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Esculentoside A could attenuate apoptosis and inflammation
in TNBS-induced ulcerative colitis via inhibiting the nuclear
translocation of NF-xB
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Background: Esculentoside A (EsA) has had a remarkable curative effect on a variety of experimental acute
and chronic inflammatory and autoimmune diseases. However, the role of EsA in the pathological process of
ulcerative colitis (UC) is still unknown.

Methods: Rat colonic smooth muscle cells (SMCs) were identified by immunofluorescence. The effect of
EsA and/or lipopolysaccharide (LPS) on the viability, proliferation, and apoptosis of SMCs was explored
via 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT), 5-ethynyl-2’-deoxyuridine (EdU)
staining, flow cytometry, and TdT-mediated dUTP nick end labeling (TUNEL) staining, respectively.
The changes of apoptosis-related proteins were performed via western blotting. The expression and
nuclear translocation of NF-kB were detected via western blotting, immunohistochemistry (IHC), and
immunofluorescence staining, respectively. Enzyme-linked immunosorbent assay (ELISA) was used to detect
the expression of IL-6 and TNF-a.

Results: The EsA treatment greatly up-regulated the viability of LPS-suppressed SMCs. The LPS-
induced cell apoptosis was significantly reversed by EsA treatment, which was achieved via down-regulating
Bax and cleaved caspase-3 expression and up-regulating Bcl-2 expression. In addition, LPS-induced IL-
6, TNF-a expression and NF-kB activation were also largely decreased when treated with EsA. In vivo, the
TNBS-induced colon injury including crypt destruction and crypt deformation, disorder, epithelial cell
remains or complete destruction, and inflammatory cell infiltration was recovered by EsA treatment. The
secretion of IL-6 and TNF-a in the serum of the model group was also down-regulated by EsA treatment.
The expression of Bax, cleaved caspase-3, and Bcl-2 showed similar trends as those observed in the in vitro
experiments.

Conclusions: Our data provides supportive evidence that EsA can relieve the symptoms of UC and be
used as a drug candidate for the treatment of UC.
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Introduction

Ulcerative colitis (UC) (1), as a kind of recurrent chronic
nonspecific inflammatory disease, is characterized by repeated
episodes of stools containing mucous and blood, abdominal
pain, and diarrhea (2). Due to its complicated etiology,
difficult cure, high recurrence rate, poor prognosis, and
increased risk of colon cancer, UC is considered a refractory
disease (3,4). Currently, the clinical treatment of UC mainly
involves glucocorticoids, 5-aminosalicylic acid, sulfasalazine,
mesalazine, and so on, which achieve their therapeutic effect
via reducing the intestinal inflammation, promoting intestinal
mucosal repair, and improving the intestinal mucosal barrier
(5-7). However, these drug treatments cannot effectively
inhibit the development of UC, especially in the prevention
of recurrence, and long-term use of these drugs often leads
to significant side effects (8). For example, non-steroidal anti-
inflammatory drugs (NSAIDs) have a great impact on the
gastrointestinal tract, and long-term use of glucocorticoids
often leads to immune suppression and adrenal cortical
suppression (9,10). Considering that multiple cellular
signaling pathway, especially NF-xB pathway, oxidative
stress, activation of pyrin domain-containing protein 3
(NLRP3) inflammasome and autophagy all take part in the
pathogenesis of UC (11), searching safe and effective drugs
that can improve inflammatory response and inhibit NF-kB
pathway are useful for provide new choice for UC treatment.

