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Electroacupuncture inhibits visceral pain via adenosine receptors
in mice with inflammatory bowel disease

Tengfei Hou1
& Hongchun Xiang1

& Lingling Yu2
& Wen Su3

& Yang Shu4
& Hongping Li1 & He Zhu1

& Lixue Lin1
&

Xuefei Hu1
& Shangdong Liang5

& Hong Zhang1
& Man Li1

Received: 28 August 2018 /Accepted: 26 March 2019 /Published online: 11 June 2019
# Springer Nature B.V. 2019

Abstract
To investigate the involvement of peripheral adenosine receptors in the effect of electroacupuncture (EA) on visceral pain in mice
with inflammatory bowel disease (IBD). 2,4,6-Trinitrobenzene sulfonic acid (TNBS) was used to induce the visceral pain model.
EA (1 mA, 2 Hz, 30 min) treatment was applied to bilateral acupoints BDachangshu^ (BL25) 1 day after TNBS injection once
daily for 7 consecutive days. Von Frey filaments were used to measure the mechanical pain threshold. Western blot was used to
detect the protein expression levels of adenosine 1 receptor (A1R), adenosine 2a receptor (A2aR), adenosine 2b receptor (A2bR),
adenosine 3 receptor (A3R), substance P (SP), and interleukin 1 beta (IL-1β) in colon tissue. EA significantly ameliorated the
disease-related indices and reduced the expression of SP and IL-1β in the colon tissues of mice with IBD. EA increased the
expression of A1R, A2aR, and A3R and decreased the expression of A2bR in the colon tissue. Furthermore, the administration of
adenosine receptor antagonists influenced the effect of EA. EA can inhibit the expression of the inflammatory factors SP and IL-
1β by regulating peripheral A1, A2a, A2b, and A3 receptors, thus inhibiting visceral pain in IBD mice.
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Introduction

Visceral pain is one of the common symptoms of inflamma-
tory bowel disease [1], which is associated with decreased
health-related quality-of-life scores. Patients with visceral pain
usually suffer from increasing pressure and concurrently be-
come anxious and depressed [2, 3]. Narcotics are usually used
for chronic visceral pain, but they have many side effects [4,
5]. Therefore, it is of vital importance for patients with IBD to
seek new treatments to alleviate visceral pain.

EA, a non-drug treatment method, has been used to allevi-
ate visceral pain for a long time in China. Previous studies
have shown that EA can significantly relieve inflammation
and allodynia in mice or rats with colitis induced by TNBS
[6, 7]. EA can also downregulate the disease activity index
and histological scores in rats with TNBS-induced colitis [8].

Purine compounds incorporate adenosine triphosphate
(ATP), adenosine diphosphate (ADP), adenosine
monophosphate (AMP), and adenosine (ADO), all of which
are contained in neurotransmitters. As an endogenous purine
nucleoside with multiple physiological functions, adenosine
was recently deemed to be able to change a variety of
inflammatory/immune responses [9]. Adenosine acts on four
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kinds of receptors: adenosine 1 receptor (A1R), adenosine 2a
receptor (A2aR), adenosine 2b receptor (A2bR), and adeno-
sine 3 receptor (A3R). Recent research has reported that aden-
osine and its receptors participate in the pathogenesis of IBD
[10]. However, few studies have focused on the relationships
between adenosine and the antinociceptive effect of EA on
visceral pain induced by IBD.

In this study, we investigated the efficacy of EA treatment
for inflammatory visceral pain and the relationships between
adenosine receptors and EA effect on visceral pain.

Material and methods

Experimental animals

All experimental procedures were approved by the Animal
Care Committee at Huazhong University of Science and
Technology and conformed to the ethical guidelines of the
International Association for the Study of Pain (IASP).

Male adult mice (20–25 g) were used for the experiments.
They were purchased from the Experimental Animal Center
of Tongji Medical College of Huazhong University of Science
and Technology. After arrival, the mice were housed in cages
at 23 °C ± 1 °C and a 12-h light/dark cycle and had free access
to food and water. The mice fasted 24 h before the experiment.

