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Abstract. crohn's disease (cd) is a chronic relapsing form 
of inflammatory bowel disease, and its pathogenesis remains 
unknown. Total flavone of Abelmoschus manihot L. Medic 
(TFA), has been used as anti‑inflammatory and myocardial 
ischemia protective drug. The present study aimed to explore 
the effects of TFA on CD and its underlying mechanism. We 
reported that TFA comprises eight flavone glycosides, including 
quercetin‑3‑O‑robinobioside, gossypetin‑3‑O‑glucoside, 
quercetin‑3'‑O‑glucoside, isoquercetin, hyperoside, myricetin, 
gossypetin and quercetin. In vivo, TFA promoted the survival 
of 2,4,6‑trinitrobenzene sulfonic acid (TNBS)‑induced colitis 
in mice, decreased weight loss and increased colon length in 
a dose‑dependent manner. Additionally, TFA notably amelio-
rated the inflammatory response in mice with TNBS‑induced 
colitis as determined by histopathological analysis. In addi-
tion, the administration of TFA in mice with TNBS‑induced 
colitis led to a significant decrease in the levels of cytokines 
in the sera and colon tissues; a significant decrease myeloper-
oxidase activity in the colon tissues was also observed. These 
findings may be associated with the suppression of the nuclear 
factor‑κB (NF‑κB) and mitogen‑activated protein kinase 
(MAPK) signaling pathways. In vitro, TFA significantly 
downregulated the expression of cytokines in lipopolysac-
charide (LPS)‑induced RAW264.7 cells. In addition, TFA 
suppressed LPS‑induced activation of the NF‑κB and MAPK 

signaling pathways in RAW264.7 cells. Our findings indicated 
that TFA could suppress the inflammatory response in mice 
with TNBS‑induced colitis via inhibition of the NF‑κB and 
MAPK signaling pathways. The results of the present study 
may improve understanding of the function of TFA and 
provide a novel theoretical basis for the treatment of CD.

Introduction

Crohn's disease (CD) is a chronic relapsing form of inflam-
matory bowel disease, which is typically characterized by 
transmural inflammation, lymphangiectasia, and lymphatic 
and fibrous tissue hyperplasia (1,2). It is clinically character-
ized by segmental inflammatory injury of the digestive tract, 
which can involve any part of the digestive tract, and seriously 
affects the quality of life of patients (3). It has been suggested 
that dysfunctional regulation of the immune system of gastro-
intestinal tract was closely associated with CD (4). It is widely 
known that the imbalance of inflammatory mediators is an 
important mechanism underlying the pathogenesis of CD (5). 
Therefore, immune modulatory drugs have been widely 
utilized for the treatment of CD (6); however, maintaining 
the efficiency and the reducing severe side effects should be 
addressed.

In CD, inflammatory cytokines, including interleukin 
(IL)‑6, tumor necrosis factor‑α (TNF-α) and interferon‑γ 
(IFN-γ), are produced by infiltrating cells and macrophages, 
which serve an important role in colonic tissue destruc-
tion (7‑9). In inflammatory cells, the inappropriate activation 
of nuclear factor‑κB (NF‑κB), a key transcription factor, 
regulates the expression of the inflammatory mediators, which 
has been associated with the occurrence and development 
of CD (10). In addition, studies have demonstrated that the 
mitogen‑activated protein kinase (MAPK) signaling pathway 
is critical in CD (11). MAPK signaling comprises p38, JNK 
and ERK, and regulates important biological processes, such 
as cell growth, cells apoptosis and inflammation (12‑14). It 
was reported that the activity of p38 was notably increased 
in patients with CD (15). Additionally, the inhibition of 
stress‑activated MAPKs could improve the clinical condition 
of patients (16).
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Abelmoschus manihot L. Medic is a traditional herbal 
medicine has been used as a neuroprotective drug for 
cerebral ischemic reperfusion injury (17). Total flavone of 
A. manihot L. Medic (TFA) is the main active ingredient, 
which has been used as an anti‑inflammatory and myocardial 
ischemia protective drug (18‑20). It has been demonstrated 
that TFA could decrease urinary albumin excretion in 
early‑stage diabetic nephropathy (21). In addition, TFA 
has neuroprotective effects on neuronal damage, including 
cerebral ischemia injury (22); however, the role of TFA in 
CD and the underlying mechanisms remain unknown. In the 
present study, we studied the effects of TFA on a murine 
model of TNBS‑induced colitis and a cells model induced 
by LPS, and its underlying mechanism.

