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Abstract 
Objective: To investigate the mechanism by which moxibustion regulates the expression of inflammatory cytokines in ulcerative 
colitis (UC) rats through the P2X7 receptor (P2X7R)/nuclear factor-kappa B (NF-κB) pathway.

Methods: UC was induced using dextran sulfate sodium (DSS) in both wild-type (WT) and P2X7R knockout (KO) mice. 
General health conditions, pathological changes, and periodic acid-Schiff (PAS) staining of the colonic tissues were analyzed. 
Immunohistochemistry was used to detect NF-κB p65 protein expression in colonic tissues. Male Sprague-Dawley (SD) rats 
were randomly assigned to four groups: normal, model, normal + herb-partitioned moxibustion, and model + herb-partitioned 
moxibustion. UC was induced in rats by cyclic DSS administration. Rats in the herb-partitioned moxibustion group received 
moxibustion at the bilateral Tianshu (ST25) and Qihai (RN6) acupoints. The effects of herb-partitioned moxibustion were evaluated 
regarding general health conditions and histopathological alterations in colon tissue. The protein expression of P2X7R and NF-κB 
p65 in colonic tissues was determined by immunohistochemistry, whereas interleukin (IL)-10 mRNA levels were quantified using 
real-time quantitative polymerase chain reaction (RT-qPCR). Furthermore, enzyme-linked immunosorbent assay (ELISA) was used 
to measure serum concentrations of tumor necrosis factor-alpha (TNF-α) and IL-6.

Results: Colonic epithelial damage and inflammatory cell infiltration were significantly reduced in P2X7R KO mice compared to 
WT mice, along with reduced expression of NF-κB p65 protein in colonic tissues (P < 0.05). Moxibustion improves histopathological 
damage, goblet cell number, and intestinal mucus secretion in rats with UC. Compared to the normal group, the model group 
exhibited increased histopathological scores, serum TNF-α, and IL-6 levels, as well as elevated P2X7R and NF-κB p65 protein 
expression in colonic tissues (P < 0.05). In comparison to the model group, the model + herb-partitioned moxibustion group 
demonstrated significantly lower histopathological scores, reduced serum TNF-α and IL-6 levels, and decreased P2X7R and NF-κB 
p65 protein expression (P < 0.05).

Conclusions: Moxibustion at “Tianshu” and “Qihai” acupoints may inhibit the levels of IL-6 and TNF-α inflammatory factors and 
reduce inflammation in the UC colonic mucosa by regulating the P2X7R/NF-κB p65 pathway in UC colonic tissues.
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Introduction

Ulcerative colitis (UC) is a chronic inflammatory condi-
tion classified under inflammatory bowel disease (IBD), 
primarily affecting the mucosal lining of the colon and 
rectum, the hallmark of UC is the presence of contin-
uous and diffuse inflammation[1]. UC clinically mani-
fests as intestinal symptoms, including abdominal pain, 

diarrhea, and the passage of mucus and blood, all of 
which reflect underlying mucosal inflammation and 
injury. In some cases, patients also experience extrain-
testinal complications affecting the skin, eyes, joints, or 
hepatobiliary system[2]. Global epidemiological surveys 
estimate that the prevalence of UC will reach approxi-
mately 5 million cases worldwide by 2023. It continues 
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to rise in developing regions, posing an increasing burden 
on healthcare resources[3–5]. The etiology of UC remains 
elusive and may involve complex interactions between 
genetic susceptibility, compromised intestinal epithelial 
barrier integrity, dysregulated immune responses, and 
imbalanced microbiota[4]. UC is associated with a high 
recurrence rate, chronic disease progression, and an ele-
vated risk of malignant transformation[6], underscoring 
the importance of deeper exploration into its patho-
genesis and the discovery of more effective therapeutic 
targets.

Currently, pharmacological management, including 
using 5-aminosalicylic acid drugs, corticosteroids, and 
thiopurines, remains the cornerstone of UC treatment. 
The emergence of biologics and small-molecule drugs has 
shifted the treatment goals from symptomatic control to 
achieving complete clinical and endoscopic remission. 
Histological healing has emerged as a novel therapeutic 
benchmark[7]. However, despite these advancements, no 
existing treatment has completely cured UC. In recent 
years, acupuncture and moxibustion have demon-
strated significant safety and efficacy in treating UC, 
with advantages such as reduced recurrence rates and 
sustained long-term benefits. Our research group has 
actively explored moxibustion’s potential mechanisms 
and clinical applications for UC, confirming its regula-
tory effects on immune balance, improvement of muco-
sal lesions in the intestine, and suppression of intestinal 
inflammation[8–12]. However, the precise mechanisms 
underlying the therapeutic effects of moxibustion in UC 
remain unclear.