Two series experiments were performed respectively.
In experiment 1, 40 C57BL/6 mice were randomly divid-
ed into 4 groups (n = 10): CON (vehicle of TNBS),
TNBS, TNBS mice treated with EA (TNBS+EA), and
TNBS mice treated with sham EA (TNBS+sham EA). In
experiment 2, 80 C57BL/6 mice were randomly divided
into 8 groups (n = 10): CON, TNBS, TNBS+EA, TNBS+
sham EA, TNBS+EA mice pre-treated with the A1R an-
tagonist DPCPX (TNBS+EA+DPCPX), TNBS+EA mice
pre-treated with the A2aR antagonist ZM241385 (TNBS+
EA+ZM241385), TNBS+EA mice pre-treated with the
A2bR antagonist PSB603 (TNBS+EA+PSB603), and
TNBS+EA mice pre-treated with the A3R antagonist
MRS3777 (TNBS+EA+MRS3777). An experimental de-
sign timeline with the day and time of all manipulations is
presented in Fig. S1.

Reagents and instruments

A1R antagonist DPCPX (No: C101-25MG, Sigma-Aldrich,
China), A2aR antagonist ZM241385 (No: Z0153, Sigma,
USA), A2bR antagonist PSB603 (No: 3198/10, Tocris, UK),
and A3R antagonist MRS3777 (No: SC-204105, Santa Cruz,
CA, USA) were intraperitoneally injected to stimulate the ef-
fect of the adenosine receptors. Sheep anti-A1R antibody (No:
sc-7500, Santa Cruz), sheep anti-A2aR antibody (No: sc-
7504, Santa Cruz), sheep anti-A2bR antibody (No: sc-7507,

Santa Cruz), rabbit anti-A3R antibody (No: sc-13,938, Santa
Cruz), rabbit anti-IL-1β antibody (No: sc-7884, Santa Cruz),
and sheep anti-SP antibody (No: sc-9758, Santa Cruz) were
used in Western blotting as the primary antibodies. Mouse
anti-GAPDH and β-actin (Santa Cruz) were used in Western
blotting as an internal reference. Goat anti-rabbit IgG, rabbit
anti-goat IgG, and rabbit anti-mouse IgG (Kerry Company,
Wuhan, China) were used in Western blotting as the second-
ary antibodies.

Preparation of the IBD mouse model

The mouse model of IBD was established according to the
method described by Hollenbach E. et al. [11] with a minor
modification. Briefly, the mice were anaesthetized with
80 mg/kg pentobarbital (ethanol 20%), given as an i.p. bolus
of 10 ml/kg [12]. One end of a PVC-Fr4 catheter (Φ 2.7 mm,
YN Medical Instrument, Yangzhou, China) was inserted into
the anus to the colon at a depth of approximately 4 cm and the
other end was connected with a 1-ml syringe. Each mouse of
the TNBS group was injected with 50 μl TNBS (5% w/v)
(Sigma-Aldrich, St. Louis, MO, USA) and 50 μl absolute
ethanol through the catheter to induce IBD. Each mouse of
the control group was injected with 50 μl absolute ethanol and
50 μl distilled water. The mice were placed on their heads for
1 min after the lysis fluid infusions.

EA treatment

The mice in the TNBS+EA group were treated with EA
1 day after TNBS injection. Bilateral acupoints
BDachangshu^ (BL25) were selected. The acupoints
BL25 of the mouse are 7-mm lateral to the fourth lumbar
spinous process on both side of waist [13]. A pair of
acupuncture needles (Φ 0.30 mm × 25 mm, Huatuo,
Suzhou, China) was inserted into the bilateral BL25 at a
depth of 4 mm and then connected to Han’s acupoint
nerve s t imula tor (Hans-200A, J isheng Medical
Technology Co., Ltd., Nanjing, China) with a frequency
of 2 Hz and an intensity of 1 mA for 30 min. EA was
applied once daily for 7 consecutive days. The acupunc-
ture needles were inserted at the same depth in the sham
EA group but not connected to the apparatus. During the
EA treatment, the mouse was placed in homemade clothes
but not given any anaesthetics. The homemade clothes
were made with a piece of 10×10-cm denim. The limbs
of the mouse were pulled out through the holes in the
clothes. The edge of the clothes was fastened by clips.
The animals remained awake and still during the treat-
ment and showed no evident signs of distress. The control
group and TNBS group were only lightly held in home-
made clothes without other treatment.
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Adenosine receptor antagonist injection

