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Purpose: The aim of the study was to investigate the effects of electroacupuncture (EA) at 
ST36 on rectal hypersensitivity and compliance in DSS-treated post-inflammation rats. In 
addition, we explored the involvement of mast cells-triggered NGF/TrkA/TRPV1 peripheral 
afferent pathway.
Methods: Rats were provided water with 5% dextran sulphate sodium (DSS) for 7 days. 
Two weeks after the DSS treatment they were subjected to initial and repetitive EA. Different 
sets of parameters were compared in the initial test and then EA with the selected parameters 
were performed for 2 weeks. Rectal compliance was assessed by colorectal distension while 
visceral sensitivity was evaluated by abdominal withdraw reflexes (AWR) and electromyo
gram (EMG). Masson’s trichrome staining was performed to stain collagen and toluidine 
blue staining was applied to assess the degranulation of mast cells. Nerve growth factor 
(NGF), tryptase, TrkA and TRPV1 were measured by Western blot or immunofluorescence 
staining.
Results: EA at 100 Hz was more effective in improving rectal compliance and visceral 
hypersensitivity. Daily EA improved visceral hypersensitivity but not rectal compliance. Five 
weeks after DSS treatment, fibrosis was noted in both sham-EA and EA groups. The 
expression and activation of mast cells were significantly reduced after the 2-week EA 
treatment with a concurrent decrease in the expression of colonic NGF/TrkA and TRPV1 
in both colon and dorsal root ganglions.
Conclusion: EA at ST36 with a special set of parameters has no effect on reduced rectal 
compliance but relieves visceral hypersensitivity via the mast cells-triggered NGF/TrkA/ 
TRPV1 peripheral afferent pathway in DSS-treated post-inflammation rats.
Keywords: electroacupuncture, inflammation remission, ulcerative colitis, visceral 
hypersensitivity, mast cells

Introduction
Patients with inflammatory bowel disease (IBD) display symptoms of fecal 
urgency, fecal incontinence and pain, typically associated with active mucosal 
inflammation and flares. However, both research and clinical experience have 
suggested that some of these symptoms can continue after inflammation has 
subsided.1 Subsequently, these symptoms are often interpreted as insufficient 
response to anti-inflammatory treatments, with resulting escalation of immunosup
pressive treatments. A potential explanation for the persistence of these symptoms 
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in spite of improvement in inflammation is that these 
patients develop colonic motility dysfunction and visceral 
hypersensitivity.1 As a matter of fact, one study reported 
the presence of at least one functional gastrointestinal 
disorder in 81.9% of 361 patients with IBD.2 Of interest, 
functional anorectal disorders were most prevalent, affect
ing 53.7% of IBD patients.2 In spite of these data, little 
attention has been paid to treat colorectal dysmotility or 
visceral hypersensitivity in patients with inactive 
inflammation.

Current treatment options for colorectal dysmotility 
and rectal hypersensitivity in patients who do not have 
IBD include dietary modifications, medications (such as 
loperamide or tricyclic antidepressants) and biofeedback 
training.3 Unfortunately, if same symptoms occur in 
patients with IBD, they are typically thought to be attrib
uted to inflammation and therefore, adjustment is made in 
the anti-inflammation therapy rather than in treating color
ectal dysmotility or visceral hypersensitivity. Accordingly, 
there is a need to appropriately treat colorectal dysmotility 
and visceral hypersensitivity in IBD patients in remission.

Acupuncture is a common treatment in traditional 
Chinese medicine and performed via thin needles inserted 
into acupoints. Electroacupuncture (EA) is a modification 
of traditional acupuncture by replacing manual manipula
tion with electrical stimulation. The acupoint, Zusanli or 
ST36, has been consistently shown to be an effective 
acupoint for regulating gastrointestinal motility, protecting 
gastric mucosa, and promoting glandular secretion.4 EA at 
ST36 was reported to improve visceral hypersensitivity in 
a rodent model of chronic visceral hypersensitivity.5 

Furthermore, EA was also shown to suppress colonic 
inflammation by inhibiting pro-inflammatory cytokines 
via the autonomic mechanism.6 Based on these previous 
findings, we hypothesized that EA might be effective in 
improving post-inflammation rectal hypersensitivity and 
rectal compliance.

Visceral hypersensitivity was reported to be triggered 
by mast cell degranulation that activated the nerve growth 
factor (NGF)/tropomyosin receptor kinase (Trk) A/transi
ent receptor ion channel 1 (TRPV1) pathway.7,8 Several 
mediators, including tryptase, serotonin and NGF, were 
released by mast cell degranulation in the mucosa of the 
gut. Numerous studies have revealed that the NGF binding 
to its high-affinity receptor, TrkA, leads to peripheral 
sensitization and visceral hypersensitivity.7 TRPV1 
expressed in peripheral sensory neurons was reported to 
be activated by NGF to induce visceral hypersensitivity 

depending on mucosal mast cell-to-nociceptor signaling.8 

It is however unknown whether the hypothesized suppres
sive effect of EA on visceral hypersensitivity is also 
mediated via the mast cell-triggered NGF/TrkA/TRPV1 
peripheral afferent pathway.