The P2X7 receptor (P2X7R), a subtype of puriner-
gic receptor predominantly expressed on epithelial 
cells and various immune cells, is critically implicated 
in inflammatory processes[13–15]. Animal models have 
demonstrated that the activation of P2X7R with ago-
nists in a TNBS-induced colitis model significantly 
exacerbates inflammation, whereas antagonizing 
P2X7R markedly attenuates inflammation[16]. Nuclear 
factor-kappa B (NF-κB) is a pivotal regulator in the 
transcriptional control of genes related to immunity, 
inflammation, and cell death[17]. As a downstream tar-
get of P2X7R, NF-κB functions as a critical regulator 
of inflammation, driving the transcription of cytokines 
and other inflammatory mediators; P2X7R activation 
triggers NF-κB signaling, thereby amplifying inflam-
matory cascades[18]. The P2X7R/NF-κB pathway has 
gained recognition for its potential involvement in 
the pathogenesis of UC, however, further research is 
essential to fully delineate its precise mechanisms and 
therapeutic implications. Our earlier investigations 
have indicated that acupuncture and moxibustion 
could alleviate dextran sulfate sodium (DSS)-induced 
acute colonic inflammation via the P2X7R-NLRP3 
inflammasome signaling pathway[19]. This study used 
P2X7R knockout (KO) mice to investigate their role 
in UC pathogenesis. Furthermore, using a DSS-induced 
UC rat model to simulate recurrent colitis episodes, 
we aimed to clarify whether moxibustion exerts anti- 
inflammatory effects by modulating the P2X7R/NF-κB 
axis and regulating inflammatory factors in colonic tis-
sue. This approach provides insights into the therapeu-
tic mechanisms of moxibustion in UC.

Materials and methods

Experimental drugs and reagents

Pentobarbital sodium: Sigma-Aldrich (P3761, St. Louis, 
MO, USA); Hematoxylin-Eosin Stain kit: Nanjing 
Jiancheng Technology Co., Ltd (D006-1-1); Periodic Acid-
Schiff (PAS) dye kit: Servicebio (G1008-20ML); Anti-
P2RX7 antibody: Abcam (ab109054); Anti-NF-κB p65 
antibody: CST (8242s); dextran sodium sulfate (DSS): MP 
Biomedicals 36000-50000 (0216011090); tumor necrosis 
factor-alpha (TNF-α) and interleukin (IL)-6 rat enzyme-
linked immunosorbent assay (ELISA) Kits: Shanghai Wei 
Ao Biotechnology Co., Ltd (ER20497M; ER20298M).

Experimental animals

Twenty-eight male Sprague-Dawley (SD) rats and 24 male 
mice—comprising 12 C57BL/6J wild-type (WT) mice 
obtained from Shanghai Slack Laboratory Animal Co., 
Ltd., and 12 P2X7R KO mice procured from The Jackson 
Laboratory (USA)—were utilized. All experimental ani-
mals were maintained at Shanghai University of Traditional 
Chinese Medicine’s Laboratory Animal Facility under a 
regulated 12-hour light/dark cycle, consistent temperature 
of (20 ± 2) °C, and humidity levels ranging from 50% to 
70%, ensuring minimal environmental variability and 
optimal experimental conditions. Experimental animals 
underwent a 1-week acclimation period to standardize 
physiological and behavioral parameters before the initia-
tion of experimental procedures, thereby ensuring consis-
tent and reliable baseline conditions. All animal procedures 
performed in this study were reviewed, approved, and 
supervised by the Animal Ethics Committee of Shanghai 
University of Traditional Chinese Medicine, ensuring strict 
adherence to ethical standards and animal welfare guide-
lines (Approval number: PZSHUTCM211227012).

Grouping and model preparation

In this experiment, WT and P2X7R gene KO mice 
were employed initially to determine the contribution 
of P2X7R signaling to inflammation modulation in an 
experimental UC model. Mice were randomly assigned to 
four experimental groups (n = 6 each): wild-type normal 
control (WT-NC), wild-type UC model (WT-UC), P2X7 
receptor knockout normal control (P2X7R KO-NC), and 
P2X7 receptor knockout UC model (P2X7R KO-UC). 
The UC model was established through continuous oral 
administration of a 3% DSS aqueous solution for 7 days 
in WT-UC and P2X7R KO-UC groups[20].

Subsequently, observe the mechanism of action of moxi-
bustion intervention on the P2X7R/NF-κB pathway in UC 
rats. Using a completely randomized design, SD rats were 
allocated into two equal groups: the NC group (n = 14) 
and the colitis model group (n = 14). The UC rat model was 
established using a cyclic drug administration following the 
protocol described by Greten et al.[21], with slight modifica-
tions consisting of the following steps: rats in the modeling 
group underwent three cycles of inflammatory stimulation. 
During cycle 1, the rats received 3% DSS solution for 4 
days, followed by normal drinking water for 17 days. In 
cycle 2, a 2% DSS solution was administered for 4 days, 
followed by normal drinking water for 17 days. Finally, in 
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cycle 3, the rats were treated with 2% DSS solution for 4 
days, followed by normal drinking water for 10 days until 
the end of the modeling period (Figure 1A). At the end of 
the modeling phase, two rats from each of the normal and 
modeling groups were randomly selected for model eval-
uation. The histopathological observation of the ulcerated 
surfaces confirmed the model’s success using hematox-
ylin and eosin (HE) staining. After confirming successful 
modeling, rats from the modeling group were randomly 
assigned to one of two subgroups: a model group and a 
model + herb-partitioned moxibustion group, with six rats 
in each (n = 6). Similarly, rats from the normal group were 
separated into two subgroups: a normal group and a nor-
mal + herb-partitioned moxibustion group, also consisting 
of six rats per group (n = 6). The intervention phase began 
immediately after the establishment of the UC model. 
Rats belonging to the normal + herb-partitioned moxi-
bustion group and those in the model + herb-partitioned  
moxibustion group subjected to the same treatment 
received moxibustion therapy.

