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Abstract: This study aimed to assess BA impact on inflammation markers and repair of intestinal mucosa. Forty-
eight rats were randomly divided into stress (n = 24) and BA (n = 24) groups. Stress was induced by fettering in all 
animals, fed enterally with 125.4 kJ/kg/d and 0.2 g/kg/d nitrogen. Then, rats were treated for 8 days with 5 mg/
kg/d BA (BA group) or 5 mg/kg/d saline (Stress group). Levels of NF-κB, IL-10, TNF-α, and IFN-γ were measured at 
different time points, in plasma and intestinal mucosa samples. Changes in intestinal mucosa morphology were 
observed by electron microscopy. Plasma and/or mucosal levels of NF-κB, TNF-α, and IFN-γ were significantly higher 
in both groups after stress induction (P < 0.05). These high levels persisted in control animals throughout the 
experiment, and were significantly reduced in the BA group, 3 and 8 days after stress induction (P < 0.05). Interest-
ingly, IL-10 levels were increased after BA treatment (P < 0.05). At day 8, ileal mucosal villi and crypt structure were 
significantly restored in the BA group. Bifidobacterial adhesin plays a role in repairing intestinal mucosa injury after 
stress by regulating the release of inflammatory mediators in the intestinal mucosa.

Keywords: Bifidobacterial adhesion, restrain stress, intestinal mucosa, NF-κB, cytokines

Introduction

Stress is a constellation of events, which begins 
with a stimulus (stressor), which precipitates a 
reaction in the brain (stress perception), which 
subsequently results in the activation of cer-
tain physiologic systems in the body (stress 
response) [1]. Acute stressors are the briefest 
and often involve a tangible threat that is read-
ily identified as a stressor, in contrast to chronic 
stressors of longer duration [2]. Stress condi-
tions induce intestinal mucosa damage, 
release of enterogenous inflammatory media-
tors and cytokines, causing inflammatory reac-
tion syndrome [3, 4]. This will in turn result in 
easy endotoxin uptake through damaged muco-
sal layers of the intestine and further inflamma-
tion, causing multiple organ dysfunction [5, 6].

Interestingly, probiotics can act as biological 
immunomodulators in healthy people, increas-
ing both intestinal and systemic immune 
responses and their use in stress situations 

may aid in reinforcing the immune system [7]. 
For instance, Bifidobacteria, the most impor-
tant probiotics in the human intestine, have an 
important role in maintaining the balance of 
intestinal microflora and intestinal mucosal bar-
rier function [8]. Bifidobacterium adhesin (BA) is 
a protein with multistructure and multifunction 
[9-11], short peptides, glycoproteins, glycolip-
ids and polysaccharides [12-15]. BA is located 
in cell wall, flagella, capsules, and small fila-
ments of Bifidobacteria [16, 17]. It is known 
that BA mediates bacterial adhesion to target 
cells and stimulates cell signal transduction 
during adhesion [18]. In addition, this adhesin 
inhibits colonization intestinal mucosa by 
pathogenic bacteria, competing for pathogen 
specific binding sites on the surface of intesti-
nal mucosa [19, 20]. However, the effect of BA 
on stress is largely unknown. Therefore, this 
study aimed to assess the effects of BA on 
intestinal barrier function under stress condi-
tions and unveil the mechanisms underlying 
such effects.
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We found that treatment of stressed rats with 
BA resulted in significant repair of the ileal 
mucosa. In addition, plasma and/or tissue lev-
els of pro-inflammatory cytokines (NF-κB, TNF-
α, and IFN-γ) were significantly lower in the BA 
group, concomitantly with reduced IL-10 levels, 
compared with saline treated control animals.

These findings suggest that BA plays a role in 
repairing intestinal mucosa injury after stress 
by regulating the release of inflammatory medi-
ators in the intestinal mucosa.

Materials and methods

Animal stress model

All experimental procedures were approved by 
the Animal Use Committee of East Hospital, 
Tong Ji University School of Medicine.

A total of 48 male Sprague-Dawley rats (155 ± 
17 g) were purchased from the experimental 
animal center of TongJi University and random-
ly divided into stress (control) and stress + bifi-
dobacterium adhesin (BA) groups (n = 24) after 
three days of adaptive feeding. Control and BA 
rats were placed in 3~6 cm radius iron barrel-
shaped small cabins, fed in single cages with 
restricted activity and restraint stress 6 h every 
day for 21 days, resulting in rat stress model.

