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Abstract: The incidence of diarrhea caused by antibiotics keeps rising following the application of antibiotics. Its
occurrence induces intestinal flora disturbance and is closely related to immune dysfunction. This study intends to
explore Toll-like receptor 4 (TLR-4) and TLR-9 expressions in diarrhea rat caused by antibiotics, and the regulatory
role of Bifidobacterium treatment. SD rats were randomly divided into three groups, including control, diarrhea
group established by lincomycin hydrochloride treatment, and Bifidobacterium group treated by Bifidobacterium
intragastric administration upon diarrhea model. TLR-4 and TLR-9 mRNA expressions in mesenteric lymph nodes,
intestine, and liver were detected by real-time PCR. Intestinal flora changes, and translocation amount of bacteria
in mesenteric lymph nodes, intestine, and liver were analyzed by bacterial cultivation. NF-κB expression in intestinal
tissue was determined by Western blot. TLR-4 and TLR-9 mRNA expression in mesenteric lymph nodes, intestine
and liver was significantly downregulated, NF-κB level was obviously reduced, while intestinal flora disturbance and
translocation appeared in diarrhea group compared with those in control (P < 0.05). TLR-4 and TLR-9 mRNA was
upregulated, intestinal flora disturbance and translocation attenuated, and NF-κB was increased in Bifidobacterium
group compared with those in diarrhea group (P < 0.05). Diarrhea caused by antibiotics inhibited TLR-4 and TLR-9
mRNA, induced intestinal flora disturbance and translocation, and downregulated NF-κB expression. Bifidobacterium promoted TLR-4 and TLR-9 expressions, improved innate immune, maintained intestinal flora balance, alleviated bacteria translocation, and upregulated NF-κB expression.
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Introduction
Diarrhea caused by antibiotics, also known as
antibiotic-associated diarrhea (AAD), refers to
diarrhea occurred after antibiotics application
and associated with antibiotics. It is the most
common form of iatrogenic diarrhea [1, 2]. Wide
application of antibiotics and lack of understanding of antibiotics hazards causes serious
unreasonable application of antibiotics [3]. Irrational use of antibiotics can not only lead to
antimicrobial resistance, also induce AAD. AAD
belongs to diarrhea following antibiotics application that cannot be explained by other reasons [4, 5]. Following the widely application of
antibiotics, more than 700 kinds of medicines
can cause diarrhea, while antibiotics account
for more than 25% [6, 7]. Difference in immunity, race, and antibiotics types may cause diarrhea by different incidence [8]. Common irratio-

nal use of antibiotics in our country leads to the
rising incidence of AAD. Thus, it is urgently
needed to treat AAD [9]. AAD destroys normal
intestinal flora, induces intestinal flora disturbance, and is closely related to immune dysfunction [10, 11].
Innate immunity, also known as natural immunity, is a series of defense mechanism formed
in the process of long-term species evolution.
Innate immunity responds to invading pathogens quickly and plays a nonspecific anti-infection effect. Moreover, it also can remove injured
or senescent cells, and participate in the corresponding adaptive immune response [12,
13]. Toll-like receptor (TLR) belongs to the pattern recognition receptors (PRR). So far, human
has a total of 11 TLRs family members (TLR111). Their genes locate in chromosome 4 (TLR1,
2, 3, 6, 10, 11), chromosome 9 (TLR4), chromo-
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Table 1. Primer sequences
Gene
GADPH
TLR-4
TLR-9

Forward 5’-3’
AGTGCCAGCCTCGTCTCATAG
CATCATACGGAGTAGGCCAAT
GCCAGCCGAACTTGC

Reverse 5’-3’
CGTTGAACTTGCCGTGGGTAG
GACTATCCGGCTCATCGTC
CGGAGTAGGCCAACTCA

microplate reader was provided by BD
(USA). ABI 7700 Fast real-time PCR
amplifier was derived from ABI (USA).
DNA amplifier was got from PE Gene
Amp PCR System 2400.
Methods

