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Abstract
AIM: To investigate the effects of biliary tract external 
drainage (BTED) on intestinal barrier injury in rats with 
hemorrhagic shock (HS). 

METHODS: BTED was performed via  cannula insertion 
into the bile duct of rats. HS was induced by drawing 
blood from the femoral artery at a rate of 1 ml/min 
until a mean arterial pressure (MAP) of 40 ± 5 mmHg 
was achieved. That MAP was maintained for 60 min. A 
total of 99 Sprague-Dawley rats were randomized into 
a sham group, an HS group and an HS + BTED group. 
Nine rats in the sham group were sacrificed 0.5 h after 
surgery. Nine rats in each of the HS and HS + BTED 
groups were sacrificed 0.5 h, 1 h, 2 h, 4 h and 6 h after 
resuscitation. Plasma tumor necrosis factor-α (TNF-α), 
interleukin-6 (IL-6), and lipopolysaccharide (LPS) levels 
were analyzed using enzyme-linked immunosorbent 
assay. Plasma D-lactate levels were analyzed using 
colorimetry. The expression levels of occludin and 
claudin-1 in the ileum were analyzed using Western 
blot and immunohistochemistry. Histology of the ileum 
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was evaluated by hematoxylin and eosin staining. 

RESULTS: Plasma TNF-α levels in the HS + BTED 
group decreased significantly compared with the HS 
group at 1 h and 6 h after resuscitation (P  < 0.05). 
Plasma IL-6 levels in the HS + BTED group decreased 
significantly compared with the HS group at 0.5 h, 
1 h and 2 h after resuscitation (P  < 0.05). Plasma 
D-lactate and LPS levels in the HS + BTED group 
decreased significantly compared with the HS group 
at 6 h after resuscitation (P  < 0.05). The expression 
levels of occludin in the HS + BTED group increased 
significantly compared with the HS group at 4 h and 
6 h after resuscitation (P  < 0.05). The expression 
levels of claudin-1 in the HS + BTED group increased 
significantly compared with the HS group at 6 h after 
resuscitation (P  < 0.05). Phenomena of putrescence 
and desquamation of epithelial cells in the ileal 
mucosa were attenuated in the HS + BTED group. 
Ileal histopathologic scores in the HS + BTED group 
decreased significantly compared with the HS group at 
2 h, 4 h and 6 h after resuscitation (P  < 0.05). 

CONCLUSION: BTED protects against intestinal barrier 
injury in HS rats.
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Core tip: Our previous studies demonstrated that biliary 
tract external drainage decreased proinflammatory 
cytokine production and relieved tissue damage in rat 
models of hemorrhagic shock. In this research, we 
found that biliary tract external drainage increased 
the expression levels of occludin and claudin-1 and 
decreased plasma D-lactate and lipopolysaccharide 
levels under hemorrhagic shock conditions. These 
results demonstrate that biliary tract external drainage 
protects against intestinal barrier injury in hemorrhagic 
shock rats. 
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INTRODUCTION
Hemorrhagic shock (HS) induces gut barrier failure, 
which initiates a systemic inflammatory response[1]. 
Bile full of proinflammatory mediators enters into the 
gut following HS, which contributes to tissue injury in 
the intestine. On one hand, injured gut cells release a 

large number of inflammatory mediators that cause 
endothelial dysfunction and activate neutrophils. On 
the other hand, a large amount of lipopolysaccharide 
(LPS) is released by gut bacteria through the damaged 
intestinal barrier into the peripheral blood and may 
cause distant organ injury[2].

A widespread normal bacterial flora resides in 
the ileum. D-lactate is the end product of intestinal 
bacteria. It is neither produced nor metabolized by 
mammalian cells. During ischemia, as the normal 
mucosal barrier is damaged and permeability 
increases, a large amount of D-lactate is released 
through the damaged intestinal mucosa into the 
peripheral blood. Thus, D-lactate in peripheral blood 
can indicate damage situation of the intestinal 
barrier[3-6]. LPS produced by gut bacteria also enters 
into the bloodstream and spreads to the entire body 
under HS conditions. Therefore, the level of LPS in the 
blood also can reflect the degree of intestinal barrier 
damage[7-9].

