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Abstract
Acanthoside B (Aca.B), a principal bioactive compound extracted from Pogostemon cablin, 
exhibits superior anti-inflammatory capacity. Ulcerative colitis is a nonspecific inflamma-
tory bowel disease with unknown etiology. The potential of Aca.B as a therapeutic agent for 
ulcerative colitis is also unknown and remains an area for future investigation. In this study, 
we established both in vitro and in vivo models to investigate ulcerative colitis, utilizing 
Llipopolysaccharide (LPS)-stimulated MODE-K cells and dextran sulfate sodium (DSS)-induced 
colitis in mice, respectively. The progression of ulcerative colitis was evaluated through his-
tologic analysis, body weight monitoring, and assessment of disease activity index assess-
ment. Furthermore, the effects on pyroptosis were detected through immunoblot analysis. 
We found that Aca.B treatment significantly ameliorated LPS-induced injury in MODE-K cells, 
as evidenced by increased  cell viability and inhibition of inflammatory response. Moreover, 
the Aca.B treatment attenuated pyroptosis-specific protein expression, caspase-1 activation, 
and inflammatory cytokine secretion. In the animal study, Aca.B administration improved 
bowel symptoms in DSS-induced colitis mice model. This was accompanied by reduction-
sreduced inweight, colon shortening, inflammatory cell infiltration, and cell pyroptosis in 
vivo. Furthermore, Aca.B diminished the accumulation of advanced glycation end-products 
(AGE), resulting in a decrease in the expression of the receptor of AGE (RAGE) and down-
stream phosphorylated P65 expression. e.The inhibition of the inflammatory response and 
pyroptosis by Aca.B depends on suppressing the AGE/RAGE pathway. This study confirms the 
effects of Aca.B on pyroptosis and ulcerative colitis, providing a fundamental evidence for 
translating Aca.B into clinical applications as an anti-inflammatory medicine.
© 2025 Codon Publications. Published by Codon Publications.
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Introduction 

Ulcerative colitis is a chronic, nonspecific inflamma-
tory disease that primarily affects the colon and rectum. 
It is characterized by persistent and recurring mucosal 
inflammation.1 Common symptoms include abdominal pain 
and bloody mucopurulent diarrhea. The diagnosis of ulcer-
ative colitis depends on colonoscopy and biopsy.2,3 The 
global prevalence of ulcerative colitis has been steadily 
increasing steadily in recent years, yet its underlying cause 
remains unknown. Previous studies have suggested that 
the activation of the NOD-like receptor protein 3 (NLRP3) 
inflammasome and pyroptosis play a significant role in the 
progression of ulcerative colitis. 4 However, the potential 
of drugs targeting pyroptosis to alleviate the severity of 
ulcerative colitis is still a topic of debate.

Emerging evidence reports the therapeutic potential of 
traditional Chinese medicine (TCM) for treating  ulcerative 
colitis. For example, sophora flavescens (Kushen)–based 
TCM has shown superior efficacy in treating ulcerative 
colitis, as confirmed by clinical evidence.5 Furthermore, 
compound sophorae decoction has been provenis known 
to alleviate the symptoms of ulcerative colitis through 
rebalancing T-helper 17–T-regulatory (Th17/Treg) ratio in 
dextran sulfate sodium (DSS)-induced colitis mice model.6 
Pogostemon cablin has been extensively applied in the 
treatment of gastroenteric diseases, particularly ulcer-
ative colitis. Its extract has shown the ability to inhibit DSS-
induced inflammatory response and cell apoptosis.7 

Acanthoside B (Aca.B) is the primary bioactive com-
pound isolated from Pogostemon cablin. Previous studies 
demonstrated that Aca.B could alleviate cognitive impair-
ment in mice by inhibiting oxidative stress and activating 
the brain-derived neurotrophic factor (BDNF) signaling 
pathway.8 Additionally, Aca.B has been found to relieve 
lipopolysaccharide (LPS)-induced inflammatory cytokine 
secretion phenotype and pneumonia symptoms.9 However, 
further research is needed to explore the protective effect 
of Aca.B on DSS-induced colitis in mice.

