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Purpose: The purpose of this study was to explore the central analgesia mechanism of
moxibustion for chronic inflammatory visceral pain (CIVP).

Methods: A CIVP rat model was established by 2.4,6-trinitrobenzene sulfonic acid (TNBS) plus
50% ethanol via enema. The analgesic effect of moxibustion was evaluated using the abdominal
withdrawal reflex (AWR), mechanical withdrawal threshold (MWT), and thermal withdrawal
latency (TWL). The expression profile of phosphorylated proteins of the mitogen-activated protein
kinase (MAPK) signaling pathway in the spinal cord was assayed by protein microarray. The
differentially expressed proteins were examined by Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) for functional clusters and corresponding signaling pathways.
Results: Moxibustion exerted a significant analgesic effect for CIVP rats, mainly presenting as a
decrease in the AWR score (all P<0.01) under different levels of distending pressure and an
increase in MWT and TWL thresholds (all P<0.05). Compared with the normal group, 76
proteins were upregulated while 15 were downregulated, and MAPK signaling pathway was
activated in the model group. Compared with the model group, there were 53 downregulated and
38 upregulated proteins in the moxibustion group, and MAPK signaling pathway was inhibited.
Fold change (FC)>1.3 or <0.77 was taken as the screening standard to define the differentially
expressed proteins. Fifteen differentially expressed proteins upregulated in the model group were
downregulated in the moxibustion group. GO analysis showed that the differentially expressed
proteins mainly controlled cellular metabolism regulation, transportation, and stress reactions.
KEGG analysis revealed that these differentially expressed proteins were mostly involved in the
ERK, JNK, and p38 pathways, and the ERK pathway was predominant.

Conclusion: Moxibustion mitigates CIVP in rats and inhibits the phosphorylation of
proteins in the spinal MAPK signaling pathway. The analgesic effect of moxibustion may
be associated with the regulation of the spinal MAPK signaling pathway.

Keywords: chronic inflammatory visceral pain, moxibustion, analgesia, spinal cord, MAPK
signaling pathway

Introduction

Inflammatory bowel disease (IBD), including Crohn’s disease (CD) and ulcerative
colitis (UC), is an autoimmune disorder characterized by chronic nonspecific
inflammation and damage in the intestinal lining. With changes in diet and the
environment, the incidence of IBD has been rising on a global scale.! Chronic
inflammatory visceral pain (CIVP) is a major symptom in IBD, and mainly presents
as recurrent and persistent abdominal pain. Visceral pain (VP) affects over 70% of
all IBD patients, contributing to poor quality of life and loss of normal social
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interaction. Therefore, it is suggested that the priority for
future IBD treatment should be the treatment of pain in
combination with anti-inflammation measures.” Currently,
anti-inflammation is the top priority in the treatment of
IBD, with the goal being the induction and maintenance of
remission and repair of the intestinal mucosa, and VP is
somehow overlooked.

During recent years, there has been increasing use of
moxibustion to treat IBD, and valid treatment efficacy and
content treatment perception of patients with IBD have
been observed.*® It has been shown that moxibustion
can boost the repair of the intestinal lining, reduce inflam-
mation in IBD patients, and ease CIVP (abdominal pain),
though its mechanism is still unclear.”""

Visceral hyperalgesia has been recognized as the most
crucial mechanism in the development of CIVP, and cen-
tral sensitization is the major pathological foundation for
hyperalgesia and persistency of CIVP.'>"'* The spinal cord
is the initial relay station and integration center for pain
signals that are transmitted to the brain center. It directly
modulates pain information while receiving regulation
signals from the center. Because of its key role in pain
regulation, the spinal cord is fully involved in the research
of central sensitization.'

The activation of the mitogen-activated protein kinase
(MAPK) signaling pathway is involved in the onset and main-
tenance of visceral hypersensitivity. It promotes central sensi-
tization in UC rat models via activating the expression of c-Fos
in the central nervous system, so as to alter the visceral percep-
tion, emotions, and behaviors.'® Using inhibitors of key pro-
teins of the MAPK signaling pathway not only benefits the
repair of the colonic lining but also significantly mitigates
hyperalgesia and paralgesia induced by nociceptive stimula-
tions. Previous studies have indicated that the MAPK signaling
pathway plays an important role in regulating the transmission
and maintenance of pain signals.'"®'® Our previous study
revealed the noticeable analgesic effect of moxibustion for
IBD-associated CIVP in rats, manifesting as the regulation of
pain behaviors and pain emotions.'” However, additional evi-
dence is required to prove whether this analgesic effect is
related to the regulation of the MAPK signaling pathway in
the spinal cord.

Therefore, this study prepared CIVP rat model to discuss
the central mechanism of moxibustion analgesia in CIVP rats
via observing the changes in the phosphorylated levels of
different sites of MAPK signaling pathway in spinal cord of

CIVP rats and the effect of moxibustion on the expressions.

