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Abstract: Background: Acute myocardial infarction (AMI) was a type of disease with high mortality rate and high 
disability rate. And about 50% of the final area of myocardial infarction after AMI was led by ischemia/reperfusion 
(I/R) injury. The I/R injury was a kind of systemic inflammatory response, in which the main performance laid in 
the release of the large quantity of inflammatory cytokines. The basic experiments, clinical studies and the large 
scaled epidemiology investigations found that the low functions of vagus nerves had close relevance with the occur-
rence, development and prognosis of the cardiovascular diseases. This study investigate the effects of cholinergic 
anti-inflammatory pathway with with vagus never stimulation I/R injury in canine. Methods: 18 adult mongrel dogs 
were randomly divided into 3 groups (n = 6): sham operation group (sham Group), ischemia/reperfusion group 
(I/R group), right vagus nerve stimulation and ischemia/reperfusion group (STM group). The hemodynamic indexes 
were measured after reperfusion 120 min. Through internal jugular venous blood, serum acetylcholine (Ach), tumor 
necrosis factor alpha (TNF-α) and interleukin-6 (IL-6) concentrations were detected by ELISA. Alpha 7 subunit Ach 
acetylcholine receptor (α7nAchR) expression level was detected with immunohistochemical method. HE staining 
was used to observe the degree of neutrophil infiltration. Results: After ischemia/reperfusion 120 min, compared 
with sham group, TNF-α and IL-6 were significantly decreased, Ach content increased, the expression of α7nAchR 
protein was significantly reduced in I/R group (P < 0.05). Expression of α7nAchR protein, Ach content, TNF-α and 
IL-6 level had no significant difference in STM group (P < 0.05). Compared with I/R group, the expression of Ach and 
α7nAchR protein significantly increased the TNF- and IL-6 levels decreased in STM group (P < 0.05). Compared with 
the baseline, TNF-α and IL-6 levels significantly increased Ach content decreased in I/R group after ischemia /reper-
fusion 120 min (P < 0.05). Ach, TNF-α and IL-6 levels had no significant change in sham group and STM group of (P 
< 0.05). TNF-α and IL-6 were negatively correlated with Ach in I/R group (P < 0.05), and TNF-α, IL-6 were negatively 
correlated with Ach in group STM (P < 0.05). Massive infiltration of neutrophils were detected in myocardial tissue 
of I/R group, and a small number of neutrophils infiltration were detected in STM group. Conclusion: Right vagus 
nerve stimulation could activate anti-inflammatory pathway and inhibit the systemic and local inflammatory reaction 
to relieve myocardial I/R injury.
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Introduction

The acute myocardial infarction (AMI) was a 
type of disease with high mortality rate and 
high disability rate. And about 50% of the final 
area of myocardial infarction after AMI was led 
by the Ischemia/reperfusion (I/R) damages [1]. 
Ridker putted forward that the ischemic heart 

disease belonged to the immune inflammatory 
reaction of organism [2]. And I/R damage were 
a kind of systemic inflammatory response, 
which the main performance laid in the release 
of the large quantity of inflammatory cytokines. 
The basic experiments, clinical studies and the 
large scaled epidemiology investigations found 
that the low functions of vagus nerves had 
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close relevance with the occurrence, develop-
ment and prognosis of the cardiovascular dis-
eases [3-5]. The nervous system could signifi-
cantly and rapidly inhibit the macrophage from 
releasing the cytokines such as tumor necrosis 
factor alpha-α (TMF-α) and white blood cells 
interleukin-6 (IL-6), etc, and reduce the system-
ic inflammatory responses. This physiological 
mechanism was called as cholinergic anti-
inflammatory pathway [6]. The present study 
established I/R models, chose to implement 
the electrical stimulation on the right side 
vagus nerves cord before reperfusion after the 
occurrence of myocardial ischemia to realize 
the regulation over the inflammation and dis-
cussed the mechanism of stimulation on the 
unilateral vagus nerves cord to reduce the myo-
cardial I/R damages of dogs was related to the 
activation of cholinergic anti-inflammatory path- 
way of the vagus nerves.

