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 Background: The anti-oxidative and anti-inflammatory activities of electro-acupuncture (EA), a traditional clinical method, 
are widely accepted, but its mechanisms are not yet well defined. In this study, we investigated the role of ex-
tracellular signal-regulated kinases1/2 (ERK1/2) pathways on electro-acupuncture – mediated up-regulation 
of heme oxygenase-1 (HO-1) in rabbit lungs injured by LPS-induced endotoxic shock.

 Material/Methods: Seventy rabbits were randomly divided into 7 groups: group C, group M, group D, group SEAM, group EAM, 
group EAMPD, and group PD98059. Male New England white rabbits were given EA treatment on both sides 
once a day on days 1–5, and then received LPS to replicate the experimental model of injured lung induced by 
endotoxic shock. Then, they were killed by exsanguination at 6 h after LPS administration. The blood samples 
were collected for serum examination, and the lungs were removed for pathology examination, determination 
of wet-to-dry weight ratio, MDA content, SOD activity, serum tumor necrosis factor-a, determination of HO-1 
protein and mRNA expression, and determination of ERK1/2 protein.

 Results: The results revealed that after EA treatment, expression of HO-1and ERK1/2 was slightly increased compared 
to those in other groups, accompanied with less severe lung injury as indicated by lower index of lung injury 
score, lower wet-to-dry weight ratio, MDA content, and serum tumor necrosis factor-a levels, and greater SOD 
activity (p<0.05 for all). After pretreatment with ERK1/2 inhibitor PD98059, the effect of EA treatment and ex-
pression of HO-1 were suppressed (p<0.05 for all).

 Conclusions: After electro-acupuncture stimulation at ST36 and BL13, severe lung injury during endotoxic shock was atten-
uated. The mechanism may be through up-regulation of HO-1, mediated by the signal transductions of ERK1/2 
pathways. Thus, the regulation of ERK1/2 pathways via electro-acupuncture may be a therapeutic strategy for 
endotoxic shock.
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Background

Acute respiratory distress syndrome (ARDS), an indication of 
acute lung injury (ALI), is highly associated with endotoxic 
shock [1]. ALI and ARDS, which represent the severest form of 
lung injury associated with endotoxic shock, are the leading 
causes of morbidity and mortality in patients [2]. The first-line 
treatments for patients with endotoxic shock, such as antibi-
otics, source control, and resuscitation with intravenous fluids 
to optimize circulation and organ perfusion, are largely limit-
ed to persistent hypo-perfusion and end-organ dysfunctions 
[3]. With increasing evidence of its clinical efficacy, acupunc-
ture is now a widely practiced treatment modality in comple-
mentary and integrative medicine [4]. It has been shown that 
acupuncture stimulation significantly attenuates the degree 
of lung injury in LPS-stimulated rats [5], but the mechanisms 
that underlie EA treatment for sepsis-induced lung dysfunc-
tion are poorly understood.

HO-1 is the inducible form of the first and rate-limiting enzyme 
of heme degradation, and it is a strong negative regulator in 
the development of oxidative stress and lung inflammatory re-
sponses during endotoxin-induced ALI [6]. Investigators have 
suggested that increased oxidative stress and end-organ dam-
age is related to mortality during endotoxic shock, but the hy-
potension partly contributing to HO-1 protein and CO has no 
obvious relation [7]. Our previous studies also revealed that 
electro-acupuncture stimulation at ST36 and BL13 could at-
tenuate lung injury during the endotoxic shock, and this ef-
fect was due to increased expression of HO-1 [8]. Recently, 
the effect of electro-acupuncture–mediated up-regulation of 
HO-1 in lungs of rabbits with endotoxic shock has received in-
creased attention, although the mechanism has not been sys-
tematically studied.

