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Abstract

AIM: To investigate the protective effect of bifidobacterium
in endotoxin-induced intestinal injury in preweaning
rats.

METHODS: Preweaning rats were randomly divided into
three groups (7 = 40 for each): a control group (group
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C), a model group (group E) and a treatment group
(group T). Both groups E and T were intraperitoneally
injected with lipopolysaccharide (LPS) at a dose of 5
mg/kg (5 mg/L in normal saline), and group T was
intragastrically administrated with bifidobacterium
suspension (2.0 x 10° CFU/mL, 0.5 mL each time, twice
a day, until the end of the experiment) 7 d before LPS
administration. Group C was intraperitoneally injected
with normal saline. After intraperitoneal injection and
intragastric administration, the rats were placed back
to the initial cage to receive breast feeding. The rats
were killed at 2, 6, 12, 24 or 72 h, respectively, after
endotoxin or physiological saline injection to collect
serum and ileal tissue samples. Myeloperoxidase (MPO)
contents in serum and ileum were detected at different
times, and expression of ileal defensin-5 mRNA was
evaluated by reverse transcription-polymerase chain
reaction.

RESULTS: Serum and ileal MPO contents in group E
were significantly higher than those in group C (serum
contents: 107.50 £ 17.70 vs 157.14 £ 24.67, P <
0.05; ileal contents: 1.03 + 0.21 vs 1.57 £ 0.33, P <
0.05), which peaked at 12 h and 6 h, respectively. MPO
contents in group T were significantly lower than those
in group E (serum contents: 114.38 + 24.56 vs 145.25
+ 23.62, P < 0.05; ileal contents: 1.25 £+ 0.24 vs
1.57 £ 0.33, P < 0.05). The expression of defensin-5
mRNA in group E was significantly higher than that in
group C (0.953 + 0.238 vs 0.631 £ 0.146, P < 0.05),
which peaked at 2 h, and then decreased gradually.
The expression of defensin-5 mRNA in group T was
significantly lower than that in group E (0.487 + 0.149
vs 0.758 £ 0.160, P < 0.05) apparently in 24 h. The
expression of defensin-5 mRNA at 2 h in group T was
significantly higher than that in group C (0.824 + 0.158
vs 0.631 £+ 0.146, P < 0.05).

CONCLUSION: MPO and defensin-5 mRNA increase

in preweaning rats with LPS-induced intestinal injury.
Bifidobacterium protects the gut by inhibiting MPO
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activity, not by increasing defensin-5 secretion.
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Core tip: This study investigated the serum and ileal
contents of myeloperoxidase (MPO) and the expression
of ileal Defensin-5 mRNA in the preweaning rats with
lipopolysaccharide (LPS)-induced intestinal injury.
Serum and ileal MPO contents in the model group
(group E) were significantly higher than those in the
control group (group C) (P < 0.05), which peaked
at 12 h and 6 h, respectively. MPO contents in the
treatment group (group T) were significantly lower
than those in group E (P < 0.05). The expression of
defensin-5 mRNA in group E was significantly up-
regulated, peaked at 2 h, and then decreased gradually.
The expression of defensin-5 mRNA in group T was
significantly lower than that in group E (P < 0.05).
Serum and ileal MPO contents and ileal expression of
defensin-5 mRNA increased in preweaning rats with
LPS-induced intestinal injury. Bifidobacterium protects
the gut by inhibiting MPO activity, not by increasing
defensin-5 secretion.
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INTRODUCTION

Severe infection is one of the most common causes
of pediatric gastrointestinal dysfunction, and the
pathogenesis is closely related to endotoxin and gut
barrier dysfunction. Bifidobacterium is one of the main
species of beneficial bacteria in the human body, and
participates in host digestion, nutrition, metabolism,
absorption, immunity and resistance to infection.
Especially, bifidobacterium plays an important role
in maintaining the integrity of the intestinal mucosa
barrier. Defensin-5 is a cationic peptide secreted
by Paneth cells in the intestinal mucosa and has an
important role in innate immunity in the gut. In this
study, we investigated the changes in myeloperoxidase
(MPO) contents and defensin-5 in preweaning rats
with endotoxin-induced intestinal injury and explored
the effect of pretreatment with bifidobacterium on
endotoxin-induced intestinal injury.

