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Background and Aims: Surgery remains the major available strategy in inflammatory
bowel disease (IBD) fibrotic strictures because no available drugs have sufficient
prevention and treatment in this complication. This study aimed to evaluate the
efficacy of the total flavone of Abelmoschus manihot L. Medic (TFA) on the
development of colonic fibrosis in mice and its possible mechanism.

Methods: The 2,4,6-trinitrobenzene sulfonic acid (TNBS)-induced chronic colonic
inflammation-associated fibrosis mice were used to evaluate anti-fibrosis of TFA using
macroscopic, histological, immunohistochemical analyses, ELISA, Masson staining,
Verhoeff’'s von Gieson staining, transcription-quantitative polymerase chain reaction,
and immunoblot analysis.

Results: Oral administration of TFA attenuated body weight loss, reduced colon length
shortening, lowered the morphological damage index score, and notably ameliorated the
inflammatory response. TFA downregulated proinflammatory cytokines IL-6, IL-17, TNF-q,
IFN-y productions, and increased the levels of anti-inflammatory cytokine IL-10 and TGF-p.
The histological severity of the colonic fibrosis was also notably improved by the TFA
treatment and associated with a significant reduction in the colonic expression of col1a2,
col3a2, and hydroxyproline. TFA inhibits a-SMA, TGF-B, vimentin, TIMP-1 expression,
increasing MMPs, thereby inhibiting activated intestinal mesenchymal cells and
extracellular matrix (ECM) deposition.

Conclusion: Together, we herein provide the evidence to support that TFA may restore
the imbalance of Th17/Treg and decrease the generation of ECM. This may be a potential
mechanism by which TFA protects the intestine under inflammatory conditions and acts as
a therapeutic agent for the treatment of intestinal fibrosis in Crohn’s disease.
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INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory bowel disease
that affects any part of the gastrointestinal tract, and its
prevalence has increased annually worldwide. CD manifests
with abdominal pain, chronic diarrhea, and weight loss in the
clinic. With progressive bowel damage, complications including
strictures and/or penetrating lesions gradually arise (Freeman,
2003). CD is presumed to be an idiopathic chronic autoimmune
disorder, characterized by T-cell dysfunction. The imbalance of
Th17/Treg cells is at the heart of its pathogenesis (Brand, 2009).

Population-based cohort studies showed that up to 40% of
patients with CD will develop intestinal fibrosis, which involves
all intestinal layers and lead to strictures and even intestinal
obstruction (Peyrin-Biroulet et al., 2010; Cosnes et al.,, 2011).
Fibrogenesis is an adaptive response to the onset of inflammation
and facilitates tissue repair, whereas fibrosis is an exaggerated
response to chronic inflammation and leads to excessive scarring
characterized by profound production and deposition of
extracellular matrix (ECM). The ECM is formed primarily of
collagen subtypes I, III, and V and proliferation of mesenchymal
cells mainly fibroblasts, myofibroblasts, as well as smooth muscle
cells, leading to stiffness and remodeling (Graham et al., 1988).
The deposited ECM is usually degraded by matrix
metalloproteinases (MMPs), which can be inhibited by tissue
inhibitors of metalloproteinases (TIMPs). The fibrosis will occur
when ECM production is increased and surpasses degradation
(Rieder et al., 2017).

Intestinal fibrosis is tightly linked to chronic inflammation,
but a sufficient body of evidence suggests that once fibrosis is
initiated, it seems to progress independently from inflammation
(Wu and Chakravarti, 2007; Rieder et al., 2017). Therefore,
despite a great advance in pharmacological treatment,
especially new biologic therapies targeting different immune
pathways have been introduced over recent years, and no
effective anti-fibrotic agents have been released to date. In
contrast to recent advances in anti-inflammatory treatment,
little therapeutic progress has been made regarding anti-
fibrotic treatment. Endoscopic interventions or surgery such as
stricture plasty or bowel segment resection remain as major
therapeutic approaches for patients with symptomatic
strictures, especially CD (Rieder et al., 2013). Overall, 70% of
CD patients with fibrotic stenosis require partial bowel resection
within 10years of disease progression (Zorzi et al, 2015).
Fibrosis-related complications are associated with a high
socioeconomic burden due to frequent hospitalizations and
surgeries (Yu et al., 2008; Rao et al., 2017).

There is an urgent and unmet need to expedite the
development of anti-fibrotic drugs for IBD. Antifibrotics
developed from natural products for natural medicines may
cause hypotoxicity and are time saving. Total flavone of
Abelmoschus manihot L. Medic (TFA) is the main flavonoid
compound extracted from Abelmoschus manihot, which has
been traditionally used in Chinese medicine to treat infectious
diseases, malignant sores, or cellulitis, due to its anti-
inflammatory and regulating immune function.
Pharmacological and clinical studies have demonstrated that
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the extract of its flowers possessed various biological activities,
including analgesic, anti-inflammatory, antioxidant, renal
protection, gastric protection, etc. (Luan et al., 2020). Previous
studies have reported that TFA can improve renal tissue fibrosis
and reverse renal fibrosis in model mice (Chen et al., 2012). Our
findings indicated that TFA could suppress the inflammatory
response in mice with TNBS-induced colitis via inhibition of the
NF-kB and MAPK signaling pathways (Zhang D. et al., 2019a). In
vitro experiments have demonstrated that TFA inhibiting TGF-f
induced epithelial-to-mesenchymal transition (EMT) in IEC-6
cells, which was typically considered to be a pivotal step in fibrosis
(Yang et al,, 2018). We also have demonstrated the anti-fibrotic
actions of TFA in ameliorating TNBS-induced colitis fibrosis
(Zhang et al., 2017), whereas, the specific mechanisms remain to
be elucidated. This study was undertaken to validate the
protection effect of TFA in an animal model of intestinal
fibrosis and to further explore the possible mechanism of action.