The protective effects of HO-1 involve the modulation of nu-
merous cellular targets, including the mitogen-activated protein 
kinases (MAPK) and different transcription factors [9]. MAPK 
act as a signaling pathway that serves to coordinate the cellu-
lar response with a variety of extracellular stimuli. MAPK have 
an important role in cellular processes, such as stress respons-
es, apoptosis, and immune defense [10]. The MAPK activation 
modulates several gene and protein expressions, including 
HO-1 [11]. Extracellular signal-regulated kinase1/2(ERK1/2) is 
the most common member of the MAPK family [12]. Recently, 
studies showed that the LPS-induced inflammatory response 
was inhibited by expression of anti-inflammatory HO-1 via 
ERK; EA significantly increased the phosphorylation levels of 
ERK [13,14]. In particular, we demonstrated that the inhibi-
tion of the ERK1/2 pathway, the activation of which contrib-
uted to the induction and maintenance of HO-1, in endotoxic 
shock rats, was possibly involved in exacerbation of lung dys-
function during the endotoxic shock [15]. However, whether 

ERK1/2 pathways are involved in mediating the effect of EA 
on HO-1 in severe lung injury during endotoxic shock has not 
been fully demonstrated.

Our purpose was to study the molecular mechanisms of EA-
mediated up-regulation of HO-1 in lungs of rabbits with endo-
toxic shock and to correlate it with ERK1/2 activation.

Material and Methods

Experimental animals

Approval was obtained from the Animal Use and Care 
Committee of Nan Kai Hospital, and the animals were man-
aged in accordance with National Institutes of Health guide-
lines. Two-month-old male New Zealand white rabbits weighing 
1.5–2.0 kg were studied. All treatment for the animals before 
the experiment was as we previously described [16]. All pro-
cedures were performed under adequate anesthesia/analge-
sia, and all efforts were made to minimize suffering.

Electro-acupuncture pretreatment

Electro-acupuncture was initiated 5 days before the experi-
ment. Two pairs of stainless steel acupuncture needles were 
inserted into the rabbit equivalent of the ST36 acupoint, which 
is located between the tibia and fibula, approximately 5 mm 
lateral to the anterior tubercle of the tibia, and the BL13 acu-
point, which is located between T3 and T4 of the spine, ap-
proximately 1.5 cm lateral to the midline, on both sides in 
groups EAM and EAMPD. Electro-acupuncture stimulation was 
delivered by HANS (Han’s acupoint nerve stimulator, model 
LH-202H, Neuroscience Research Institute, Peking University, 
Beijing, China) at a disperse-dense wave with either 2 or 100 
Hz for 30 min every day [17]. Electro-acupuncture was also 
performed throughout the experimental procedure for 6 h 
on the day of the experiment [18]. Group SEAM received acu-
puncture at non-acupoints, which were not on any meridian 
and did not belong to any acupoint and were 0.5–1 cm later-
al to BL13 and ST36 bilaterally, with the same frequency and 
intensity. Acupuncture points were identified by an experi-
enced acupuncturist.

Experimental protocols

We used a rabbit model of endotoxic shock, similar to the ex-
perimental preparation that we have previously described [8]. 
Rabbits were fasted for 12 h but were allowed free access to 
water during the experiments. On the day of the experiment, 
the animals were anesthetized intravenously with 30 mg/kg 
of pentobarbital sodium. Anesthesia was maintained by ad-
ditional doses as necessary throughout the experiment. The 
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animals were kept supine and spontaneously breathing dur-
ing the experiments. The right carotid artery was cannulated 
with a PE-50 catheter and connected to Hellige monitor in-
struments (Germany) to record mean arterial pressure (MAP) 
and heart rate. The right jugular vein was cannulated with PE-
50 catheters for blood withdrawal and fluid resuscitation. All 
surgical procedures were performed under aseptic conditions. 
After instrumentation, the animals were allowed to stabilize 
for 15 min and baseline data was recorded.

Seventy rabbits were randomly divided into 7 groups: group C, 
group M, group D, group SEAM, group EAM, group EAMPD, and 
group PD98059. Electro-acupuncture treatment was performed 
on groups EAM and EAMPD, and group SEAM received acupunc-
ture at a non-acupoint as described above, with no electro-acu-
puncture treatment on groups C, group D, group PD98059, and 
group M. Rabbits in group M, SEAM, EAM, EAMPD, and EAMP 
received 2 mL (5 mg/kg, intravenously) LPS (L2630, Sigma, 
USA) to replicate the experimental model of endotoxic shock, 
and those in group C, D, and PD98059 received 2 mL normal 
saline intravenously as a control [19]. After 0.5 h of adminis-
tration of LPS or normal saline, groups EAMPD and PD98059 
received PD98059 (0.3mg/kg) intravenously, while 10% DMSO 
was infused intravenously in group D instead [20]. The manip-
ulations of the experimental groups are described in Table1. 
The experimental model of endotoxic shock-induced lung in-
jury was defined by the lowered MAP (<75% of the baseline) 
and oxygenation index (PaO2/FiO2 <300 mmHg).

