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Objective. To evaluate the effects of electroacupuncture and moxibustion on brain-derived neurotrophic factor (BDNF) and its
receptor tyrosine kinase receptor B (TrkB) protein and mRNA expressions in the colon and dorsal root ganglia of IBS rats with
visceral hypersensitivity and to explore their underlying therapeutic mechanisms. Method. Forty Sprague Dawley rats were
randomly divided into normal, model, model + mild moxibustion (MM), model + electroacupuncture (EA), and mod-
el + pinaverium bromide (PB) groups, with eight rats in each group. Chronic visceral hypersensitive IBS rat models were
established by colorectal distension (CRD) with mustard oil clyster. Rats in the MM and EA groups, respectively, received
moxibustion and electroacupuncture treatments on the Tianshu (ST25) and Shangjuxu (ST37) acupoints once daily for 7 days,
and rats in the PB group received pinaverium bromide by oral gavage once daily for 7 consecutive days. After treatment, rats
underwent abdominal withdrawal reflex (AWR) scoring under CRD and colon histopathological examination. Immunohis-
tochemistry and real-time quantitative PCR (RT-qPCR) were used to study the protein and mRNA expressions of BDNF and TrkB
in the rat colon and dorsal root ganglia. Results. Compared with the normal group, AWR scores and body weight were clearly
increased in the model group rats (both P < 0.01). The body weights were significantly elevated (P < 0.01, P < 0.05), but the AWR
scores were reduced (P <0.05, P<0.01), after electroacupuncture and mild moxibustion treatment. Compared with levels in
normal rats, BDNF and TrkB protein and mRNA expressions were significantly elevated in the IBS model rats (P < 0.01) but were
downregulated after mild moxibustion, electroacupuncture, and Western medicine treatment (P <0.01). Conclusion. Electro-
acupuncture and moxibustion improved visceral hypersensitivity of IBS rats possibly by reducing BDNF and TrkB protein and
mRNA expressions in the colon and dorsal root ganglia.

1. Introduction

Irritable bowel syndrome (IBS) is a chronic functional
gastrointestinal disorder with a syndrome of persistent or
recurrent episodes of intestinal disorder. It is characterized
by abdominal pain, abdominal distension, altered bowel
habits, and/or character of stool that severely affect the
quality of patients’ life. At present, the pathogenesis of IBS
has not yet been fully elucidated. Most studies suggest that

IBS is related to the interaction of various factors including
genes, diet, psychosocial factors, mucosal immunity and
inflammation, intestinal flora disorders, gastrointestinal
motility abnormalities, and brain-gut axis dysfunction,
causing visceral hypersensitivity and manifesting as the
corresponding symptoms [1-3].

Brain-derived neurotrophic factor (BDNF) is a neuro-
trophic protein widely distributed in the nervous system and
is involved in neuronal differentiation, development, and
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repair and has the effect of causing pain and sensitivity in the
nervous system [4, 5]. After being synthesized in primary
sensory neurons, BDNF is transported to the primary af-
ferent nerve terminals of the spinal cord dorsal horn, where
it is involved in the regulation of pain hypersensitivity
caused by different pain stimuli [6]. BDNF does not only
present in the nervous system but also expresses in pe-
ripheral tissues, such as the intestine and pancreas [7, 8],
and especially in the intestinal epithelium, myenteric
plexus, and submucosal plexus of the colon. The fecal
supernatants (FSN) from diarrhea-predominant IBS pa-
tients significantly increase BDNF mRNA and protein
levels in colonic epithelial cells of humans and mice [9].
BDNF interacts with substance P (SP), nerve growth factor,
and calcitonin gene-related peptide (CGRP) to regulate
intestinal sensation and affect colon sensitivity [10]. Studies
found that moderate amounts of BDNF can maintain the
normal function of sensory nerves; however, abnormal
elevation of BDNF can lead to a variety of pain-related
sensations, such as chronic pain, inflammatory pain, and
visceral pain [11].