Materials and methods

Establishment of experimental animals and 
models

There were eighteen healthy adult mongrel 
dogs, with weight 14~22 Kg, male, which pro-
vided by the Animal center of Renmin Hospital 
of Wuhan University. The dogs were anaesthe-
tized through forelimb injection of 30 m/kg 
pentobarbital sodium and then the injection 
would be added by 2 mg/kg per hour to main-
tain the state of anaesthetization. The trachea 
cannula was put and connected to the respira-
tor. One lateral femoral artery and vein was 
separated and the 6F sheathing canal was 
implanted. The arterial channel linked to the 
pressure transducer to monitor the blood pres-
sure and venous access for the dripping of 
saline infusion. After removing the hair, prepar-
ing the skin and sterilizing on the neck, the left 
jugular veins on the left clavicle was exposed 
horizontally for blood sampling. The indoor tem-
perature was controlled during 25~30°C with 
air conditioner. In the course of the experiment, 
electric heating plate was placed under the dog 
to keep the normal body temperature of dogs. 
The next was to record the surface ECG 
(LEAD7000) continuously. First, the two sides 
of skins of the neck were exposed and then 
were cut nearby the trachea just below the jaw-
bone to make blunt dissection of the right 
vagus nerves cord. And then a special silver-
argentic chloride stimulation electrode was 

implanted into the nerve cord and connected to 
the pulser (SEN-7103, Nihon-Kohden, Tokyo, 
Japan). Prior stimulation of 3-4 times within 3 
to 5 minutes to confirm that the heart rate 
declined by 10% remarkably and then the elec-
trode was put well in place. The stimulation 
parameters were: frequency 10 HZ, pulse width 
0.5 ms and stimulation strength 1.5-3 V. 
Afterwards, the chest was cut through the left 
fourth intercostals space to shear the cardiac 
vesicle and make the heart exposed. The nee-
dle and thread (2-0 non-invasive thread) went 
between the first diagonal branch and the sec-
ond diagonal branch of the left anterior des- 
cending coronary artery together with a plastic 
tube with a small section of hard blunt head to 
complete the ligation, only to lead to ischemia 
and the changes in the electrocardiogram was 
recorded in time. The standard of successful 
ligation include that: the local cyanosis occurs 
in the myocardial ischemic area, the synchro-
nous II lead ECG shows the ST section elevated 
significantly and ventricular arrhythmia takes 
place during the ischemia. 1 h after ligation, 
the ligation thread on the hard plastic tube was 
cut to recover the coronary blood flow for reper-
fusion for 6 h. The standard of successful 
reperfusion: some part of the ischemic area 
becomes red and the synchronous II lead ECG 
shows the ST section restores the level before 
ischemia and reperfusion ventricular arrhyth-
mia occurs.

Grouping of experiment and intervention

The eighteen dogs were divided into three gro- 
ups randomly (with six piece each group). 1. 
Sham operation group (Sham group): The right 
vagus cord was separated, chest was opened 
and the left coronary artery was separated 
without ligation. 2. Ischemia/Reperfusion (I/R 
group): the left anterior descending coronary 
artery was ligatured for 1 h and then reperfu-
sion was made for 6 h. 3. Vagus nerves electri-
cal stimulation group (STM group): the coronary 
artery was ligatured for 1 h ischemia. After isch-
emia for 15 min, the right vagus nerves were 
stimulated for 30 min and then reperfusion 
was made for 6 h.

Basic parameters of the experimental dogs in 
each group

10 min after the model establishment was 
completed and became steady, the heart rate 
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(HR) and mean atrial pressure (MAP) were re- 
corded, which were regarded as the baseline 
level. And then the HR and MAP at the time 
point of 120 min of reperfusion after ischemia 
of each group were recorded.

Detection of serum Ach, TNF-α and IL-6 levels 

Blood was collected through the jugular veins 
of the experimental animals in the three groups. 
The blood specimen was injected with heparin 
sodium into the anticoagulant tube and then 
was shaken even. After that, it was put stay 
under room temperature for 10 min and then 
centrifugal movement at 3,000 r/min was 
made for 15 min. The supernatant was taken 
and placed in the EP tube. All the serum speci-
men were stored in the refrigerator under 
-80°C. The enzyme-linked immunosorbent ass- 
ay (ELISA) kit for dogs was used to detect the 
levels of acetylcholine, TNF-α and IL-6 in the 
serum.