Tight junction (TJ) proteins, including occludin, 
claudins, and cytoskeleton proteins, play critical 
roles in the maintenance of the intestinal barrier 
integrity[10]. Occludin was the first transmembrane TJ 
protein discovered[11]. Occludin plays a crucial role in 
the maintenance of epithelial TJs[12-14]. The absence 
of occludin increases the ion permeability of TJs and 
causes intestinal barrier dysfunction[15,16]. The claudin 
family confers barrier functions as constituents of 
TJ strands, and these proteins directly participate in 
the transport of materials across epithelia through 
paracellular pathways by adjusting the tightness and 
selectivity of TJ strands[17,18]. Claudins determine the 
paracellular ionic selectivity of the TJ because these 
proteins have two extracellular loops that display 
variability in the distribution and number of charged 
residues[19]. We examined the expression levels 
of claudin-1 in the ileum for claudin-1 is strongly 
expressed in rat ileum[20].

Organ function in shock patients with severe 
acute pancreatitis who accept biliary tract external 
drainage (BTED) (endoscopic naso-biliary drainage, 
cholecystostomy or gallbladder percutaneous catheter 
drainage) rapidly improves in clinical practice. Infection 
incidence and morbidity of multiple organ dysfunction 
syndrome (MODS) also significantly decrease. The 
amelioration of intestinal barrier function may play a 
vital role in this process. Previous studies also indicated 
that BTED eased damage of vital organs and improved 
the survival rate of shock rats[21,22]. However, studies 
on the relationship between BTED and intestinal 
barrier function are limited, and most of these studies 
focused on obstructive jaundice[23-26]. Therefore, we 
designed this study to observe changes in occludin 
and claudin-1 in the ileum and D-lactate, LPS, tumor 
necrosis factor-α (TNF-α) and interleukin-6 (IL-6) 
levels in plasma. We explored the effects of BTED on 
intestinal barrier in HS.
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MATERIALS AND METHODS
Ethics statement
This study was carried out in strict accordance with the 
guidelines for the care and use of laboratory animals 
established by the Animal Use and Care Committee 
of the Shanghai Committee on Animal Care. Animal 
surgical procedures were approved by the Institutional 
Animal Care and Use Committee (IACUC) at Ruijin 
Hospital, Shanghai Jiao Tong University, Shanghai, 
China. The animal protocol was designed to minimize 
pain or discomfort to the animals.

Animal model
Ninety-nine adult male Sprague-Dawley rats (250-300 
g) were purchased from the Experimental Animal 
Center of Ruijin Hospital. The animals were acclimatized 
to laboratory conditions (25 ℃, 12 h/12 h light/dark, 
50% humidity, ad libitum access to food and water) 
for one week prior to experimentation. Rats were 
randomly divided into 3 groups after adaptation: sham 
group, HS group, and HS + BTED group. Rats were 
fasted overnight before the experiment, but rats were 
allowed to drink water. Rats in the HS + BTED group 
were intraperitoneally anesthetized with 3% sodium 
pentobarbital (0.2 ml/100 g), and laparotomies were 
performed after shaving and sterilization. Catheters 
were placed in both femoral arteries for blood 
pressure measurement and blood withdrawal. The 
bile duct was exposed long enough for BTED. Rats 
were subjected to HS by slowly withdrawing blood at 
a rate of 1 mL/min until a mean arterial pressure (MAP) 
of 40 ± 5 mmHg was achieved. A catheter (inner 
diameter, 0.4 mm; outer diameter, 0.8 mm; length, 
20 cm) was inserted into the bile duct. The distal end 
of the bile duct was ligated, and the catheter was 
passed through the rat flank to avoid bile passage 
into the gut and allow the external collection of 
bile. The abdomen was closed subsequently. An 
MAP of 40 ± 5 mmHg was maintained for 1 h. Rats 
were resuscitated using their shed blood and an 
equal volume of normal saline at the end of shock 
period. HS rats underwent pentobarbital anesthesia, 
laparotomy, vascular cannulation, blood withdrawal 
and suturing but no BTED. Sham rats underwent 
pentobarbital anesthesia, laparotomy, vascular 
cannulation and suturing, but no blood withdrawal or 
BTED. Nine rats in the sham group were sacrificed 0.5 
h after surgery. Nine rats in the HS group and the HS 
+ BTED group were sacrificed 0.5 h, 1 h, 2 h, 4 h and 
6 h after resuscitation. 