Sampling and storage

The blood samples were collected 6 h after LPS or normal sa-
line administration, and immediately centrifuged at 4000 rpm 
for 10 min at 4°C. The serum samples were then immediate-
ly frozen and stored at –80°C until analysis. The rabbits were 
killed and the lungs were removed and quickly perfused with 
phosphate-buffered saline to remove the blood. The left lung 
was used for measurement of lung wet/dry weight ratio, and 
the middle lobe of the right lung was fixed in 10% formalin 

for pathologic specimen preparation, and the remaining right 
lung was cut into small pieces, snap-frozen in liquid nitrogen, 
and stored at –80°C.

Morphology of lung tissues

The middle lobe of the right lung was fixed in 10% forma-
lin and routinely processed into paraffin sections (4–5mm). 
Sections were used for hematoxylin and eosin staining. Six 
slices were selected from each group of rabbits, and 10 fields 
of each slice were visualized by microscopy (×200). Figure 1 
shows the scores used to assess the degree of pathological 
change. The average values were taken as a semi-quantita-
tive histological IQA of lung injury [21].

Serum tumor necrosis factor-a (TNF-a)

Serum levels of TNF-a were measured by a rabbit TNF-a ELISA 
kit (R&D, USA).

Groups LPS EA Non-acupoint-EA PD98059 DMSO

C – – – – –

M + – – – – 

SEAM + – + – –

EAM + + – – –

EAMPD + + – + +

D – – – – +

PD – – – + +

Table 1. Comparison of the manipulations of the experimental groups.

+ Explains what the experimental group received; – explains the experimental manipulation not be provided.

Figure 1.  Comparison of the lung IQA score among the 7 
groups: “a” Significantly different compared with C 
group (P<0.05); “b” Significantly different compared 
with M group (P<0.05); “c” Significantly different 
compared with SEAM group (P<0.05); “d” Significantly 
different compared with EAM group (P<0.05). Data are 
presented as the mean ±SD, n=10 rabbits/group.
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Lung wet/dry weight ratio, MDA content, and SOD activity

The left lung was harvested and weighed before and after dry-
ing for 24 h at 70°C. The water content of the lung tissue was 
calculated as the wet/dry weight ratio [22]. Lung MDA con-
tent and SOD activity were determined with test kits (Nanjing 
Jiancheng Bioengineering Institute, China) [23–25].

Western blot analysis

Tissue samples were homogenized in lysis buffer solution 
containing 13.2 mmol/L Tris-HCl, 5.5% glycerol, 0.44% SDS, 
and 10% b-mercaptoethanol. An equal amount of extracted 
soluble protein (50 µg) was fractionated by Tris-glycine-SDS-
polyacrylamide gel (12%) electrophoresis. Proteins were trans-
ferred to a PVDF membrane (Bio-Rad) with a Bio-Rad transblot 

apparatus [26]. Blots were briefly washed with 1× Tris-buffered 
saline (TBS; 200mM Tris and 1.5MNaCl) and then incubated 
overnight at 25°C with rabbit anti-HO-1 antibody (ABcam, 
USA), rabbit anti-ERK antibody (ABcam, USA), and rabbit an-
ti-pERK antibody (ABcam, USA). Beta-actin (Thermo Fisher 
Scientific) was used as a loading control. Blots were washed 
with TBS-0.05% Tween 20 and incubated for 2 h at 37°C with 
goat anti-rabbit IgG (Caltag Laboratories, San Francisco, CA). 
The antigen-antibody signal was visualized as previously de-
scribed [27] and quantification was performed by densitome-
try (Molecular Analyst Image-analysis Software, Bio-Rad). The 
HO-1 and ERK1/2 protein concentrations were normalized by 
Beta-actin. The IOD ratio between HO-1 and Beta-actin was 
calculated and used as the expression of HO-1, while the IOD 
ratio between ERK1/2 and Beta-actin was calculated and used 
as the expression of ERK1/2.