MATERIALS AND METHODS

Materials
Bifidobacterium infantis (KLDS2.0002) was purchased
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from the Key Laboratory of Dairy Science of Northeast
Agricultural University. Escherichia coli (E. coli) (O55:
B5) lipopolysaccharide (LPS) was purchased from
Sigma. Coomassie brilliant blue protein determination
kit and MPO determination kit were purchased from
Nanjing Jiancheng Biological Engineering Research
Institute. Primers for defensin-5 and p-actin were
designed and synthesized by Shanghai Shengneng
Bocai Biological Technology Co. LTD. Reverse
transcription-PCR kit was purchased from Promega
(Beijing, China). Wistar rats were provided by the
Laboratory Animal Center of the Second Affiliated
Hospital of Harbin Medical University.

Animal model

One hundred and twenty healthy 18-d-old preweaning
Wistar rats, weighing 30.36 £ 6.25 g, were used.
Except the control group (n = 40), all the other rats
were given 5 mg/kg of LPS (5 mg/L in normal saline)
by intraperitoneal injection. After injection, the rats
were placed back to the initial cage to receive breast
feeding.

Animal groups

The animals were randomly divided into three groups
(n = 40 for each): a control group (group C), a model
group (group E) and a treatment group (group T).
Group C received an intraperitoneal injection of 1 mL/
kg of normal saline, and group E and group T received
an intraperitoneal injection of 5 mg/kg of LPS (5 mg/
L). One week before the administration of LPS, group
T was intragastrically given mixed bifidobacterium
suspension (2.0 x 10° CFU/mL), 0.5 mL each time,
twice a day, until the end of the experiment. The rats
were killed 2, 6, 12, 24 or 72 h after endotoxin or
physiological saline injection to collect serum and ileal
tissue samples.

Methods

After the animals were killed at different time points,
blood samples were collected and centrifuged at 4 C at
3500 r/min for 15 min. The supernatants were stored at
-20 °C for further use. In addition, 4-5 cm of the ileum
was taken 3-4 cm away from the ileocecal junction and
divided into two parts. One part was stored at -80 °C for
total RNA extraction, and the other part was subjected
to irrigation of lumen contents with cold normal
saline, dried on filter paper, weighed, homogenized
and centrifuged at 4 'C at 3000 r/min for 10 min. The
supernatant was stored at -20 °C for further use.

Measurements

Serum and ileal MPO contents were determined using
commercial kits according to the manufacturer’s
instructions. To determine the expression of defensin-5
mRNA in the ileum, total RNA was extracted using
one-step guanidinium isothiocyanate method and
reverse-transcribed into cDNA. PCR primers for
defensin-5 were 5'-TGAACCTACCCCAAAAACAGATG-3'
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Table 1 Serum myeloperoxidase myeloperoxidase contents at different time points in different groups of rats (mean + SD, U/L)

2h 6h 12 h 24h 72 h
Group C 108.06 +15.16 100.99 + 14.86 107.50 + 17.70 103.08 + 16.48 108.06 +18.22
Group E 115.70 £ 22.73 145.25 £ 23.62° 157.14 + 24.67° 126.24 £ 22.69° 106.08 + 20.28
Group T 110.07 + 27.98 114.38 + 24.56° 132.81 +18.08° 112.89 +19.63 108.75 + 21.84

°P < 0.05 vs group C; °P < 0.05 vs group E.

Table 2 Illeal myeloperoxidase contents at different time points in different groups of rats (mean + SD, U/g)

2h 6h 12 h 24 h 72 h
Group C 0.93 £0.21 1.03£0.21 1.07 £0.23 1.08 £0.23 0.95 £ 0.20
Group E 1.26 +£0.24 1.57 £0.33° 1.46 £0.28° 1.28 £0.19 1.11£0.25
Group T 1.09 £0.20 1.25+0.24° 1.16 £ 0.28° 1.16£0.21 114022

P < 0.05 vs group C; °P < 0.05 vs group E.

