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Abstract: Objectives: We researched the effect and mechanism of acupuncture treatment for visceral pain in rats
with diarrhea-predominant irritable bowel syndrome (IBS-D). Methods: We set up a rat model of IBS-D with chemical
and chronic- and acute-pressure stimulations. Then, the IBS-D rats were treated with acupuncture or 5-BDBD, and
the therapeutic efficacy of acupuncture in IBS-D rats was assessed by means of the Bristol scale, diarrhea index,
abdominal withdrawal reflex (AWR) score, mast cell count and histologic staining. Results: Acupuncture significantly
decreased clinical symptoms in IBS-D rats after a 14 day-treatment. Furthermore, significant down-regulation of
P2X4, OX42, BDNF (brain-derived neurotrophic factor) and IRF-5 (interferon regulatory factor 5) expressions were
observed in the IBS-D rats, along with the decreased inflammatory factors [interleukin 1 beta (IL-1B), tumor necrosis
factor alpha (TNF-a), and interleukin 6 (IL-6)], chemokines [monocyte chemoattractant protein-1 (MCP-1), regu-
lated on activation, normal T cell expressed and secreted (RANTES), and C-X-C motif chemokine ligand 1 (CXCL1)],
and neurotransmitters [substance P (SP), 5-hydroxytryptamine (5-HT), and calcitonin gene-related peptide (CGRP)].
5-BDBD treatment had a similar effect on IBS-D rats. Conclusions: Acupuncture can effectively alleviate abdominal
pain by decreasing visceral hypersensitivity and controlling the expression of P2X4 and spinal microglial inflamma-
tion in IBS rats.

Keywords: P2X4, acupuncture, visceral pain, IBS-D rat

Introduction ects of visceral hypersensitivity on IBS-D patho-
genesis have gained interest [5]. Visceral hyper-
sensitivity means an enhanced sense of pain
and discomfort in the gut resulting from physi-

ologic stimulation [6].

Irritable bowel syndrome (IBS) causes abdomi-
nal pain, which is related to stool irregularity
and consistency changes [1, 2]. Diarrhea pre-
dominant IBS (IBS-D) accounts for about 1/3 of

affected IBS patients [3]. Antispasmodics for
abdominal pain, antidiarrheal agents, psycho-
therapy, and nutritional interventions are used
for treatment of IBS-D [2, 4]. Pharmacologic
treatments are primarily employed. However,
these are ineffective in addressing the key rea-
son for IBS. In addition, long-term drug treat-
ment has side effects. Therefore, it is difficult
to treat IBS-D because of an absence of effi-
cient treatment.

IBS-D is a chronic condition with complicated
pathophysiology. Recently, studies on the eff-

Acupuncture is widely used for treating IBS [7].
Its impact on controlling IBS symptoms showed
statistical and clinical significance [8]. Acupunc-
ture lowers the incidence of diarrhea, abdomi-
nal distension, and pain and increases the qual-
ity of life of patients with IBS [9]. Acupuncture
can help symptoms of IBS, but its influence on
outcomes is unknown.

The brain-gut axis (BGA) affects the spinal cord,
central nervous system (CNS) and outer periph-
ery. The involvement of different neurologic
neurotransmitters is also observed [10]. As the
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enteric nervous system is related to the CNS,
the CNS is able to regulate gastrointestinal
activity. Reciprocal associations are called
brain-gut interactions [11, 12]. Dorsal root gan-
glion (DRG) neurons link the external and inter-
nal environments. The spinal cord connects the
transmission of peripheral sensitization and
central sensitization. Adenosine triphosphate
(ATP), a neurotransmitter, can regulate visceral
pain signal transduction with P2X receptor
binding [13]. Purinergic (P2X) receptors are dis-
seminated in the body. They act in the regula-
tion, formation and transduction of inflamma-
tory pain, neuropathic pain and visceral pain
[14-16]. P2X receptors participate in the pain
signal transmission of IBS. The P2X3 receptor
functions in IBS visceral pain are involved in
IBS-induced visceral hyperalgesia development
[17-20].