Figure 2.  Microphotographs of morphological 
changes of lung tissues (×200): 
Few infiltrating neutrophils were 
observed and there was no evidence 
of hemorrhage or edema in the lungs 
of the control group rabbits (C and 
PD). In the models of the lung injury 
induced by endotoxic shock, whether 
given non-acupoint treatment or given 
PDTC, histologic examination showed 
typical pathologic traits of lung injury, 
such as diffuse edema and severe 
inflammatory cell (predominantly 
neutrophils) infiltration in alveoli and 
interstitium of the lung, hemorrhage, 
and thickened interlobular septa (M, 
SEAM and EAMPD),whereas the model 
with electro-acupuncture treatment 
showed minimal lung injury, with a 
mild degree of neutrophil infiltration 
and thickening of the alveolar walls 
(EAM).
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Fluorescence quantitative (FQ) PCR

A fluorescence quantitative PCR method was used to de-
termine the expression of HO-1mRNA.The primers used 
in this study were 5’-GTCTACGCCCCGCTCTACTTCCCG-3’ 
and 5’-TAGCCTCTTCCACCACCCTCTGCC-3’ for rabbit HO-
1, 394 bp; 5’-AAACGAGACGAGATTGGCATGGCTTTA-3’; and 
5’-GGGATGCTCGCTCCAACGACTGCT-3’ for rabbit b-actin, 143 
bp. Total RNA was extracted from the lungs by using an an-
imal RNA extraction kit (TIANGEN, China), and the RNA frac-
tion was transcribed using a first-strand cDNA synthesis kit 
(MetaBios Inc., Canada). The PCR reaction system (20 µL) was 2× 
SuperReal PreMix 10 µL, upstream primer 0.3 µL, downstream 
primer 0.3 µL, cDNA template 0.3 µL, and RNase-free ddH2O. 
Reaction conditions were 95°C denaturation for 15 min, 95°C 
denaturation for 10 s, 60°C annealing extension for 30 s, and 
40 cycles for previous operations. Fluorescence Quantitative 
PCR Detector (Bio-Rad, USA) with a fluorescence quantification 
kit (TIANGEN, China) was used to detect the CT and 2–DDCT was 
adopted for the relative expression of the target gene [28].

Statistical analysis

All data are presented as mean ±SD or median (interquartile 
range). Repeated-measures data was analyzed using repeat-
ed measures analysis of variance (ANOVA). Intergroup com-
parisons among the 9 groups were analyzed with one-way 
ANOVA followed by Tukey-Kramer post hoc multiple compar-
ison. Statistical significance was set at P<0.05. SPSS version 
11.5 statistical software (SPSS, Chicago, IL) was used for the 
data analysis.

Results

Comparison of the lung IQA score

The degree of rabbit lung parenchymal damage was deter-
mined under light microscopy. Few infiltrating neutrophils were 
observed and there was no evidence of hemorrhage or ede-
ma in the lungs of groups C and PD (Figure 2 (C and PD)). In 
groups M, SEAM and EAMPD, histologic examination showed 
typical pathologic traits of lung injury, such as diffuse edema 
and severe inflammatory cell (predominantly neutrophils) in-
filtration in the alveoli and interstitium of the lungs, hemor-
rhage, and thickened interlobular septa (Figure 2 (M, SEAM and 
EAMPD)), whereas that of group EAM showed minimal lung 
injury with a mild degree of neutrophil infiltration and thick-
ening of the alveolar walls (Figure 2 (EAM)). The IQA score in-
dicated no significant difference between the rabbits treated 
with PD98059 alone and that of sham-treat rabbits (P>0.05; 
Figure 1). Significantly higher IQA scores were observed in the 
group M rabbits compared with group C (P<0.05; Figure 1). 

Pretreatment with electro-acupuncture in group EAM attenuat-
ed the lung injury, reflected by decreased IQA scores compared 
with that of group M (P<0.05; Figure 1), whereas pretreatment 
with PD98059 in group EAMPD suppressed the efficacy of elec-
tro-acupuncture. As a result, the IQA scores were increased in 
group EAMPD compared to group EAM (P<0.05; Figure 1). The 
pretreatment with non-acupoint stimulation in group SEAM 
also did not decrease the levels of IQA scores compared with 
that of group M (all P>0.05; Figure 1).