(forward) and 5'-TCAGCGGCAACAGAGTATGG-3’
(reverse). The size of the resulting product was 226
bp. PCR cycling parameters were 94 °C for 5 min; 35
cycles of 94 °C for 30 s, 56 °C for 30 s and 72 °C for 30
s; and a final extension at 72 “C for 7 min. B-actin was
used as an internal standard. PCR primers for B-actin
were 5'-CATCTGCTGGAAGGTGGACA-3’ (forward)
and 5'-GAGAGGGAAATCGTGCGTGAC-3’ (reverse).
The size of the resulting product was 452 bp. PCR
cycling parameters were 94 °C for 5 min; 30 cycles
of 94°C for 30 s, 56 C for 40 s and 72 °C for 22 s;
and a final extension at 72 °C for 7 min. PCR products
were resolved by 2% agarose electrophoresis and
photographed using UV illumination. The results are
expressed as the relative level of defensin-5 to B-actin.

Statistical analysis

Statistical analyses were performed using SPSS 10.0
software. Numerical data are expressed as mean %
SD. Means between two groups were compared using
the t-test. P-values < 0.05 were considered statistically
significant.

12 h in group T declined significantly compared with
those in group E (1.25 £ 0.24 vs 1.57 £ 0.33; 1.16
0.28 vs 1.46 £ 0.28; P < 0.05) (Table 2).

Expression of defensin-5 mRNA in ileal tissue

In group C, defensin-5 mRNA was lowly expressed in
ileal tissue. In group E, defensin-5 mRNA expression
significantly increased 2 h after LPS administration,
peaked at 6 h, and gradually declined. Defensin-5
mRNA expression levels at 2, 6 and 12 h were
significantly higher in group E than in group C (0.953
+ 0.238 v5s 0.631 £ 0.146; 0.972 £ 0.213 vs 0.642 £
0.154; 0.858 + 0.198 vs 0.664 £ 0.128; P < 0.05).
In group T, defensin-5 mRNA expression decreased
at 2 h compared with group E, and the decrease was
significant at 6, 12 and 24 h (0.742 £ 0.158 vs 0.972
+ 0.213; 0.590 + 0.167 vs 0.858 + 0.198; 0.487 +
0.149 vs 0.758 £ 0.160; P < 0.05). Compared with
group C, defensin-5 mRNA expression was higher at 2
and 6 hin group T (0.824 £+ 0.158 vs 0.631 + 0.146,
P < 0.05 at 2 h), but returned to normal later (Figures
1 and 2, Table 3).

RESULTS

DISCUSSION

Serum MPO content

Compared with group C, serum MPO contents at 6, 12
and 24 h increased significantly in group E (145.25 +
23.62 vs 100.99 *+ 14.86; 157.14 + 24.67 vs 107.50
+ 17.70; 126.24 £ 22.69 vs 103.08 £ 16.48; P <
0.05). Serum MPO contents at 6 and 12 h in group T
declined significantly compared with those in group E
(114.38 £ 24.56 vs 145.25 + 23.62; 132.81 + 18.08
vs 157.14 + 24.67; P < 0.05) (Table 1).

lleal MPO content

Compared with group C, ileal MPO contents at 2, 6 and
12 h increased significantly in group E (1.26 £+ 0.24 vs
0.93 £0.21; 1.57 £ 0.33vs 1.03 £ 0.21; 1.46 £ 0.28
vs 1.07 £ 0.23; P < 0.05). Ileal MPO contents at 6 and
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Gastrointestinal dysfunction plays an important role
in the development and progression of multiple organ
dysfunction syndrome (MODS). The intestine is not
only one of the organs injured in MODS, but also plays
a role in initiating MODS, in which intestinal mucosal
barrier damage plays a key role. Bacterial endotoxin
translocation is closely related to excessive growth
of intestinal opportunistic pathogens, weakened local
immunity in the intestine and intestinal mucosal
mechanical barrier damage. The biological barrier
consisting of intestinal mucosal mechanical barrier and
intestinal flora plays a key role in preventing bacterial
and endotoxin translocation.