Microglia are resident macrophages of the
CNS. After nerve damage, microglia instantly
transform from a “resting” stage to an “activat-
ed” stage [21]. After the damage, P2X4 recep-
tor (P2X4R) causes tactile allodynia. Knockout
of P2X4R reduces the hypersensitivity to pain
[21, 22]. Activation of the P2X4Rs of spinal
microglia helps induce neuropathic pain [23].
There are P2X4Rs in microglia [24]. The expres-
sion level of complement receptor type 3 (0X42)
is detected to determine whether microglia are
activated [25].

The P2X4R’s function in IBS-D visceral pain
was examined in our study. Also, the impacts of
acupuncture on the transmission of the DRG
were examined in IBS-D rats. The results of this
study improve our understanding of the scien-
tific basis for the acupuncture treatment of
IBS-D visceral pain from the P2X4 regulation
perspective, thus providing evidence on the
functional mechanism of acupuncture.

Materials and methods
Animals

We used seven-week-old rats (SPF Sprague-
Dawley; 180-220 g of body weight) as research
animals and fed the rats appropriately for one
week. Then, we divided the rats into 4 groups,
including control group: healthy rats (n = 16),
IBS-D group: IBS-D model rats (n = 16), IBS-D +
A group: IBS-D rats with acupuncture treatment
(n = 16), and IBS-D + 5-BDBD group: IBS-D rats
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with a potent inhibitor of P2X4R (5-BDBD) treat-
ment (n = 16). The rats were kept in cages
(groups of 2 to 3 per cage) at 22 + 1°C and a
photoperiod of 12-h L/D cycle. Enough water
and food were given. The research procedures
were permitted by the Animal Ethics Committee
[AHUCM-rats-2021124].

Construction of IBS-D model

The rectal dilation method was used to inject
physiologic saline with a syringe. The insertion
depth is 6-8 cm proximal to the anus. The rats
in the model groups received 1 mL of acetic
acid (4%) for 30 seconds at 8 cm proximal to
the anus after intraperitoneal anesthesia with
0.04 ml/10 g pentobarbital (2%) [26, 27]. One
mL phosphate-buffered saline (PBS) was used
for the dilution of acetic acid. After that, the
colon was washed out. In the Control group, 1
mL physiologic saline was used. We immobi-
lized forelimbs with medical tape after acetic
acid enema every day so that the rats could not
move freely and were restrained for 2 hours
every day. The rats were housed for 2 weeks
after stimulation. We performed behavior test-
ing at 8.00 a.m. and 12.00 a.m. Also, we count-
ed fecal pellet numbers over 1 h to examine the
defecation and examined stool characteristics
in accordance with the Bristol scale [28].
Abdominal withdrawal reflex (AWR) was record-
ed for the verification of the model induction
access. We used the Bristol scale to categorize
feces into 7 types: grade 1 = normal stool
(Bristols 1-4); grade 2 = soft stool (Bristols 5-6);
grade 3 = liquid stool; no shape (Bristol 7).
Stools from each group were examined for the
characteristics of diarrhea during the experi-
ment. The diarrhea index was calculated as
follows:

Diarrhea index = loose stool rate x average
stool grade

Loose stool rate = number of loose stool parti-
cles + total number of loose stool particles

Average loose stool level = total loose stool lev-
els + loose stool particle number

Fecal scores were determined by feces diame-
ter on filter paper in accordance with a previous
study [29], grade 1: < 1 cm; grade 2: 1-1.9 cm;
grade 3: > 3 cm.
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AWR scores

We analyzed AWR in response to colorectal dis-
tention (CRD) according to a previous report
[30]. Twelve hours before the experiment, the
rats were fasted for water and anesthetized
before the operation. The round rubber balloon
fixed at one end of the catheter (diameter: 2.7
mm; F8, Huayue) was lubricated with paraffin
oil, and was injected into the rat anus to 4.5 cm
depth. The catheter and the tail root of the rats
were wrapped together with tape to fix the bal-
loon. Each dilation lasted for 20 seconds. We
repeated the dilation 3 times at a 10 min-inter-
val. We took the average value as the AWR
score.

