
1 September 2019 | Volume 10 | Article 1104

ORIGINAL RESEARCH

doi: 10.3389/fphar.2019.01104
published: 20 September 2019

Frontiers in Pharmacology | www.frontiersin.org

Desmethylbellidifolin From 
Gentianella acuta Ameliorate 
TNBS-Induced Ulcerative Colitis 
Through Antispasmodic Effect and 
Anti-Inflammation
Yajuan Ni 1†, Mengyang Liu 2†, Haiyang Yu 2†, Yue Chen 1, Yanxia Liu 3, Suyile Chen 4, 
Jingya Ruan 3, Alatengchulu Da 4, Yi Zhang 2* and Tao Wang 1*

1 Institute of Traditional Chinese Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin, China, 2 Tianjin State Key 
Laboratory of Modern Chinese Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin, China, 3 Key Laboratory 
of Pharmacology of Traditional Chinese Medical Formulae, Tianjin University of Traditional Chinese Medicine, Ministry of 
Education, Tianjin, China, 4 Alxa League Mongolian Medical Hospital, Bayanhaote, China

Desmethylbellidifolin (DMB) is a natural xanthone extracted from Gentianella acuta, which 
is used as the antidiarrhea drug in traditional Mongolian medicines. It remains unknown 
whether DMB can ameliorate ulcerative colitis (UC). In this study, trinitrobenzenesulfonic 
acid (TNBS)-induced colitis rats were treated with G. acuta extract (GAE) or DMB for 10 
days. Body weight, food and water intake, rectal bleeding score, diarrhea score, and 
histopathological parameters were measured. Rat colon were collected to determine 
myeloperoxidase, nitric oxide levels, and inflammatory cytokines expression. In addition, 
the role of DMB on lipopolysaccharide stimulated RAW264.7 cell inflammatory response 
and intestine smooth muscle contraction was determined. The results showed that GAE 
and DMB treatment could significantly alleviate TNBS-induced UC. Colon morphological 
alteration, nitric oxide level, and inflammatory cytokines level, such as nitric oxide 
synthase, interleukin-6, tumor necrosis factor-α, and cyclooxygenase-2, were decreased. 
In addition, DMB attenuated lipopolysaccharide-induced nitric oxide release and 
proinflammatory cytokine expression in RAW264.7 cells. In isolated mice intestinal tissue, 
DMB also reduced the intestine smooth muscle spontaneous contraction and inhibited 
KCl, acetylcholine, BaCl2, or histamine-induced intestine smooth muscle active tension, 
while the active frequency was unaffected. Our results demonstrated that GAE and its 
active constituent DMB could inhibit TNBS-induced UC, reducing inflammatory response 
and alleviate colon muscle spasm, suggesting that DMB may be a good candidate for 
subsequent development as a multitargeting drug for UC treatment.
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INTRODUCTION

Ulcerative colitis (UC) is a chronic inflammatory bowel disease with 
ulcers of the colon. The symptoms of UC are abdominal pain and 
uncontrolled diarrhea mixed with blood. Although UC is not fatal, 
the long-term abdominal uncomfortable lowers the life quality of 
the patient. Epidemiological investigation revealed that the global 
prevalence of UC is increasing at the turn of the twenty-first century 
(Kaplan and Ng, 2017), and about 1–2 of every 1,000 people in 
developed countries are affected with UC (Blumberg et al., 2011). 
Age distribution analysis indicates that 10–20% of UC cases are 
diagnosed in older adults over 60 years of age (Katz and Pardi, 2011). 
Although there is an effectively alleviative method to moderating 
UC symptoms through diet changes, patient may still require 
pharmacotherapy when long-term diarrhea cannot be controlled by 
life style modification (Verma et al., 2000; Herfarth et al., 2014).