Advanced glycation end-products (AGEs) are a group 
of heterogenous proteins associated with the pathology of 
various inflammatory diseases. The specific binding of 
AGEs with its receptor (RAGE) on the cell membranes 
leads to the overproduction of inflammatory factors and 
chemokines, leading to persistent inflammatory response.10 
Notably, the AGE/RAGE pathway is documented to be a pri-
mary activator of NLRP3 inflammasome and pyroptosis.11 
The aAccumulation of AGEs promotes the expression of 
NLRP3 and apoptosis-associated speck-like protein contain-
ing a caspase recruitment domain (CARD), the activation 
of caspase-1 and gasdermin D (GSDMD), and the production 
of various inflammatory cytokines, such as interleukin-1β 
(IL-1β), IL-10, IL-18, and tumor necrosis factor-α (TNF-α). 
Therefore, further study is essentialrequired to explore its 
pharmaceutical influence on the AGE/RAGE and pyroptosis 
pathways. 

In the present study, we highlighted Aca.B as a promis-
ing therapeutic agent against ulcerative colitis. Our results 
demonstrated that, Aca.B ameliorated the severity of DSS-
induced colitis and epithelial cell pyroptosis in mice mod-
els through attenuating the AGE/RAGE pathway activation. 
This study provided fundamental evidence supporting the  

translation of Aca.B into clinical application as an anti-
inflammatory therapy. 

Materials and Methods

Cell culture

MODE-K cell line (intestinal epithelial cell from mice) was 
purchased from Youze Biotech Co. (Changsha, China). 
MODE-K cells were cultured in RPMI-1640 medium (Gibco, 
Miami, FL, USA) with 10% fetal bovine serum (Gibco) and 
1% penicillin–streptomycin cocktail (New Cell & Molecular 
Biotech, Shanghai, China) at 37°C under 5% CO2 atmo-
sphere. To establish inflammatory cell injury models, the 
cells were treated with 1-μg/mL LPS for 4 h as described 
previously.12 Aca.B of various concentrations and 200 μg/mL 
AGE (Topscience Biotech, Shanghai, China) were adminis-
tered to treat the LPS-stimulated MODE-K cells. 

Establishing animals and ulcerative colitis model 

All experiments with animals followed the guidelines 
approved by the Institutional Animal Care and Use 
Committee of Renmin Hospital, Hubei University of 
Medicine (Approval No. SYSRMYY-100), ensuring compliance 
with ethical standards. Male C57BL/6J mice (4-week old; 
n = 6 per group) were obtained from the Shanghai SLAC 
Animal Co. (Shanghai, China). Mice were housed under spe-
cific pathogen-free (SPF) conditions.13 Mice were anesthe-
tized with isoflurane (1.5–2.0% v/v). 

DSS-induced ulcerative colitis mice models were con-
structed as described previously.14 The manimals were 
administered 5% DSS orally or regular drinking for 7 days 
to induce intestinal inflammation. Aca.B was dissolved in 
0.9% saline with 1% tween-80. For animal experiments, 
30 male mice were divided into the following five groups: 
(1) mice with regular drinking (Sham group); (2) mice with 
DSS drinking (DSS group); (3) mice with DSS + Aca.B (5 mg/
kg) drinking group; (4) mice with DSS + Aca.B (10 mg/kg) 
drinking group; and (5) mice with DSS + Aca.B (20 mg/kg) 
drinking group. During the experiments, the body weight 
and  disease activity index (DAI) of each animal were 
assessed daily. After sacrifice, the colon length was mea-
sured, and colon samples and serum were harvested for 
subsequent experiments. Hematoxylin and eosin (H&E) 
staining was performed to evaluate inflammatory response 
and colon injury. 

