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Abstract. Effects of Pseudomona blank s aeruginosa-mannose 
sensitive hemagglutini (PA-MSHA) preprocessing on toll like 
receptor (TLR)-4-NF-κB pathway and inflammatory factors 
expression in the intestinal tract of rats with septic shock were 
investigated. A total of 30 rats were randomly divided into 
3 groups (n=10): Blank control, septic shock, and PA-septic 
shock group. After the model was successfully established, 
the average arterial pressure in rats was monitored. The 
concentration of cytokine interleukin-l (IL-1), IL-6 and tumor 
necrosis factor-α (TNF-α) were determined by ELISA method. 
Flow cytometry was performed to detect TLR-4 expression. 
Number of in vitro chemotaxised neutrophils was detected 
by Transwell chamber. The expression of TLR-4, NF-κB and 
ICAM-1 and VCAM-1 was detected by western blot analysis. 
The concentration of cytokine IL-1, IL-6, TNF-α in the 
peritoneal lavage fluid and the intestinal tissue significantly 
increased in the septic shock group and the PA-septic shock 
group (P<0.05), and the concentration in the PA-septic shock 
group was significantly lower than that of the septic shock 
group (P<0.05). Compared to the control group, the expres-
sion of TLR-4, NF-κB and ICAM-1 and VCAM-1 increased in 
the septic shock and PA-septic shock group (P<0.05), and the 
expression level of PA-septic shock group was lower than the 
septic shock group (P<0.05). The expression of TLR-4 in the 
PA-septic shock group was lower than the septic shock group 
(P<0.05). PA-MSHA pretreatment reduced inflammation, thus 
preventing the intestinal injury caused by septic shock.

Introduction

Septic shock is caused by the immerse release of inflamma-
tory mediators or cytokines triggered by pathogens and their 
released toxin products, which further leads to increased 
vascular dilatation and capillary permeability as well as 
hypovolemia induced insufficiency of tissue perfusion, thereby 
leading to sepsis syndrome associated with shock (1). It has 
been reported that septic shock is caused by excessive stimu-
lation of the immune system by bacterial toxins, resulting in 
excessive proinflammatory cytokine production, including 
tumor necrosis factor-α (TNF-α), interleukin-l (IL-1) and 
IL-6 (2). In the United States, there are approximately 750,000 
patients with septic shock each year and nearly 250,000 of 
them will die (3). Although kinds of advanced methods have 
been applied to the treatment of septic shock, few have been 
able to bring down the high mortality rate of septic shock. In 
the intensive care unit (ICU), the in-hospital mortality rate 
of the patients with systemic septic shock is 29% (4), and the 
30 day mortality rate is up to 54% (5).

When serious microbial infection or extensive tissue 
damage occurs, alarmin proteins released from necrotic 
cells, together with pathogen associated molecular patterns 
(PAMPs) expressed by nonpathogenic bacteria, are collectively 
referred to as damage associated molecular patterns (DAMPs). 
High concentration of DAMPs will lead to a comprehensive, 
systematic immune response (both innate and adaptive 
immunity are involved), resulting in inflammatory cascade (6). 
Specifically, neutrophils, macrophages and other immune 
cells produce and release a large number of cytokines (such 
as IL-1, IL-6 and TNF-α), chemotactic factors, complement 
activated products and other mediators. This proinflammatory 
environment can lead to more powerful release of secondary 
medium (such as lipid factors and active oxygen). Due to the 
excessive stimulation of immune cells, the body produces many 
abnormal cytokines (called cytokine storm), which results 
in the excessive expression of the beneficial anti-infection 
response as well as occurrence of destructive inflammation (7).

Studies have shown that during the progression from sepsis 
to septic shock, immunosuppression (including the complete 
shutdown of important intracellular signaling pathways and 
acquired immune dysfunction) is an important cause of sepsis 
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exacerbation and even death (8). It is worth noting that in sepsis, 
neutrophils may have ‘paralysis of the immune function’ (9). As 
important effector cells of innate immunity, neutrophils was 
the first responder that migrate to infection site at early stages 
of infection. Neutrophils roll along and adhere to the endothe-
lial cells, which was mediated by selectin, immunoglobulin 
superfamily and integrin molecules (10). Once transpassing 
endothelial membrane, neutrophils was guided by chemo-
kines to move along the gradient towards the inflammatory 
site (11), and finally kill pathogenic bacteria by phagocytosis 
and release of hyperoxide and protease. It can be seen that the 
normal migration of inflammatory cells to inflammatory sites 
is an important prerequisite for anti-infection response.