One day after TNBS injection, corresponding adenosine re-
ceptor antagonists were intraperitoneally injected into the
mice in the TNBS+EA+antagonist groups 30 min before the
EA treatment every day. The antagonists were injected with
the following concentrations: A1R antagonist DPCPX:
3 mg/kg [14]; A2aR antagonist ZM241385: 1 mg/kg [15];
A2bR antagonist PSB603: 3 mg/kg [16]; and A3R antagonist
MRS3777: 5 mg/kg [17].

Nociceptive behaviour tests

The mechanical threshold

The mice were first habituated to the testing environment
for 30min. Themechanical thresholds were tested for 3 days
before TNBS injection, and the average value of which was
calculated as the baseline threshold. After TNBS injection,
the nociceptive thresholds were tested after EA/sham EA
treatment once daily for 7 consecutive days. The mechani-
cal threshold of the mice was measured by using the Bup and
down^ method [18]. The mice were placed in a transparent
plexiglass box with a metal mesh pad (5 mm × 5 mm mesh
area) at the bottom for an adaptation period of 30 min. Then,
a series of calibrated Von Frey filaments (Wood Dale, USA)
were applied perpendicularly to the plantar surface of the
left hind paw to bend the filament for 6 s. The range of Von
Frey filament forces was 0.07–1.4 g. Paw withdrawal or the
action of licking feet was considered a positive response.
The test was repeated twice at 5-min intervals to calculate
the average value.

Body weight determination

The body weight of the mice was tested for 3 days before
TNBS injection, and the average value of which was calculat-
ed as the baseline. After TNBS injection, the weight of each
group of mice was measured after EA/sham EA treatment
once daily for 7 days. The daily weight/baseline *100% was
used as the measurement index.

Diarrhoea score

Diarrhoea scores were observed according to the method de-
scribed by Do A1 et al. (2017) [19]. For the stool consistency
score, 0 points were assigned for well-formed pellets, 1 point
was assigned for well-formed but soft and either very dark or
light-coloured faeces, 2 points were assigned for pasty and
semi-formed stools that did not adhere to the anus, 3 points
were assigned for semi-formed stool that containedmucus and
adhered to the anus, and 4 points were assigned for liquid
stool. The diarrhoea scores were tested for 3 days before

TNBS injection, and the average value of which was calculat-
ed as the baseline. After TNBS injection, the diarrhoea score
of each group was measured after EA/sham EA treatment
once daily for 7 days.

Colon length measurement

The mice were deeply anaesthetized with pentobarbital after
the last behaviour tests. The abdomens of the mice were
quickly opened. The entire intestine from the anus to the end
of the caecum was removed and cleaned with 0.1-M phos-
phate buffer brine. Then, the length (cm) of the entire intestine
was measured [20–22].

Western blot

The mice were deeply anaesthetized with pentobarbital after
the last behaviour tests. Their descending colon tissue was
removed and minced with scissors. The tissues were then
lysed by adding 40-mg/ml RIPA lysis buffer (Biosharp,
China) and 40 mg/ml phenylmethylsulfonyl fluoride to the
samples for 30 min. The lysate was collected and centrifuged
at 12,000 rpm at 4 °C for 15 min, and the protein contents
were quantified by using the Enhanced BCA Protein Assay
Kit (Beyotime Biotechnology, China). The protein (60 μg)
was denatured in a loading buffer at 95 °C for 5 min, separated
on a 10%/12% glycine-SDS-PAGE gel (10%: A1R, A2aR,
A2bR , and A3R ; 12%: SP, IL -1β ) (Beyo t ime
Biotechnology, China), and then transferred onto a PVDF
membrane (Millipore Immobilon-P, USA). The membrane
was probed with the following primary antibodies at 4 °C
overnight: sheep anti-A1R antibody (1:500), sheep anti-
A2aR antibody (1:500), sheep anti-A2bR antibody (1:500),
rabbit anti-A3R antibody (1:500), sheep anti-SP antibody
(1:500), and rabbit anti-IL-1β antibody (1:1000). Then, the
membranes were incubated with horseradish peroxidase-
conjugated-labelled IgG (1:20,000). The signals were devel-
oped using the SuperSignal West Pico Chemiluminescent
Substrate (Thermo Scientific, USA). The densitometric anal-
ysis of the protein band images was performed using Image J
software (NIH, Bethesda, MD, USA). In Western blot exper-
iments, each group included 10 mice (n = 10).