Enzyme-linked immunosorbent assay
Plasma TNF-α, IL-6, and LPS levels were quantified 
using enzyme-linked immunosorbent assay (ELISA) 
kits according to the manufacturer’s instructions. The 
absorbance from each sample was normalized for the 
actual concentration.

D-lactate colorimetric assay
Plasma D-lactate levels were quantified using a 
D-lactate colorimetric assay kit according to the 
manufacturer’s instructions. The absorbance from each 
sample was normalized for the D-lactate concentration.

Western blot analysis
Intestinal mucosal scrapings from all animals were 
stored at -80 ℃ for Western blot analysis. RIPA lysis 
buffer and 5 × loading buffer were prepared. Briefly, 
samples were homogenized in RIPA lysis buffer. 
Tissues were frozen immediately in liquid nitrogen 
and placed in a mortar for pulverization. Total protein 
was extracted using tissue total protein lysis buffer, 
and protein concentration was measured using a BCA 
Protein Assay Kit.

Proteins were separated using SDS–polyacrylamide 
gel electrophoresis (PAGE) and transferred to 
polyvinylidenedifluofide (PVDF) membranes. The blot 
was immune probed using primary antibody overnight 
at 4 ℃. Primary antibodies for Western blotting were a 
rabbit polyclonal antibody to occludin (1:250), a rabbit 
polyclonal antibody to claudin-1 (1:500) and a mouse 
monoclonal antibody to GAPDH (1:2000). The blots 
were incubated with an HRP-conjugated secondary 
antibody for 1 h at room temperature and reacted 
with an enhanced chemiluminescence substrate. The 
resulting chemiluminescence was recorded using an 
imaging system (Imagequant LAS 400, GE, United 
States). The enhanced chemiluminescence signals 
were digitized using Photoshop CS6 software (Adobe, 
United States) to quantify the expression levels of 
occludin and claudin-1. Relative occludin and claudin-1 
protein expression was normalized to respective values 
for GAPDH, and the results are described as fold 
increases relative to baseline levels in negative control.

Immunohistochemistry
The samples were fixed in 4% paraformaldehyde, 
embedded in paraffin and sectioned at 4 µm. Sections 
were mounted onto APES-coated slides, deparaffinized, 
rehydrated, incubated in 3% hydrogen peroxide 
to quench any endogenous peroxidase activity, 
and washed with distilled water and PBS for 5 min. 
Sections were placed in 3% citrate buffer to repair 
antigens. The buffer was heated to a temperature of 
92 ℃-98 ℃ using microwave, and the temperature 
was maintained for 10 min. Sections were cooled to 
room temperature. A 10% nonimmune goat serum 
was applied to eliminate nonspecific staining. Sections 
were incubated overnight at 4 ℃ with an optimally 
diluted rabbit polyclonal anti-rat occludin antibody 
(1:100) or rabbit polyclonal anti-rat claudin-1 antibody 
(1:100). The sections were washed with PBS and 
incubated with a broad-spectrum secondary antibody 
for 30 min, rewashed, and incubated with peroxidase-
conjugated streptavidin for 15 min. Peroxidation 
activity was visualized by incubation with DAB solution. 
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with the HS group at 4 h after resuscitation (P < 0.05) 
(Figure 1A).