The cause of UC is not completely understood. Recently, its 
pathogenesis has been considered as environmental influences, 
imbalanced microbiomes, genetic variations, and disturbances in 
the innate and adaptive immune responses (Schirbel and Fiocchi, 
2010). The increased enteric mucosal chronic inflammatory cells, 
immune cell activation, and inflammatory cytokine release are 
the main pathological features of UC, which leads to intestinal 
inflammation and abnormal intestinal motility (Fiocchi, 1998; 
Swidsinski et al., 2002). In patients with active colitis, the increased 
intestinal contraction is closely related to mucosal inflammation 
and ulceration (Loening-Baucke et al., 1989). Clinically, there is 
no single ideal therapy for UC. Different kinds of medicines are 
used to halt or ease UC symptoms, such as sulfasalazine to treat 
inflammation or moderate pain, loperamide to treat diarrhea, 
and alosetron to manage bowel movements (Singh et al., 2018). 
However, these single-target antagonists or inhibitors could only 
control part of the UC symptoms with low efficacy. A combination 
of these medications may have better effects, but it also causes 
inconvenience and increases the possibility of noncompliance.

Gentianella acuta (Michx.) Hulten, belonging to the family 
Gentianaceae, is an herbal medicine used as antidiarrhea in 
traditional Chinese medicines, which suggest that it may also 
exert some beneficial effects for UC treatment. Our previous 
study showed that its compound, desmethylbellidifolin (also 
named as 1,3,5,8-tetrahydroxyxanthone, DMB), a natural 
xanthone, significantly reduced the isolated intestine contraction 
tension (Liu et al., 2016b). In this study, the effect of G. acuta 
extract (GAE) and DMB on UC was investigated using 
2,4,6-trinitrobenzenesulfonic acid (TNBS) acid-induced rat 
colitis model. Lipopolysaccharides (LPS) stimulated RAW264.7 
cells and isolated mice intestinal tissue. We determined if DMB 
could protect UC by inhibiting inflammatory factors expression 
and gut motility and tried to disclose the underlying mechanisms 
of DMB in the treatment of UC.

MATERIALS AND METHODS

Materials
The whole plants of G. acuta (Michx.) Hulten were collected 
from Alxa Youqi, Inner Mongolia Autonomous region, China, 

and identified by Dr. Chunhong Zhang (Alashan Mongolian 
Hospital). The voucher specimen was deposited at Herbarium, 
Institute of Botany, Chinese Academy of Sciences, Beijing, China 
(Voucher Number: 02293698).

Balsalazide sodium tablets (BST) were purchased from 
Zhendong Anter Pharmaceutical, Ltd (Shanxi, China). TNBS and 
L-N6-1-iminoethyl-lysine were purchased from Sigma-Aldrich 
LLC. (St. Louis, MO, USA). Bicinchoninic acid protein assay kit 
was from Thermo Scientific (Waltham, MA, USA). Rabbit anti-
β-actin, anticyclooxygenase-2 (anti-COX-2), antinitric oxide 
synthase (anti-iNOS), and antitumor necrosis factor-α (anti-
TNF-α) antibodies were obtained from Abcam plc. (Cambridge, 
MA, USA). All other chemicals were purchased from Sigma-
Aldrich (St. Louis, MO) except as indicated.

GAE Preparation and High-Performance 
Liquid Chromatography Analysis
The whole plants of G. acuta (3.0 kg) were ground and extracted 
with 70% ethanol–water under reflux for two times. The combined 
extracting solution was concentrated in vacuum to afford a 70% 
ethanol–water extract (GAE) (868.5 g). DMB was isolated from 
G. acuta as in our previous report (Liu et al., 2016b), the purity of 
which was more than 95% as determined by high-performance 
liquid chromatography (HPLC) method. DMB content in GAE 
was determined by HPLC method as describe as the literature 
(Liu et al., 2015).

Animals
All animal experiments were approved by Tianjin University 
of Traditional Chinese Medicine Committee on Use and Care 
of Animals (TCM-LAEC20170037). Sprague–Dawley rats 
(weight = 180 ± 10 g) and Kunming mice (weight = 25 ± 5 g) 
were purchased from Vital River Laboratory Animal Technology 
Co. Ltd., (Beijing China). Both of them were acclimated for 1 
week before the experiments. All animals were allowed free 
access to a standard diet and drink ad libitum and adapted to the 
experimental conditions at 22 ± 2°C, and humidity 60 ± 5% with 
a fixed 12-h artificial light period.