Animal treatment

Stressed rats were randomly divided into con-
trol and BA groups (n = 24). Rats in each group 
were housed singly in a clean animal room, in 
stainless steel cages. Rats were enterally fed 
Nutrison (Nutricia, China) with the same energy 
(125.4 kJ/kg/d) and nitrogen (0.2 g/kg/d). BA 
animals were orally administered 5 mg/kg/d 
adhesin while control rats received 5 mg/kg/d 
saline. Food intake and weight changes were 
recorded. Before modeling (normal parame-
ters), after modeling (after stress was estab-
lished), and at 3 and 8 days of treatment (with 
BA or saline), 6 rats were sacrificed and 5 ml 
femoral artery blood collected from each ani-
mal. Serum was obtained by centrifugation of 
blood samples for 10 min at 3000 rpm and 
stored at -80°C until use. Intestinal tissues 
were extracted and the small intestine 10 cm 
away from the ileocecal valve was used for 
pathological analysis.

Extraction and purification of bifidobacterium 
adhesion

Bifidobacterium adolescent 1027 was inocu-
lated in thioglycollate broth and incubated 
anaerobically at 37°C for 48 h. In liquid cul-
tures, Bifidobacterium adhesin (BA) is a secret-
ed protein. To obtain BA, culture supernatants 
were by centrifugation and precipitated with 
300 g/L ammonium sulfate. Then, the precipi-
tate was collected by centrifugation at 4°C at 
8000 rpm for 30 min. For purification of BA, 16 
kDa, supernatant constituents were separated 
on a Superdex75 column gel filtration column 
and the fraction containing the protein subse-
quently submitted to ion exchange chromatog-
raphy using Q-SepharoseFF.

Immunohistochemical detection NF-κB in 
intestinal tissues

Tissue sections were prepared from ileum sam-
ples of SD rats and stained with H&E. 
Histological changes in the intestinal villi and 
crypt structure etc. were observed under the 
electron microscopy.

Tissue immunochemistry staining was carried 
out according to previous reports [43]. Rabbit 
anti-human NF-κB polyclonal antibodies were 
purchased from Bioworld (USA). A broad spec-
trum immunohistochemical SP method kit 
SP-9000 and a DAB chromogenic kit were pur-
chased from Beijing Zhongshan Golden Bridge 
Company (China). A known positive biopsy was 
used as a positive control and phosphate buff-
ered saline (PBS) as a negative control instead 
of primary antibodies. Assessment was done 
by the semi-quantitative method, based on the 
scope of cell staining: positive cells < 5%, 5 to 
25%, 26~50%, > 50% were denoted as 0, 1, 2, 
3, respectively. The staining intensity of posi-
tive cells on each slice by uncolored, yellow, 
brown and tan were labeled 0, 1, 2, 3. In accor-
dance with the sum of the two ratings samples 
were negative if value of < 3 was obtained and 
positive value ≥ 3.

Assessment of plasma and intestinal mucosal 
IL-10, TNF-α and IFN-γ

Two cm small intestine was dissected near the 
jejunum proximal and washed with saline. 
200~300 mg intestinal mucosa was scraped 
with a scalpel and homogenized. The resulting 
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homogenates were diluted with a 9-fold volume 
of saline, centrifuged at 800 × g for 10 min-
utes, and supernatants collected. IL-10, IFN-γ 
and TNF-α contents were evaluated by ELISA 
using specific kits purchased from R&D (USA). 
Plasma concentrations of cytokines were 

expressed in ng/L, and the intestinal mucosa 
content expressed in pg/g (wet weight).

Statistical analysis

The SPSS (version 13.0) software program 
(SPSS Company, Chicago, Illinois, USA) was 

Figure 1. Changes in the morphology of ileum intestinal mucosal in rats before modeling (A), after modeling (B), and 
after 8 days treatment of stressed rats with BA (C) and saline (D) H&E staining, × 100.

Table 1. Expression of NF-κB examined by immunohistochemistry in intestinal mucosal (n%)
Group n Before After 3rd day 8th day P1 P2 P3
Control 24 0 (0.0) 19 (79.2) 15 (63.5) 16 (66.7) 0.000 0.000 0.000
Adhesion 24 0 (0.0) 17 (68.4) 14 (55.7) 11 (45.8)a,b 0.000 0.000 0.000
aP4 = 0.015, bP5 = 0.021.
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used for statistical analyses. Measurement 
data were expressed as mean ± standard devi-
ation. Means in each group were compared by 
paired t-test. The χ 2 test was used in counted 
values. P < 0.05 was considered statistically 
significant.

