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Abstract. The vagus nerve and the released acetylcholine 
exert anti‑inflammatory effects and inhibit septic shock. 
However, their detailed mechanisms remain to be eluci-
dated. The present study aimed to investigate the effects of 
vagus nerve electrical stimulation on serum S100A8 levels 
in septic shock rats. A total of 36 male Sprague‑Dawley rats 
were randomly divided into six equal groups: i) Sham group, 
receiving sham operation; ii) CLP group, subjected to cecal 
ligation and puncture (CLP) to establish a model of polymi-
crobial sepsis; iii) VGX group, subjected to CLP and bilateral 
cervical vagotomy; iv) STM group, subjected to CLP, bilateral 
cervical vagotomy and electrical stimulation on the left vagus 
nerve trunk; v) α‑bungarotoxin (BGT) group was adminis-
tered α‑BGT prior to electrical stimulation; vi) Anti‑receptor 
for advanced glycation end products (RAGE) group, adminis-
tered intraperitoneal injection of anti‑RAGE antibody prior to 
electrical stimulation. The right carotid artery was cannulated 
to monitor mean artery pressure (MAP). The serum aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT) 
levels were measured to assess the liver function. Serum 
S100A8 and advanced glycation end product (AGE) levels 
were measured using enzyme‑linked immunosorbent assays. 
The expression of hepatic RAGE was determined by western 
blotting. The present study revealed that Sprague‑Dawley rats 
exhibited progressive hypotension and significantly increased 
serum AST and ALT levels following CLP challenge 
compared with the sham group. The levels of S100A8 and 
AGEs, and the protein expression of hepatic RAGE were 
significantly increased following CLP compared with the 
sham group. Vagus nerve electrical stimulation significantly 

prevented the development of CLP‑induced hypotension, alle-
viated the hepatic damage, reduced serum S100A8 and AGEs 
production, and reduced the expression of hepatic RAGE. 
The inhibitory effect of vagus nerve electrical stimulation 
was reversed by pre‑treatment with α‑BGT and enhanced by 
pre‑treatment with anti‑RAGE antibody. In conclusion, vagus 
nerve electrical stimulation may produce a protective effect on 
septic shock in rats by decreasing the production of S100A8.

Introduction

Septic shock is a complex pathophysiological process char-
acterized by hypotension, systemic inflammatory response 
syndrome (SIRS) and widespread multiple organ dysfunction 
syndrome (MODS), with a high mortality  (1). At present, 
a variety of pro‑inflammatory cytokines are excessively 
produced in the development of hypotension, tissue damage 
and organ injury during sepsis/septic shock (2,3).

S100A8 is a member of S100 calcium‑binding family of 
proteins, and can combine with its binding partner S100A9 to 
form a heterodimer of S100A8/A9 dimers (4). S100A8 protein 
is constitutively expressed in neutrophils and can be induced in 
monocytes and endothelial cells (5). S100A8 serves a variety of 
immune functions, including antibacterial activity, cell death 
induction, pro‑ and anti‑inflammatory properties, and activa-
tion of endothelial cells (6‑9). The levels of S100A8 have been 
shown to be increased following septic shock and decreased 
along recovery at both the protein and mRNA expression 
levels (10).

In recent years, the vagus nerve and the release of neurotrans-
mitters acetylcholine demonstrate anti‑inflammatory effect 
and reduce the production of pro‑inflammatory cytokines 
and lethal effect of biological toxin (11‑13). Stimulation of the 
vagus nerve has potential protective effects on the damaging 
effects of cytokine release, including endotoxemia, sepsis, 
ischemia/reperfusion injury, arthritis and other inflamma-
tory syndromes (14). Furthermore, vagus nerve stimulation 
demonstrated protective roles against septic shock in rats (15). 
However, the precise mechanisms underlying the anti‑inflam-
matory effects of the vagus nerve remain to be elucidated.

The present study established a septic shock model in rats 
by cecal ligation and puncture (CLP), a model of polymicro-
bial sepsis, and aimed to investigate the effects of vagus nerve 
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electrical stimulation on hemodynamics, liver function, the 
serum level of S100A8 and advanced glycation end products 
(AGEs), and the protein expression of hepatic receptor for 
advanced glycation end products (RAGE) following CLP 
challenge. α‑bungarotoxin (α‑BGT), an antagonist against 
nicotinic acetylcholine receptor α7 (α7‑nAChR) subunit, and 
anti‑RAGE antibody were applied in combination with vagus 
nerve electrical stimulation to examine the precise target point 
of the vagus nerve on septic shock and S100A8.