Septic shock is the result of the host's immune response 
to the pathogen. Different pathogen patterns were identified 
by pattern recognition receptor family the toll-like receptors 
(TLR). Different types of TLR are responsible for different 
pathogen groups. For instance, TLR-4 is the main transmem-
brane receptor for the transduction of G- bacterial endotoxin 
(LPS) signal. Once TLR-4 recognizes LPS, it initiates the 
immune process, and increases the TREM-1 expression (12) 
that can enhance the cytokine cascade after infection, hence 
it plays a core role in the occurrence and development of 
sepsis (13,14).

Pseudomonas aeruginosa-mannose sensitive hemagglutinin 
(PA-MSHA) is a biologic drug that has the function of bidi-
rectional immunomodulation and killing tumor cells, which 
has been widely used in tumor adjuvant therapy (15,16). The 
mechanism of PA-MSHA participating in the anti-infection 
process has also become a research hot spot in recent years. 
Recent studies have found that PA-MSHA is the natural ligand 
of TLR-4 (17,18), which can increase the proportion of CD4+ 
CD25+ Foxp3+ regulatory T cells (Treg) in peripheral blood 
cells, thereby regulating immune response (19,20). Therefore, 
we speculate that PA-MSHA may play a role in regulating 
tissue immunity and inflammation in septic shock.

In this experiment, PA-MSHA pretreatment was adminis-
tered to the rat model of septic shock. The expression of ascite 
cytokines, intestinal mucosal cytokines, adhesion molecule 
and peripheral blood neutrophils TLR4 was observed. The 
preventive effect of PA-MSHA on infective intestinal injury is 
discussed. Our study will offer novel therapeutic strategies in 
septic shock treatments.

Materials and methods

Animals and grouping. SPF male SD rats (aged 8-10 weeks), 
weighing 240-260 g, were randomly divided into 3 groups 
(n=10), the blank control, the septic shock and the PA-septic 
shock group. Rats were housed in a temperature controlled 
room (21±2˚C) with a relative humidity range from 30 to 
40% on a 12:12 h light/dark cycle (lights on at 06:00). All rats 
had free access to water and food. Each rat of blank control 
group was injected subcutaneously with normal saline, 
0.3 ml/day for 7 days. The septic shock group was given 
0.3 ml/day by subcutaneous injection of saline injection for 
7 days. In PA-septic shock group, PA-MSHA was injected 
subcutaneously at 0.3 ml/day. After continuous administration 
for 7 days, the rat model of septic shock was established by 

replicating the CLP model at day 8. After 14.5 h, mean arterial 
pressure (MAP) of rats were monitored every 30 min. In this 
study, when the MAP of rats was reduced to 70% or below 
(excluding low blood pressure caused by other causes such 
as massive bleeding), it was considered that the septic shock 
model preparation succeeded. 

This study was approved by the Animal Ethics Committee 
of Nanjing First Hospital, Nanjing Medical University Animal 
Center (Nanjing, China).

Specimen collecting and testing
Peritoneal lavage and bacterial culture. After being anes-
thetized, the rats were placed in supine position on the sterile 
operation table. Conventional surgery area disinfection was 
conducted. Then incision of the neck skin along the midline 
was performed, and the right common carotid artery was 
separated layer by layer. After the puncture needle was fixed, 
the monitor was connected to monitor the vital signs. The 
abdominal cavity was opened, and RPMI-1640 culture fluid 
was used to lavage the abdominal cavity with 5 ml/times 
4 times. The irrigation solution was then pipetted into two 
10-ml centrifuge tubes (the recovery rate is >80%, which is 
defined as the effective recovery of more than 16 ml). The 
two 10-ml centrifuge tubes were separated into tube 1 and 2. 
Tube 1 was centrifuged at 1,500 x g for 5 min at 20˚C and the 
supernatant was sub-packed into 2 ml EP tubes, preserved at 
-60˚C in a refrigerator. The irrigation solution in tube 2 was 
used for bacterial culture.