TNBS-Induced UC Rats
After 1 week of adaption, male Sprague–Dawley rats were 
randomized into six groups (n = 8). Except in the normal 
group, colitis was induced by TNBS according to the literature 
report method with some modifications (Morris et al., 1989). 
Briefly, after fasting for 16 h, rats were lightly anesthetized with 
anhydrous diethyl ether. Subsequently, a 300-μl TNBS solution 
[5% (w/v) in 50% ethanol] was injected through the anus using 
a cannula that was introduced 8 cm in depth. Normal group 
was treated with the same volume of phosphate-buffered saline 
(PBS). After 24 h, DMB or GAE was administrated orally in 
5% gum acacia, while the BST and control groups received the 
same volume of 5% acacia water solution with or without 1 g/
kg BST. The treatments were continued for 10 consecutive days. 
Body weight (BW), food weight, and water volume of animals 
were recorded daily during the experiment. Damage score was 
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scored for macroscopically visible damage on a 0–10 scale. Rectal 
bleeding and diarrhea were monitored by manual analyses of 
the level of blood and water content in the feces. Three persons 
unaware of the experiment independently performed foregoing 
analyses. The disease activity index was calculated by assigning 
well-established and validated scores. Briefly, the following 
parameters were used for calculation: (a) weight loss (0 point = 
none, 1 point = 1–5% weight loss, 2 points = 5–10% weight loss, 3 
points = 10–15% weight loss and 4 points more than 15% weight 
loss), (b) diarrhea (0 points = normal, 2 points = loose stools, 4 
points = watery diarrhea), (c) bleeding (0 points = no bleeding, 
2 points = slight bleeding, 4 points = gross bleeding) (Alex et al., 
2009). At the end of final administration, rats were fasted for 24 
h and killed with a lethal dose of sodium pentobarbital (100 mg/
kg, i.p.). Colon was quickly removed, opened longitudinally, and 
gently washed with ice-cold PBS. Then, colon weight and length 
were measured under a constant load. Macroscopic assessment 
of the colitis grade was scored according to a previously reported 
scoring system (Bell et al., 1995). All the colon was frozen in 
liquid nitrogen and stored at −80°C until analysis.

Colon samples were prepared for 10% homogenate in saline. 
NO level, myeloperoxidase (MPO) activity, and glutathione 
content were determined using commercial kits (BioSino Bio-
technology and Science Inc., China). Protein concentration 
was measured quantitatively using bicinchoninic acid protein 
assay kit.

Histopathology of Colon Tissues
The colon tissues of rats were removed, fixed with 4% 
paraformaldehyde in PBS, and then decalcified for 10 days with 
ethylenediaminetetraacetic acid and embedded in paraffin for 
histological analysis. The paraffin sections were stained with 
hematoxylin and eosin (HE), and photographed with Axio 
Imager D2 (Zeiss, Oberkochen, Germany) for conventional 
morphological evaluation. Microscopic score was calculated as 
in literature report (Yang et al., 2016). The microscopic score was 
evaluated on a 0–10 scale by a pathologist observer, who was 
unaware of the experiment groups.

Isolated Intestinal Tissue Preparation and 
Isometric Measurements
Mice were euthanized with CO2. Intestinal tissues (including 
jejunum and ileum) were harvested quickly and cut 
transversely into 1-cm sections. The tissue section was 
mounted longitudinally, and the contraction of longitudinal 
smooth muscle was recorded following previously reported 
methods (Liu et al., 2016b). Briefly, the lower end of the 
intestine section was tied with a holder at the bottom of the 
organ bath, while the upper end was connected to an isometric 
force transducer with a silk-braided nonabsorbable suture 
(Johnson & Johnson Medical (China) Ltd., Shanghai, China) 
for recording mechanical activity. Intestine contractions were 
recorded using the Power Lab system and Chart 7 software 
(AD instrument Ltd., Australia). The Maxwell bath was filled 
with 10 ml of Tyrode’s solution (1 L contains NaCl 8.0 g, CaCl2 
0.2 g, KCl 0.2 g, MgCl2 0.1 g, NaHCO3 1.0 g, KH2PO4 0.05 g, 

glucose 1.0 g, pH 7.4) and maintained at a constant temperature 
(37.0 ± 0.5°C) and bubbled with 95% O2 and 5% CO2 gas. The 
intestine sections were allowed to equilibrate for 30 min before 
the experiment started. During the equilibration period, the 
section was rinsed every 30 min with Tyrode’s solution, and the 
basal tension was maintained. Acetylcholine (ACh, 0.1 μM), 
histamine (HA, 10 mg/l), BaCl2 (50 mg/l), and KCl (40 mM) 
were used for mechanism researches, respectively.

