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INTRODUCTION 
Ulcerative colitis(UC) is classified as a form of 

inflammatory bowel disease (IBD). The disease presents a 
chronic inflammatory reaction state. The lesions are 

continuous and can involve different parts of the rectum and 
colon. The specific cause is not clear. The clinical features are 
alternated with onset, remission, and recurrence. It is a 
common intractable digestive system disease. Because it is 
difficult to cure, easy to relapse, and evolve into a tumor, The 
World Health Organization categorizes it as an intractable 
condition. Per pertinent research, ulcerative colitis incidence 
and prevalence have risen in recent years.1 

Noxious oxidative processes and deleterious inflammatory 
cascades are purported to fulfill pivotal pathogenetic functions in 
ulcerative colitis. The products of oxidative stress have pro-
inflammatory properties, which can destroy cell structure through 
lipid peroxidation, and ultimately lead to cell apoptosis and 
necrosis.2 Aberrant overproduction of proinflammatory cytokines, 
exemplified by tumor necrosis factor-α(TNF-α) and interleukin-
6(IL-6), represents a signature manifestation of enteritis.3 toll-like 
receptors(TLRs) are transmembrane protein receptors that play 
crucial roles in nonspecific innate immune defense.4 Within the 
TLRs family, TLR4 is critical, binding and signaling downstream 
to MAPK and NF-κB via receptor dimerization.5 The constituent 

ABSTRACT
Objective • UC is a chronic gastrointestinal disorder of 
uncertain etiology. However, effective therapeutic drug options 
for UC are relatively limited. Fraxin represents a principal 
active constituent within the traditional Chinese medicinal 
herb known as Cortex Fraxini or Qinpi. Nevertheless, the 
impact of Fraxin on UC remains uncharted. This study aims to 
explore the potential of Fraxin, a key component of Cortex 
Fraxini, in inhibiting DSS-induced intestinal inflammation in 
mice and to unravel the underlying mechanisms.
Methods • In vitro experiment,the RAW264. 7 cells were 
induced by LPS as the model.In vivo experiment,the mice 
were induced by DSS as the animal model for a ten day 
experiment.The ELISA, western blots, measurement of 
oxidative stress markers and other relevant methods were 
used to discuss the effect of Fraxin on LPS-induced 
RAW264.7 cells and the inhibitory effect of Fraxin on 
intestinal inflammation induced by DSS in mice and 
underlying mechanisms.

Results • Our findings indicated that Fraxin significantly 
reduced symptoms of UC, such as body weight loss, 
colonic length shortening, and histological damage. At the 
molecular level, it inhibited ROS generation, reduced pro-
inflammatory cytokines, and regulated key pathways 
including TLR4/NF-κB and MAPK.The findings indicated 
that Fraxin diminished the expression of p-NF-κB and 
p-IκB, downregulated iNOS and COX-2 expression, and 
lessened p38, JNK and ERK phosphorylation. 
Conclusion • Taken together, Fraxin ameliorates UC by 
regulating oxidative stress, inflammation, and TLR4/
NF-κB and MAPK pathways, and Fraxin may be a new 
treatment for UC. Our findings suggest that Fraxin could 
offer a novel therapeutic approach for UC, targeting 
oxidative stress and key inflammatory pathways. (Altern 
Ther Health Med. 2024;30(12):117-125).
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were procured from Yifeixue Bio-Tech (Nanjing, China). 
Mouse TNF-α, IL-6, IL-10, and IL-1β ELISA kits were obtained 
from Yifeixue Bio-Tech (Nanjing, China). Mouse monoclonal 
[AC-15] to beta-actin (β-actin), anti-Cyclooxygenase 2 
(COX2) antibody, anti-iNOS antibody, anti-TLR4 antibody, 
anti-NF-κB p65 antibody, anti-NF-κB p65 (phospho T254) 
antibody, horseradish peroxidase-conjugated anti-rabbit IgG 
and anti-mouse IgG were obtained from Abcam (Cambridge, 
UK). The anti-JNK,anti-phosphorylate JNK, anti-IκBα, anti-
phosphorylate IκBα, anti-ERK, anti-phosphorylate ERK, 
anti-p38 and anti-phosphorylate p38 were obtained from Cell 
Signaling Technology Inc (Danvers, MA, USA).

Cell culture and Cell Viability Assay 
The RAW264.7 cells were propagated in DMEM enriched 

with 10% FBS at 37°C in a 5% CO2 atmosphere. Cells underwent 
treatment with varying Fraxin concentrations (0.1-400 μM) for 
24 hours. Subsequently, a CCK-8 assay was executed to assess 
cellular viability. Absorbance values were ascertained at 450 nm 
employing a microplate spectrophotometer. 

Detection of intracellular ROS
The DCFH-DA fluorescence assay was utilized to detect 

intracellular ROS. RAW264.7 cells were seeded in a 6-well 
plate at 1.0×105 cells/well for 24 hours.The cells were pretreated 
with different concentrations of Fraxin (10 μM, 20 μM, 50 μM) 
for 1 hour, and then LPS (1 μg/ml) was added and incubated 
for 4 hours. Then, after removing all the cell culture medium, 
1 mL of DCFH-DA diluted with a serum-free medium at 
1:1000 was added. After incubating at 37°C in the dark for 20 
minutes, wash with PBS 3 times to fully remove the DCFH-DA 
that has not been internalized by the cells. An inverted 
fluorescence microscope observed the cells, and the DCF 
fluorescence distribution at the excitation wavelength was 
assessed utilizing a flow cytometer. The excitation and emission 
wavelengths are 488 and 525 nm respectively.

Animal and DSS-induced experimental colitis in mice
The experimental protocol was approved by the Animal 

Ethics Committee of Zhangjiagang Hospital of Traditional 
Chinese Medicine Affiliated to Nanjing University of 
Traditional Chinese Medicine on ethical issues.