Abdominal aorta blood sampling. Obtained blood (3 ml) was 
injected into the blood culture bottle for blood culture. The 
residual arterial blood was added to 4.5% EDTA anticoagulant 
for neutrophils isolation.

Peripheral blood neutrophils isolation. Anticoagulant and 2% 
Dextran solution was mixed at 1:1 volume, gently whirl mixed 
and left static for 1 h. The white blood cell suspension in the 
transparent supernatant was then collected and pipetted into 
another tube. After 10 min of centrifugation at 1,500 x g at 
20˚C, the supernatant was discarded, 5 ml 0.1% EDTA liquid 
was added to the white cells of test tube wall. A total of 1.5 ml 
0.1% EDTA liquid was added to washing and discarded super-
natant to make the suspended white cell suspension in another 
tube. A total of 2 ml 75% Percoll separation liquid was added, 
followed by addition of 2 ml 60% Percoll separation liquid. 
Percoll stratification with different densities was observed 
by the naked eye. The suspended white cell suspension was 
gently laid on the 60% Percoll separation liquid and placed 
in a horizontal hanging basket centrifuge. The cloud layer 
cells were fully absorbed by the PAP suction tube, and the 
centrifuge tube was placed in the tube, and the 0.1% EDTA 
liquid was centrifuged at 1,500 x g for 3 min at 20˚C with 6 ml 
2 times. After centrifugation, the neutrophils were washed and 
resuspended with 1 ml buffer.

Flow cytometry. Human TruStain FcX™ (cat. no. 422301; 
BioLegend, San Diego, CA, USA), used as the blocking 
solution, was added for incubation at room temperature for 
5 min. The neutrophil suspension was divided into 2 test 
tubes, TLR-4 and IgG tube. A total of 2 µl anti-TLR4 antibody 
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(ab45104; Abcam, Cambridge, MA, USA) was added into the 
TLR-4 tube, and 2 µl mouse IgG2b-isotype control (ab91532; 
Abcam) added into IgG tube. Goat anti-mouse IgG (H+L) 
Cross-Adsorbed secondary antibody (FITC) (cat. no. 31541) 
was purchased from Thermo Fisher Scientific, Inc., (Waltham, 
MA, USA) and incubated at 20˚C for 30 min. Both tubes were 
incubated in the dark for 30 min at room temperature. The 
samples were washed in phosphate-buffered saline (PBS) 
3 times and measurements were performed by a flow cytometer 
(FACSCalibur; BD Biosciences, San Jose, CA, USA). Data 
were obtained and analyzed using the CellQuest professional 
software (BD Biosciences) 

Transwell chamber method. The neutrophils were diluted 
and isolated with the buffer solution, and the cell density was 
adjusted to 1x106/ml. The chemotactic solution was prepared 
by fMLP and buffer solution at 10-4 M. A total of 600 µl fMLP 
chemotaxis solution or buffer solution was added into the lower 
chamber of culture plate. The upper chamber of Transwell 
chamber was placed into the culture plate with 100 µl diluted 
neutrophils injected into the Transwell chamber. The Transwell 
chamber was placed at 37˚C 5% CO2 incubator and incubated 
for 60 min. Finally, the Transwell chamber was taken out of 
the incubator to terminate the chemotaxis, then fixed for 3 min 
in methanol, stained with Wright-Giemsa staining. Stained 
cells were counted and photographed by microscopy.

Exploratory laparotomy and specimen collection. Exploratory 
laparotomy was conducted to observe the color and shape of 
the intestine. Jejunum tissue (4 cm) was removed at 10 cm 
away from the distal end to 10 cm of pileus ventriculi. The 
tissue was repeatedly washed with normal saline. Blood, feces 
and intestinal juice from internal and external side of intestinal 
canal were washed away. The tissue was put into the aseptic 
cryopreservation tube, then immediately stored in the liquid 
nitrogen for preservation.