RAW264.7 Macrophage Cell Culture and 
LPS-Induced Nitric Oxide Production
RAW264.7 cells, a murine macrophage cell line (IBMS, CAMS/
PUMC, Beijing China), were cultured in Dulbecco’s modified 
Eagle’s medium high glucose (Hyclone, Logan, UT, USA) 
medium with 10% fetal bovine serum (HyClone, Logan, UT, 
USA), 100 U/ml penicillin, and 100 μg/ml streptomycin in a 
humidified atmosphere containing 5% CO2 at 37°C. Cells were 
plated in a six-well plate at a density of 4 × 105 cells/well for 
further experiments.

The concentration of NO in culture supernatants was 
determined by measuring the nitrite levels using Griess 
reagent. RAW264.7 cells were pretreated with DMB at different 
concentrations for 1 h and then stimulated with LPS (500 ng/
ml) for 24 h. After incubation, aliquots of 100 μl of each culture 
medium was mixed with an equal volume of Griess reagent (St. 
Louise, MO). Nitrite levels were determined using an ELISA 
plate reader at 540 nm, and concentrations were calculated by 
reference to a NaNO2 standard calibration curve.

Real-Time RT-PCR Analysis
RNA isolation of tissue and cells, complementary DNA synthesis 
and real-time PCR analysis were performed as described 
previously (Zhang et al., 2013). The primer sequences used 
for real-time PCR were synthesized by Dingguo Bio Co. Ltd, 
Shanghai, China (Table 1). Results were presented as levels of 
expression relative to those of controls after normalization to 
glyceraldehyde 3-phosphate dehydrogenase using the 2−ΔΔCT 
methods. Analysis was carried out in triplicates.

Western Blotting Analysis
Protein isolation and Western blotting were performed as 
described previously (Liu et al., 2016a). Briefly, equal amounts 
of proteins (40–80 μg) were resolved by 8–12% sodium dodecyl 
sulphate–polyacrylamide gel electrophoresis and transferred to 
polyvinylidene difluoride membranes (Millipore, Bedford, MA, 
USA). The normal proteins blots were blocked with Quickblock 
TM Western blocking buffer (Beyotime Institute of Biotechnology, 
Nanjing, China). The membranes were incubated overnight at 
4°C with primary antibodies. The blots were washed three times 
with Tris-buffered saline with Tween 20 (TBST, Beijing Solarbio 
Science & Technology Co. Ltd., Beijing, China) and incubated 
with horseradish peroxidase conjugated secondary antibody for 
1 h. Blots were washed three times with TBST. The transferred 
proteins were visualized with ChemiDoc MP Imaging System 
(Bio-Rad, Hercules, CA, USA).
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Statistical Analysis
Values are expressed as mean ± SD. All the grouped data were 
statistically performed with SPSS 11.0. Significant differences 
between means were evaluated by one-way analysis of variance 
(ANOVA) and Tukey’s studentized range test was used for post hoc 
evaluations. The differences were considered significant at P < 0.05.

RESULTS

DMB Content in GAE
Content of DMB in GAE was quantified to be 4.93 mg/g by 
HPLC, with a correlation coefficient r > 0.9997, and an average 
recovery of 97.84% (RSD = 1.1%, n = 6) (Figure 1).

GAE and DMB Alleviates TNBS-Induced 
UC
To investigate the physiological relevance of GAE and DMB-
regulated suppression of colitis inflammatory process in vivo, a 
TNBS model of colitis was used. In the course of the experiment, 
rats were monitored daily for weight loss, food weight, water 
volume, as well as signs of rectal bleeding and diarrhea.

After 10 consecutive days of GAE (100, 200, and 400 mg/kg) 
oral administration, compared to control group, body weights were 
significantly increased in GAE-treated groups. Symptoms of UC, 
such as bloody stools and diarrhea, were ameliorated. Disease activity 
index (DAI), an index of UC physician’s rating of disease activity, was  
significantly improved by GAE treatment (Supporting Figure S1).