To date, a large number of studies have been conducted
to seek naturally-sourced drugs for the treatment of UC in
order to replace or supplement the available drug options,
and lots of naturally-sourced drugs are discovered to exert
beneficial influence on UC treatment (12,13). Traditional
Chinese medicine (TCM) has the characteristics of
multipotency, bidirectional regulation, and fewer adverse
reactions (14). It is of great significance to discover new
anti-inflammatory drugs derived from natural products with
less adverse effects to treat with UC. Esculentoside A (EsA),
as the main active ingredient extracted from Euphorphiae
saponin, has a wide range of pharmacological effects such as
anti-inflammatory, diuretic, and immunological regulation
(3,4). Ma et al. showed that EsA can play an inhibitory
role in nephritis via anti-inflammatory and pro-apoptotic
mechanisms (15). It also exerts an inhibitory effect on
various respiratory inflammatory conditions by inhibiting
the inflammatory cytokines and signaling pathway-related
proteins including the PPAR-y, NF-kB, and ERK signal
pathways and the Nrf-2 pathway (16,17). A study has also
demonstrated that EsA suppresses neuroinflammation
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in the hippocampus of model mice via decreasing the
phosphorylation levels of ERK, JNK, and p38 (18).
Although EsA exerts an anti-inflammatory effect in various
diseases, its function in UC is still unknown.

Often, UC is accompanied by diarrhea, abdominal pain,
and abnormal intestinal motor function (3). The biological
dysfunction of intestinal smooth muscle cells (SMCs) often
leads to abnormal intestinal motility, eventually resulting in
abnormal gastrointestinal motility (19). Although the SMCs
play the most important role in the progression of UC,
most researchers have focused on the intestinal dynamics
of SMCs in UC, and studies regarding the apoptosis and
inflammation of UC have mainly focused on the intestinal
epithelial cells (20). Therefore, we aimed to explore the
effects of EsA on the inflammation and apoptosis of SMCs.

In this study, we used lipopolysaccharide (LPS) to
treat SMCs to establish the inflammatory cells and
2,4,6-trinitrobenzene sulfonic acid (TNBS) to construct
a rat UC model. We then studied the effect of EsA on
apoptosis and inflammation iz vitro and in vive, with the
aim of providing evidence that EsA could be used as an
effective drug for the treatment of UC. To the best of our
knowledge, this is the first study concerning the possible
beneficial effect of EsA on UC. The findings of our research
may offer experimental evidence for further understanding
the suppressive effect of EsA on inflammation in UC.
We present the following article in accordance with the
ARRIVE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-2675/rc).

Methods
Animals

A total of 32 male Wistar rats (180-200 g) were obtained
from the Zhejiang Vital River Laboratory Animal
Technology Co., Ltd. (Jiaxing, China). We purchased EsA
from Shanghai Yuanye Biological Co., Ltd. (Shanghai,
China). The animals were raised in plastic cages, the
relative humidity of the room was maintained at 50-60%,
and the temperature at 20-23 °C under 12-hour light/dark
cycles. All rats were given free access to water and food.
The animal experiments were approved by the Institutional
Animal Ethics Committee of Guilin Medical University
(No. GLMC202203270), in compliance with Guide for
the Care and Use of Laboratory Animals, 8th edition. A
protocol was prepared before the study without registration.
In this study, the 32 rats were randomly divided into four

Ann Transl Med 2022;10(14):771 | https://dx.doi.org/10.21037/atm-22-2675


https://atm.amegroups.com/article/view/10.21037/atm-22-2675/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-2675/rc

Annals of Translational Medicine, Vol 10, No 14 July 2022

groups, as follows: (I) sham group (n=8; normal saline); (II)
model group (n=8; normal saline + TNBS); (III) model +
negative control (NC) group [n=8; normal saline + TNBS
+ double-distilled H,O (ddH,0O)]; and (IV) model + EsA
group (n=8, normal saline + TNBS + EsA).