Male C57BL/6J mice (18-22 grams, n=60) were obtained 
from Suzhou University (Suzhou, China) (certificate no. 
SCXK (Su) 2018-0006). The mice were placed in an 
environment with temperature (25 ± 2°C), humidity (55% ± 
15%) and a 12-hour light-dark cycle, and were given sterile 
food and water.Subsequent to one week of acclimatization, 
they were randomly partitioned into 6 cohorts comprising 10 
creatures per group: 1) control set; 2) DSS set; 3) DSS+SASP 
set; 4) Low-dose Fraxin treatment set; 5) Medium-dose 
Fraxin treatment set; 6) High-dose Fraxin treatment set. The 
murine subjects were provided 2.5% DSS in their potable 
water for a period of 7 days, except for the control group. 
Subsequently, the water was replaced with normal drinking 
water. The low, medium, and high dose Fraxin treatment 

elements of triggered MAPK and NF-κB signaling cascades 
modulate inflammation via upregulating interleukin-1β(IL-1β), 
IL-6, TNF-α, and other proinflammatory cytokines.6,7 Moreover, 
research indicates targeting the TLR4/NF-κB and MAPK signaling 
pathways may provide an alternative approach to treating 
inflammatory diseases.8 

5-aminosalicylic acid, Immunosuppressive drugs, 
antibiotics, and steroids are the primary pharmacological UC.9-11 
However, the long-term use of these drugs can induce serious 
toxicities,including infection, gastrointestinal adverse reactions, 
and bone marrow suppression. Thus, selecting novel therapeutics 
with low toxicity and robust efficacy is especially critical. 
Traditional Chinese medicine is increasingly involved in the 
comprehensive treatment of UC, and its effectiveness has been 
continuously proven. The use of effective Chinese medicine, 
Chinese medicine prescriptions and their active ingredients to 
treat UC is also becoming a hot spot in clinical research. 

Fraxin is an important active ingredient in Cortex Fraxini. 
We reviewed the literature and found that Qinpi glycoside 
possesses a multitude of biological properties, encompassing 
anti-inflammatory, antio-xidant, analgesic, antibacterial, 
antiviral, immunomodulatory, anti-hyperuricemia and 
diuretic activitie.12 Among these biological properties, anti-
inflammatory and antio-xidant effects are particularly 
important in improving UC related inflammatory responses.

Prior studies of Fraxin’s anti-inflammatory activity 
primarily concentrated on lung injury13, liver injury14, kidney 
injury15, and endotoxic shock.16 However, Fraxin’s therapeutic 
effects on UC have not yet been reported. Baitouweng 
decoction is a classical Chinese prescription,derived from 
Treatise on Febrile Diseases,consisting of Pulsatilla chinensis 
(Bunge) Regel (Baitouweng), Coptis chinensis Franch 
(Huanglian), Phellodendron chinense C. K. Schneid 
(Huangbai), and Cortex Fraxini (Qinpi) has been proven to 
protect the intestinal mucosal barrier and reduce the release 
of pro-inflammatory cytokines.17 In addition, the Fraxetin in 
Cortex Fraxini can alleviate TNBS-induced experimental 
colitis.18 These findings lay the groundwork for the hypothesis 
that Fraxin could improve UC. Accordingly, the objective of 
our investigation is to elucidate the putative mechanisms and 
actions of Fraxin on ulcerative colitis utilizing integrated in 
vivo and in vitro methodologies. Our results demonstrate 
that Fraxin can ameliorate UC by regulating oxidative stress, 
inflammation, and TLR4/NF-κB and MAPK pathways.

MATERIALS AND METHODS
Drugs and Reagents

2', 7'-dichloro-fluorescein (DCFH-DA) was procured 
from Beyotime. DSS (MW36000–50000) was procured from 
MP Biomedicals (Santa Ana, CA, USA). The Cell Counting 
Kit-8 (CCK-8) was obtained from MedChemExpress LLC 
(New Jersey, USA). FBS was procured from Biological 
Industries Co., Ltd (Beijing, China). Sulfasalazine (SASP) was 
acquired from Shanghai Sine Tianping Pharmaceutical. 
Dimethylsulfoxide (DMSO) was obtained from Thermo Fisher 
Scientific (Scoresby, Australia). SOD and MDA evaluation kits 
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electrophoresis (Bio-Rad) was performed and the protein samples 
were transferred to 0.45 μm PVDF membranes (Millipore, MA, 
USA). After blocking with 5% BSA for 1 h,the membranes were 
incubated overnight at 4°C with the primary antibodies: TLR4, 
COX-2, NF-κB, p-NF-κB, β-actin, iNOS, p-JNK1/2, p-IκBα, 
p-ERK, p-p38MAPK, JNK1/2, IκBα, ERK, p38, and then 
incubated with secondary antibodies at room temperature for 1 
h.The secondary antibody was then washed away, and 
chemiluminescence was measured (ECL Plus; Beyotime).

Immunofluorescence staining 
Immunofluorescence was employed to assess colon 

tissue inflammation and intestinal barrier integrity. Tissues 
were firstly deparaffinized and cleansed. After that, 0. 01 M 
citrate-buffered antigen and sodium solution (pH 6) were 
supplemented. The colonic sections were barricaded with 5% 
BSA and incubated overnight under refrigerated 4°C 
conditions with diverse primary antibodies. Sections were 
incubated for 1 hour at ambient temperature with Alexa 
Fluor 488-conjugated donkey anti-rabbit IgG antibody. The 
sections were subsequently stained with DAPI. Tissues were 
visualized by confocal microscopy. 