Results

Assessment of morphological changes in the 
intestinal mucosa

The structure of rat intestinal mucosa villi and 
crypts before modeling was normal as analyzed 
by electron microscopy (data not shown). In 
addition, no inflammatory cells and lympho-
cytes were found in the lamina propria (Figure 
1A). After modeling villi and crypt structures 
were damaged to some extent: the hair became 
thin and shorter; a heavy inflammatory cell infil-
tration in the intrinsic membrane was observed; 
lymphatic dilatation and edema were present 
(Figure 1B). However, 8 days after treatment 
with BA, intestinal villi and crypt structure 
recovered significantly compared with the con-
trol group and rats after stress induction, show-
ing organ structure similar to that observed 
before modeling. However, a small amount of 
inflammatory cells were observed in the intrin-
sic membrane (Figure 1C). Compared with rats 
after modeling, there was no obvious recovery 

of intestinal villi and crypt architecture in the 
control group: marked inflammatory cell infiltra-
tion in the intrinsic membrane (Figure 1D).

Immunohistochemical detection of NF-κB in rat 
intestinal tissues

Positive NF-κB cells in the control group were 
0.0, 79.0, 63.5, and 60.6%, before modeling, 
after modeling, and 3 and 8 days of treatment, 
respectively. In the BA group, 0.0, 72.4, 55.7, 
and 40.2% were obtained before modeling, 
after modeling, and 3 and 8 days of treatment, 
respectively. These data suggested that more 
cells in the intestinal mucosa produced NF-κB 
after stress induction, regardless to animal 
groups. In addition, fewer intestinal cells 
expressed NF-κB after 3 and 8 days after treat-
ment with BA, a statistically significant differ-
ence compared with control rats (χ2 = 29.73, 
32.54, P = 0.000), although similar levels of 
NF-κB cells were obtained after stress induc-
tion (79.0 vs. 72.4% in control and BA groups, 
respectively, P > 0.05). (Table 1).

P values were represented comparisons bet- 
ween animals before modeling and after mod-
eling (P1), before modeling and 3 days of treat-
ment (P2), before modeling and 8 days of treat-
ment (P3), BA group and control groups after 8 
days treatment (P4), and BA group and before 
modeling (P5).

Table 2. Changes in TNF-α, IFN-γ and IL-10 levels in rat plasma and intestinal mucosa
Group n Intestinal mucosa (pg/g) Plasma (ng/L)

TNF-α IFN-γ IL-10 TNF-α IFN-γ IL-10
Stress group 24
Before modeling 6 154.63 ± 17.52 39.47 ± 5.76 56.82 ± 7.33 83.31 ± 9.78 17.35 ± 2.62 38.17 ± 4.3
After modeling 6 198.72 ± 26.59 55.32 ± 5.93 59.31 ± 7.26 117.64 ± 15.37 28.73 ± 4.17 37.26 ± 3.92
3rd day 6 215.76 ± 31.54 58.16 ± 7.38 56.78 ± 7.02 125.71 ± 17.38 29.35 ± 4.76 37.88 ± 4.02
8th day 6 211.83 ± 33.61 56.37 ± 7.29 59.35 ± 7.51 141.26 ± 19.65 30.25 ± 3.67 38.35 ± 4.03
P1 0.035 0.039 0.086 0.028 0.018 0.073
P2 0.026 0.032 0.072 0.031 0.020 0.077
P3 0.028 0.037 0.091 0.025 0.016 0.083
Adhesion group 24
Before modeling 6 154.63 ± 17.52 39.47 ± 5.76 56.82 ± 7.33 83.31 ± 9.78 17.35 ± 2.62 38.17 ± 4.3
After modeling 6 201.45 ± 28.16 60.75 ± 7.68 57.37 ± 6.46 114.82 ± 13.78 30.56 ± 4.85 38.18 ± 4.17
3rd day 6 165.43 ± 24.58 42.35 ± 4.92 62.82 ± 8.34 103.96 ± 13.68 20.78 ± 2.84 43.32 ± 5.28
8th day 6 171.57 ± 26.87 40.58 ± 4.65 75.16 ± 9.65 94.53 ± 12.66 19.65 ± 2.45 55.64 ± 6.87
P1 0.037 0.016 0.076 0.032 0.036 0.085
P2 0.065 0.075 0.058 0.038 0.064 0.083
P4 0.045 0.063 0.035 0.052 0.076 0.037
P5 0.021 0.033 0.039 0.027 0.026 0.036
Note: TNF-α, tumor necrosis factor alpha; IFN-γ, interferon-gamma; IL-10, interleukin-10.
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Intestinal mucosa and plasma levels of IL-10, 
TNF-α and IFN-γ

Tissue and plasma TNF-α and IFN-γ levels were 
markedly increased after stress induction in 
both groups, statistically significant difference 
at P = 0.000 (Table 2). However, IL-10 levels 
were similar before and after stress induction 
(P > 0.05). In the control group, intestinal 
mucosa and plasma levels of IFN-γ and TNF-α 
significantly increased in comparison with 
those obtained before modeling both 3 and 8 
days after stress induction (P = 0.000); the dif-
ference in plasma IL-10 levels was not statisti-
cally significant (P > 0.05) in control animals. 
Interestingly, rats treated with BA showed tis-
sue and plasma levels of IL-10, TNF-α and IFN-γ 
similar to those of rats before stress induction 
at P > 0.05. Unsurprisingly, TNF-α and IFN-γ lev-
els were significantly lower in tissue and plas-
ma samples of BA rats, in comparison with con-
trol animals, both at days 3 and 8 (P < 0.05). 
This BA induced decrease in proinflammatory 
cytokines was accompanied by a marked 
decrease in IL-10 levels (P < 0.05), as shown in 
Table 2.