TNBS-induced UC

Rats were anesthetized by intraperitoneal injection of 10%
chloral hydrate (0.3 mL/kg) after fasting for 24 hours with
free access to water. We induced UC in the rats by gentle
and slow intrarectal administration of TNBS (Sigma-Aldrich,
St. Louis, MO, USA; 100 mg/kg dissolved in 0.25 mL of
50% ethanol) using a flexible gastric lavage needle inserted
8 cm into the colon. Then, the rats were kept head down for
1 minute and lain on their backs in the cage. The Sham model
group was administered with 0.25 mL saline as a control.
In the model + EsA group, the rats were intraperitoneally
injected with EsA (20 mg/kg, Shanghai Yuanye Biological
Co., Ltd.) immediately after the UC model was induced and
the rats were sacrificed after 10 days of continuous injection
of EsA (21). In the model + NC group, the model rats were
administered with an equal volume of saline as a NC.

Isolation of colonic SMCs

Rats were euthanized by CO, inhalation, abdominal
incisions were made vertically, about 10 cm of the colons
were quickly removed starting from 2 cm distal to the
anus and placed in normal saline, enema irrigation was
repeatedly applied, and the serum was obtained for the
subsequent measurements. Then, the colons were placed in
HEPES-buffered Ringer solution (G-clone, Beijing, China)
containing 300 U/mL streptomycin (Sigma-Aldrich, USA)
and soaked for 15 minutes. The mucosal and serosa layers
were gently scraped from the muscle layer by mechanical
erasion until the remaining tissue layer was transparent
under the stereomicroscope. The tissue layer was cut up and
homogenized, added to digestive fluid (4 mL) containing
the 0.1% type II collagenase (Worthington Biochemical
Corp., Lakewood, NJ, USA) and 0.01% soybean trypsin
inhibitor (Worthington, USA), then incubated at 30 °C for
20 minutes, centrifuged, and the supernatant was discarded.
The precipitates were again digested by digestive fluid
(6 mL) at 30 °C for 30 minutes. The partially digested
tissues were washed using collagenase-free medium and
collected via centrifuging at 1,000 r/min for 5 minutes.
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After that, the partially digested tissues were resuspended
in Dulbecco’s modified Eagle medium (DMEM) and
the SMCs were collected via filtration using 100 mesh
cell sieves. The SMCs were plated at a concentration of
1x10° cells/mL and cultured with DMEM (Gibco, Grand
Island, NY, USA) medium containing streptomycin
(200 pg/mL), penicillin (Sigma-Aldrich, 200 U/mL),
amphotericin B (Sigma-Aldrich, 2.5 pg/mL), gentamycin
(Sigma-Aldrich, 100 pg/mL), and 10% fetal bovine serum
(FBS) (HyClone, Logan, UT, USA) at 37 °C with 5% CO,.
The cell viability was detected using the Trypan blue assay
(Thermo Fisher Scientific, Waltham, MA, USA; 0.4%, w/v).
The cells were cultured for 24 hours, then the medium was
replaced and the non-adherent cells were discarded. After
that, the DMEM medium was replaced every 3—4 days as

needed until reaching about 90% confluence.

Cell treatment

In this study, the in vitro experiments were divided into
3 parts. In the first part, the SMCs cells were pretreated
with EsA (0, 4.5, 9, and 18 pM; Topscience, Shanghai,
China) for 1 hour and then treated with LPS (Sigma-
Aldrich, 1 pg/mL) for 24 hours. In the second part, the
SMC:s cells divided into four groups: (I) control group; (II)
EsA (9 pM) group (cells were treated with EsA for 24 h);
(III) LPS group (1 pg/mL 24 h); and (IV) LPS (1 pg/mL) +
EsA (9 pM) group (cells were co-treated with LPS and EsA
for 24 h). In the third part, the SMCs cells divided into four
groups: (I) control; (I) LPS (1 pg/mL) group (cells were
treated with LPS for 24 h); (I) LPS (1 pg/mL) + NC group
(cells were pretreated with LPS for 24 h and then treated
with solvent control); and (IV) LPS (1 pg/mL) + EsA
(9 pM) group (cells were pretreated with LPS for 24 h and
then treated with EsA for 2 h).