Accordingly, the aims of this study were 1) to derive an 
effective stimulation method for EA to treat rectal hyper
sensitivity and compliance, 2) to investigate the chronic 
effect of daily EA on rectal hypersensitivity and compli
ance and 3) to explore the NGF/TrkA/TRPV1 peripheral 
afferent pathway involved in the possible ameliorating 
effect of EA in a rodent model of post-inflammation rectal 
hypersensitivity.

Materials and Methods
Animal Experiments
Animal Preparation
Thirty-two male Sprague Dawley rats (160–200 g, 6–8 
week) were bought from Charles River Laboratories (MD, 
USA) and housed under constant laboratory conditions (22 
±1°C, 12/12 h light-dark cycle). After one week of acclima
tion, the rats were randomly divided into four groups: nor
mal group (n=6, no treatment at all), model group (n=10, 
treated with DSS only), sham-EA group (n=8, treated with 
DSS and sham-EA) and EA group (n=8, treated with DSS 
and EA). The study was conducted in accordance with the 
recommendations given by the National Institutes of Health 
Guide for the Care and Use of Laboratory Animals and 
approved by the Animal Care and Use Committee of the 
Johns Hopkins University (RA17M292).

Model of Colonic Inflammation
The rats in the model, sham-EA and EA group were 
provided drinking water with 5% dextran sulphate sodium 
(DSS, molecular weight 40 kD, Alfa Aesar, CA) for 7 
consecutive days to induce intestinal inflammation. The 
rats in the normal group were given normal drinking water. 
Seven days later, all rats were provided normal drinking 
water without DSS.

Surgery for Electrode Implantation
The rat was anesthetized with isoflurane inhalation (1–1.5%, 
Abbott Laboratories, North Chicago, IL, USA). For the 
implantation of stimulation electrodes, a surgical incision 
was made on the right leg below the knee in the sham-EA 
and EA groups. One stainless steel cardiac pacing wire 
(A&E Medical, Farmingdale, NJ) was inserted at acupoint 
ST36 and fixed with sutures and another same electrode wire 
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was inserted into the muscular layer 5 mm vertically below 
ST36.9 The electrode connecting wires were tunneled under
neath the skin and externalized at the back of the neck. For 
the recording of electromyogram (EMG), a 2 cm incision 
was made in the right upper abdomen and another pair of 
cardiac pacing wires was sutured in the external oblique 
muscles of the abdomen.10 Similarly, the other ends of the 
electrode wires were subcutaneously tunneled and externa
lized at the back of the neck. Afterwards, the rat was put into 
a cage individually to avoid the damage of the wires (pos
sibly chewing off by other rats) and allowed to recover for 7 
days before any experiment began.

Experimental Protocols of EA
Before the initiation of the experiment, the rat was placed 
in a transparent restrainer for 1 h daily for 3 days to 
eliminate the influence of potential stress. The experimen
tal flow chart is shown in Figure 1. The animals were 
subjected to an initial EA for a comparison among three 
sets of stimulation parameters and a repetitive daily EA 
lasing 2 weeks for studying its effects on visceral hyper
sensitivity and rectal compliance.

Protocol of Initial EA
The initial EA was performed in the 16 rats with chronically 
implanted electrodes at ST36 and treated with DSS for one 
week. Each of three sets of parameters was tested in 8 rats 
(randomly selected from the 16 rats) for the evaluation of the 

effects of acute EA on rectal compliance and rectal hypersen
sitivity. Since the rats treated with DSS might have impaired 
anorectal motility, visceral hypersensitivity and low-grade 
inflammation, the following three sets of parameters pre
viously reported to improve several hypersensitivity, gastro
intestinal motility and intestinal inflammation, respectively, 
were tested: 1) Parameter 1 (P1: 100 Hz, 0.1 s-on, 0.4 s-off, 
0.5 ms and 0.5 mA), previously used to inhibit visceral pain in 
a rodent model of gastric hyperalgesia;11 2) Parameter 2 (P2: 
25 Hz, 2 s-on, 3 s-off, 0.5 ms and 0.5 mA), previously used to 
improve gastric motility in rats, dogs and humans;12–14 3) 
Parameter 3 (P3: 5 Hz, 10 s-on, 90 s-off, 0.5 ms and 0.5 mA), 
previously shown to improve intestinal inflammation in 
rats.15 In each testing session, the abdominal EMG responses 
to CRD were recorded at baseline in the fasting state and after 
30 min of EA with one set of parameters. EA was performed 
via the externalized stimulation electrode wires at ST36 by an 
external multi-channel electrical stimulator (Digital 
Stimulator DS8000, World Precision Instruments, USA).

Similarly, each of the three sets of parameters was 
tested in 8 rats of the 16 rats (randomly selected). Rectal 
compliance was measured at baseline without EA and 
during EA with one set of parameters (see below for the 
method of rectal compliance test).