Our study demonstrated that TFA could ameliorate the 
inflammatory response in mice with TNBS‑induced colitis 
by inhibiting the NF‑κB and MAPK signaling pathways. 
Therefore, the present study proposed that TFA may inhibit 
the pathogenesis of CD via the anti‑inflammatory properties 
of TFA. These findings may provide insight into the function 
of TFA and its application in the treatment of CD.

Materials and methods

Drugs. Flowers of A. manihot L. Medic were collected from 
Jiangyan district of Jiangsu, by Professor Yu‑Gen Chen. The 
specimen was stored at the Herbarium of Nanjing University 
of Chinese Medicine for future reference and verification. 
TFA was extracted from the flowers of A. manihot L. Medic 
by Nanjing University of Chinese Medicine. The extraction 
process of TFA was as follows: Three extractions with 70% 
alcohol for 50 min each at room temperature, and the yield was 
~35%. The purity of TFA was 90%. TFA was suspended in 1% 
carboxymethyl cellulose solution at different concentrations 
(125, 250 and 500 mg/kg).

High performance liquid chromatography (HPLC) analysis 
of TFA. A total of eight standards (purity >98%) were 
purchased from Shanghai Yuanye Bio‑Technology Co., Ltd. 
TFA was examined using a Waters 2694 series HPLC instru-
ment (Waters Corporation). The sample was separated on a 
c18 column (4.6x250 mm, 5 µm) and the mobile phase gradient 
contained acidified water with acetonitrile (solvent A) and 
phosphoric acid (solvent B, 0.2%). The gradient program 
was performed as follows: 0‑10 min, 86% B; 10‑15 min, 
92% B; 15‑25 min, 92% B; 25‑30 min, 81% B; 30‑65 min, 
81% B; 65‑70 min, 86% B. Chromatography was performed 
at 30˚C at a flow rate of 1.0 ml/min and aliquots of 10 µl were 
analyzed.

Animals. A total of 60 female BALB/c mice (6‑8 weeks old) 
with a body weight of 18‑22 g were provided by Nanjing 
Medical University. All mice were housed in standard animal 
cages under specific pathogen‑free conditions. The housing 
conditions were maintained at 22‑23˚C, with a 12‑h light/dark 
cycle; mice had ad libitum access to food and water. In addi-
tion, mice were given 1 week to acclimatize to the facility 
prior to the start of experimentation. The present study was 
approved by the Institutional Ethics Committee of Nanjing 
University of Chinese Medicine.

Model establishment. For application of 2,4,6‑trinitrobenzene 
sulfonic acid (TNBS), colitis was induced via intracolonic 
administration of TNBS. Briefly, 150 mg/kg TNBS in 48% 
ethanol was administered once every 7 days for a total of four 
treatments, while the normal group received sterile saline 
(n=10). A catheter was inserted into the colonic cavity for 
4 cm, in which the TNBS solution was discharged, and the 
animal was held in the Trendelenburg position for 2 min to 
ensure contact with the intestinal mucosa.

Treatment. Mice were randomly assigned to six treatment 
groups (n=10), including the control (distilled sterile saline only), 
TNBS, positive drug salazosulfapyridine (SASP), 125 mg/kg 
TFA, 250 mg/kg TFA and 500 mg/kg TFA treatment groups. 
Details of treatment were presented in Table I; the drug was 
intraperitoneally administered. SASP is the first‑line therapy 
for the induction and maintenance of remission in patients 
with ulcerative colitis and those with CD, and is widely used in 
China (23). Furthermore, SASP was used as a positive control 
in ulcerative colitis and CD research (24,25). In addition, the 
weight and common symptoms of CD, including blood in the 
stool, abdominal pain and constipation of mice in every group 
was analyzed weekly. However, any mice that were scored 4 for 
bleeding (26) or had diarrhea were euthanized. Furthermore, 
mice were euthanized at day 28; blood samples were collected 
from the tail vein and centrifuged at 12,000 x g for 5 min at 4˚C 
to obtain serum. The distal colon was carefully excised and the 
colon was weighed and measured length.