Immunofluorescence staining

Generally, SMCs were fixed, permeabilized, blocked, and
then incubated with anti-a-actin [Cell Signaling Technology
(CST), Danvers, MA, USA; 6487, 1:100 dilution] or
anti-p65 (CST, 69994, 1:400 dilution) antibodies at 4 °C
overnight. Then, cells were stained with FITC-conjugated
immunoglobulin G (IgG; 1:100 dilution) and the nucleus
were stained with 4°,6-diamidono-2-phenylindole (DAPI).
Lastly, the pictures were captured using a fluorescence
microscope (Olympus, Tokyo, Japan) at 400x magnification.
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3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolinm
bromide (MTT) assay

The total of 3x10° SMCs were seeded into 96-well plates
and treated as described previously. The cell viability
was tested using a MT'T assay kit (Sangon Biotech Co.,
Ltd.) at 24 hours after drug treatment, according to the
manufacturer instructions. Lastly, the MTT in cells were
dissolved with 150 pL. dimethyl sulfoxide (DMSO; Sigma-
Aldrich, USA) and the absorbance at 490 nm was measured
using a microplate reader (BMG LABTECH, Offenburg,
Germany).

EdU staining

The treated SMCs cells were labeled with 50 pM 5-ethynyl-
2’-deoxyuridine (EdU) (Thermo Fisher Scientific, USA)
for 2 hours according to the protocol, and the cells nuclei
were stained with DAPL. The cells were observed using a
fluorescence microscope (Olympus, Japan) with the scale
bar set at 50 pm.

Cell apoptosis assay

After treatment as previously described, SMCs were
collected and re-suspended with 600 pL biding buffer
containing 1% propidium iodide and Annexin V-FITC
(Thermo Fisher Scientific, USA), then the cells suspension
was incubated away from light for 20 minutes. A flow
cytometer (Beckman Coulter, Miami, FL, USA) was used to

analyze cell apoptosis.

Nuclear and cytoplasmic separation

Nouclear and cytoplasmic separation were carried out using
Nuclear and Cytoplasmic Extraction Reagents (CER;
Thermo Fisher Scientific, USA). We used CER I to
resuspend the cells and incubate on ice for 10 minutes, and
then CER II was added to the tube and incubated on ice for
1 minute. Then, the supernatant (cytoplasmic extract) was
obtained by centrifuging the tube at maximum speed and
the insoluble (nuclear pellets) fractions were extracted with
the nuclear extraction reagent (NER) on ice and stored at
-80 °C until use.

Western blotting

Briefly, SMCs isolated from the colon were solubilized in
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radioimmunoprecipitation assay (RIPA) lysate (Beyotime,
Nanjing, China) containing protease and phosphatase
inhibitors. The concentrations of protein were determined
with the bicinchoninic acid (BCA) kit (Beyotime). The
proteins were fractionated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and the
separated proteins were transferred to polyvinylidene
fluoride (PVDF) membranes. The blots were incubated
with the primary antibodies against Bax (CST, 14796,
1:1,000), Bcl-2 (Abcam, ab194583,1:1,000), cleaved
caspase-3 (Invitrogen, Carlsbad, CA, USA; PA5-114687,
1:1,000), p65 (CST, 69994, 1:1,000), GAPDH (CST, 5174,
1:1,000), B-actin (CST, 4970, 1:1,000), and Lamin B1 (CST,
13435, 1:1,000) at 4 °C for 12 hours, and then incubated
with secondary antibody conjugated with horseradish
peroxidase (HRP) for 2 hours. Then, the protein bands
were visualized by ECL-Plus reagent (Thermo Fisher
Scientific, USA) using the Gel Imaging System.

Enzyme-linked immunosorbent assay (ELISA)

The inflammatory cytokines IL-6 and TNF-o in the
supernatant and serum were detected via ELISA. All the

detection reagents were obtained from R&D Systems
(Minneapolis, MN, USA).