Protocol of Repetitive EA
Based on the results of the initial EA, the set of parameters 
that was most effective in improving rectal 

Figure 1 The flow chart of the experiment. After one week acclimation (-D7 to D0), 26 rats were given 5% DSS water for 7 days and then subjected to the surgical 
placement of stimulation electrodes and EMG electrodes (10 rats for EMG electrodes only, 16 rats for both EMG electrodes and stimulation electrodes). After a 5-day 
recovery, the rats were treated with initial EA on different days with different parameters. To wash out the effects of initial EA, the rats were given a 3-day rest and then 
repetitive daily EA was performed for 2 weeks. Rats in the normal group (n=6) were only subjected to the surgical placement of EMG electrodes.
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hypersensitivity and rectal compliance was selected for the 
following repetitive EA. The 16 rats treated with DSS and 
with chronic stimulation electrodes were randomly divided 
into two groups (8 in each group): EA and sham-EA. The 
rats in the EA group were treated with EA one hour daily 
for a period of 2 weeks starting on D28, whereas, the rats 
in the sham-EA group were treated with sham-EA (stimu
lation electrodes connected to the stimulator but the output 
current was set at 0 mA).

Measurements
Measurement and Analysis of Rectal Compliance
Rectal compliance was reflected by the relationship 
between the pressure and volume during isobaric phasic 
distention of an intrarectal balloon. The balloon (polyethy
lene, max volume of 10 mL when fully inflated, diameter 
2 cm) was lubricated with glycerin enema and inserted 
into the colorectum 5 cm from the anus without air under 
anesthesia with isoflurane inhalation (1–1.5%, Abbott 
Laboratories, North Chicago, IL, USA). The distention of 
the intrarectal balloon was accomplished by an external 
barostat device (Distender IIR, G&J Electronics Inc, 
Toronto, Ontario, Canada). The rectum was distended via 
the balloon from a pressure of 0 to 20 mmHg with 
a stepwise increment of 2 mmHg.16 Each distention was 
kept for 20 s with 1 min intervals. The slop of the pres
sure-volume curve was used to represent rectal 
compliance.

Measurement of Abdominal Withdrawal Reflex 
(AWR) and EMG
The assessment of AWR was adopted to reflect the degree 
of visceral discomfort/pain in response to colorectal dis
tention (CRD) at different pressures. The AWR was scored 
as: 0: normal behavior without response; 1: slight head 
movement; 2: contraction of abdominal muscles; 3: lifting 
of abdominal wall; and 4: body arching and lifting of 
pelvic structures.17

The EMG of the external oblique muscle was recorded 
in response to CRD at different pressures (20, 30, 40, 50 
and 60 mmHg). These distention pressures were applied 
sequentially and each distention maintained for 20s with 
a 4-min interval between two consecutive distention pres
sures. An EMG amplifier (EMG 100C; Biopac systems, 
Inc, Santa Barbara, CA, USA) was used to record the 
EMG signal with a sampling frequency of 5000 Hz. The 
area under the curve (AUC) of the EMG was calculated by 
special software (Acknowledge; Biopac System, Inc., 

Santa Barbara CA). The EMG response to rectal distention 
was assessed by the AUC of the EMG during the 20s 
distention divided by the AUC of EMG during the 20s 
baseline recording before each distention.18

Evaluation of Inflammation
Disease Activity Index (DAI) 
The disease activity index (DAI) was employed to assess the 
inflammation in the process and evaluated for body weight, 
stool consistency, and the presence of gross blood in feces 
according to a previous study.19 The score was the sum of 
the three: (1) weight: 0, no loss; 1, 5–10% weight loss; 2, 
10–15% weight loss; 3, 15–20% weight loss; 4, 20% weight 
loss; (2) stool: 0, normal; 2, loose stool; 4, diarrhea; (3) 
bleeding: 0, no blood; 2, presence; 4, gross blood.

Assessment of TNF-α 
At the completion of the study, the rat was anesthetized 
with isoflurane inhalation (1–1.5%, Abbott Laboratories, 
North Chicago, IL, USA) and the blood sample was 
obtained from the aorta ventralis and placed in a test 
tube containing EDTA. After the collection, the blood 
sample was centrifuged at 3000 rpm for 15 min to extract 
and store the plasma. The plasma level of TNF-α was 
assessed by an ELISA kit (Abcam, Cambridge, UK) 
according to the manufacturer’s protocol.

Macroscopic Evaluation of Distal Colon 
At the end of the study, the distal colon was isolated 
from the anus to a third of the entire colon length, and 
cut opened longitudinally and flattened on a white board. 
The colon was carefully checked and evaluated by two 
independent observers. The colonic mucosal damage 
index (CMDI) was scored according to the previous 
study20 as follows: (1) ulcer and inflammation: 0, nor
mal; 1, focal congestion, no ulcer; 2, ulcer without con
gestion or thickening of the intestinal wall; 3, one 
inflammatory ulcer; 4, two ulcers and inflammatory 
sites; 5, the main part of the damage along the colon 
extension ≥1 cm; 6–10, injury along the length of the 
colon extended ≥2 cm; for each increase of 1 cm 
damage, the score increased by 1 point; (2) adhesion: 
0, normal; 1, slight adhesion; 2, the main adhesion.