Methods of moxibustion intervention

On the day following model establishment, the abdom-
inal hair around the Tianshu (ST25) and Qihai (RN6) 

acupoints was shaved using specialized depilatory 
cream for experimental animals. Herb-partitioned 
moxibustion was commenced on the second day 
post-modeling. The medicinal cake is composed of Fuzi 
(Radix Aconiti Lateralis Preparata), Rougui (Cortex 
Cinnamomi Cassiae), Muxiang (Radix Aucklandiae), 
Huanglian (Rhizoma Coptidis), Honghua (Flos 
Carthami), Danshen (Radix Salviae Miltiorrbizae), 
and Danggui (Radix Angelicae Sinensis)[10]. The ingre-
dients were prepared by mixing powdered herbs with 
yellow wine to create a disc-shaped mixture, measur-
ing around 0.4 cm in thickness and approximately 
0.8 cm across in diameter. To administer the moxibus-
tion intervention, medicinal cakes were placed at the 
bilateral ST25 and RN6 acupoints. Afterward, a 90 mg 
moxa cone, sourced from Nanyang Hanyi Moxa Co., 
Ltd. (Nanyang, China), was carefully placed atop each 
medicinal cake and ignited. Each moxa cone main-
tained combustion for approximately 5 minutes, with 
two moxa cones applied to each acupoint per day for 
a continuous period of 10 days. The control groups 
(normal and model groups) did not receive herb- 
partitioned moxibustion but underwent similar han-
dling and fixation to mimic the procedural conditions 
the treated groups experienced.

Figure 1.  Schematic diagram of UC rat model preparation and effects of moxibustion on the histopathology of the colon in UC mice. (A) Schematic 
diagram of UC rat model preparation; (B) HE staining of mice colon tissue in each group. (C) Each group’s histopathologic scores of mice colon 
tissue (median [P25, P75], n = 6). Compared with the WT-NC group, #P < 0.05; with the WT-UC group, *P < 0.05. DSS: Dextran sulfate sodium; HE: 
Hematoxylin and eosin; P2X7R: P2X7 receptor; P2X7R KO-NC: P2X7R gene knockout normal group; P2X7R KO-UC: P2X7R gene knockout model 
group; SD: Sprague-Dawley; UC: Ulcerative colitis; WT-NC: Wild-type normal group; WT-UC: Wild-type model group.
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Specimen collection and processing

Upon completing the intervention, anesthesia was 
induced in all rats through an intraperitoneal injection of 
2% sodium pentobarbital (30–40 mg/kg). Carefully open 
the abdominal cavity, collect blood from the abdominal 
aorta, let it stand at room temperature for 2 hours, and 
then extract the serum by centrifugation (3,000 g, 15 
minutes, 4°C). The colon was carefully cut open along 
the mesentery in a longitudinal direction and subse-
quently washed with saline solution. Two segments of 
colon tissue were taken from each animal: one segment 
was fixed in 4% paraformaldehyde fixative, the remain-
ing portion was rapidly frozen using liquid nitrogen and 
preserved at −80°C for subsequent analysis.

Anesthesia was induced in the mice through an intra-
peritoneal injection of 1% pentobarbital sodium at a 
dosage of 40 to 50 mg/kg after drinking an aqueous DSS 
solution for 7 days. All procedures mirrored those used 
in rats; each segment was divided into two portions: one 
portion was preserved in paraformaldehyde for fixation, 
while the other portion was preserved at −80°C for sub-
sequent analysis.

General condition observation

Monitor the general condition of the animals in each 
experimental group, including factors such as food con-
sumption, water intake, mental state, fur luster, and stool 
characteristics.

Observation of colon histopathology

The tissue sections were subjected to a standard dep-
araffinization and rehydration protocol, beginning 
with immersion in xylene I and II for 20 minutes each 
to dissolve the paraffin. This was followed by sequen-
tial rehydration through a graded ethanol series with 
decreasing concentrations (100%, 95%, 90%, 80%, and 
70%), with each step lasted 5 minutes to ensure thor-
ough hydration and preparation for subsequent staining 
procedures. The sections were then immersed twice in 
double-distilled water for 5 minutes each. Hematoxylin 
staining was performed for 2 to 3 minutes, followed by 
thorough rinsing with running water for 10 minutes. The 
sections were briefly differentiated by immersion in 1% 
hydrochloric acid alcohol for 1 to 2 seconds, followed 
by another rinse under running water for an additional 
5 minutes. Eosin staining was performed for 2 to 3 min-
utes before sequential dehydration using an ascending 
ethanol gradient (70%, 80%, 90%, and 100%) for 1 
to 2 seconds per step. Transparency was achieved by 
immersing the sections in xylene I and II for 15 minutes, 
after which they were sealed. Colonic tissue morphology 
was observed under a light microscope, and histopatho-
logical damage was scored as previously described[22].