Acupuncture intervention

Acupuncture treatment (20 min/day for 2
weeks) was received by some of the rats. The
treatment was started on the 2" day by means
of a paradigm after the exposure. Acupuncture
points, ST25 (Tianshu) and BL25 (Dachangshu),
were chosen according to the rats’ acupoint
map [31, 32]. We fixed the position of rats
under restrained conditions to proceed with
acupuncture easily.

Drug treatment

5-BDBD (Cat. SML0O450) was obtained from
Sigma-Aldrich, St. Louis, USA). 5-BDBD has no
obvious influence on other P2X receptors [33].
The 5-BDBD solution (1 mg/kg; daily dose) was
made. We administered 5-BDBD by gavage
once daily for 3 days, which was started after 4
hours of IBS-D in rats.

Sample collection

Samples were collected after 14-day acupunc-
ture treatment. Abdominal aortic blood (10 mL)
was sampled utilizing a syringe and injected
into 4 test-tubes (2 test-tubes with anticoagu-
lant and 2 test-tubes without an anticoagulant)
and centrifuged for 15 min at 3000 rpm. We
put plasma and serum in anticoagulated
and non-anticoagulated test-tubes, respective-
ly. Then, we injected supernatant into an Epp-
endorf tube and kept it at -20°C for storage.

We collected the samples after sacrificing the
rats. Pentobarbital sodium (Sigma, St. Louis,
MO, USA) was used as an anesthetized agent
for rats. DRG (L6-S2) and distal colon were
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removed and kept at -80°C. We fixed the distal
colon in neutral formalin for paraffin embed-
ding and then for immunofluorescence detec-
tion, hematoxylin and eosin (H&E) staining, and
microscopic examination.

Enzyme-linked immunosorbent assay (ELISA)

We analyzed pro-inflammatory cytokines [inter-
leukin 6 (IL-6), tumor necrosis factor alpha
(TNF-a0), and interleukin 1 beta (IL-1B)], chemo-
kines [monocyte chemoattractant protein-1
(MCP-1), C-X-C motif chemokine ligand 1 (CX-
CL1), and regulated on activation, normal T cell
expressed and secreted (RANTES)], substance
P (SP), calcitonin gene-related peptide (CGRP)
and 5-hydroxytryptamine (5-HT) from the DRG
and distal colon tissues by an ELISA kit (Nanjing
Jiancheng Corp., Nanjing, China).

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

We applied TRIZOL (Ambion, Shanghai, China)
to get total RNA from the DRG. We employed
the PrimeScript RT reagent Kit (TakaRa, Dalian,
China) to reverse-transcribe total RNA (500 ng)
from each sample into complementary DNA
(cDNA). cDNA was examined by qRT-PCR (EDC-
810, Eastwin, Beijing, China) applying SYBR
Green Master Mix (VAZYME, Nanjing, China).
We obtained primers from Tsingke (Tsingke,
Beijing, China). The primers used are as follows:
P2X4 (F: 5-GGGACTGCAACCTGGATAGA-3’) and
R: B5-GCCTTTCCAAACACGATGAT-3’; 0x42 (F:
5-CATCACCGTGAGTTCCACAC-3’" and R: 5-GA-
GAACTGGTTCTGGCTTGC-3’); BDNF (F: 5-CCA-
TAAGGACGCGGACTTG-3’ and R: 5-GAGCAG-
AGGAGGCTCCAAAG-3'); IRF-5 (F: 5-GAGGAAT-
TTCCAGATCCACAGAGACAGCGA-3’ and R: 5’-TG-
AACCTTTGATCCCCCAAACACATCCAGC-3’); GAP-
DH (F: 5-ACAGCAACAGGGTGGTGGAC-3' and
R: 5-TTTGAGGGTGCAGCGAACTT-3’). The ther-
mocycling conditions were as follows: 95°C
for 10 min, 40 cycles of 95°C for 15 s, 60°C
for 60 s, and 95°C for 15 s. We performed
assays in triplicate. The expression of relative
messenger RNA (mRNA) was quantified by the
288¢T method [34]. GAPDH was used as the
internal control.

