

drinking water ad libitum for 7 d.

� (DSS-Prb) group: probiotic treatment group during colitis

receiving concomitantly 2.5% DSS for modelingþ 200 ml

of skimmed milk containing 109 CFU/ml probiotic.

� (Prb group): probiotic group receiving 200 ml of skimmed

milk containing 109 CFU/ml probiotics for 7 d. The mice

were fed with 200mL of daily-prepared suspension of the

probiotic formula by oral gavage.

� (Ctrl) group: control group receiving tap water.

All the mice were monitored daily. On the 7th day, they

were sacrificed.

Histopathology

After 7 d of DSS administration, mice were sacrificed. The

entire colon was excised from the colo-cecal junction and its

length was measured. The colon was carefully rinsed with 5 ml

of cold PBS (pH 7.4) to remove the fecal remnants. One cm of

the distal colon was removed, cut open longitudinally and fixed

for 24 h in PBS buffered 10% formalin. The tissue was then

embedded in paraffin and cut into 5 mm thick sections.

The sections were stained with Hematoxylin and Eosin

(H&E) to study histological changes and with Alcian blue dye

binding method to evaluate mucus secretion by goblet cells.

Cell culture

Resident macrophages were collected in sterile PBS

(pH¼ 7.4) from peritoneal cavity of each mice. Cells were

washed twice with sterile PBS (pH¼ 7.4), suspended in

DMEM supplemented with 10% fetal bovine serum, 1%

penicillin-streptomycin containing 20 mM L-Glutamin and

cultured in 24-well tissue culture plates at a density of 4� 105

cells/well for 2 h. After a-2 h incubation at 37 in 5% CO2

adherent macrophages were washed three times with sterile

PBS (pH¼ 7.4) to remove non adherent cells and then

cultured under the same conditions for 24 h in complete

DMEM. After 24 h, the supernatants were kept at (�20 �C)

for subsequent nitrite level measurement.

Nitrite level measurement

Nitrite production, an indicator of NO synthesis, was

measured in all supernatants culture of pM� on the basis of

modified Griess reaction as described by Touil-Boukoffa

et al.21. In brief, 100 ml of culture supernatant were mixed

with 100 ml of Griess reagent (5% sulfanilamide, 0.5%

napthylethylenediamine dihydrochloride and 20% HCl) and

800 mL of distilled water. The resulting solution was incubated

for 20 min at room temperature. Absorbance was assayed at

543 nm and compared with a standard curve obtained using

sodium nitrite (NaNO2).

2 R. Toumi et al. Immunopharmacol Immunotoxicol, Early Online: 1–7
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Statistical analysis

All data were expressed as means� standard deviation (SD).

Statistical analyses were performed by one-way ANOVA with

the Fisher’s LSD test modified by the Bonferroni test.

Probability values of p� 0.05 were considered to be

significant.

Results

Probiotic treatment alleviates clinical symptoms of
DSS-induced colitis

The administration of 2.5% DSS to Swiss albino mice resulted

in severe colitis marked by diarrhea and gross rectal bleeding.

At the end of the experimental period DSS treatment group

showed many clinical signs of severe illness and moribund

state. However, these symptoms were significantly attenuated

in (DSS-Prb) group. No morbidity symptoms or mortality

occurred in this group. Shortening of the colon is used as

a marker of inflammation in DSS-induced colitis model.

In (DSS) group length of colon was significantly shortened

(5.75� 0.2, ***p50.0001) compared to (Ctrl) group

(9.25� 0.28) whereas in the (DSS-Prb) group the adminis-

tration of Ultrapbiotique� prevented the inflammatory

colonic shortening (8� 0.56, ***p50.0001) (Figure 1). It

remained however significantly elevated when compared to

control group (*p50.01). No significant difference was

observed in the (Prb) (9.12� 0.25) group and (Ctrl) group

(Figure 1A).