MATERIALS AND METHODS

Preparation of Total Flavone of
Abelmoschus manihot L. Medic

Abelmoschus manihot was collected from Jiangyan of Jiangsu
Province, China. TFA was extracted from the flowers of
Abelmoschus manihot by the Department of Chinese Materia
Medica, Nanjing University of Chinese Medicine, Nanjing,
China. Powdered Abelmoschus manihot flowers were
immersed in 75% ethanol for 1h. The mixture was refluxed
for 1h at 90°C and filtered by analytical filter paper, and
evaporated by rotary evaporation under vacuum at 60°C. For
animal experiments, TFA was dissolved in sterile water.

Animals

Sixty male BALB/C mice (6-8 weeks, 16-20 g) were purchased
from the Animal Experimental Center of Nanjing Medical
University (Nanjing, China). All mice were housed in plastic
cages on a 12-h light/12-h dark cycle under controlled
temperature (22 + 2°C) and humidity (50 + 10%), with ad
libitum access to food and water. All animal welfare and
experimental procedures followed the National Institute of
Health (United States) guidelines, and were approved by the
Animal Ethics Committee of Affiliated Hospital of the Nanjing
University of Chinese Medicine.

Induction and drug administration of

chronic colitis

Chronic colonic inflammation-associated fibrosis was induced as
reported previously (Tomasello et al, 2015). The mice were
randomly divided into three groups: listed as 45% ethanol
group of 12 mice, saline group of 12 mice, TNBS model group
of 36 mice. Briefly, after being deprived of food overnight and
lightly anesthetized with ether, 0.5 ml of 45% ethanol (sham-1),
saline (sham-2), or TNBS (50 mg/kg) dissolved in 0.5 ml of 45%
ethanol were instilled into the colon (3.5 cm proximal to the anus)
through a flexible catheter carefully, and the animal was held in
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the Trendelenburg position for 1 min to ensure contact with the
intestinal mucosa. The experiment was repeated weekly for
4 weeks. Subsequently, the mice with TNBS-induced colitis
were randomly assigned to three treatments (12 mice/group),
model group, TFA in the modeling group (TFA treatment was
started at the beginning of TNBS induction), and TFA after the
modeling group (TFA treatment starts 1 week after the end of
TNBS induction). In the preliminary study, Masson staining
showed that the fibrosis score and the percentage of collagen
area decreased more significantly in the 250 mg/kg than in the
125 and 500 mg/kg groups, and therefore, this dose was used
throughout the whole experiments (Zhang et al., 2017). TFA
(250 mg/kg, dissolved in 0.5 ml of sterile water) was administered
once daily via intragastric instillation every day for 4 weeks.
Groups of sham-1, sham-2, and model received the sterile
water by the same route.

Blood samples were taken by intracardiac puncture of mice
under anesthesia before killing. Then the mice were sacrificed by
neck dislocation, and the colonic samples were collected. All
tissues were subdivided for RNA and protein isolation and
histological analysis.

Assessment of Colonic Damage

Bodyweight, stool features, and fecal occult blood of the mice
were monitored throughout the experiment on alternate days.
The disease activity index (DAI) was evaluated according to
previously established criteria (Tomasello et al., 2015). The
length and weight of colons were determined. Colon gross
morphological damage index (CMDI) score was calculated
according to previously established criteria (Wang et al., 2017).
Scores of two gross morphology values were averaged for
statistical analysis.

Histopathological Examination

The colonic samples were fixed in 10% formalin, and paraffin
embedded. Then the 5um thickness serial sections were
subjected to hematoxylin/eosin (H&E) staining. Finally, the slides
were examined under a light microscope (with x100 magnification)
to observe the morphological changes and recorded (Nikon 80i). Ten
random microscopic fields from each tissue section were digitally
captured under fixed microscope illumination settings. At least six
colonic tissues were selected and analyzed for each animal.

Masson Staining and Verhoeff’s van Gieson
Staining
The paraffin blocks of colonic tissue were cut in 5 pm thickness,
and sections were subjected to Masson trichrome staining
following the manual. Photographs were taken by light
microscope (Nikon 80i). Under the low-power microscope, the
collagen fibers were stained blue, and the cytoplasm and muscle
fibers were stained red. Then the percentage of the collagen fiber
as a fraction of the overall area was calculated.

To visualize the collagen deposition and fibrosis in the colon,
we used Verhoeff’s van Gieson staining. Colonic tissue sections
were stained in Verhoeffs staining solution for 30 min. The

specimens were differentiated with 2% ferric chloride
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(Sigma-Aldrich) for 1min and rinsed briefly in running tap
water; the color changes were observed under a microscope to
control the degree of dyeing. In the next steps, von Gieson
solution (saturated picric acid, 1% acid fuchsine, and distilled
water) was applied for 3-min staining. Finally, the specimens were
dehydrated in graded alcohols and xylene. In the resulting slides,
elastic fibers were black, collagen red, and background yellow.
Finally, the percentage of the collagen fiber as a fraction of the
overall area was calculated.