Materials and methods

CLP model. Male Sprague‑Dawley rats (SLRC Laboratory 
Animal Centre, Shanghai, China) weighing 200‑250 g were 
used to establish a polymicrobial sepsis model by the CLP 
procedure, which was performed, as described previously (16). 
Briefly, the animals were anesthetized with an intraperitoneal 
injection of ketamine (80 mg/kg; Henry Pharaceutical Co., 
Ltd., Jiangsu, China) and xylazine (12 mg/kg; Sigma‑Aldrich, 
St. Louis, MO, USA). A 2 cm incision was made near the 
lower midline of the abdomen to isolate the cecum. To ligate 
~30% of the cecum just below the ileocecal valve, to avoid 
bowel obstruction, 3.0 silk was used. This selected percentage 
of cecum ligation revealed a reproducible rate of mortality 
in Sprague‑Dawley rats  (17). An 18 g needle was used to 
puncture twice the ligated portion of cecum, causing a small 
quantity of contents expel into the abdominal cavity. Following 
this, the cecum was returned to its original location and the 
abdominal incision was closed in muscle and skin layers. No 
antibiotics were administered; however, the animals received 
normal saline (20 ml/kg) subcutaneously as fluid resuscita-
tion. The present study was performed according to the 
protocol approved by Animal Care and Study Committee of 
Shanghai Children's Hospital Affiliated to Shanghai Jiao‑Tong 
University (Shanghai, China).

Experimental protocols. A total of 36 rats were randomly 
divided into six equal groups: i) Sham group, receiving sham 
operation; ii) CLP group, subjected to CLP and the bilateral 
vagal trunks were isolated but not transected; iii) VGX group, 
subjected to CLP and bilateral cervical vagotomy; iv) STM 
group, subjected to CLP and bilateral cervical vagotomy, 
followed by bipolar platinum electrodes being connected 
to the left vagus nerve trunk in a stimulation module and 
controlled by an acquisition system; v) α‑BGT group, admin-
istered α‑BGT (1.0 µg/kg, i.v.; Sigma‑Aldrich) prior to vagus 
nerve electrical stimulation and following CLP and bilateral 
cervical vagotomy; vi) anti‑RAGE group, administered with 
intraperitoneal injection of anti‑RAGE neutralizing antibody 
(1 mg/kg; Beijing Bioss Biotech Co., Ltd., Beijing, China) 
prior to stimulation of the vagus nerve and following CLP and 
bilateral cervical vagotomy. The mean artery pressure (MAP) 
was monitored by cannulating into the right carotid artery.

Vagus nerve stimulation. The bipolar platinum electrodes 
were connected to left vagus nerve trunk in a stimulation 
module and controlled by an acquisition system. The vagus 
nerve was subjected to constant electrical stimulation (left 
cervical vagus, 5 V, 2 ms, 1 Hz). Immediately following CLP, 
stimulation was performed for 20 min. Firstly, the left vagus 

nerve trunk was exposed and isolated without transection. The 
animal was subsequently subjected to CLP operation, followed 
by cutting off the left vagus nerve trunk and electrical stimula-
tion.

Measurement of liver function markers. The serum was 
separated from blood samples of Sprague‑Dawley rats at 6 h 
after CLP by centrifugation (2,000 x g per min for 10 min), 
and was analyzed within 24 h using a chemistry analyzer 
(Hitachi 7170; Hitachi, Tokyo, Japan). Serum levels of alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) were measured to assess the liver function.

Measuring serum levels of S100A8 and AGEs by enzyme‑linked 
immunosorbent assay (ELISA). At 3 and 6 h after CLP or sham 
CLP operation, the whole blood sample was drawn via the 
right carotid artery (2 ml each). The serum was immediately 
separated by centrifugation at 2,000 x g for 15 min at 4˚C, and 
was divided into aliquots and stored at ‑70˚C for assay. ELISA 
was performed to measure serum levels of S100A8 (Hycult 
Biotechnology b.v., Uden, the Netherlands) and AGEs (Xitang 
Bio Technology Co., Ltd., Shanghai, China), according to the 
manufacturer's protocol. Ortho‑phosphoric acid (100 µl) was 
added to terminate the color reaction. A microplate reader 
(Spectra MR; Dynex, Chantilly, VA, USA) was used to acquire 
data. The concentrations of S100A8 or AGEs in the samples 
were calculated based on standard curves.