Cell counting kit-8 (CCK-8) assay

A CCK-8 assay kit (New Cell & Molecular Biotech, Shanghai, 
China) was used to evaluate the effect of Aca.B on cell via-
bility. MODE-K cells were plated into a 96-well plate 24 h 
prior to treatment. After complete adherence, cells were 
treated with different concentrations of Aca.B with/with-
out LPS stimulation. Then, 10 μL of CCK-8 solution was 
added into each well, and the absorbance at 450 nm was 
read using a microplate reader (Tecan, USA) 2 h after the 
reaction. 
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Abcam); and IL-18 (1:1000; ab207323; Abcam). Finally, pro-
tein signals were detected with an enhanced chemilumi-
nescence (ECL; Bio-Rad Hercules, CA, USA). The ImageJ 
software was used to quantify band density. 

Flow cytometry (FCM) assay 

A fluorescent caspase-1 activity detection kit (Beyotime) 
was used to evaluate pyroptosis in MODE-K cells by labeling 
5-carboxyfluorescein-Tyr-Val-Ala-Asp-fluoromethylketone 
(FAM-YVAD-FMK) to the activated caspase-1 by following 
the instructions. After the indicated treatment, cells were 
incubated with FAM-YVAD-FMK working solution for 30 min 
in the dark, followed by centrifugation and washing. Then, 
the cells were stained with propidium iodide (PI) working 
solution for 10 min in the  dark on ice. A flow cytometer 
(BD Biosciences, NJ, USA) was used to detect fluorescent 
signals, and only the Caspase-1+/PI+ cell was defined as a 
pyroptotic cell. 

Drug target prediction

To predict the potential target of Aca.B, we analyzed 
Aca.B chemical structure on Swiss target prediction web-
site (http://www.swisstargetprediction.ch/). Moreover, the 
pathway enrichment and network analysis were performed 
on the Metascope website (https://metascape.org/gp/
index.html#/main/step1). 

Statistical analyses 

All data were expressed as mean ± standard deviation (SD). 
Statistical significance was determined using Student’s 
t-test or one-way ANOVA, followed by Tukey’s post hoc 
test; P < 0.05 was considered statistically significant. The 
SPSS 22.0 software (SPSS Inc, Chicago, IL) was used to ana-
lyze all data. Each assay was repeated independently for at 
least three times. 

Results 

Aca.B ameliorates LPS-induced MODE-K cell injury 
and inflammatory factor secretion

In order to explore the pharmaceutical effect of Aca.B on 
MODE-K cells, we first assessed its influence on cell viability 
at different concentrations. As demonstrated in Figure 1A, 
no toxicity was detected until the concentration reached 
200 μM. Thus, in the study, the concentration of Aca.B was 
kept below 200 µM. LPS was utilized to mimic inflammatory 
microenvironment in vitro.16 Upon LPS stimulation, MODE-K 
cell viability decreased significantly decreased, and there 
was an increase was observed in the expression of inflam-
matory factors (TNF-α and IL-6) along with a reduction in 
anti-inflammatory IL-10 expression at both messenger RNA 
(the mRNA) and protein levels. eaHowever, Aca.B suc-
cessfully ameliorated LPS-induced MODE-K cell injury and 
inflammatory factor secretion in a dose-dependent manner 

Quantitative real time-polymerase chain reaction 
(qRT-PCR) assay 

After indicated treatments, cells were harvested for RNA 
isolation. Total RNA was purified using a RNA isolation kit 
(Qiagen, China), and the qRT-PCR was performed using a 
complementary DNA (cDNA) synthesis kit (Takara, Tokyo, 
Japan). A SYBR PCR SuperMix Plus (Bimake, Shanghai, 
China) was used in qRT-PCR; all primer sequences are listed 
in Table 1. The experimental data was analyzed using the 
2(-Delta Delta threshold cycle [CT]) (2−ΔΔ CT) method.