Materials And Methods

Experimental Animals

Twenty-seven healthy male Sprague-Dawley (SD) rats weigh-
ing 150420 g were purchased from Shanghai Super-B&K
Laboratory Animal Co., Ltd. (SCXK(Hu) 2013-0016). The
rats received adaptive feeding for 1 week before the experi-
ment began. All procedures in this experiment were in accor-
dance with the Care and Use of Laboratory Animals issued by
the Ministry of Science and Technology of the People’s
Republic of China ((2006)398) and were approved by the
Animal Care and Use Committee of Shanghai University of
Traditional Chinese Medicine (SZY 201605006). The 27 rats
were randomized into a normal group (NG), a model group
(MG), and a herb-partitioned moxibustion group (HPMG),
with 9 rats in each group. The whole experimental schedule
was described by a flowchart (Figure 1A).

Main Reagents And Instruments

The reagents and instruments procured for experiments were:
moxa wool (Nanyang Hanyi Moxa, He’nan, China); aconite
powder (Huaji Pharmaceutical Industry, Shanghai, China);
MAPK (PMKI185) protein array (Full Moon Biosystems,
CA, USA); 24,6-trinitrobenzene sulfonic acid (TNBS,
Sigma, MO, USA); p-cAMP response element-binding protein
(CREB) primary antibody (Cell Signaling Technology, MA,
USA); p-cJun primary antibody (Cell Signaling Technology,
MA, USA); glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) primary antibody (Cell Signaling Technology,
MA, USA); Von Frey filaments (Stoelting, IL, USA);
BME2410A Thermal Stimulator (Institute of Medical
Biology, Beijing, China); hematoxylin and eosin (HE) staining
kit (Nanjing Jiancheng Technology, Nanjing, China); micro-
array scanner (Axon Instruments, CA, USA); GenePix Pro 6.0
(Axon Instruments, CA, USA); pathological analysis system
(Leica, Wetzlar, Germany); light microscope and analysis sys-
tem (Olympus, Tokyo, Japan); and Western blotting apparatus
(Bio-Rad, CA, USA).

Chronic Inflammatory Visceral Pain
Modeling

In this experiment, 5% (w/v) TNBS and 50% ethanol were
mixed at 2:1 and enema was performed at 3 mL/kg once a
week for 4 consecutive weeks to prepare the CIVP rat
model.**?! After modeling, the rats all underwent pain
behavior tests, and colonic histopathological observation
with HE staining was performed for one rat from each
group, to verify the success of the CIVP model.
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Figure | Changes in rat pain behaviors, histopathological changes in the colon, and cluster of phosphorylated protein expression in the spinal cord MAPK signaling pathway.
(A): Experimental schedule. (B): AWR scores under 20, 40, 60, 80 mmHg CRD. (C): MWT; (D): TWL. (E): lllustration of herb-partitioned moxibustion. (F): Histopathological
observations of the rat colon (HE staining, 200x). (G): Histopathological score. (H): Cluster of phosphorylated protein expression in the spinal cord MAPK signaling pathway
(green denotes the average density, red represents a value higher than the average density, while blue indicates a value lower than the average density). n=8 rats per group
for panels B, C, D, and G; n=3 rats per group for panel H. *P<0.01 vs NG; “P<0.05 vs NG; ®P<0.01 vs MG; 9P<0.05 vs MG.

Abbreviations: AWR, abdominal withdrawal reflex; CRD, colorectal distension; MWT, mechanical withdrawal threshold; TWL, thermal withdrawal latency; NG, normal
group; MG, model group; HPMG, herb-partitioned moxibustion group.
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Interventions were performed when the model was con-
firmed a success.

Herb-Partitioned Moxibustion

Intervention

Rats in the HPMG were treated with herb-partitioned mox-
ibustion (HPM) at Qihai (CV6) and bilateral Tianshu (ST25)
(Figure 1E). A herbal cake was placed on the acupoints with
the moxa cone on the top of it. The moxa cone was ignited,
and burning proceeded until the cone was fully burnt. Two
moxa cones were consecutively burnt (with each lasting for
10 min) for each acupoint per treatment. HPM was per-
formed once a day, for 7 times in total. Rats in the MG
were not given any interventions except the same grasping
and fixing operations as those that occurred in the HPMG.
Rats in the NG did not receive modeling or intervention
except the same grasping and fixing.

The moxa cones used in this study were made of fine
moxa wools using the same mold. Each cone weighed 90 mg,
and the dimensions were 0.4 cm in diameter and 0.4 cm in
height. The herbal cakes were made of aconite powder using
amold (0.6 cm in diameter and 0.3 cm in height), with yellow
rice wine added prior to HPM treatment.

Abdominal Withdrawal Reflex (AWR)

AWR was used to estimate visceral hypersensitivity by refer-
ring to the Al-Chaer method.?* Four different levels of pres-
sure, 20, 40, 60, and 80 mmHg, were applied for colorectal
distension. Each rat was tested 3 times, with each stimulation
lasting for 20 s at an interval of 5 min, and the average value
of the three tests was considered as the final score.