Probiotic reduces nitrite levels in peritoneal
macrophages cultures

During DSS-induced colitis, recruitment in the intestine of

inflammatory cells and the accumulation of inflammatory

mediators including NO contribute to the occurrence of

intestinal lesions. Because of difficulties in isolating large

amounts of macrophages from the colon, the measure of NO

production by peritoneal macrophages was used as a model to

evaluate the local inflammatory state during DSS colitis and

after treatment of the animals with the probiotic. The results

obtained showed a nitrite levels significantly higher in culture

supernatants of DSS group (45.33� 2.08, ***p50.0001)

compared to the (Ctrl) group (22.53� 1.8). A significant

decrease of nitric level was observed in culture supernatants

of (DSS-Prb) group (27.52� 0.84, ***p50.0001) in com-

parison to (DSS) group. On the other hand, the comparison of

nitrite levels found in (Ctrl) group and (Prb) group showed a

significant unexpected increase in NO levels in pM� culture

supernatant of (Prb) group (31.16� 2.89, **p50.001)

(Figure 2).

Probiotic treatment improves histological alterations
associated with colitis

In our study, administration of 2.5% DSS in the drinking

water of Swiss albino mice for 7 d was sufficient to induce

acute colitis. Histological examination of distal colon of mice

treated with DSS showed an altered architecture, mucosal

atrophy and degeneration of intestinal crypts (Figure 3C)

when compared to (Ctrl) group (Figure 4A) and (Prb) group

(Figure 3B). Moreover, a depletion of goblet cells and crypt

abscess formation were observed in some areas of the mucosa

(Figure 4C). The lamina propria was the seat of a major

polymorphic inflammatory infiltrate extending to the sub-

mucosa. In addition to these elements, the appearance of

submucosal oedema in the submucosa and thickening of the

muscularis were noticed (Figure 4C). In (DSS-Prb) group,

Ultrabiotique� treatment decreased colonic tissue damages,

promoted intestinal mucosa re-epitheliazation and crypts

regeneration (Figure 4D). Unlike (DSS) group, we noted the

Figure 1. Oral administration of Ultrabiotique� improved the shortening of the colon. Representative photomicrographs (A) and diagram (B) of colon
length. The length of large intestine was significantly longer in (DSS-Prb) group (n¼ 4) compared to (DSS) group (n¼ 4). All results are expressed as
mean� standard deviation. p Values from LSD post-hoc ANOVA test are indicated (NS: not significant, *p� 0.01, ***p� 0.0001).

DOI: 10.3109/08923973.2013.790413 Role of probiotic bacteria in DSS colitis 3
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absence of the polymorphic inflammatory infiltrate in the

lamina propria and submucosa. The attenuation of colonic

inflammation in (Prb-DSS) group is probably due to the anti-

inflammatory properties of lactobacilli and bifdobacteria in

the colon.

Probiotic treatment promotes mucus secretion by
goblet cells

The histological examination (H&E staining) of distal colon

from (DSS) group showed a depletion of goblet cells when

compared to (Ctrl) group and (DSS-Prb) group. We suggested

that the Ultrabiotique� treatment could be beneficial on the

intestinal epithelium through stimulating mucus secretion by

goblet cells. Thus, we performed specific staining with Alcian

blue to assess the mucus production following administration

of Ultrabiotique�. We noticed high mucus staining with

Alcian blue in the group DSS-Prb (Figure 3D) in comparison

to the (DSS) group (Figure 3C). Furthermore, histological

analysis of mice receiving only Probiotic (Prb group)

(Figure 3B) showed a stronger staining with Alcian blue

Figure 3. Representative photomicrographs
of bleu Alcian stained colonic tissue. (�400).
(A) (Ctrl) group (n¼ 4): normal crypts and
mucus secretion. (B) (Prb) group (n¼ 4):
normal crypts, presence of an important
number of goblet cells that secret mucus. (C)
(DSS) group (n¼ 4): gland atrophy and
dramatic depletion of goblet cell accompa-
nied by the absence of mucus. (D) (Prb-DSS)
(n¼ 4): normal crypts and secretion of mucus
by the goblet cells (GC).