Microscopic Evaluation of Distal Colon 
The distal colon tissue fixed in paraformaldehyde was 
dehydrated using graded ethanol and embedded in paraffin 
wax blocks, and slices were made to stain with 
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hematoxylin and eosin. The histological scores were eval
uated by architectural derangements, inflammatory cell 
infiltration, goblet cell depletion and ulceration.20

Masson’s Trichrome Staining for Fibrosis
At the completion of the experiment, distal colon tissues 
were harvested for Masson’s trichrome staining. The stain
ing was performed using a special commercial kit (Abcam, 
Cambridge, UK) according to the manufacturer’s instruc
tions. The Image J software (National Institutes of Health, 
Bethesda, MD) was used to calculate the semi-quantitative 
expression of the collagen which was displayed in blue.

Toluidine Blue Staining of Mast Cells
To differentiate mast cells from other inflammatory cells 
and further to identify the degranulation of mast cells, 
toluidine blue staining was employed in harvested distal 
colon tissues. After deparaffinized and rehydrated, the 
distal colon sections were stained with 0.5% toluidine 
blue (Sigma-Aldrich, Saint Louis, MO). As a result, mast 
cells were revealed in violet/red purple with blue back
ground, and the degranulation of mast cells was assessed 
based on extruded granules.

Immune Staining for the Assessment of Tryptase, 
TrkA and TRPV1
For the immunofluorescence staining of the distal colon 
and dorsal root ganglions (DRG, from right S2 to S4), 
deparaffinized and hydrated sections were incubated with 
normal serum to block the non-specific reaction and then 
added with a primary antibody of tryptase (1:100; ab2378, 
Abcam, Cambridge, UK), PGP9.5 (1:100; ab109261, 
Abcam, Cambridge, UK), TrkA (1:100; cat 06–574, 
Sigma-Aldrich, Saint Louis, MO), TRPV1 (1:100; 
ab6166, Abcam, Cambridge, UK) overnight for 4°C. 
Secondary antibodies were incubated for 1 h at room 
temperature and DAPI for 5 min. The sections were sealed 
with anti-fade mounting medium and then observed under 
an Olympus fluorescence microscope.

Quantifications of tryptase, TrkA and TRPV1 were 
performed by the Image J software (National Institutes of 
Health, Bethesda, MD). Immunopositive areas of tryptase 
or TrkA in the distal colon and TRPV1 in the S2-S4 
DRGs, and double-labeled neurons (TRPV1 and PGP9.5) 
in the distal colon were measured to compare the differ
ence among the groups. Each slide contained 2 to 4 non
consecutive sections and random microfields were taken 
from each slide. The average value per each animal was 
used for statistical analysis.

Western Blot for NGF and TrkA
Frozen distal colon tissues were grinded with the RIPA 
Buffer and protease inhibitor. After centrifuged, the super
natant was taken for the assessment of total protein. The 
protein concentration was measured through the Bradford 
protein assay kit. The whole protein (20 μg) was separated 
by 10% sodium dodecyl sulfate polyacrylamide gel elec
trophoresis (SDS-PAGE) and then transferred to polyviny
lidene fluoride membrane (Millipore, Bedford, MA, USA). 
After blocked in 5% skim milk, the membranes were 
incubated by the primary anti-NGF antibodies (1:1000; 
ab6199, Abcam, Cambridge, UK), anti-TrkA (1:1000; cat 
06–574, Sigma-Aldrich, Saint Louis, MO) or mouse anti- 
β-actin (1:20,000; Abcam, Cambridge, UK) and then incu
bated with HRP-linked secondary antibody, the 
immunoreactive bands were displayed by enhanced che
miluminescence (ECL). Finally, the blotting images were 
analyzed by Image J (National Institutes of Health, 
Bethesda, MD).

Statistical Analyses
All data are presented as mean±SEM. Student’s t-test was 
used to compare the mean between two groups. One-way 
analysis of variance (ANOVA) was used to determine the 
difference among three or more groups. LSD test or 
Dunnett’s T3 test was applied for multiple comparisons on 
the basis of normality and homogeneity of variance. Statistical 
analyses were performed using SPSS 24.0 (Chicago, IL, 
USA). P<0.05 was regarded as statistically significant.

Results
Effects of EA with Different Parameters 
on Rectal Compliance and 
Hypersensitivity
Rectal compliance was significantly increased by EA with 
parameter P1 (0.145±0.009 vs 0.126±0.011, P=0.002) and 
parameter P2 (0.135±0.009 vs 0.125±0.005, P=0.019) but 
not parameter P3 (0.133±0.009 vs 0.136±0.014, P=0.534).

Rectal hypersensitivity was reduced with EA assessed 
by both abdominal EMG and AWR (Figure 2). The AUC 
of the EMG was remarkably decreased by EA with para
meter P1 (40 mmHg: 12.016±4.866, P=0.015; 50 mmHg: 
15.336±4.226, P=0.008; 60 mmHg: 19.230±6.407, 
P=0.022) but not with parameter P2 or P3 (all distention 
pressure: P>0.05). Similarly, the AWR score was also 
decreased by EA with parameter P1 at all pressures 
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(from 20 mmHg to 60 mmHg: P<0.023) but not with 
parameter P2 or P3 at any pressures (all P>0.05).