Mechanical Withdrawal Threshold
(MWT)

A Von Frey filament was used to perpendicularly stimulate
the sole of a rat’s hind paw, which lasted for less than 4 s,
and a positive reaction was defined by lifting or licking the
paw.”® Each rat was tested 5 times consecutively.

Thermal Withdrawal Latency (TWL)

The TWL was measured using a thermal pain stimulator to
radiate the rat’s paw. The length of time from the begin-
ning of the heat irradiation to the lifting of the paw was
considered as the TWL.?* Each rat received five these tests
at an interval of 3 min. After the maximum and minimum
values were removed, the mean value of the other three
tests was defined as the final TWL. In this experiment,

after intervention, the rats in each group all underwent the
AWR, MWT, and TWL for behavioral observation.

Sample Preparation

Rats were euthanized via abdominal injection of pentobarbi-
tal sodium. Colons were collected and opened longitudinally.
After rinsing with 4°C normal saline, the tissues were fixed in
10% neutral-buffered formalin solution. The spinal cord of
L-S? was first placed in liquid nitrogen and then transferred
to a —80°C freezer. Protein extraction was carried out within
1 month.

Histopathological Observation Of The

Colon

Colon tissue slices were stained with HE and observed under a
light microscope. HE procedure: After fixed in 10% neutral-
buffered formalin, colons were through dehydration, embed-
ding, slicing and baking by using pathological analysis system,
followed by dewaxing and dehydration by dimethylbenzene
and graded ethanol, hematoxylin staining, differentiated by
1% HCI and ethanol, blued by 1% ammonia solution, stained
by 0.5% eosin, then again dehydrated through graded ethanol
in order, transparentized by dimethylbenzene and sealed by
neutral resin. Finally, the colon tissues were observed under
light microscope and scored according to the standard: ulcer
(none 0, small 1, mast 2); inflammation (none 0, light 1,
serious 2); granuloma (none 0, granuloma 1); lesion depth
(none 0, submucosa 1, muscular layer 2, serosa 3).>

Total Protein Extraction From The Spinal
Cord

Each group contributed three spinal cord samples for total
protein extraction. Lysis buffer was added at 1 mL/250 mg
(1 mL radioimmunoprecipitation assay (RIPA) buffer was
mixed with 5 pL protease inhibitor solution, 5 pL phenyl-
methanesulfonyl fluoride (PMSF), and 5 pL phosphatase/pro-
tease inhibitor cocktail), and homogenized at a low speed for a
complete lysate of spinal cord tissues. The lysate was then
centrifuged at 14 000 rpm for 15 min. The supernatant was
collected to detect the concentration of total protein by the
bicinchoninic acid (BCA) method.

Detection Of Phosphorylated Proteins Of
The MAPK Signaling Pathway In The
Spinal Cord

This process was performed by strictly following the instruc-
tions of the Full Moon protein array kit. For the assay, 50 ul
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reaction mixture containing 100 pg total protein was labeled
with 10 pL biotin/N,N-dimethylformamide (DMF). After
reaction for 30 min at room temperature, the array was rinsed
with Milli-Q water for 3 min, and then, the reaction was
terminated by adding 30 pL stop solution. The chip’s surface
was fully soaked in 6 mL Protein Coupling Mix, and the
coupling chamber was then covered and maintained overnight
at 4°C. It was then washed twice with Milli-Q water.
Afterwards, the chips were incubated in Cy3-streptavidin
solution at room temperature. After the reaction mixtures
were removed, the chips were dried and scanned.

Image Scanning And Data Analysis

Images and primary data were acquired with the Axon
GenePix scanner and GenePix Pro 6.0 software. Grubbs’
criterion was used to process the primary data. The mean
fluorescence intensity value, standard deviation (SD), and
coefficient of variation (CV) at each protein site were calcu-
lated. The phosphorylation levels of the 91 sites on the anti-
body were analyzed by the ratio between the phosphorylated
value and unphosphorylated value. Fold change (FC)>1.3 or
<0.77 was taken as the screening standard to define the differ-
entially expressed proteins in the MAPK signaling pathway in
the rat spinal cord between different groups.

Gene Ontology (GO) And Kyoto
Encyclopedia Of Genes And Genomes
(KEGG) Analyses

The corresponding UniProt accession of the differentially
expressed proteins searched in the UniProt
Knowledgebase (UniProt KB) database for analysis of struc-
ture and physiochemical features. GO and KEGG were

was

retrieved, and the target proteins underwent functional cluster
and pathway analysis using OmicsBean software.

Validation Of Differentially Expressed
Proteins In The Spinal Cord

Western blotting (WB) was used to determine the differen-
tially expressed proteins. The total protein in the spinal cord
was extracted, and the amount was determined using the BCA
method. The 50 pg of total protein was processed by electro-
phoresis at 100 V for 2 h, and then underwent wet membrane
transfer at 350 mA for 1 h. The membrane was incubated with
the primary antibody (1:1000) at 4°C overnight, horseradish
peroxidase (HRP)-labeled secondary antibody (1:1000) for 2
h, and then with ECL luminescence reagent for 2 min. A Bio-
Rad gel imaging system was used for automatic imaging. The

grey values of target protein bands and internal reference were
determined, and their ratio was taken as the relative expression
level of the target protein.

