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Electro-Acupuncture on ST36 and SP6 Acupoints 
Ameliorates Lung Injury via Sciatic Nerve in a Rat 
Model of Limb Ischemia-Reperfusion
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Introduction: Electro-acupuncture (EA) can significantly improve inflammatory response, but 
the specific mechanism is not clear. Limb ischemia-reperfusion (I/R) first produces inflammatory 
reactions in the lungs. In this study, EA on Zusanli (ST36) and Sanyinjiao (SP6) were used to 
explore the mechanism of improving tissue inflammation by sciatic nerve disconnection.
Material and Methods: A total of 56 male Sprague-Dawley rats were randomly divided into 
sham group, model group, EA group, SEA group, SNC+EA group, TNC+EA group and PNC+EA 
group. The sham groups were not given any treatment. Rats in the model group were treated with 
limb I/R without acupuncture intervention. In the EA group, ST36 and SP6 were given EA 
treatment for 30min before modeling. No electric current was given in the SEA group, and other 
operations were the same as those in the EA group. The SNC+EA group, TNC+EA group and PNC 
+EA group were respectively given sciatic nerve, tibial nerve or peroneal nerve amputation 72h 
before modeling, and the others were the same as the model group.
Results: Compared with the sham group, PaO2 and a/A ratios decreased significantly in the model 
group (P <0.05), while PA-aO2, RI, the ratio of wet to dry, lung injury value and inflammatory factor 
TNF-α, IL-1, IL-6, and MPO increased significantly (P <0.05). Compared with the model group, 
PaO2, a/A ratios increased significantly in the EA group (P <0.05), while PA-aO2, RI, the ratio of 
wet to dry lung, lung injury value, and TNF-α, IL-1, IL-6, and MPO decreased significantly (P 
<0.05). After transection of the sciatic nerve, the protective effect of EA disappeared. However, 
when the peroneal or tibial nerve was severed, EA continued to maintain the protective effect.
Conclusion: EA on ST36 and SP6 can alleviate lung injury caused by limb I/R through the sciatic 
nerve.
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Introduction
Limb ischemia-reperfusion injury (I/R) is common during trauma, surgery and 
vascular embolism.1 After reperfusion injury, harmful substances can endanger 
distal organs through the bloodstream. The lung is highly sensitive to such inflam-
matory responses and is prone to acute injury during reperfusion.2,3 This damage 
process is usually caused by a variety of complex mechanisms, including inflam-
matory response, oxidative stress and immune dysfunction.3,4

Acupuncture has long been used in China as a traditional treatment. Electro- 
acupuncture (EA) is a non-invasive procedure based on acupuncture.5 Studies have 
shown that EA pretreatment has anti-inflammatory effects on lung injury caused by 
inflammatory diseases, but the specific mechanism of EA’s effect is still unclear.6 In 
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this study, the limb ischemia-reperfusion model was used to 
observe the pulmonary inflammation and to investigate 
whether EA could also reduce the lung injury caused by 
limb I/R by inhibiting the inflammatory response. 
Meanwhile, sciatic nerve, tibial nerve and peroneal nerve 
were cut to explore whether the anti-inflammatory effect of 
EA was related to nerve.

Methods
Animals
Male Sprague-Dawley (SD) rats were used as research 
objects in this study. The S-D rats were 7–8 weeks old 
and weighed 250–300 grams. The rats were kept in incu-
bators at 24°C for 12 hours on a light-dark cycle and were 
given standard food and running water. All animal care 
and experiments were conducted in strict accordance with 
the Guidelines for the Care and Use of Laboratory 
Animals by the National Institutes of Health and approved 

by the Laboratory Animal Ethics Committee of Wenzhou 
Medical University. The number of the use of Laboratory 
Animal is SYXK (Zhejiang) 2015–0009.

Modelling
Fifty-six rats were randomly divided into 7 groups (8 rats in 
each group). The sham group did not operate. The model 
group7,8 had posterior limb ischemia for 3 hours and reperfu-
sion for 3 hours (I/R), and there was no medication or EA 
treatment. In the EA group, the rats received EA for 30 
minutes immediately before I/R, and the 2 and 15 Hz diffu-
sion waves with stimulation current parameters of 1 mA. In 
the SEA group, Electro-acupuncture at Zusanli (ST36) and 
Sanyinjiao (SP6) was 2–3 mm deep, without current stimula-
tion. In the sciatic nerve detachment (SNC+EA) group, tibial 
nerve detachment (TNC+EA) group and the peroneal nerve 
detachment (PNC+EA) group, sciatic nerve, radial nerve and 
peroneal nerve were cut, respectively, 72 hours before EA 

Figure 1 Blood gas analysis parameters (PaO2, PA-aO2, a/A ratio, and RI) were measured before and after modeling. Results are presented as mean ± SEM (n = 8 rats per 
group). *P < 0.05, versus the sham group; #P < 0.05, versus the model group.
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pretreatment, and 2mm from the bifurcation point was 
selected as the cutting point. The experimental operation 
was the same as that in EA group.