Figure 2. Oral administration of
Ultrabiotique� reduces nitrite levels in peri-
toneal macrophages cultures of colitic mice.
DSS treatment increased significantly nitrite
level in culture supernatant of pM� com-
pared to (Ctrl) group (n¼ 4). Oral adminis-
tration of the probiotic reduced significantly
nitrite level in culture supernatants of pM� of
(DSS-Prb) treated mice (n¼ 4) compared to
(DSS) group (n¼ 4) but enhanced nitritre
level in healthy mice when compared to
(Ctrl) group. All results are expressed as
mean� standard deviation. p Values from
LSD post-hoc ANOVA test are indicated
(NS: not significant, *p� 0.01, **p� 0.001,
***p� 0.0001).

4 R. Toumi et al. Immunopharmacol Immunotoxicol, Early Online: 1–7
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compared to (Ctrl) group (Figure 3A), (DSS) group and

(DSS-Prb) group suggesting that Ultrabiotique� treatment has

induced a high secretion of mucus in the colon. An elevated

number of goblet cells was found in the (Prb group) in

comparison with the other experimental groups (Figure 5).

Discussion

In IBD, the dysregulation of the immune system and

disruption of the intestinal microbiota are the key elements

of the etiopathogenesis of these conditions. This fact provided

the rationale for the use of probiotics to manipulate the

intestinal microenvironment and stimulate immunomodula-

tory mediators. Recent studies have provided evidences for

the preventive and therapeutic effects of probiotics in various

models of experimental colitis22–24. However, the molecular

mechanisms whereby probiotic administration prevents or

attenuates colitis have not been identified25.

The addition of 2.5% DSS in the drinking water of mice in

the (DSS) group led to deterioration of general condition of

mice and the onset of bloody diarrhea which worsened

towards the end of the experimental period. The significant

Figure 4. Representative histological photo-
micrographs from the distal colon of mice
(H.E �100). (A) (Ctrl) group (n¼ 4), (B)
(Prb) group (n¼ 4): normal crypts. (C) (DSS)
treatment (n¼ 4): evidence of crypt destruc-
tion (Star), with infiltration of leukocytes
throughout the lamina propria and extending
into the submucosa. Prominent submucosal
edema was also evident (double arrow). (D)
(Prb-DSS) group (n¼ 4): normal colonic
histology, clear evidence of intestinal mucosa
re-epitheliazation and crypts regeneration
(simple arrow).

Figure 5. Changes in goblet cells number
after Oral administration of Ultrabiotique�.
All results are expressed as mean� standard
deviation. p Values from LSD post-hoc
ANOVA test are indicated (NS: not signifi-
cant, ***p� 0.0001).

DOI: 10.3109/08923973.2013.790413 Role of probiotic bacteria in DSS colitis 5
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shortening of the colon length reflected the severity of colonic

inflammation that occurred in this group and indicated the

presence of significant alterations in the architectural organ-

ization of colon (Figure 1). Our observations are similar to

those made by Okayasu et al.20 and other studies26,27.

However, the concomitant administration of Ultrabiotique�

with DSS improved experimental colitis symptoms and

prevented the shortening the colon length. This observation

indicates that Ultrabiotique� may be able to protect mice

against acute colitis.

Evaluation of nitrite production in vitro has revealed the

presence of very high levels of these metabolites in culture

supernatants of pM� of (DSS) group in comparison to (Ctrl)

group (Figure 2). These results support the involvement of

NO produced by inducible NOS (iNOS) in the pathogenesis

of experimental colitis. Indeed, NO produced in large

quantities may, by its reactivity to form harmful radical

compounds which induce mucosal damages and disruption of

the intestinal epithelial barrier. Our results are consistent with

those of other works on murine models of experimental

colitis19,28,29.