Western blot analysis. The rat hepatic tissue was dissected 
for analyzing protein levels by western blotting. The proteins 
from hepatic tissue were extracted and their concentrations 
were determined by bicinchoninic acid protein concentration 
assay kit (Beijing Biosea Biotechnology Co., Ltd., Beijing 
China). The cell lysates (50  µg) were separated by 10% 
sodium dodecyl sulfate‑polyacrylamide gel electrophoresis 
and the proteins were subsequently electrophoretically trans-
ferred onto polyvinylidene difluoride membranes (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The membrane was 
blocked in 5% non‑fat dry milk for 60 min in Tris‑buffer 
saline, containing 0.05% Tween 20, at room temperature. 
The blots were incubated with horseradish peroxidase 
(HRP)‑conjugated rabbit anti‑rat antibodies against RAGE 
(cat. no. sc‑33662; 1:1,000) or β‑actin (cat. no. sc‑1616; 1:1,000) 
for 1 h at 37˚C (Santa Cruz Biotechnology, Inc., Santa Cruz, 
CA, USA). The protein bands were detected using enhanced 
chemiluminescence (Pierce® ECL Plus Western Blotting 
Substrate; Pierce Biotechnology, Inc., Rockford, IL, USA). 
Gel‑Pro Analyzer software (version 4.0; Media Cybernetics, 
Rockville, MD, USA) was applied to analyze relative intensi-
ties of protein bands.

Statistical analysis. The data are expressed as mean ± stan-
dard deviation. Statistical analysis was performed using 
commercially available software (SPSS version 14.0; SPSS, 
Inc., Chicago, IL, USA). A one‑way analysis of variance was 
used to assess the differences between groups at the same time 
point, and two‑way analysis of variance was used for repeated 
measurements with multiple comparisons (Bonferroni test). 
P<0.05) was considered to indicate a statistically significant 
difference.
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Results

MAP. At baseline and 1 h after CLP, no significant differences 
were observed in the MAP between any of the groups. In 
the CLP group, MAP was significantly decreased compared 
with the sham group 3 and 6 h after CLP challenge (P<0.05). 
At  3  and 6  h after CLP challenge, the MAP increased 
significantly in the STM group compared with the sham group 
(P<0.05). The inhibitory effect on septic shock of vagus nerve 
electrical stimulation was attenuated by α‑BGT pre‑treatment 
and enhanced by anti‑RAGE antibody pre‑treatment. After 
CLP challenge, MAP was decreased in the VGX group 
compared with the CLP group, with no significant difference 
(Fig. 1).

Blood biochemistry evaluation. To evaluate the hepatic injury 
by CLP induced septic shock, the serum AST and ALT levels 
were measured in Sprague‑Dawley rats at  6  h after CLP. 
Serum AST and ALT levels were significantly increased by 
CLP challenge compared with the sham group (P<0.05). By 
contrast, the STM group exhibited significantly decreased 
serum AST or ALT levels compared with that in the CLP 
group (P<0.05; Fig. 2).

Serum levels of S100A8. To examine whether vagus nerve 
electrical stimulation can modulate the production of 
S100A8 in septic shock rats, ELISA was performed to measure 
serum S100A8  levels. The serum levels of S100A8  were 
significantly increased at 3 and 6 h after the CLP induction. 
More serum S100A8 production was observed after bilateral 
cervical vagotomy compared with the CLP group, with no 
significant difference. The left vagus nerve electrical stimu-
lation significantly reduced serum production of S100A8. 
α‑BGT pre‑treatment significantly reversed, while anti‑RAGE 
antibody pre‑treatment significantly enhanced the inhibitory 
effect of vagal electrical stimulation in serum S100A8 level 
(Fig. 3).

Serum levels of AGEs. The serum levels of AGEs were 
measure by ELISA at 3 and 6 h after CLP. Compared with 
the sham group, a significant increase in the serum levels 
of AGEs was observed in the CLP group (P<0.05). Vagus 
nerve electrical stimulation significantly reduced the levels 
of AGEs compared with the CLP group. The inhibitory 
effect on serum levels of AGEs was significantly reversed by 
α‑BGT pre‑treatment and enhanced by anti‑RAGE antibody 
pre‑treatment (Fig. 4).