Parameter P1 was chosen for the subsequent repetitive 
EA treatment since it was effective in improving both 
rectal compliance and rectal hypersensitivity.

Effects of Repetitive EA on Rectal 
Compliance and Hypersensitivity
As expected, rectal compliance was significantly 
decreased from 0.157±0.008 in the normal group (no 
DSS treatment) to 0.130±0.003 in the model group (DSS 
treated but without EA or sham-EA (P=0.002)). Rectal 
compliance in the EA and sham-EA groups was also 
significantly lower than the normal group (P=0.014 and 
P=0.002, vs the normal group). At the end of the 2-week 

treatment, no statistical difference was noted in rectal 
compliance between the EA group and the sham-EA 
group (EA: 0.139±0.005 vs sham-EA: 0.136±0.012, 
P=0.461), suggesting that the ameliorating effect of acute 
EA on rectal compliance was not sustainable.

Rectal hypersensitivity was noted in the post- 
inflammation period but normalized after 2 weeks of daily 
EA. As shown in Figure 3A, at the end of the study (Day 42 
or 35 days after the DSS treatment), the EMG response to 
CRD was increased in the model group in comparison with 
that in the normal group (from distention pressure of 40 
mmHg to 60 mmHg, all P<0.011). The 2-week treatment 
of EA down-regulated the EMG response to CRD, compared 
with the sham-EA (from 40 mmHg to 60 mmHg: P<0.002). 
As displayed in Figure 3B, the total AUC of the EMG under 
all distention pressures was markedly increased in the model 

Figure 2 Effects of initial EA with different parameters on abdominal EMG and AWR (abdominal withdraw reflex) in response to colorectal distention in DSS-treated rats. 
(A) Abdominal EMG tracings in three different sessions in a DSS-treated rat (a: EA with parameter P1; b: EA with P2 and c: EA with P3). (B) EMG responses to colorectal 
distention in three different sessions (a–c). (C) AWR in responses to colorectal distention in three different sessions (a–c). Only with the parameter P1, EA decreased the 
abdominal EMG (from 40 to 60 mmHg) and AWR responses to colorectal distention at a pressure of 20 to 60 mmHg. EA with parameter P2 (“b” in the figure) or P3 (“c”) 
was not effective in suppressing the abdominal EMG and AWR responses to colorectal distention. *P<0.05 after EA vs before EA.
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group in comparison with that in the normal group (46.07 
±4.56 vs 28.25±3.18, P=0.018) but reduced in the TEA 
group to a level that was comparable to that in the normal 
group (P>0.05, EA vs Normal) and significantly lower than 
that in the sham-EA group (P=0.002, EA vs sham-EA).

Similar findings were noted in the AWR score. The 
AWR score was increased from CRD pressure of 20 
mmHg to 60 mmHg in the model group (vs normal rats, 
all P<0.011, Figure 3C). The total AWR score under all 
distention pressures was also increased in the model group 
in comparison with the normal rats but reduced in the EA 
group to a level that was comparable to the normal group 
(Figure 3D).

Effects of Repetitive EA on Inflammation
At the end of the study (35 days after the termination 
of 7-day DSS treatment), inflammation was 

spontaneously recovered. According to the macro
scopic assessment, no obvious edema, hyperemia, 
mucosal erosions or ulcers were observed on the sur
face of the distal colon in any of the groups. There was 
no significant difference in the CMDI score between 
the normal group and the model group (DSS treated) 
(0.25±0.16 vs 0.50±0.19, P=0.322) or between the 
sham-EA group and the EA group (0.38±0.18 vs 0.25 
±0.16, P=0.618). Histopathological assessment showed 
that there was no distinct inflammatory infiltration, 
ulceration, or goblet cell depletion in any of the 
groups. The histological scores were not different 
between the normal group and the model group (0.38 
±0.18 vs 0.63±0.18, P=0.346) or between the sham-EA 
group and the EA group (0.50±0.19 vs 0.38±0.18, 
P=0.636). Similarly, there was no significant difference 
in the DAI score or the levels of plasma TNF-α 

Figure 3 Effects of repetitive EA on EMG and AWR in rats after recovery from inflammation. (A) EMG responses to colorectal distention in different groups of rats. 
Normal: no treatment; Model: treated with DSS; EA: treated with DSS and then 2-weeks of daily EA; Sham-EA: same as EA but without electrical stimulation. (B) The total 
area under curve (AUC) of EMG under all distention pressures in different groups of rats. (C) AWR scores under different pressures of colorectal distention. (D) The total 
AWR score under all distention pressures in different groups of rats. *P<0.05, Model vs Normal. #P<0.05, EA vs Sham-EA.
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between the normal group and the model group (DAI: 
0.50±0.13 vs 1.00±0.22, P=0.071; TNF-α: 149.26 
±16.26 vs 243.60±45.48, P=0.142) or between the 
sham-EA group and the EA group (DAI: 0.88±0.30 
vs 0.88±0.30, P=1; TNF-α: 197.2±37.4 pg/mL vs 
234.4±57.2 pg/mL, P=0.527).