PAS staining of colon tissue

For PAS staining, the tissue sections underwent ini-
tial dewaxing using environmentally friendly reagents 
I and II, each applied for a duration of 20 minutes. 
Subsequently, dehydration was carried out with two 
successive treatments of absolute ethanol, each lasting 

5 minutes, followed by a 5-minute immersion in 75% 
ethanol. After washing thoroughly with tap water, the 
tissue sections were incubated in PAS staining solution 
B for a period ranging between 10 and 15 minutes. 
After this staining phase, sections were gently washed 
first with tap water and then rinsed twice using dis-
tilled water. Subsequently, the samples were transferred 
into PAS solution A, where they remained for 25 to 30 
minutes under light-protected conditions. This was fol-
lowed by an additional 5-minute rinse under continuous 
flow of tap water. Following light hematoxylin counter-
staining and differentiation with aqueous hydrochloric 
acid solution, the sections were subjected to ammonia- 
induced bluing, followed by sequential dehydration 
in anhydrous ethanol I, II, and III (5 minutes each). 
Sections were cleared twice with xylene (5 minutes each) 
before sealing. Goblet cell counts and mucosal mucus 
distribution within colonic tissues were examined using 
light microscopy.

Enzyme-linked immunosorbent assay

The concentrations of TNF-α and IL-6 in rat serum 
samples from each experimental group were quanti-
tatively assessed using an ELISA. All reagents, calibra-
tion standards, and biological samples were prepared in 
accordance with the protocols specified by the reagent 
manufacturer. The steps of the assay were executed as 
follows:

	1.	 Sample addition: A volume of 100 μL of standard solutions 
or experimental samples was dispensed into the designated 
wells of the microplate. The plate was then incubated at 
room temperature for 2.5 hours, after which it underwent 
thorough washing to remove unbound components.

	2.	 Biotin-labeled antibody: One hundred microliters of biotin- 
labeled antibody was added to each well, incubated for 1 
hour at room temperature with gentle shaking, and washed.

	3.	 Primary antibody solution: Add 50 μL of distilled water and 
50 μL of primary antibody working solution to each well 
(excluding the blank control). Mix thoroughly and incubate 
at 37°C for 20 minutes, followed by a plate wash.

	4.	 Enzyme-labeled antibody: Add 100 μL of the prepared 
enzyme-labeled antibody solution to each well of the 
microplate. Incubate the plate at 37°C for a duration of 10 
minutes to facilitate binding, followed by washing steps per-
formed in accordance with the previously outlined protocol.

	5.	 Substrate addition: Add 100 μL of the substrate solution to 
each designated well, and incubate the microplate at 37°C 
for 15 minutes under light-protected conditions.

	6.	 Reaction termination: Add 100 μL of stop solution to each 
well, ensuring complete mixing to uniformly halt the enzy-
matic reaction.

	7.	 Absorbance measurement: Within 30 minutes following 
termination of the reaction, the absorbance at 450 nm was 
determined using a calibrated microplate reader.

This step-by-step approach ensures precision and consis-
tency in measuring TNF-α and IL-6 concentrations.

Immunohistochemical (IHC) method

IHC analysis was employed to evaluate the expression 
levels of P2X7 receptor and NF-κB p65 proteins in 
colonic tissues, following the protocol: deparaffinization 
and hydration of sections; antigen retrieval; blocking 
endogenous enzyme activity; incubation with primary 
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antibodies at 37°C followed by overnight refrigeration 
at 4°C; addition of secondary antibodies on a subsequent 
day; rinsing with phosphate-buffered saline (PBS); diam-
inobenzidine (DAB)-based chromogenic development; 
hematoxylin counterstaining; dehydration; clearing with 
xylene; and section sealing. Three to five random micro-
scopic fields per section were photographed for quan-
titative analysis at consistent luminosity settings. The 
analysis of positive staining was conducted using Image-
Pro Plus software (version 6.0), which was utilized to 
determine key parameters: the positive area (area), the 
integrated optical density (IOD), and the average optical 
density (AOD = IOD/area). These metrics were subjected 
to statistical analyses for inter-group comparisons.

Real-time quantitative polymerase chain reaction technology

Real-time quantitative polymerase chain reaction 
(RT-qPCR) was performed to detect IL-10 mRNA 
expression in rat colon tissues using the following steps: 
1) total RNA extraction, 2) reverse transcription, and 
3) fluorescence quantitative PCR amplification. The 
rat gene sequences were aligned based on the corre-
sponding target gene entries available in the GenBank 
database. IL-10-F: CTGTCATCGATTTCTCCCCT; 
IL-10-R:CAAACTCATTCATGGCCTTG; GAPDH-F: 
GGCAAGTTCAACGGCACAGT; GAPDH-R: ATGACA 
TACTCAGCACCGGC; reaction conditions: 95°C, 
2 minutes; (94°C for 10 seconds; 60°C for 10 sec-
onds; 72°C for 40 seconds) × 40 amplification cycles. 
Quantitative analysis of the resulting data was carried 
out using the 2−⊿⊿Ct method.

Statistical analysis

Experimental data were analyzed using SPSS version 
23.0 for further evaluation. Measurement data were 
assessed for normality. Data conforming to a normal dis-
tribution were presented as the mean ± standard devia-
tion ( x̄± s). For comparisons among multiple groups, a 
one-way analysis of variance (ANOVA) was employed. 
In cases where the assumption of homogeneity of vari-
ances was satisfied, the least significant difference (LSD) 
test was used. Conversely, when variance heterogeneity 
was detected, Dunnett’s T3 test was utilized as an alter-
native approach. Data that did not follow a normal dis-
tribution were represented using the median along with 
the interquartile range (median [P25, P75]). Comparisons 
between groups in such cases were performed using the 
nonparametric Kruskal–Wallis H test. All statistical eval-
uations were conducted as two-tailed tests, with a signifi-
cance threshold set at α = 0.05. Results yielding a P value 
less than 0.05 were interpreted as statistically significant.

