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Abstract
Background Sepsis is the leading cause of death in hospitalized patients in the intensive care unit (ICU). Although substantial 
progress has been made in studies on the treatment of sepsis, the mortality rate remains extremely high. We have previously 
reported that electroacupuncture (EA) induced tolerance against sepsis, but the underlying mechanism remains unclear.
Methods C57BL/6 mice were pretreated with EA before sepsis was induced by cecal ligation and puncture (CLP). Then 
the indexes associated with pulmonary edema and mortality were tested. And the changes of endogenous cholinergic anti-
inflammatory pathway especially their typical receptor α7nAChR were detected. Finally, the mechanism of EA in sepsis was 
explored through regulating the expression of α7nAChR.
Results The expression of α7nAChR was significantly decreased after sepsis, while EA prevented this reduction. Methyl-
lycaconitine (MLA), an antagonist of α7nAChR, attenuated the beneficial effects of EA. On the other hand, as an α7nAChR 
agonist, GTS-21 produced similar protective effects against sepsis. Furthermore, the EA-induced enhancement of α7nAChR 
and inhibition of NF-κB expression in the lungs were reversed by MLA administration.
Conclusions EA robustly protects the lungs against sepsis and inhibits NF-κB release by activating α7nAChR in mice.

Keywords Sepsis · Electroacupuncture · Cholinergic anti-inflammatory pathway · α7 nicotinic acetylcholine receptor · NF-
κB

1 Introduction

Sepsis is the leading cause of mortality in noncoronary 
intensive care units (ICUs), and it kills over 250,000 patients 
annually and accounts for 9.3% of deaths in the United States 
[1, 2]. Among septic patients, the inflammatory cascade pro-
duces an uncontrolled inflammatory response, which is the 
major cause of tissue injury and poor prognosis [3]. Morbid-
ity/mortality in sepsis is principally caused by injury and 
dysfunction of multiple organs, most commonly acute lung 

injury (ALI)/acute respiratory distress syndrome (ARDS) 
[4–7]. However, efforts to block or inhibit inflammatory 
responses to improve septic outcomes have failed in clini-
cal trials [8]. Electroacupuncture (EA), a potent endogenous 
protective strategy, activates several endogenous signaling 
pathways that result in tolerance against different kinds of 
injury. We previously reported that EA preconditioning, also 
known as EA pretreatment, induced robust neuroprotection 
against transient cerebral ischemic injury [9, 10]. However, 
the underlying mechanism of EA, especially in the area of 
sepsis, is unclear.

One of the hallmarks of sepsis is overwhelming inflam-
matory responses that cause multiple organ failure [11–15]. 
Acute microbial (bacterial or viral) infections responsible 
for sepsis cause severe inflammatory injury to the lungs, 
leading to the development of acute lung injury/inflamma-
tion (ALI) [16]. EA has been demonstrated to induce anti-
inflammatory effects by inducing the endogenous cholin-
ergic anti-inflammatory pathway in the brain [17, 18]. The 
cholinergic anti-inflammatory pathway plays an essential 
role in regulating systemic immunity through the autonomic 
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nervous system, indicating high potential for clinical use in 
the treatment of hyperimmune inflammatory diseases [19]. 
The cholinergic anti-inflammatory pathway directly modu-
lates the systemic response to pathogenic invasion through 
neural-immune interaction [19]. Using vagotomy, Tracey 
et al. found α7nAChR regulates immune response through 
the central nervous system-vagus nerve and acetylcholine 
pathway. It’s reported that the cholinergic anti-inflamma-
tory signaling pathway was activated by selective activat-
ing α7nAChR, thereby modulating NF-κB and oxidative 
stress activity [20]. Furthermore, activation of α7nAChR 
protects against LPS-induced acute lung injury by inhibiting 
the TLR4/MyD88/NF-κB pathway [21]. However, whether 
the endogenous cholinergic anti-inflammatory pathway is 
involved in the ability of EA to protect against sepsis has 
not been elucidated.