Increased Fibrosis/Collagen Fiber 
Deposition Post-Inflammation
As shown in Figure 4, the expression of collagen fiber in 
the model group was remarkably increased in comparison 
with the normal group (P=0.003). Neither sham-EA nor 
EA was able to decrease the expression of the collagen 
fiber; an increase in the collagen fiber was also noted in 
the EA group at the end of the study, suggesting that 
fibrosis was developed in the distal colon after the 

recovery of DSS-induced inflammation, leading to 
a reduced rectal compliance.

Mechanism of Repetitive EA on Visceral 
Hypersensitivity
Effects of EA on Mast Cells
The number of mast cells was elevated in the DSS-treated 
rats and EA reduced the DSS-induced increase in mast 
cells in the post-inflammation stage. Figure 5A shows the 
co-localization of mast cells (tryptase+ cells) and enteric 
nerve endings (PGP9.5+ cells). In the model group, ample 
tryptase+ cells were present in the mucosa compared with 
the normal group. Additionally, the connections between 
mast cells and nerve endings were closer. Concurrently, 
there were increased tryptase+ cells in the sham-EA group, 
closely associated with nerve fibers. However, the number 

Figure 4 Expressions of collagen fibers in the distal colon in different groups. (A) Masson’s trichrome staining of the distal colon in each group. The collagen fiber was 
showed in blue, while the myofiber was shown in red (10×). (B) Quantitative expressions of collagen fibers in different groups of rats. *P<0.05.
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of mast cells in EA group was decreased compared with 
the model group and the sham-EA group. In Figure 5B, the 
tryptase positive areas were significantly increased in the 
model and sham-EA groups (16.83±0.95% and 14.83 
±1.19%), while it was reduced in EA group compared 
with the sham-EA group (6.33±0.67% vs 14.83±1.19%, 
P<0.001).

The activated mast cells presented with granule com
pounds in the surroundings (Figure 5C). A mast cell was 
recognized by dark violet stained in the mucosa of the 
normal group. There were ample degranulated mast cells 
noted in the model group and the sham-EA group with 
many granules scattered around the mast cells. However, 
few of mast cells were found in a blue background in the 
distal colon tissue in the EA group. As shown in Figure 
5D, the mast cell activation rate was increased in the 

model group compared with the normal group (P=0.027), 
but it was lower in the EA group than the sham-EA group 
(P=0.049).

Effects of EA on TrkA and NGF
The expressions of TrkA and NGF proteins in the distal 
colon are shown in Figure 6. The TrkA immunoreactivity 
was observed mainly in the mucosa and abundant of TrkA 
+ cells were found in the model and sham-EA groups; the 
number of the TrkA+ cells was dramatically reduced in 
the EA group (Figure 6A and B). As shown in Figure 6C, 
the protein expressions of TrkA and NGF in the model 
group were substantially increased in comparison with the 
normal group (both P<0.001). EA but not sham-EA down- 
regulated the protein expressions of TrkA and NGF (both 
P<0.001).

Figure 5 Expression and degranulation of mast cells in the distal colon in different groups of rats. (A) The expression of mast cells (tryptase+ cells) and the co-localization of 
mast cells (tryptase+ cells) and nerve endings (PGP9.5+ cells). Arrows indicate the tryptase+ cells. White stars show the connections between mast cells and nerves. Scale 
bar=50 μm. (B) Quantitative expressions of tryptase+ cells in different groups of rats. *P<0.05. (C) Toluidine blue staining of the distal colon with dark-violet-colored mast 
cells in a blue background (40×). Degranulated mast cells are noted with the presence of granules (indicated by white arrows). (D) Quantitative expressions of activated 
mast cells in different groups of rats. *P<0.05.
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Effects of EA on the Expression of Sensory Neurons 
in the Colon
TRPV1 and PGP9.5 were double-labeled to accurately man
ifest the position of sensory neurons and nerve fibers in the 
distal colon of DSS-induced colitis rats (Figure 7). TRPV1+ 
and PGP9.5+ neurons were primarily distributed in the sub
mucosal layer and myenteric plexus of the wall of the colon. 
TRPV1+ and PGP9.5+ nerve fibers were detected in each layer 
of the colon, including the mucosal, submucosal, muscle layer 
and myenteric plexus. The expressions of TRPV1+/PGP9.5+ 
neurons/nerve fibers were increased in the model and sham- 
EA groups (18.33±1.38% and 14.83±1.66%), but decreased to 
5.67±1.45% in the EA group (P<0.001, vs sham-EA).

Effects of EA on the Expression of TRPV1 in the 
DRGs
As shown in Figure 8, a large amount of TRPV1+ gang
lion cells were recognized in the model group in 

comparison with the normal group (29.33±3.03% vs 
13.17±1.38%, P<0.001). However, compared with the 
sham-EA group, EA reduced the number of TRPV1+ 
cells in the DRGs (11.33±1.76% vs 27.00±3.37%, 
P<0.001).