Statistical Analysis

SPSS version 19.0 (IBM, Armonk, NY, USA) software was
used for the data analysis. The data were first tested for
normal distribution and homogeneity of variance. The mea-
surement data that conformed to normal distribution were
expressed as the mean + SD; if not, the data were expressed
as median (P25, P75). For the data in accordance with normal
distribution and homogeneity of variance, one-way Analysis
of Variance (ANOVA) analysis was applied for inter-group
comparison and least significant difference (LSD) for paired
comparison; the Games—Howell method was used for inter-
group comparison if there was heterogeneity of variance.
When the data did not conform to normal distribution, a
non-parametric test was employed. P<0.05 was considered
to indicate statistical significance.

Results

AWR Score (AWR)

Compared with the NG, the AWR scores in the MG sig-
nificantly increased under the four different distending
pressures (20, 40, 60, and 80 mmHg) (all P<0.01).
Compared with the MG, AWR scores in the HPMG sig-
nificantly decreased under each distending pressure (all
P<0.01) (Figure 1B).

MWT And TWL

Compared with the NG, MWT and TWL in the MG sig-
nificantly decreased (all P<0.05). Compared with the MG,
MWT and TWL in the HPMG significantly increased (all
P<0.05). (Figure 1C and D).

Morphological Changes In The Colon

In the NG, the colons of the rats had a clear structure,
with complete lining, aligned glands, and without inflam-
mation, congestion, or edema. In the MG, the colon
tissues were damaged, with incomplete lining, ulcers,
disordered gland arrangement, significant inflammatory
infiltration in the mucosa and submucosa of predomi-
nantly neutrophils and eosinophils, and significant con-
gestion and edema in connective tissues. Compared to
NG, the histopathological scores of rats in MG were
increased significantly (P<0.01). Colons in the HPMG
were substantially complete in structure, with successive
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lining, without notable ulcers, with certain gland hyper-
plasia but with normal arrangement, although slight
inflammatory infiltration in the mucosa and submucosa,
and mild-moderate swelling in connective tissues were
observed (Figure 1F). Compared to MG, the histopatho-
logical scores of rats in HPMG were reduced obviously
(P<0.01). (Figure 1G)

Phosphorylation Level Of Proteins In The

Spinal MAPK Signaling Pathway
Compared with the NG, the phosphorylation levels of 76
proteins were upregulated in the spinal cord in the MG,
among which, 33 had FC>1.3 (Table 1, Figure 1H); 15
proteins were downregulated, of which, two had FC<0.77
(Table 2, Figure 1H).

Compared with the MG, the phosphorylation levels of
53 proteins in the spinal cord in the HPMG were down-
regulated, and 25 had FC<0.77 (Table 3, Figure 1H); 38
proteins were upregulated, and eight showed FC>1.3
(Table 4, Figure 1H).

GO And KEGG Analyses Of The

Differentially Expressed Proteins

As mentioned above, FC>1.3 or <0.77 was considered as
the standard to determine the differentially expressed
proteins.**** Compared with the NG, 33 sites of 21 pro-
teins were upregulated in the spinal cord MAPK signaling
pathway, and these proteins mainly control cell movement
regulation, positive control over biological response, and
cell stress reaction modulation (Supplementary Table 46,

Figure 2A). There were nine signaling pathways that were
extensively involved, predominated by MAPK and phos-
phatidylinositol 3-kinase (PI3K) pathways (Figure 2B).
Two sites from the same protein showed downregulated
phosphorylation levels and were not selected for GO and
KEGG analyses.

Compared with the MG, 25 sites from 19 proteins in the
spinal MAPK signaling pathway were downregulated in the
HPMG. These proteins mainly function to regulate stress
reactions
(Supplementary Table 57-1,2, Figure 3A). Eight signaling
pathways were involved, concentrating on MAPK and PI3K

and positively regulate biological processes

pathways (Figure 3B). Eight sites from seven proteins were
upregulated, and these proteins regulate stress reactions, and
positively control genetic expression and cellular metabolism.
(Figure 4A). Two signaling pathways were involved and were
predominated by the MAPK signaling pathway (Figure 4B).