some 1 (TLR5), chromosome 3 (TLR9), and
chromosome X (TLR7, 8) [14]. Different TLRs
can recognize and bind to different PAMPs
(pathogen-associated molecular patterns). For
instance, TLR4 mediates the recognition of
lipopolysaccharides (LPS), while TLR9 mediates the recognition of bacterial DNA CpG
sequences [15, 16]. However, TLR-4 and TLR-9
expressions in AAD and the regulatory role of
Bifidobacterium have not been reported.
Materials and methods
Experimental animals
A total of 60 healthy SD rats at 2 months old
and weighted 250 ± 20 g were bought from the
Experimental Animal Center in Fujian Medical
University and raised in SPF grade experimental animal center. The raising condition contained temperature at 21 ± 1°C, relative humidity at 50-70%, and 12 h day/night cycle.
Rats were used for all experiments, and all procedures were approved by the Animal Ethics
Committee of the First Affiliated Hospital of
Fujian Medical University.
Main reagents and instruments
Lincomycin hydrochloride and Bifidobacterium
freeze-dried powder were purchased from Merck (USA). Pentobarbital sodium and lidocaine
were bought from Zhpharma (Shanghai, China).
Bifidobacterium, Lactobacillus, and Enterobacter specific medium was purchased from
Invitrogen (USA). PVDF membrane was derived
from Pall Life Sciences. Western blot related
reagents were provided by Beyotime (Shanghai,
China). ECL reagent was obtained from Amersham Biosciences. Rabbit anti rat NF-κB monoclonal antibody and goat anti rabbit HRP
labeled IgG secondary antibody were provided
by Cell Signaling (USA). RNA extraction kit and
reverse transcription kit were purchased from
Axygen (USA). Transwell chamber was obtained
from Corning (USA). Labsystem Version 1.3.1
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Experimental animal grouping and diarrhea
modeling: The rats were randomly equally divided into three groups with 20 in each group [17].
The rats in diarrhea group were treated by 4 ml
lincomycin hydrochloride (0.3 g/ml) intragastric
administration once a day for 7 days. The rats
in Bifidobacterium were treated by 2 ml Bifidobacterium (1×1011 CFU/ml) intragastric administration at 4 h after lincomycin treatment
once a day for 7 days. The rats in control were
treated by equal amount of normal saline intragastric administration. The rats in diarrhea
group presented spirits drooping, continuous
diarrhea for 6-7 times/day, and weight loss
after 3 days’ lincomycin intragastric administration, suggesting successful modeling.
Sample collection: After treatment, the rat was
killed and the mesenteric lymph nodes, intestine, and liver were extracted. The tissue was
washed by PBS at 4°C for bacteria cultivation
and -80°C storage, respectively.
Real-time PCR
Total RNA was extracted from the tissue by
trizol and reversely transcribed to cDNA. The
primers were designed using PrimerPremier
6.0 software and synthesized by Sangon (Table
1). Real-time PCR was performed at 52°C for 1
min, followed by 35 cycles of 90°C for 30 s,
58°C for 50 s, and 72°C for 35 s. GAPDH was
selected as internal reference. The relative
expression of mRNA performed by Real-time
PCR was calculated by 2-ΔΔCt method.
Western blot
The intestinal tissue was added with RIPA and
cracked on ice for 15-30 min. Next, the tissues
were treated by ultrasound at 5 s for 4 times
and centrifuged at 10000 g for 15 min. The
protein was transferred to new Ep tube and
quantified by Bradford method. The protein was
separated by 10% SDS-PAGE and transferred
to PVDF membrane at 100 mA for 1.5 h. After
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three drops. Colony formation in wet feces
(CFU/g) was used to present the result.
Bacteria translocation criteria
According to the reference, bacterial translocation was observed based on liver and mesenteric lymph nodes [17]. The ratio of positive
organ and total organ was treated as bacterial
translocation rate.
Statistical analysis
Figure 1. TLR-4 mRNA expression in different tissues. *P < 0.05, compared with control; #P < 0.05,
compared with diarrhea group.

All data analyses were performed on SPSS19.0
software. Measurement data were presented
as mean ± standard deviation and compared
by one-way ANOVA. P < 0.05 was depicted as
statistical significance.
Results
TLR-4 mRNA expression in different tissues

Figure 2. TLR-9 mRNA expression in different tissues. *P < 0.05, compared with control; #P < 0.05,
compared with diarrhea group.

blocked by 5% skim milk for 2 h, the membrane
was incubated in NF-κB monoclonal antibody
(1:1000) at 4°C overnight. Then the membrane
was incubated in goat anti rabbit secondary
antibody (1:2000) at room temperature for 30
min. Next, the membrane was treated by developer for 1 min and exposed to observe the
result. The film was scanned by Quantity One
software and analyzed by protein image processing system. Each experiment was repeated
for four times.
Bacteria cultivation
A total of 0.5 g mesenteric lymph nodes, intestine, and liver tissues were added with 4.5 ml
diluent to prepare the concentration at 10 -110 -8. Next, the tissue at 10 -6, 10 -7, and 10 -8 dilution was seeded in Bifidobacterium, Lactobacillus, and Enterobacter specific medium,
respectively. The dilution was quantified by
1129