Results

Effect of P2X7R KO on NF-κB p65 protein expression in UC 
mice

Observation of general conditions of mice in each group

In the WT-NC and P2X7R KO-NC groups, mice exhibited 
moderate body size, normal dietary and water consump-
tion, moderately firm feces, and clean perianal regions. 

Conversely, in the WT-UC group, mice showed reduced 
body size, decreased food and water intake, loose and 
unformed stools with traces of blood, and perianal soil-
ing from the third to fourth day of modeling. However, 
the P2X7R KO-UC group showed no abnormalities in 
body size, diet, water intake, or perianal cleanliness.

Histopathological observation of colon tissue of mice in 
each group

Histological examination using HE staining demonstrated 
marked variations in colon tissue pathology across the 
different experimental groups. In both the WT-NC and 
P2X7R KO-NC groups, the architecture of the colonic 
mucosa remained intact, characterized by preserved epi-
thelial integrity, regularly aligned glands, and no signs of 
edema, congestion, or infiltration by inflammatory cells. 
In contrast, the WT-UC group showed significant epithe-
lial defects, loss of some glandular structures, extensive 
ulcer formation, and substantial infiltration of inflam-
matory cells within both the mucosal and submucosal 
compartments. In the P2X7R KO-UC group, the muco-
sal epithelium appeared more intact, showing better- 
preserved mucosal structure and only slight inflammatory 
cell infiltration observed in both the mucosal and submu-
cosal layers (Figure 1B). Compared to the WT-NC group, 
colon histopathology scores were significantly higher in 
the WT-UC group (P < 0.05). Meanwhile, the scores in 
the P2X7R KO-UC group were significantly lower than 
those in the WT-UC group (P < 0.05) (Figure 1C).

Observation of colonic goblet cells and intestinal mucus of 
mice in each group

In WT-NC and P2X7R KO-NC groups, crypts exhibited 
distinct structures with regular morphologies. Goblet 
cells are abundant within the crypts and actively secrete 
mucin, which forms a continuous and complete mucus 
layer covering the colonic epithelial surfaces. In contrast, 
almost all goblet cells disappeared from the crypts of 
the WT-UC group, leaving a severely damaged mucus 
layer. In the P2X7R KO-UC group, the crypt structures 
remained prominent and regular, with substantial goblet 
cell presence and active mucin secretion, contributing to 
improved mucus layer integrity (Figure 2).

NF-κB p65 protein expression in colon tissue of mice in 
each group

Compared to the WT-NC group, mice in the WT-UC 
group exhibited a notable elevation in NF-κB p65 expres-
sion level within colonic tissues (P < 0.05). In contrast, 
mice in the P2X7R KO-UC group showed a significant 
reduction in NF-κB p65 protein expression relative to 
those in the WT-UC group (P < 0.05) (Figure 3).

Study on the effect of moxibustion intervention on P2X7R/
NF-κB pathway in UC rats

Observations on the general conditions of rats in each group

Throughout the modeling phase, animals in the normal 
group demonstrated normal dietary and water intake, 
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Figure 2.  PAS staining of mice colon tissue in each group (scale bar = 100 μm). P2X7R: P2X7 receptor; P2X7R KO-NC: P2X7R gene knockout 
normal group; P2X7R KO-UC: P2X7R gene knockout model group; PAS: Periodic acid-Schiff; WT-NC: Wild-type normal group; WT-UC: Wild-type 
model group.

Figure 3.  NF-κB p65 protein expression of mice colon tissue (scale bar = 100 μm). (A) NF-κB p65 protein expression of mice colon tissue in each 
group. (B) Quantitative analysis for NF-κB p65 protein ( x̄ ± s, n = 6). Compared with the WT-NC group, #P < 0.05; with the WT-UC group, *P < 0.05. 
NF-κB: Nuclear factor-kappa B; P2X7R: P2X7 receptor; P2X7R KO-NC: P2X7R gene knockout normal group; P2X7R KO-UC: P2X7R gene knock-
out model group; WT-NC: Wild-type normal group; WT-UC: Wild-type model group.
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soft-to-firm feces, and clean perianal regions. In contrast, 
the model group showed reduced physical activity, a thin 
body shape, decreased dietary and water intake, soiled peri-
anal areas, unformed feces, and traces of blood in the stool.

During the intervention period, rats in both the nor-
mal and normal + herb-partitioned moxibustion groups 
showed no observable abnormalities. However, rats in 
the untreated model group remained thin, continued to 
produce loose stools, and had soiled perianal areas. The 
model + herb-partitioned moxibustion group displayed 
marked improvements in general conditions, including 
increased dietary intake, gradual normalization of stool 
formation, and cleaner perianal regions.