Hematoxylin and eosin (H&E) staining and histological
score

The colonic tissues were collected and fixed with 4%
paraformaldehyde immediately after the rats were
sacrificed. The 4-pm colonic tissues sections were stained
with H&E solution (H8070, Solarbio, Beijing, China)
according to the standard procedures. The images were
captured using a microscope (Nikon, Japan) at 200x and
400x magnification, respectively. The TNBS-induced
colitis model was assessed using histological scoring system.
Briefly, each colon was scored in consideration of (I) the
extent of inflammation; (II) the severity of inflammation;
and (III) crypt damage. The total score of histology was
between 0 and 10. The specific scoring criteria were as
described by Xiao and Fattahi ez al. (22,23).

TdT-mediated dUTP nick end labeling (TUNEL) staining

Briefly, the colonic tissues on slides (4 pm) were colored
using TUNEL probes (Beyotime, Nanjing, China), and
the cell nuclei were stained with DAPI. A fluorescence
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microscope (Olympus, Tokyo, Japan) was used to capture
the images at 400x magnification.

Immunobistochemistry (IHC)

Briefly, the colonic tissues on slides (4 pm) were treated
according to the instructions. The sections were incubated
with a p65 antibody (CST; 1:100) at 4 °C overnight,
and then incubated with a secondary antibody at room
temperature for 2 hours. Immuno-reactivity was visualized
by using the 3,3-diaminobenzidine (DAB) chromogen. The
sections were stained with hematoxylin and examined under
a microscope (Olympus, Japan).

Statistical analysis

The software GraphPad Prism 7.0 (GraphPad Software Inc.,
San Diego, CA, USA) was used to process all data, and mean
+ standard deviation was used to evaluate the data. One-
way analysis of variance (ANOVA) was used to compare the
multiple groups to evaluate the statistical significance. A P
value <0.05 was considered as statistically significant.

Results

The effect of LPS on apoptosis and proliferation in colonic
SM(Cs were partially veversed by EsA

We selected EsA due to it having the highest content of
saponins in the Euphorphiae family and the structure is
shown in Figure 1A. It has a remarkable curative effect in
inflammatory diseases (24). However, the role of EsA in the
pathological process of colitis is still unknown. To study the
effect of EsA on colitis, the SMCs were isolated from rat
colons and identified via immunofluorescence staining. The
data showed that the isolated cells expressed a-actin, which
is a marker of SMC cells (Figure 1B), indicating that the
SMC cells had been isolated from the rat colons successfully.
To explore the role of EsA on colitis, the SMCs were
pretreated with EsA and then treated with LPS to induce
the colitis model iz vitro. As the results demonstrated that
EsA could effectively improve cell viability which reduced
by LPS in a dose-dependent manner, especially for 24 and
48 hours (Figure 1C). Moreover, the SMC cells were treated
with LPS or EsA alone or in combination to explore the
cell proliferation and apoptosis. The data showed that co-
treatment with EsA and LPS could effectively increase the
cell viability reduced by LPS (Figure 1D). Furthermore, co-
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treatment with EsA and LPS could effectively decrease the
cell apoptosis increased by LPS in SMCs (Figure 1E,1F).
The EdU staining showed the opposite results in cell
proliferation (Figure 1G). All the data indicated that the
apoptosis and proliferation of SMCs induced by LPS were
greatly reversed by EsA.

The apoptosis and inflammation induced by LPS were
largely attenuated by EsA via inhibiting the nuclear
translocation of NF-kB in vitro

To further explore the effect of EsA in apoptosis and
inflammation induced by LPS, the cell apoptosis and
inflammatory factors including IL-6 and TNF-a were
detected. As the results showed that the cell apoptosis
induced by LPS were partly reduced by EsA (Figure 24,2B).
In addition, the expression of Bax and cleaved caspase-3
which was increased by LPS were partly decreased by EsA;
however, the expression of Bcl-2 showed the opposite
results (Figure 2C). Moreover, the secretion of IL-6 and
TNF-a promoted by LPS were largely inhibited by
EsA (Figure 2D,2E). Furthermore, the western blot and
immunofluorescence staining showed that LPS could
activate NF-kB and promote its nuclear translocation, and
that EsA could inhibit the nuclear translocation of NF-xB
induced by LPS (Figure 2F2G).