Western blot (WB)

Total protein was prepared by extraction utiliz-
ing RIPA lysis buffer (Beyotime, Shanghai,
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China). We examined the protein level with BCA
Protein Assay Kit (Beyotime, Shanghai, China).
Then, protein (50 ug) was run on SDS-PAGE
(10%, Sinopharm Chemical Reagent Co., Ltd.,
Shanghai, China). A protein marker (M00521,
Genscript, Jiangsu, China) was added to every
gel. Then, we transferred the protein band from
the agarose gel onto a PVDF membrane. We did
PVDF membrane activation using methanol.
We used non-fat milk (5%) in TBST (Tris-buffer-
ed saline with Tween 20; Sinopharm Chemical
Reagent Co., Ltd., Shanghai, China) for 2 hours
to block nonspecific interactions with the mem-
brane. We cultured the membranes with mouse
anti-GAPDH (1:1000, Hanzhou goodhere, Han-
zhou, China), anti-P2X4 (1:1000, Bioss, Beijing,
China), anti-OX42 (1:1000, Santa, Guangzhou,
China), anti-BDNF (1:1000, Abcam, UK), anti-
IRF-5 (1:1000, Proteintech Group, Inc, Wuhan,
China) for 24 h at 4°C. After that, we incubated
the membranes in anti-mouse 1gG (1:2000,
BOSTER Biological Technology Co. Ltd., Wuhan,
China) for 2 hours after washing. The protein
band was imaged using the ECL system (P1050;
Applygen, Beijing, China). We analyzed intensi-
ties by a gel imaging device (Hanzhong Pho-
tographic Materials, Tianjin, China).

Immunofluorescence detection

We dissected out the DRG (L6-S2) of rats, fixed
itin the same reagent for 3 hours and immersed
for 24 hours at 4°C in 0.15 and 0.3 g/mL of
sucrose solution. We embedded each tissue in
an optimal cutting medium, chilled it, and sliced
it into sections (14 um). We mounted the sec-
tions on glass slides, washed them in TBST,
and blocked them in 0.1 g/mL goat serum
along with TritonX-100 (0.3%) at 37°C for an
hour. We incubated slides with anti-mouse
P2X4, anti-mouse 0X42 and anti-mouse C-FOS
for 24 hours at 4°C. Incubation of these was
done with the Alexa Fluor 488-conjugated sec-
ondary antibody (1:500, Abcam, Cambridge,
UK) for an hour at 37°C after washing 3 times
in PBS. Staining was conducted by means of
DAPI for an hour at 37°C. Finally, we identified
each signal with an ECL system (P1050,
Applygen, Beijing, China).

Histologic staining and mast cell counts

We sacrificed rats, collected colonic tissues,
and then washed the tissues using PBS. Colonic
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tissue was fixed in formaldehyde buffer (4%)
and sliced into sections (4 um). H&E staining
was performed. Then, we observed the sec-
tions using a light microscope.

Data analysis

We analyzed the data by using SPSS 22.0
(Chicago, USA) and GraphPad Prism 7.0 (San
Diego, USA) and displayed the data as mean +
SD (standard deviation). All tests were carried
out in triplicate. The data were evaluated by
employing the Student’s t-test. We analyzed the
differences with the use of one-way analysis of
variance (ANOVA) and Tukey’s multiple compari-
son test. Statistical significance was set at P <
0.05.