Assessment of disease activity. During the experiment, body 
weight, stool features, and fecal occult blood were recorded 
daily. The disease activity index (DAI) was calculated by 
scoring weight loss, stool features and fecal occult blood based 
on a previously described scoring system (Table II).

H&E staining. Colonic segments were excised and washed in 
PBS, fixed in 4% formaldehyde for 30 min at room temperature, 
embedded in paraffin and sectioned (5 µm) and finally stained 
with H&E for visual analysis. At least three different sections 
were examined for each group using a light microscope to 
assess the histopathological changes at x200 magnification.

Myeloperoxidase (MPO) enzyme activity assay. colonic 
tissues were cut into small pieces and homogenized on ice 
with normal saline. The levels of MPO were determined using 
commercial assay kits (Alpha Diagnostic International). Briefly, 
colon tissues were weighed, cut into fine pieces, and mixed 
with 200 µl radioimmunoprecipitation assay (RIPA) lysate per 
20 mg tissue. The samples were homogenized using a glass 
homogenizer. Following lysis, the samples were centrifuged 
at 10,000 x g for 3 min at 4˚C to obtain the supernatant. The 
protein concentration was determined using a Bicinchoninic 
Acid Protein Assay Kit (Beyotime Institute of Biotechnology). 
Subsequently, MPO activity was investigated according to the 
manufacturer's protocols of the kit employed. MPO activity of 
the supernatants was determined and expressed as units per 
gram of total protein (U/g).

Cell culture. The RAW264.7 cell line was purchased from 
the Shanghai Cell Bank of Chinese Academy of Sciences. 
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RAW264.7 cells were cultured in Dulbecco's Modified Eagles 
medium (Gibco; Thermo Fisher Scientific, Inc.) with 10% fetal 
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) in 
a humidified 5% CO2 atmosphere at 37˚C.

Cell Counting Kit‑8 (CCK‑8) assay. RAW264.7 cells 
(1.0x104/well) were seeded in 96‑well plates and incubated 
for 24 h at 37˚C. Then, LPS (Gibco; Thermo Fisher Scientific, 
Inc.) in the presence or absence of various doses of TFA 
(aforementioned) were added into cells. After 24 h of culture, 
10 µl of CCK‑8 solution (Dojindo Molecular Technologies, 
Inc.) was then added to each well. After incubation at 37˚C in 
5% CO2 for 1 h, cell viability was evaluated with a microplate 
reader (Bio‑Rad Laboratories, Inc.), and the optical density at 
450 nm was measured.

ELISA. Colon tissues were cut and weighed. The samples 
were lysed and homogenized using a glass homogenizer. 
RAW264.7 cells were treated with LPS in the presence 
or absence of various doses of TFA. Following lysis, the 
samples were centrifuged at 10,000 x g for 5 min at 4˚C 
to obtain the supernatant. The supernatants of RAW 264.7 
cells were collected and centrifuged (10,000 x g, 5 min) at 
4˚C. The concentration of cytokines in the colonic tissues 
and cell supernatant were determined by ELISA for mouse 
TNF-α (ab208348, Abcam), IFN‑γ (ab100689, Abcam), 
IL‑6 (ab100712, Abcam), IL‑1β (ab100704, Abcam), IL‑12 
(ab236717, Abcam), IL‑17 (ab100702, Abcam) and IL‑10 
(ab108870, Abcam) following the manufacturer's instructions. 
Briefly, 100 µl of 2‑fold diluted Standard, 80 µl of Assay 
Buffer (included in the kit) and 20 µl sample was added to 

the sample well. A total of 50 µl of the diluted corresponding 
antibodies were added to each well and incubated at room 
temperature for 2 h on a microplate shaker set at 300 rpm. 
Then, 100 µl of diluted Streptavidin‑horseradish peroxidase 
was added to each well and incubated at room temperature 
for 0.5 h on a microplate shaker set at 300 rpm. Subsequently, 
100 µl of Substrate Solution was added to each well and incu-
bated at room temperature for 10 min on a microplate shaker 
set at 300 rpm. Stop Solution (100 µl) was added to each well. 
The 96‑well microplates were analyzed using a PowerWave 
X340 microplate reader (BioTek China).