Table | Upregulated Phosphorylated Proteins And Sites In the
MAPK Signaling Pathway Associated With CIVP Pathogenesis

Protein (Phosphorylated Site) FC (MG/NG) | P value
4E-BPI| (Phospho-Thr36) 1.46 0.14
4E-BPI| (Phospho-Thr45) 1.41 0.21
ASK | (Phospho-Ser83) 1.57 0.13
ATF2 (Phospho-Ser| 12/94) 1.31 0.18
c-Jun (Phospho-Ser73) 1.83 0.15
c-Jun (Phospho-Thr239) 1.37 0.23
CREB (Phospho-Ser129) 1.38 0.08
elF2alpha (Phospho-Ser51) 1.66 0.11
elF4E (Phospho-Ser209) 1.35 0.13
Elkl (Phospho-Ser389) 1.41 0.06
Estrogen Receptor-alpha (Phospho-Ser106) | 1.56 0.06
Estrogen Receptor-alpha (Phospho-Ser167) | 1.41 0.09
FAK (Phospho-Tyr861) 1.32 0.26
FAK (Phospho-Tyr925) 1.31 0.11
Histone H3.1 (Phospho-Serl0) 1.94 0.15
HSFI (Phospho-Ser303) 1.4 0.21
IRS-1 (Phospho-Ser307) 1.47 0.1
IRS-1 (Phospho-Ser636) 1.46 0.12
IRS-1 (Phospho-Ser639) 1.44 0.13
JunB (Phospho-Ser259) 1.36 0.15
JunB (Phospho-Ser79) 1.53 0.15
Met (Phospho-Tyr1234) 1.45 0.17
Myc (Phospho-Ser373) 1.37 0.08
Myc (Phospho-Thr358) 1.31 0.15
PKC-delta (Phospho-Ser645) 222 0
PKC-theta (Phospho-Ser676) 1.41 0.19
Pyk2 (Phospho-Tyr402) 1.61 0.18
Stathmin| (Phospho-Ser|5) 1.45 0.14
Stathmin| (Phospho-Ser24) 1.42 0.14
Tau (Phospho-Ser214) 1.51 0.22
Tau (Phospho-Ser235) 1.39 0.15
Tau (Phospho-Ser396) 1.37 0.03
Tau (Phospho-Thr231) 1.61 0.09

Abbreviations: FC, fold change; NG, normal group; MG, model group.

Table 2 Downregulated Phosphorylated Proteins And Sites In The
MAPK Signaling Pathway Associated With CIVP Pathogenesis

Protein (Phosphorylated Site) FC (MG/NG) P value
Tau (Phospho-Thr212) 0.76 0.23
Tau (Phospho-Ser422) 0.75 0.29

Abbreviations: FC, fold change; NG, normal group; MG, model group.

Screening Of The Differentially Expressed
Proteins

Comprehensive analysis revealed 15 protein sites that
were upregulated in the MG (compared with the NG)
and were downregulated in the HPMG (compared with
the MG) (Table 5). There was no site downregulated in
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Table 3 Downregulated Phosphorylated Proteins And Sites In
The MAPK Signaling Pathway Associated With Moxibustion
Treatment Of CIVP

Protein (Phosphorylated Site) FC (HPMG/MG) | P value
4E-BPI| (Phospho-Thr36) 0.76 0.11
4E-BPI| (Phospho-Thr45) 0.77 0.27
ASKI (Phospho-Ser966) 0.66 0.25
c-Jun (Phospho-Ser73) 0.65 0.14
c-Kit (Phospho-Tyr721) 0.62 0.04
CREB (Phospho-Ser129) 0.68 0.43
elF2 alpha (Phospho-Ser51) 0.7 0.49
elF4E (Phospho-Ser209) 0.76 0.23
Histone H2A.X (Phospho-Ser|139) 0.72 0.3
IRS-1 (Phospho-Ser307) 0.59 0.49
IRS-1 (Phospho-Ser636) 0.69 0.2
IRS-1 (Phospho-Ser639) 0.6 0.17
JunB (Phospho-Ser259) 0.7 0.46
MEK| (Phospho-Thr291) 0.55 0.12
Met (Phospho-Tyr1234) 0.72 0.16
Met (Phospho-Tyr1349) 0.57 0.17
p44/42 MAPKinase (Phospho-Thr202) | 0.69 0.36
p53 (Phospho-Seré) 0.6 0.03
PKC-delta (Phospho-Ser645) 0.56 0.17
PKC-theta (Phospho-Ser676) 0.58 0.05
Pyk2 (Phospho-Tyr402) 0.75 0.2
Stathmin| (Phospho-Ser|5) 0.74 0.13
Stathmin| (Phospho-Ser24) 0.72 0.11
Tau (Phospho-Ser422) 0.59 0.05
Tau (Phospho-Thr212) 0.75 0.06

Abbreviations: FC, fold change; MG, model group; HPMG, herb-partitioned mox-
ibustion group.