P values were represented comparisons bet- 
ween animals before modeling and after mod-
eling (P1), before modeling and 3 days of treat-
ment (P2), before modeling and 8 days of treat-
ment (P3), BA group and after modeling BA 
group (P4) and control groups after 8 days 
treatment (P5).

Discussion

The intestinal mucosal barrier plays an impor-
tant role by protecting the body from microbial 
damage and maintaining homeostasis [20]. 
Under traumatic stress, the intestinal mucosa 
tissue presents villus epithelial cell necrosis, 
shorter villi, interstitial edema, inflammatory 
cell infiltration, and mucosa barrier damage 
[21-26]. As described above, normal fossae 
structure, and lamina propria with no inflamma-
tory cell infiltration were observed in animals 
before stress induction. However, upon stress, 
there was significant damage characterized by 
sparse and short hairs, inflammatory cells infil-
tration, lymphatic outspread and edema. 
Interestingly, after 8 days treatment with BA, a 
significant improvement was observed in com-
parison with control animals submitted to 

stress. Nevertheless, the recovery was not 
complete as a certain degree of damage was 
observed at 8 days of BA treatment: the nap 
was a little sparse; intrinsic membrane oedema 
was present; some membrane inflammatory 
cells infiltration was observed.

In stress conditions, levels of intestinal inflam-
matory mediators and cytokines increase and 
they are transported by blood to impact local or 
distal tissues, further exacerbating inflamma-
tory response and intestinal mucosa damage 
[4, 27]. TNF-α and IFN-γ are cytokines produced 
by mononuclear macrophages and endothelial 
cells [28-30], which are released massively in 
stress conditions [27, 31]. Studies have shown 
that Bifidobacterium can repair the impaired 
intestinal barrier function and lessen the secre-
tion of TNF-α and IFN-γ in the intestinal mucosa 
[32, 33]. Our data showed that intestinal muco-
sa and plasma levels of TNF-α and IFN-γ were 
significantly higher in stressed animals com-
pared with animals not submitted to stress. 
Interestingly, the levels of these cytokines were 
significantly lower after treatment with BA, sug-
gesting that the adhesin significantly alleviated 
the inflammatory response induced by stress. 
It is possible that BA interfered with adhesion 
of the microbes in the gut, therefore repressing 
the production of pro-inflammatory cytokines. 
This is in agreement with the increase in L-10 
observed after BA treatment. IL-10 is an anti-
inflammatory interleukin, which inhibits T cells 
production and prevent intestinal secretion of 
pro-inflammatory substances such as TNF-α 
and IFN-γ [34, 35]. Bifidobacteria stimulate 
dendritic cells to increase intestinal cells to pro-
duce IL-10, achieving immune regulation [36, 
37].

NF-κB is a transcription factor that plays a mod-
ulatory role in inflammation [38, 39]. Under nor-
mal conditions, NF-κB and its inhibitor factor 
I-κB form an inactive cytoplasmic complex [40]. 
Stimulation triggers the release of NF-κB from 
IkB, and NF-κB is translocated to the nucleus, 
where it binds to DNA, rapidly inducing a variety 
of genes encoding signaling proteins including 
TNF alpha and Il-6, promoting the inflammatory 
reaction [41, 42]. Our data showed that after 
stress induction, levels of intestinal mucosa 
NF-κB significantly increased, in parallel to pro-
inflammatory cytokines TNF alpha and IFN-γ, 
indicating that stress can increase NF-κB medi-
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ated inflammatory response. Interestingly, 8 
days after adhesin treatment, NF-κB expres-
sion significantly decreased, almost to the lev-
els of control animals not submitted to stress. 
Similar results were obtained for TNF alpha and 
IFN-γ, which decreased as a result of BA treat-
ment, indicating that BA can reduce NF-κB 
induced inflammatory reaction. However, the 
specific mechanisms by which NF-κB activation 
is repressed is unclear.

Generally speaking, under stress conditions, 
Bifidobacterium adhesins can influence release 
of inflammatory mediators and cytokines by 
decreasing proinflammatory substances TNF-α 
and IFN-γ and increasing IL-10 levels to reduce 
inflammation, and repair damaged intestinal 
mucosa structure, thereby protect the function 
of intestinal mucosal barrier.
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