Detection of IL-1β, IL-6 and TNF-α in peritoneal lavage 
fluid and intestinal tissue. The tissue was thawed, rinsed, 
wiped dry by clean filter paper, and ground into homogenates. 
Homoegenates were centrifuged at 1,300 x g for 6 min at 4˚C 
to harvest the supernatant. ELISA kit was used for detection 
of IL-1β, IL-6 and TNF-α concentration, strictly according 
to the instructions. Rat IL-1β ELISA kit (cat. no. 69-30375); 
rat IL-6 ELISA kit (cat. no. 69-30490) and rat TNF-α 
ELISA kit (cat. no. 69-25328) were purchased from Moshake 
Biotechnology Company (Wuhan, China; http://www.mskbio.
com/index.aspx). Standard curve was made to calculate the 
concentration of IL-1β, IL-6 and TNF-α.

Western blotting detection of TLR-4, ICAM-1 and VCAM-1 
expression in intestinal tissue. Intestinal tissue protein samples 
were centrifuged at 10,000 x g for 5 min at 4˚C and the super-
natant was taken for electrophoresis. The sample volume was 
adjusted to equal amount according to the protein concentra-
tion by using the E-PAGE™ loading buffer (cat. no. EPBUF01; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA). Proteins 
(30 μg) were added into per lane for the electrophoresis. The 
extracted proteins were separated using a 10% sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE). 

After electrophoresis, the separated protein was transferred to 
the polyvinylidene fluo-ride (PVDF) membrane by 250 mA 
constant flow membrane. Then the membrane was incubated 
for 2 h in Tris-buffered saline-tween (TBST) containing 
5% skimmed milk for blocking. The primary antibody was 
diluted with TBST and added to protein samples for over-
night incubation at 4˚C in a refrigerator. The samples were 
then incubated with peroxidase labelled secondary antibody 
at room temperature for 2 h. The UVP chemiluminescence 
imaging system was used for continuous collection of images. 
Rabbit polyclonal TLR4 antibody (cat. no. ab13556; dilution, 
1:500); rabbit monoclonal ICAM1 antibody (cat. no. ab53013; 
dilution, 1:500); rabbit monoclonal VCAM1 antibody 
(cat. no. ab134047; dilution, 1:500); rabbit polyclonal NF-kB 
p65 antibody (cat. no. ab16502; dilution, 1:500); rabbit mono-
clonal IKB alpha antibody (cat. no. ab32518; dilution, 1:500); 
rabbit polyclonal GAPDH antibody (cat. no. ab37168; dilution: 
1:500) and secondary goat anti-rabbit (HRP) IgG antibody 
(cat. no. ab6721; dilution, 1:2,000) were all purchased from 
Abcam (Cambridge, MA, USA). The images were semi-quan-
titative analyzed with the light density value of target protein/
GAPDH. The gray value was analyzed using ImageJ software 
(Version 1.38; National Institutes of Health, Bethesda, MA, 
USA).

Statistical analysis. SPSS19.0 (IBM Corp., Armonk, NY, 
USA) software was used for statistical analysis. The measure-
ment data are presented as mean ± standard deviation (SD). 
Comparison between groups was done using οne-way ANOVA 
test followed by post-hoc test (Least Significant Difference). 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Establishment of septic shock rat model. Generally, septic 
shock CLP model in rats was duplicated successfully in 
16-23 h. After 14.5 h replication of model, the MAP of rats was 
monitored. At 14.5-15 h, there was no significant difference in 
MAP between groups. At 15.5 h, the MAP of the rats in the 
septic shock group was lower than that of the blank control 
group (P<0.05), but it did not reach 70% of the control group 
MAP. At 16 h, when compared with the control group, MAP of 
the other 2 groups was significantly decreased (Fig. 1), down 
to 70% of the blank control group, indicating that the model 
of septic shock rat model was successfully established. In the 
blank group, the cultured blood was bacteria negative, while 
the cultured blood of the other 2 groups were found to be 
Escherichia coli (+). Moreover, in the blank group, the bacte-
rial culture of the peritoneal lavage fluid was negative, whereas 
the other 4 groups were found to be Escherichia coli (+), with 
other heterozygous bacteria.