Here, our goal is to reveal new pathways and therapeu-
tic directions for sepsis treatment in clinical ICU patients 
by activating cholinergic anti-inflammatory pathways. We 
attempt to demonstrate that EA is an effective intervention 
against sepsis. Besides, we are trying to document whether 
α7nAChR is involved in lung injury induced by sepsis.

2  Materials and Methods

2.1  Experimental Animals and Drugs

The experimental protocol used in this study was approved 
by the Ethics Committee for Animal Experimentation of 
Fourth Military Medical University and was conducted 
according to the Guidelines for Animal Experimentation of 
Fourth Military Medical University. Male C57BL/6 mice 
weighing 20–25 g were housed under controlled conditions 
with a 12-h light/dark cycle, a temperature of 23 ± 1 °C. The 
mice were allowed free access to a standard rodent diet and 
tap water. Animals were randomly distributed in different 
experimental groups.

C57BL/6 mice were randomly divided into the fol-
lowing groups: Sham, CLP, EA + CLP, EA-sham + CLP, 
MLA + EA + CLP, GTS-21 + CLP, and EA + GTS-21 + CLP. 
The EA + CLP group was started with electroacupuncture 
treatment five days before modelling, which selects the 
Zusanli points and the stimulation intensity of 1 mA, 2 Hz 
dense wave. This lasts for five days, of which half an hour 
per day. Mice were anesthetized with isoflurane during 
30 min of electroacupuncture every day, and the mice were 
awake at the end of electroacupuncture, 30 min a day for 
5 days. The EA-sham + CLP group only acupuncture points 
without electrical stimulation. We administered mice to 
GTS-21 or MLA treatment 30 min prior to electroacupunc-
ture. All drugs were given through intraperitoneal injection.

The specific α7nAChR agonist 3-[2,4-dimethoxyben-
zylidene] anabaseine (GTS-21) was obtained from Abcam 
(London, UK). The drug was administered at a dose of 
4 mg/kg according to a previous study [22]. The specific 
α7nAChR antagonist methyllycaconitine (MLA) was 
obtained from Sigma-Aldrich (Darmstadt, Germany). The 
drug was administered at a dose of 5 mg/kg according to 
a previous study [23]. We administered mice to GTS-21 or 
MLA treatment 30 min prior to electroacupuncture [24]. All 
drugs were given through intraperitoneal injection.

2.2  Cecal Ligation and Puncture (CLP) Model

CLP is the most clinically relevant experimental model 
of sepsis because inflammatory responses are induced by 
both polymicrobial peritonitis caused by cecal puncture and 
necrotic tissue produced by cecal ligation. Briefly, anesthesia 
was induced with an intraperitoneal injection of pentobar-
bital sodium (50 mg/kg in saline). Then, a midline incision 
was made in the abdomen, and the cecum was isolated. We 
placed a 6–0 prolene ligature 5.0 mm from the cecal tip, 
away from the ileocecal valve; the ligated cecal stump was 
then punctured once with a 22-gauge needle, and the stool 
was extruded (1 mm). We then placed the cecum back into 
its normal intra-abdominal position and closed the abdo-
men with a running suture of 6–0 prolene. The abdominal 
wound was closed in two separate layers, the peritoneum 
and fascia, to prevent leakage of fluid. All animals received 
resuscitative normal saline (20 ml/kg body weight) imme-
diately after surgery. Animals were subjected to a standard 
CLP procedure with a 50% average mortality rate, as noted 
in a previous study [25]. We administered mice to GTS-21 or 
MLA treatment starting 30 min prior to electroacupuncture. 
All drug treatments were given by intraperitoneal injection. 
After the end of the last EA pretreatment, the animals were 
subjected to CLP models for 24 h [18, 26]. The mice in the 
Sham group underwent a similar protocol without ligation.