Measurement of Oxidative Stress Markers
MDA and SOD levels were measured in colonic tissue. 

In brief, 100 mg of colon tissue was weighed and homogenized 
in PBS. The homogenized colonic sample was centrifuged. 
The consequent supernatant was subsequently assayed per 
the manufacturer’s directives. 

Take the logarithmic growth phase RAW264. 7-cell 
suspension, adjust the cell density to 10×104 cells/mL, 
inoculate it in a 6-well plate, 2 mL per well, group and 
administer cells, and collect the supernatant after culturing 
for 24 h. Likewise, the resulting supernatant was analyzed.   

RNA Isolation and Quantitative Real-Time PCR and 
Statistical Analysis

Total RNA was extracted from a total RNA Extraction 
Reagent (Vazyme Biotech Co. Ltd., China) and then reverse 
transcribed by Hifair™ II 1st Strand cDNA Synthesis SuperMix 
for qPCR (Yeasen, Shanghai, China).The primers were 
purchased from Sangon Biotech (Shanghai) Co. Ltd., and the 
primer sequences (designed and checked by Primer Premier 
6.0) were shown in Table 1. Real-time PCR was conducted 
using a CFX Connect Real-Time PCR Detection System 
(Bio-Rad, Hercules, CA, USA).The relative amount of target 
mRNA was normalized to the level of β-actin, and the result 
was calculated using the 2−∆∆Ct method. 

Statistical Analysis
For statistical analysis, GraphPad Prism 8.0 (GraphPad 

Software Inc., San Diego, CA, USA) was used to analyze and 
calculate all data values and expressed as the average of three 
determinations ± the standard error of the average (SEM).
One-way analysis of variance and Dunnett’s test were used 
for the data, and P < .05 was considered statistically significant.

groups were given oral 10 mg/kg, 20 mg/kg, and 50 mg/kg 
Fraxin, respectively. Each dosage was diluted using distilled 
water, ensuring that every mouse received a consistent 
amount of the administered compound. The control group 
was given the same amount of distilled water orally. Colitis 
development was monitored, and on the 10th day, the mice 
were euthanized for subsequent analysis. 

Morphological and histopathological examination 
Throughout colitic pathogenesis, 3 independent observers 

surveilled murine weight decrement, stool morphology, and 
fecal blood quotidianly, constituting the DAI, as antecedently 
documented. On the 10th day, the length of the colon from the 
anus to the appendix was recorded. Colonic segments from 
each murine subject per group were maintained in 4% PBS-
buffered formaldehyde, embedded in paraffin, and 
consecutively sectioned into 5μm slices. The histopathological 
scores came from three researchers who were unaware of the 
experimental conditions. The criteria were delineated as 
follows: 0: no inflammatory indices; 1: low-grade inflammation 
with dispersed monocytic infiltration; 2: multifocal moderate 
inflammation with monocytic predominance; 3: high-grade 
inflammation with augmented vascular density, significant 
mural thickening; 4: maximal inflammation, transmural 
leukocytic infiltration, and goblet cell demise. 

Histological Analysis
The colon tissue was fixed with 4%(wt/vol) 

paraformaldehyde.The paraffin-embedded samples were 
processed to obtain 5 μm thick sections.Paraffin sections 
were deparaffinized with xylene, dehydrated with ethanol, 
and then stained with hematoxylin and eosin (H&E) to assess 
colon damage.Sections were observed under an inverted 
microscope (Olympus CX43).

 
ELISA

Centrifuge the mouse plasma at 4°C at 3000 r/min for 10 
min, aspirate the supernatant, and store it in aliquots at 
-80°C. The concentration of IL-1β, IL-6, IL-10, and TNF-α in 
mouse plasma was determined using an ELISA kit, and the 
lower limit of the quantitative concentration of each cytokine 
was 7.8 μg/ml. 

Take the logarithmic growth phase RAW264.7 cell 
suspension, adjust the cell density to 10×104 cells/mL, 
inoculate it in a 6-well plate, 2 mL per well, group and 
administer cells, and collect the supernatant after culturing 
for 24 h. The concentration of IL-1β, IL-6, IL-10 and TNF-α 
in the supernatant was determined with an ELISA kit.

Western Blot Analysis
Protein was extracted from colon tissue and RAW264.7 cells 

using RIPA buffer (Beyotime) and protease inhibitor cocktail (200 
m MAEBSF, 30 μM instatin, 13mM instatin, 1.4m ME64 and 
1mM DMSO, 1:100). The protein was extracted after 
centrifugation. A BCA kit (Beyotime) was taken to determine 
protein concentration. Subsequently, polyacrylamide gel 
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decreased DAI, and ameliorated colon length (Figure 1C-E). 
H&E stained histological analysis was employed to confirm 
the protective effect of Fraxin on colitis. The histological 
features of DSS-treated mice included partial defect of mucosal 
epithelium, disordered or disappeared gland structure, a great 
number of inflammatory cells, cell infiltration and cryptitis, 
goblet cell reduction, and ulcer formation. Fraxin treatment 
significantly alleviated these pathological characteristics 
(Figure 1F). All of these parameters were attenuated in a dose-
dependent fashion. These findings indicate that Fraxin can 
ameliorate DSS-induced ulcerative colitis in mice. 

Fraxin negated the secretion of pro-inflammatory 
cytokines and antioxidant suppression elicited by DSS. 

While DSS treatment markedly elevated IL-6, IL-1β, and 
TNF-α and reduced IL-10 levels in colon tissue, Fraxin 
treatment significantly showed the opposite changes (Figure 
2A-D). Notably, Fraxin (40 mg/kg) nearly restored the 

RESULTS
Fraxin alleviated the colonic damage. 