Observation of neutrophil infiltration with HE 
staining

After the experiment closed, the myocardial tis-
sue were taken and were fixed for 24 h with 4% 
paraform in the surrounding area of the myo-
cardial infarction in the I/R group and the STM 
group. Through the conventional dehydration, 
wax infiltration and embedding, the issues were 
made into paraffin section with thickness of 
5mm to be stained with PE. And then the situa-

tion of neutrophil granulocyte infiltration was 
observed under optical microscope.

Detection of expression of subunit of nicotinic 
Ach receptor (α7nAchR)

After the experiment closed, the myocardial tis-
sue in the surrounding area of the myocardial 
infarction of the dogs in the three groups was 
taken and the location for taking off the muscu-
lar tissue in the sham operation group con-
formed to that in I/R group. The myocardial tis-
sue was fixed for 24 h with 4% paraform. 
Through paraffin embedding, they were cut into 
coronal slices with thickness of 4 μm and then 
the specimen were dewaxed and high pressure 
hot fix antigen was made. The α7nAchR was 
stained with SP immunohistochemical staining 
method. For the negative control, PBS took 
place of the primary antibody; the color expres-
sion of α7nAchR was expressed in that the 
endochylema was dyed into brownish yellow, 
indicating positive results. According to the 
degree, the colors were: colorless for negative, 
pale brownish yellow for positive and brown for 
strong positive. Five non-repetitive high perfor-
mance fields were chose from the slices to cal-
culate the number of positive cells respec- 
tively.

Statistical analysis

The statistical software SPSS16.0 was adopted 
to conduct the statistical analysis. The mea-

Figure 1. Features of surface II Lead ECG in the course of making I/R model.

Table 1. Changes in the value of HR and MAP of the experimental dogs in the three groups (
_
x±s)

Group case
Baseline level 120 min after reperfusion/ischemia

HR (Times/min) MAP (mmHg) HR (Times/min) MAP (mmHg)
sham group 6 134.17±3.12 138.50±8.77 135.24±4.23 136.27±4.25
I/R group 6 135.28±4.20 134.44±6.35 121.30±3.56a,b  120.75±3.20a,b

STM group 6 134.40±2.57 135.60±5.42  128.56±3.12c  127.52±6.33c

Note: compared with those on the baseline levels, aP < 0.05; compared with those in the sham group, bP < 0.05 after 120 min 
through reperfusion upon ischemia; compared with those in the I/R group, cP < 0.05.
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surement data were expressed by the mean ± 
standard deviation (

_
x±s). The comparison 

between every two groups was made with t 
detection of two separate fully randomly de- 
signed, the comparison among multiple groups 
was made with one-factor analysis of variance 
while comparison between each two groups 
among the multiple groups was detected with 
LSD method, and the difference was regarded 
to have significance when 0.05.

Results

Completion of I/R model preparation

The coronary artery was ligatured and myocar-
dial ischemia may occur in the area between 
the first diagonal branch and the second diago-
nal branch with local cyanosis. The synchro-
nous II lead was made and the ECG showed the 
remarkable elevation in the ST section. Mean- 
while, ventricular arrhythmia took place during 
the ischemia. 1 h after ligation, reperfusion 
was made for 120 min. The color in the isch-
emic area became red locally. The synchronous 
II lead was made and the ECG showed that the 
ST section gradually restored to the level prior 
to ischemia and reperfusion ventricular arrhyth-
mia came out, See Figure 1. During the period 
of preparing the I/R model and vagus stimula-
tion I/R, two dogs died due to ventricular fibril-
lation and the others existed for the successful 
completion of the experiment. In the course of 
experiment, the animals were supplemented 
with the identical body quality and health state 

to the experiment according to the number of 
dead animals.