Increased expression of IL-1β, IL-6 and TNF-α in abdominal 
lavage fluid and intestinal tissue in rats with septic shock. The 
RPMI-1640 culture medium was used to wash the abdominal 
cavity of rats in each group, and the peritoneal lavage fluid 
was taken respectively with the supernatant removed by 
centrifugation at 2,000 x g for 3 min at 4˚C. The concentra-
tion of IL-1β, IL-6 and TNF-α in each group of lavage liquid 
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Figure 2. The concentration of inflammatory factors in the peritoneal lavage and intestinal tissue of each treatment group. (A-C) Compared with the blank 
control group, the concentration of IL-1, IL-6 and TNF-α in the other 2 groups of peritoneal lavage fluid increased (P<0.05). Among them, the infection 
shock group was higher than the PA-septic shock group (P<0.05). (D-F) Compared with the blank control group, the concentration of IL-1, IL-6 and TNF-α 
in the intestinal homogenate of the septic shock group and the PA-septic shock group increased. IL-1, interleukin-l; TNF-α, tumor necrosis factor-α; PA, 
Pseudomonas aeruginosa. *P<0.05, the difference between the control group and the blank control group was statistically significant. #P<0.05, the difference 
was statistically significant compared with that of the septic shock group.

Figure 1. Changes in average arterial pressure in each treatment group. (A and B) There was no significant difference in MAP between 14.5-15 h rats after 
the establishment of the model. (C) After 15.5 h the model was established, compared with the blank control group, the MAP of the rats in the septic shock 
group decreased (P<0.05), PA-infection shock group had no significant changes. (D) Compared with the blank group, the MAP in the other 2 groups decreased 
significantly, and compared with the septic shock group, the mean arterial pressure in the PA-septic shock group increased. (E) The MAP of the rats in the 
septic shock group and the PA-septic shock group showed a progressive decline, and the MAP in the blank control group did not change obviously. MAP, mean 
arterial pressure; PA, Pseudomonas aeruginosa. *P<0.05, the difference between the control group and the blank control group was statistically significant. 
#P<0.05, the difference was statistically significant compared with that of the septic shock group.
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was detected by ELISA kit. The results showed that compared 
with the blank control group, the concentrations of IL-1β, IL-6 
and TNF-α in peritoneal lavage fluid of septic shock group 
and PA-septic shock group were both increased (P<0.05). 
Among them, the concentrations of IL-1β, IL-6 and TNF-α 
in septic shock group was higher than the PA-septic shock 
group (P<0.05) (Fig. 2A-C).

Furthermore, compared with the blank control group, the 
concentrations of IL-1β, IL-6 and TNF-α in the intestinal 
homogenate of both septic shock group and PA-septic shock 
group increased (P<0.05) (Fig. 2D-F).

Expression of TLR-4-NF-κB, ICAM-1 and VCAM-1 in intes-
tinal tissue of septic shock rats increased significantly. The 
expression of related proteins in the intestinal tissue of rats 
was detected by western blotting. The results showed that 
compared with the blank control group, the expression of 
TLR-4-NF-κB and ICAM-1 and VCAM-1 in the intestinal 
tissue of septic shock group and PA-infected shock group 
increased (P<0.05), and the expression level of the septic 
shock group was higher than that of the PA-septic shock 
group (P<0.05) (Fig. 3).

The positive rate of TLR-4 expression on the surface of 
peripheral blood neutrophils and the number of chemotaxis 

neutrophils in the peripheral blood of rats with septic shock 
were significantly increased. Neutrophils were isolated from 
peripheral blood and the positive rate of TLR4 expression 
in neutrophils was detected by flow cytometry. The positive 
rate of TLR-4 expression in peripheral blood of septic shock 
group and PA-septic shock group was significantly higher than 
that in blank control group (P<0.05) (Fig. 4A). Additionally, 
the number of chemotaxis neutrophils in peripheral blood of 
each group was detected by Transwell chamber method. It 
was found that the number of chemotaxised neutrophils in the 
peripheral blood of the septic shock group was fewer than that 
of the PA-septic shock group (P<0.05) (Fig. 4B-E).