A study has found that BDNF plays an important role
in IBS pathogenesis and visceral sensitivity through
binding with its high-affinity receptor of tyrosine receptor
kinase B (TrkB) [12]. Currently, no effective Western
medicine methods are available for IBS treatment. Al-
though drugs such as pinaverium bromide and probiotics
can relieve the symptoms, the long-term maintenance
effect is unsatisfactory. Acupuncture and moxibustion are
important parts of traditional Chinese medicine to alle-
viate visceral hypersensitivity and have good effects on
improving the clinical symptoms of IBS patients, such as
abdominal pain and bloating, as well as improving their
quality of life [13-15]. However, the therapeutic mecha-
nisms of acupuncture and moxibustion remain unclear.
This study aimed to detect the expression of BDNF and
TrkB in the colon and spinal cord of IBS rats and evaluate
the regulatory effects and therapeutic mechanisms of
acupuncture and moxibustion for visceral hypersensitivity
in IBS.

2. Materials and Methods

2.1. Experimental Animals. 40 neonatal male Sprague
Dawley (SD) rats aged five days of clean grade were provided
by the Laboratory Animal Center of the Shanghai University
of Traditional Chinese Medicine (Shanghai, China). Each
litter of neonatal rats and a female lactating rat that had free
access to water and food were housed in a cage. The animal
housing environment provided a 12-hour light/dark cycle at
20+ 2°C room temperature and 50-70% indoor humidity.
After adaptive feeding, experiments were conducted in
neonatal SD rats 8 days after birth. All experiment proce-
dures were performed in strict accordance with the guide-
lines provided by the National Institutes of Health for the
Care and Use of Laboratory Animals, and the animal
protocol was approved by the Animal Care and Use
Committee of the Shanghai University of Traditional Chi-
nese Medicine.
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2.2. IBS Modeling and Identification. Colorectal distension
(CRD) and intracolonic injection of mustard oil were used to
establish the rat model of visceral hypersensitivity in IBS
[16]. In this study, a hand-made saccule coated with a small
amount of vaseline was slowly inserted from anus to the
descending colon along the colorectal physiological curva-
ture for approximately 2 cm. Saccule distension was made by
inflating with 0.5 mL air for 1 minute followed by deflation.
The same stimulation was repeated once after 30 min. The
above procedures were conducted once a day for 14 con-
secutive days. Then, the rats continued feeding until post-
natal week 6 and were intracolonically injected with 0.2 mL
of 4% mustard oil daily for 14 consecutive days, with an
injection depth of approximately 6-8cm. Subsequently,
abdominal withdrawal reflex (AWR) scoring under CRD
was performed to evaluate their sensitivity to CRD stimu-
lation to confirm successful modeling.

2.3. Abdominal Withdrawal Reflex (AWR) Scoring. AWR
scoring was conducted by the method of Al-Chaer et al. [16]
to evaluate behavioral changes in rats before and after
treatment. All rats were fasted with free access to water for
8-12 hours before the AWR scoring. The balloon was
connected to a desktop sphygmomanometer and syringe
through a three-way valve to provide distension with con-
stant pressure. The balloon was slowly inserted into the
rectum from the anus and reached the descending colon of
the rat. This was followed by inducing pain by colorectal
distension at 20, 40, 60, and 80 mmHg. Each CRD scoring
lasted approximately 20 seconds every 3 minutes, and each
rat was evaluated 3 times to obtain the mean value as the
final score for analysis. AWR scoring criteria were as follows:
score 0, no behavioral response to CRD; score 1, brief head
movement followed by immobility during CRD; score 2,
mild contraction of the abdominal muscles but no lifting;
score 3, strong contraction of the abdominal muscles and
lifting of the abdomen without lifting of the pelvic structure
and scrotum; and score 4, body was arched and lifting of the
pelvis and scrotum [16].

2.4. Animal Grouping and Treatment. Laboratory animal
treatments are in accordance with the International Asso-
ciation for the Study of Pain (IASP) guidelines. All 8-day-old
neonatal rats were randomly divided into the normal group
(n=8) and IBS modeling group (n=32). Rats in the normal
group were routinely fed and housed without any stimu-
lation; rats in the IBS modeling group were given CRD
stimulation and intracolonically injected with mustard oil as
described above. After the model was successfully estab-
lished, 32 rats in the IBS modeling group were randomly
divided into model group, mode + mild moxibustion (MM)
group, model + electroacupuncture (EA) group, and mod-
el + pinaverium bromide (PB) group, 8 rats in each group.