Immunohistochemical Analysis
Immunohistochemical analysis was performed on paraffin-
embedded colonic tissue sections (5 pm). The antibodies were
used as follows: a-smooth muscle actin, TGF-f, Colla2, Col3a2,
and vimentin (Abcam, Cambridge, MA, USA). The sections were
treated with 3% hydrogen peroxide in methanol to quench the
endogenous peroxidase activity, followed by incubation with 1%
BSA to block nonspecific binding. Then the primary antibody was
incubated for 12 h at 4°C, and the second antibody was incubated
for 1 h at room temperature. After staining of HRP deposits with
diaminobenzidine (DAB) solution, the specimens were observed
by a light microscope (Nikon 801i). For quantitative analysis of the
results of immunohistochemistry, the average optical density was
calculated as IOD/total area.

Enzyme-Linked Immunoassay

Serum and colonic tissue levels of IL-6, IL-10, IL-17, TNF-a, IFN-
y, TGF-B, IGF-1, and hydroxyproline were determined using
ELISA kits (Abcam, Cambridge, MA, USA), according to the
instructions of the manufacturer.

RNA Isolation and Quantitative
Real-Time-PCR

TRIzol Reagent (Generay, China) was used for the extraction of
total RNA from colonic tissue specimens. Complementary DNA
was synthesized from 1pg of total RNA using reverse
transcriptase (Takara Bio Inc., Shiga, Japan). Gene expression
was quantified using SuperReal PreMix Plus (with SYBR Green I)
(Tiangen Biotech, Beijing, China) in a CFX Connect Real-Time
PCR Detection System. The mRNA gene expression levels were
normalized to GAPDH gene expression levels. The real-time PCR
reactions were performed in triplicate.

Western Blotting

The total protein was extracted from the colonic tissue using a
lysis buffer. The protein concentration of the supernatant was
determined using a BCA protein assay kit (Vazyme, USA).
Samples (25 pg of protein) were separated on 10% SDS-PAGE
gels and transferred to PVDF membranes and incubated with
skim milk (5%) for 1h at room temperature and then with
primary antibodies overnight at 4°C. The primary antibodies
included those that were selectively recognized: TGF-p,
Colla2, Col3a2, a-SMA (Abcam, Cambridge, MA, USA),
followed by incubation with corresponding secondary
antibodies. The signals were visualized using an ECL detection
reagent (Yeasen Biotechnology, Shanghai, China), and the results
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were measured using ImageJ software 1.48 (National Institutes of
Health).

Statistical Analysis

Data analyses were performed using the R statistics package (R
Statistical Software, version 3.3.3). The experimental data were
presented as the mean + standard deviation. Differences
between experimental groups were assessed by one-way
analysis of variance (ANOVA), followed by a least significant
difference test, which was used to make comparisons among the
groups. A value of p < 0.05 was considered statistically
significant. In all figures, “*” represents p < 0.05, **p < 0.01,
and ***p < 0.001 compared with the sham-1 and sham-2 groups;
*p < 0.05 "p < 0.01, "p < 0.001 compared with the
model group.

RESULTS

Total Flavone of Abelmoschus manihot L.
Medic is Protective Against Colitis Induced
by 2,4,6-Trinitrobenzene Sulfonic Acid

In this study, the TNBS-induced chronic colitis mice model was
employed to evaluate the effect of TFA. As expected, a marked
progressive weight loss and DAI score increase was observed in
TNBS-induced mice compared with the sham-1, sham-2 groups,
while treatment with TFA in modeling or after modeling showed
significantly reversed body weight loss (Figure 1A) and DAI
score (Figure 1B). Moreover, we found that the colon length and
weight in the TNBS-induced colitis group decreased compared
with the control (sham-1, sham-2) group, while the treatment
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with TFA significantly rescued TNBS-induced colon damage
(Figures 1C, D) and decreased the CMDI score (Figure 1E).
The histopathological examination showed that in the colon
tissue of the TNBS-induced group, the inflammatory cells
infiltrated into the mucosa, there was loss of goblet cells, the
epithelium exfoliated, and there was distortion of crypts. All these
symptoms were substantially improved by TFA treatment, and
the effect of TFA intervention is better in modeling than after
modeling (Figure 1F).

Total Flavone of Abelmoschus manihot L.
Medic Treatment Protects Against
2,4,6-Trinitrobenzene Sulfonic
Acid-Induced Colonic Fibrosis

As evidenced by Masson staining and EVG staining, intestinal
fibrosis was significantly increased in the colons of the mice after
repeated TNBS administration (Figures 2A, B). In sham-1 and
sham-2 groups, the blue staining of collagenous fibrous tissue was
present mainly in the submucosa after Masson staining. Some
narrow bands of blue staining were seen between the smooth
muscle fibers of the muscularis propria. In TNBS-induced mice,
the blue staining collagen in the submucosa was increased. The
same result was observed by EVG staining, and collagen was
stained red. Compared with the TNBS-induced group, the
amount of collagen was decreased in the submucosa in the
TFA in the modeling group, which confirms that TFA could
intervene in the development of colon fibrosis in chronic colitis.