Real-time PCR was applied to test TLR-4 mRNA
expression in mesenteric lymph nodes, intestine, and liver. TLR-4 mRNA expression significantly reduced in mesenteric lymph nodes,
intestinal, and liver from diarrhea rats compared with control (P < 0.05). Bifidobacterium
treatment obviously reversed TLR-4 mRNA inhibition in mesenteric lymph nodes, intestine,
and liver caused by AAD (P < 0.05) (Figure 1).
TLR-9 mRNA expression in different tissues
Real-time PCR was used to test TLR-9 mRNA
expression in mesenteric lymph nodes, intestine, and liver. TLR-9 mRNA expression significantly reduced in mesenteric lymph nodes,
intestinal, and liver from diarrhea rats compared with control (P < 0.05). Bifidobacterium
treatment obviously reversed TLR-9 mRNA inhibition in mesenteric lymph nodes, intestine,
and liver caused by AAD (P < 0.05) (Figure 2).
Intestinal flora changes analysis
Bacteria cultivation was selected to assess the
impact of Bifidobacterium, Lactobacillus, and
Enterobacter on common intestinal flora. Bifidobacterium, Lactobacillus, and Enterobacter
amount markedly declined in diarrhea group
compared with control (P < 0.05). Bifidobacterium treatment apparently increased Bifidobacterium, Lactobacillus, and Enterobacter
amount compared with diarrhea group (P <
0.05) (Figure 3).
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Figure 3. Intestinal flora changes analysis. *P <
0.05, compared with control; #P < 0.05, compared
with diarrhea group.

Figure 5. NF-κB expression in rat intestinal tissue.
A. Western blot detection of NF-κB expression; B.
NF-κB protein expression analysis. *P < 0.05, compared with control; #P < 0.05, compared with diarrhea group.

Figure 4. Bacteria translocation analysis. *P < 0.05,
compared with control; #P < 0.05, compared with diarrhea group.

Bacteria translocation analysis
Bacteria translocation rate in mesenteric lymph
nodes and liver was analyzed. The rate significantly elevated in diarrhea rats compared with
control (P < 0.05). Bifidobacterium treatment
obviously attenuated bacteria translocation
rate compared with diarrhea group (P < 0.05)
(Figure 4).
NF-κB expression in rat intestinal tissue
Western blot was used to analyze NF-κB protein
expression in rat intestinal tissue. NF-κB protein markedly decreased in the intestinal tissue
from diarrhea rats compared with control (P <
0.05). Bifidobacterium treatment apparently
promoted NF-κB protein expression compared
with diarrhea group (P < 0.05) (Figure 5).
Discussion
Interdependence and mutual condition of intestinal normal flora sustains intestinal microecol1130