Discussion
The present study revealed that after the recovery of 
inflammation in an acute colitis, rectal compliance and 
visceral sensitivity remained abnormal. We found that 
EA at a pulse frequency of 100 Hz and a pulse train 
frequency of 20 Hz was effective in improving both 
rectal compliance and rectal hypersensitivity. Further, 
repetitive EA with this special set of parameters was 
found to relieve visceral hypersensitivity but not rectal 
compliance. The mechanism of reduced rectal compli
ance was probably attributed to the formation of colon 

Figure 6 Expressions of NGF/TrkA proteins in the distal colon in different groups. (A) The expression of TrkA in the mucosa of each group. Scale bar=50 μm. (B) 
Quantitative expressions of TrkA+ area in different groups of rats. *P<0.05. (C) The expression of TrkA and NGF protein in different groups. (D and E) Quantitative 
expressions of TrkA and NGF proteins in different groups, respectively. *P<0.05.
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fibrosis but repetitive EA was ineffective in treating 
colon fibrosis. Finally, the EA-induced ameliorating 
effect on post-inflammation rectal hypersensitivity was 
found to be attributed to the down-regulation of mast 
cells, NGF/TrkA and TRPV1 in the distal colon and S2- 
S4 DRGs.

DSS-induced intestinal inflammatory is a commonly 
used rodent model for studying the clinical and histolo
gical features of IBD, especially ulcerative colitis.7 

According to our previous study, it took about two to 
three weeks for the inflammation to fully recover after 
a 7-day DSS treatment. Others also reported that deoxy
cholic acid-induced mild, transient colonic inflammation 
was resolved within 3 weeks.21 Though symptoms of 
abdominal pain, rectal urgency, diarrhea and tenesmus 
in IBD patients are thought to be attributed to inflam
mation, patients in remission are still agitated by these 
symptoms.1 Accordingly, treatment of post-inflammation 

symptoms in IBD patients is of great clinical 
significance.

Rectal compliance and colorectal sensation play an 
important role in the pathophysiological mechanisms of 
bowel dysfunctions.22 Symptoms of fecal urgency and 
frequent defecation suggest reduced rectal compliance 
and colorectal hypersensitivity among other things.23 

Rectal compliance reflects the viscoelastic properties of 
the rectal wall in the form of the pressure-volume relation
ship through the isobaric phasic distention of the rectum; 
colorectal sensitivity in rats is typically assessed by 
abdominal EMG responses to CRD. In this study, we 
found that acute EA with a set of parameters previously 
reported to improve gastric hypersensitivity in rats11,24,25 

was effective in improving both rectal hypersensitivity and 
rectal compliance. The repetitive EA over a period of 2 
weeks was, however, effective in treating only rectal 
hypersensitivity but not rectal compliance. To the best of 

Figure 7 Effects of EA on the expressions of TRPV1 (green) and PGP 9.5 (red) in the distal colon in different groups. (A) The expression of TRPV1+ PGP 9.5+ neurons in 
the submucosal layer and myenteric plexus of the colonic wall. Arrows indicate the location of TRPV1+ PGP 9.5+ neurons. Scale bar=50 μm. (B) The quantitative expression 
of TRPV1+ PGP 9.5+ neurons in different groups. *P<0.05.
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our knowledge, this was the first study investigating the 
effects of EA on rectal compliance and hypersensitivity in 
DSS-treated inflammation in remission in rats.

According to the results of DAI, level of TNF-α, 
CMDI score and histological score, no inflammation was 
observed 35 days after the DSS treatment in any of the 
groups. Our findings suggested that the DSS-induced 
inflammation was recovered in symptoms, levels of 
inflammatory cytokines in the blood and pathological 
assessment of the colon tissue 5 weeks after the 7-day 
DSS treatment. However, the rectal compliance was still 
reduced after the complete recovery of inflammation and 
collagen fibers were significantly increased based on the 
Masson’s trichrome staining. It was reported that fibrosis 
was also one of common complications in IBD and fibro
sis resulted in wall stiffness and further affected colonic 
motility and absorbent functions, causing symptoms of 
abdominal discomfort, rectal urgency, diarrhea, and 

incontinence.26,27 It was reported that the mucosal layer 
became thickened and excessive extracellular matrix com
ponents deposited in the submucosal layer, leading to an 
obvious alteration under the mucosal surface with absence 
of macroscopic and microscopic inflammation.28,29 

A previous study showed that EA at ST36 with 0.4 mA, 
2 Hz, 15 min every other day for 28 days could inhibit 
excessive fibrosis by improving blood flow and antioxi
dant capacities after contusion in rabbits.30 However, in 
our study, EA at ST36 with parameter P1 for 2 weeks did 
not improve the fibrosis in the colon. The discrepancy 
could be attributed to differences in species and EA 
methodologies.