Enzyme-linked immunosorbent serological  
assay (ELISA)

Commercial ELISA kits for TNF-α (EK282HS; Multi Science 
Biotech, Shanghai, China), IL-6 (EK206; Multi Science 
Biotech), IL-10 (EK210; Multi Science Biotech), IL-1β 
(EK201B; Multi Science Biotech), IL-18 (EK218S; Multi 
Science Biotech), and AGE (0-008073; Jianglai Biotech, 
China) were used in this study. Cell culture supernatants 
or mice serum were harvested for ELISA assay, and all the 
experimental procedures were performed by following the 
provided protocols. 

Western blot (WB) assay

Western blot A assay was performed based on a previ-
ously published study.15 After indicated treatments, cells 
or tissue samples were harvested for total protein isola-
tion using 1% sodium dodecyl sulfate (SDS) lysis buffer 
(Beyotime, Shanghai, China) with 1% protease and phos-
phatase inhibitor cocktails (Pierce, Rockford, USA). Then, 
total protein samples were separated using sodium dodecyl 
sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) gel, 
transferred to polyvinylidene fluoride (PVDF) membranes, 
blocked with 5% bovine serum albumin (BSA), and incubated 
with primary antibodies for 24 h at 4°C. The following anti-
bodies were used in this study: β-actin (1:5000; ab178787; 
Abcam, USA); RAGE (1:2000; ab216329; Abcam); p-P65 
(1:500; ab176302; Abcam); P65 (1:1000; ab76311; Abcam); 
NLRP3 (1:3000; ab26399; Abcam); ACS (1:2500; ab175449; 
Abcam); GSDMD-N (1:1000; ab215203; Abcam); Caspase-1 
(1:2000; ab179515; Abcam); IL-1β (1:1000; ab283818; 

Table 1  The primer sequences used in quantitative real 
time-polymerase chain reaction (qRT-PCR).

Gene Sequence

IL-10 Forward 5′-GCTCTTACTGACTGGCATGAG-3′
Reverse 5′-CGCAGCTCTAGGAGCATGTG-3′

TNF-α Forward 5′-CCCTCACACTCAGATCATCTTCT-3′ 
Reverse 5′-GCTACGACGTGGGCTACAG-3′

IL-6 Forward 5′-TAGTCCTTCCTACCCCAATTTCC-3′ 
Reverse 5′-TTGGTCCTTAGCCACTCCTTC-3′

RAGE Forward 5′-CTTGCTCTATGGGGAGCTGTA-3′
Reverse 5′-GGAGGATTTGAGCCACGCT-3′

http://www.swisstargetprediction.ch/�
https://metascape.org/gp/index.html#/main/step1�
https://metascape.org/gp/index.html#/main/step1�
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Figure 1  Aca.B ameliorates LPS-induced MODE-K cell injury and inflammatory factor secretion. (A) Effect of Aca.B at various 
concentrations on MODE-K cell viability. (B) Aca.B at various concentrations promoted MODE-K cell survival under LPS treatment. 
(C) Aca.B at various concentrations affected inflammatory factor (TNF-α, IL-6 and IL-10) expression at the mRNA level, as detected 
by RT-PCR. (D) Aca.B at various concentrations affected.

(Figures 1B–1D). This result indicated that Aca.B could 
alleviate inflammatory injury of intestinal epithelial cells 
in vitro. 

Aca.B ameliorates NLRP3-mediated proptosis in 
MODE-K cell

NLRP3-mediated pyroptosis is documented as a major 
inflammatory cell death.17 Therefore, we investigated 
whether Aca.B could attenuate MODE-K cell pyroptosis. As 
shown in Figure 2A, the upregulation of pyroptosis-specific 
biomarkers (NLRP3, ASC, GSDMD-N, Caspase-1, IL-1β, and 
IL-18) induced by LPS was dose-dependently reversed by 
Aca.B treatment.  Caspase-1 activation is a central step 
of pyroptosis.18 Caspase-1 activity in MODE-K cells treated 
with LPS or Aca.B was evaluated using FCM. As expected, 
Aca.B significantly inhibited LPS-induced caspase-1 activa-
tion, decreasing the Caspase-1+–PI+ cell ratio from about 

20% in the LPS group to 5% in the LPS+100 μM Aca.B group 
(Figures 2B and 2C). Notably, the LPS-induced expression of 
pyroptosis effectors in MODE-K cell supernatants was also 
reduced by Aca.B treatment (Figure 2D). These data sug-
gested that Aca.B could alleviate NLRP3-mediated propto-
sis in MODE-K cells. 