Western blotting. The total protein from the cell supernatant 
was extracted using RIPA lysis buffer. Protein was extracted 
and concentration was measured with a Bicinchoninic acid 
Protein Assay kit (Beyotime Institute of Biotechnology, 
Haimen, China). Equal amounts of protein (30 µg) from each 
sample was separated by 12% SDS‑PAGE and then transferred 
to a polyvinylidene fluoride membrane (EMD Millipore). 
Subsequently, the membrane was blocked in 5% non‑fat milk 
for 2 h at room temperature and incubated with primary anti-
bodies overnight at 4˚C, including phosphorylated (p)‑ERK1/2 
(cat. no. 1150, 1:500; Cell Signaling Technology, Inc.), ERK1/2 
(cat. no. 9103, 1:1,000; Cell Signaling Technology, Inc.), 
p‑JNK (cat. no. 9250, 1:500; Cell Signaling Technology, Inc.), 
JNK (cat. no. 9252, 1:500; Cell Signaling Technology, Inc.), 
p‑p38 (cat. no. 7946S, 1:1,000; Cell Signaling Technology, 
Inc.), p38 (cat. no. 6279S, 1:1,000; Cell Signaling Technology, 
Inc.), p‑IκBα kinase (IKK)α/β/γ (cat. no. 1023, 1:500; Cell 
Signaling Technology, Inc.), IκBα (cat. no. 1146S, 1:1,000; Cell 
Signaling Technology, Inc.), p65 (cat. no. 8242, 1:1,000; Cell 

Table II. Scoring of disease activity index.

Score Body weight loss (%) Stool feature Fecal occult blood

0 0 Normal formed Negative
1 1‑5  
2   5‑10 Loose stool Positive
3 10-20  
4 >20 Diarrhea Gross bleeding

Adapted from ref. (22).

Table I. Treatment in different groups.

Groups Treatment

Control Sterile saline/day for a total of 28 days
TNBS TNBS enema/7 days for a total of four treatments + sterile saline/days for a total of 28 days
SASP TNBS enema/7 days for a total of four treatments + SASP/d for a total of 28 days
125 mg/kg TFA TNBS enema/7 days for a total of four treatments + 125 mg/kg TFA/day for a total of 28 days
250 mg/kg TFA TNBS enema/7 days for a total of four treatments + 250 mg/kg TFA/day for a total of 28 days
500 mg/kg TFA TNBS enema/7 day for a total of four treatments + 500 mg/kg TFA/day for a total of 28 days

SASP, Salazosulfapyridine; TFA, total flavone of Abelmoschus manihot L. Medic; TNBS, 2,4,6‑trinitrobenzene sulfonic acid.
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Signaling Technology, Inc.), p‑p65 (cat. no. 3033, 1:1,000; Cell 
Signaling Technology, Inc.), p52 (cat. no. 4882, 1:1,000; Cell 
Signaling Technology, Inc.) and p100 (cat. no. 3017, 1:1,000; 
Cell Signaling Technology, Inc.). Then, the membrane was 
probed with a horseradish peroxidase‑conjugated secondary 
antibody (cat. no. 7076; 1:5,000; Cell Signaling Technology, 
Inc.) for 1 h at room temperature. The protein bands were visu-
alized using ECL detection reagent (EMD Millipore) and the 
results were measured using ImageJ software 1.48 (National 
Institutes of Health).

Statistical analysis. GraphPad Prism 5.0 software (GraphPad 
Software, Inc.) was performed to analyze all data. The data 
were presented as the mean ± standard deviation. One‑way 
analysis of variance was applied to compare difference 
between multiple groups followed by a Tukey's post‑hoc 
test. The differences between two groups were statistically 
analyzed using a Student's t‑test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

TFA ameliorates weight loss and colon length. TFA mainly 
comprises eight flavone glycosides, which were character-
ized by HPLC, including quercetin‑3‑O‑robinobioside, 

gossypetin‑3‑O‑glucoside, quercetin‑3'‑O-glucoside, isoquer-
cetin, hyperoside, myricetin, gossypetin and quercetin 
(Figs. 1 and 2).