MPO is a marker of polymorphonuclear neutrophils,
and its activity reflects the degree of inflammatory
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Table 3 Relative expression levels of defensin-5 mRNA at different time points in different groups of rats (mean + SD)

2h 6h 12 h 24h 72 h
Group C 0.631 + 0.146 0.642 + 0.154 0.664 +0.128 0.607 +0.132 0.618 + 0.142
Group E 0.953 + 0.238" 0.972 +£0.213" 0.858 +0.198" 0.758 £ 0.160 0.780 + 0.170
Group T 0.824 +0.158° 0.742 +0.158° 0.590 + 0.167° 0.487 +0.149° 0.681 + 0.151

P < 0.05 vs group C; “P < 0.05 vs group C; °P < 0.05 vs group E.
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Figure 1 Expression of defensin-5 mRNA in different groups of rats. M: DNA marker; C: Group C; E1-5: Group E at 2, 6, 12, 24 and 72 h; T1-5: Group T at 2, 6,

12, 24 and 72 h; B-actin = 452 bp; defensin-5 = 226 bp.
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Figure 2 Dynamic expression of defensin-5 mRNA in different groups of rats.

cell infiltration in the tissue, namely, the degree of
inflammatory activity™. This study found that in the
normal intestinal tissue, serum MPO content was
low. However, MPO activity increased significantly in
group E compared with group C, and the increase
of MPO content in the ileum occurred earlier than
that in serum, suggesting that the accumulation and
activation of a large number of neutrophils in ileal
tissue participate in the occurrence and development
of intestinal tissue injury.

Defensins are an important part of the body’s
innate immune system. Because they have broad
antibacterial® and antiviral®*! spectrum and do
not generate resistance, defensins are expected to
become a new type of antibacterial drug. Defensin-5
is produced mainly by Paneth cells located at the base
of crypts in the small intestine'®®, and it is mainly
expressed in the jejunum and ileum. Paneth cell alpha-
defensins secreted into the small intestinal lumen
persist as intact and functional forms throughout
the intestinal tract, suggesting that the peptides
may mediate enteric innate immunity in the colonic
lumen, far from their upstream point of secretion in
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small intestinal crypts'”). Some defensins inhibit the
biosynthesis of bacterial cell walls by insulating lipid 1I,
while some others inhibit the biosynthesis of bacterial
peptidoglycan by binding to lipid I™®'. Defensin
expression is altered in IBD, and this suggests their
potential role in IBD pathogenesis'*!!. Recombinant
human B-defensins-5 and -6 have been successfully
expressed in E. coli and purified". A previous
study constructed a eukaryotic vector expressing
human defensin-5, laying a foundation for eukaryotic
expression, production and purification of bioactive
human defensin-5 protein**!. Current research shows
that, with some maodifications, defensin-5 having a
purity > 95% can be produced to so as to study its
structure, activity and other applications™®.

Many previous studies have proved the antibacterial
effects of defensins in vitro or in animal models. A
recent study found that human defensin-5 reduced
parasite infection in intestinal epithelial cells™. Modified
E21R-defensin-5 significantly enhanced the antiviral
effect of defensin-5 against herpes simplex virus™®.
Human defensin-5 can resist HIV, providing a new
avenue for AIDS prevention and treatment!”), Human
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defensin-5 could also promote the healing of three-
degree burns, reduce the bacteria to colonize, and
promote hair growth™. In addition, human defensin-5
and B-defensin-2 can promote and coordinate each
other in normal conditions, and their expression
increases significantly in inflammatory conditions. Their
synergistic effect may be one of the reasons for fallopian
tube adhesion formation in infertile patients™. Different
pathologies of the upper gastrointestinal tract may lead
to differential expression of defensins in children’®®.
In the gastroesophageal junction, defensin-5 secreted
by metaplastic Paneth cells reduced the expression of
E-cadherin in squamous cells, thus accelerating the
formation of Barrett’s esophagus®!l. Studies have found
that human defensin-5 promoted intestinal epithelial
cell apoptosis®. In severely obese individuals, Paneth
cell dysfunction resulted in decreased secretion of
defensin-5, which was associated with obesity related
flora composition changes™. Approximately 1/4
of patients undergoing Bricker ileal conduit urinary
diversion had symptomatic urinary tract infection and
increased secretion of defensin-5 by ureter epithelial
cells, suggesting a protective role of innate immunity
against symptomatic urinary tract infection.