Figure 1. Changes of the MAP. The MAP following CLP challenge was assessed for the Sham, CLP, VGX, STM, α‑BGT and anti‑RAGE groups. The data 
are expressed as the mean ± standard deviation (*P<0.05, compared with the Sham group; #P<0.05, compared with the CLP group; ΔP<0.05, compared with 
the STM group). MAP, mean artery pressure; CLP, cecal ligation and puncture; VGX, CLP + bilateral cervical vagotomy; STM, CLP + bilateral cervical 
vagotomy + electrical stimulation; BGT, bungarotoxin; RAGE, receptor for advanced glycation end products.

Figure 2. Serum levels of AST and ALT 6 h after CLP challenge (n=6). The data are expressed as the mean ± standard deviation (*P<0.05, compared with 
the Sham group; #P<0.05, compared with the CLP group. CLP, cecal ligation and puncture; VGX, CLP + bilateral cervical vagotomy; STM, CLP + bilateral 
cervical vagotomy + electrical stimulation; AST, aspartate aminotransferase; AST, alanine aminotransferase.
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Hepatic protein expression of RAGE. Western blotting was 
performed to detect the hepatic protein expression of RAGE 
at 6 h after CLP challenge. The protein expression of hepatic 
RAGE was significantly increased in the CLP group compared 
with the sham group (P<0.05). Vagus nerve electrical stimula-
tion significantly decreased the protein expression of hepatic 
RAGE compared with the CLP group (P<0.05). By contrast, 
no significant differences were observed in the hepatic RAGE 
protein expression between the CLP and VGX groups (Fig. 5).

Discussion

Previously, the cholinergic anti‑inflammatory pathway was 
identified to associate the central nervous system with the 
immune system (18). In the present study, a septic shock model 
was established in Sprague‑Dawley rats by CLP. This revealed 
that CLP provoked progressive hypotension and liver damage, 
elevated serum S100A8 and AGEs levels, and enhanced the 
protein expression of hepatic RAGE. Application of electrical 
stimulation to the vagus nerve significantly attenuated the 
CLP‑induced hypotension and liver damage, decreased serum 
S100A8 and AGEs levels, and reduced the protein expression 
of hepatic RAGE. The present study indicated that the cholin-
ergic anti‑inflammatory pathway can significantly inhibit the 

production of the inflammatory cytokine, S100A8. Following 
bilateral cervical vagotomy, α‑BGT administration reversed, 
while anti‑RAGE antibody administration enhanced, the 
effects of vagus nerve electrical stimulation. Furthermore, 
the cholinergic anti‑inflammatory pathway also inhibited 
serum AGEs levels and hepatic RAGE protein, which may 
be associated with the inhibition of S100A8 by vagus nerve 
electrical stimulation. Therefore, the present study found 
that the cholinergic anti‑inflammatory pathway can inhibit 
serum S100A8 levels, and serum AGEs and hepatic RAGE 
protein may mediate the mechanisms underlying the inhibi-
tion of S100A8 production and cholinergic anti‑inflammatory 
pathway.

In patients of several acute or chronic inflammatory 
diseases, S100A8  is increased. Higher concentrations of 
S100A8 protein has been identified in inflamed tissue of 
rheumatoid arthritis, compared with healthy individuals (19). 
Furthermore, elevations of S100A8 protein have been found in a 
variety of diseases, including acute pancreatitis (20), transplant 
rejection (21), inflammatory bowel disease (22), myocardial 
infarction (23) and appendicitis (24). Elevated protein expres-
sion of S100A8 has also been described in sepsis and septic 
shock. Serum S100A8 concentration was increased in patients 
with severe sepsis (25). The present study also revealed that 

Figure 4. Serum levels of AGEs levels in different groups at 3 and 6 h after CLP challenge (n=6). An enzyme‑linked immunosorbent assay was performed 
to measure the serum levels of AGEs in Sprague‑Dawley rats. The data are expressed as the mean ± standard deviation (*P<0.05, compared with the Sham 
group; #P<0.05, compared with the CLP group). CLP, cecal ligation and puncture; VGX, CLP + bilateral cervical vagotomy; STM, CLP + bilateral cervical 
vagotomy + electrical stimulation; BGT, bungarotoxin; RAGE, receptor for advanced glycation end products; AGEs, advanced glycation end products.