In the MM group, rats were received moxibustion
treatment on bilateral Tianshu (ST25) and Shangjuxu (ST37)
acupoints [17]; special moxa sticks (Nanyang Hanyi Moxa
Co., Ltd., Nanyang, Henan province, China) with a diameter
of 0.5cm were ignited and suspended at approximately
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2-3 cm above the acupoints simultaneously for 10 minutes
[18-20], once daily for 7 consecutive days. In the EA group, a
disposable sterile acupuncture needle (0.25mm X 25mmy;
Suzhou Medical Appliance Factory, Jiangsu Province,
China) was used for acupuncture at a depth of 5mm on
bilateral ST25 and ST37 acupoints and was connected to
HANS-100A EA device (Nanjing Jisheng Medical Treatment
Technology Co., Ltd., Jiangsu Province, China), with dila-
tational wave, 2/10 Hz frequency, and 1mA intensity, 20
minutes for each time [19, 20], once daily for 7 consecutive
days. Rats in the PB group received pinaverium bromide
solution (State Food and Drug Administration, China,
Approval number: H20120127) following the 1:0.018 of
adult human (70 kg body weight)-to-rat (200 g body weight)
ratio [21] by gavage daily for 7 consecutive days.

2.5. Sample Collection. After AWR scoring, all rats were
weighed and anesthetized by intraperitoneal injection with
2% pentobarbital sodium (0.2 mL/100 g) and were then fixed
on the dissection bench to open the abdominal cavity.
Approximately 6-8 cm of colon tissue was collected 2 cm
above the anus. The colon sample was cut longitudinally and
rinsed with normal saline followed by fixing part of the colon
sample in 4% paraformaldehyde solution and preserving the
remaining sample at —80°C in a freezer for later experiments.
Then, rats were sacrificed by cervical dislocation to reduce
pain, and the spinal dorsal root ganglia at L6-S2 [17, 20, 22]
were rapidly removed and preserved at —80°C in a freezer for
later detection.

2.6. General Conditionsin Rats. Mental state, fur appearance,
dietary change, defecation, body weight, responsiveness, and
activity of rats were monitored.

After IBS modeling was accomplished, AWR scoring was
compared before and after each treatment to observe any
behavioral changes in different groups of rats.

2.7. Histological Analysis. The colon tissues fixed in 4%
paraformaldehyde solution were dehydrated, paraffin-em-
bedded, and sectioned at a 4 ym thickness. The sections were
deparaffinized in xylene I and II solutions for 15 min each
and rehydrated from 100%, 95%, 90%, 80%, and 70% ethanol
(5 min each) in double-distilled water (5 min each for 2 times
on a shaker) followed by staining in hematoxylin solution for
3min and rinsing in running water for 10 min. After dif-
ferentiating in 1% hydrochloric acid alcohol for 3s and
bluing in running water for 10 min, the tissue section was
stained in eosin solution for 2 min followed by dehydrating
from 70%, 80%, 90%, 95% (2 min each) to 100% ethanol for
5min each, clearing in xylene I and II solutions for 15 min
each, and mounting coverslips on the glass slides using
appropriate amounts of neutral gum. After drying, the
histopathological changes of colon tissues in different group
rats were observed under a light microscope (BH2; Olympus,
Tokyo, Japan).