Initially, to determine whether TFA exhibits protec-
tive effects against colitis, the survival of mice with 
TNBS‑induced colitis were investigated. The results 
demonstrated that TNBS significantly promoted mouse 
mortality, while the mice of the positive drug SASP or TFA 
groups notably promoted survival in TNBS‑induced colitis 
(Fig. 3A). Subsequently, the effects of TFA on the body weight 
of mice were analyzed. The results demonstrated that TNBS 
notably promoted body weight loss, whereas treatment with 
TFA or SASP notably decreased this loss (Fig. 3B). Colon 
shortening is an indirect marker of inflammation (27). The 
result of the present study revealed that the colon length 
in the TNBS‑induced colitis group significantly decreased 
compared with the control group, while treatment with TFA 
or SASP increased colon length (Fig. 3C). In addition, the 
DAI score, an indicator of the severity of colitis, is based 
on the results including weight loss, stool features and fecal 
occult blood (28). As presented in Fig. 3D, the DAI score for 
the TNBS group was significantly increased compared with 
the control group, while the DAI scores following treatment 
with TFA or SASP were significantly reduced compared 
with the TNBS group. In particular, there was no significant 

Figure 1. Chromatographic analyses of standards materials to TFA by high‑pressure liquid chromatography. (A) HPLC chromatograms of standards 
(1, quercetin‑3‑O‑robinobioside, 2, gossypetin‑3‑O‑glucoside, 3, quercetin‑3'‑O‑glucoside, 4, isoquercetin, 5, hyperoside, 6, myricetin, 7, gossypetin and 8, 
quercetin) and (B) TFA. TFA, total flavone of Abelmoschus manihot L. Medic.
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difference between the effects of 500 mg/kg TFA and the 
positive drug SASP.

TFA improves histopathological abnormalities. The histo-
logical characteristics of the colon samples were evaluated 
by histopathological staining. The results indicated that mice 
maintained an integrated normal colonic structure in the 
control group, but mice in the TNBS‑induced colitis group 
exhibited marked infiltration of inflammatory cells, loss of 
crypts, destruction of the mucosal layer and edema. In contrast, 
TNBS‑induced colitis in mice pre‑treated with TFA or SASP 
exhibited mild inflammation (Fig. 4A).

TFA inhibits MPO activity in colon tissues. MPO is an 
enzyme expressed by neutrophils and its activity is linearly 
associated with the infiltration of neutrophils in inflamma-
tory tissues (29). In the present study, the activity of MPO in 
the TNBS‑induced colitis group was significantly increased 
in colon tissues compared with the control group; however, 
treatment with TFA or SASP led to a significant inhibition 
of MPO activity in colon tissues; notably similar effects on 
MPO activity were observed with 500 mg/kg TFA and SASP 
(Fig. 4B).

TFA suppresses the production of inflammatory cytokines 
in mice with TNBS‑induced colitis. In order to investigate 

the protective effects of TFA in mice with TNBS‑induced 
colitis, sera and colon tissues were collected. The results 
demonstrated that TNBS significantly elevated the production 
of cytokines, including TNF‑α, IFN-γ, IL-6, IL-1β, IL-12 and 
IL‑17, in the sera and colon tissues compared with the control 
group. This was consistent with a previous report in which the 
levels of inflammatory cytokines, such as IFN‑γ, IL-1, IL-6 
and TNF-α were increased in the colon tissues of patients with 
CD (30). However, the administration of TFA or SASP in mice 
with TNBS‑induced colitis led to a significant decrease in the 
production of TNF‑α, IFN-γ, IL-6, IL-1β, IL‑12 and IL‑17 in 
the sera and colon tissues compared with TNBS treatment 
(Fig. 5). These results indicated that TFA may serve a role in 
the modulation of cytokine production under conditions of 
colonic inflammation.