2.3  Electroacupuncture

Electroacupuncture was performed by stimulating both limbs 
at the ST36 Zusanli acupoint by inserting each 12 mm uni-
polar stainless steel needle electrode (EL452, Biopac Sys-
tems, Goleta, CA) to a depth of approximately 3 mm at each 
acupoint. The ST36 Zusanli acupoint is located 2 mm lateral 
to the anterior tubercle of the tibia in the anterior tibial mus-
cle and 4 mm distal to the lower point of the knee joint. This 
acupoint is located in the proximity of the common peroneal 
and tibial branches of the sciatic nerve [27, 28]. Briefly, the 
animals were anesthetized, and the Zusanli (ST36) acupoint 
was stimulated at an intensity of 1 mA and a frequency of 
2 Hz for 30 min daily and received EA preconditioning for 
consecutive 5 days using the Hwato Electronic Acupuncture 
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Treatment Instrument (Model No. SDZ-V, Suzhou Medi-
cal Appliances Co., Ltd., Suzhou, China). Sham treatments 
included the same procedure but used nonelectrical wood 
“toothpicks” instead of electrodes. The core temperature of 
all the mice was maintained at 37.0 ± 0.5 °C during EA by 
surface heating or cooling (Spacelabs Medical Inc., Red-
mond, WA).

2.4  Lung W/D Ratio

We used the ratio of lung wet to dry weight to judge the 
degree of pulmonary edema. The left lungs of mice were 
collected and weighed to obtain the “wet” weight. The “dry” 
weight of the lungs was obtained at 56 °C after multiple 
weighing at a constant weight. The wet/dry ratio (W/D) was 
quantified.

2.5  Western Blot Analysis

At 24 h after surgery, the mice were deeply anesthetized, 
and the lungs were collected. The tissue was homogenized 
on ice in RIPA lysis buffer (Beyotime, Nantong, China) with 
1 × Roche complete protease inhibitor cocktail and 1 mM 
phenylmethylsulfonylfluoride (PMSF). The following pri-
mary antibodies were used in this study: anti-α7nAChR rab-
bit polyclonal antibody (1:300 dilution, Abcam), anti-β-actin 
mouse monoclonal antibody (1:1000 dilution, Santa Cruz 
Biotechnology), and anti-NF-κB p65 mouse primary anti-
body (1:100 dilution, Cell Signaling Technology). Appropri-
ate secondary horseradish peroxidase-conjugated goat anti-
rabbit or goat anti-mouse antibodies (1:5000 dilution, Pierce 
Biotechnology Inc.) were used. Semiquantitative analysis 
of the blots was performed using densitometry followed by 
quantification with the NIH image program (NIH Image 
Version 1.61). Each sample was subjected to immunoblot-
ting three times, and the final optical density value (relative 
to that for the internal standard) represents the average of 
these three separate analyses. A total of 50 μg of protein was 
loaded onto a 10–15% sodium dodecyl sulfate/polyacryla-
mide gel and blotted onto nitrocellulose membranes after 
electrophoresis. The intensity of each band was quantified 
with Quantity One-4.2.3 software (Bio-Rad, Hercules, Calif) 
and normalized to β-actin by density analysis.

2.6  Double Immunofluorescence

At 24 h after surgery, the mice were deeply anesthetized 
and transcardially perfused with PBS and 4% paraformalde-
hyde. To ensure that homologous areas of injury were sam-
pled between animals, parallel sets of sections from − 3.0 to 
− 5.0 mm from the Bregma (covering the infarct area) were 
used. The 12-μm thick coronal sections were incubated 
for 12 h at room temperature with the following primary 

antibodies: anti-α7nAChR rabbit polyclonal antibody (1:300 
dilution, Abcam) and anti-CD68 mouse monoclonal antibody 
(1:500 dilution, Abcam). After washing three times with PBS, 
sections were incubated for 1 h at room temperature with 
Alexa Fluor 488-labeled goat anti-mouse IgG (1:1000 dilu-
tion, Abcam) and Alexa Fluor 594-labeled goat anti-rabbit IgG 
(1:1000 dilution, Abcam). Sections incubated without primary 
or secondary antibodies served as negative controls. Finally, 
the sections were observed, and images were captured using 
an Olympus BX-60 fluorescence microscope (Olympus Cor-
poration, Japan).