2.8. Immunohistochemistry to Detect BDNF and TrkB Protein
Expression. The paraffin sections of colon and dorsal root
ganglia tissue were deparaffinized in xylene I and II solutions
for 10 min each and rehydration in 100%, 95%, 85%, and
75% ethanol for 5min. After washing with PBS 5min each
for 2 times on a shaker, tissue sections were immersed in
0.01 M citrate buffer (pH 6.0) and heated in a microwave at
98°C for 2.5min, 1.5min, and 1 min, with 15-min intervals
for antigen retrieval. After cooling down to room temper-
ature, tissue sections were placed in 1% H,0, for 10 min,
washed 3 times in PBS for 3 min each, and blocked in 5%
bovine serum albumin at 37°C for 20 min. The tissue sections
were individually incubated with 20 yL primary antibodies
(1:200 anti-BDNF antibodies, 1:25 anti-TrkB antibodies;
Abcam, USA) overnight at 4°C. Next day, after 3 washes in
PBS for 3 min each, the tissue sections were incubated with
20 uL biotin-labeled secondary antibody (goat anti-rabbit
IgG, 1:100; Wuhan Boster Bio-Engineering Co., Ltd.,
Wuhan, China) at 37°C for 30 min followed by washing in
PBS 3 times for 3min each. After incubation with biotin-
labeled avidin solution at 37°C for 30 min, the sections were
washed with PBS 3 times for 3 min each and subsequently
incubated with DAB for color development. The sections
were rinsed in running water for 10 min, counterstained
with hematoxylin solution for 30, rinsed in running water
again, blued in hydrochloric acid alcohol for 2 s, followed by
washing in water, and were dehydrated, cleared, and
mounted with neutral gum. Immunohistochemistry of colon
tissue was observed under a light microscope (BH2;
Olympus, Tokyo, Japan).

2.9. RT-qPCR to Detect BDNF and TrkB mRNA Expression.
Total RNAs were extracted from colon and dorsal root
ganglia tissues using TRIzol reagent (Invitrogen) followed by
pipetting 2 yL extracted RNA into a 1.5 mL centrifuge tube
containing 8 uL. DEPC water, 0.5 4L RNase inhibitor (50 U/
uL), and 2uL (50 pM/uL) random primers for reverse
transcription and cDNA synthesis at 65°C in a water bath for
5min. After standing at room temperature for 10 min, the
mixtures were centrifuged at 5,000g for 5s, then adding
0.5uL RNase inhibitor (50 U/uL), 4uL 5xbuffer (Invi-
trogen), 2ul. ANTP Mix (10 mM/each), and 1uL reverse
transcriptase (AMV) (200U/uL) to the above reaction
system to achieve a final reaction volume of 12.5uL. The
samples were allowed to reaction for 1h at 40°C in a water
bath followed by 90°C for 5-10 min, ice bath for 5 min, and
high-speed centrifuging at 5,000g for 5s before PCR am-
plification. The RT-qPCR reaction system contained 5 uL
water, 8 L 2 x SYBRGREEN PCR mix, 1 uL forward primer
(10 pM/uL), 1 uL reverse primer (10 pM/uL), and 1 uL cDNA
template. The RT-qPCR conditions were 95°C denaturation
for 2min, 40 cycles of 94°C denaturation for 10s, 60°C
annealing for 10s, and 72°C elongation for 40s. RT-qPCR
was performed in a 7300 Real-Time PCR System (Applied
Biosystems) to analyze the optical densities of the stripes,
which were corrected by GAPDH to obtain the relative
optical densities of the target genes.
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Figure 1: Change of body weight and AWR scores in rats of each group. (a) Weight changes of rats in each group before and after
acupuncture and moxibustion treatment. Before treatment, *P < 0.01 vs. NC; after treatment, *P <0.01 vs. NC, 4P <0.05 vs. MC, and
#p <0.01 vs. MC. (b) AWR scores of rats in each group under different CRD stimulation. *P < 0.01 vs. NC, AP <0.05vs. MC, and #p<0.01
vs. MC. NC: normal group; MC: model group; MM: model + mild moxibustion group; EA: model + electroacupuncture group; PB:

model + pinaverium bromide group.

2.10. Statistical Analysis. SPSS 20.0 software (IBM SPSS Inc.,
Chicago, IL, USA) was used for data statistics and analysis.
The normally distributed data were presented as mean-
+standard deviation (X £ s), and one-way ANOVA was
used for comparison among groups. The least significant
difference (LSD) method was used for multiple comparisons
if the variances were homogeneous, and Dunnett’s T3
method was performed if the variances were not homoge-
neous. Non-normally distributed data were presented as
median (minimum, maximum), and the nonparametric
Kruskal-Wallis test was used for the comparison between
groups. The test standard was a=0.05. P <0.05 was con-
sidered a statistically significant difference.