Statistical analysis

The results are presented as the mean ± SEM. Bivariate
ANOVA and Bonferroni post hoc tests were used to com-
pare the mechanical pain threshold at different time points
in each group. One-way ANOVA and Newman-Keuls
post hoc tests were used for the body weight (%baseline),
colon length, and biochemical data. SPSS 23.0 was used
for the data analysis. A P value of less than 0.05 was
considered statistically significant.
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Results

Effect of EA on TNBS-induced IBD in mice

EA improved the mechanical pain threshold
of the TNBS-induced IBD mice

TNBS remarkably decreased the mechanical pain threshold of
mice compared with that in the control group (P < 0.05,
Fig. 1a), which indicated that the TNBS-induced IBD model
had mechanical allodynia. The mechanical pain threshold in
the TNBS+EA group but not that in the TNBS+sham EA
group was notably upregulated on the fourth day after treat-
ment compared with that of the TNBS group (P < 0.05, Fig.
1a). These results suggested that EA significantly alleviated
the mechanical allodynia of TNBS-induced IBD mice.

EA ameliorated the body weight loss of the TNBS-induced IBD
mice

The body weight in the TNBS group was obviously reduced
compared with that in the control group (P < 0.05, Fig. 1b).
Compared with the body weight in the TNBS group, the body
weight in the TNBS+EA group but not that in the TNBS+

sham EA group was significantly increased (P < 0.05, Fig.
1b). This result illustrated that EA significantly ameliorated
the TNBS-induced weight loss in the IBD model.

EA reversed the shortening of the colon in the TNBS-induced
IBD mice

The length of the colon is inversely proportional to the sever-
ity of colon inflammation and is an indirect indicator of colon
inflammation [23]. The length of the colon in the TNBS group
was obviously shorter than that in the control group (P < 0.05,
Fig. 1c). Compared with the length of the colon in the TNBS
group, the length of the colon of mice in the TNBS+EA group
but not that in the TNBS+sham EA group distinctly increased
(P < 0.05, Fig. 1c). These results indicated that EA reversed
the shortening of the colon in the TNBS-induced IBD mice.

EA improved the diarrhoea scores of the TNBS-induced IBD
mice

The diarrhoea score in the TNBS group was obviously higher
than that in the control group (P < 0.05, Fig. 1d). Compared
with the TNBS group, the diarrhoea score of the mice in the
TNBS+EA group distinctly decreased (P < 0.05, Fig. 1d).

Fig. 1 Time course of the effect of EA on the behaviour of TNBS-
induced mice. a Effect of EA on the mechanical withdrawal threshold
of TNBS-induced mice. b Effect of EA on body weight (body weight
divided by the baseline *%). c Effect of EA on colon length. d Effect of
EA on diarrhoea score. EA treatment was applied 1 day after TNBS

injection once daily for 7 consecutive days. Data were expressed as the
means ± SEM (n = 10 mice per group). *P < 0.05, compared with the
control group; #P < 0.05, compared with the TNBS group; △P < 0.05,
compared with the TNBS+EA group
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These results indicated that EA improved the diarrhoea score
of the TNBS-induced IBD mice.

EA reduced the expression of SP and IL-1β
in the colon tissue of mice with TNBS-induced visceral
pain

UsingWestern blotting, we observed the expression of SP and
IL-1β in colon tissues. The protein expression of SP and IL-
1β in the colon tissues of the TNBS group was obviously
increased compared with that in the control group (P < 0.05,
Fig. 2). EA significantly decreased the expression of SP in the
colon compared with that in the TNBS group but not that in
the TNBS+sham EA group (P < 0.05, Fig. 2). The expression
of IL-1β was also significantly decreased in the TNBS+EA
group. In the TNBS+sham EA group, the IL-1β expression
was slightly reduced but still higher than that in the TNBS+
EA group. These results indicated that EA inhibited visceral
pain by downregulating the expression of SP and IL-1β in
colon tissues.