2.7  Lung Histology and Grading

The lungs were removed from the mice and immediately fixed 
in 4% paraformaldehyde, embedded in paraffin, cut into 5-μm 
sections, and stained using hematoxylin and eosin (H&E). We 
observed histological changes in lung tissues under a light 
microscope at 400 × magnification, according to lung injury 
scores [29].

2.8  Peritoneal Lavage

The mice were anesthetized with an intraperitoneal injection 
of pentobarbital sodium (50 mg/kg in saline) and then fixed 
on the operating table, and the hair on the abdomens of the 
mice was cut with a curved shear and then wiped with 75% 
alcohol. The skin of the abdomen was lifted with forceps to 
inject the salt solution. Five milliliters of acidic buffer (PBS) 
was added, the abdomen of the mouse was gently massaged 
with a thumb for 1 min, and the PBS was removed; this pro-
cedure was repeated three times, and the PBS lavage fluid was 
returned to a 4 °C pre-cooled centrifuge tube. After centrifu-
gation (1500 rpm, 4 °C, 10 min), the supernatant was stored 
in a − 80 °C refrigerator, and the expression levels of the pro-
inflammatory factors TNF-α and IL-1β were measured by an 
ELISA kit.

2.9  Statistical Analysis

SPSS 19.0 for Windows (SPSS Inc., Chicago, IL) was used to 
conduct statistical analyses. All values except for lung injury 
scores are presented as the mean ± SEM and were analyzed 
by one-way analysis of variance. Between-group differences 
were detected with Tukey’s post hoc tests. Survival curves and 
comparisons between curves were assessed using the Mantel-
Cox log-rank test. A P value of less than 0.05 was considered 
to be statistically significant.
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3  Results

3.1  EA Improves Survival and Reduces Lung Injury 
in Septic Mice

First, we examined the protective effect of EA against sep-
sis in mice. For this purpose, we utilized a model of CLP-
induced sepsis, as we described previously [30]. The sur-
vival rate of the mice was significantly decreased in the 
CLP group compared to the Sham group. EA significantly 
improved the survival of the mice at 7 days after sepsis 
(Fig. 1A). Since sepsis causes severe pulmonary edema, 
in the current study, we focused on the pathology of the 
lung after sepsis and EA. The ratio of wet to dry weight of 
lung tissue reflects the degree of pulmonary edema [31]. 
As shown in Fig. 1B, the ratio of wet to dry weight was 
relatively small in the Sham group, whereas it was signifi-
cantly increased in the CLP group. EA significantly reduced 
the extent of lung edema in septic mice induced by CLP 
(Fig. 1B). Together, these findings reveal that EA improves 
survival and reduces lung injury in septic mice.

3.2  EA Alleviates the Sepsis‑Induced 
Downregulation of α7nAChR

The cholinergic anti-inflammatory pathway is an emerg-
ing discovery in the field of immunology and has been 
widely explored. It has been demonstrated that α7nAChR 
is a crucial regulator of the cholinergic anti-inflammatory 
pathway. As demonstrated by Western blot analysis, pul-
monary α7nAChR expression was significantly reduced in 
septic mice, while EA reversed this reduction (Supplemen-
tary Fig. 1, Fig. 2A). In addition, our immunofluorescence 

staining showed that α7nAChR immunoreactivity colocal-
ized with CD68, a molecule expressed on the surface of mac-
rophages in the lung, and macrophage α7nAChR decreased 
after sepsis. In accordance with the Western blot results, 
EA increased α7nAChR expression in macrophages in the 
lungs (Fig. 2B, 2C). These results indicated that α7nAChR 
downregulation may be involved in lung injury in sepsis and 
that EA may be protective by reversing this downregulation.