Total Flavone of Abelmoschus manihot L.
Medic Alleviated 2,4,6-Trinitrobenzene
Sulfonic Acid-Induced Inflammation and
Fibrosis in the Colon of Mice by Regulating
the Th17/Treg Balance

To further explore the protection mechanism of TFA on the
TNBS-induced chronic colitis model, the inflammatory factors in
serum and colon tissue were detected by ELISA. There was
significant upregulation of the Th17cell induced differentiation
factor IL-6 and specific cytokines IL-17 both in serum and tissues
after TNBS induction. Conversely, the secretion of Treg cell-
specific cytokines was decreased, namely, IL-10 and TGF-p in the
model group. The intervention of TFA increased the levels of IL-
10 and TGF-f, and downregulated the expression of pro-
inflammatory factors IL-17, IL-6, TNF-a, and IFN-y in TNBS-
induced chronic colitis (Figure 3). Taken together, TFA restores
the balance of Th17/Treg cells with TNBS-induced chronic colitis
to maintain intestinal immune homeostasis.

Total Flavone of Abelmoschus manihot L.
Medic Reduced Extracellular Matrix
Deposition and Collagen Production In Vivo

in the Colon

Proven by the above ELISA, TFA treatment significantly
attenuated the increase in IGF-1 in colon tissue, which exerts
a profibrotic factor (Figure 3B). Simultaneously, a decrease in

TFA Ameliorates Colonic Fibrosis

hydroxyproline (HYP) expression was observed (Figure 3B).
This is the main constituent of collagens whose expression is
high in fibrotic tissue. We performed immunohistochemistry to
evaluate the expression levels of fibrosis-related collagens (colla2,
col3a2), smooth muscle actin (a-SMA), vimentin, and TGF- in
the intestinal tract. Compared with the sham-1 and sham-2
groups, significant deposition of colla2, col3a2, vimentin,
a-SMA, and TGF-p in the colonic tissue from the TNBS
group, and TFA treatment in modeling or after modeling,
could reverse the phenomenon (Figure 2C).

Furthermore, a significant increase in colla2, col3a2, a-SMA,
and TGF-{ was also confirmed by WB and qRT-PCR, while the
expression decreased after the administration of TFA. a-SMA
and vimentin are markers of the activated myofibroblast
phenotype (Alfredsson and Wick, 2020) (Figures 2D, E).
Increasing the expression of a-SMA and vimentin indicated
that fibroblasts have differentiated into myofibroblasts and
then produced a large amount of ECM. All these data
indicated that TFA can inhibit fibrotic factors, reduce
myofibroblast cell production as well as collagens, and prevent
or reverse chronic colitis fibrosis.

Increasing evidence indicates that an unbalance between
production and degradation of ECM, mediated by MMPs and
TIMPs, will promote intestinal fibrosis in CD (Lakatos et al.,
2012). Therefore, we tested the effect of TIMPs and MMPs in
colonic tissue homogenates using PCR. As shown in Figure 2D,
the expression of TIMP-1 was significantly upregulated, and
MMP2/9 were significantly downregulated in the colonic tissue
of mice with TNBS-induced colitis. The trend can be significantly
reversed by treating with TFA in/after modeling. This proved that
TFA could attenuate ECM deposition by regulating the balance
between TIMPs/MMPs.

DISCUSSION

Intestinal fibrosis is a serious complication of IBD, which is
clinically more apparent in CD. Despite significant advances
in therapeutic strategies over the last decade, there is no
specific and effective treatment for it. The process of intestinal
fibrosis is complex and multifactorial, and single-target
approaches are insufficient (Rieder and Fiocchi, 2009).
Previous studies had demonstrated that TFA alleviates renal
fibrosis in diabetic nephropathy and chronic kidney disease
model (Chen et al, 2012; Mao et al, 2015). Increasing
evidence supports the anti-inflammatory effects of TFA in
IBD, through protecting the gut mucosal barrier and
improving gut microbial disturbance (Zhang D. et al, 2019a;
Zhang W. et al,, 2019b; Wang et al., 2021). Based on the above
studies, we presume that TFA may be an ideal therapeutic agent
of colonic fibrosis.

In this study, we reported the therapeutic effect of TFA against
experimental intestinal inflammation and fibrosis using the
TNBS-induced colitis mice model. TNBS-induced colitis is a
model for CD sharing similar pathophysiologic processes and
significant properties with humans (Antoniou et al., 2016). Our
study demonstrated that the oral administration of TFA with
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anti-inflammatory and anti-fibrotic activity effects significantly
improved the course and macroscopic finding of TNBS-induced
chronic colitis (DAI, colon weight, length, adhesions, strictures,
and ulcerations), as well as the histological severity of the fibrosis
of the colonic wall. The possible contribution of TFA in the anti-
intestinal fibrosis in the CD model is shown in Figure 4.