TABLE 1 | Sequences of the primers for real-time RT-PCR analysis.

Species Gene Primer sequence

Rat COX-1 F: AAGGGAAGAAGCAGTTACCAG R: GCAAAGAAAGCAAACAAGACG
COX-2 F: TCGGAGGAGAAGTGGGTTTTAG R: TTGATGGTGGCTGTCTTGGTAGG
IL-6 F: TCTTGGGACTGATGTTGTTG R: ACTGGTCTGTTGTGGGTGGT
TNF-α F: GATGTGGAACTGGCAGAGGAG R: CACGAGCAGGAATGAGAAGAG
iNOS F: TTGGAGCGAGTTGTGGATTGTT R: TAGGTGAGGGCTTGCCTGAGTG
eNOS F: CACGAGGACATTTTCGGACT R: CCAGGTGTTTCTTGGGTAGG
GAPDH F: TGAGGCCGGTGCTGAGTATGT R: CAGTCTTCTGGGTGGCAGTGA

Mouse COX-1 F: AGAAGGAGATGGCTGCTGAGTT R: GTGAGGCTGTGTTGACAAGGTT
COX-2 F: CTTCCTCCTGTGCCTGATGAT R: GCCCTCGCTTATGATCTGTCT
IL-6 F: AGACTTCCATCCAGTTGCCTT R: TTCTCATTTCCACGATTTCCC
TNF-α F: GCCCAGACCCTCACACTCAGA R: TAGACAAGGTACAACCCATCG
iNOS F: CTTGGAGCGAGTTGTGGATTGT R: AGGTGAGGGCTTGGCTGAGTGA
eNOS F: ATTTCCTGTCCCCTGCCTTCC R: GTTGCCTTCACACGCTTCGCC
GAPDH F: AACTTTGGCATTGTGGAAGG R: GGATGCAGGGATGATGTTCT

FIGURE 1 | High-performance liquid chromatography (HPLC) of Gentianella acuta extract (GAE) and its standard marker substance. (A) HPLC of GAE recorded at 
254 nm and peak of desmethylbellidifolin (DMB) is shown. (B) Standard peak of DMB is shown.
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To further confirm the role of GAE active constituent in UC 
treatment, DMB, was tested using the same model. The results 
showed that TNBS treatment caused markedly weight loss in the 
model group, whereas mice treated with DMB were dramatically 
protected from weight loss and colon shortening in a dose-
dependent manner (Figures 2A, C, and D). Consistently, a similar 
trend was found in food and water intake (Figure 2B). Moreover, 
as shown in Figure 2G, DMB treatment ameliorated TNBS-
stimulated DAI. We found that DMB treatment significantly 
inhibited TNBS-induced rectal bleeding and diarrhea and 
reduced TNBS-induced production of bloody stools and damage 
score (Figures 2E, F, and H).

Next, we measured the effects of DMB on colorectal histology 
in rat with TNBS-induced colitis. As shown in Figure 3A, 
DMB treatment showed the alleviated morphological alteration 
and lower inflammation level with scattered infiltration of 
monocytes in TNBS-treated rat. Compared to the Model group, 
DMB treatment could protect the intestinal integrity in all 

colonic layers (Figure 3B). In addition, the glutathione level was 
induced by DMB administration in the colon (Figure 3C). The 
MPO activity is a marker of neutrophil infiltration, which plays 
an extremely important role in polymorphonuclear infiltration. 
As shown in Figure 3D, DMB treatment significantly inhibited 
TNBS-induced MPO activity. Taken together, these results 
suggested that DMB reduced TNBS-induced acute colitis.

GAE and DMB Inhibits Mice Intestine 
Smooth Muscle Contraction
We investigated the effects of GAE and DMB on intestinal 
smooth muscle spontaneous contraction. As shown in Figure 4, 
both GAE (100, 150, and 200 µg/ml) and DMB (10, 20, and 30 
µg/ml) prominently inhibited the active tension on intestine 
smooth muscle contractions in a concentration-dependent 
manner. However, active frequency was not altered by the GAE 
or DMB treatments.