3.3  MLA, an Inhibitor of α7nAChR, Attenuates 
the Protective Effect of EA in Septic Mice

To confirm the crucial role of α7nAChR in the protective 
effect of EA, we treated mice with MLA, an inhibitor of 
α7nAChR (Supplementary Fig. 2). We found that MLA 
attenuated the protective effects of EA on mouse survival 
(Fig. 3A). The CLP group showed perivascular edema and 
peribronchial infiltration, and the alveolar spaces were filled 
with alveolar macrophages and inflammatory cells (Fig. 3B). 
In addition, there was a significant increase in the lung 
pathological scores in the CLP group compared with the 
Sham group (Supplementary table 1). Compared to the CLP 
group, the EA + CLP group significantly reduced perivas-
cular edema, peribronchial inflammation and macrophage 
infiltration in the alveolar space. Moreover, MLA treatment 
significantly reversed the protective effect of EA on the 
lung tissue of septic mice (Fig. 3B, Supplementary table 1). 
Meanwhile, EA + Sham and MLA + Sham have no effect on 
survival and histopathological changes of lung for the mice 
without sepsis (Supplementary Figs. 4, 5 and Supplemen-
tary table 3). These results indicate that α7nAChR plays an 
essential role in the protection against sepsis induced by EA.

Fig. 1  EA pretreatment improved the survival rate and reduced lung edema in septic mice. A Survival curve 7 days after surgery in four groups 
of mice (n = 20 for each group). B The ratio of wet to dry weight of the lung (n = 6 for each group). *P < 0.05 vs. Sham; #P < 0.05 vs. CLP
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Fig. 2  EA pretreatment upregulated the expression of α7nAChR in 
the lungs of septic mice. A Immunoblot of α7nAChR in the lungs of 
each group of mice (n = 3 for each group). B Immunofluorescence of 
α7nAChR in the lungs of each group of mice. C Statistical analysis 

of macrophages double-labeled for CD68 and α7nAChR in the lungs 
of each group of mice (n = 3 for each group). Red represents CD68 
expressed by macrophages, and the green represents α7nAChR. Scale 
bars = 50 µm. *P < 0.05 vs. Sham; #P < 0.05 vs. CLP
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3.4  GTS‑21, an Agonist of α7nAChR, Mimics 
the Protective Effect of EA

To further validate the relationship between EA and the 
cholinergic anti-inflammatory pathway, we used GTS-21, 
an agonist of α7nAChR (Supplementary Fig. 3). Survival 
analysis indicated that GTS-21 significantly improved 
survival after sepsis, with an effect as strong as that of 
EA. When GTS-21 and EA were simultaneously applied 
to septic mice, the survival rate of septic mice was almost 
the same as that observed after EA or GTS-21 treatment 
alone (Fig. 4A). There were a large number of infiltrating 
inflammatory cells in the CLP group compared with the 
Sham group. In addition, the lung injury score was sig-
nificantly increased in the CLP group compared with the 
Sham group. However, the number of infiltrating inflam-
matory cells decreased in the GTS-21 + CLP and GTS-
21 + EA + CLP groups, with a significantly decreased 
lung injury score compared with the CLP group (Fig. 4B, 
Supplementary table 2). Meanwhile, GTS-21 + Sham has 
no effect on survival and histopathological changes of 
lung for the mice without sepsis (Supplementary Fig. 4, 
5 and Supplementary table 3). These results suggest that 

activation of α7nAChR is an essential mediator of the pro-
tective effect of EA.

3.5  EA Alleviates Inflammatory Responses 
and Attenuates NF‑κB Activity in Septic Mice

In the early stage of sepsis, the body releases pro-inflamma-
tory cytokines, such as TNF-α and IL-1β, which cause proin-
flammatory hyperplasia and systemic inflammatory response 
syndrome [32]. EA at the ST36 Zusanli acupoint reduced 
the CLP-induced levels of pro-inflammatory cytokines 
analyzed in peritoneal lavage fluid, including TNF-α and 
interleukin-1β (IL-1β) (Fig. 5A, B), while increasing the 
release of anti-inflammatory factor IL-10 (Fig. 5C). Com-
pared with CLP groups, GTS-21 significantly down-regu-
lated the levels of TNF-α, IL-1β, and increased the release of 
IL-10. Moreover, MLA treatment significantly reversed the 
anti-inflammatory effect of EA (Fig. 5D, E, F). Our Western 
blot analysis showed that EA reduced the expression level of 
NF-κB p65 in the lung. However, MLA treatment reversed 
this downregulation (Fig. 5H). In addition, GTS-21 and EA 
significantly reduced the expression level of NF-κB p65 in 
the lungs of septic mice (Fig. 5I).