By comparing intestinal tissues between normal
children and those with Crohn’s disease (CD), it
has been found that when the intestinal tract was
exposed to bacteria or their associated antigens,
Paneth cells released defensin-5, and the expression
pattern of defensin-5 mRNA was different in different
parts and in different pathological conditions®. In
the ileum of CD children, defensin-5 expression was
decreased, and this decrease was associated with the
degree of inflammation and induced the metaplasia
of colonic Paneth cells™. Studies have also shown
that defensin-5 expression in the terminal ileum
showed no significant differences among CD children,
colitis children and normal children, but defensin-5
expression in the terminal ileum was significantly
higher in ulcerative colitis children than in CD children
and normal children®”’,

This study showed that defensin-5 mRNA was lowly
expressed in the ileum tissue of normal preweaning
rats. In group E, defensin-5 expression significantly
increased 2 h after intraperitoneal injection of
endotoxin, peaked at 6 h, still showed a significant
difference compared with the control group at 12 h,
and gradually returned to normal at 24 h and 72 h,
suggesting the protective role of intestinal defensin-5
in abdominal cavity infection.

The gastrointestinal tract is the body’s largest
reservoir of bacteria. In critically ill patients, factors
such as no eating and use of antacids and antibiotics
can damage the micro-ecological stability in the gut,
thus resulting in intestinal flora imbalance, which
is the main reason for bacterial translocation and
enterogenous infection®®*!, Bifidobacterium is the
main species of the biological barrier in the intestinal
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innate immune system, and can strengthen various
lines of gastrointestinal defense through immune
rejection, immune clearance and immune modulation,
thereby exerting anti-infection, anti-inflammatory, and
anti-tumor effects.

In interleukin 10 gene knockout mice (as an
inflammatory bowel disease model), the expression of
a-defensins decreased 7 wk after birth; in mice with
an age less than 11 wk, the production of o-defensins
varied inversely with age. Decreased expression of
a-defensins resulted in ineffective modulation of the
formation of intestinal flora, thus causing inflammatory
changes™. In addition, a-defensins play an important
role in regulating intestinal flora balance®". In induction
therapy in organ transplantation, Paneth cells and
antimicrobial peptides secreted by Paneth cells have an
important role in maintaining the stability of intestinal
flora®. Rebamipide can regulate intestinal flora by up-
regulating the secretion of ileal defensing-5 and thereby
alleviate indomethacin induced intestinal injury™?.
Biopsies of adenomatous polyps in the rectum-sigmoid
colon had a significant reduction of mucosa adherent
bacteria and an increase in o-defensin secretion.
a-defensins secreted by Paneth cells can not only
mediate gut innate immunity but also determine the
composition of the intestinal microbiota™".

Supplementation of exogenous bifidobacterium can
maintain the population of beneficial intestinal bacteria,
reduce the load of intestinal pathogenic bacteria,
facilitate the restoration of intestinal micro-ecological
balance, repair intestinal epithelial barrier, inhibit the
excessive growth of exogenous pathogenic bacteria,
reduce the production of intestinal endotoxin, promote
the secretion of mucins by intestinal epithelial cells
and immunoglobulin A by Paneth cells, and regulate
the body’s immune function®. In a mouse model of
inflammatory bowel disease, treatment with probiotics
can reduce intestinal inflammation and increase the
secretion of intestinal mucin-2, which is beneficial to
the recovery of inflammatory bowel disease™". Some
studies suggest certain species-specificities of the anti-
inflammatory properties of bifidobacteria®®’!, while
others found that administration of Bifidobacterium
bifidum protects against necrotizing enterocolitis in a
neonatal rat model™®. Bifidobacterium adolescentis
BBMN23 and Bifidobacterium longum BBMN68 were
orally administrated to specific pathogen-free BALB/c
mice at different doses, and the results suggested
that BBMN23 and BBMN68 may improve intestinal
digestion ability and enhance immune barrier function
in the intestine™,