3. Results

3.1. General Conditions of Rats in Each Group. Rats in the
normal group were normal in food uptake and active and
had white and well-groomed fur, stool with appropriate
hardness, and clean perianal skin and fur. Rats in the model
group were irritable and had poor appetite, reduced food
uptake, slow movement, dry and sparse fur, watery stool,
and dirty perianal skin. Rats in the MM, EA, and PB groups
had different degrees of improvement in food uptake,
grooming, responsiveness, and mobility, with most of the
formed feces and occasionally contaminated perianal skin
and fur, although the fur was relatively clear and shiny
compared with the rats in the model group.

3.2. Changes in the Body Weight of Rats and Abdominal
Withdrawal Reflex (AWR) Scoring. The body weights of IBS
rats after modeling (before treatment) were significantly
decreased compared with the body weights of rats in the
normal group (P <0.01). After treatment, the body weights

of rats in the MM group (P<0.01) and EA group
(P <0.05) were significantly higher than the body weights
of rats in the model group. However, all IBS rats in
different groups had lower body weight than rats in the
normal group (P <0.01) (Figure 1(a)). The AWR scores of
rats in the model group were significantly elevated under
all CRD pressures (20, 40, 60, and 80 mmHg) compared
with the normal group (all P <0.01). Compared with the
model group, the AWR scores of rats in the MM and PB
groups were significantly decreased under 20 mmHg
CRD pressure (P <0.05). AWR scores of rats in the MM,
EA, and PB groups under 40, 60, and 80 mmHg CRD
pressures were significantly decreased (P < 0.05 or P <0.01)
(Figure 1(b)).

3.3. Histological Observation. As shown in Figure 2, the
morphology of the colonic mucosa in the normal rats was
intact with clear structure, neatly arranged glands, and no
inflammatory cell infiltration, congestion, or edema. In
the model group, the colonic mucosa of IBS rats still
demonstrated regular structure with regularly arranged
colonic glands and only small numbers of infiltrated in-
flammatory cells in the submucosa, and no congestion or
edema. Colonic structure of IBS rats in the MM, EA, and
PB groups was intact, with relatively neatly arranged
glands, few or no inflammatory cell infiltration in the
mucosa and submucosa, and no obvious interstitial
congestion and edema.

3.4. BDNF Protein and mRNA Expression in the Colon.
As shown in Figure 3, BDNF protein and mRNA ex-
pressions in the colon of IBS rats in the model group were
significantly higher than those in the healthy rats in the
normal group (P<0.01). Compared with the model
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FiGuRre 2: Pathological changes of colon tissue in rats. NC: normal group; MC: model group; MM: model + mild moxibustion group; EA:
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FiGgure 3: Expression of BDNF protein (x200) and relative expression of BDNF mRNA in rat colon tissue. (a) The expression of BDNF
protein in rat colon tissue. (b): The relative expression of BDNF mRNA in rat colon tissue. NC: normal group; MC: model group; MM:
model + mild moxibustion group; EA: model + electroacupuncture group; PB: model + pinaverium bromide group. The data were presented
as mean = SD. *P<0.01 vs. NC; P <0.01 vs. MC.
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FiGURE 4: Expression of TrkB protein (x200) and relative expression of TrkB mRNA in the rat colon. (a) Expression of TrkB protein in rat
colon tissue. (b) The relative expression of TrkB mRNA in rat colon tissue. NC: normal group; MC: model group; MM: model + mild
moxibustion group; EA: model + electroacupuncture group; PB: model + pinaverium bromide group. The data were presented as

mean + SD. *P <0.01 vs. NC; #P <0.01 vs. MC.

group, IBS rats in the MM, EA, and PB groups had
significantly lower BDNF protein and mRNA expressions
in the colon (P<0.01).

3.5. TrkB Protein and mRNA Expression in the Colon. As
shown in Figure 4, TrkB protein and mRNA expressions in
the colon of IBS rats in the model group were significantly
higher than those in the healthy rats in the normal group
(P <0.01). Compared with the model group, IBS rats in the
MM, EA, and PB groups had significantly lower TrkB protein
and mRNA expressions in the colon (P <0.01). In addition,
TrkB protein expression in the colon of the MM group was
significantly lower than that of the MW group (P <0.01).