Analysis on the results of hemodynamic of the 
experimental dogs in the three groups

Compared with the basic levels in these groups, 
the differences of HR and MAP had no statisti-
cal significance (P < 0.05). 120 min after reper-
fusion upon ischemia, compared with those in 
the sham group, both the HR and the MAP in 
the I/R group declined remarkably (P < 0.05) 
while the difference of HR and MAP in the STM 
group had no statistical significance (P > 0.05). 
Compared with those in the I/R group, both the 
HR and the MAP in the STM group increased 
remarkably (P < 0.05). Compared with those on 
the baseline levels, HR and MAP 120 min after 
reperfusion upon ischemia in the I/R group 
decreased remarkably (P < 0.05), while the HR 
and MAP in the sham group and STM group had 
no clear changes (P > 0.05), see Table 1.

Results of detection on the levels of Ach, 
TNF-α and IL-6 in the serum

Compared with those on the baseline level in 
the groups, the differences of Ach, TNF-α and 
IL-6 had no statistical significance (P < 0.05). 
Compared with those through reperfusion for 6 
h after ischemia, TNF-α and IL-6 in the I/R 
group remarkably decreased compared with 
those in the sham group, while the Ach content 
went up (P < 0.05), but the differences of Ach, 
TNF-α and IL-6 had no statistical significance (P 
> 0.05). Compared with those in the I/R group, 
Ach increased while TNF-α and IL-6 decreased 
(P < 0.05) in the STM group. Compared with 
those on the baseline level, TNF-α and IL-6 
increased remarkably while the Ach content 
decreased (P < 0.05) in the I/R group through 
reperfusion for 120 min after ischemia, and the 
Ach, TNF-α and IL-6 in the sham group and STM 
group had no clear changes (P > 0.05) (Table 
2).

Table 2. Detection Results of the Ach, TNF-α and IL-6 in the Serum (
_
x±s)

Group case
Baseline level 6 h after reperfusion/ischemia

TNF-α (ng/ml) IL-6 (pg/ml) Ach (ng/ml) TNF-α (ng/ml) IL-6 (pg/ml) Ach (ng/ml)
sham group 6 0.51±0.03 83.32±2.35 56.38±3.20 0.60±0.02 89.35±2.70 58.45±2.30
I/R group 6 0.58±0.02 89.24±5.36 49.36±2.53 2.54±0.12a,b 122.33±3.33a,b 31.32±3.56a,b

STM group 6 0.68±0.02 85.57±4.28 52.80±2.47 0.72±0.02c 90.52±3.54c 45.55±3.02c

Note: compared with those on the baseline levels, aP < 0.05; compared with those in the sham group, bP < 0.05 after 6 h 
through reperfusion upon ischemia; compared with those in the I/R group, cP < 0.05.

Table 3. Correlation between the TNF-α, IL-6 
and Ach in the Serum in the I/R group and 
STM group

Variance case
I/R group STM group
r P r P

TNF-α 6 -0.905 0.015 -0.582 0.026
IL-6 6 -0.535 0.036 -0.367 0.042
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Analysis on the correlation among the TNF-α, 
IL-6 and Ach in the serum in the I/R group and 
the STM group

The analysis on the correlations showed that, 
TNF-α and IL-6 present negative correlation 
with Ach in the I/R group (P < 0.05). Along with 
the decrease in the Ach content, the TNF-α and 
IL-6 increased remarkably. In the STM group, 
the TNF-α and IL-6 present negative correlation 
with Ach (P < 0.05). Along with the Ach content 
increased, TNF-α and IL-6 decreased obviously, 
see Table 3. 

Observation of neutrophil infiltration with HE 
staining

After the experiment closed, the myocardial tis-
sue in the surrounding area of the myocardial 
infarction of the dogs in the I/R group and STM 
group were taken and the location for taking off 

the myocardial tissue in the sham operation 
group conform to that in the I/R group. The 
myocardial tissue was fixed for 24 h with 4% 
paraform. Through paraffin embedding, they 
were cut into slices with thickness of 5 mm and 
then the specimen was stained with HE. The 
development of neutrophil infiltration of the 
myocardial tissue was observed under the opti-
cal microscope, and it was seen that small 
amount of neutrophil filtration in the STM group, 
see Figure 2.