Aca.B alleviates DSS-induced ulcerative colitis and 
NLRP3-mediated pyroptosis in mice

In order to confirm our findings in animal models, we 
established DSS-induced ulcerative colitis mice models, 
and Aca.B was administrated orally. Mice in the DSS group 
exhibited substantial weight loss, rectal bleeding, and 
diarrhea, resulting in significant decrease in body weight 
and an increase in DAI (Figures 3A and 3B). However, oral 
treatment with Aca.B effectively alleviated the severity 
of colitis in a dose-dependent manner. Additionally, Aca.B 
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Figure 2  Aca.B ameliorates NLRP3-mediated proptosis in MODE-K cells. (A) Expressions of NLRP3, ASC, GSDMD-N, Caspase-1, 
IL-1β, and IL-18 were determined in MODE-K cells treated with LPS or Aca.B using immunoblotting. The grayscale value of the 
corresponding band was quantitated with ImageJ. (B) Caspase-1 activity in MODE-K cells treated with LPS or Aca.B was assessed 
using flow cytometry (FCM) analysis. (C) Quantitative statistics of double positive for caspase-1 and Propidium iodide (PI) staining. 
(D) Secretion of IL-1β and IL-18 was evaluated in MODE-K cells treated with LPS or Aca.B using ELISA. ***P < 0.001, compared with 
the control group. ^P < 0.05, ^^P < 0.01, and ^^^P < 0.001, compared with the LPS group. Aca.B: Acanthoside B.

reversed the symptom of colon shortening (Figure 3C). 
Ulcerative colitis is characterized by intestinal epithelial 
injury, particularly damage of crypt structure, inflamma-
tory cell infiltration, and loss of goblet cells.19 H&E staining 
revealed that Aca.B significantly ameliorated DSS-induced 
epithelial injury. Mice treated with Aca.B exhibited rela-
tive intact crypt architecture without ulceration or obvi-
ous inflammatory cell infiltration (Figure 3D). Notably, the 
levels of inflammatory cytokines (TNF-α, IL-6, and IL-1β) 
in the serum of mice treated with Aca.B were reduced 
(Figure  3E). Consistent with in vitro results, Aca.B also 
decreased the expression of pyroptosis-specific biomark-
ers (NLRP3, ASC, GSDMD-N, Caspase-1, IL-1β, and IL-18) in 
colon samples from DSS-induced ulcerative colitis mice 
in vivo. These results demonstrated that Aca.B alleviated 
DSS-induced ulcerative colitis and NLRP3-mediated propto-
sis in mice.

Aca.B inhibits the AGE/RAGE pathway in LPS-
stimulated MODE-K cells and DSS-induced 
ulcerative colitis mice

In order to understand the pharmaceutical effect of Aca.B, 
Swiss Target Prediction was employed to identify potential 
target pathways of Aca.B based on its chemical structure 
analysis (Figures 4A and 4B). By following the screening 
process, numerous binding targets predominantly associ-
ated with programmed cell death, response to stress, and 
cell homeostasis pathways were identified (Figure  3C). 
Moreover, network analysis illustrated the interconnections 
among the predicted pathways (Figures 3D and 3E). Notably, 
our attention was drawn to the AGE/RAGE pathway, known 
to be a key regulator of inflammatory response.20 Therefore, 
we postulated that the inhibition of inflammatory response 
by Aca.B might depend on the AGE/RAGE signaling pathway. 
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Figure 3  Aca.B alleviates dextran sulfate sodium (DSS)-induced ulcerative colitis and NLRP3-mediated proptosis in mice. The 
C57BL/6 mice were subjected to the DSS-induced ulcerative colitis. Aca.B in various concentrations was orally administrated twice 
a day for consecutive 7 days. (A) Change in body weight, (B) disease activity index (DAI), and (C) colon length were measured.  
(D) Pathological changes in colons were evaluated using H&E staining. (E) Inflammatory factor levels (TNF-α, IL-6, and IL-1β) in 
serum were assessed using ELISA. (F) Expressions of NLRP3, ASC, GSDMD-N, Caspase-1, IL-1β, and IL-18 were determined in tissue 
samples using immunoblotting analysis. The grayscale value of the corresponding band was quantitated with ImageJ. **P < 0.01 
and ***P < 0.001, compared with the Sham group. ^P < 0.05, ^^P < 0.01, and ^^^P < 0.001, compared with the DSS group. Aca.B: 
Acanthoside B.