Comparison of wet/dry weight ratio

Wet/dry weight ratio also showed no significant difference be-
tween the rabbits treated with PD98059 alone and that of sh-
am-treat rabbits (P>0.05; Figure 3). Significantly higher wet/dry 
weight ratios were observed in the group M rabbits compared 
with group C (P<0.05; Figure 3). Pretreatment with electro-acu-
puncture in group EAM attenuated the lung injury, reflected by 
decreased wet/dry weight ratio compared with that of group 
M (P<0.05; Figure 3), whereas pretreatment with PD98059 
in group EAMPD suppressed the efficacy of electro-acupunc-
ture. As a result, wet/dry weight ratio were increased in group 
EAMPD compared to group EAM (P<0.05; Figure 3). The pre-
treatment with non-acupoint stimulation in group SEAM also 
did not decrease the levels of wet/dry weight ratio compared 
with that of group M (all P>0.05; Figure 3).

Comparison of SOD activity and MDA content

Consistent with the histologic findings, the comparisons of MDA 
and SOD activity among the 7 groups are shown in Figures 
4 and 5. The results clearly show that the administration of 
LPS to normal rabbits could induce the oxidative stress, as re-
flected by increased MDA content and decreased SOD activity 

Figure 3.  Comparison of lung wet/dry weight ratio (W/D): 
“a” Significantly different compared with C group 
(P<0.05); “b” Significantly different compared with M 
group (P<0.05); “c” Significantly different compared 
with SEAM group (P<0.05); “d” Significantly different 
compared with EAM group (P<0.05). Data are 
presented as the mean ±SD, n=10 rabbits/group.
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compared with group C (all P<0.05). Findings also show that 
electro-acupuncture could reduce the lung injury induced by 
LPS, as shown by lower MDA content and higher SOD activity 
in group EAM compared with group M (all P<0.05). In addition, 
non-acupoint stimulation in group SEAM did not induce a sig-
nificant increase of SOD activity nor a significant decrease of 
MDA content compared with group M (all P>0.05). There were 
also no significant differences in MDA and SOD activities be-
tween group EAMPD and group M (all P>0.05).

Comparison of serum TNF-a

According to our results, it is clear that the administration of 
LPS to the normal rabbits could also lead to lung inflammation, 

which is shown by an increased serum TNF-a compared with 
group C (all P>0.05; Figure 6). The results of serum TNF-a 
showed no significant difference between the rabbits treat-
ed with PD98059 alone and that of sham-treated rabbits 
(P>0.05; Figure 6). Significantly higher TNF-a was observed 
in the group M rabbits compared with group C (all P>0.05; 
Figure 6). Pretreatment with electro-acupuncture in group 
EAM decreased serum TNF-a compared with that of group 
M (P>0.05; Figure 6), whereas pretreatment with PD98059 
in group EAMPD suppressed the efficacy of electro-acupunc-
ture. As a result, serum TNF-a was increased in group EAMPD 
compared to group EAM (P>0.05; Figure 6). There was no sig-
nificant difference in serum TNF-a between group SEAM and 
group M (all P>0.05; Figure 6).

Comparison of HO-1 mRNA and HO-1 protein expression

HO-1 protein expression and HO-1 mRNA were investigated 
among the 7 groups, and the results are shown in Figures 7 
and 8. The fluorescence quantitative PCR and Western blot 
analysis revealed that expression of HO-1mRNA and the level 
of HO-1 protein rapidly increased after administration of LPS 
compared with that of controls (all P<0.05), and electro-acu-
puncture could up-regulate the expression of the HO-1mRNA 
and increase the level of HO-1 protein in group EAM in con-
trast to that of group M (all P<0.05). However, PD98059 could 
eliminate the effect of electro-acupuncture on up-regulation 
of HO-1mRNA and HO-1 protein expression in group EAMPD 
(all P<0.05). Also, the expression of HO-1mRNA and HO-1 pro-
tein in group SEAM did not increase, in contrast to that of 
group M (all P>0.05).