Detection results of α7nAchR protein expres-
sion

The results of protein expression of the myocar-
dial tissue of the dogs in the groups showed 
that, brown positive granules were seen in the 
sham group and STM group, small amount of 
brownish positive granules was seen in the I/R 

Figure 2. Neutrophil filtration of myocardial tissue in I/R group and STM group (HE staining, ×400). The black arrow 
stands for neutrophil granulocyte.

Figure 3. Positive protein expression of α7nAchR in the myocardial tissue of dogs in the three groups.
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group. Compared with those in the sham group, 
the α7nAchR protein expression decreased 
obviously and the differences had statistical 
significance (P < 0.05); there was no clear 
increase in the α7nAchR protein expression. 
Compared with those in the I/R group, the 
α7nAchR protein expression in the STM group 
increased remarkably (P < 0.05). See Figure 3 
and Table 4.

Discussions

At present, some small amount of randomized 
controlled clinical studies proved that the vagus 
stimulation could protect the ischemic myocar-
dial muscle. However, it was still necessary to 
make large scaled preclinical researches, eval-
uation and optimization of the paths and 
actions of vagus stimulation protecting the 
ischemic myocardial diseases. In the present 
study, the results of hemodynamic showed that 
120 min after reperfusion upon ligation of coro-
nary artery of the dogs in the I/R group, the val-
ues of HR and MAP declined clearly than the 
basic values. Combined with the elevation on 
ligation as well as restoration to the baseline 
level after reperfusion of lead II ST section 
shown on the surface electrocardiogram, it 
hinted that the I/R model in the dogs of the 
experiment succeed. In addition, no obvious 
changes were seen in the values of HR and 
MAP 120 min after ischemia reperfusion in the 
STM group under the electric vagus stimula-
tion. These results pointed that the invention 
measures of vagus stimulation to protect the 
I/R damages succeeded under the circum-
stances without affecting the hemodynamic. 
Such results in the experiment conform to 
those described by Uemura et al. and Kawada 
et al. [7, 8].

I/R damage were a type of clinical syndrome 
featured with excessive systematic inflamma-
tory responses. On I/R damage, the monocyte/

marcrophase, leukomonocyte and neu-
trophil granulocyte, etc would start the 
cellular inflammatory responses to pro-
duce a great number of a variety of 
inflammatory cytokines [9]. In 2002, 
Tracey putted forward the concept of 
“Inflammatory Reflex”, that was the 
whole course of regulating the inflamma-
tory responses through vagus nerves 
[10]. Vagus nerves were an essential 
part consisting of the cholinergic anti-

Table 4. Number of positive cells with α7nAchR after 6 h 
perfusion upon ischemia (positive number/visual fields, _
x±s)
Designation of groups Numbers of positive cells expression
sham group 60.35±3.54
I/R group 30.65±2.35a

STM group 62.54±5.10b

Note: compared with those in the sham group, aP < 0.05; compared 
with those in the I/R group, bP < 0.05.

inflammatory pathway and played an important 
role in the bidirectional communications 
between the center nerves and the peripheral 
immune system. Ach was the main transmitter 
released by vagus nerves and could combine 
with the receptors on the immune cells to inhib-
it the release of inflammatory factors. It was 
reported in some researches that the main 
receptor of the cholinergic transmitter was 
α7nAchR. Therefore, α7nAchR would be regard-
ed as the main unit to regulate the cytokine 
synthesis in the cholinergic anti-inflammatory 
pathway and exert the crucial actions [11-13]. 
The present study showed that a large number 
of deep brown α7nAchR granules were seen 
and Ach content increases greatly in the STM 
group. This hints that the number of α7nAchR 
and the content of Ach decrease upon I/R. After 
electrical stimulation on vagus, the activity 
α7nAchR of the myocardial cell membranes 
increased or the density increased and the Ach 
content went up the research results suggest-
ed that, α7nAchR and Ach took part in the pro-
tection roles in vagus electric stimulation on 
the I/R damages and α7nAchR, the electric 
vagus stimulation exerts anti-inflammatory 
actions cholinergic anti-inflammatory pathway 
through the effector of cholinergic anti-inflam-
matory pathway, α7nAchR.