Inflammation is a strong activator of fibrosis progress (Rieder
et al,, 2017). Induced by multiple pro-inflammatory cytokines, the
mesenchymal cells increase, and collagen-rich ECM is deposited,
and then the fibrosis process initiate. The Th17 cells that produce
IL17 have been considered to be a new T-cell population that plays a
central role in CD-associated fibrosis (Ray et al., 2014). More shreds
of evidence showed that IL17 induces EMT on epithelial cells and
exerts a variety of pro-inflammatory effects on fibroblasts and
colonic myofibroblasts (Yagi et al., 2007; Brand, 2009; Biancheri
et al,, 2013; Zhang et al.,, 2018). Anti-IL-17A antibodies have been
reported to inhibit intestinal fibrosis development through
repressing EMT (Zhang et al, 2018). Additionally, IL-17A-/-
reduced fibrosis in inflammatory mouse skin models (Okamoto
et al,, 2012). In the current study, we found that TNBS significantly
elevated colonic Thl7 differentiation and inhibited Treg cell
differentiation, which may advocate an enhanced immune-
inflammatory response. Oral administration of TFA at or after
modeling significantly attenuates the production of IL-6 and IL-
17 in the sera and the tissue of colitis mice, and increased the Treg
cell cytokines such as IL-10 and TGF-p. Thus, we deem that TFA
coordinating the regulation of Th17 and Treg would improve the
inflammatory intestinal environment and, consequently, decrease
intestinal fibrogenesis.

There is ample evidence that inflaimmation-independent
mechanisms of fibrosis exist (Graham et al., 1988; Curciarello

etal., 2017; Rieder et al., 2017). Intestinal fibrosis is characterized
by the deposition of ECM, produced by activated intestinal
mesenchymal cells, which exist in three distinct interrelated
forms, myofibroblasts, fibroblasts, and smooth muscle cells (Li
et al,, 2019). All intestinal ECM-producing cells are synergistic
and are controlled by numerous molecular mediators among
which the TGF-p is the most potent mediator (Beddy et al., 2006;
Curciarello et al., 2017). In the present study, the prophylactic
oral administration and oral therapeutic of TFA prevented the
progression of colonic fibrosis in TNBS-induced chronic colitis
via suppression of TGF-B and, IGF and a-SMA expression to
reduce mesenchymal cell production.

An imbalance due to reduced MMP activity and/or increased
expression of TIMPs may lead to the excessive deposition of ECM
with subsequent fibrosis in Crohn’s disease (O’Shea and Smith,
2014). This theory was confirmed by the previous finding on the
specimens, where MMPs had a lower expression, while TIMP-1 is
overexpressed in the mucosa overlying strictures in patients with CD
(Di Sabatino et al., 2009). We used qRT-PCR analysis to test the
expression of MMPs known to be regulated in CD and showed that
MMP-9 and MMP-2 were upregulated, but TIMP-1 was
downregulated after the TFA treatment in the TNBS-induced
chronic colitis mice model. MMP-9 and MMP-2 belong to
gelatinase, and they can degrade denatured collagen of all types
including type IV collagen (Ravi et al., 2007). In terms of mechanism,
TFA may relieve fibrosis by reverting TIMP-1-mediated inhibition
of MMP2/9 activity and counteract excessive ECM deposition.

However, some differences need to be noted in this study.
Goffin et al. (2016) found that inhibiting MMP-9 that was
performed significantly reduces collagen deposition and
intestinal fibrosis in the heterotopic transplant mouse model.
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It seems to suggest that MMP-9 plays a catalytic role in intestinal
fibrosis. The mechanism may be related to the anti-inflammatory
effect and epithelial cell adhesion inhibition (Ravi et al., 2007).
The different results in MMP studies may relate to the modeling
method, pleiotropic function of MMPs, and differential
regulatory mechanisms between various MMP family
members. The possible underlying mechanisms need to be
addressed by further studies.

In conclusion, our study here explored that TFA alleviated
mucosal inflammation as well as fibrosis in the colitis model. This
suggests that TFA might represent a novel therapeutic strategy to
inhibit the progressing or even to reverse intestinal fibrosis.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The animal study was reviewed and approved by the Animal
Ethics Committee of Affiliated Hospital of Nanjing University of
Chinese Medicine (2016NL-033-03).

REFERENCES

Alfredsson, J., and Wick, M. J. (2020). Mechanism of Fibrosis and Stricture
Formation in Crohn’s Disease. Scand. J. Immunol. 92 (6), €12990.
doi:10.1111/s}i.12990

Antoniou, E., Margonis, G. A., Angelou, A, Pikouli, A., Argiri, P., Karavokyros, I,
et al. (2016). The TNBS-Induced Colitis Animal Model: An Overview. Ann.
Med. Surg. (Lond) 11, 9-15. doi:10.1016/j.amsu.2016.07.019

Beddy, D., Mulsow, J., Watson, R. W., Fitzpatrick, J. M., and O’Connell, P. R.
(2006). Expression and Regulation of Connective Tissue Growth Factor by
Transforming Growth Factor Beta and Tumour Necrosis Factor Alpha in
Fibroblasts Isolated from Strictures in Patients with Crohn’s Disease. Br. J. Surg.
93 (10), 1290-1296. doi:10.1002/bjs.5431

Biancheri, P., Pender, S. L., Ammoscato, F., Giuffrida, P., Sampietro, G., Ardizzone,
S., et al. (2013). The Role of Interleukin 17 in Crohn’s Disease-Associated
Intestinal Fibrosis. Fibrogenesis Tissue Repair 6 (1), 13. doi:10.1186/1755-1536-
6-13

Brand, S. (2009). Crohn’s Disease: Th1, Th17 or Both? the Change of a Paradigm:
New Immunological and Genetic Insights Implicate Th17 Cells in the
Pathogenesis of Crohn’s Disease. Gut 58 (8), 1152-1167. doi:10.1136/
gut.2008.163667