TFA inhibits the activation of the NF‑κB and MAPK signaling 
pathways. Activation of the NF‑B and MAPK signaling path-
ways has been associated with the pathogenesis of CD (31). 
We evaluated the effects of TFA on the NF‑κB and MAPK 
signaling pathways in mice with TNBS‑induced colitis. The 
results of western blotting showed that the expression levels 
of IκBα and p100 in colon tissues were significantly increased 
in colon tissues in the TNBS‑induced colitis group compared 
with the control group. Conversely, administration with TFA 
significantly inhibited the expression of the aforementioned 

Figure 2. Chemical structures. 1, Quercetin‑3‑O‑robinobioside; 2, gossypetin‑3‑O‑glucoside; 3, quercetin‑3'‑O‑glucoside; 4, isoquercetin; 5, hyperoside; 
6, myricetin; 7, gossypetin; and 8, quercetin.
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proteins (Fig. 6A). In addition, TNBS inhibited the expres-
sion of p‑p65 and p52, while SASP or TFA significantly 
reversed this effect, which indicated that TFA could block 
the NF‑κB signal pathway (Fig. 6A). Additionally, the 
associated proteins of the MAPK signaling pathway were 
analyzed. The results suggested that the expression levels of 
p-ERK1/2, p‑JNK and p‑p38 were significantly increased in 
the colon tissues in the TNBS‑induced colitis group, while 
SASP or TFA suppressed the expression of these proteins 
(Fig. 6B). These results indicated that TFA could inhibit the 
activation of the NF‑κB and MAPK signaling pathways in 
TNBS‑induced colitis.

Effects of TFA on RAW264.7 cell cytotoxicity. The cytotox-
icity of TFA was evaluated using a CCK‑8 assay. RAW264.7 
cells were incubated with TFA of various concentrations (0, 5, 
10, 25, 50, 75, 100, 150 and 200 µg/ml). The results reveled no 
significant changes in cell viability, indicating that TFA was 
not cytotoxic at ≤200 µg/ml (Fig. 7A). Therefore, 50, 100 and 
200 µg/ml were selected for subsequent in vitro analyses.

TFA decreases the production of inflammatory cytokines in 
LPS‑induced RAW264.7 cells. To further study the effects of 
TFA in vitro, ELISA was performed to evaluate the production 
of inflammatory cytokines in LPS‑stimulated RAW264.7 cells. 
The results demonstrated that LPS significantly promoted the 
levels of inflammatory cytokines in RAW264.7 cells compared 
with the control, including TNF‑α, IFN-γ, IL-6, IL-1β, IL-12 
and IL‑17. However, SASP or TFA treatment significantly 
suppressed cytokine production compared with LPS treatment 
(Fig. 7B).

TFA inhibits the NF‑κB and MAPK signaling pathways in 
LPS‑stimulated RAW264.7 cells. To provide further insight 
into the mechanisms of TFA, the activation of the NF‑κB and 
MAPK signaling pathways in LPS‑stimulated RAW264.7 
macrophages was evaluated by western blotting. The results 
showed that the expression levels of p‑IKKα/β/γ, IκBα and 
p100 were significantly increased by LPS treatment, but 
were downregulated by TFA in a dose‑dependent manner. 
Additionally, SASP and TFA significantly promoted the 

Figure 3. TFA ameliorates the progression TNBS‑induced colitis in mice. (A) The survival of mice was measured. (B) Body weight loss was evaluated 
following TNBS‑induced colitis. (C) A representative view of colon morphology. (D) The disease activity indicator scores were counted. Each experiment was 
performed in triplicate and results are expressed as the mean ± standard deviation (n=3). #P<0.05 vs. control group, *P<0.05 vs. TNBS group. TFA, total flavone 
of Abelmoschus manihot L. Medic; SASP, salazosulfapyridine; TNBS, 2,4,6‑trinitrobenzene sulfonic acid.
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Figure 5. TFA suppresses the production of inflammation cytokines in TNBS‑induced colitis. ELISAs were performed to detect the production of cytokines, 
including TNF-α, IFN-γ, IL-6, IL-1β, IL‑12 and IL‑17, in the sera and colon tissues. #P<0.05 vs. control group, *P<0.05 vs. TNBS group. Each experiment was 
performed in triplicate. IL, interleukin; SASP, salazosulfapyridine; TFA, total flavone of Abelmoschus manihot L. Medic; TNF‑α, tumor necrosis factor‑α; 
TNBS, 2,4,6‑trinitrobenzene sulfonic acid.

