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Basic Study

Effect of electroacupuncture on expressions of
acetylcholine and mucin 5AC in the lungs of rats with
chronic obstructive pulmonary disease

EE 5% 1814 PR ZE 1 b B R A R BT CERAE U R ASACRIEH RN

Cong Wen-juan (4 SC48)!, Li Jing (£#%)", Liao Yu-jing (L@ #)', Zhang Xin-fang (3 #7%)?, Jiang Chuan-wei ;L% #)?,

Xiang Shui-ying (% K 3%)', Huang Wen-biao (3% 3 #%)', Liu Xiao-yun (%] s %)', Liu Zi-bing (%] & &)'?

1 Institute of Acu-moxibustion and Meridian, College of Acupuncture and Massage, Anhui University of Chinese Medicine,
Hefei 230038, China

2 Department of Physiology, Integrative Medicine Institute, Anhui University of Chinese Medicine, Hefei 230038, China

Abstract

Obijective: To observe the effect of electroacupuncture (EA) on the expressions of acetylcholine (ACh) and mucin 5AC
(MUCSAC) in the lungs of rats with chronic obstructive pulmonary disease (COPD), and explore the mechanism of EA in
treating COPD.

Methods: Thirty Sprague-Dawley (SD) rats were randomly divided into a control group, a COPD group, and an EA group,
with 10 rats in each group. The control group was a group of normal rats. The COPD rat model was induced by cigarette
smoke combined with lipopolysaccharide (LPS). The COPD rats were treated with EA at bilateral Feishu (BL 13) and Zusanli
(ST 36) in the EA group, 30 min each time, once a day, successively for 14 d. The lung function was tested. The contents of
ACh and MUC5AC in lungs and bronchoalveolar lavage fluid (BALF) were detected by enzyme-linked immunosorbent assay
(ELISA). Pearson method was used to analyze the correlation between pulmonary function and the content of MUC5AC in
lungs. The mRNA and protein expressions of MUC5AC in lung tissues were detected by real-time polymerase chain reaction
(RT-PCR) and Western blot (WB), respectively. The immune response of MUC5AC was observed by immunohistochemistry.
Results: Eight rats were left in each group, and the other two died. Compared with the control group, the total airway
resistance (Raw) increased significantly and dynamic compliance (Cdyn) decreased significantly in the COPD group (P<0.01);
compared with the COPD group, the Raw level declined significantly and Cdyn increased significantly in the EA group
(P<0.01). The contents of ACh and MUC5AC in the lungs and BALF were remarkably higher in the COPD group compared
with those in the control group (P<0.01, P<0.001); compared with the COPD group, the contents of ACh and MUC5AC were
significantly lower in the EA group (P<0.05, P<0.001). There was a negative correlation between MUC5AC content and lung
function (P<0.001). The mRNA and protein expressions of MUC5AC in the lungs were significantly higher in the COPD group
than in the control group (P<0.001); compared with the COPD group, the expressions were significantly lower in the EA
group (P<0.01). Compared with the control group, the immune response of MUC5AC in the airway epithelium significantly
increased in the COPD group (P<0.001); the immune response of MUC5AC was significantly lower in the EA group compared
with that in the COPD group (P<0.001).

Conclusion: EA treatment can improve the lung function of COPD rats, which may be related to its effect in the
down-regulation of ACh and MUC5AC contents in the lungs as well as the inhibition of mucus hypersecretion.
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Chronic obstructive pulmonary disease (COPD) is a
common  preventable and treatable chronic
inflammatory disease, characterized by persistent
airflow limitation and accompanied by a progressive
aggravation of chronic inflammatory response of airway
and lungs to harmful particles or gases. World Health
Organization (WHO) predicts that the ranking of COPD
among the global fatal diseases will increase to the third
place in 2020 from the sixth place in 1990™. Clinical and
experimental studies have demonstrated the

therapeutic effects of electroacupuncture (EA) on COPD.