Discussion

In recent years, immunomodulatory therapy has become 
a new direction for the treatment of sepsis. From the 
perspective of pathogenic biology, sepsis is potentially a 
life-threatening complication of infection, which is initiated 
by pathogen endotoxin release to blood circulation (21). It 
is a complex, dynamic syndrome with great heterogeneity 
related to ethnic, sex, age, genetic and environmental 
factors (22). Innate immunity is the first line of defense 
against pathogenic microorganism infection. The innate 
immune system specifically recognizes PAMPs by pathogen 

Figure 3. The expression level of TLR-4 NF-κB pathway protein, ICAM-1 and VCAM-1 in the intestinal tissue of each treatment group. (A and B) Compared 
with the blank control group, the expression of TLR-4, ICAM-1 and VCAM-1 in the intestinal tissue of the septic shock group and the PA-septic shock group 
increased (P<0.05). The expression level of the septic shock group was higher than that of the PA-septic shock group (P<0.05). (C and D) Compared with 
the blank control group, the expression of NF-κB p65 and IκB-α in the intestinal tissue of the septic shock group and the PA-septic shock group increased 
(P<0.05). The expression level of the septic shock group was higher than that of the PA-septic shock group (P<0.05). TLR, toll like receptor; PA, Pseudomonas 
aeruginosa. *P<0.05, the difference between the control group and the blank control group was statistically significant. #P<0.05, the difference was statistically 
significant compared with that of the septic shock group.
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recognition receptors (PPRs), thus effectively initiating the 
immune response. As a member of the PPRs family, the TLR 
is one of the most important receptors in the innate immune 
system. TLR-4 is the first TLR recognized by researches, they 
are mainly expressed in the cells involved in host defense 
functions, such as macrophages, neutrophils, dendritic cells, 
lymphocytes, endothelial cells and epithelial cells. Renal 
tubular epithelial cells, heart, respiratory epithelial cells and 
intestinal epithelial cells also express TLR-4 (23-25).

Because of its important role in the initial stage of inflam-
mation, TLR-4 has become a potential target for the treatment 
of septic shock. It is known that TLR4 can mediate the 
recognition of lipopolysaccharide (LPS) by identifying the 
characteristic PAMPs in the outer membrane of gram nega-
tive bacteria, which is an important trigger of inflammatory 
response in septic shock (26). In addition to LPS, various 
endogenous ligands can be identified by TLR-4, such as 
HMGB1 (27). TLR-4 can activate the transcription factors, 
such as NF-κB, MCP-1, ICAM-1, and other inflammatory 
factors through the MyD88-dependent signaling pathway (28). 
In recent studies, blocking the expression of the TLR4-MD2 
complex can prevent septic shock (29).

PA-MSHA can enhance the immune defense, while on the 
one hand, the cellular component of PA-MSHA can activate 
PPRs such as TLR-4. As a result, PA-MSHA can activate 
a variety of immune cells, such as dendritic cells, macro-
phages, Treg and NK cells, as well as help reconstruct the 
immune surveillance and immune defense (30). Furthermore, 
PA-MSHA has immunogenicity, which can regulate the activa-
tion of polyclonal B cells and produce broad-spectrum, highly 
effective bactericidal antibodies. It can effectively defend 
against the infection caused by gram-negative bacilli (31).

The aim of this research is to observe the expression of 
cytokines, TLR-4, adhesion molecules and the expression of 
TLR4 on peripheral blood neutrophils in septic shock rats 
after PA-MSHA pretreatment.

The results showed in our rat sepsis model, that the expres-
sion of TLR4 in the intestinal tissue, as well as the rate of 
TLR-4 positive cells in the peripheral blood neutrophils were 
significantly higher than that in the blank group. PA-MASH 
pretreatment could reduce the expression level of TLR-4 in 
intestinal tissue and the TLR-4 positive neutrophils in the 
intestinal tissue of rats with septic shock. At the same time, the 
concentration of inflammatory factors IL-1β, IL-6 and TNF-α 