The number of mast cells was increased in the post- 
inflammation period in the DSS-treated rats and EA was 
able to effectively suppress such an increase. The mast 
cell, containing abundant granules, is a pivotal cell that 
participated in the visceral hypersensitivity of 

Figure 8 Effects of EA on the expression of TRPV1 in S2-S3 dorsal root ganglions (DRGs). (A) The expression of TRPV1+ ganglion cells in different groups. Scale bar=50 
μm. (B) The quantitative expression of TRPV1+ ganglion cells in different group. *P<0.05.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                

Journal of Inflammation Research 2021:14 336

Chen et al                                                                                                                                                            Dovepress

http://www.dovepress.com
http://www.dovepress.com


gastrointestinal tract. Mast cells in the mucosa, located 
close to sensory nerve endings, degranulate to release 
mediators, such as histamine, tryptase and serotonin, 
which could activate and increase the expression of 
TRPV1 on visceral afferent neurons.31 Previous studies 
indicated that the mast cells in the gut wall were activated 
and associated with visceral hypersensitivity in patients 
with irritable bowel syndrome (IBS).32 Mast cells were 
reported increased in the colon in patients with ulcerative 
colitis.33 In patients with ulcerative colitis in remission, 
IBS-like symptoms were reported to be associated with 
rectal hypersensitivity, attributing to the mucosal presence 
and activation of mast cells.34 These findings were con
sistent with the observed visceral hypersensitivity and 
increased number of mast cells in the post-inflammation 
period in the DSS-treated rats in the present study. EA was 
previously reported to alleviate visceral hypersensitivity 
by reducing the number of mast cells and inhibiting the 
activation of mast cells in colon-sensitized rats,35 which 
was in agreement with the findings in our study.

NGF was elevated in the post-inflammation period in 
the DSS-treated rats and substantially suppressed after the 
2-week EA treatment. NGF is an important neurotrophic 
factor, secreted and used by various kinds of cells such as 
mast cells, epithelial cells, fibroblasts, smooth muscle 
cells, glial cells and lymphocytes, participating in promot
ing axon growth, proliferation and survival of sensory 
neurons.36 The activation of NGF/TrkA pathway was pre
viously reported in patients with IBD.37 In the present 
study, the expressions of NGF and TrkA in the DSS- 
treated rats in remission were found to be increased. Nori 
et al reported hyperalgesia and increased NGF in diabetic 
rats and inhibitory effects of EA on NGF and NGF recep
tors (TrkA and p75NTR) as well TRPVl.38 Similarly, we 
also found that EA decreased the expressions of NGF and 
TrkA in the colon of DSS-treated rats in remission. These 
findings support a potential therapeutic role of EA for 
visceral hypersensitivity in different diseases.

EA was capable of suppressing DSS-induced increase 
in TRPV1 in both colon tissues and S2-S4 DRGs. The 
TRPV1 is expressed in sensory nerve fibers and mainly 
distributed in the submucosal nerve plexus and myenteric 
nerve plexus of the gastrointestinal tract.39 A nearly 
3.9-fold increase in TRPV1-immunoreactive fibers was 
reported in the rectosigmoid biopsies in patients with 
quiescent IBD but IBS symptoms.39 In the present study, 
the expression of TRPV1 was increased in the distal colon 
of the DSS-treated rats in remission. EA at ST36 and ST37 

for 15 min was reported to significantly attenuate color
ectal hypersensitivity and TRPV1 in a zymosan-induced 
IBS mice model.40 A randomized controlled clinical study 
showed that acupuncture at ST36 together with other acu
points alleviated visceral hypersensitivity by suppressing 
the expression of colonic TRPV1 in patients with IBS.41

The DRG is an aggregation of the cell bodies of pri
mary sensory neurons, which transmits sensory informa
tion from the peripheral nerve to the spinal cord. In the 
present study, we found that the expression of TRPV1 was 
increased in the DRG of the DSS-treated rats and reduced 
after the 2-week treatment of EA at ST36. An increased 
expression of TRPV1 in the DRG was reported in rats with 
chronic inflammation.42 Furthermore, EA at ST36 was 
shown to reverse hyperalgesia in mice and inhibit the 
expression of TRPV1.43 Our findings, together with these 
previous findings suggest a sensory afferent pathway 
involved in the ameliorating effect of EA.

The findings of the present study have the following 
clinical implications: in addition to persistent rectal hyper
sensitivity, rectal compliance is also impaired in post- 
inflammation stage in DSS-treated rats. The post- 
inflammation rectal hypersensitivity and reduced rectal com
pliance observed in this animal study might partially explain 
symptoms of pain, fecal urgency and incontinence observed 
in IBD patients in remission; the noninvasive method of EA 
at ST36 with the special set of parameters might be used to 
treat visceral pain in IBD patients in remission.

Conclusions
Reduced rectal compliance and visceral hypersensitivity 
are present in the post-inflammation state in rats with 
DSS-induced colitis. EA at ST36 with 100 Hz, 0.1 s-on, 
0.4 s-off, 0.5 ms and 0.5 mA reduces visceral hypersensi
tivity possibly via the mast cells-triggered NGF/TrkA/ 
TRPV1 peripheral afferent pathway. These strategies 
would complement anti-inflammatory treatments routinely 
used in IBD patients. A potential benefit would be in 
correctly treating motility/hypersensitivity pathology in 
patients who are in remission from an inflammatory per
spective but continue to have symptoms. In addition, it is 
likely that motility/hypersensitivity alterations contribute 
to symptoms even in patients who have ongoing rectal 
inflammation and the correct identification of percent con
tribution of etiologies (hypersensitivity vs inflammation) 
would allow the personalized and granular treatment of 
these patients. Clinical studies are warranted to investigate 
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therapeutic potential of EA in treating visceral pain in 
patients with IBD.
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