3.6. BDNF Protein and mRNA Expression in the Dorsal Root
Ganglia. As shown in Figure 5, the protein and mRNA
expressions of BDNF in the dorsal root ganglia of IBS rats in
the model group were significantly higher than those in the
healthy rats in the normal group (P <0.01). IBS rats in the
MM, EA, and PB groups had significantly lower TrkB

protein and mRNA expressions in the dorsal root ganglia
than those in the model group (P <0.01).

3.7. TrkB Protein and mRNA Expression in the Dorsal Root
Ganglia. As shown in Figure 6, the protein and mRNA
expressions of TrkB in the dorsal root ganglia of IBS rats in
the model group were significantly higher than those in the
healthy rats in the normal group (P <0.01). IBS rats in the
MM, EA, and PB groups had significantly lower TrkB
protein and mRNA expressions in the dorsal root ganglia
than those in the model group (P <0.01).

4., Discussion

IBS is a chronic functional bowel disease with unclear
pathogenesis. Based on the previous research methods,
mechanical combined with chemical stimulation were used
to simulate the visceral hypersensitivity of IBS in a rat model.
Rats in the IBS model group had poor appetite and watery
stool, indicating a change in bowel habits. Next, we observed
the effect of acupuncture and moxibustion on IBS rats with
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FIGURE 5: Expression of BDNF protein (x200) and relative expression of BDNF mRNA in the dorsal root ganglia of rats in each group.
(a) Expression of BDNF protein in the dorsal root ganglia of rats. (b) The mRNA expression of BDNF in the dorsal root ganglia of rats.
NC: normal group; MC: model group; MM: model + mild moxibustion group; EA: model + electroacupuncture group; PB: mod-
el + pinaverium bromide group. The data were presented as mean +SD. *P <0.01 vs. NC; #P<0.01 vs. MC.

visceral hypersensitivity and the possible therapeutic
mechanism based on BDNF and TrkB. BDNF is one of the
neurotrophic factors secreted by spinal microglia and mainly
expressed in many brain regions including the cortex and
hippocampus. It not only has beneficial effects by promoting
the development, survival, and maintenance of neurons in
the nervous system but also produces noxious stimuli in the
central nervous system and is associated with pain regulation
and central sensitization. In addition, BDNF is also abun-
dantly expressed in peripheral gastrointestinal tissues and
plays an important role in regulating gastrointestinal mo-
tility and visceral sensitivity [23]. Visceral hypersensitivity is
an important physiopathological mechanism of IBS [24],
and BDNF has been found to promote colon visceral hy-
persensitivity in animal experiments and clinical studies
[25, 26]. The afferent nerves, which innervate intestinal
sensation, are mainly distributed in the submucosal plexus
and the myenteric plexus. Abnormal BDNF expression in
these regions can influence the development of the endplate
terminals of the gastrointestinal vagus nerve, thereby af-
fecting the innervation of sensory neurons in the vagus nerve

[27]. This allows BDNF to be involved in the modulation of
inflammation, occurrence of neuropathic pain, and for-
mation of hypersensitivity in chronic pain [23, 28]. Previous
studies have shown that the expression of BDNF protein in
the lumbosacral spinal dorsal horn was increased in young
mice with visceral hypersensitivity induced by neonatal
separation [29], and the mRNA expression of BDNF in the
hippocampus of IBS rats with visceral hypersensitivity was
significantly higher than that in the normal control rats [30].
After intrathecal injection of BDNF antibody in the dorsal
root ganglia of rats with inflammatory pain, the body aches
of rats were significantly reduced and the expression level of
BDNF in the spinal dorsal horn and hippocampus was also
reduced [31], indicating that high BDNF expression in the
peripheral nervous system may be an important cause of
visceral hypersensitive pain in IBS and other inflammatory
pain. The main mechanisms of visceral hypersensitivity are
the BDNF-mediated changes in gene expression and channel
function in primary sensory neurons and the upregulation of
spinal cord BDNF expression which were involved in the
development of visceral hypersensitivity induced by prenatal
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FIGURE 6: Expression of TrkB protein (x200) and relative expression of TrkB mRNA in the dorsal root ganglia of rats in each group. (a)
Expression of TrkB protein in the dorsal root ganglia of rats. (b) The mRNA expression of TrkB in the dorsal root ganglia of rats in each
group. NC: normal group; MC: model group; MM: model + mild moxibustion group; EA: model + electroacupuncture group; PB:
model + pinaverium bromide group. The data were presented as mean+SD. *P <0.01 vs. NC; #P<0.01 vs. MC.