The role of the A1 receptor (A1R)
in the antinociceptive effect of EA on TNBS-induced
IBD mice

EA increased the expression of A1R in colon tissues

Western blotting was used to detect the expression of A1R in
colon tissues. The expression of A1R was decreased in the
colon tissues of the TNBS group compared with that of the
control group (P < 0.05, Fig. 3a, b). The expression of A1R

was significantly upregulated in the TNBS+EA group but not
in the TNBS+sham EA group compared with that in the
TNBS group (P < 0.05, Fig. 3a, b). These results indicated
that A1R was involved in the effect of EA on TNBS-
induced IBD mice.

The A1R antagonist inhibited the effect of EA that increased
the mechanical threshold of the mice

TNBS remarkably decreased the mechanical pain thresh-
old of the mice compared with that in the control group
(P < 0.05, Fig. 3c). The mechanical pain threshold in the
TNBS+EA group was significantly elevated on the
fourth day after treatment compared with that in the
TNBS group (P < 0.05, Fig. 3c). Pretreatment with the
A1R antagonist DPCPX obviously counteracted the EA
effect in the TNBS+EA+DPCPX group compared with
that in the TNBS+EA group (P < 0.05, Fig. 3c).

The A1R antagonist inhibited the effect of EA that reduced
the expression of SP and IL-1β in the colon tissue

The expression of SP and IL-1β in colon tissues was
detected by Western blotting. The expression of SP and
IL-1β was significantly increased in the TNBS group
compared with that in the control group (P < 0.05, Fig.
3d, e). EA significantly reduced the expression of SP
and IL-1β compared with that in the TNBS group
(P < 0.05, Fig. 3d, e). The above effect of EA was appar-
ently weakened by pretreatment with the A1R antagonist
DPCPX in the TNBS+EA + DPCPX group compared with
that in the TNBS+EA group (P < 0.05, Fig. 3d, e).

The role of the A2a receptor (A2aR) in the analgesia
action of EA on visceral pain

EA increased the expression of A2aR in colon tissues

Western blotting was used to detect the expression of A2aR in
colon tissues. The expression of A2aR was decreased in the
colon tissues of the TNBS group compared with that of the
control group (P < 0.05, Fig. 4a, b). The expression of A2aR
was significantly upregulated in the TNBS+EA group but not
in the TNBS+sham EA group compared with that in the TNBS
group (P < 0.05, Fig. 4a, b). This finding indicated that A2aR
was involved in the effect of EA on TNBS-induced IBD mice.

The A2aR antagonist inhibited the effect of EA that increased
the mechanical threshold

TNBS remarkably lowered the mechanical pain threshold
of mice compared with that in the control group (P < 0.05,
Fig. 4c). The mechanical pain threshold in the TNBS+EA

Fig. 2 Effect of EA on the protein levels of SP and IL-1β in colon tissue.
aRepresentative gel images of SP and IL-1β in colon tissue.β-Actin was
used as a loading control. b Summary data of SP and IL-1β in colon
tissue. Data were expressed as the means ± SEM (n = 10 mice per group).
*P < 0.05, compared with the control group; #P < 0.05, compared with
the TNBS group; △P < 0.05, compared with the TNBS+EA group
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group was significantly upregulated on the fourth day af-
ter treatment compared with that in the TNBS group
(P < 0.05, Fig. 4c). Pretreatment with the A2aR antagonist
ZM241385 obviously counteracted the EA effect in the
TNBS+EA+ZM241385 group compared with that in the
TNBS+EA group (P < 0.05, Fig. 4c).

The A2aR antagonist inhibited the effect of EA that reduced
the expression of SP and IL-1β in the colon tissue

The expression of SP and IL-1β in the colon tissue was
detected by Western blotting. The expression of SP and
IL-1β was significantly increased in the TNBS group com-
pared with that in the control group (P < 0.05, Fig. 4d, e).
EA significantly reduced the expression of SP and IL-1β
compared with that in the TNBS group (P < 0.05, Fig.
4d, e). The above effect of EA was apparently weakened
by pretreatment with the A2aR antagonist ZM241385 in
the TNBS+EA+ZM241385 group compared with that in
the TNBS+EA group (P < 0.05, Fig. 4d, e).