Figure 4. TFA improves histopathological alterations in TNBS‑induced colitis. (A) Paraffin embedded colon sections were stained with hematoxylin and eosin 
the assessment of epithelial damage of colitis mice. Images (magnification, x200 and 400) of the colon of mice in different groups were collected. The colons 
of mice in the control group exhibited a normal structure without damage; however, in the TNBS model group, the colon exhibited glandular defects, mucosal 
ulcerations and inflammatory cell infiltration, but these alterations were attenuated to varying degrees by treatment with 125, 250 and 500 mg/kg TFA or 
SASP. Arrows indicate the aforementioned features observed in each group. (B) The levels of MPO activity in colon tissues were evaluated. #P<0.05 vs. control 
group, *P<0.05 vs. TNBS group. Each experiment was performed in triplicate. TFA, total flavone of Abelmoschus manihot L. Medic; MPO, myeloperoxidase; 
SASP, salazosulfapyridine; TNBS, 2,4,6‑trinitrobenzene sulfonic acid.
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expression of p‑p65 and p52 in RAW264.7 macrophages in a 
dose‑dependent manner, which was reversed by LPS (Fig. 8A). 
In addition, we investigated the effects of TFA on the activa-
tion of MAPK signaling pathway. The results indicated that 
LPS significantly upregulated phosphorylation of ERK1/2, 
JNK and p38 compared with the control, while SASP or 
TFA decreased the expression of these proteins. Total protein 
expression levels of ERK1/2, JNK and p38 were markedly 
altered (Fig. 8B).

Discussion

CD is an intestinal inflammatory disease, which can occur in 
any region of the gastrointestinal tract, particularly the terminal 
ileum and right colon (32). CD and chronic nonspecific ulcer-
ative colitis are collectively referred to as inflammatory bowel 
disease. Its clinical manifestations include abdominal pain, 
diarrhea, intestinal obstruction, and other enteral manifesta-
tions, such as fever and malnutrition (33). This disease is also 

Figure 7. TFA decreases the production of inflammatory cytokines in LPS‑induced macrophage RAW264.7 cells. (A) RAW264.7 cells were incubated with TFA 
of various concentrations (0, 5, 10, 25, 50, 75, 100, 150 and 200 µg/ml). Then, cell viability was evaluated by a Cell Counting Kit‑8 assay. (B) RAW 264.7 cells 
were stimulated with LPS (1 µg/ml) for 24 h in the presence or absence various TFA concentrations or SASP. The supernatants were harvested and analyzed by 
ELISA. The levels of inflammatory factors were presented. #P<0.05 vs. control group, *P<0.05 vs. TNBS group. Each experiment was performed in triplicate. 
IL, interleukin; LPS, lipopolysaccharide; SASP, salazosulfapyridine; TFA, total flavone of Abelmoschus manihot L. Medic; TNBS, 2,4,6‑trinitrobenzene 
sulfonic acid; TNF‑α, tumor necrosis factor‑α.

Figure 6. TFA inhibits the activation of the NF‑κB and MAPK signaling pathways in TNBS‑induced colitis. (A) Western blotting was conducted to determine 
the expression of related‑proteins of the NF‑κB signaling pathway in colon tissues. Quantification of protein expression in each group was presented. (B) The 
expression of related‑proteins of the MAPK signaling pathway was evaluated by western blotting. Quantification of protein expression in each group was 
presented. #P<0.05 vs. control group, *P<0.05 vs. TNBS group. ERK, extracellular signal‑regulated kinase; IKK, IκBα kinase; JNK, c‑Jun N‑terminal kinase; 
MAPK, mitogen‑activated protein kinase; NF‑κB, nuclear factor‑κB; p, phosphorylated; SASP, salazosulfapyridine; TFA, total flavone of Abelmoschus 
manihot L. Medic; TNBS, 2,4,6‑trinitrobenzene sulfonic acid.
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known as localized enteritis, localized ileocolitis, segmental 
enteritis and granulomatous enteritis (34). The pathological 
features are granulomatous inflammation, fibrosis and ulcer-
ation, ulcers, paving stone changes and intestinal stenosis in 
the digestive tract (34). At present, the treatment of CD is 
mainly comprises drugs, including glucocorticoids, salicylic 
acid preparations, immunosuppressive agents, antibiotics, 
methotrexate and biological agents (35‑38). In addition, 
the long‑term use of western medicine in treating CD was 
proposed to be unsatisfactory with high recurrence rates and 
side effects following treatment (39).