Patients with COPD experience improvement in
dyspnea and quality of life (QOL) after receiving
traditional acupuncture[“]. An experimental study also
showed that EA can reduce airway resistance and
increase lung compliance in COPD rats, indicating that
acupuncture can improve pulmonary ventilation
function in COPD"!. However, the action mechanisms of
acupuncture are still unclear.

Recently, mucous hypersecretion in airway has

become the hot spot of research on COPD pathogenesis.

Clinical research has shown that mucous hypersecretion
has close relations with rapid pulmonary function
decline’®. Hence, it has become an important target of
COPD treatment to suppress airway mucous
hypersecretionm.

Mucin 5AC (MUC5AC), the main component of
airway mucus, plays a crucial role in the elasticity and
adhesion of airway mucus and has become the
indicator of mucous secretion of airway epithelium[gl. In
the acute phase and stable phase of COPD, MUC5AC
secretion in airway epithelium increases sharply, and
the expression of MUCS5AC appears a significantly
negative relation with the pulmonary function indexes
in COPD patients, indicating that the hypersecretion of
MUCS5AC in mucus is an important factor contributing
to the chronic progressive development of copp®,

Therefore, in this experiment we established a COPD
rat model to observe the changes in the expressions of
acetylcholine (ACh) and MUC5AC in the lungs after EA
at bilateral Feishu (BL 13) and Zusanli (ST 36), and to
look into the action mechanism of EA in treating COPD.

1 Materials

1.1 Animals

Thirty clean-grade male Sprague-Dawley (SD) rats,
weighing 220-250 g, three months old, were obtained
from the Experimental Animal Center of Cavens
Technology Services, Changzhou, China [certificate
number: SCXK(SU)2014-0003]. Before the experiment
began, the rats stayed for one-week adaptation under
controlled laboratory conditions at 25 °‘C and humidity
50%-70%, with free access to food and water.
1.2 Main reagents

Cigarette, containing 8 mg tar and 0.4 mg nicotine
each (Hongsanhuan Brand, China Tobacco Anhui
Industrial Co., Ltd., China); lipopolysaccharide (LPS,
Sigma, USA); enzyme-linked immunosorbent assay
(ELISA) kits (Shanghai Yuanye Biotechnology Co., Ltd.,
China); primary antibody of MUC5AC (Abcam, UK);
B-actin and secondary antibodies (Beijing Zhongshan
Golden Bridge Biotechnology Co., Ltd., China);
polymerase chain reaction (PCR) primer (Invitrogen,
USA); fluorescent quantitative kit (QIAGEN, Germany).
1.3 Laboratory equipments

SDZ-V EA instrument (Huatuo Brand, Suzhou Medical
Appliance Factory, China); stainless steel acupuncture
needle (0.25 mm in diameter and 13 mm in length,
Suzhou Hualun Medical Appliance Co., Ltd., China);
AniRes2005 lung function system (Beijing Bestlab
High-Tech Co., Ltd., China); Real-time PCR instrument
(Thermo, USA); BX53 microscope (Olympus, Japan).

2 Methods

2.1 Animal grouping

The rats were randomly allocated to one of the
following groups: a control group, a COPD group, and an
EA group. The whole experiment conformed to the
Guidelines for Care and Use of Laboratory Animals
stipulated by the National Institutes of Health and all
efforts were made to minimize the number of animals
and sufferings to them.
2.2 COPD model preparation

COPD model was established by exposure to cigarette
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smoke (CS) plus infusion with LPS®!. Rats were placed in
a self-made 1 m*® box and exposed to CS from 20 ignited
cigarettes for 1 h per day and for 8 weeks in total. On
the 1st and 15th days during the course of CS exposure,
each rat was infused with 200 pg LPS intratracheally.

2.3 Acupoint locations

Acupoints: Feishu (BL 13) and Zusanli (ST 36).

The acupoints were located according to the
Laboratory Animal Acupoint Atlas and anatomical and
anthropomorphic methods for rat’s acupoints from the
Experimental Acupuncture Science!™. Feishu (BL 13)
was located below and 3 mm lateral to the third
thoracic vertebra on the back and Zusanli (ST 36) was 5
mm below and lateral to the anterior tubercle of the
tibia in an adult rat.