FIGURE 2 | Desmethylbellidifolin (DMB) alleviates trinitrobenzenesulfonic acid (TNBS)-induced ulcerative colitis. Rat were injected with TNBS through the anus. After 
24 h, DMB was administrated orally in 5% gum acacia at 5, 10, and 20 mg/kg BW, respectively, for the DMB group, while the Balsalazide sodium tablets (BST) 
group and model group received the same volume of 5% acacia water solution with or without 1 g/kg BST for consecutive 10 days. The indicators were measured 
body weight (A), weight of food, and volume of waters (B). Colons were isolated and photographed (C). Colon lengths were measured (D). Diarrhea score (E), 
rectal bleeding (F), disease activity index (G), and damage score (H) were calculated. Data are presented as mean ± SD, and *, **, and *** indicate P < 0.05, 
P < 0.01, and P < 0.001, respectively.
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DMB Promotes the Recovery of KCl-, 
Ach-, BaCl2-, or HA-Induced Intestine 
Smooth Muscle Contraction
To further determined the spasmolytic activity of DMB, 
spasmogens, such as KCl, ACh, BaCl2, or HA, induced intestinal 
smooth muscle contraction models were used. As shown in 
Figure 5 and S2, the KCl-, ACh-, BaCl2-, or HA-induced intestine 

smooth muscle contraction was dramatically suppressed by 
DMB, while the active frequency was unaffected.

DMB Inhibits TNBS-Induced Inflammation 
in Mice Colon
To investigate whether the DMB has potential anti-inflammatory 
effects in TNBS-induced acute colitis, NO concentration was 

FIGURE 3 | Desmethylbellidifolin (DMB) improve colorectal histology in trinitrobenzenesulfonic acid (TNBS)-induced acute colitis rat model. Representative HE 
staining image (A). Microscopic score (B). Colonic glutathione (GSH) and myeloperoxidase (MPO) levels (C and D). Data are representative of four separate 
experiments with similar results. Data are presented as mean ± SD, and *, **, and *** indicate P < 0.05, P < 0.01, and P < 0.001, respectively.

FIGURE 4 | Gentianella acuta extract (GAE) and desmethylbellidifolin (DMB) inhibit mice intestine smooth muscle spontaneous contraction. The isolated 
distal colonic strips were longitudinally mounted in an organ bath, and the contractile response to GAE or DMB was recorded. Active tension on spontaneous 
contractions of intestine smooth muscle (A, B and D, E). Active frequency on spontaneous contractions of intestine smooth muscle (C and F). Data are expressed 
as means ± SD (n = 7); * and *, **, and *** indicate P < 0.05, P < 0.01, and P < 0.001, respectively.
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measured by Griess reagent in the presence or absence of DMB. 
As shown in Figures 6A and B, NO production was strongly 
induced in TNBS-stimulated acute colitis, while pretreatment 
with DMB notably inhibit the TNBS-induced NO production. 
We also determined whether DMB could inhibit TNBS-induced 
proinflammatory cytokines, endothelial nitric oxide synthase 
(eNOS), iNOS, TNF-α, COX-1, interleukin-6 (IL-6), and COX-2 
gene expression. As shown in Figures 6D, E, G, and H, DMB 
significantly decreased the messenger RNA (mRNA) levels of 
iNOS, IL-6, TNF-α, and COX-2 in a concentration-dependent 
manner. However, there was no obvious difference in the mRNA 
levels of eNOS and COX-1 between the model and DMB-treated 
groups (Figures 6C, F).

DMB Inhibits TNF-α, iNOS, and COX-2 
Protein Expression in Vitro and in Vivo
The iNOS and COX-2 are often involved in the induction 
of inflammatory and malignant conditions. Thus, iNOS and 
COX-2 protein expression levels were determined. As shown 
in Figures 6I and 7A, the expression level of iNOS and COX-2 
were significantly elevated by TNBS/LPS treatment in vitro and 
in vivo. Consistent with mRNA results, the expression of iNOS 
and COX-2 were dramatically suppressed by the DMB treatment 
in a dose-dependent manner. Moreover, TNF-α protein level was 
also decreased by the DMB.