Fig. 3   α7nAChR inhibitors reversed the protective effect of EA pre-
treatment against sepsis. A Survival curve 7 days after surgery in four 
groups of mice (n = 20 for each group). B Lungs were removed for 
histopathologic examination using hematoxylin and eosin staining 

(n = 3 for each group), EA pretreatment reduced perivascular edema, 
peribronchial inflammation and macrophage infiltration in the alveo-
lar space in septic mice, yet MLA reversed the protective effect of 
EA. Scale bars = 200 µm. *P < 0.05 vs. Sham; #P < 0.05 vs. CLP
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4  Discussion

Sepsis usually occurs after trauma, burns, bleeding, or 
abdominal surgery and progresses to multiple organ failure. 
The hallmark of sepsis is systemic inflammatory response 
syndrome, during which the lung is one of the first and most 
severely affected organs [33]. Current treatments focus on 
broad-spectrum antibiotics and restoring tissue oxygenation 
to reduce mortality, but mortality in sepsis patients is still 
as high as 30% [34, 35]. The cholinergic anti-inflammatory 
pathway is a neural α7nAChR-dependent mechanism that 
suppresses the innate inflammatory response [36, 37] and 
provides a novel opportunity for improving sepsis therapy. 
However, whether the cholinergic anti-inflammatory path-
way confers a protective effect against sepsis induced by EA 
is still unclear.

CLP can simulate a polymicrobial infectious focus within 
the abdominal cavity, followed by bacterial translocation 
into the blood compartment, which then triggers a systemic 
inflammatory response [30]. This model perfectly mimics 
the pathophysiology of sepsis inside the human body and has 
been considered the gold standard for sepsis research [38]. 
Therefore, in the current study, we used the CLP model to 
investigate the protective effect of EA and the underlying 
mechanism.

Studies have reported that EA with stimulation of the 
Zusanli acupoint (ST36) reduced serum TNF-α levels in 

septic rats, which was achieved by a catecholamine-depend-
ent mechanism. Additionally, recent research indicates that 
the specific molecular mechanism of this effect stimulated 
by electroacupuncture may be related to the NF-κB signaling 
pathway [39, 40]. The previous study in our lab reported that 
EA could attenuate cerebral ischemic injury via regulation 
of α7nAChR-mediated inhibition of HMGB1 release in rats 
[18]. However, our study is the first to use EA treatment, 
agonist and antagonist of α7nAChR in CLP induced sepsis. 
We demonstrate α7nAChR is a crucial protective determi-
nant induced by electroacupuncture against sepsis. Further-
more, we are the first to demonstrate electroacupuncture 
increased α7nAChR expression and therefore inhibit NF-κB 
activity in the septic lung. In the present study, we found that 
α7nAChR protein expression significantly decreased in sep-
tic mice, while electroacupuncture reversed this reduction. 
In addition, our immunofluorescence staining showed that 
α7nAChR immunoreactivity colocalized with macrophage 
immunoreactivity, indicating the effect of electroacupunc-
ture on α7nAChR expression was relevant. These results 
are consistent with the possibility that α7nAChR down-
regulation plays a role in producing lung injury in sepsis 
and that EA may exert protective effects by preventing this 
mechanism. Under accordance with these hypotheses, the 
current study demonstrated that EA increased pulmonary 
α7nAChR expression. In addition, the α7nAChR antagonist 
MLA attenuated the beneficial effects of EA on survival 

Fig. 4   α7nAChR agonist improves survival and reduces lung injury 
in mice. A Survival curve 7 days after surgery in five groups of mice 
(n = 20 for each group). B Lungs were removed for histopathologic 
examination using hematoxylin and eosin staining (n = 3 for each 

group). The GTS-21 and EA pretreatment decreased the number of 
infiltrating inflammatory cells in septic mice. Scale bars = 200  µm. 
*P < 0.05 vs. Sham; #P < 0.05 vs. CLP
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and pulmonary edema. Further, activation of α7nAChR 
with GTS-21 significantly improved survival and reduced 
pulmonary edema. These results suggest that activation of 
α7nAChR is an essential mediator of the protective effect 
of EA.