It was broadly accepted that DSS elicits grave illness in 
murine subjects, hallmarked by substantial weight diminution, 
conspicuous diarrhea/loose excrement, and discernible fecal 
blood, as adjudged by the DAI.19 With SASP as the positive 
control, the animal experiment design diagram is shown in 
Figure 1B. The results exhibited that disease advancement was 
attenuated in the SASP cohort and Fraxin group relative to the 
DSS group, concurrent with reduced weight diminution, 

Table 1. Specifific primers used in real-time PCR analysis. 

Genes Primer Sequence(5'→3')
IL-6 FW TGGAAATGAGAAAAGAGTTGTGC

RV CCAGTTTGGTAGCATCCATCA
IL-1β FW TTCATCTTTGAAGAAGAGCCCAT

RV TCGGAGCCTGTAGTGCAGTT
TNF-α FW GTGATCGGTCCCCAAAGG

RV GGTGGTTTGCTACGACGTG
β-Actin FW CGCCACCAGTTCGCCATGGA

RV TACAGCCCGGGGAGCATCGT

Figure 1. Fraxin alleviates DSS-induced UC. (A) Chemical 
structure of Fraxin. (B) Schematic diagram of the animal 
experimental design. (C) Body weight loss. (D) DAI score. 
(E) Intestine images and Statistics of colon length in each 
group. (F) The pathological characters were reduced after 
Fraxin treatment. 

Note: H&E staining and histological colitis score. Data are expressed as mean 
± SEM (n=10) ###P < . 001 compared with the control group and *P < .05,  
**P < .01, and ***P < .001 compared with the vehicle treated UC model group.

Figure 2. Effects of Fraxin on colon cytokines in DSS-treated 
mice. Expression levels of (A) IL-6, (B) IL-1β (C) TNF-α and 
(D) IL-10 in the colon of acute colitis model mice were 
determined by commercial ELISA kits. (E–F) The activity of 
SOD and the amount of MDA were determined in colon 
tissues of mice using commercial ELISA kits. 

Note: Data are expressed as mean ± SEM (n=10), ###P < .001 compared with 
the control group and *P < .05, **P < .01, and ***P < .001 compared with the 
vehicle treated UC model group. Expression levels of (G) IL-6, (H) TNF-α 
and (I) IL-1β in the colon of acute colitis model mice determined by 
RT-PCR. Data are expressed as mean ± SEM (n=10), ###P < .001 compared 
with the control group and *P < .05, **P < .01, and ***P < .001 compared 
with the vehicle treated UC model group. 
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Fraxin inhibited inflammation in mice
Inflammation drives the pathogenesis of ulcerative colitis. 

TLR4 functions as an activator of signaling cascades, triggering 
NF-κB and MAPK activation and pro-inflammatory responses.20 
Immunoblotting experiments were conducted to gain a deeper 
understanding of the mechanisms behind Fraxin’s anti-
inflammatory effects in mice. As exhibited, DSS administration 
markedly upregulated the expression of p-NF-κB, TLR4 and 
p-IκB in the NF-κB signaling cascade and p-P38, p-ERK and 
p-JNK in the MAPK signaling pathway (Figure 3A-F and Figure 
4). The expression profile of inflammatory effectors mirrored 
the stimulation of the NF-κB signaling cascade (Figure 3G-I). 
Compared with the DSS group, SASP and Fraxin treatment 
markedly decreased the phosphorylation levels of these target 
proteins and inhibited TLR4/NF-κB and MAPK signaling 
pathway activation (Figure 3-4). In addition, immunofluorescence 
staining revealed that the fluorescence intensity of p-NF-κB in 
DSS-induced mouse colon tissue was more pronounced, 
whereas the fluorescence intensity in both the Fraxin and SASP 
groups was diminished (Figure 3J). 

Toxicity of Fraxin on RAW264. 7 cells
To determine the appropriate Fraxin concentration to use 

in vitro, we first examined the cytotoxicity of Fraxin on 

secretion of these three proinflammatory cytokines to normal 
levels. In addition, some representative oxidative stress 
products and antioxidant factors, such as MDA and SOD 
respectively, were also detected in this section. Relative to the 
control group, colonic tissue MDA content was markedly 
elevated, and SOD levels were substantially decreased in 
DSS-treated mice. However, Fraxin treatment significantly 
reversed this trend (Figure 2E-F). There was a similar trend 
in mRNA expression in colon tissue (Figure 2G-I). These 
findings indicate that Fraxin can suppress pro-inflammatory 
cytokine release and boost antioxidant defense against colitis. 

Figure 3. Fraxin inhibits the activation of TLR4/NF-κB 
signaling pathway in DSS-induced UC mice. (A) Western 
blots and related quantifification of (B) TLR4, (C-D) p-IκBα 
and (E-F) p-NF-κB expressed as percent of control. (G)
Western blots and related quantifification of (H) COX-2 and 
(I) iNOS expressed as percent of control. (J) Colon sections 
were stained with DAPI (blue), p-NF-κB (green) and 
observed under a flfluorescence microscope. 

Note: All data are presented as mean values ± SEM for n = 3. ###P < .001 
compared with the control group and *P < .05, **P < .01, and ***P < .001 
compared with the vehicle-treated UC model group. 

J

Figure 4. Fraxin inhibits the activation of MAPK signaling 
pathway in DSS-induced UC mice. (A) Western blots and 
related quantifification of (B-C) p-JNK, (D-E) p-P38 and 
(F-G) p-ERK expressed as percent of control. 

Note: All data are presented as mean values ± SEM for n = 3. ##P < .01 and 
###P < .001 compared with the control group and *P < .05, **P < .01, and  
***P < .001 compared with the vehicle-treated UC model group. 
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Fraxin attenuated the generation of pro-inflammatory 
cytokines and potentiated antioxidant activity in LPS-
induced RAW264. 7 cells. 