2.4 EA method

The rats in the EA group were fixed on a self-made rat
board in a prone position. Acupuncture needles were
inserted 5 mm into the bilateral points, and the
homolateral points were connected to the electrodes as
one pair. The EA instrument was then turned on, with
sparse-dense wave, 4 Hz20 Hz and 1-3 mA. The
stimulation should produce slight vibration of limbs or
local skin. The treatment lasted 30 min each time, once
a day for successive 14 d. The EA treatment was
performed by a well-trained acupuncturist.

2.5 Items for detection
2.5.1 Lung function

The rats were anesthetized with 3% pentobarbital
sodium [70 mg/(kg-bw)] for tracheal intubation, and put
in a volume tracing box which was connected to the
respirator and signal processors. Total airway resistance
(Raw) and pulmonary dynamic compliance (Cdyn) of
rats were recorded by AniRes2005 lung function system.
2.5.2 Contents of ACh and MUC5AC

After pulmonary function test, the rats bled to death
from the abdominal aorta. The left side of the main
bronchus was tied. The right lungs were lavaged three
times with 3 mL normal saline solution which was
pre-cooled at 4 ‘C via the tracheal cannula, and the
bronchoalveolar lavage fluid (BALF) was collected.
One-hundred-milligram lung tissue was separated from
the upper left lung and homogenated. All BALF samples
and homogenated lung tissues were immediately
centrifuged at 3 500 r/min for 10 min at 4 ‘C. The
supernatants were obtained for ELISA. The contents of
ACh and MUC5AC were detected according to the
manufacturer instructions of ELISA kits.

2.5.3 Expression of MUC5AC mRNA

The mRNA expression of MUC5AC was detected by
real-time polymerase chain reaction (RT-PCR). The
100 mg tissues, taken from right and middle lungs, were
homogenated. The total RNA was then extracted and
reverse-transcribed into cDNA. Took 1 pL cDNA as the
sample, and the gene GAPDH was taken as the value of

housekeeping gene to normalize the target gene. The
primers of MUC5AC and GAPDH were set as follows:
5’-GTTTGGGAACTTTCAGAAGATGGAC-3’ (forward) and
5’-AAGCCTCCAGGTAGCTGCTGA-3’ (reverse) for
MUC5AC; 5-CAACGGGAAACCCATCACCA-3’ (forward)
and 5’-ACGCCAGTAGACTCCACGACAT-3’ (reverse) for
GAPDH. The total reaction volume was 10 uL and
amplification condition was 95 ‘C for 5 min, 95 C for
10 s, and 60 ‘C for 30 s, repeated for 40 cycles. After
PCR, the products were analyzed by relative
guantitative analysis with 224% 35 the indicator.

2.5.4 Expression of MUC5AC protein

The protein expression of MUC5AC was evaluated by
Western blot (WB). One-hundred-milligram tissues from
the right lower lung were lysed in RIPA lysis buffer, and
the total protein was extracted. Protein samples, 10 pL,
were separated on 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) (on
stacking gel at 80 V for 30 min and on separation gel at
120 V for 1 h) and transferred onto polyvinylidene
difluoride (PVDF) membrane. The membranes were
blocked for 2 h at 25 ‘C with 5% skim milk in
Tris-buffered saline containing 0.1% Tween-20, and then
were incubated with the primary antibody (MUC5AC
1:1 000; B-actin 1:1 000) for 2 h at 25 “C. After washed
three time by TBST, the membranes were incubated
with the secondary antibody for 1.5 h at 25 C, and
transferred into the gel image system after
electrochemiluminescence (ECL). The gray level was
evaluated by Quantity One analysis software.