We first explored whether Aca.B affected the AGE/
RAGE signaling expression under the inflammatory micro-
environment to verify our hypothesis. As anticipated, LPS 
stimulation resulted in increased AGE accumulation and 
RAGE mRNA expression in MODE-K cells. However, Aca.B 
attenuated their upregulation in a dose-dependent man-
ner (Figures 5A and 5B). In addition to RAGE, Aca.B further 
decreased the LPS-induced phosphorylated P65 NF-κB pro-
tein expression in MODE-K cells (Figure 5C). These in vitro 
results were consistent with the findings in DSS-induced 
ulcerative colitis mice. Aca.B treatment significantly atten-
uated AGE, RAGE, and downstream p-P65 NF-κB expression 
in colon samples from ulcerative colitis mice (Figures  5D 
and 5F). These results indicate that Aca.B inhibits the 
AGE/RAGE pathway in LPS-stimulated MODE-K cells and 

DSS-induced ulcerative colitis mice. Therefore, the inhi-
bition of ulcerative colitis progression by Aca.B could be 
mediated by the AGE/RAGE pathway. 

Aca.B Ameliorates NLRP3-mediated proptosis  
in MODE-K cell through inhibition of  
tAGE/RAGE pathway

In order to verify whether the downregulation of AGE was 
essential for the therapeutic effect of Aca.B on inflamma-
tory injury of epithelial cells, we added exogenous AGE 
(200 μg/mL) to MODE-K cells treated with LPS and Aca.B. 
Notably, exogenous AGE counteracted the protective 
effects of Aca.B on LPS-induced cell injury, evidenced by a 



118	 He X et al.

Acanthoside B

(A)

(C)

(D) (E)

(B)

0.0 2.5 5.0 7.5 10.0 12.5 15.0 20.017.5

10–2

6.7%

6.7%

6.7%

6.7%

20.0%

20.0%

13.3%

6.7%

6.7%6.7%

10–3

10–4

10–6

10–10

10–20

Family A G protein-coupled receptor
Phosphatase
Protease

Enzyme Other cytosolic protein
Transcription factor
Transferase

GO:0097190: Apoptotic signaling pathway
hsa05200: Pathways in cancer
GO:0010942: Positive regulation of cell death
GO:0062197: Cellular response to chemical stress
GO:0009611: Response to wounding
GO:2000147: Positive regulation of cell motility
WP2324: AGE/RAGE pathway
hsa05619: Epstein-Barr virus infection
GO:0042493: Response to drug
GO:0000165: MAPK cascade

GO:0030155: Regulation of cell adhesion
GO:0048732: Gland development
GO:0031347: Regulation of defense response
WP23: B cell receptor signaling pathway
GO:0014074: Response to purine-containing compound
ko05203: Viral carcinogenesis
GO:1900274: Regulation of phospholipase C activity
GO:0071396: Cellular response to lipid 
WP1984: Integrated breast cancer pathway

R-HSA-1474244: Extracellular matrix organization

Apoptotic signaling pathway
Pathways in cancer
Positive regulation of cell death
Cellular response to chemical stress
Response to wounding
Positive regulation of cell motility
AGE/RAGE pathway
Epstein-Barr virus infection
Response to drug
MAPK cascade