DMB Inhibits LPS-Induced Inflammatory 
Cytokine Expression in RAW264.7 Cells
To further confirm the anti-inflammatory effects of DMB, we 
determined inflammatory cytokine expression in LPS-stimulated 
RAW264.7 cells. As shown in Figure 7B, DMB treatment could 
inhibit LPS-stimulated NO production in Raw264.7 cells. in 
addition, mRNA expression levels of iNOS, TNF-α, IL-6, and 
COX-2 were significantly decreased by DMB (Figures 7D–F, 
and H), while DMB had little effects on eNOS and COX-1 mRNA 
expression level (Figures 7C and G).

DISCUSSION

In this study, we demonstrated the anti-UC role of GAE and 
its xanthone compound DMB and investigated the potential 
mechanisms both in vivo and in vitro. Our novel findings include 
the following: 1) We identified DMB, a natural xanthone from 
GAE, as an active substance on UC treatment; 2) we found 
that GAE and DMB not only suppressed the symptom and 
histopathological changes of UC but also exert an antispasmodic 
effect; and 3) mechanically, we showed that the protective effect of 
GAE and DMB on UC may partially through its inhibitory effect 
on proinflammation cytokine expression and NO production.

UC is a chronic and relapsing inflammatory disorder of the 
gastrointestinal tract disease. The common clinical symptom of 
UC is abdominal cramping, bloody diarrhea, and bloating with 
a change in stool frequency and form. These symptoms can be 
embarrassing, uncomfortable, and affect the quality of life. 
Therefore, it is important to develop therapeutic approaches to 

relieve the symptoms of UC (Abraham, 2015). Here, we showed 
that GAE and DMB treatment could ameliorate TNBS-induced 
rat model weight loose and food/water intake decrease, increase 
colon length, and attenuate DAI and histopathological score. 
Furthermore, histological studies revealed that DMB reduced 
TNBS-induced pathological lesions, suggesting protective role 
of DMB in colon inflammation pathophysiology. These results 
indicated that DMB has symptomatic relief effect for UC-caused 
abdominal discomfort.