Figure 4.  Comparison of malondialdehyde (MDA): “a” 
Significantly different compared with C group (P<0.05); 
“b” Significantly different compared with M group (P 
<0.05); “c” Significantly different compared with SEAM 
group (P<0.05); “d” Significantly different compared 
with EAM group (P<0.05). Data are presented as the 
mean ±SD, n=10 rabbits/group.
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Figure 6.  Comparison of serum tumor necrosis factor-a (TNF-a): 
“a” Significantly different compared with C group 
(P<0.05); “b” Significantly different compared with M 
group (P<0.05); “c” Significantly different compared 
with SEAM group (P<0.05); “d” Significantly different 
compared with EAM group (P<0.05). Data are 
presented as the mean ±SD, n=10 rabbits/group.
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Figure 5.  Comparison of superoxide dismutase (SOD) Activity: 
“a” Significantly different compared with C group 
(P<0.05); “b” Significantly different compared with M 
group (P<0.05); “c” Significantly different compared 
with SEAM group (P<0.05); “d” Significantly different 
compared with EAM group (P<0.05). Data are 
presented as the mean ±SD, n=10 rabbits/group.
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Comparison of total ERK1/2 protein and p-ERK1/2 protein 
expression

Total ERK1/2 protein and p-ERK1/2 protein in the rabbit lungs 
were analyzed by Western blot (Figure 9). The results show 
that protein expression of total ERK1/2 protein and p-ERK1/2 
protein were up-regulated in the lung tissue of rabbits af-
ter administration of LPS compared with that of controls (all 
P<0.05). Electro-acupuncture could up-regulate the expres-
sion of p-ERK1/2 protein in group EAM, in contrast to that 
of group M (all P<0.05), whereas PD98059 could abolish the 
effect of electro-acupuncture on up-regulation of p-ERK1/2 
protein expression in group EAMPD (all P<0.05). In addition, 
the expression of p-ERK1/2 protein did not increase in group 
SEAM compared with group M (all P>0.05).The expressions of 
total ERK1/2 protein were not significantly different in group 
M, SEAM, EAM, and EAMPD (all P>0.05).

Discussion

In the present study, we have shown that EA is capable of at-
tenuating LPS-induced lung injury during endotoxic shock and 
significantly inhibiting LPS-induced up-regulation of MDA and 
TNF-a, as well as down-regulation of SOD activity. We have 

Figure 7.  Western blot analysis of HO-1 protein: b-actin served 
as loading control for HO-1 protein. “a” Significantly 
different compared with C group (P<0.05); “b” 
Significantly different compared with M group (P<0.05); 
“c” Significantly different compared with SEAM group 
(P<0.05); “d” Significantly different compared with 
EAM group (P<0.05). Data are presented as the mean 
±SD, n=10 rabbits/group.
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demonstrated that the ability of EA to inhibit LPS-induced in-
flammation and oxidative stress by increasing the expression 
of HO-1, triggering nuclear translocation of the ERK1/2 sig-
naling pathway. These findings show a novel linkage between 
HO-1 and ERK1/2 signaling pathways in LPS-induced lung in-
jury during endotoxic shock, which expands the understand-
ing of the anti-inflammatory and anti-oxidative activities of 
EA, and outlines potential molecular mechanisms that explain 
the protective respiratory effects of EA.

HO-1 and the subsequent metabolites of heme catabolism ap-
pear to play vital roles in regulating important biological re-
sponses, including inflammation, oxidative stress, cell survival, 
and cell proliferation [29]. Our previous study showed that the 
induction of HO-1 by LPS can cause protection of lung, kidney, 
and liver during endotoxic shock in rats, and up-regulation of 
HO-1 may become a novel protective strategy for organ inju-
ry during endotoxic shock [7,22]. Another previous study also 
indicated that EA could attenuate lung injury by up-regulating 
HO-1 during endotoxic shock [18]. In this study, after EA stim-
ulation, there is a further marked amelioration of lung injury 
scores, histologic examination, and lung wet/dry weight ra-
tio, indicating that EA stimulation can attenuate the lung in-
jury. Fluorescence quantitative PCR and Western blot analysis 
showed that HO-1 expression was significantly increased af-
ter EA stimulation, indicating that EA stimulation can attenu-
ate lung injury by the up-regulation of HO-1 during endotox-
ic shock. In agreement with previous findings, these results 
suggest that EA stimulation (but not non-acupoint EA stimula-
tion), exerts protective effects on lungs with endotoxic shock 
by increasing expression of HO-1.