Chen, P., Wan, Y., Wang, C., Zhao, Q., Wei, Q,, Tu, Y., et al. (2012). Mechanisms
and Effects of Abelmoschus Manihot Preparations in Treating Chronic Kidney
Disease. Zhongguo Zhong Yao Za Zhi 37 (15), 2252-2256. doi:10.4268/
cjemm20121514

Cosnes, J., Gower-Rousseau, C., Seksik, P., and Cortot, A. (2011). Epidemiology
and Natural History of Inflammatory Bowel Diseases. Gastroenterology 140 (6),
1785-1794. doi:10.1053/j.gastro.2011.01.055

Curciarello, R., Docena, G. H., and MacDonald, T. T. (2017). The Role of Cytokines
in the Fibrotic Responses in Crohn’s Disease. Front. Med. (Lausanne) 4, 126.
doi:10.3389/fmed.2017.00126

Di Sabatino, A., Jackson, C. L., Pickard, K. M., Buckley, M., Rovedatti, L., Leakey, N.
A, et al. (2009). Transforming Growth Factor Beta Signalling and Matrix
Metalloproteinases in the Mucosa Overlying Crohn’s Disease Strictures. Gut 58
(6), 777-789. doi:10.1136/gut.2008.149096

TFA Ameliorates Colonic Fibrosis

AUTHOR CONTRIBUTIONS

LQ and LF conceived the study, was involved in the experimental
design, statistical analysis, and drafted the manuscript. JZ and YX
performed the animal feeding and participated in in vitro
experiments. HX and XS were involved in the histological
examination of tissue samples. HC and BY were involved in
the original concept, study design, manuscript review, and final
editing. All authors have read and agreed to the published version
of the manuscript.

FUNDING

This work was supported by the Phase III Project Funded by the
Priority Academic Program Development of Jiangsu Higher
Education Institutions (ZYXO03KF034), National Natural
Science Foundation of China (81673973, 82074431).

ACKNOWLEDGMENTS

The authors thank Fan Yang, University of Toronto, St. George
Campus, Faculty of Art and Science, Statistics Science and
Mathematics, for his assistance with the statistics.

Freeman, H. J. (2003). Natural History and Clinical Behavior of Crohn’s Disease
Extending beyond Two Decades. J. Clin. Gastroenterol. 37 (3), 216-219.
doi:10.1097/00004836-200309000-00005

Goffin, L., Fagagnini, S., Vicari, A., Mamie, C., Melhem, H., Weder, B., et al. (2016).
Anti-MMP-9 Antibody: A Promising Therapeutic Strategy for Treatment of
Inflammatory Bowel Disease Complications with Fibrosis. Inflamm. Bowel Dis.
22 (9), 2041-2057. doi:10.1097/MIB.0000000000000863

Graham, M. F., Diegelmann, R. F., Elson, C. O., Lindblad, W.]., Gotschalk, N., Gay,
S., et al. (1988). Collagen Content and Types in the Intestinal Strictures of
Crohn’s Disease. Gastroenterology 94 (2), 257-265. doi:10.1016/0016-5085(88)
90411-8

Lakatos, G., Hritz, I, Varga, M. Z,, Juhdsz, M., Miheller, P., Cierny, G., et al. (2012).
The Impact of Matrix Metalloproteinases and Their Tissue Inhibitors in
Inflammatory Bowel Diseases. Dig. Dis. 30 (3), 289-295. doi:10.1159/000336995

Li, J., Mao, R, Kurada, S., Wang, J., Lin, S., Chandra, J., et al. (2019). Pathogenesis of
Fibrostenosing Crohn’s Disease. Transl Res. 209, 39-54. doi:10.1016/
j-trsl.2019.03.005

Luan, F,, Wu, Q, Yang, Y., Lv, H,, Liu, D., Gan, Z, et al. (2020). Traditional Uses,
Chemical Constituents, Biological Properties, Clinical Settings, and Toxicities
of Abelmoschus Manihot L.: A Comprehensive Review. Front. Pharmacol. 11,
1068. doi:10.3389/fphar.2020.01068

Mao, Z. M., Shen, S. M., Wan, Y. G, Sun, W,, Chen, H. L., Huang, M. M., et al.
(2015). Huangkui Capsule Attenuates Renal Fibrosis in Diabetic Nephropathy
Rats through Regulating Oxidative Stress and p38MAPK/Akt Pathways,
Compared to a-lipoic Acid. J. Ethnopharmacol 173, 256-265. doi:10.1016/
i.jep.2015.07.036

Okamoto, Y., Hasegawa, M., Matsushita, T., Hamaguchi, Y., Huu, D. L., Iwakura,
Y., et al. (2012). Potential Roles of interleukin-17A in the Development of
Skin Fibrosis in Mice. Arthritis Rheum. 64 (11), 3726-3735. doi:10.1002/
art.34643

O’Shea, N. R, and Smith, A. M. (2014). Matrix Metalloproteases Role in Bowel
Inflammation and Inflammatory Bowel Disease: an up to Date Review.
Inflamm. Bowel Dis. 20 (12), 2379-2393. doi:10.1097/MIB.0000000000000163