NO derived from iNOS is a potent pro-inflammatory

mediator mainly produced by activated macrophages30. The

expression of iNOS is primarily induced after activation of

the transcription factor NF-iB in response to many stimuli,

including proinflammatory cytokines (TNF-a, IFN-g, IL-6,

IL-1b), endotoxin (LPS) and many bacterial or viral compo-

nents31. In our study, histological analysis of the colon of

(DSS) group showed the presence of a major polymorphic

inflammatory infiltrate in the mucosa and submucosa.

Secretion of pro-inflammatory cytokines (TNF-a, IL-1b,

IFN-g, IL-12, IL-6) by inflammatory cells as well as intestinal

epithelial cells has probably induced iNOS activation. NO

produced in large quantities joins the superoxide anion (O�2 )

to generate peroxynitrite ion (OONO�). The latter is known

for its deleterious effects on tissues via the nitration of

proteins and lipid peroxidation32.

We observed with interest a decline in the rate of nitrite

level in culture supernatants of pM� of (DSS-Prb) group in

comparison to the (DSS) group (Figure 2). It seems possible

that these results are due to the anti-inflammatory effect of

Ultrabiotique� during colitis. Petrof et al.33 have shown that

the probiotic VSL# 3 causes inhibition of NF-iB in intestinal

epithelial cells through proteasome inhibition. It is therefore

possible that in our study, Ultrabiotique� acts in the colon by

a similar mechanism resulting in decreased NO levels in

culture supernatants of pM�. Moreover, this finding was

consistent with the normal histological appearance of the

distal colon in (DSS-Prb) group (Figure 4D). On the other

hand, the evaluation of nitrite levels in the culture supernatant

of pM� of (Prb) group showed an increase in NO levels

compared with the (Ctrl) group (Figure 2). This rate is,

however, lower than the rate in the DSS group. A possible

explanation for this finding might be that Ultrabiotique�

enhanced immune responses of healthy mice. This finding

corroborates those found by of Perdigon et al.34, who showed

that oral administration of lactic acid bacteria to mice

increases the phagocytic activity of peritoneal macrophages.

Hence, it could conceivably be hypothesized that the effects

of Ultrabiotique� differ and depend on the immune status of

the host. Many studies are conducted in this way in axenic

mice. They have reported the gut flora (Lactobacilli and

Bifidobacteria) involvement in the maturation and develop-

ment of intestinal immune system35.

Histological examination showed a loss of Lieberkühn

glands and depletion of goblet cells in the mucosa of mice

treated with DSS (Figure 4A). Our results are in agreement

with previous studies showing a depletion of goblet cells in

experimental colitis induced with DSS36,37. Goblet cells

synthesize the mucin MUC2 which is the most important

component of mucus. They also synthesize the trefoil, TFF3

(trefoil factor 3) involved in healing process of the epithelium.

UC is often characterized by a decrease in the number and

size of goblet cells and therefore, a reduction in mucus

production38. In addition, mice deficient in the gene MUC2

developed colitis spontaneously and were more sensitive to

DSS compared with normal mice39. In our study, Alcian blue

staining revealed a high mucus production by goblet cells

after treatment of mice with Ultrabiotique� during colitis

(Figure 3D). This production was much greater in the case

of the administration of the probiotic in healthy mice

(Figure 3B). These results are consistent with previous work

showing the influence of probiotics on the production of

mucus40,41. Stimulation of mucus production by probiotics is

probably a strategy enhanced to increase their adherence to

the epithelium. The colonization of the intestine is necessary

for probiotics to fulfill their many beneficial effects.

Conclusion

In summary, we suggest that Ultrabiotique� treatment

strengthens the barrier function of the intestinal epithelium

by inducing mucus secretion. This will not only reduce

bacterial translocation and activation of the mucosal immune

system but could also have a probable role in colonic repair.

On the other hand, it is also possible to envisage a direct role

of probiotics on proliferation and differentiation of goblet

cells and promote tissue repair providing further supports for

probiotics frequent using in the treatment of IBD.
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