The role of the A2b receptor (A2bR)
in the antinociceptive effect of EA on visceral pain

EA decreased the expression of A2bR in colon tissues

The expression of A2bR in colon tissues was detected by
Western blotting. The expression of A2bR was notably in-
creased in the colon tissues of the TNBS group compared with
that of the control group (P < 0.05, Fig. 5a, b). EA significant-
ly downregulated the expression of A2bR compared with that
in the TNBS group (P < 0.05, Fig. 5a, b). A2bR expression in
the TNBS+sham EA group was also slightly decreased com-
pared to that in the TNBS group but not to the same degree as
that in the TNBS+EA group (P < 0.05, Fig. 5a, b).

The A2bR antagonist was of little importance in the inhibitory
effect of EA on mechanical hyperalgesia

The mechanical pain threshold was significantly decreased by
TNBS compared with that in the control group (P < 0.05, Fig.

Fig. 3 Role of A1R in the effect of EA on TNBS-induced mice. a
Representative gel images of A1R in colon tissue. β-Actin was used as
a loading control. b Summary data of A1R in colon tissue. c Time course
of the mechanical withdrawal threshold when used A1R antagonist. d
Representative gel images of SP and IL-1β in colon tissue. β-Actin

was used as a loading control. e Summary data of SP and IL-1β in colon
tissue. Data were expressed as the means ± SEM (n = 10 mice per group).
*P < 0.05, compared with the control group; #P < 0.05, compared with
the TNBS group; △P < 0.05, compared with the TNBS+EA group
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5c). The mechanical pain threshold in the TNBS+EA group
was significantly elevated on the fourth day after treatment
compared with that in the TNBS group (P < 0.05, Fig. 5c).
The mechanical pain threshold in the TNBS+EA+PSB603
group was not different from that in the TNBS+EA group
(P < 0.05, Fig. 5c).

The A2bR antagonist PSB603 enhanced the inhibitory effect
of EA on the expression of SP and IL-1β in colon tissue

The expression of SP and IL-1β in colon tissues was detected
by Western blotting. The expression of SP and IL-1β was
significantly increased in the TNBS group compared with that
in the control group (P < 0.05, Fig. 5d, e). EA significantly
reduced the expression of SP and IL-1β compared with that in
the TNBS group (P < 0.05, Fig. 5d, e). Pretreatment with the
A2bR antagonist PSB603 promoted the effect of EA com-
pared with that in the TNBS+EA group (P < 0.05, Fig. 5d, e).

The role of the A3 receptor (A3R) in the analgesia
action of EA on visceral pain

EA increased the expression of A3R in colon tissues

Western blotting was used to detect the expression of A3R in
colon tissues. The expression of A3R was decreased in the
colon tissues of mice in the TNBS group compared with that
in the control group (P < 0.05, Fig. 6a, b). The expression of
A3R was significantly increased in the TNBS+EA group but
not in the sham EA group compared with that in the TNBS
group (P < 0.05, Fig. 6a, b).

The A3R antagonist inhibited the effect of EA that increased
the mechanical threshold

TNBS significantly decreased the mechanical pain threshold
ofmice comparedwith that in the control group (P < 0.05, Fig.
6c).The mechanical pain threshold in the TNBS+EA group

Fig. 4 Role of A2aR in the effect of EA on TNBS-induced mice. a
Representative gel images of A2aR in colon tissue. GAPDH was used
as a loading control. b Summary data of A2aR in colon tissue. c Time
course of the mechanical withdrawal threshold when used A2aR antago-
nist. dRepresentative gel images of SP and IL-1β in colon tissue.β-Actin

was used as a loading control. e Summary data of SP and IL-1β in colon
tissue. Data were expressed as the means ± SEM (n = 10 mice per group).
*P < 0.05, compared with the control group; #P < 0.05, compared with
the TNBS group; △P < 0.05, compared with the TNBS+EA group
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was significantly increased on the fourth day after treatment
compared with that in the TNBS group (P < 0.05, Fig. 6c).
Pretreatment with the A3R antagonist MRS3777 noticeably
counteracted the EA effect in the TNBS+EA+MRS3777
group compared with that in the TNBS+EA group (P < 0.05,
Fig. 6c).