Peyrin-Biroulet, L., Loftus, E. V., Jr, Colombel, J. F., and Sandborn, W. J. (2010).
The Natural History of Adult Crohn’s Disease in Population-Based Cohorts.
Am. ]. Gastroenterol. 105 (2), 289-297. doi:10.1038/ajg.2009.579

Frontiers in Pharmacology | www.frontiersin.org

December 2021 | Volume 12 | Article 769793


https://doi.org/10.1111/sji.12990
https://doi.org/10.1016/j.amsu.2016.07.019
https://doi.org/10.1002/bjs.5431
https://doi.org/10.1186/1755-1536-6-13
https://doi.org/10.1186/1755-1536-6-13
https://doi.org/10.1136/gut.2008.163667
https://doi.org/10.1136/gut.2008.163667
https://doi.org/10.4268/cjcmm20121514
https://doi.org/10.4268/cjcmm20121514
https://doi.org/10.1053/j.gastro.2011.01.055
https://doi.org/10.3389/fmed.2017.00126
https://doi.org/10.1136/gut.2008.149096
https://doi.org/10.1097/00004836-200309000-00005
https://doi.org/10.1097/MIB.0000000000000863
https://doi.org/10.1016/0016-5085(88)90411-8
https://doi.org/10.1016/0016-5085(88)90411-8
https://doi.org/10.1159/000336995
https://doi.org/10.1016/j.trsl.2019.03.005
https://doi.org/10.1016/j.trsl.2019.03.005
https://doi.org/10.3389/fphar.2020.01068
https://doi.org/10.1016/j.jep.2015.07.036
https://doi.org/10.1016/j.jep.2015.07.036
https://doi.org/10.1002/art.34643
https://doi.org/10.1002/art.34643
https://doi.org/10.1097/MIB.0000000000000163
https://doi.org/10.1038/ajg.2009.579
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Qiao et al.

Rao, B. B,, Click, B. H., Koutroubakis, I. E., Ramos Rivers, C., Regueiro, M., Swoger,
J., et al. (2017). The Cost of Crohn’s Disease: Varied Health Care Expenditure
Patterns across Distinct Disease Trajectories. Inflamm. Bowel Dis. 23 (1),
107-115. doi:10.1097/MIB.0000000000000977

Ravi, A., Garg, P., and Sitaraman, S. V. (2007). Matrix Metalloproteinases in
Inflammatory Bowel Disease: Boon or a Bane. Inflamm. Bowel Dis. 13 (1),
97-107. doi:10.1002/ibd.20011

Ray, S., De Salvo, C., and Pizarro, T. T. (2014). Central Role of IL-17/Th17
Immune Responses and the Gut Microbiota in the Pathogenesis of Intestinal
Fibrosis. Curr. Opin. Gastroenterol. 30 (6), 531-538. doi:10.1097/
MOG.0000000000000119

Rieder, F., and Fiocchi, C. (2009). Intestinal Fibrosis in IBD-Aa Dynamic,
Multifactorial Process. Nat. Rev. Gastroenterol. Hepatol. 6 (4), 228-235.
doi:10.1038/nrgastro.2009.31

Rieder, F., Fiocchi, C., and Rogler, G. (2017). Mechanisms, Management, and
Treatment of Fibrosis in Patients with Inflammatory Bowel Diseases.
Gastroenterology 152, 340-¢6. doi:10.1053/j.gastro.2016.09.047

Rieder, F., Zimmermann, E. M., Remzi, F. H., and Sandborn, W. J. (2013). Crohn’s
Disease Complicated by Strictures: a Systematic Review. Gut 62 (7), 1072-1084.
doi:10.1136/gutjnl-2012-304353

Tomasello, G., Sinagra, E., Raimondo, D., Palumbo, V. D., Puleio, R., Cottone, M.,
et al. (2015). Validation of a Modified Model of TNBS-Induced Colitis in Rats.
How to Induce a Chemical Colitis in Rats. Acta Biomed. 86 (1), 92-96.

Wang, L., Liu, W. Z,, Pei, L. Y., Ke, Y. S, Cui, J., and Li, S. C. (2017). Garidisan:
Improving the Quality of Ulcer Healing in Rats with Ulcerative Colitis. Evid.
Based Complement. Alternat Med. 2017, 8721257-12. doi:10.1155/2017/
8721257

Wang, R., Chen, T., Wang, Q., Yuan, X. M., Duan, Z. L., Feng, Z. Y., et al. (2021).
Total Flavone of Abelmoschus Manihot Ameliorates Stress-Induced Microbial
Alterations Drive Intestinal Barrier Injury in DSS Colitis. Drug Des. Devel Ther.
15, 2999-3016. doi:10.2147/DDDT.S313150

Wu, F,, and Chakravarti, S. (2007). Differential Expression of Inflammatory and
Fibrogenic Genes and Their Regulation by NF-kappaB Inhibition in a Mouse
Model of Chronic Colitis. J. Immunol. 179 (10), 6988-7000. doi:10.4049/
jimmunol.179.10.6988

Yagi, Y., Andoh, A, Inatomi, O., Tsujikawa, T., and Fujiyama, Y. (2007).
Inflammatory Responses Induced by Interleukin-17 Family Members in
Human Colonic Subepithelial Myofibroblasts. J. Gastroenterol. 42 (9),
746-753. doi:10.1007/s00535-007-2091-3