EsA treatment attenuated TINBS-induced UC in rats

The histological data showed that muscularis propria,
mucosa, submucosal, and serosa in the colon of the control
group were normal in morphology, without inflammatory
cells (Figure 3A4). Conversely, the TNBS group and TNBS
+ NC group displayed disrupted colonic architecture, and
infiltration of inflammatory cells with depletion of crypt and
thickened muscle layer. Nevertheless, the EsA treatment
group reduced the severity of TNBS-induced intestinal
damage (Figure 3A4,3B). Furthermore, the inflammatory
cytokines TNF-a and IL-6 in serum of TNBS-induced
UC rats were markedly increased when compared with
the control group. Moreover, EsA notably inhibited the
secretion of TNF-a and IL-6 in TNBS induced UC rats
(Figure 3C,3D).

EsA treatment reduced TNBS-induced apoptosis and
NF-kB p65 expression in colon tissue

The apoptosis and apoptosis-related proteins in colon
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Figure 1 EsA attenuated the effect of LPS on apoptosis and proliferation in vitro. (A) The structure of EsA. (B) The expression of o-actin in
SMC cells isolated from rat colon were detected via immunofluorescence staining. (C,D) The effect of LPS and EsA on cell viability were
detected by MT'T assay. (E,F) The effect of LPS and EsA on cell apoptosis were observed via flow cytometry. (G) The role of LPS and EsA
in cell proliferation were detected via EAU staining. **P<0.001 vs. Control; “P<0.05 vs. LPS; #P<0.01 vs. LPS; **P<0.001 vs. LPS. DAPI,
4,6-diamidono-2-phenylindole; OD, optical density; LPS, lipopolysaccharide; EsA, esculentoside A; EAU, 5-ethynyl-2’-deoxyuridine; SMC,
smooth muscle cells; MTT, 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide.
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Figure 2 EsA attenuated cell apoptosis, inflammation and the NF-«B nuclear translocation in vitro. Cells were pretreated with LPS for

24 h and then treated with EsA for 2 h. (A,B) The cell apoptosis was detected via flow cytometry. (C) Western blotting was used to detect

the expression of proteins. (D,E) The secretion of TNF-a and IL-6 in the supernatant were detected via ELISA assay. (F,G) The nuclear

translocation of NF-kB were detected via western blotting and immunofluorescence staining, respectively. ***P<0.001 vs. Control; *P<0.01

vs. LPS. LPS, lipopolysaccharide; NC, negative control; EsA, esculentoside A; TNF-a, tumor necrosis factor-a; IL-6, interleukin-6; DAPI,

4 ,6-diamidono-2-phenylindole; ELISA, enzyme-linked immunosorbent assay; NF-kB, nuclear factor-kB.
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Figure 3 EsA treatment attenuated histochemical score and secretion of inflammatory factors in TNBS-induced UC. (A) Histopathological

features in the colon tissues were detected by H&E staining. (B) Histological score. (C,D) The secretion of TNF-o and IL-6 in the serum
were detected via ELISA assay. **P<0.01, **P<0.001 vs. Control; *P<0.01 vs. Model. NC, negative control; EsA, esculentoside A; TNBS,

2,4,6-trinitrobenzene sulfonic acid; UC, ulcerative colitis; TNF-a, tumor necrosis factor-a; IL-6, interleukin-6; ELISA, enzyme-linked

immunosorbent assay; H&E, hematoxylin and eosin.

tissues were detected via TUNEL staining and western
blotting, respectively. The results demonstrated that
apoptosis was increased in the TNBS group when
compared with the control group, and EsA administration
could reduce the apoptosis in the colon tissues of TINBS-
induced UC rats (Figure 44). Besides, the pro-apoptotic
proteins including Bax and cleaved caspase-3 increased by
TNBS were decreased by EsA in UC rats (Figure 4B), and
the expression of anti-apoptotic protein Bcl-2 showed the
opposite results (Figure 4B). Moreover, the expression of
NF-«B p65 were detected via immunostaining on colonic
tissues. The data showed that the expression of NF-kB p65
was up-regulated in the TNBS group when compared with
the control group. However, EsA administration resulted
in the reduction of the expression of NF-xB p65 compared
with the model + NC group (Figure 4C).