Figure 3. Serum levels of S100A8 at 3 and 6 h after CLP challenge (n=6). An enzyme‑linked immunosorbent assay was performed to measure the serum levels 
of S100A8 in Sprague‑Dawley rats. The data are expressed as the mean ± standard deviation (*P<0.05, compared with the Sham group; #P<0.05, compared with 
the CLP group; ΔP<0.05, compared with the STM group). CLP, cecal ligation and puncture; VGX, CLP + bilateral cervical vagotomy; STM, CLP + bilateral 
cervical vagotomy + electrical stimulation; BGT, bungarotoxin; RAGE, receptor for advanced glycation end products.
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the S100A8 protein is increased in CLP‑induced septic shock 
rats. Additionally, vagus nerve electrical stimulation reduced 
the protein expression of S100A8, with attenuation of septic 
shock. This indicated that the decreased protein expression 
of S100A8 is associated with the therapeutic effects of vagus 
nerve electrical stimulation on septic shock, since serum levels 
of S100A8 protein were decreased during the recovery from 
septic shock (10).

In the development of multiple organ dysfunction syndrome, 
induced by septic shock, microvascular blood flow disturbances 
are pivotal and lead to a decreased perfusion and blood flow 
velocity, and formation of microthrombi in the liver sinusoids, 
thereby enhancing liver tissue ischemia and damage (26). In 
the present study, the serum AST and ALT levels were signifi-
cantly increased in septic shock, and this indicated that CLP 
induced the hepatic damage. Vagus nerve electrical stimulation 
decreased the serum AST and ALT levels, and demonstrated 
that the cholinergic anti‑inflammatory pathway can alleviate 
the hepatic damage in septic shock rats. Neutrophils are 
important immune effectors for inflammatory responses, and 
the recruitment and infiltration of neutrophils are associated 
with pathology of liver injury induced by a variety of diseases 
and toxicities (27). In circulating human blood neutrophils, 
S100A8 constitutes ~20% of the cytosolic protein fraction (28). 
S100A8 is an inflammatory factor of neutrophils and has strong 
chemotactic effects on neutrophils around inflammatory foci. 
S100A8 can also combine with its partner S100A9 to regulate 
hepatic CXCL‑2 expression and neutrophil recruitment in an 
injured liver (29). Therefore, in the present study, the elevated 
S100A8 protein may promote the neutrophil recruitment in 
injured liver and release of AST and ALT.

In the present study, serum levels of AGEs were signifi-
cantly increased in septic shock rats, and were decreased by 

vagus nerve electrical stimulation. AGEs are non‑enzymatic 
glycation/oxidation products of proteins/lipids, and accumu-
late during natural aging and are augmented in numerous 
disorders. In septic shock patients, serum levels of AGEs are 
associated with serum level of asymmetric dimethylarginine, 
which is significantly higher in septic shock patients compared 
with in healthy volunteers (30). The accumulation of AGEs 
is also associated with inflammation, which is confirmed by 
the report that AGEs increased S100A8 mRNA expression 
through the RAGE‑mitogen‑activated protein kinase signaling 
pathway under diabetic pulp conditions (31). In the present 
study, the expression pattern of serum AGEs was similar to that 
of S100A8, therefore, AGEs may be one regulator upstream of 
S100A8 in septic shock. The present study also suggested that 
vagus nerve electrical stimulation can inhibit AGEs produc-
tion. Notably, nicotine has been reported to inhibit the actions 
of two subtypes of AGEs, AGE‑2 and AGE‑3, in human mono-
cytes (32). Nicotine is a specific activator of α7‑nAChR and 
is reported to inhibit the activation of monocytes. α7‑nAChR 
is the receptor for acetylcholine, a neurotransmitter released 
from the vagus nerve. In the present study, it remains unknown 
whether vagus nerve electrical stimulation directly reduces 
the production of AGEs or if decreased serum AGEs are 
the result of attenuated septic shock. In the senescent mouse 
brain, declined expression of muscarinic acetylcholine 
receptor M1 (mAChR1), another receptor subtype for acetyl-
choline, is correlated with increased expression of AGEs (33). 
Therefore, the regulation between the vagus nerve and AGEs 
deserves further investigation.