Effect of BTED on plasma IL-6 levels
Plasma IL-6 levels in the HS + BTED group showed no 
significant differences compared with the HS group at 
6 h after resuscitation. Plasma IL-6 levels in the HS + 
BTED group decreased significantly compared with the 
HS group at 0.5 h, 1 h and 2 h after resuscitation (P 
< 0.05). Plasma IL-6 levels in the HS + BTED group 
increased significantly compared with the HS group at 
4 h after resuscitation (P < 0.05) (Figure 1B).

Effect of BTED on plasma LPS levels
Plasma LPS levels in the HS + BTED group showed no 
significant differences compared with the HS group 
at 0.5 h, 1 h and 4 h after resuscitation. Plasma LPS 
levels in the HS + BTED group increased significantly 
compared with the HS group at 2 h after resuscitation 
(P < 0.05). Plasma LPS levels in the HS + BTED group 
decreased significantly compared with the HS group at 
6 h after resuscitation (P < 0.05) (Figure 1C).

Effect of BTED on plasma D-lactate levels
Plasma D-lactate levels in the HS + BTED group 
showed no significant differences compared with the 
HS group at 0.5 h after resuscitation. Plasma D-lactate 
levels in the HS + BTED group increased significantly 
compared with the HS group at 1 h, 2 h and 4 h after 
resuscitation (P < 0.05). Plasma D-lactate levels in the 
HS + BTED group decreased significantly compared 
with the HS group at 6 h after resuscitation (P < 0.05) 
(Figure 1D).

Western blot analysis of expression of occludin and 
claudin-1 in the ileum
The expression levels of occludin in the ileum of the 
HS + BTED group did not show significant differences 
compared with the HS group at 0.5 h, 1 h and 2 h 
after resuscitation. The expression levels of occludin 
in the ileum in the HS + BTED group increased 
significantly compared with the HS group at 4 h and 
6 h after resuscitation (P < 0.05) (Figure 2A and B). 
The expression levels of claudin-1 in the ileum in the 
HS + BTED group showed no significant differences 
compared with the HS group at 0.5 h, 1 h, 2 h and 4 h 
after resuscitation. The expression levels of claudin-1 
in the ileum in the HS + BTED group increased 
significantly compared with the HS group at 6 h after 
resuscitation (P < 0.05) (Figure 2A and C).

Immunohistochemical analysis of expression of 
occludin in the ileum
Occludin in the sham group was expressed as cyto
plasmic granules located mostly at the apical part of 
epithelial cells. The total epithelial cells lining the villi 
exhibited positive immunostaining for occludin in the 
sham group (Figure 3a). There was loss of occludin 

The sections were counterstained with hematoxylin.

Hematoxylin and eosin staining
The samples were fixed in 4% paraformaldehyde, 
embedded in paraffin and sectioned at 4 µm. Sections 
were mounted onto APES-coated slides. After de
paraffinization and dehydration, the sections were 
stained with hematoxylin and eosin for microscopic 
examination. The severity of ileal injury was scored 
from 0 to 3 as follows: 0, normal (no damage); 1, mild 
(focal epithelial edema and necrosis); 2, moderate 
(diffuse swelling or necrosis of the villi); 3, severe 
(diffuse necrosis of the villi with evidence of neutrophil 
infiltration in the submucosa and/or hemorrhage). All 
evaluations were made on six fields per section and six 
sections under 100 × magnification[27,28].