Figure 4. TLR-4 positive rate of neutrophils in peripheral blood and the number of chemokine in vitro. (A) Compared with the blank control group, the 
expression TLR-4 of neutrophil in peripheral blood of the septic shock group and PA-septic shock group increased significantly (P<0.05). (B) Compared with 
the blank group, the number of chemotaxis of neutrophil in peripheral blood of septic shock group and PA-infected shock group decreased (P<0.05), and the 
number of septic shock group was less than that of PA-infection shock group (P<0.05). (C) TLR-4 expression of neutrophils in control group was detected by 
flow cytometry. (D) TLR-4 expression of neutrophils in septic shock group was detected by flow cytometry. (E) TLR-4 expression of neutrophils in PA-infected 
shock group was detected by flow cytometry. TLR, toll like receptor; PA, Pseudomonas aeruginosa. *P<0.05, the difference between the control group and the 
blank control group was statistically significant. #P<0.05, the difference was statistically significant compared with that of the septic shock group.
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in the abdominal and intestinal tissues of each group also 
showed the same trend. This suggested that PA-MSHA can 
reduce the expression of TLR-4 receptor, inhibit TLR4-NF-κB 
proinflammatory factor pathway and suppress the release of 
proinflammatory factors, thereby effectively inhibiting inflam-
matory reaction and reducing intestinal mucosal injury in rats.

ICAM-1 and VCAM-1 are important adhesion molecules 
that mediate cell adhesion. ICAM-1 and VCAM-1 belong to 
the immunoglobulin superfamily, which act as the ligands 
of leukocyte adhesion molecule integrin, and play a key role 
in the process of the late stage of adherence of leukocytes to 
endothelial cells and migration of endothelial cells (32-34). 
Their main role is to stabilize intercellular interactions and 
to promote adherence of inflammatory cells and endothelial 
cells (35). When inflammatory reaction occurs, with the action 
of LPS and cytokines such as IL-1, TNF-α, INF-γ, ICAM-1 
was activated on the cell surface especially in endothelial 
cells. VCAM-1 activates endothelial cell NADPH oxidase and 
shrinks endothelial cells. The opened ‘endothelial cell gate’ is 
an important channel for inflammatory cells to migrate from 
blood to tissue (36).

In this study, the expression levels of ICAM-1 and 
VCAM-1 in other two groups were both higher than that in the 
blank group. When the septic shock occurs, a large number of 
inflammatory mediators are released into the blood, which can 
promote the migration of inflammatory cells to the infected 
site by upregulating the expression level of ICAM-1 and 
VCAM-1. On the other hand, ICAM-1 can further increase 
the expression of VCAM-1, which promote inflammatory 
cells to release more inflammatory mediators. In addition, 
inflammatory mediators further exacerbate excessive isch-
emia-reperfusion injury, aggravate the damage of intestinal 
mucosal barrier function, thereby leading to more pathogenic 
bacteria and endotoxin entering into the blood. Eventually, 
vicious spiral was formed to accelerate the progression of 
septic shock. Furthermore, our study also demonstrated that 
the expression levels of ICAM-1 and VCAM-1 in septic shock 
group were both higher than those in PA- infected shock 
group, indicating that PA-MSHA premedication could inhibit 
the expression of ICAM-1 and VCAM-1 in intestinal tract 
of rats with septic shock. It is hypothesized that PA-MSHA 
can reduce the expression of TLR-4 and further inhibit the 
TLR4-NF-κB-proinflammatory pathway; As a result, the 
release of proinflammatory factors was suppressed, thereby 
effectively inhibiting the inflammatory response and reducing 
the intestinal mucosal injury in rats. Some studies have shown 
that LPS induces the production of ROS by activating the 
‘TLR4/MyD88/c-Src/NADPH oxidase’ pathway and triggers 
the activation of p38MAPK and ATF2. Activated ATF2 can 
lead to an increase in VCAM-1 promoter activity and increase 
the expression of VCAM-1 (37). Other studies have shown 
that LPS can increase the production of ROS by activating 
TLR4/MyD88/TRAF6/c-Src/NADPH oxidase pathway, and 
then activate NF-κB, which leads to the increase of ICAM-1 
production (38).

In conclusion, PA-MSHA pretreatment can reduce the 
systemic and local (intraperitoneal, intestinal) inflammation, 
thus preventing the intestinal injury caused by septic shock. Our 
results indicated that the underlying mechanisms might include 
that PA-MSHA suppressed TLR4-NF-κB-proinflammatory 

pathway and inhibited the role of adhesion molecules such as 
ICAM-1 and VCAM-1. Our study offers new insight into the 
future therapy of septic shock.
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