Yang, B. L., Zhu, P, Li, Y. R, Xu, M. M., Wang, H., Qiao, L. C,, et al. (2018). Total
Flavone of Abelmoschus Manihot Suppresses Epithelial-Mesenchymal
Transition via Interfering Transforming Growth Factor-Bl Signaling in

TFA Ameliorates Colonic Fibrosis

Crohn’s Disease Intestinal Fibrosis.
3414-3425. doi:10.3748/wjg.v24.130.3414

Yu, A. P, Cabanilla, L. A., Wu, E. Q., Mulani, P. M., and Chao, J. (2008). The Costs
of Crohn’s Disease in the United States and Other Western Countries: a
Systematic Review. Curr. Med. Res. Opin. 24 (2), 319-328. doi:10.1185/
030079908x260790

Zhang, D., Qian, H. H,, and Yang, B. L. Effects of Total Flavonoids from Anemone
Nigrum on TNBS Induced Intestinal Fibrosis in Crohn’s Disease Mice [J].
Jiangsu J. Traditional Chin. Medicine2017 49 (3), 76-79. doi:10.3969/
jissn.1672-397X.2017.03.029

Zhang, D., Zhu, P., Liu, Y., Shu, Y., Zhou, J. Y., Jiang, F., et al. (2019a). Total
Flavone of Abelmoschus Manihot Ameliorates Crohn’s Disease by Regulating
the NF-xB and MAPK Signaling Pathways. Int. J. Mol. Med. 44 (1), 324-334.
doi:10.3892/ijmm.2019.4180

Zhang, H.J., Zhang, Y. N., Zhou, H., Guan, L., Li, Y., and Sun, M. J. (2018). IL-
17A Promotes Initiation and Development of Intestinal Fibrosis through
EMT. Dig. Dis. Sci. 63 (11), 2898-2909. d0i:10.1007/s10620-018-5234-x

Zhang, W., Cheng, C., Han, Q., Chen, Y., Guo, J., Wu, Q,, et al. (2019b). Flos
Abelmoschus Manihot Extract Attenuates DSS-Induced Colitis by Regulating
Gut Microbiota and Th17/Treg Balance. Biomed. Pharmacother. 117, 109162.
doi:10.1016/j.biopha.2019.109162

Zorzi, F., Calabrese, E., and Monteleone, G. (2015). Pathogenic Aspects and
Therapeutic Avenues of Intestinal Fibrosis in Crohn’s Disease. Clin. Sci.
(Lond) 129 (12), 1107-1113. doi:10.1042/CS20150472

World ]. Gastroenterol. 24 (30),

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors, and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Qiao, Fang, Zhu, Xiang, Xu, Sun, Chen and Yang. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pharmacology | www.frontiersin.org

10

December 2021 | Volume 12 | Article 769793


https://doi.org/10.1097/MIB.0000000000000977
https://doi.org/10.1002/ibd.20011
https://doi.org/10.1097/MOG.0000000000000119
https://doi.org/10.1097/MOG.0000000000000119
https://doi.org/10.1038/nrgastro.2009.31
https://doi.org/10.1053/j.gastro.2016.09.047
https://doi.org/10.1136/gutjnl-2012-304353
https://doi.org/10.1155/2017/8721257
https://doi.org/10.1155/2017/8721257
https://doi.org/10.2147/DDDT.S313150
https://doi.org/10.4049/jimmunol.179.10.6988
https://doi.org/10.4049/jimmunol.179.10.6988
https://doi.org/10.1007/s00535-007-2091-3
https://doi.org/10.3748/wjg.v24.i30.3414
https://doi.org/10.1185/030079908x260790
https://doi.org/10.1185/030079908x260790
https://doi.org/10.3969/j.issn.1672-397X.2017.03.029
https://doi.org/10.3969/j.issn.1672-397X.2017.03.029
https://doi.org/10.3892/ijmm.2019.4180
https://doi.org/10.1007/s10620-018-5234-x
https://doi.org/10.1016/j.biopha.2019.109162
https://doi.org/10.1042/CS20150472
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Total Flavone of Abelmoschus manihot Ameliorates TNBS-Induced Colonic Fibrosis by Regulating Th17/Treg Balance and Reducing ...
	Introduction
	Materials and Methods
	Preparation of Total Flavone of Abelmoschus manihot L. Medic
	Animals
	Induction and drug administration of chronic colitis
	Assessment of Colonic Damage
	Histopathological Examination
	Masson Staining and Verhoeff’s van Gieson Staining
	Immunohistochemical Analysis
	Enzyme-Linked Immunoassay
	RNA Isolation and Quantitative Real-Time-PCR
	Western Blotting
	Statistical Analysis

	Results
	Total Flavone of Abelmoschus manihot L. Medic is Protective Against Colitis Induced by 2,4,6-Trinitrobenzene Sulfonic Acid
	Total Flavone of Abelmoschus manihot L. Medic Treatment Protects Against 2,4,6-Trinitrobenzene Sulfonic Acid-Induced Coloni ...
	Total Flavone of Abelmoschus manihot L. Medic Alleviated 2,4,6-Trinitrobenzene Sulfonic Acid-Induced Inflammation and Fibro ...
	Total Flavone of Abelmoschus manihot L. Medic Reduced Extracellular Matrix Deposition and Collagen Production In Vivo in th ...

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