2.5.5 Immunoreaction of MUC5AC

The immunoreaction of MUCSAC in the lungs was
tested by immunohistochemistry method. The
remaining left lung tissues were fixed in 4% buffered
formaldehyde, paraffin-embedded and cut into slices.
The slices were dewaxed in dimethylbenzene, heated
for repairing antigen, and treated with 3% hydrogen
peroxide to block the activity of endogenous peroxidase
at 25 C followed by blocking antigen with 50 L goat
serum. The sections were incubated with the MUC5AC
primary antibody for 1 h at 37 ‘C, and then with the
second antibody marked with biotin for 10 min at
25 ‘C. After rinsing, the sections were incubated with
the streptomyces and biotin protein-peroxidase
solution for 10 min, and treated with diaminobenzidine
(DAB), counterstained with hematoxylin, and observed
under a light microscope. Six different fields of vision of
each slice were randomly chosen under BX53
microscope. Integral optical density (IOD) was used to
analyze the positive response by Image Pro Plus 6.0
analysis software.

2.6 Statistical processing

The SPSS version 24.0 statistical software was used
for statistical analysis. All the data were presented as
mean = standard deviation (X *s) and compared by
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one-way ANOVA when the normal distribution and
variance were qualified. The least significant difference
(LSD) method was used to examine the inter-group
difference, and P<0.05 was considered statistically
significant.

3 Results

3.1 Effect of EA on the lung function

Compared with the control group, the Raw increased
significantly (P<0.01) and the Cdyn decreased
significantly in the COPD group (P<0.01). Compared
with the COPD group, the Raw level declined
significantly and Cdyn increased significantly in the EA
group (P<0.01), indicating that EA therapy can improve
lung function in COPD rats (Table 1).

3.2 Effect of EA on the contents of ACh and MUC5AC in
lungs and BALF in COPD rats

The contents of ACh and MUC5AC in the lung
homogenates and BALF were remarkably higher in the
COPD group than in the control group (P<0.01, P<0.001),
but significantly down-regulated after EA (P<0.05,
P<0.001), (Table 2).

Table 1. Comparison of lung function ( X )

Group " Raw Cdyn

[ecm H,O/(mL-s)] (mL/cm H,O)
Control 8 0.242+0.023 0.234+0.022
COPD 8 0.291+0.031" 0.201+0.014"
EA 8 0.249+0.019% 0.233+0.019”

Note: Compared with the control group, 1) P<0.01; compared
with the COPD group, 2) P<0.01

Table 2. Comparison of ACh and MUCSAC contents in lungs and BALF of the rats ( X +s5)

ACh (U/mL) MUC5AC (ng/mL)
Group n
Lung BALF Lung BALF
Control 8 68.315.08 32224841 4.65+0.91 5.61+1.05
COPD 8 85.44+7.257 43.6248.47" 12.41+2.04? 9.80+1.43?
EA 8 72.83+5.89Y 35.16+5.96” 8.11£0.87% 6.75+0.92Y

Note: Compared with the control group, 1) P<0.01, 2) P<0.001; compared with the COPD group, 3) P<0.05, 4) P<0.001

3.3 Effect of EA on the expressions of MUC5AC mRNA
and protein in lungs of the COPD rats

We observed the mRNA and protein expressions of
MUCS5AC in the lungs of six rats per group. There was a
significant increase in the COPD group than in the
control group (P<0.001), but a decrease in the EA group
(P<0.01), (Table 3, Figure 1 and Figure 2).

Table 3. Comparison of the expression of MUCSAC mRNA in
lungs of the rats (X =s)

Group n MUCSAC
Control 6 1.0+0.0
COPD 6 210.08+50.32"
EA 6 23.70+4.12%

Note: Compared with the control group, 1) P<0.001; compared
with the COPD group, 2) P<0.01

Control COPD EA
Figure 1. The image of WB strip
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Figure 2. The expression of MUCSAC protein in lung
Note: Compared with the control group, 1) P<0.001; compared
with the COPD group, 2) P<0.01 (n=6)

3.4 Effect of EA on the immunoreaction of MUC5AC in
lungs of the COPD rats

We evaluated the immune responses of six rats in
each group. In lungs of the rats, the immunoreactive
cells of MUC5AC were mainly distributed on the apical
wall of the goblet cells. The 10D of positive
immunoreaction of MUC5AC was significantly higher in
the COPD group than in the control group (P<0.001),
but significantly lower after EA (P<0.01), (Figure 3 and
Table 4).
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ontrol'