The phosphorylation of ERK1/2, which are signaling mole-
cules involved in upstream regulation of several transcrip-
tion factors, has been observed in LPS-stimulated lung injury 
[30]. Recently, it has been found that EA activates phosphor-
ylation of the ERK1/2 signaling pathway [31]. Our data sup-
port the findings of these previous studies. We found that EA 
powerfully increased the phosphorylation of ERK1/2 in LPS-
stimulated lung injury.

Numerous studies have demonstrated that severe lung inju-
ry during endotoxic shock can be caused by multiple factors 
and that long-lasting inflammatory responses play an impor-
tant role in the progression of ALI and ARDS [32,33]. TNF-a, 
regarded as a potent pro-inflammatory mediator, can increase 
the production of other inflammatory cytokines, and encour-
age the expression of adhesion molecules, which strongly pro-
mote progression of LPS-induced lung injury [34]. EA has been 
found to inhibit overexpression of TNF-a, which plays a criti-
cal role in suppressing inflammation within lung injury [35]. In 
our study, we found that EA effectively inhibited LPS-induced 
overexpression of pro-inflammatory cytokine TNF-a, which is 

consistent with findings of previous reports. More important-
ly, EA powerfully inhibited overproduction of TNF-a accompa-
nied by increasing the expression of HO-1 and p-ERK1/2 in 
LPS-stimulated lung injury. These results indicate that HO-1 
and the ERK1/2 pathway are involved in the anti-inflamma-
tory effects of EA.

Excessive production of reactive oxygen species, such as su-
peroxide radical, have been proven to play crucial roles in the 
pathogenesis of endotoxin-induced ALI [36]. Our previous 
study demonstrated that down-regulation of the HO-1 protein 
by ZnPP-IX, a special inhibitor of HO-1, results in an increase 
of end-organ dysfunctions in endotoxic shock, while SOD ac-
tivity was reduced and the MDA content was increased [22]. 
Another of our previous studies reported that the protective 
effects of electro-acupuncture is dependent on HO-1. The up-
regulation of HO-1, in turn, results in a reduction of MDA and 
an increase of SOD activity [18]. Consistent with the previous 
study, our study found that up-regulation of HO-1 induced by 
EA significantly inhibited serum levels of MDA and increased 
the activities of SOD. After giving PD98059, accompanied with 
down-regulation of p-ERK1/2 and HO-1, this effect of EA against 
oxidative stress was significantly reduced, which shows that a 
critical mechanism of electro-acupuncture in protecting lungs 
with endotoxic shock against oxidative stress may be through 
the effect of the ERK1/2 pathway on up-regulation of HO-1.

PD98059, an inhibitor of mitogen-activated protein kinase/ex-
tracellular signal-regulated kinase (MEK/ERK), affected the ex-
pression of the ERK1/2 pathway stimulated with LPS, which 
is a special inhibitor of the ERK1/2 pathway [37]. Wang et al. 
[38] reported that when the cells were pretreated for 30 min 
with PD98059 and then stimulated by LPS, the phosphoryla-
tion of ERK1/2 was significantly decreased. To clarify whether 
the ERK1/2 pathway induced the expression of HO-1 by elec-
tro-acupuncture in the lungs of rabbits with endotoxic shock, 
we used PD98059. To avoid the adverse effect of PD98059, 
PD98059 was given in a dose of 0.3 mg/kg in this study [20].

In summary, this study demonstrated that electro-acupuncture 
stimulation at acupoints ST36 and BL13, but not EA stimulation 
at non-acupoints, could up-regulate heme oxygenase-1 in the 
lungs of rabbits with endotoxic shock and attenuate lung inju-
ry during the endotoxic shock. The mechanism may be through 
up-regulation of the signal transductions of the ERK1/2 path-
way. However, the pathophysiology of lung injury induced by 
endotoxic shock is a very complicated process, and the exact 
mechanisms underlying the regulatory role of the ERK1/2 path-
way induced by electro-acupuncture on HO-1 expression need 
further investigation. A limitation of our study is that the dose 
of PD98059 is often unpredictable, so it is very hard to abso-
lutely inhibit the ERK1/2 pathway, which affects the accuracy 
of our results. Although there is a long way to go before the 
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exact mechanisms of electro-acupuncture on lung injury in-
duced by endotoxic shock can be determined, we believe that 
the role of signaling pathways induced by electro-acupuncture 
on expression of HO-1 in the lungs of rabbits with endotoxic 
shock will draw increasing interest in the future.
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