Reagents
The rat TNF-α ELISA kit was purchased from the 
MaibioCompany (MHK0008, Shanghai, China). The rat 
IL-6 ELISA kit was purchased from the MaibioCompany 
(MRK0004, Shanghai, China). The rat LPS ELISA kit 
was purchased from the CusabioCompany (CSB-
E14247r, Wuhan, China). The D-lactate Colorimetric 
Assay Kit was purchased from the BioVision Company 
(K667-100, Milpitas, United States). RIPA lysis buffer, 
BCA Protein Assay Kit and 5 × loading buffer were 
purchased from the Beyotime Institute of Biotechnology 
(Jiangsu, China). The rabbit polyclonal antibody to 
occludin was purchased from the Abcam Company 
(ab31721, Cambridge, MA, United States). The 
rabbit polyclonal antibody to claudin-1 was purchased 
from the Biorbyt Company (Ab-210, Cambridge, 
Cambridgeshire, United Kingdom). The mouse 
monoclonal antibody to GAPDH was purchased from 
the Abcam Company (ab8245, Cambridge, MA, United 
States). The enhanced chemiluminescence substrate 
was purchased from the ComWin Biotechnology 
Company (Beijing, China). The immunohistochemistry 
kit was purchased from the InvitrogenCompany 
(Frederick, United States). 

Statistical analysis
Data were analyzed using SPSS 16.0 software. All data 
are expressed as mean ± SE and compared using the 
unpaired Student’s t-test. P < 0.05 was considered to 
be statistically significant.

RESULTS
Effect of BTED on plasma TNF-α levels
Plasma TNF-α levels in the HS + BTED group showed 
no significant differences compared with the HS group 
at 0.5 h and 2 h after resuscitation. Plasma TNF-α 
levels in the HS + BTED group decreased significantly 
compared with the HS group at 1 h and 6 h after 
resuscitation (P < 0.05). Plasma TNF-α levels in the 
HS + BTED group increased significantly compared 
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expression by most epithelial cells lining the villi in the 
HS group (Figure 3b-f). Occludin expression in the 
HS + BTED group showed no significant differences 
compared with the HS group at 0.5 h, 1 h and 2 h 
after resuscitation (Figure 3b-d and g-i). Occludin 
expression in the epithelial cells lining the villi was 
enhanced significantly in the HS + BTED group 
compared with the HS group at 4 h and 6 h after 
resuscitation (Figure 3 e, f, j and k).

Immunohistochemical analysis of expression of 
claudin-1 in the ileum
The epithelial cells lining the villi exhibited positive 
immunostaining for claudin-1 in the sham group (Figure 
4a). There was loss of claudin-1 expression by most 
epithelial cells lining the villi in the HS group (Figure 
4b-f). Claudin-1 expression in the HS + BTED group 
showed no significant differences compared with the 
HS group at 0.5 h, 1 h, 2 h and 4 h after resuscitation 
(Figure 4b-e and g-j). Claudin-1 expression was 
enhanced significantly in the HS + BTED group 
compared with the HS group at 6 h after resuscitation 
(Figure 4f and k).

Histomorphology of the ileum
No obvious tissue damage of the ileum was shown 
in the sham group (Figure 5Aa). Epithelial cells of 
small intestinal villi of rats in the HS group showed 
necrosis and exfoliation. Inflammatory cell infiltration 
was observed (Figure 5Ab-f). The tissue damage in 
the ileum of the HS + BTED group was significantly 
alleviated compared with the HS group. Phenomena 
of putrescence and desquamation of epithelial cells in 
the intestinal mucosa were attenuated (Figure 5Ag-k). 
Histopathologic scores in the HS + BTED group showed 
no significant differences compared with the HS group 
at 0.5 h and 1 h after resuscitation. Histopathologic 
scores in the HS + BTED group decreased significantly 
compared with the HS group at 2 h, 4 h and 6 h after 
resuscitation (P < 0.05) (Figure 5B). 