Figure 3. Positive immunoreactions of MUCSAC in lungs of the rats (red arrows)

Table 4. Comparison of the IOD of MUCSAC in lungs of the
rats (X =s)

Group n 10D
Control 6 18.19+1.52
COPD 6 43.96+6.48"
EA 6 23.40+4.25%

Note: Compared with the control group, 1) P<0.001; compared
with the COPD group, 2) P<0.001
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3.5 The correlation between the lung function and the
content of MUC5AC in lungs of the rats

Pearson method was used to analyze the correlation
between the pulmonary function and the content of
MUCS5AC in the lungs. For the correlation coefficient,
the content of MUCSAC showed a strong positive
correlation with the level of Raw (r=0.822, P<0.001),
and a strong negative correlation with the level of Cdyn
(r=—0.725, P<0.001), (Figure 4).
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Figure 4. The relation between the lung function indicators and the content of MUCSAC in the lungs

4 Discussion

Clinical studies have shown that EA can reduce the
airway resistance and increase lung compliance, and
enhance the QOL in COPD patients[lo'“], yet the
underlying mechanism is not clear.

A lot of studies have reported that there is a certain
correlation between the regulatory function of
acupuncture and the excitation of vagus nerves™?. A
study showed that efferent fiber discharge of vagus
nerve was increased by EA at bilateral Zusanli (ST 36) in
rats"™®. The abscission of vagus nerve significantly
decreased or eliminated the effect of EA, escalated the
level of tumor necrosis factor, and aggravated organic
damage[14]. Vagus nerve is a pair of cranial nerves with
the longest circulation and widest distribution,
dominating a majority of human visceral organs. Its
efferent fiber can release ACh after the activation to
adjust organ function. In the respiratory system, vagus
nerve adjusts airway tension, blood supply, breathing

mode and even mucous secretion.

In the body, as the first barrier of respiratory system,
airway mucosa prevents the invasion of pathogenic
microorganisms and harmful substances, and maintains
the stability of airway microenvironment. Mucous
hypersecretion in the air passage caused by airway
goblet cell hyperplasia is one of the crucial factors
contributing to COPD. Its molecular basis is the
expression and increased secretion of airway
mucoprotein MUCSAC™.  persistent inflammatory
response in COPD causes hyperactivity of airway vagus
nerve, brings about airway mucous hypersecretion to
block the air passage, and causes the restriction of
airflow™®. Persistent mucous hypersecretion in the air
passage is an important factor causing the progressive
decline of pulmonary function in COPD patients[m.
Hence airway mucous hypersecretion is considered as
an independent indicator of exacerbation of COPD“S],
and reducing airway mucous secretion has been taken
as the target in treating COPD. MUCSAC protein, the
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main component of airway mucus, plays a crucial role in
the elasticity and adhesion of airway mucus, so the
transcriptional level and content of MUCSAC are
regarded as the major index of airway mucous secretion
degree.

In this experiment, by establishing the COPD rat
model with an integrated modeling method of cigarette
smoke and LPS[19], we observed the decline of
pulmonary function and the increase of ACh content
and MUCSAC expression, which indicated that the
COPD rats presented a certain degree of airway mucous
hypersecretion. But after EA, the content of ACh and
the expression of MUC5AC in the lungs decreased. In
addition, there was a correlation between the lung
function indicators and the content of MUC5AC in the
Iungs[zo'zzl. Therefore, down-regulating the ACh release
from vagus nerve could be one of the mechanisms for
EA to intervene airway mucous hypersecretion. The
pathway from ACh to MUC5AC in the airway could be a
potential target of curing airway mucous hypersecretion
in COPD. However, considering the complexity of nerve
conduction and signal transduction, the specific
mechanism in the action that vagus nerve intervenes
MUCS5AC should be further discussed, besides, the
reason of the died rats also remained a question.

In conclusion, this experiment has suggested that EA
at bilateral Feishu (BL 13) and Zusanli (ST 36) can
suppress airway mucous hypersecretion by lowering the
expressions of ACh and MUC5AC in lungs of COPD rats.
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