As hypothesized, ELISA outcomes displayed a dose-
dependent decrease in IL-1β, IL-6, and TNF-α concentrations 
concurrent with an elevation in IL-10 ensuing Fraxin 
treatment in the supernatants of RAW264. 7 cells (Figure 
6A-D). We also detected the oxidative stress products and 
antioxidant factors, such as MDA and SOD. MDA decreased, 
and SOD increased after Fraxin treatment (Figure 6E-F). 

Fraxin inhibits LPS-induced activation of TLR4/NF-κB 
and MAPK signaling pathways in RAW264. 7 cells

To delve deeper into the modulation of these pathways 
by Fraxin, LPS-stimulated RAW264. 7 cells were examined. 
We performed immunoblotting experiments similar to the 
findings. (Figure 7). In addition, Fraxin markedly suppressed 
the activation of the MAPK signaling cascade and the 
phosphorylation of JNK, p38, and ERK (Figure 8). 

RAW264. 7 cells. When Fraxin concentrations ranged from 1 
to 50 μM, Pretreatment with Fraxin showed no notable effect 
on cell viability relative to the control group. At concentrations 
exceeding 50 μM, Fraxin markedly suppressed cell survival (P 
< .01). The cell viability findings delineate the safe concentration 
range. Therefore, in subsequent experiments, selected 
concentrations of 10, 20 and 50 μM were used to examine 
Fraxin on LPS-stimulated RAW264. 7 cells (Figure 5A). 

Fraxin efficaciously diminished ROS generation in LPS-
induced RAW264. 7 cells. 

Oxidative stress, marked by increased intracellular 
reactive oxygen species levels, is considered a key mediator of 
inflammation.21 Fraxin significantly reduced the fluorescence 
intensity compared with the LPS group (Figure 5B-C). LPS (1 
µg/ml, 24 h) provoked excessive ROS generation, which was 
suppressed by Fraxin treatment. (Figure 5D-E). These 
findings reaffirmed that Fraxin could counteract the LPS-
induced elevation in reactive oxygen species. 

Figure 5. Effects of Fraxin on cell viability and ROS 
production in LPS-stimulated RAW264. 7 cells. (A) Effect of 
Fraxin on RAW264. 7 cell viability. (B-C) Intracellular ROS 
were detected by DCFH-DA fluorescence method. (D-E) 
ROS production was detected using flow cytometry. 

Note: All data are presented as mean ± SD standard deviation of three 
replicate experiments. #P < .05, ###P < .001 compared with the control group 
and *P < .05, **P < .01, and ***P < .001 compared with LPS group.

Figure 6. Effects of Fraxin on colon cytokines in LPS-stimulated 
RAW 264. 7 cells. RAW 264. 7 cells were pretreated with the 
indicated concentrations of Fraxin for 1 h and then stimulated 
with LPS (1 μg/mL) for 24 h. Expression levels of (A) IL-6, (B) 
IL-1β, (C) TNF-α and (D) IL-10 in cell culture supernatants 
were determined by commercial ELISA kits. (E–F) The activity 
of SOD and the amount of MDA were determined in cell 
culture supernatants using commercial ELISA kits. 

Note: Data are expressed as mean ± SEM (n = 3 independent experiments), 
###P < .001 compared with the control group and *P < .05, **P < .01, and  
***P < .001 compared with LPS group. 
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DISCUSSION
UC is known for its high prevalence around the world. 

At present, the treatment drugs for UC mainly focus on 
aminosalicylic acid preparations, glucocorticoids, 
immunosuppressants, etc. Some patients may experience 
allergies, gastrointestinal adverse reactions, etc. after taking 
such drugs. For such patients, finding drugs with high safety 
and minimal side effects has become a future trend.
Therefore,finding natural anti-inflammatory products in 
Chinese herbal medicine is an attractive and safe alternative 
to traditional methods of regulating inflammatory diseases. 
Fraxin is the active ingredient in Qinpi, which is used to treat 
infections and inflammations.22 The UC model is established 
by DSS, a classical method widely used to simulate the 
pathophysiological process of UC with high operability. In 
this experiment, We assessed Fraxin’s therapeutic efficacy 
against DSS-induced murine experimental colitis. 
Experimental results showed that Fraxin could alleviate 
colon damage and reduce intestinal inflammation, such as 
weight loss, shortening of colon length, mucosal damage, and 

Figure 7. Fraxin inhibits the activation of TLR4/NF-κB 
signaling pathway in LPS-stimulated RAW 264. 7 cells. RAW 
264. 7 cells were pretreated with the indicated concentrations 
of Fraxin for 1 h and then stimulated with LPS (1 μg/mL) for 
24 h. (A) Western blots and related quantifification of (B) 
TLR4, (C-D) p-IκBα and (E-F) p-NF-κB expressed as percent 
of control. (G) Western blots and related quantifification of 
(H) COX-2 and (I) iNOS expressed as percent of control. 

Note: All data are presented as mean values ± SEM for n = 3. #P < .05,  
##P < .01, ###P < .001 compared with the control group and *P < .05,  
**P < .01, and ***P < .001 compared with LPS group. 

Figure 8. Fraxin inhibits the activation of MAPK signaling 
pathway in LPS-stimulated RAW 264. 7 cells. Western blots 
and related quantifification of (B-C) p-JNK, (D-E) p-P38 and 
(F-G) p-ERK expressed as percent of control. 

Note: All data are presented as mean values ± SEM for n = 3. ##P < .01 and 
###P < .001 compared with the control group and *P < .05, **P < .01, and  
***P < .001 compared with LPS group.