Regulation of cell adhesion
Gland development
Regulation of defense response
B cell receptor signaling pathway
Response to purine-containing compound
Viral carcinogenesis
Regulation of phospholipase C activity
Cellular response to lipid 
Integrated breast cancer pathway

Extracellular matrix organization

Oxidoreductase
Electrochemical transporter

Cytochrome P450

Figure 4  The Aca.B target pathways prediction. (A) The chemical structure of Aca.B. (B) The predicted binding targets of Aca.B 
using Swiss Target Prediction website. (C) The predicted downstream signaling pathways of Aca.B using Swiss Target Prediction 
website. (D and E) Network analysis of the predicted downstream signaling pathways. The node color reflects P value. Aca.B: 
Acanthoside B.

decrease in cell viability (Figure 6B). Moreover, cells treated 
with both Aca.B and AGE showed higher RAGE and p-P65 
NF-κB expression than those treated with Aca.B alone, 
indicating that AGE decreaseds inflammatory response 
(Figures 6A and 6C). Considering the pyroptosis path-
way, AGE increased the expression of pyroptosis-specific 

biomarkers (NLRP3, ASC, GSDMD-N, Caspase-1, IL-1β, and 
IL-18) in MODE-K cells treated with Aca.B (Figure 6D). AGE 
further reactivated caspase-1, which was inhibited by 
Aca.B, increasing the caspase-1+–PI+ cell ratio from about 
5% in LPS+100-μM Aca.B group to 20% in LPS+100 μM Aca.
B+200 μg/mL AGE group (Figures 6E and 6F). The inhibition 
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Figure 5  Aca.B inhibits the AGE/RAGE pathway in LPS-stimulated MODE-K cells and dextran sulfate sodium (DSS)-induced 
ulcerative colitis mice. (A) The expression of AGE in MODE-K cells treated with LPS or Aca.B. (B) The mRNA expression of RAGE 
in MODE-K cells treated with LPS or Aca.B as detected by qRT-PCR. (C) Expressions of RAGE, p-P65, and P65 were determined 
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of IL-1β and IL-18 secretion by Aca.B was also counteracted 
by exogenous AGE (Figure 6G). In summary, these findings 
indicated that Aca.B ameliorated NLRP3-mediated propto-
sis in MODE-K cells by inhibiting the AGE/RAGE pathway. 

Discussion 

Ulcerative colitis is a chronic autoimmune disease charac-
terized by persistent inflammatory reactions in the colon.21 
The etiology of aberrant inflammatory injury remains 
unknown, but recent studies have suggested that pyropto-
sis maycan play a role.22 Our current study investigated how 
Aca.B could alleviate inflammatory damage and NLRP3-
mediated pyroptosis of intestinal epithelial cells caused 
by ulcerative colitis. Additionally, we found that the pro-
tective effect of Aca.B depended on inhibiting the down-
stream AGE/RAGE signaling pathway. Our findings could 
expand the potential use of Aca.B in treating ulcerative 
colitis and other inflammatory conditions with distinct 
underlying mechanisms. 

The DSS-induced colitis mice model is a well-established 
animal model for studying inflammatory bowel disease.23 The 

symptoms in the DSS model were similar to manifestations 
in clinical ulcerative colitis patients. In terms of pathogene-
sis, DSS causes acute inflammatory response independent of 
the acquired immune system, causing the recruitment and 
activation of neutrophils and macrophages as well as the 
overproduction of reactive oxygen species (ROS) and inflam-
matory mediators. The persistent inflammatory reaction 
results in the destruction of the colonic epithelial barrier 
and crypt structure, leading to bloody diarrhea.24 Herein, 
oral administration of Aca.B effectively reduced the severity 
of colitis symptoms, as evidenced by the body weight curve, 
DAI, and colon length. Notably, Aca.B further protected the 
integrity of intestinal villi with less inflammatory cell infil-
tration and inflammatory mediator expression. These results 
imply that Aca.B can inhibit inflammation and cell damage in 
acute stage. Considering that acute inflammatory response 
is a common feature in various diseases, we in the future 
intend to explore continuously the therapeutic effects of 
Aca.B on other disease models. 