The A3R antagonist inhibited the effect of EA that reduced
the expression of SP and IL-1β in the colon tissue

The expression of SP and IL-1β in colon tissues was detected
by Western blotting. The expression of SP and IL-1β was
significantly increased in the TNBS group compared with that
in the control group (P < 0.05, Fig. 6d, e). EA significantly
reduced the expression of SP and IL-1β compared with that in
the TNBS group (P < 0.05, Fig. 6d, e). The pretreatment with
the A3R antagonist MRS3777 clearly weakened the EA effect
in the TNBS+EA+MRS3777 group compared with that in the
TNBS+EA group (P < 0.05, Fig. 6d, e).

Discussion

EA, as a traditional therapeutic method, has been used to treat
visceral pain caused by IBD for a long time in China. Previous
studies have shown that EA can decrease the disease activity
index and reduce histological scores in rats with TNBS-
induced colitis [8]. EA can also improve body weight reduc-
tion and colonic lesions, including swell ing and
haemorrhages, by decreasing the expression of TNF-α, IL-1
β, and IL-6 in colon tissues of colitis rats [24]. In this study,
we found that EA significantly improved mechanical
allodynia and the disease-related index (colon length, body
weight, diarrhoea score). In addition, previous study found
that SP and IL-1βwere involved in the IBD pathologic mech-
anism and visceral sensitivity process [25, 26]. SP is an im-
portant part of the immune response in IBD cases [27], which
can activate mast cells to promote inflammation in patients
with diarrhoea-predominate irritable bowel syndrome (IBS-
D) [28], whose level of IL-1β is also significantly elevated
[29]. Our findings showed that EA downregulated the

Fig. 5 Role of A2bR in the effect of EA on TNBS-induced mice. a
Representative gel images of A2bR in colon tissue. β-Actin was used
as a loading control. b Summary data of A2bR in colon tissue. c Time
course of the mechanical withdrawal threshold when used A2bR antago-
nist. dRepresentative gel images of SP and IL-1β in colon tissue.β-Actin

was used as a loading control. e Summary data of SP and IL-1β in colon
tissue. Data were expressed as the means ± SEM (n = 10 mice per group).
*P < 0.05, compared with the control group; #P < 0.05, compared with
the TNBS group; △P < 0.05, compared with the TNBS+EA group
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expression of SP and IL-1β in the colon tissues of the TNBS-
induced mouse models, which demonstrated that EA inhibited
visceral pain in IBD by reducing inflammatory factors associ-
ated with visceral pain.

Purinergic neurotransmission includes ATP, ADP, AMP,
and adenosine. Under stress or damaged, cells release the
pro-inflammatory substance ATP to the extracellular space.
ATP can be swiftly hydrolysed into AMP by extracellular
triphosphoric acid and diphosphate acid hydrolases
(ENTPD1/CD39) and then be hydrolysed into adenosine by
extracellular 5′-nucleotidase (NT5E/CD73) [30]. Nucleotides
act on two receptor types called P2X (P2X1–7 subtypes) and
P2Y (P2Y1, 2, 4, 6, 11–14 subtypes) [31, 32]. Adenosine acts
on its own receptor types (A1R, A2aR, A2bR, A3R) [33].
Current data have shown the distribution of adenosine A1,
A2a, A2b, and A3 receptors in the colon [34, 35].

The most salient finding of our present study is the poten-
tiating effects of EA on the adenosine receptors in the process
of visceral pain. In colonic distension-induced abdominal
withdrawal reflex rats, subcutaneous or intracisternal

injections of the A1R agonist increased the threshold volume,
which was inhibited by the A1R antagonist [36]. Another
study showed that the A1R agonist R-phenyl-isopropyl-
adenosine (R-PIA) reduced SP-like immunoreactivity by
50%, which was blocked by the adenosine receptor antagonist
(theophylline) [37]. Our study showed that EA significantly
reversed the decrease of A1 receptors in IBD. Pretreatment
with A1 receptor antagonists DPCPX suppressed the effect
of EA in analgesia and inhibiting SP and IL-1β. This finding
suggested that A1R participated in the effect of EA on visceral
pain in IBD.