The cholinergic anti-inflammatory pathway is a neurohu-
moral regulatory pathway mediated by the vagus nerve and 
plays an essential role in the regulation of the inflammatory 
response, in which α7nAChR plays a vital role. Stimulation 
of the vagus nerve causes the release of acetylcholine, which 

Fig. 5  EA pretreatment regulates the balance between pro-inflam-
matory factors and anti-inflammatory cytokines through α7nAChR. 
Representative ELISA analysis of proinflammatory factors TNF-α (A, 
D), IL-1β (B, E), and anti-inflammatory cytokines IL-10 (C, F) lev-

els in peritoneal lavage fluid (n = 4 for each group). (H, I) Detection 
of NF-κB p65 levels in the lung by Western blotting (n = 3 for each 
group). *P < 0.05 vs. Sham; #P < 0.05 vs. CLP
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acts on α7nAChR, inhibits the release of proinflammatory 
cytokines such as TNF-α, IL-6, and IL-1β on the surface of 
macrophages, and exerts anti-inflammatory effects [37]. In 
the early stage of sepsis, anti-inflammatory and pro-inflam-
matory responses are initiated simultaneously, and immune 
system activation and immunosuppression occur simulta-
neously. IL-10 also stimulates the proliferation of regula-
tory T cells that help balance immune responses, includ-
ing pathogen clearance, without excessive inflammation or 
damage to self tissues. IL-10 is produced by Th2 cells after 
24–48 h, and then plays a role in inhibiting and terminating 
the inflammatory response, which can reduce the release of 
pro-inflammatory cytokines such as IL-6, which is of great 
significance for the control of sepsis [41–43]. Accordingly, 
our results indicated that EA at the ST36 Zusanli acupoint 
reduced the CLP-induced levels of all the cytokines ana-
lyzed in peritoneal lavage fluid, including TNF-α and IL-1β, 
while increasing the release of anti-inflammatory factor 
IL-10. Furthermore, our Western blot analysis showed that 
EA reduced the expression level of NF-κB p65, but MLA 
treatment upregulated its expression. In addition, GTS-21 
and EA significantly reduced the expression level of p65 in 
the lungs of septic mice.

The transcription of proinflammatory cytokines always 
contributes to uncontrolled cytokine release. Nuclear fac-
tor kappa-light-chain-enhancer of activated B cells (NF-
κB) is a ubiquitous transcription factor that plays a key role 
in regulating the immune response against infection [44]. 
When the body is stimulated by certain factors, such as 
ultraviolet light, cytokines, and growth factors, NF-κB is 
activated. Studies have shown that the inhibition of inflam-
mation induced by α7nAChR on the surface of macrophages 
is achieved by inhibiting the nuclear translocation of NF-κB 
[25]. On the basis of these findings, we verified that EA 
reduces pro-inflammatory factor release and attenuates 
NF-κB activity in septic mice. Furthermore, our Western 
blot analysis showed that EA reduced the expression level 
of NF-κB p65, but MLA treatment upregulated its expres-
sion. In addition, GTS-21 and EA significantly reduced the 
expression level of p65 in the lungs of septic mice.

In summary, we demonstrated for the first time that EA 
protects against sepsis by activating the cholinergic anti-
inflammatory pathway, which reveals new avenues and great 
therapeutic potential for the treatment of sepsis in clinical 
ICU patients. Due to the invasive nature of electroacupunc-
ture stimulation, it is not widely used clinically. In the early 
stage of our department, the application of electroacupunc-
ture to clinical patients used the method of transcutaneous 
electrical acupoint stimulation. Because of its non-invasive-
ness and good patient compliance, significant effects have 
been observed in the research on postoperative nausea and 
vomiting, postoperative delirium, etc. Therefore, we believe 
that transcutaneous electrical acupoint stimulation is the 

main intervention method for electroacupuncture widely 
used in clinical research on sepsis.
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