Aca.B is identified as the main bioactive constituent 
derived from the TCM herb Pogostemon cablin. Recent 
studies have demonstrated that Aca.B predominantly exerts 
anti-inflammatory effects by inhibiting the NF-κB signaling 
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Figure 6  Aca.B ameliorates NLRP3-mediated proptosis in MODE-K cell through inhibition of the AGE/RAGE pathway. (A) qRT-
PCR assay showed the mRNA levels of AGE in MODE-K cells upon the indicated treatment. (B) Immunoblot analysis showed the 
expression of RAGE, p-P65 NF-kappaB, and P65 NF-kappaB in MODE-K cells upon the indicated treatment. (C) CCK-8 assay showed 
the viability of MODE-K cells upon the indicated treatment. (D) Immunoblot analysis showed the expression of NLRP3, ASC, 
GSDMD-N, and Caspase-1 in MODE-K cells upon the indicated treatment. (E) Flow cytometry (FCM) assay showed the apoptosis of 
MODE-K cells upon the indicated treatment. (F) Quantification of panel E. (G) ELISA showed the levels of IL-1β and IL-18 in MODE-K 
cells upon the indicated treatment. **P < 0.01 and ***P < 0.001 LPS, compared with the control group. ^P < 0.05, ^^P < 0.01, and ^^^P 
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pathway in LPS-stimulated cell models.25 In the present 
study, our findings suggested that Aca.B could offer protec-
tion against pyroptosis independently of the inhibition of 
NF-κB signaling. Pyroptosis, a recently characterized form 
of inflammatory programmed cell death, is marked by the 
excessive production of a broad spectrum of inflammatory 
cytokines.26,27 NLRP3 inflammasome formation, cleavage of 
GSDMD, and activation of caspase-1 are the three hallmarks 

of pyroptosis initiation.28 We observed that Aca.B is capa-
ble of suppressing the expression of NLRP3, GSDMD, and 
caspase-1 induced by LPS, as evidenced by Western Bblot 
analysis.

Furthermore, the anti-inflammatory effect of Aca.B 
was corroborated in models of DSS-induced colitis, sug-
gesting that the mechanism behind the inhibition of 
inflammation by Aca.B may be dependent on pyroptosis. 
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To substantiate this hypothesis, further investigation into 
the upstream expression of AGE and RAGE was conducted 
both in vitro and in vivo. Previous studies demonstrated 
that scavenging AGE or deficiency in RAGE cancould pre-
vent cell death and pyroptosis dependent on caspase-1 
and caspase-11 in bacterial sepsis.29,30 Our results consis-
tently showed that exogenous AGE treatment significantly 
reversed the pharmaceutical inhibition of pyroptosis by 
Aca.B in the LPS-stimulated MODE-K cell model. This sug-
gests that the AGE/RAGE complex mightcould be the direct 
drug target of Aca.B. Our next step would be to further 
confirm the potential interaction between Aca.B and the 
AGE/RAGE complex.

Despite the promising results, it’s essential to acknowl-
edge that this study has certain limitations. While animal 
models provide valuable insights, it may only partially 
reflect the complexities of human ulcerative colitis. 
Further studies are necessary to confirm these findings 
in clinical settings and to delve into the specific molec-
ular mechanisms driving AGE/RAGE-mediated pyroptosis. 
Additionally, future research should explore the poten-
tial of Aca.B therapies and their safety profiles in human 
subjects.

Conclusions

In summary, Aca.B could ameliorate the LPS-induced cell 
injury and the progression of DSS-induced ulcerative colitis. 
The underlying mechanism is attributed to the inhibition of 
AGE/RAGE-mediated pyroptosis.
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