Table 4 Upregulated Phosphorylated Proteins And Sites In The
MAPK Signaling Pathway Associated With Moxibustion Treatment
Of CIVP

Protein (Phosphorylated Site) FC(HPMG/MG) | P value
ASK1 (Phospho-Ser83) 1.33 0.21
Elk-1 (Phospho-Ser383) 1.6 0.25
Histone H3.1 (Phospho-Ser|0) 1.33 0.13
MEK-2 (Phospho-Thr394) 1.76 0.44
Myc (Phospho-Ser373) 1.33 0.11
P38 MAPK (Phospho-Tyr182) 1.41 0.32
p53 (Phospho-Ser37) 1.34 0.23
p53 (Phospho-Ser46) 1.52 0.43

Abbreviations: FC, fold change; MG, model group; HPMG, herb-partitioned
moxibustion group.

the MG (compared with the NG) that was upregulated in
the HPMG (compared with the MG). Among the 15 dif-
ferential proteins, eight were from the MAPK-extracellular
regulated protein kinases (ERK) signaling pathway, four
from the MAPK/c-Jun N-terminal kinase (JNK) signaling

pathway, and three from the MAPK/p38 signaling path-
way. These data indicate that moxibustion can simulta-
neously regulate the three pathways, and MAPK/ERK
may play a crucial role in the process of moxibustion
analgesia.

Verification Of Differential Proteins
p-CREB And p-cjun

Differential proteins p-CREB and p-cJun were selected for
verification. Compared with the NG, the protein expres-
sion of p-CREB and p-cJun in the spinal cord was sig-
nificantly higher in the MG (both P<0.01). Compared with
the M@, the protein expression of p-CREB and p-cJun in
the rat spinal cord was significantly decreased in the
HPMG (P<0.01, P<0.05) (Figure 5).

Discussion

Thus far, clinical management of chronic visceral pain
(CVP) has rarely been reported. Some studies mentioned
the use of tricyclic antidepressant (TCA), selective seroto-
nin reuptake inhibitor (SSRI), and serotonin and noradre-
naline reuptake inhibitor (SNRI) to treat CVP based upon
various analgesics.”’ However, there is still a lack of
reliable evidence of the benefits of opioids for chronic
non-cancerous pain in either adults or children, and addi-
tionally, their use may be detrimental, as exclusive use of
central analgesics may incur opioid-induced hyperalgesia
(e.g., narcotic bowel syndrome).'**® As one type of CVP,
CIVP is pathologically featured by recurrent inflammatory
injury and is commonly seen in IBD. It greatly affects the
quality of life for patients and undermines their social and
work abilities.

It is yet unclear what causes CIVP, but it is suggested
that peripheral factors (intestinal inflammation, dysfunc-
tion, visceral hypersensitivity), and neurological and psy-
chological factors mediated by the central nervous system
participate in the development of CIVP,'> which makes it
difficult to treat. Treatment is usually initiated with anti-
inflammation agents, as there are no specific treatment
methods or drugs for this medical condition. In recent
years, consensus has been reached that sensitization of
both peripheral and central nerves is involved in the patho-
genesis of CIVP, and single-target treatment thus may
have certain limitations.®" It is a multi-target and multi-
channel process when acupuncture and moxibustion sti-
mulate acupoints. Therefore, acupuncture and moxibustion

bear a certain advantage in treating CIVP.**"*
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Figure 2 Differential proteins associated with CIVP pathogenesis based on the MAPK signaling pathway (MG vs NG). (A): Protein functional cluster. (B): Corresponding
signaling pathways and protein interactions. [J denotes a GO/KEGG term; o represents protein/gene; 7< denotes a transcription factor; blue color shows a high —log (P-
value), and yellow color shows a low —log (P-value); red color denotes a high fold change, and green color indicates a low fold change.

With progressive research, there is now a sufficient body
of evidence indicating that analgesia via acupuncture is
effective, but not everyone can tolerate its mechanical
stimulation.***> Compared to acupuncture, moxibustion is
mild and comfortable, and thus more easily accepted.
Moxibustion has been proved effective for intestinal diseases
accompanied by abdominal pain and diarrhea. For example,
Zhao et al found that moxibustion produced some effects in
improving symptoms in constipation-predominant irritable
bowel syndrome (C-IBS) such as abdominal pain, bloating,
and mental symptoms, probably through modulating of the
brain-gut axis function.*® Bao et al indicated that both elec-
troacupuncture and moxibustion improved cortex-subcorti-
cal coupling in remissive CD patients, but the former
regulated homeostatic afferent processing network, while
moxibustion mainly regulated the default mode network of
the brain.>” These evidences show that moxibustion is effec-
tive in alleviating the visceral pain. The current study

observed how moxibustion affected CIVP in a rat model.
We found that moxibustion significantly downregulated the
AWR score (P<0.01) and upregulated the MWT and TWL
(P<0.05) in CIVP rats, suggesting a satisfactory analgesic
effect, which agreed with previous studies.'**%*° Although
moxibustion is characterized by valid efficacy, convenient
operation, and mild stimulation, and has been gradually
adopted to treat IBD and CIVP, its action mechanism is
vague.