Figure 9. The mechanism of action of Fraxin in a mouse 
model of colitis. Fraxin can simultaneously inhibit the 
activation of NF-κB and MAPK, thereby reducing the 
protein and mRNA levels of pro-inflammatory cytokines and 
relieving colitis. 
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NF-κB activation.31 In the inactive state, the translocation of 
NF-κB is usually hidden in the cytoplasm by the inhibitory 
protein IκBα. Upon activation, NF-κB undergoes 
translocation to the nucleus, facilitated by the phosphorylation 
and rapid degradation of its inhibitory protein, IκBα, 
activating downstream gene transcription, such as 
inflammatory genes (expression of iNOS and COX-2).32,33 
Therefore, we focus on the regulation of Fraxin on TLR4/
NF-κB signaling pathway. DSS markedly increased the 
expression of TLR4, p-NF-κB, and p-IκB, which in turn 
increased the levels of iNOS and COX-2. Fraxin treatment 
markedly decreased TLR4 expression, p-NF-κB, and p-IκB, 
as well as iNOS and COX-2. Paralleling the in vivo findings, 
Fraxin also suppressed TLR4 expression in vitro, p-NF-κB, 
and p-IκB in LPS-stimulated RAW264. 7 cells. Consequently, 
it can be deduced that the suppression of TLR4/NF-κB 
signaling pathway activation may contribute to some of the 
therapeutic effects of Fraxin in UC. 

Likewise, MAPK activation is important in inflammatory 
responses.34 Activation of TLR4 stimulates a family of MAPKs 
and the MAPK signaling pathway appears to play a 
considerable regulatory role in inflammatory responses 
through its three major proteins, ERK, p38, and JNK.35 
Furthermore, MAPKs modulate the synthesis of 
proinflammatory cytokines TNF-α, IL-1β, and IL-6, in 
addition to the anti-inflammatory cytokine IL-10.36 In our 
investigation, Fraxin effectively hindered the phosphorylation 
of p38, JNK, and ERK both in vivo and in vitro. These 
findings suggest that Fraxin’s anti-inflammatory properties 
could be mediated, in part, by the inactivation of MAPK 
signaling pathways. 

CONCLUSION
In summation, our study shows that Fraxin can 

ameliorate LPS-induced inflammation in macrophages and 
in experimental animal models of UC. Surprisingly, Fraxin 
treatment downregulates phosphorylation of key cytokines 
in the TLR4/NF-κB and MAPK signaling pathways, 
suppressing further inflammation. Meanwhile, Fraxin 
treatment can improve oxidative stress. Our study may 
provide a new insight into Fraxin as a prospective therapeutic 
for UC treatment. There is currently no clear explanation 
regarding the safety and toxicity, biological mechanism, and 
use of Fraxin. However, Fraxin’s potential has broad prospects 
and further research is needed.
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ulceration. At the same time, Fraxin effectively mitigated the 
release of pro-inflammatory mediators while bolstering 
antioxidant defenses. In vitro, we found that Fraxin reduced 
ROS production, decreased MDA, and increased SOD,and 
decreased proinflammatory cytokine production in LPS-
induced RAW264.7 cells. Furthermore, Fraxin suppressed 
the expression of p-IκBα, TLR4, p-NF-κB and pMAPKs in 
mice and macrophages, suggesting that Fraxin may inhibit 
DSS-induced ulcerative colon in mice eand LPS-induced 
macrophage inflammation by downregulating the 
phosphorylation of essential cytokines in the TLR4/NF-κB 
and MAPK signaling pathways. (Figure 9). 

Current research shows that colitis and inflammation are 
closely related.23 The proinflammatory cytokines modulate 
signaling cascades during inflammation.24 TNF-α is a notable 
proinflammatory cytokine involved in numerous 
inflammatory conditions and diseases.25 IL-6 serves as a key 
marker for gauging the severity of inflammatory conditions.26 
IL-1β levels are substantially elevated following exogenous 
antigen stimulation, which can consequently elicit the 
secretion of pro-inflammatory cytokines.27 As expected, 
serum concentrations of the proinflammatory cytokines 
increased in the colitis set; nevertheless, Fraxin treatment 
effectively lowered these elevated levels, indicating that 
Fraxin possesses anti-inflammatory properties. In addition, 
in LPS-induced RAW264. 7 experiments ELISA assays 
exhibited that the concentrations of TNF-α, IL-6, and IL-1β 
declined in a dose-dependent fashion subsequent to Fraxin 
administration. The IL-10 family of anti-inflammatory 
factors can promote tissue healing after injury caused by 
infection or inflammation.28 In this study, we discovered that 
Fraxin markedly stimulated the release of IL-10 in the 
murine serum. Similar results were obtained in LPS-induced 
macrophages. Therefore, we can deduce that Fraxin 
ameliorates colitis by modulating the equilibrium between 
pro- and anti-inflammatory cytokines. 

Oxidative stress is another important factor leading to 
tissue destruction in UC.29 Previous studies report that 
Fraxin can alleviate LPS-induced ARDS by downregulating 
oxidative damage.13 Fraxin protects against chemically 
induced liver toxicity by attenuating oxidative stress.14 We 
deduce that Fraxin may reduce UC tissue damage by reducing 
oxidative stress. We first examined the impact of Fraxin on 
LPS-induced RAW264. 7 cells and found that Fraxin 
significantly alleviated the LPS-induced intracellular ROS 
overaccumulation. In addition, we also detected SOD and 
MDA in the supernatant of colon tissue of DSS-induced UC 
mice and found that SOD decreased and MDA increased. 
Fraxin treatment improved SOD activity and decreased 
MDA levels in a concentration-dependent manner. Similar 
results were obtained in vitro. These provide evidence that 
Fraxin improves UC through antioxidant effects. 