ogy internal environment stability. AAD may
induce intestinal flora disorder and bacterial
translocation [18, 19]. Intestinal bacterial translocation mainly occurs in stress disorder or
excess. Toxins or intestinal flora can pass
through the intestinal mucosal barrier into the
organ or tissue without flora, such as mesenteric lymph nodes and liver. Intestinal bacterial
can directly translocate from the original site to
the depths of the intestinal mucosa, and also to
the surrounding, leading to tissue and organ
injury [20, 21]. This study used lincomycin
hydrochloride to establish rat AAD model, and
confirmed that flora disorder and bacterial
translocation occurs in AAD rat. It may be associated with the application of antibiotics, which
leads to the microbes break through the damaged velum, resulting in bacterial translocation.
TLRs mainly express on the cell membrane. As
an important member of PRR, TLRs play an
important role in the immune system to identify
pathogenic microorganisms [22]. TLR-4 participates in LPS recognition and signal transduction, while TLR-9 also plays an anti-inflammation role to protect intestinal epithelial cells
damage and stabilize the intestinal environment [15, 16]. In this study, TLR-4 and TLR-9
expressions were suppressed in AAD, suggesting that immune function was damaged in diarrhea process, affecting immunity and bacterial
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translocation in dynamic equilibrium [20, 23].
Bifidobacterium suppresses intestinal bacterial translocation by preventing adhesion and
positioning of conditional pathogenic bacteria,
helping intestinal mucosal barrier repair, and
regulating the intestinal flora imbalance [24].
This study showed that Bifidobacterium promoted TLR-4 and TLR-9 expressions, improved
innate immune, maintained intestinal flora balance, alleviated bacteria translocation, and
enhanced NF-κB protein level in AAD rat. TLR-4
and TLR-9 deliver information to the cells and
activate NF-κB to promote inflammatory cytokines IL-1 and IL-6 secretion, leading to the
activation of innate immune [25]. However,
the regulatory role and clinical application of
Bifidobacterium in treating AAD remains further validation.
AAD inhibited TLR-4 and TLR-9 mRNA, induced
intestinal flora disturbance and translocation
and downregulated NF-κB expression. Bifidobacterium promoted TLR-4 and TLR-9 expression, improved innate immune, maintained
intestinal flora balance, alleviated bacteria
translocation and upregulated NF-κB expression. However, whether these effects of Bifidobacterium were through upregulation of
NF-kB expression remains unclear and requires
further studies.
Acknowledgements
This work was by Fujian Natural Fund Project
(No. 2015J01391).
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Chengdang Wang,
Department of Gastroenterology, The First Affiliated
Hospital of Fujian Medical University, 20 Chazhong
Road, Fuzhou 350005, Fujian, China. Tel: +86-59187983333; Fax: +86-591-87983333; E-mail: chengdangwango7@sina.com

References
[1]

[2]

1131

Nicholas A, Jeon H, Selasi GN, Na SH, Kwon HI,
Kim YJ, Choi CW, Kim SI, Lee JC. Clostridium
difficile-derived membrane vesicles induce the
expression of pro-inflammatory cytokine genes
and cytotoxicity in colonic epithelial cells in vitro. Microb Pathog 2017; 107: 6-11.
Lohani M, Dhasmana A, Haque S, Wahid M,
Jawed A, Dar SA, Mandal RK, Areeshi MY,

Khan S. Proteome mining for the identification and in-silico characterization of putative
drug targets of multi-drug resistant clostridium difficile strain 630. J Microbiol Methods
2017; 136: 6-10.
[3] Shen NT, Maw A, Tmanova LL, Pino A, Ancy K,
Crawford CV, Simon MS, Evans AT. Timely use
of probiotics in hospitalized adults prevents
clostridium difficile infection: a systematic review with meta-regression analysis. Gastroenterology 2017; 152: 1889-1900.
[4] Wong S, Santullo P, O’Driscoll J, Jamous A, Hirani SP, Saif M. Use of antibiotic and prevalence of antibiotic-associated diarrhoea in-patients with spinal cord injuries: a UK national
spinal injury centre experience. Spinal Cord
2017; 55: 583-587.
[5] Kolodziej M, Szajewska H. Lactobacillus reuteri DSM 17938 in the prevention of antibiotic-associated diarrhoea in children: protocol
of a randomised controlled trial. BMJ Open
2017; 7: e013928.
[6] Vemuri RC, Gundamaraju R, Shinde T, Eri R.
Therapeutic interventions for gut dysbiosis and
related disorders in the elderly: antibiotics,
probiotics or faecal microbiota transplantation? Benef Microbes 2016; 1-15.
[7] Fehlbaum S, Chassard C, Poeker SA, Derrien
M, Fourmestraux C, Lacroix C. Clostridium difficile colonization and antibiotics response in
PolyFermS continuous model mimicking elderly intestinal fermentation. Gut Pathog 2016; 8:
63.
[8] Kabbani TA, Pallav K, Dowd SE, VillafuerteGalvez J, Vanga RR, Castillo NE, Hansen J,
Dennis M, Leffler DA, Kelly CP. Prospective
randomized controlled study on the effects of
saccharomyces boulardii CNCM I-745 and
amoxicillin-clavulanate or the combination on
the gut microbiota of healthy volunteers. Gut
Microbes 2017; 8: 17-32.
[9] Wu YC, Chen CM, Kuo CJ, Lee JJ, Chen PC,
Chang YC, Chen TH. Prevalence and molecular
characterization of clostridium difficile isolates
from a pig slaughterhouse, pork, and humans
in Taiwan. Int J Food Microbiol 2017; 242: 3744.
[10] Slattery J, MacFabe DF, Frye RE. The significance of the enteric microbiome on the development of childhood disease: a review of prebiotic and probiotic therapies in disorders of
childhood. Clin Med Insights Pediatr 2016; 10:
91-107.
[11] Johnston BC, Goldenberg JZ, Parkin PC. Probiotics and the prevention of antibiotic-associated diarrhea in infants and children. JAMA
2016; 316: 1484-1485.
[12] Rajput IR, Ying H, Yajing S, Arain MA, Weifen L,
Ping L, Bloch DM, Wenhua L. Saccharomyces
boulardii and bacillus subtilis B10 modulate