Blood Gas Analysis
The content of oxygen partial pressure of arterial blood 
(PaO2) and carbon dioxide partial pressure of arterial 
blood (PaCO2) were determined by blood gas analysis of 
the left common carotid artery. Data obtained by 

calculation include artery-alveolar oxygen partial pressure 
ratio (a/A), alveolar oxygen partial pressure difference 
(PA-aO2) and respiratory index (RI). The PaO2 reflects 
cardiopulmonary function and the degree of hypoxia. The 
PaCO2 reflects alveolar ventilation. The a/A, PA-aO2 and 
RI reflect Pulmonary gas exchange function.

Wet/Dry Weight Ratio of Lung
The upper right lung tissue of each rat was weighed (wet 
weight) immediately after removal. The slices were dried 
in an oven at 60°C for 2 days until they reached a steady 
dry weight. Then, calculate the wet-dry weight ratio by 
dividing the wet weight by the dry weight.

HE Staining and Lung Injury Score
The lungs were perfused with 4% paraformaldehyde after 
cold saline infusion, fixed in 4% paraformaldehyde for 24 
hours at 4°C, then embedded in paraffin tissue, cut into 
5μm thick slices, and then stained with hematoxylin and 
eosin. Lung injury scores were based on four independent 
parameters: alveolar edema, hemorrhage, infiltration of 
inflammatory cells, and thickened alveolar septum.

Inflammatory Factor and MPO 
Concentrations in the Rat Lung
Concentrations of IL-1β, IL-6, TNF-α, and MPO in rat 
lungs were determined by ELISA kit (Boyun Co., 
Shanghai, China). Absorbance values were read using 

Figure 2 Wet-to-dry weight ratios for the groups. Results are presented as mean ± 
SEM (n = 8 rats per group). *P < 0.05, versus the sham group; #P < 0.05, versus the 
model group.

Figure 3 Hematoxylin-eosin (H&E) staining and lung injury. Representative photomicrographs of lung sections stained with H&E in the lungs of the rats in all seven groups. 
Scale bar = 200μm.
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a multi-function microplate reader (Thermo Fisher 
Scientific, Waltham, MA, USA).

Statistical Analyses
Numerical data were expressed as the mean ± standard 
deviation. After LSD test, statistical significance was 
determined by one-way analysis of variance (ANOVA) 
when analyzing more than two groups. P <0.05 was con-
sidered significant. Social science software statistical pro-
grams (SPSS19.0) were used for analysis.

Results
Blood Gas Analysis
As shown in Figure 1, the parameters of blood gas analysis 
(PaO2, PA-aO2, a/A ratio and RI) in the 7 groups before 
ischemia were not statistically significant. However, after 
ischemia for 3 hours and then reperfusion for 3 hours in 

Figure 4 The lung injury scores of the rats in all seven groups. Results are 
presented as mean ± SEM (n = 8 rats per group). *P < 0.05, versus the sham 
group; #P < 0.05, versus the model group.

Figure 5 Inflammatory cytokines and MPO. IL-1, IL-6, TNF-α, and MPO expression levels were measured in the lungs of the rats in all seven groups. Results are presented as 
mean ± SEM (n = 8 rats per group). *P < 0.05, versus the sham group; #P < 0.05, versus the model group.
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the model group, the PaO2 and a/A ratio were significantly 
reduced, whereas the PA-aO2 and RI were significantly 
increased (P <0.05). Compared with the model group, 
PaO2 and a/A ratio increased in the EA group, TNC + 
EA group and PNC + EA group (P < 0.05), while PA-aO2 
and RI decreased (P < 0.05). There was no significant 
difference in PaO2, a/A ratio, PA-aO2 and RI between 
SNC + EA group and model group (P > 0.05).