NF-κB is widely recognized for its critical role in 
regulating inflammatory responses, regulating the expression 
of various cytokines involved in inflammation.30 Additionally, 
TLR4 is crucial for upstream signaling proteins involved in 
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through inhibiting TLR4/NF-κB pathway activation.  Int Immunopharmacol. 2014;23(1):294-
303. doi:10.1016/j.intimp.2014.09.005

32.	 Tian Y, Li Z, Shen B, Zhang Q, Feng H; Protective effects of morin on 
lipopolysaccharide/d-galactosamine-induced acute liver injury by inhibiting TLR4/NF-kappaB 
and activating Nrf2/HO-1 signaling pathways.  Int Immunopharmacol. 2017;45(148-
155. doi:10.1016/j.intimp.2017.02.010

33.	 Wang W, Wu L, Li Q, et al; Madecassoside prevents acute liver failure in LPS/D-GalN-induced 
mice by inhibiting p38/NF-kappaB and activating Nrf2/HO-1 signaling. Biomed Pharmacother. 
2018;103(1137-1145. doi:10.1016/j.biopha.2018.04.162

34.	 Peng S, Hang N, Liu W, et al. Andrographolide sulfonate ameliorates lipopolysaccharide-induced 
acute lung injury in mice by down-regulating MAPK and NF-κB pathways. Acta Pharm Sin B. 
2016;6(3):205-211. doi:10.1016/j.apsb.2016.02.002

35.	 Wang H, Wei X, Wei X, et al. 4-hydroxybenzo[d]oxazol-2(3H)-one ameliorates 
LPS/D-GalN-induced acute liver injury by inhibiting TLR4/NF-κB and MAPK signaling 
pathways in mice. Int Immunopharmacol. 2020;83:106445. doi:10.1016/j.intimp.2020.106445

36.	 Qian Z, Wu Z, Huang L, et al. Mulberry fruit prevents LPS-induced NF-κB/pERK/MAPK signals 
in macrophages and suppresses acute colitis and colorectal tumorigenesis in mice.  Sci Rep. 
2015;5(1):17348. doi:10.1038/srep17348

ACKNOWLEDGMENTS 
This work was supported by National Natural Science Foundation of China (82104792), Natural 
Science Foundation of Jiangsu Province (BK20210134), Ministry of Education Industry-school 
Cooperative Education Project (202102242007), Zhangjiagang Social Development and Technology 
Innovation Research Project (ZKS2119), Zhangjiagang Social Development and Technology 
Innovation Research Project (ZKS2124), Zhangjiagang Youth Science and Technology Project 
(ZJGQNKJ202108), and Youth Natural Science Foundation of Zhangjiagang Traditional Chinese 
Medicine Hospital (ZZYQ2011). 

REFERENCES 
1.	 Segal JP, LeBlanc JF, Hart AL. Ulcerative colitis: an update. Clin Med (Lond). 2021;21(2):135-

139. doi:10.7861/clinmed.2021-0080
2.	 Tang Q, Du L, Sun Q. Impact of Cholesterol Metabolism on H2O2-Induced Oxidative Stress 

Injury in HepG2 Cells Treated with Fatty Acids. Altern Ther Health Med. 2023;•••:AT8736.
3.	 Gupta RA, Motiwala MN, Mahajan UN, Sabre SG. Protective effect of Sesbania grandiflora on 

acetic acid induced ulcerative colitis in mice by inhibition of TNF-α and IL-6. J Ethnopharmacol. 
2018;219:222-232. doi:10.1016/j.jep.2018.02.043

4.	 He H, Shen M, Tang Y, Sun W, Xu X. LPS/TLR4 Pathway Regulates IgA1 Secretion to Induce IgA 
Nephropathy. Altern Ther Health Med. 2023;•••:AT7400.

5.	 Ariyadi B, Isobe N, Yoshimura Y. Toll-like receptor signaling for the induction of mucin 
expression by lipopolysaccharide in the hen vagina. Poult Sci. 2014;93(3):673-679. doi:10.3382/
ps.2013-03667

6.	 Kyriakis JM, Avruch J. Mammalian mitogen-activated protein kinase signal transduction 
pathways activated by stress and inflammation.  Physiol Rev. 2001;81(2):807-869.  doi:10.1152/
physrev.2001.81.2.807

7.	 Lee JC, Kassis S, Kumar S, Badger A, Adams JL. p38 mitogen-activated protein kinase inhibitors-
-mechanisms and therapeutic potentials.  Pharmacol Ther. 1999;82(2-3):389-397.  doi:10.1016/
S0163-7258(99)00008-X

8.	 Lim SM, Jeong JJ, Kang GD, Kim KA, Choi HS, Kim DH. Timosaponin AIII and its metabolite 
sarsasapogenin ameliorate colitis in mice by inhibiting NF-κB and MAPK activation and restoring 
Th17/Treg cell balance. Int Immunopharmacol. 2015;25(2):493-503. doi:10.1016/j.intimp.2015.02.016

9.	 Jeong DY, Kim S, Son MJ, et al. Induction and maintenance treatment of inflammatory bowel 
disease: A comprehensive review.  Autoimmun Rev. 2019;18(5):439-454.  doi:10.1016/j.
autrev.2019.03.002

10.	 Rowan CR, Boland K, Harewood GC. Ustekinumab as Induction and Maintenance Therapy for 
Ulcerative Colitis. N Engl J Med. 2020;382(1):91. doi:10.1056/NEJMc1915042

11.	 Rubin DT, Cohen RD, Sandborn WJ, et al. Budesonide Multimatrix Is Efficacious for 
Mesalamine-refractory, Mild to Moderate Ulcerative Colitis: A Randomised, Placebo-controlled 
Trial. J Crohns Colitis. 2017;11(7):785-791. doi:10.1093/ecco-jcc/jjx032