Results

Acupuncture improved clinical symptoms in
IBS-D rats

The stool consistency score was markedly
improved in the IBS-D group compared to the
Control group (P < 0.001) (Figure 1A).
Acupuncture or 5-BDBD treatment reduced the
stool consistency score when compared to the
results of the IBS-D model group (P < 0.01).
After 14-day acupuncture treatment at the
ST25 (Tianshu) and BL25 (Dachangshu) acu-
points, the AWR and the diarrhea index of IBS-D
rats were significantly decreased. IBS-D +
5-BDBD group also showed a decreased AWR
level and the diarrhea index as compared to
those in the IBS-D group (P < 0.05, P < 0.01;
Figure 1B and 1C). In addition, the IBS-D
group presented more mast cells (Figure 1E)
than the Control group. However, the numbers
of mast cells diminished significantly in the
IBS-D + A and IBS-D + 5-BDBD groups when
compared to the number of the IBS-D group (P
< 0.01, P < 0.001; Figure 1D). Histologic stain-
ing was done to assess whether acupuncture
influenced colonic micro-inflammation. The
intestinal mucosal barrier in the Control group
demonstrated integrity facilitated by colonic
epithelial cells (CECs). Significant edema was
observed in CECs of the IBS-D group. The
colonic tissues of the IBS-D group showed
noticeable changes in intestinal mucosal epi-
thelium, such as the influx of inflammatory cells
and impaired intestinal mucosal integrity, which
were increased (Figure 1E).
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Figure 1. Acupuncture alleviated the pain in diarrhea predominant irritable bowel syndrome (IBS-D) rats. A. Acu-
puncture’s influence on the stool consistency score of IBS-D rats. B. Impact of acupuncture on the AWR scores of
IBS-D rats. C. Effects of acupuncture on the IBS-D rats’ diarrhea indexes. D. Effects of acupuncture on IBS-D rats’
mast cell counts. E. H&E stained IBS-D rats’ colonic epithelial tissues (magnification: 400x%, scale bar: 50 pym) (mast
cells: black arrows). ***P < 0.001; **P < 0.01; *P < 0.05.

Acupuncture decreased inflammation in IBS-D
rats

MCP-1, IL-6, TNF-«, IL-1B8, RANTES, and CXCR3
levels in serum were substantially enhanced in
the IBS-D group (P < 0.001, Figure 2A). After
14-day acupuncture treatment or 5-BDBD
treatment, the levels were diminished com-
pared to those in the Control group (P < 0.001).
We found that the IBS-D rats had greater 5-HT,
CGRP, and SP contents in the colon and the
DRG (P < 0.05 vs. Control group). Acupuncture
or 5-BDBD treatment induced the contents of
5-HT, CGRP, and SP in the distal colon and DRG
tissue of IBS-D rats (P < 0.05, vs. IBS-D group,
Figure 2B).

Acupuncture reduced P2X4, 0X42, BDNF, and
IRF-5 expressions in IBS-D rats

Based on the gRT-PCR assay, there was a
prominent increase in P2X4, 0X42, BDNF, and
IRF-5 expression levels in the IBS-D group (P <
0.001). These expression levels were signifi-
cantly lowered after acupuncture or 5-BDBD
treatment (P < 0.01, P < 0.001, Figure 3A). We
observed similar results by WB analysis (Figure
3B). The P2X4 and OX42 staining in the DRG of
IBS-D group was substantially improved versus
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that of the Control group (Figure 4A). After acu-
puncture or 5-BDBD treatment, OX42 and P2X4
stains were reduced in the IBS-D + A and IBS-D
+ 5-BDBD groups. 5-BDBD is a specific P2X4R
antagonist. Our results observed that the im-
pacts of acupuncture on P2X4 were similar to
5-BDBD treatment results. Acupuncture could
decrease P2X4 expression in the microglia of
IBS-D rats. The immunofluorescence assay re-
sults also showed significantly inhibited C-FOS-
positive cell number in DRG of the IBS-D group
upon acupuncture or 5-BDBD treatment, sug-
gesting that acupuncture could inhibit the
abnormal increase of visceral neuron excitabil-
ity in the spinal dorsal horn of the IBS-D group
(Figure 4B).

Discussion

IBS with predominant diarrhea (IBS-D) is char-
acterized by abdominal pain. Hypersensitivity
in the viscera plays a key role in the discomfort
and abdominal pain [35]. However, the visceral
hypersensitivity process in IBS-D is complicat-
ed. Thus, the effects of acupuncture on visceral
hypersensitivity were observed in IBS-D rats
here.

Acupuncture is a widely used technique for
treating functional gastrointestinal illnesses,
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Figure 2. Acupuncture decreased inflammation in IBS-D rats. A. Serum TNF-«, IL-13, MCP-1, IL-6, RANTES and
CXCR3 levels measured by ELISA. B. 5-HT, CGRP and SP levels in the colon and the DRG tissues evaluated by ELISA.