© Annals of Translational Medicine. All rights reserved.

Discussion

The bowel disease UC is a chronic, non-specific,
inflammatory disease occurring in the colon and rectum
with an extended duration and high recurrence rate (3).
To date, studies have shown that the occurrence of UC is
mainly caused by environmental deterioration, genetics,
immunity, and other factors, especially the abnormal
immune response of the body (3,4). Moreover, long-
term unhealed UC can increase the risk of colon cancer.
Inflammatory response-resulted DNA damage, oxidative
stress, microsatellite and chromosomal instabilities can
contribute to the UC-related carcinogenesis (25). It is
of great significance to seek anti-inflammatory drugs for
the treatment of UC. In this study, firstly, we used EsA to
treat the LPS-induced SMC cell inflammatory damage
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Figure 4 EsA treatment reduced TNBS-induced apoptosis and NF-kB p65 expression in colon tissue. (A) The apoptosis in colonic tissue

were detected by TUNEL staining. (B) The expression of proteins in colonic tissue were detected by western blotting. (C) The NF-«B p65

expression in colonic tissue were observed via immunostaining. NC, negative control; EsA, esculentoside A; TUNEL, TdT-mediated dUTP

nick end labeling; DAPI, 4’,6-diamidono-2-phenylindole; TNBS, 2,4,6-trinitrobenzene sulfonic acid; NF-«xB, nuclear factor-«B.

and demonstrated that EsA can significantly alleviate
the SMC cell inflammatory injury. The symptoms and
histological changes of the TNBS/ethanol model were
similar to those of human UC, which could simulate the

© Annals of Translational Medicine. All rights reserved.

chronic recurrence process of UC, and could be used to
evaluate the therapeutic effect of new treatment methods on
human UC (26,27). The TNBS-induced UC model has the
advantages of simple operation, good reproducibility, short
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induction time, and long duration of inflammation, which
can reflect the complex process of the transformation from
acute inflammation to chronic inflammation, and create
conditions for the study of inflammation chronization and
the exploration of drug therapy (28). Therefore, consistent
with the earlier study (29), we also constructed rat UC
model via TNBS/ethanol method to explore the therapeutic
effect of EsA on UC. After treatment with 20 mg/kg EsA
for 10 days, the mucosal inflammatory cell infiltration was
significantly decreased, ulcers were healed, necrotic mucosal
epithelium was repaired, crypt abscess was alleviated
or disappeared, and histological score was significantly
reduced, indicating that EsA had a good therapeutic effect
on TNBS-induced UC.

Reports have demonstrated that the imbalance between
pro-inflammatory cytokines and anti-inflammatory
cytokines disrupts the relief of inflammation in the colon
which further aggravates the pathogenesis of UC (30).
Among these cytokines, TNF-a and IL-6 are considered key
pro-inflammatory cytokines that cause intestinal mucosal
damage and lead to inflammation (31). Notably, TNF-a
could stimulate monocyte macrophages and neutrophils to
synthesize IL-6, IL-8, and other cytokines (32). Meanwhile,
IL-6, as a pro-inflammatory cytokine with a wide range
of effects, is involved in the inflammatory process and
can regulate the immune response (33,34). The excessive
release of IL-6 often leads to the inflammatory lesions in
UC. Therefore, its level could reflect the condition change
of UC and be used as a biological indicator of efficacy and
prognosis. Ju et al. (21) discovered that EsA could reduce
LPS-caused TNF-a, IL-1 and IL-6 production of peritoneal
macrophages in mice. Liu er al. (35) reported that EsA
inhibited breast cancer progression via suppressing 1L-6/
signal transducer and activator of transcription 3 (STAT3)
pathway. In this study, we also showed that the levels of
TNF-a and IL-6 were effectively suppressed after treatment
with EsA in LPS-treated SMCs and TNBS-induced UC
rat model, indicating that EsA could significantly improve
the inflammatory response of mice with UC and the
inflammatory response of SMCs induced by LPS.