12.	 Kostova I. Fraxinus ornus L.  Fitoterapia. 2001;72(5):471-480.  doi:10.1016/S0367-
326X(00)00340-3

13.	 Ma X, Liu X, Feng J, et al. Fraxin Alleviates LPS-Induced ARDS by Downregulating 
Inflammatory Responses and Oxidative Damages and Reducing Pulmonary Vascular 
Permeability. Inflammation. 2019;42(5):1901-1912. doi:10.1007/s10753-019-01052-8

14.	 Chang BY, Jung YS, Yoon CS, et al. Fraxin Prevents Chemically Induced Hepatotoxicity by 
Reducing Oxidative Stress. Molecules. 2017;22(4):587. doi:10.3390/molecules22040587

15.	 Topdagi O, Tanyeli A, Akdemir F, Eraslan E, Guler MC, Comakli S; Preventive effects of Fraxin 
on ischemia/reperfusion-induced acute kidney injury in rats.  Life Sci. 
2020;242(117217. doi:10.1016/j.lfs.2019.117217

16.	 Li W, Li W, Yu J, et al. Fraxin inhibits lipopolysaccharide-induced inflammatory cytokines and 
protects against endotoxic shock in mice.  Fundam Clin Pharmacol. 2020;34(1):91-
101. doi:10.1111/fcp.12500

17.	 Miao Z, Chen L, Feng H, et al. Baitouweng Decoction Ameliorates Ulcerative Colitis in Mice 
Partially Attributed to Regulating Th17/Treg Balance and Restoring Intestinal Epithelial 
Barrier. Front Pharmacol. 2021;11:531117. doi:10.3389/fphar.2020.531117

18.	 Miao Z, Zhang L, Gu M, et al. Preparation of Fraxetin Long Circulating Liposome and Its Anti-
enteritis Effect. AAPS PharmSciTech. 2021;22(3):110. doi:10.1208/s12249-021-01940-z

19.	 Jing M, Wang Y, Xu L; Andrographolide Derivative AL-1 Ameliorates Dextran Sodium Sulfate-
Induced Murine Colitis by Inhibiting NF-kappaB and MAPK Signaling Pathways. Oxid Med Cell 
Longev. 2019;2019(6138723. doi:10.1155/2019/6138723

20.	 Meng XM, Nikolic-Paterson DJ, Lan HY. Inflammatory processes in renal fibrosis.  Nat Rev 
Nephrol. 2014;10(9):493-503. doi:10.1038/nrneph.2014.114

21.	 Ji Y, Dai Z, Sun S, et al. Hydroxyproline Attenuates Dextran Sulfate Sodium-Induced Colitis in 
Mice: Involvment of the NF-κB Signaling and Oxidative Stress.  Mol Nutr Food Res. 
2018;62(21):e1800494. doi:10.1002/mnfr.201800494

22.	 Wang H, Xiao B, Hao Z, Sun Z. Simultaneous determination of fraxin and its metabolite, 
fraxetin, in rat plasma by liquid chromatography-tandem mass spectrometry and its application 
in a pharmacokinetic study. J Chromatogr B Analyt Technol Biomed Life Sci. 2016;1017-1018:70-
74. doi:10.1016/j.jchromb.2016.02.030

23.	 Banerjee S, Ghosh S, Sinha K, Chowdhury S, Sil PC. Sulphur dioxide ameliorates colitis related 
pathophysiology and inflammation. Toxicology. 2019;412:63-78. doi:10.1016/j.tox.2018.11.010

24.	 Bhatia M, Moochhala S. Role of inflammatory mediators in the pathophysiology of acute 
respiratory distress syndrome. J Pathol. 2004;202(2):145-156. doi:10.1002/path.1491

25.	 Li W, Li H, Mu Q, et al. Protective effect of sanguinarine on LPS-induced endotoxic shock in 
mice and its effect on LPS-induced COX-2 expression and COX-2 associated PGE2 release from 
peritoneal macrophages.  Int Immunopharmacol. 2014;22(2):311-317.  doi:10.1016/j.
intimp.2014.07.017

26.	 Jing W, Chunhua M, Shumin W. Effects of acteoside on lipopolysaccharide-induced inflammation 
in acute lung injury via regulation of NF-κB pathway in vivo and in vitro. Toxicol Appl Pharmacol. 
2015;285(2):128-135. doi:10.1016/j.taap.2015.04.004

27.	 Eljaafari A, Robert M, Chehimi M, et al. Adipose Tissue-Derived Stem Cells From Obese 
Subjects Contribute to Inflammation and Reduced Insulin Response in Adipocytes Through 
Differential Regulation of the Th1/Th17 Balance and Monocyte Activation.  Diabetes. 
2015;64(7):2477-2488. doi:10.2337/db15-0162

28.	 Ouyang W, Rutz S, Crellin NK, Valdez PA, Hymowitz SG. Regulation and functions of the IL-10 
family of cytokines in inflammation and disease.  Annu Rev Immunol. 2011;29(1):71-
109. doi:10.1146/annurev-immunol-031210-101312

29.	 Mitani T, Yoshioka Y, Furuyashiki T, Yamashita Y, Shirai Y, Ashida H; Enzymatically synthesized 
glycogen inhibits colitis through decreasing oxidative stress. Free Radical Bio Med. 2017;106(355-
367. doi:10.1016/j.freeradbiomed.2017.02.048

30.	 Niu X, Liu F, Li W, et al; Hepatoprotective effect of Fraxin against carbon tetrachloride-induced 
hepatotoxicity in vitro and in vivo through regulating hepatic antioxidant, inflammation 
response and the MAPK-NF-kappaB signaling pathway. Biomed Pharmacother. 2017;95(1091-
1102. doi:10.1016/j.biopha.2017.09.029