Effects of moxibustion on the histopathology of colon in UC 
rats

Under light microscopy, HE staining revealed clear differ-
ences in the mucosal integrity between the groups. Rats 
in the normal and normal + herb-partitioned moxibus-
tion groups exhibited intact colonic epithelial tissue with 
well-arranged glands and defined mucosal structures. 
Capillaries and a few scattered lymphocytes were observed 
in the lamina propria without notable inflammatory cell 
infiltration, congestion, or edema. In contrast, colonic 
tissues from the model group displayed severe epithe-
lial defects, poorly defined mucosal structures, extensive 
inflammatory cell infiltration within the mucosal and 
submucosal layers, glandular atrophy or disappearance, 
and ulcer formation. Meanwhile, rats in the model + herb- 
partitioned moxibustion group showed improved colonic 
mucosal structure with neoepithelial regeneration cover-
ing the defects. The glands were more regularly arranged 
than in the model group, and the ulcers had primarily 
healed, although inflammatory cell infiltration persisted 
within the mucosa and submucosa (Figure 4A). The colon 
histopathology scores of the rats in the model group 

were significantly higher than those in the normal group 
(P < 0.05). In contrast, the colon histopathology scores of 
rats in the model + herb-partitioned moxibustion group 
were significantly lower than those in the model group 
(P < 0.05). Additionally, no statistically significant dif-
ference was observed in the colon histopathology scores 
between the normal and normal + herb-partitioned moxi-
bustion groups (P > 0.05) (Figure 4B).

Effects of moxibustion on goblet cells and intestinal mucus 
in colon tissue of UC rats

PAS staining highlighted distinct changes in goblet cell 
morphology and mucus secretion across the groups. The 
crypt morphology was well preserved in both the nor-
mal and normal + herb-partitioned moxibustion groups, 
with abundant goblet cells secreting large quantities of 
intestinal mucus. In contrast, crypts in the model group 
were distorted and atrophied with an irregular surface; 
goblet cells varied greatly in size, with a marked reduc-
tion in mucus secretion. In the model + herb-partitioned 
moxibustion group, the crypt structure was restored to 
a more regular shape, with increased goblet cell density 
and enhanced intestinal mucus secretion (Figure 5A).

Effect of moxibustion on IL-10 mRNA expression in colon 
tissue of UC rats

Compared to the normal group, IL-10 mRNA expres-
sion in colonic tissue was reduced in the model group 
rats; however, this reduction did not reach statistical 
significance (P > 0.05). In contrast, rats treated with 
herb-partitioned moxibustion showed an elevation in 
IL-10 mRNA expression compared to the model group, 
though the increase was not statistically meaningful 
(P > 0.05). Additionally, there was no notable statistical 
variation in IL-10 mRNA expression when comparing 

Figure 4.  Histopathological observation of rats’ colon tissue in each group (scale bar = 100 μm). (A) HE staining of rats’ colon tissue in each group 
(scale bar = 100 μm); (B) Histopathologic scores of rats’ colon tissue in each group (median [P25, P75], n = 6). Compared with the normal group, 
#P < 0.05; with the model group, *P < 0.05. HE: Hematoxylin and eosin; HM: Model + herb-partitioned moxibustion group; NC: Normal group; 
NHM: Normal + herb-partitioned moxibustion group; UC: Ulcerative colitis (model group).
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the normal group with the normal + herb-partitioned 
moxibustion group (P > 0.05) (Figure 5B).

Effects of moxibustion on serum TNF-α and IL-6 
concentrations in UC rats

Compared to the normal group, the serum concentrations 
of TNF-α and IL-6 in the rat model group were signifi-
cantly increased (P < 0.05). In contrast, the serum TNF-α 
and IL-6 concentrations of rats in the model + herb- 
partitioned moxibustion group were significantly 
reduced compared to the model group (P < 0.05). 
Additionally, there was no notable statistical variation 
in serum TNF-α and IL-6 concentrations when compar-
ing the normal group with the normal + herb-partitioned 
moxibustion group (P > 0.05) (Figure 5C and D).

Effect of moxibustion on P2X7R protein expression in colon 
tissue of UC rats

IHC detection showed positive expression of the P2X7R 
protein as brown-colored staining in colonic tissues. 
Only low levels of P2X7R expression were detected 
within the cytoplasm of glandular epithelial cells in both 
the normal and normal + herb-partitioned moxibustion 

groups. However, strong P2X7R expression was evi-
dent in the model group, with a deep staining intensity 
and dense distribution throughout the glandular epi-
thelial cells. In comparison, although positive, P2X7R 
expression levels were reduced in the colonic tissues 
of the model + herb-partitioned moxibustion group 
(Figure 6A). The model group exhibited a marked ele-
vation in P2X7R expression within colonic tissue rel-
ative to the normal group (P < 0.05). In contrast, rats 
receiving herb-partitioned moxibustion showed a nota-
ble decline in P2X7R levels in the colon when compared 
with the model group (P < 0.05). Additionally, there 
was no notable statistical variation in P2X7R expres-
sion when comparing the normal group with the nor-
mal + herb-partitioned moxibustion group (P > 0.05) 
(Figure 6C).