DISCUSSION
This study demonstrated that plasma TNF-α, IL-6, LPS, 
and D-lactate levels decreased significantly after BTED 
under HS conditions. The expression levels of occludin 
and claudin-1 in the ileum increased significantly 
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after BTED under HS conditions. Phenomena of putre
scence and desquamation of epithelial cells in the 
intestinal mucosa were attenuated after BTED. Ileal 
histopathologic scores decreased significantly after 

BTED under HS conditions.
Activated Kupffer cells produce proinflammatory 

TNF-α and IL-6 during the pathogenesis of HS, which 
induces the release of additional proinflammatory 
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mediators from hepatocytes[29,30]. Bile full of pro
inflammatory mediators enters into the gut, which 
aggravates tissue injury in the ileum and induces the 
release of additional proinflammatory mediators from 
intestinal cells. Gut-derived cytokines, such as TNF-α 
and IL-6, enter into the liver via the portal vein, which 
aggravates liver injury and induces the release of 
more proinflammatory mediators from Kupffer cells 
to complete the inflammatory loop of the gut-liver 
axis[31-34]. This vicious cycle eventually leads to MODS.

The initial application of biliary drainage was to 
temporarily relief patient’s biliary obstruction[35,36]. 
This technique is widely used clinically because it is 
less invasive and exhibits fewer complications. Many 
methods are used, such as nasal biliary drainage, 
percutaneous transhepaticcholangial drainage, gal
lbladder fistula and so on, with the development of 
this technology[37,38]. Previous studies demonstrated 
that the inflammatory cytokine TNF-α in bile increased 
significantly in HS rats[22]. BTED blocks the entry 
of inflammatory cytokines into the ileum with bile, 
which reduces inflammatory cytokines that enter 
into the blood through the gut and avoids intestinal 
cell release of more inflammatory cytokines after 
stimulation by inflammatory cytokines. BTED blockade 
of the vicious cycle of the gut-liver axis may play an 
important role in the prevention and treatment of 
MODS. TNF-α and IL-6 are key mediators involved 
in many physiologic processes including immunity, 

inflammation, and metabolism. Plasma TNF-α levels 
rose within 10 min after hemorrhage, and peaked 
at 30 min after hemorrhage during HS. Higher 
concentrations of TNF-α and IL-6 were associated, not 
only with an increased mortality rate, but also with an 
increased risk for subsequent adult respiratory distress 
syndrome and multiple organ failure in HS patients. 
In our study, plasma TNF-α levels in the HS + BTED 
group decreased significantly compared with the HS 
group at 1 h and 6 h after resuscitation. Plasma IL-6 
levels in the HS + BTED group decreased significantly 
compared with the HS group at 0.5 h, 1 h and 2 h 
after resuscitation. These results showed that BTED 
reduces the body’s inflammatory reaction in HS. 
However, plasma TNF-α and IL-6 levels in the HS + 
BTED group increased significantly compared with the 
HS group at 4 h after resuscitation. The increases of 
plasma TNF-α and IL-6 levels may be because BTED 
reduced inflammation of intestinal villi and retained 
more capillaries. Blood supply in the HS + BTED 
group was better after resuscitation. TNF-α and IL-6 
accumulated in the ileum and were released into the 
bloodstream faster.

In our earlier study, necrosis and exfoliation of 
epithelial cells of small intestinal villi of rats with 
severe acute pancreatitis were attenuated after BTED, 
which suggests that BTED plays a protective role 
on the ileum of rats with severe acute pancreatitis. 
BTED attenuated the phenomena of putrescence 
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Figure 4  Immunohistochemical analysis of expression of claudin-1 in the ileum. Sham group (A), HS group (B: 0.5 h after resuscitation; C: 1 h after 
resuscitation; D: 2 h after resuscitation; E: 4 h after resuscitation; F: 6 h after resuscitation) and HS + BTED group (G: 0.5 h after resuscitation; H: 1 h after 
resuscitation; I: 2 h after resuscitation; J: 4 h after resuscitation; K: 6 h after resuscitation). The expression levels of claudin-1 in the ileum in the HS + BTED group 
were enhanced significantly compared with the HS group at 6 h after resuscitation. HS: Hemorrhagic shock; BTED: Biliary tract external drainage.
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and desquamation of epithelial cells in the intestinal 
mucosa of HS rats[22]. BTED reduced neutrophil 
infiltration, superficial necrosis and sloughing of 
epithelium of intestinal villus and improved survival 
rates of the LPS treated rats[21]. BTED improved 
intestinal barrier function in obstructive jaundice 
models[24]. The tissue damage to the ileum in the HS + 
BTED group was significantly relieved compared with 
the HS group in this study. Phenomena of putrescence 
and desquamation of epithelial cells in the intestinal 
mucosa were attenuated. Ileal histopathologic scores 
decreased significantly after BTED under HS conditions 
in this study. These results showed that BTED protects 