Int J Clin Exp Med 2018;11(2):1127-1132

Bifidobacterium alleviates diarrhea caused by antibiotics

[13]

[14]

[15]

[16]

[17]

[18]

[19]

TLRs and cytokines expression patterns in jejunum and ileum of broilers. PLoS One 2017; 12:
e0173917.
Mosaheb MM, Reiser ML, Wetzler LM. Toll-like
receptor ligand-based vaccine adjuvants require intact MyD88 signaling in antigen-presenting cells for germinal center formation and
antibody production. Front Immunol 2017; 8:
225.
Conant K, Daniele S, Bozzelli PL, Abdi T, Edwards A, Szklarczyk A, Olchefske I, Ottenheimer D, Maguire-Zeiss K. Matrix metalloproteinase activity stimulates N-cadherin shedding and the soluble N-cadherin ectodomain
promotes classical microglial activation. J Neuroinflammation 2017; 14: 56.
Farrokhi S, Abbasirad N, Movahed A, Khazaei
HA, Pishjoo M, Rezaei N. TLR9-based immunotherapy for the treatment of allergic diseases.
Immunotherapy 2017; 9: 339-346.
S Lashkari B, Anumba DO. Estradiol alters the
immune-responsiveness of cervical epithelial
cells stimulated with ligands of toll-like receptors 2 and 4. PLoS One 2017; 12: e0173646.
Lv W, Liu C, Ye C, Sun J, Tan X, Zhang C, Qu Q,
Shi D, Guo S. Structural modulation of gut microbiota during alleviation of antibiotic-associated diarrhea with herbal formula. Int J Biol
Macromol 2017; 105: 1622-1629.
Rodriguez-Varon A, Munoz OM, Pulido-Arenas
J, Amado SB, Tobon-Trujillo M. Antibiotic-associated diarrhea: clinical characteristics and the
presence of clostridium difficile. Rev Gastroenterol Mex 2017; 82: 129-133.
Cervantes J. Use your antibiotics wisely. Consequences to the intestinal microbiome. FEMS
Microbiol Lett 2016; 363.

1132

[20] Cheung SW, Li KK. Fulminant pseudomembranous colitis presenting as sigmoid stricture
and severe polyposis with clinical response to
intracolonic vancomycin. Case Rep Med 2016;
2016: 4609824.
[21] McFarland LV, Ozen M, Dinleyici EC, Goh S.
Comparison of pediatric and adult antibioticassociated diarrhea and clostridium difficile
infections. World J Gastroenterol 2016; 22:
3078-3104.
[22] Mahmoudi J, Sabermarouf B, Baradaran B,
Sadat-Hatamnezhad L, Shotorbani SS. Up-regulation of TLR2 and TLR4 in high mobility
group Box1-stimulated macrophages in pulpitis patients. Iran J Basic Med Sci 2017; 20:
209-215.
[23] Ripert G, Racedo SM, Elie AM, Jacquot C, Bressollier P, Urdaci MC. Secreted compounds of
the probiotic bacillus clausii strain O/C inhibit
the cytotoxic effects induced by clostridium
difficile and bacillus cereus toxins. Antimicrob
Agents Chemother 2016; 60: 3445-3454.
[24] Zuniga MC, Raghuraman G, Hitchner E, Weyand C, Robinson W, Zhou W. PKC-epsilon and
TLR4 synergistically regulate resistin-mediated
inflammation in human macrophages. Atherosclerosis 2017; 259: 51-59.
[25] Wang W, Hu X, Shen P, Zhang N, Fu Y. Sodium
houttuyfonate inhibits LPS-induced inflammatory response via suppressing TLR4/NF-kB signaling pathway in bovine mammary epithelial
cells. Microb Pathog 2017; 107: 12-16.

Int J Clin Exp Med 2018;11(2):1127-1132