***P < 0.001; **P < 0.01; *P < 0.05.

including IBS. It has several advantages, includ-
ing satisfactory effects, convenience and few
adverse reactions. Acupuncture reduces vis-
ceral hyperalgesia and improves IBS-D symp-
toms [29, 36, 37]. In this study, we applied the
stool consistency and AWR scores to assess
the intestinal transit and visceral hypersensitiv-
ity using a rat model. Significant increases in
stool consistency and AWR scores were observ-
ed in IBS-D rats in comparison to the Control
group. IBS patients had an increased pain sen-
sitivity and decreased pain threshold versus
the general population [38]. Our data are con-
sistent with these findings. Decreased stool
consistency and AWR scores were observed in
IBS-D rats after acupuncture or 5-BDBD treat-
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ment, showing that acupuncture and 5-BDBD
could alleviate abdominal pain by decreasing
visceral hypersensitivity in the IBS rats.

The enteric immune system includes many
immune cells, sensitizing and triggering the
inflammatory cascade against extrinsic (bacte-
ria, parasites, viruses and food) and intrinsic
factors (hormones and neurotransmitters from
the CNS). 5-HT is one of the main transmitters
of BGA. 5-HT receptor antagonists are utilized
for managing IBS-D [39] and reducing viscer-
al sensitivity and gastrointestinal motility [40].
5-HT receptor antagonists with other neurotran-
smitter-targeted agents in BGA are a promising
method [41]. CGRP and the receptors of CGRP

Am J Transl Res 2022;14(8):5563-5573
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Figure 3. Acupuncture reduced mRNA and protein expressions of P2X4, 0X42, BDNF and IRF-5 in IBS-D rats. A. Rela-
tive mRNA levels of 0X42, P2X4, IRF-5 and BDNF determined by gRT-PCR. B. Protein levels of 0X42, BDNF, P2X4 and

IRF-5 determined by western blot. ***P < 0.001; **P < 0.01.

are enhanced in DRG. These are related to vis-
ceral hypersensitivity. SP acts as a neurotrans-
mitter and modulator for neurogenic inflamma-
tion and pain sensitization. In our results, IBS-D
rats showed increased concentrations of IL-6,
TNF-a, RANTES, IL-1B3, MCP-1 and CXCR3 in
serum and enhanced CGRP, 5-HT and SP con-
tents. However, the two paradigms (acupunc-
ture and 5-BDBD treatment) decreased the
CGRP, 5-HT, and SP contents in the colon and
spinal cord. Acupuncture treatment lessened
the IBS-D-like symptoms and reduced 5-HT,
CGRP and SP changes when compared to the
Control group. These bioactive substances are
widely involved in regulating gastrointestinal
functions at the peripheral and central levels.
The acupuncture treatment for IBS-D involves
many links of intestinal motility and the nerve
immune endocrine network system.

Activated microglia’s P2X4Rs of the spinal cord
participate in neuropathic pain pathogenesis
[42]. The expression of the P2X4R was
enhanced by spinal microglia in neuropathic
pain [43]. The expression of OX42 and P2X4
was studied in the IBS-D group in our study, but
their expression levels were substantially sup-
pressed after acupuncture treatment. This
study found that BDNF expression in the DRG
of IBS-D visceral pain rats increased when
compared to the Control group. Acupuncture
treatment could inhibit the BDNF expression in
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the IBS-D group. BDNF release after microglia
activation in IBS-D visceral pain is likely to be
one of the above bioactive factors. This is con-
sistent with a study, that showed that periph-
eral injury may increase BDNF synthesis by ac-
tivating the P2X4R on microglia and thereby
induce abnormal pain sensitivity [44]. Acupunc-
ture treatment could decrease the C-FOS
expression level in the DRG of IBS-D. C-FOS is
widely expressed in the spinal cord’'s dorsal
horn after nociceptive stimulation in the periph-
eral body and viscera [45]. Therefore, as a
marker of enhanced neuronal excitability,
C-FOS is widely used to study the pharmaco-
logical and physiological mechanism of noci-
ceptive stimulation transmission at the spinal
cord [46]. The P2X4R is expressed only in
microglia [44]. Therefore, the P2X4R may medi-
ate microglia to participate in the production of
IBS abnormal visceral pain, and its overexpres-
sion leads to chronic visceral pain sensitivity in
IBS. According to these data, acupuncture can
relieve the chronic visceral pain sensitivity of
IBS-D via regulating P2X4 in spinal microglia.