against intestinal injury in HS.
The severity of hemorrhagic/traumatic shock 

affected plasma D-lactate concentrations in rats[16]. 
Increased plasma D-lactate levels predict an increased 
risk of mortality after hemorrhage and trauma[39]. 
A rapid decrease in plasma D-lactate could indicate 
reduced 28-d mortality in critically ill septic shock 
patients[40]. Ethyl pyruvate can lessen intestinal 
permeability and protect intestinal barrier function in 
dogs with septic shock via decreasing the levels of 
plasma D-lactate and reducing inflammation of the 
small intestinal mucosa[41]. Plasma D-lactate levels in 
the HS + BTED group decreased significantly compared 
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Figure 5  Hematoxylin and eosin staining (A) and histopathologic scores (B) of the ileum. Sham group (a), HS group (b: 0.5 h after resuscitation; c: 1 h after 
resuscitation; d: 2 h after resuscitation; e: 4 h after resuscitation; f: 6 h after resuscitation) and HS + BTED group (g: 0.5 h after resuscitation; h: 1 h after resuscitation; 
i: 2 h after resuscitation; j: 4 h after resuscitation; k: 6 h after resuscitation). Histopathologic scores are presented as mean ± SE (n = 6). aP < 0.05 vs the HS group at 
the same time point. HS: Hemorrhagic shock; BTED: Biliary tract external drainage.
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with the HS group at 6 h after resuscitation in this 
study. Plasma LPS levels showed the same variation 
trend. These results showed that BTED protects 
against intestinal barrier injury in HS. However, plasma 
D-lactate levels in the HS + BTED group increased 
significantly compared with the HS group at 1 h, 2 h 
and 4 h after resuscitation. Plasma LPS levels in the 
HS + BTED group increased significantly compared 
with the HS group at 2 h after resuscitation. These 
results may be caused by the following reasons. On 
one hand, BTED reduced inflammation of intestinal villi 
and retained more capillaries. Intestinal villus blood 
supply was better in the HS + BTED group. Therefore, 
more D-lactate and LPS were absorbed through the 
damaged intestinal mucosa into the peripheral blood. 
On the other hand, BTED may aggravate intestinal 
barrier damage as an invasive operation in early 
stages.

Increasing occludin content in the small intestine 
enhances the intestinal barrier[42-44]. In our study, the 
expression levels of occludin in the ileum of the HS + 
BTED group increased significantly compared with the 
HS group at 4 h after resuscitation. Fish oil enhanced 
intestinal integrity by increasing protein expression 
of the intestinal TJ protein claudin-1 in weaned pigs 
after LPS challenge[45]. In our study, the expression 
levels of claudin-1 in the ileum of the HS + BTED 
group increased significantly compared with the HS 
group at 6 h after resuscitation. These results showed 
that BTED increases the expression of occludin and 
claudin-1 under HS conditions.

There are some limitations in our study. First, the 
observation time was relatively short so that we are 
not sure how long the effect of BTED lasts. Second, 
there are many kinds of TJ proteins expressed in the 
ileal epithelium. Changes of occludin and claudin-1 
may not reflect the real changes of all TJ proteins.

In summary, BTED decreases plasma TNF-α and 
IL-6 levels and ileal histopathologic scores under HS 
conditions. BTED increases the expression levels of 
occludin and claudin-1 and decreases plasma D-lactate 
and LPS levels under HS conditions. These results 
show that BTED protects against intestinal barrier 
injury in HS. Specific mechanisms require further 
research.
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