In this study, compared with rats in the model
group, pretreatment with bifidobacterium led
to significant reductions of serum and ileal MPO
contents, reduced the accumulation and activation of
neutrophils, and decreased inflammatory responses,
indicating that bifidobacterium can protect the
intestinal tissue by inhibiting the activity of MPO. After
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supplementation of exogenous bifidobacterium, ileal
defensin-5 mRNA expression increased compared
with the normal group, but significantly decreased
compared with the endotoxin group, suggesting that
bifidobacterium exerts the intestinal protective effect
not via the defensin-5 pathway.

In conclusion, treatment with LPS caused increases
in serum and ileal MPO contents and ileal defensin-5
mMRNA expression, suggesting that intestinal
inflammatory responses and innate immune system
were activated. After supplementation of exogenous
bifidobacterium, serum and ileal MPO contents
decreased, and ileal defensin-5 mRNA expression
significantly decreased compared with group E, but
still increased compared with group C, suggesting
that bifidobacterium could exert a protective effect
on the ileum not via the mechanisms associated
with defensin-5 up-regulation. Bifidobacterium may
activate other protective mechanisms in the body
and as a result, Paneth cells do not need secret too
much defensin-5 to control inflammation. The exact
mechanisms remain to be clarified in future studies.
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Background

Severe infection is one of the most common causes of pediatric gastrointestinal
dysfunction, and the pathogenesis is closely related to endotoxin and gut barrier
dysfunction. However, to date, there are still no effective treatments to protect
gastrointestinal gut from dysfunction.

Research frontiers

Bifidobacterium is one of the main species of beneficial bacteria in the human
body, and participates in host digestion, nutrition, metabolism, absorption,
immunity and resistance to infection. Now, bifidobacterium plays an important
role in maintaining the integrity of the intestinal mucosa barrier through
balancing the intestinal flora. To date, there are still no effective treatments to
protect gastrointestinal gut from dysfunction.

Innovations and breakthroughs

In this study, model rats were given 5 mg/kg of lipopolysaccharide (LPS) by
intraperitoneal injection, and the treatment group was intragastrically given
mixed bifidobacterium suspension (2.0 x 10°CFU/mL), 0.5 mL each time, twice
a day, until the end of the experiment. Then we investigated the changes in
the serum and ileal myeloperoxidase (MPO) contents and the ileal expression
of defensin-5 in preweaning rats with endotoxin-induced intestinal injury
and explored the effect of pretreatment with bifidobacterium on endotoxin-
induced intestinal injury. In conclusion, serum and ileal MPO contents and ileal
expression of defensin-5 mRNA increase in preweaning rats with LPS-induced
intestinal injury. Bifidobacterium protects the gut by inhibiting MPO activity, not
by increasing defensin-5 secretion.

Applications

The study results suggest that pretreatment with bifidobacterium in endotoxin-
induced intestinal injury can protect the gut by inhibiting MPO activity, not
by increasing defensin-5 secretion, and thus relieve the gastrointestinal
dysfunction.

Terminology

MPO is a marker of polymorphonuclear neutrophils, and its activity reflects
the degree of inflammatory cell infiltration in the tissue, namely, the degree
of inflammatory activity. After supplementation of exogenous bifidobacterium,
serum and ileal MPO contents decreased, and ileal defensin-5 mRNA
expression significantly decreased compared with group E, but still increased
compared with group C, suggesting that bifidobacterium could exert a protective
effect on the ileum not via the mechanisms associated with defensin-5 up-
regulation.
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This is a good descriptive study in which the authors analyzed the preventive
effect of bifidobacterium by inhibiting the activity of MPO, reducing the
accumulation and activation of neutrophils, and decreasing inflammatory
responses. Meanwhile, bifidobacterium exerts a protective effect on the ileum
not via the mechanisms associated with defensin-5 up-regulation.
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