After inflammatory stimulation, visceral noci-
ceptors form afferent nerve impulses by means
of primary sensory DRG transmitting to the
CNS [47]. Microglia are the major sources of
TNF-a, IL-1B and IL-6 [48]. Spinal microglia are
stimulated upon peripheral nerve damage sim-
ulation, leading to the secretion of inflammato-
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Figure 4. Acupuncture reduced P2X4, OX42 and C-FOS expressions by immunofluorescence. A. Photomicrographs
of OX42 (red) and P2X4 (green) immunofluorescence (Original magnification 400x, scale bar: 50 ym) and its fluo-
rescence intensity. B. Representative photomicrographs of immunofluorescence of C-FOS (red) (Original magnifica-

tion 200x%, scale bar: 100 um) and its fluorescence intensity.

ry factors. Glycosylated myelin is destroyed by
infammatory agents, which results in nerve
demyelination, pain and central sensitization
[48]. IRF-5, belonging to the transcription factor
family, regulates the activities of the immune
system. In addition, IRF-5 regulates the inflam-
matory immune response of various cell types
by regulating the expression of cytokines and
chemokines [49]. IRF-5 was found to guide
monocytes toward a CD11c+ macrophage phe-
notype to promote inflammation of the intes-
tines [50]. Compared with the those of the
IBS-D group, the inflammatory factor and IRF-5
expression levels were lowered in the IBS-D + A
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group. Inflammatory factor release in the IBS-D
model group can be caused by a change in
IRF-5 expression. Moreover, acupuncture treat-
ment can reduce this effect.

Acupuncture is an accepted alternative treat-
ment for different types of infection. Acu-
puncture-induced analgesia is extensively used
to lessen different types of pain (e.g., chronic
pain) [51, 52]. The Dachangshu and Tianshu
acupuncture points are conventional acupoint
combinations to deal with intestinal diseases
[17, 20]. 5-BDBD treatment protects against
ischemic injury by decreasing the number of
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infiltrated pro-inflammatory myeloid cells and
surface P2X4R expression [33]. We also select-
ed 5-BDBD treatment as the control, and found
that 5-BDBD treatment had a similar effect on
IBS-D rats as acupuncture.

These results indicate that acupuncture can
relieve the chronic visceral pain sensitivity of
IBS-D, regulating P2X4 in spinal microglia.
There were some limitations of this study. First,
we chose 5-BDBD as the control in the current
research. We should pay attention to whether
5-BDBD + acupuncture has a synergistic effect
compared to acupuncture alone. Due to the
limitations of time and experimental environ-
ment, this will be verified in the future. In addi-
tion, the main process of acupuncture for vis-
ceral pain involves a combined procedure at
different levels in the body, from the outer
periphery to the center. Acupuncture treatment
for visceral pain requires various complicated
neurotransmitters and neural structures. This
treatment’s effects appear through the correla-
tion between the thalamus, cortex spinal cord
and brain stem, and through the neuroendo-
crine-immune network. Studies on the patho-
physiology and acupuncture treatment of IBS-D
visceral discomfort have consistently focused
on P2X receptors. This study provides only the
latest target for treating visceral pain in IBS-D.
The mechanism of signal transduction of acu-
puncture needs more in-depth studies. More-
over, IBS-D shows comorbidity with anxiety and
depression [53]. The effect of acupuncture on
emotional anxiety in IBS-D rats can also be
explored.

In summary, acupuncture treatment can relieve
IBS-D-like symptoms in rats. These effects
could be from decreased inflammatory cyto-
kines and chemokines. Acupuncture can also
cause the downregulation of P2X4, 0X42,
BDNF, IRF-5, and C-FOS expression levels in
microglia of DRG, thereby alleviating IBS-D.
These results support acupuncture therapy for
IBS-D management.
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