Effects of moxibustion on NF-κB p65 protein expression in 
rat colon tissues of each group

Positive expression of NF-κB p65 protein was similarly 
detected in brown-stained areas under light microscopy. 
NF-κB p65 protein expression was minimal in the glan-
dular epithelial cells of rats from the normal and nor-
mal + herb-partitioned moxibustion groups. In contrast, 

Figure 5.  PAS staining of rats colon tissue, expression of IL-10 mRNA in colon tissue and serum TNF-α and IL-6 concentrations of rats. (A) PAS 
staining of rats colon tissue in each group (scale bar = 100 μm). (B) Expression of IL-10 mRNA in colon tissue of rats in various groups ( x̄ ± s, n = 6). 
(C– D) Serum TNF-α and IL-6 concentrations of rats in each group ( x̄ ± s, n = 6). Compared with the normal group, #P < 0.05; with the model 
group, *P < 0.05. HM: Model + herb-partitioned moxibustion group; IL: Interleukin; NC: Normal group; NHM: Normal + herb-partitioned moxibus-
tion group; PAS: Periodic acid-Schiff; TNF: Tumor necrosis factor; UC: Ulcerative colitis (model group).
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NF-κB p65 protein levels were significantly elevated in 
rats from the model group with strongly positive staining 
concentrated within both cytoplasm and nuclei of glan-
dular epithelial cells. Notably, NF-κB p65 protein expres-
sion levels were reduced but remained variably positive 
within the colonic nuclei of rats in the model + herb- 
partitioned moxibustion group (Figure 6B).

The model group exhibited a marked elevation in 
NF-κB p65 expression within colonic tissue relative to 
the normal group (P < 0.05). In contrast, rats receiving 
herb-partitioned moxibustion showed a notable decline 
in NF-κB p65 levels in the colon when compared with 
the model group (P < 0.05). Additionally, there was 
no notable statistical variation in NF-κB p65 expres-
sion when comparing the normal group with the nor-
mal + herb-partitioned moxibustion group (P > 0.05) 
(Figure 6D).

Discussion

The DSS-induced colitis model is widely recognized for 
its simplicity, reproducibility, and ability to replicate epi-
thelial damage observed in human UC[23]. The success of 
this model depends on factors such as DSS concentra-
tion and molecular weight. Depending on administration 

frequency and duration, animals can develop acute or 
chronic colitis[24]. Chronic DSS-induced UC models have 
pathology comparable to the relapsing nature of human 
UC[25]. In the present study, we successfully established 
a rat model of chronic UC using repeated DSS induc-
tion cycles. Rats in the model group exhibited the typical 
histopathological features of colonic damage, including 
epithelial defects, loss of glandular integrity, ulcer forma-
tion, and mucosal/submucosal inflammatory infiltration. 
PAS staining revealed crypt atrophy, distortion, goblet 
cell depletion, and reduced mucus secretion. Interestingly, 
the histopathological findings in the acute DSS-induced 
mouse model were similar to those observed in the 
chronic rat model.

P2X7R is closely associated with the regulation of 
inflammation[15]. When activated by inflammatory stim-
uli, P2X7R triggers NF-κB activation through the MAPK 
pathway by inducing IκB phosphorylation and ubiquiti-
nation. This process leads to proteasomal degradation 
of IκB inhibitors and nuclear translocation of NF-κB[26], 
binding specific DNA sites to induce pro-inflammatory 
gene transcription. Key cytokines (eg, TNF-α and IL-6) 
subsequently activate NF-κB in a positive feedback loop 
that amplifies inflammation. NF-κB also orchestrates 
pro-survival functions in intestinal epithelial cells while 

Figure 6.  P2X7R and NF-κB p65 protein expressions of rats’ colon tissue (scale bar = 100 μm). (A) P2X7R protein expression of rats’ colon tis-
sue in each group ( x̄ ± s, n = 6); (B) NF-κB p65 protein expression of rats’ colon tissue in each group ( x̄ ± s, n = 6); (C) Quantitative analysis for 
P2X7R protein; (D) Quantitative analysis for NF-κB p65 protein. Compared with the normal group, #P < 0.05; with the model group, *P < 0.05. HM: 
Model + herb-partitioned moxibustion group; NC: Normal group; NF-κB: Nuclear factor-kappa B; NHM: Normal + herb-partitioned moxibustion 
group; P2X7R: P2X7 receptor; UC: Ulcerative colitis (model group).
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inducing pro-inflammatory cascades in innate and adap-
tive immune responses. Emerging evidence highlights the 
contribution of both P2X7R and NF-κB to regulating 
inflammatory pathways. In IBD animal models, their 
expression levels are upregulated, and their interplay 
through the P2X7R/NF-κB axis has been recognized 
as a key driver of IBD pathogenesis[27–28]. The roles of 
P2X7R and NF-κB in UC involve the intricate regula-
tion of cellular signaling pathways, where both mole-
cules play pivotal roles in modulating immune responses, 
inflammatory cascades, and epithelial barrier function. 
Activation of P2X7R frequently coincides with NF-κB 
pathway activation. For instance, the activation of 
P2X7R promotes the formation of the NLRP3 inflam-
masome, leading to the release of IL-1β, which further 
amplifies NF-κB activity via autocrine and paracrine 
mechanisms, thereby intensifying the pro-inflammatory 
response. NF-κB is recognized as a key regulatory factor 
involved in the development and progression of UC[29]. 
Importantly, the inhibition of P2X7R has been shown to 
disrupt NF-κB nuclear translocation, underscoring their 
functional association[30]. Moreover, studies have sug-
gested that P2X7R promotes the production of inflam-
matory cytokines by activating, rather than inactivating, 
the NF-κB pathway. This dysregulation exacerbates 
DSS-induced colitis by increasing the intestinal mucosal 
barrier[27]. The combined actions of P2X7R and NF-κB 
contribute to a progressive deterioration of the intesti-
nal microenvironment by weakening epithelial barrier 
function, inducing immune imbalances, and perpetuat-
ing chronic tissue damage. This, in turn, facilitates the 
progression of IBD from the acute to chronic relapsing 
phases.