A2aR has anti-inflammatory and analgesic effects. A2aR
contributes to the inhibition of motor actions in the normal
colon at the neuronal level, and the recruitment of A2aR by
CD73-dependent endogenous adenosine enhances the sup-
pression of colonic motility during bowel inflammation [38].
A2aR agonist ATL-146e or ATL-313 can significantly im-
prove the inflammation of the colon mucosa by suppressing
the release of pro-inflammatory cytokines from neutrophils
and macrophages whilst sparing anti-inflammatory activity

Fig. 6 Role of A3R in the effect of EA on TNBS-induced mice. a
Representative gel images of A3R in colon tissue. GAPDH was used as
a loading control. b Summary data of A3R in colon tissue. c Time course
of the mechanical withdrawal threshold when used A3R antagonist. d
Representative gel images of SP and IL-1β in colon tissue. β-Actin

was used as a loading control. e Summary data of SP and IL-1β in colon
tissue. Data were expressed as the means ± SEM (n = 10 mice per group).
*P < 0.05, compared with the control group; #P < 0.05, compared with
the TNBS group; △P < 0.05, compared with the TNBS+EA group
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[39]. The A2aR agonist can act as a pharmacological tool to
manage IBD, and the antagonist can be used to treat functional
dyspepsia [40]. Furthermore, A2a receptor antagonists can
reverse the function of adenosine (0.3–100 mg/kg, i.p.) on
reducing IL-1β in pleural effusion of the pleurisy model
[41]. However, it is not clear whether A2aR activation could
inhibit SP and IL-1β release and relieve visceral pain. In our
study, results showed that EA significantly reversed the de-
crease of A2a receptors in IBD. Pretreatment with A2a recep-
tor antagonist ZM241385 suppressed the effect of EA in an-
algesia and inhibiting SP and IL-1β. Our study provided new
information that A2aR participated in the effect of EA on
visceral pain in IBD.

Another potential adenosine receptor that could be involved
in treating colon inflammation is A3R [42, 43]. The application
of an A3 agonist can effectively protect the inflamed digestive
tract mucosal layer and inhibit several cytokine/chemokine/in-
flammatory genes, thus facilitating an noticeable decrease in
several pro-inflammatory mediators (MIP-1a and MIP-2, IL-
1, IL-6, IL-12) and an increase in reactive species of oxygen,
contributing to an amelioration of intestinal mucosa damage
[44, 45]. A3R agonist can alleviate IBD, and its antagonist is
beneficial to treat constipation [40]. In addition, A3 receptor
agonists can decrease the release of IL-1β in patients with ar-
thritis, which can be blocked by selective A3 receptor antago-
nists [46]. Nevertheless, few investigations have reported on the
action of A3R in relieving visceral pain by inhibiting SP and IL-
1β. The results of this study showed that EA significantly re-
versed the decrease of A3 receptors in IBD. Pretreatment with
A3 receptor antagonist MRS3777 suppressed the effect of EA
in analgesia and inhibiting SP and IL-1β. Our findings
highlighted the important role of interactions between A3R
and the effect of EA on visceral pain in IBD.

A2bR is a particular subtype of adenosine receptors that
plays a different role from that of the other three subtypes.
Studies have shown an overexpression of A2bR in TNBS-
induced or DSS-induced colitis [47]. Similar studies also
show that A2bR has a crucial role on pro-inflammatory activ-
ity in intestinal epithelial cells [48]. The application of A2b
receptor antagonists can improve the inflammatory parame-
ters and thus treat the colitis mouse model [49, 50]. Our study
showed that EA significantly reversed the increase of A2b
receptors in IBD. However, pretreatment with A2b receptor
antagonist PSB603 had little effect on analgesia of EA, which
need further research.

In summary, our study provides novel evidence that EA
can inhibit the expression of inflammatory factors SP and
IL-1β by regulating peripheral A1, A2a, A2b, and A3 recep-
tors, thus inhibiting visceral pain and improving symptoms in
IBD mice. However, the different roles of adenosine receptors
participating in the effect of EA require further research. This
new information improves our understanding in the underly-
ing mechanisms of acupuncture analgesia.
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