Myocardial ischemia could not only rapidly lead 
to clear biochemical and morphological chang-
es in the myocardial tissue, but also induced 
the acute inflammatory responses. The proin-
flammatory cytokines of TNF-α, IL-6 and IL-18, 
etc, released through induction of I/R play an 
extremely important role in the pathogenesis 
mechanism of I/R [16]. Clinical studies sug-
gested that the damages on the “vagus ten-
sions” exist in the patients with ischemic heart 
disease and thus the improvement of activity of 
vagus verves can provide protective effects on 
the series pathological and physiological 
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changes after myocardial ischemia [16]. It was 
reported by studies that the TNF-α in the plas-
ma will rise immediately after the death of myo-
cardial infarction. Another experiments found-
ed that the correlations exist between TNF-α 
and myocardial reperfusion [17]. TNF-α was a 
type of important inflammatory cytokines, the 
level of which was comparatively low in the 
myocardial tissues in general conditions. 
However, the damaged cells would release a 
large number of TNF-α after myocardial isch-
emia reperfusion damages occur. Studies 
proved that TNF-α released first at the initial 
stage of ischemia reperfusion and its content 
was related to the severity as well as the prog-
nosis of the disease [18]. The past studies on 
animals showed that it could reduce the num-
ber of circulating neutrophils and monocytes as 
well as their filtration to the damaged myocar-
dial muscles and then to induce the clear pro-
tection action on the myocardial muscles 
through lifting the levels of TNF-α expression in 
the ischemic area prior to I/R [19]. Some other 
studies found the myocardial I/R led to the 
obvious increase of the IL-6 level in serum [20]. 
Sawa et al. [21], through in vitro experiments, 
observed that Ach has stronger actions on 
inhibiting TNF-α, in which Ach could suppress 
the release of inflammatory cytokines pro-
duced from the stimulation of endotoxin on the 
macrophasges. Results of the present study 
showed that, the levels of TNF-α and IL-6 
increased remarkably in the I/R group, and 
simultaneously, Ach content decreased and a 
large amount of neutrophils filtration occurred; 
the levels of TNF-α and IL-6 in the STM group 
declined and simultaneously, Ach content inc- 
reased and the neutrophils in filtration dec- 
reased clearly. The results of the study suggest-
ed, in the I/R model of dogs, the inflammatory 
cytokines of TNF-α and IL-6 took part in the 
pathological and physiological courses of I/R, 
and the decrease of Ach content hinted that 
the functions of vagus nerves were damaged. 
After the vagus nerves were given electric stim-
ulation, the decreased levels of TNF-α and IL-6 
reduced the damage of inflammatory cytokines 
on the myocardial muscles. The raising content 
of Ach hinted that the vagus nerves exerted the 
functions in the anti-inflammation mechanism 
in the I/R model. In the present study, the stim-
ulation gave off the vagus nerves, Ach and 
N-acetylcholine receptor suppressed the inflam- 
mation responses and this may exert some cer-

tain protective action in the course of I/R dam-
ages of the heart. The study further hinted that 
cholinergic anti-inflammatory pathway can be 
used as an alternative or potential therapy in 
intervening some pathological courses or pre-
vent some inflammation diseases which are 
still lack of effective treatment measures at 
present.

In most of the experiments related to the influ-
ences of vagus stimulation on the myocardial 
I/R damages at abroad, the unilateral [23, 24] 
or bilateral [25, 26] vagus nerves were cut and 
then the proximal part of the vagus was stimu-
lated. This could cause clear low blood pres-
sure and negative chronotropic effect to hap-
pen to the experimental animals. Therefore, the 
invasive cardiac protective intervention mea-
sures had defects of opportunity choice clini-
cally, option of adaptability as well as complica-
tion at high risks and became hard to apply to 
the clinical treatment in a wide manner.

In conclusion, the present study adopted the 
protective action on I/R damages of electric 
stimulation to the complete vagus nerves cord. 
This could be transferred to be the verification 
of the protective action of vagus stimulation on 
the treatment of myocardial diseases, and 
embody its accurate clinical application value 
and prosperity. The right vagus nerve stimula-
tion could activate anti-inflammatory pathway 
and inhibit the systemic and local inflammatory 
reaction to relieve myocardial I/R injury.
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