chronic stress [32, 33]. Furthermore, BDNF regulates the
integrity of the intestinal epithelial mucosa barrier by af-
fecting the expression of tight junction proteins in the in-
testinal epithelium, as well as alters the structure of intestinal
flora, and is involved in the pathological process of IBS
[34, 35].

TrkB, a high-affinity receptor for BDNF, is a tyrosine
protein kinase encoded by the thymidine kinase (tdk) proto-
oncogene family that can present in the myenteric plexus and
submucosal plexus of intestinal tissues. BDNF acts as both an
autocrine and a paracrine signal to activate presynaptic TrkB
receptors, leading to the activation of tyrosine proteases. The
activated tyrosine proteases are involved in the differentiation
and development of nerve cells via TrkB-PI3K/AKT, TrkB-
MEK/MAPK, and TrkB-PLC/IP3 signaling pathways, and
these proteases regulate synaptic excitability in pain con-
duction and intestinal motility, and they also promote the
development of hyperalgesia [36-38]. Binding between BDNF
and its receptor TrkB also increases the release of the neu-
rotransmitters serotonin, calcitonin gene-related peptide
(CGRP), and P substance (SP) and then causes Ca*" influx on

target cell membranes, thereby increasing neuronal discharge
activity and excitability in mesenteric afferent nerves and
increasing muscle contraction intensity caused by SP and
CGRP [39-41]. Studies have found that the expressions of
BDNF and nerve fibers were significantly increased in the
colon tissues of IBS patients, with damaged ultrastructure of
axons in the colon mucosa. BDNF overexpression is also
related to the severity and frequency of abdominal pain or
discomfort of IBS patients. AWR scores of BDNF-knockout
mice under CRD pressure were lower than those of normal
mice. Intraperitoneal injection of BDNF in normal mice also
induced a dose-dependent increase of postsynaptic TrkB
expression and decreased threshold pressure in their dorsal
root ganglia [12]. In addition, an IBS rat model induced by
repeated water avoidance stress has increased BDNF and TrkB
expression in the colon mucosa, submucosa, and myenteric
plexus. In that model, BDNF preconditioning enhances the
contraction of ring muscle induced by SP, and application of a
TrkB antibody inhibited the contraction of colonic muscle.
This also attenuates the excitatory effect of SP on the con-
traction of circular muscle strips, thereby reducing the
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excessive movement and hypersensitivity of the colon in IBS
rats [42]. The above reports suggest that the BDNF-TrkB
signaling pathway is closely related to the IBS visceral hy-
persensitivity, and recent reports also confirmed that blocking
BDNEF/TrkB signal transduction in IBS model rats attenuated
visceral hypersensitivity and synaptic activity [43].

Our results showed that the AWR scores of visceral
hypersensitivity in IBS rats were significantly increased. MM
and EA treatment reduced AWR scores of IBS rats, sug-
gesting that acupuncture and moxibustion improved the
visceral hypersensitivity of IBS rats. In addition, the protein
and mRNA expressions of BDNF and TrkB were signifi-
cantly increased in the submucosal plexus, myenteric plexus,
and dorsal root ganglia of IBS rats. MM and EA treatments
significantly reduced the AWR scores as well as the protein
and mRNA expressions of BNDF and TrkB in the dorsal root
ganglia and enteric nervous systems of IBS rats, suggesting
that EA and moxibustion may weaken the noxious stimuli
and reduce the hypersensitivity of the intestine, thereby
achieving their therapeutic effects in IBS.
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