As a transcription factor regulates the expression of
inflammatory factors such as IL-6 and TNF-a, NF-xB
is closely related to the pathogenesis and progression of
various types of enteritis (36). The main component of NF-
kB signaling pathway, p65/p50 dimer, is in a suppressed
state when it combines with IxB in cytoplasm (37). Under
the stimulus of external signals, IkB is phosphorylated and

© Annals of Translational Medicine. All rights reserved.
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degraded, and the p65/p50 dimer is released and migrated
to the nucleus, thus activating the NF-«xB signaling
pathway (17). Earlier literature reported that EsA treatment
inhibited the activation of NF-kB caused by LPS in kidney
tissue of mice (38). Moreover, EsA was discovered to
participated in NF-«xB nuclear translocation in experimental
acute liver injury of mice (17). Here, we also showed that
LPS-promoted p65 nucleation was significantly suppressed
when treated with EsA, highlighting that EsA played its
protective role in UC via regulating NF-«B pathway. In the
in vivo experiments, we demonstrated that the up-regulated
p65 expression, which was mainly found in the muscularis
externa section in the UC group, was also greatly decreased
under the treatment of EsA, further confirming that EsA
might treat UC by regulating the NF-kB pathway.

The imbalance of Bel-2 (an anti-apoptotic protein) and
Bax (a pro-apoptotic protein) often leads to changes in the
apoptotic ability of cells (39,40). The caspase protein family
is involved in the initiation and regulation of apoptosis,
and caspase-3 is a key enzyme in the activation of various
apoptosis-stimulating factors (1). In this study, we showed
that EsA could decrease the apoptosis rate of LPS-treated
SMCs, suppress the Bax protein level, and increase the
protein levels of Bel-2 and caspase-3, indicating that EsA
could greatly inhibit the apoptosis of LPS-induced SMCs.
Besides, the similar trends were observed in the iz vivo
experiments, further confirming that EsA could significantly
reduce the apoptosis in UC.

Intestinal mucosal immune is an important part of
human immune system (41). There are diffuse lymphoid
tissue, isolated lymphoid nodules, collective lymphoid
nodules, lymphocytes, macrophages and plasma cells in
intestinal digestive tract, which work together to form
intestinal mucosal immune system (42). Previous literature
reported that the defect or damage of intestinal mucosal
immune might be associated with UC (43). Considering
that EsA had excellent anti-inflammatory activity, we think
that EsA might also have a beneficial effect on inflammation
in intestinal mucosal immunity. In the future, we will
further explore the possible beneficial influence of EsA in
intestinal mucosal immune.

Conclusions

Our study showed that EsA can inhibit the inflammatory
response and cell apoptosis by regulating the NF-«xB
signaling pathway thereby inhibiting inflammatory factors
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TNF-a and IL-6 expressions in LPS-induced inflammatory
cells and the rat UC model, which provided evidence that
EsA might be used as a novel therapeutic drug for UC
treatment. Due to the pathogenesis of UC is very complex,
which involves in multiple inflammatory-related factors,
intestinal cell apoptosis and autophagy, as well as intestinal
mucosal immune (44), how EsA modulates the nuclear
translocation of NF-«B is still unclear, more animal and
clinical experiments are still needed to further explore the
efficacy and safety of EsA on UC treatment in the future.
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