Wet-to-Dry Weight Ratio
As shown in Figure 2. Compared with the sham group, the 
wet to dry weight ratio increased in the model group. EA 
pre-treatment can reduce the ratio of wet-to-dry weight (P 
< 0.05), but its effect may be blocked by sciatic nerve 
transection. Compared with the model group, the wet to 
dry ratio in the TNC + EA group and PNC + EA group 
decreased (P < 0.05).

Hematoxylin and Eosin Staining and Lung 
Injury
Figures 3 and 4 show lung interstitial edema and alveolar 
structural destruction in the model group. Compared with 
the model group, the EA group had less lung damage. The 
TNC+EA group and PNC+EA group had lower lung 
injury scores compared with the model group (P < 0.05). 
There was no significant difference in the lung injury score 
between SNC+EA group and model group (P > 0.05).

Inflammatory Cytokines and MPO
As shown in Figure 5, compared with the sham group, the 
model and SNC+EA group had higher levels of inflamma-
tory cytokines (IL-1, IL-6, TNF-α, and MPO) (P < 0.05). 
Compared with the model group, the EA group, TNC+EA 
group and PNC+EA group demonstrated lower levels of 
inflammatory cytokines and MPO (P < 0.05).

Discussion
In this study, EA pretreatment at ST36 and SP6 for 30 
minutes significantly reduced the inflammatory responses 
as well as the release of inflammatory cytokines in the 
lungs of I/R injured rats. However, the specific mechanism 
of lung injury after limb ischemia-reperfusion remains 
unclear, which may be related to the release of inflamma-
tory cytokines caused by limb I/R, the enhancement of 
oxidative stress, the extensive release of oxygen-free radi-
cals, and the occurrence of apoptosis during reperfusion.8– 

10 It is also possible that limb I/R induces the activation of 

neutrophils and monocytes/macrophages, promoting 
inflammatory responses and releasing large amounts of 
inflammatory mediators, including cytokines and chemo-
kines. It was found in the physical experiment that cyto-
kines, TNF-α, IL-1, and IL-6 were significantly changed 
when I/R was applied to limbs. 10−12 Therefore, the occur-
rence of acute lung injury is closely related to the activa-
tion of inflammatory factors.

During lung injury, TNF-α is the most important inflam-
matory cytokine produced by alveolar cells, which can activate 
polymorphonuclear white blood cells in the blood and cause 
them to accumulate at the site of alveolar injury.13,14 TNF-α 
can activate inflammatory cells and endothelial cells, increase 
the expression of IL-1, IL-6, IL-8, thus promoting the degra-
nulation of polymorphonuclear leukocytes, lysosome release, 
mediating alveolus-capillary membrane injury, and destroying 
the barrier function of the inflammatory cascade.15 IL-1 has 
a strong chemotactic effect, and can induce the expression of 
vascular endothelial cell adhesion molecules, thus promoting 
leukocyte adhesion.16 IL-6 is an important cytokine involved 
in the systemic immune response and the inflammatory cas-
cade, which activates neutrophils and increases the production 
of inflammatory mediators.17 MPO is produced by neutrophil 
white blood cells and can reflect the activation of polymorpho-
nuclear white blood cells in the lung.18 Inflammatory cytokines 
are released throughout the body after limb I/R, especially in 
lung tissue. In this study, it was found the expressions of IL-1, 
IL-6, IL-8, and TNF—α were significantly increased after 
modeling, accompanied by a decline in pulmonary ventilation 
function.

As a non-invasive intervention, EA has significant anti- 
inflammatory effects on many diseases.19,20 Studies have 
shown that electrical stimulation of Zusanli and Quchi can 
reduce the level of inflammatory factors after reperfusion 
injury in rats with middle cerebral artery occlusion.21 At 
the same time, EA has been found to have a protective 
effect on lung injury in animals.22 In this study, the EA 
group can significantly reduce the expression of inflam-
matory factors, and significantly improve the lung ventila-
tion function and lung injury. The protective effect of EA 
pretreatment disappeared in the SNC+EA group, but main-
tained in the tibial nerve detachment TNC+EA group and 
the peroneal nerve detachment PNC+EA group. So EA 
pretreatment of Zusanli and Sanyinjiao may carry out an 
anti-inflammatory effect through the sciatic nerve.

However, this study also has some limitations. We 
have only found that the anti-inflammatory effects of elec-
tro-acupuncture on Zusanli and Sanyinjiao may be related 
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to the sciatic nerve, but the exact mechanism is unclear. 
More work need to be done to examine the molecular 
aspects and pathway of EA in order to explore the 
mechanism through which the sciatic nerve works.
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