The MAPK signaling pathway adjusts neuron plasticity
and the central sensitization of pain, which induces and
maintains hyperalgesia. Activation of this pathway is
involved in visceral pain and associated pain behaviors
in DSS (Dextran Sulfate Sodium Salt)-induced
UC.'*44 MAPK inhibitors extremely influence pain sen-
sation under normal conditions but significantly ease
hyperalgesia after tissue injuries, which implies that reg-
ulating the MAPK signaling pathway may be the
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mechanism in treating hyperalgesia after tissue injuries.**
The MAPK family consists of four subgroups: ERK,
p38MAPK, JNK/SAPK (stress-activated protein kinase),
and ERKS. ERK, p38MAPK, and JNK are all associated
with pain.**~* The MAPK signaling pathway is closely
related to IBD. The activation of ERK and JNK mediates
pain signals in acute UC, and they both participate in the
analgesic effect of morphine.*®*” Therefore, the systemic
study of MAPKs can help further elucidate the develop-
ment of CIVP and provide novel intervention targets for
the management of CIVP.

In this study, we focused on the changes in the protein
expression profile of the MAPK signaling pathway in the
rat spinal cord using a high-throughput phosphorylated
protein microarray. The protein microarray analysis in
this study found, compared with the normal group, 76
(76/91) sites showed up-regulated phosphorylated level

in the spinal cord MAPK signaling pathway in CIVP rats
and the phosphorylated level of MAPK signaling pathway
in spinal cord presented an increasing tendency. Taking
FC>1.3 as the screening standard, 33 differentiated protein
sites were activated in the spinal cord of CIVP rats, and
the activation might be involved in the development of
CIVP. The functional cluster analysis by GO analysis
showed that these protein sites are mainly involved in
the positive regulation of biological process, development
process, positive regulation of metabolic process, positive
regulation of cellular process and single-organism devel-
opment process. Compared with the model group, the
herb-partitioned moxibustion group had 53 (53/91) protein
sites showing a down-regulated phosphorylated level of
MAPK signaling pathway in the spinal cord, indicating
that the inhibition of these 25 differentiated protein sites
be mechanism of herb-partitioned

might critical
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Table 5 List Of 15 Differentially Expressed Proteins A
k]
Protein (Phosphorylated Site) FC (MG/NG) FC (HPMG/MG) § 3 a
p-CREB "e—_— — o
4E-BP| (Phospho-Thr36) .46 076 fwe b
. — X O
4E-BP| (Phospho-Thr45) 1.41 0.77 B-Actin SEEG—_-G— SE— w a,
©
c-Jun (Phospho-Ser73) 1.83 0.65 NG MG HPMG s
CREB (Phospho-Ser129) 1.38 0.68 &
elF4E (Phospho-Ser209) 135 0.76 Ne MG HPMG
w 20
IRS-1 (Phospho-Ser307) 1.47 0.59 B g
IRS-1 (Phospho-Ser636) 1.46 0.69 P-CJUN N ————— 2 P
IRS-1 (Phospho-Ser639) .44 06 é’g 0 a
JunB (Phospho-Ser259) 1.36 0.7 B-Actin — e - u:_’ 6'05 °
5 o
Met (Phospho-Tyr1234) 1.45 0.72 NG MG HPMG E W
PKC-delta (Phospho-Ser645) 222 0.55 NG MG HPMG
PKC-theta (Phospho-Ser676) 1.41 0.58
Pyk2 (Phospho-Tyr402) 1.61 0.75 Figure 5 Phosphorylated protein expression of CREB and cjun in the spinal cord.
Stathmin| (Phospho-Ser|5) 1.45 0.74 (A): Phosphorylated protein expression of CREB in the spinal cord; (B): phos-
Stathmin| (Phospho-Ser24) 142 0.72 phorylated protein expression of cjun in the spinal cord. n=8 rats per group.
: : 3P<0.01 vs NG; °P<0.01 vs MG; °P<0.05 vs MG.
Abbreviations: FC, fold change; NG, normal group; MG, model group; HPMG,  Abbreviations: NG, normal group; MG, model group; HPMG, herb-partitioned
herb-partitioned moxibustion group. moxibustion group.
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moxibustion producing treatment efficacy and analgesic
effect for CIVP. GO analysis revealed that this group of
protein sites are mainly involved in enzyme binding, pro-
tein binding, protein kinase binding, phosphatase binding,
kinase binding, etc. These results showed that herb-parti-
tioned moxibustion not only targets the key activation
proteins of the signaling pathway but also the binding of
proteins in treatment of CIVP. Meanwhile, these differen-
tially expressed proteins mostly work for the positive
regulation of biological process, positive regulation of
cellular process, response to external stimulus, positive
regulation of metabolic process, response to inorganic
substance, etc. The function of the differentially expressed
proteins in the model group and in the herb-partitioned
moxibustion group overlapped significantly, suggesting
that the mechanism of herb-separated moxibustion in treat-
ing CIVP may be characterized by multi-target, multi-
function, multi-level and multi-pathway.