KO models have been widely used in biological and 
medical research to study disease mechanisms. Research 
has demonstrated that P2X7R KO mice exhibited pro-
tective effects against intestinal inflammation induced 
by TNBS or oxazolone[31]. This study investigated the 
colonic histopathological changes, goblet cell counts, 
and intestinal mucus secretion in DSS-induced acute 
colitis in P2X7R KO mice. The findings revealed that 
P2X7R KO mice displayed a significantly attenuated 
inflammatory response compared to their WT coun-
terparts. Structural preservation of crypts with regular 
morphology, a higher count of goblet cells, and enhanced 
mucin secretion were observed in KO mice. These fea-
tures suggest a mild degree of intestinal injury. Further 
analysis revealed that DSS-induced expression of NF-κB 
p65 protein in the colonic tissues of KO mice was sig-
nificantly reduced compared to that in WT mice. This 
confirms the regulatory effect of P2X7R on NF-κB p65 
expression. Consistent with these observations, in UC 
rats subjected to repeated DSS induction, the expression 
levels of P2X7R and the NF-κB p65 were significantly 
increased relative to those observed in the NC group. 
These findings indicate that the P2X7R/NF-κB signaling 
pathway is critically involved in the molecular mecha-
nisms underlying the development of UC.

Acupuncture and moxibustion have shown therapeutic 
benefits in treating IBD as they regulate immune homeo-
stasis through multi-target and multi-layered mecha-
nisms[10,32–33]. Moxibustion intervention significantly 

reduced the abnormally high protein expression of 
P2X7R and NF-κB p65 observed in the colonic tissues 
of rats with UC. These findings indicate that the P2X7R/
NF-κB pathway represents a critical signaling axis mod-
ulated by moxibustion during UC treatment. P2X7R is 
well-recognized as a crucial cell surface receptor involved 
in modulating the release of pro-inflammatory cytokines, 
such as TNF-α, IL-6, and IL-1β[34]. Cytokine homeostasis 
is essential for maintaining intestinal equilibrium; how-
ever, stimulation of the colonic mucosa disrupts cytokine 
balance, leading to immune dysregulation and exacerba-
tion of intestinal injury[35]. Anti-inflammatory cytokines 
mitigate inflammation through immune-specific and 
non-immune mechanisms to stabilize the intestinal micro-
environment. IL-10 plays a powerful immunoregulatory 
role by suppressing the synthesis of pro-inflammatory  
cytokines such as TNF-α, IL-6, and IL-1β, ultimately 
restoring cytokine balance[36]. Serum concentrations of 
TNF-α and IL-6 were significantly elevated in UC model 
rats compared to NCs in our study. Moxibustion treat-
ment effectively reduced these cytokine levels, suggest-
ing its potential to modulate inflammatory responses. 
However, the expression levels of IL-10 mRNA did not 
exhibit any statistically meaningful variation among the 
different experimental groups; this finding warrants fur-
ther investigation at the protein level.

To evaluate the broader effects of moxibustion, we 
included a normal + herb-partitioned moxibustion group 
in our experimental design. The primary objective of this 
study was to assess whether moxibustion exerts any 
influence on the general physiological conditions or lab-
oratory indices of healthy animals. The results showed 
no statistically significant differences between this group 
and the untreated NCs in terms of general conditions or 
laboratory parameters. These findings suggest that mox-
ibustion does not cause toxic side effects in healthy indi-
viduals. This highlights the potential of moxibustion as 
a preventive healthcare measure for disease management 
and health preservation.

This study has several inherent limitations. First, although 
mouse and rat models are valuable experimental tools 
for understanding UC pathogenesis, they may not fully 
replicate human disease dynamics, particularly immune 
responses. Future studies should prioritize human-derived 
models (eg, organoids or primary biopsies) to increase the 
translational relevance. In this study, we used different 
rodent species because gene KO mouse models are more 
mature, and rat acupuncture points are relatively easy to 
locate, making it easier to perform medicinal moxibustion. 
Future research should integrate rat gene-editing technol-
ogy to improve model consistency. Second, although our 
findings highlight the regulatory effects of moxibustion 
on the P2X7R/NF-κB axis in animal models, clinical stud-
ies are required to validate these observations in humans. 
Furthermore, inter-individual variability across patients 
necessitates caution when extrapolating the experimental 
findings directly to clinical practice.

Conclusion

In conclusion, this study demonstrates that P2X7R gene 
KO alleviates epithelial damage and inflammation in UC 
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by suppressing NF-κB signaling. Additionally, moxibus-
tion treatment significantly reduces serum TNF-α and 
IL-6 levels while down-regulating P2X7R and NF-κB p65 
expression in colon tissues from DSS-induced UC rats. 
These findings suggest that moxibustion inhibits intesti-
nal inflammation by modulating the P2X7R/NF-κB path-
way and influencing cytokine levels. Future studies should 
explore the therapeutic mechanisms of moxibustion using 
clinical trials or more advanced ex vivo models.
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