RAGE can activate multiple inflammatory pathways 
of numerous physiological and pathological processes. 
Recently, RAGE has been observed to serve important roles 
in sepsis by perpetuating inflammation (34). In the present 

Figure 5. Expression of RAGE protein in different groups at 6 h after CLP challenge (n=6). (A) The protein expression of RAGE was determined in the hepatic 
tissue of Sprague‑Dawley rats. Whole cell extracts were immunoblotted with the antibody against RAGE. β‑actin was used as an internal control. The data 
are a representative figure of six independent experiments. (B) The relative protein expression of RAGE was quantified. The band density was converted 
into grayscale values followed by normalization against β‑actin. The data are expressed as the mean ± standard deviation (*P<0.05, compared with the Sham 
group; #P<0.05, compared with the CLP group). CLP, cecal ligation and puncture; VGX, CLP + bilateral cervical vagotomy; STM, CLP + bilateral cervical 
vagotomy + electrical stimulation; RAGE, receptor for advanced glycation end products.
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study, the protein expression of hepatic RAGE was signifi-
cantly increased in septic shock rats, and was decreased by 
vagus nerve electrical stimulation. RAGE is a transmem-
brane receptor of the immunoglobulin superfamily. Deletion 
of RAGE inhibits the lethal effects of septic shock, induced 
by CLP  (35), and this indicates that RAGE may serve a 
pro‑inflammatory role and promote the development of septic 
shock. Notably, compared with healthy volunteers, septic 
patients exhibited elevated plasma soluble RAGE (sRAGE) 
concentrations, and among septic patients, non‑survivors 
had higher plasma sRAGE concentrations compared with 
the survivors, indicating that sRAGE may be a parameter for 
severity and outcome of septic patients (36). Up until now, 
no report about the regulation between the vagus nerve and 
RAGE has been published. Therefore, it remains unknown 
whether vagus nerve electrical stimulation directly reduces 
the protein expression of hepatic RAGE or if decreased 
RAGE protein is the result of attenuated septic shock. It was 
reported that AGEs upregulate the expression of RAGE in 
various tissue types, and form a positive feedback loop (37). 
The positive association between serum AGEs and serum 
sRAGE was observed in non‑diabetic subjects and patients 
with type  2  diabetes  (38,39). Therefore, hepatic RAGE 
protein may be regulated by AGEs in septic shock rats. In 
THP‑1 human monocytes, AGE pre‑incubation resulted in 
upregulation of RAGE, and AGE pre‑treatment, followed by 
interleukin (IL)‑6 or tumor necrosis factor (TNF)α stimulation 
further increased the mRNA expression levels of S100A8 and 
S100A9 and increased the release of S100A8/A9 into the cell 
culture supernatant. AGEs‑mediated S100A8/A9  expres-
sion and release were RAGE‑dependent (40). Therefore, the 
hepatic RAGE protein may be regulated by AGEs and RAGE 
protein also may be a regulator upstream of S100A8 in septic 
shock rats. Furthermore, since S100A8/A9 has been identified 
as a ligand of RAGE (40), the protective effect of S100A8 is 
mediated by RAGE in septic shock rats. This indicated that 
inhibition of RAGE has potential therapeutic effect on septic 
shock. Notably, in the present study, anti‑RAGE antibody 
pre‑treatment significantly enhanced MAP elevation and 
S100A8 decrease induced by vagus nerve electrical stimula-
tion. The present result is in accordance with a previous report 
that anti‑RAGE monoclonal antibody served a protective 
effect and offered a survival advantage to septic mice (41).

However, the precise mechanisms underlying the inhibitory 
effects of vagus nerve electrical stimulation on S100A8 and 
RAGE proteins remains unclear. In addition, the roles of other 
cytokines, including IL‑6 and TNFα, require further investiga-
tion, including their effect on septic shock and the expression 
of S100A8.

In conclusion, vagus nerve electrical stimulation attenu-
ated hypotension and liver injury, decreased the production 
of the pro‑inflammatory cytokine, S100A8 in vivo. The vagus 
nerve released acetylcholine, and may inhibit the release and 
synthesis of AGEs significantly, which regulate the expres-
sion levels of S100A8 and RAGE. The protective effect of 
S100A8 on septic shock may be mediated by RAGE, as the 
anti‑RAGE antibody can enhanced the protective effects 
of vagus nerve electrical stimulation. The present study 
demonstrated that S100A8 may be a diagnostic marker for 
sepsis and septic shock. Further investigation is required to 

evaluate the feasibility of S100A8 as a therapeutic target in 
septic shock. 
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