The mechanism of moxibustion analgesia has not been
adequately explained thus far. Some studies only support the
effect of moxibustion in relieving functional visceral pain but
cannot ensure its effect for other forms of pain.*****° Zhu et al
found that the analgesic effect that moxibustion produced for
functional visceral pain should be associated with the regula-
tion of the prefrontal cortex (PFC) and anterior cingulate cortex
(ACC), indicating a central regulation mechanism of moxibus-
tion analgesia.>® The effect of moxibustion (including analge-
sia) is mainly generated through the stimulation of acupoints
by the thermal effects, radiation effects, and pharmacological
actions of moxa and its combustion products, which is mainly
characterized by thermal stimulation.” The study of its effect
mechanism is mainly started with warm-heat stimulation of
acupoints. It is found that the transient receptor potential vanil-
loid (TRP) and purine receptor (P2 receptor) play a vital role in
the initiation of moxibustion effect and participate in the reg-
ulation of pain and inflammatory response. This regulatory
effect occurs in every part of human body’s “neuro-endo-
crine-immune” network, and affects many analgesic/pain-
mediated factors and inflammatory cytokines.>>>® The
mechanism of pain formation and development is quite com-
plicated, and many neural active substances are involved in the
central and peripheral regulation of pain. The balance of
analgesic/anti-analgesic system is the ultimate manifestation
of pain relief. And the suppression of uplink and regulation of
downlink pain-related signals may be one of the important
ways of analgesic effects for moxibustion. The spinal cord is
the lower center of pain signal processing. In this study, we
observe the regulatory effect of moxibustion on the

phosphorylation level of MAPK signaling protein at different
sites in the spinal cord of CIVP rats, screen the key molecules
and related signaling pathways of moxibustion analgesia, and
explore the central mechanism of moxibustion analgesic effect
on CIVP rats at the spinal cord level. The present study found
that moxibustion successfully mitigated CIVP and inhibited
the phosphorylation level of proteins, especially c-CREB and
p-cJun, in the MAPK signaling pathway in the rat spinal cord
in a CIVP model. It is suggested that moxibustion may relieve
visceral pain in CIVP rats through regulating the activation of
neurons in the spinal cord (central sensitization). Our previous
studies also showed that moxibustion downregulated the phos-
phorylated protein expression of MEK1 (mitogen-activated
extracellular signal-regulated kinase 1), ERK1/2, CREB, and
ERK in the spinal cord of CIVP rats, again proving that
inhibiting the MAPK signaling pathway, i.e., the MEK/ERK/
CREB signaling pathway, in the spinal cord should be one of
the central mechanisms in moxibustion analgesia. The ques-
tion subsequently arises as to whether other paths of the MAPK
signaling pathway also participate in the process.

To take a deeper look, we examined the changes in the
phosphorylated protein levels in the spinal MAPK signal-
ing pathway using the 91-proteins microarray technique, to
screen the pathways of MAPK that were possibly involved
in moxibustion analgesia. We showed that moxibustion
actually affected three pathways in MAPK (MAPK/ERK,
MAPK/INK, and MAPK/p38), of which, the MAPK/ERK
pathway contributed eight differentially expressed pro-
teins, and thus was considered as the main route of the
MAPK signaling pathway in moxibustion analgesia, which
also agreed with previous studies.”®>° However, further
exploration is required for the other two pathways,
MAPK/JNK and MAPK/p38. At the same time, although
the microarray detection mainly focused on the important
signal proteins of MAPK signaling pathway, the screening
results, together with KEGG analysis, showed that the
occurrence of IBD-related CIVP may also be associated
with PI3K-Akt signaling pathway, hepatitis B signaling
pathway, TNF signaling pathway, and ErbB signaling
pathway; the analgesic effect of herb-partitioned moxibus-
tion may also be related to the modulation of PI3K-Akt
signaling pathway, neurotrophin signaling pathway, TNF
signaling pathwayand

apoptosis  signaling pathway.

However, the verification requires further studies.

Conclusion
Moxibustion can mitigate visceral hyperalgesia in CIVP
rat models, inhibit the phosphorylated protein levels of the
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MAPK signaling pathway in the spinal cord, and regulate
three pathways (MAPK/ERK, MAPK/INK, MAPK/p38)
in MAPK, of which, MAPK/ERK may be the main MAPK
signaling pathway involved in the process of moxibustion
analgesia.

Prospects

Because moxibustion can produce a multi-path, multi-
level, and multi-target effect, moxibustion analgesia is a
complicated process. Therefore, it may take a long time to
completely understand how it works. This study simply
used the MAPK signaling pathway in the spinal cord as
the target to analyze the possible mechanism of moxibus-
tion treatment of CIVP, which is a rather limited scale.
CIVP is complex in its development and persistence, and
involves the interactions of various pathways and trans-
mitters. Although our results only suggest a notable reg-
ulation of moxibustion on the MAPK/ERK, JNK, and p38
pathways, we could not assure that the ERKS signaling
pathway was not involved, despite its minimal contribu-
tion in protein screening. Moreover, the KEGG analysis
showed that the MAPK signaling pathway was not the
only one involved in the development of CIVP and mox-
ibustion analgesia, as the PI3K signaling pathway largely
participated. Therefore, whether they work jointly or sepa-
rately can be another research target, which may help
thoroughly unveil the analgesia mechanism of moxibus-
tion for CIVP and provide reliable evidence to explain
moxibustion analgesia.
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