Traditional Chinese medicine has a history of thousands of 
years and has made notable contributions to human health (40). 
It has markedly improved the treatment of intestinal diseases. 
The intervention of CD with traditional Chinese medicine has 
various targets and mechanisms to inhibit intestinal inflamma-
tion, and restores the intestinal mucosal immune balance (41). 
This field of research has gained increasing attention and has 
become an important research direction in the treatment of 
CD. A. manihot L. Medic is a traditional herbal medicine, 
which has been used as a neuroprotective drug for cerebral 
ischemic reperfusion injury (17). TFA is the main active 
ingredient, which has been used as an anti‑inflammatory and 
myocardial ischemia‑protective drug. In the present study, 
TFA as observed to ameliorate TNBS‑induced colitis weight 
loss and reductions in colon length. Additionally, the colons of 
TNBS‑induced in mice pre‑treated with TFA exhibited only 
mild inflammation.

CD is characterized by T cell activation and inflamma-
tory cell aggregation in the mucosa (42‑44). In the process of 

occurrence and development of CD, cytokines can aggravate 
inflammation through various mechanisms, resulting in chronic 
intestinal tissue injury (45). The present study reported that the 
administration of TFA in mice with TNBS‑induced colitis led 
to a significant decrease in the production of TNF‑α, IFN-γ, 
IL-6, IL-1β, IL‑12 and IL‑17 in the sera and colon tissues. In 
addition, we found that TFA treatment significantly inhib-
ited the expression of inflammatory factors in LPS‑induced 
RAW264.7. These results indicated that TFA may serve a role 
in the modulation of cytokine production under conditions of 
colonic inflammation.

The NF-κB signaling pathway is a predominant pathway 
involved in the regulation of immune and inflammatory 
responses (46). NF‑κB, which is markedly upregulated in 
patients with CD, has been identified to serve an important 
role in the regulation of mucosal inflammation (47). MAPK 
signaling, including ERK1/2, JNKs, and p38 MAPK, can 
mediate cell growth, differentiation and death via regula-
tion of the expression of numerous genes (48). A previous 
study demonstrated that MAPK signaling could mediate the 
LPS‑stimulated expression of inflammation mediators (49). 
Additionally, inhibition of MAPK signaling pathway could 
reduce inflammation (50). In the present study, we reported 
that TFA inhibited the activation of the NF‑κB and MAPK 
signaling pathways.

In summary, TFA notably attenuated colon damage and 
inflammation associated with TNBS‑colitis. Our findings 
indicated the protective effects of TFA on colon health, 
possibly via inhibition of macrophages by suppression of the 
NF-κB and MAPK signaling pathways. The results of the 

Figure 8. TFA suppresses the NF‑κB and MAPK signaling pathways in LPS‑stimulated RAW264.7 cells. (A) Western blotting was adopted to determine 
the expression of related‑proteins of the NF‑κB signaling pathway in LPS‑stimulated RAW264.7 cells. Quantification of expression levels of proteins in 
each group was presented. (B) The expression levels of related‑proteins of the MAPK signaling pathway in LPS‑stimulated RAW264.7 cells were evaluated 
by western blotting. Quantification of expression levels of proteins in each group was presented. #P<0.05 vs. control group, *P<0.05 vs. TNBS group. ERK, 
extracellular signal‑regulated kinase; IKK, IκBα kinase; JNK, c‑Jun N‑terminal kinase; MAPK, mitogen‑activated protein kinase; NF‑κB, nuclear factor‑κB; 
p, phosphorylated; SASP, salazosulfapyridine; TFA, total flavone of Abelmoschus manihot L. Medic; TNBS, 2,4,6‑trinitrobenzene sulfonic acid.
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present study may provide a basis for the development of novel 
therapeutic approaches with TFA in treating patients CD.
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