Inflammation is the key factor in UC occurrence and 
development. Chronic inflammation increases gut epithelial 
permeability, leading to the system exposure to intestine bacterial 
endotoxin products, such as LPS, and aggravate inflammation 
condition (Kawashima et al., 2011; Funderburg et  al., 2013). 
In UC patient, serum levels of the proinflammatory cytokines 
significantly increased, including TNF-α, IL-1β, IL-6, etc. (Rogler, 
2017). TNF-α can activate nuclear factor kappa B (NF-κB), and 
its expression is induced in response to NF-κB activation, thus 
forming an amplifying feed forward loop. NF-κB activation 
could also induce the expression of iNOS and COX-2. The 
disequilibrium between anti- and proinflammatory cytokines 
resulting in hyperresponsive state of the UC (Kim and Cheon, 
2017). Recently, various anticytokines and adhesion drugs have 
been developed for the treatment of UC patients. Some anti-
TNF-α medicines were used to block part of the process that 
causes inflammation in the body, such as Natalizumab, a new 
antibody for treatment of UC (Baumgart and Sandborn, 2007). 
However, the side effect and intravenous administration approach 
limited its use in patients. It has been reported that GAE could 
significantly inhibit NF-κB activation (Li et al., 2019). Indeed, 
our results showed that administration of DMB reduced NO 
level in serum and colon tissue in TNBS-induced UC model and 
suppressed the TNF-α, iNOS, and COX-2 expression both in vivo 
and in vitro. These findings suggested that DMB may act through 
inhibiting NF-κB signaling pathway to inhibit the inflammation 
in intestine and alleviate UC development. Abnormal intestinal 
contraction is one of the causes of UC-induced abdominal 
pain or discomfort. In UC patients with abdominal pain and 
diarrhea, colony motility index and high-amplitude-propagating 
contractions were significantly greater than in healthy volunteer. 
It has been reported that the levels of 5-hydroxytryptamine 
(5-HT) and M and H receptors and their corresponding ligands 
are significantly higher in UC patients than those in the healthy 
controls (Huang et al., 2005; Ohama et al., 2007). These receptors 
play functional roles in intestinal smooth muscle contraction 
through regulating intracellular Ca2+ concentration. Medications 
targeting these receptors and their signaling pathways have been 
developed for UC symptom management. Alosetron (5-HT3 
antagonist), Darifenacin (a selective muscarinic M3 receptor 
inhibitor), and ebastine (a selective H1 receptor inhibitor) 
have been used to reduce the colonic contractile response and 
abdominal pain in UC (Bharucha et al., 2010; Abraham, 2015). 
However, combination of medications causes inconvenience and 
increases the possibility of noncompliance. KCl, ACh, histamine, 
and BaCl2 can either activate these receptors or promote 
intracellular Ca2+ concentration accumulation, thereby inducing 
intestinal contraction. In this study, we investigated the inhibitory 
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FIGURE 5 | Desmethylbellidifolin (DMB) promotes the recovery of KCl-, ACh-, BaCl2-, or HA-induced intestine smooth muscle contraction. After whole distal colonic 
strips were longitudinally mounted in an organ bath, KCl, ACh, BaCl2, or HA was treated for 5 min, followed by treatment of DMB for 10 min, respectively. The 
contractility was measured by a tonotransducer. The percentage change of active tension (A, C, E, G) and active frequency (B, D, F, H) of contractile response 
were recorded. Data are expressed as means ± SD (n = 7); * and *, **, and *** indicate P < 0.05, P < 0.01, and P < 0.001, respectively.
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FIGURE 6 | Desmethylbellidifolin (DMB) inhibits trinitrobenzenesulfonic acid (TNBS)-induced inflammation in rat colon. Rat were injected with TNBS through anus. 
After 24 h, DMB was administrated orally in 5% gum acacia at 5, 10, and 20 mg/kg BW, respectively (D5, D10, and D20) for the DMB group. while the BST group 
and model group (M) received the same volume of 5% acacia water solution with or without 1 g/kg BST for consecutive 10 days. NO level in TNBS-induced colitis 
rat blood serum and colon tissue (A and B). Messenger RNA (mRNA) expression of eNOS, iNOS, IL-6, TNF-α, COX-1, and COX-2 were determined by real-time 
reverse transcription PCR (RT-PCR) (C–H). Cyclooxygenase 2 (COX-2), tumor necrosis factor-α (TNF-α), and nitric oxide synthase (iNOS) protein expression in 
TNBS-treated rat colon (I). Data are expressed as means ± SD (n = 8); * and *, **, and *** indicate P < 0.05, P < 0.01, and P < 0.001, respectively.
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effect of DMB on KCl-, ACh-, histamine-, and BaCl2-induced 
contractile response in isolated intestinal model. The results 
showed that DMB caused a significant decrease in abnormal 
intestinal contraction in the four experimental conditions. 
The results indicated that DMB has an antispasmodic effect by 
targeting major calcium-dependent receptors to alleviate the 
UC-caused abnormal intestinal contraction.

UC is characterized by a gastrointestinal functional disorder 
with multiple pathogenic mechanisms and is not likely to 
result from one single-target defect. Although some single-
target medications, such as aminosalicylates, corticosteroids, 
infliximab, and azathioprine, were used for UC that were focused 
on relieving symptoms and preventing or managing chronic 
inflammatory conditions, single use of anti-inflammatory drug 
does not meet clinic requirement in all people, and some can 
cause serious side effects. In addition, it is difficult to organize a 
perfect dosage ratio for different kinds of medicines to obtain an 
optimal therapeutic effect.

It has become more and more evident that a multiple-target 
integrative medicine is superior to the single-target drugs for 

chronic complex disease treatment. Considering the chronic 
nature of UC and side effects of conventional therapies, 
integrative multitarget drug intervention is considered more 
efficient in modulating networks than targeting a single 
macromolecule with a high-affinity ligand (Koeberle and Werz, 
2014; Misra, 2014). As a natural xanthone, DMB has nonselective 
multitarget property for UC intervention. Here, we showed that 
it has more active anti-inflammatory and antispasmodic effects 
than positive control agents, which suggest the potential use of 
DMB for the UC treatment in clinic.

In summary, our results showed that DMB could reduce 
inflammatory response and alleviate colon muscle spasm. DMB 
may be a good candidate for subsequent development as a 
multitargeting drug for treatment of UC.
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FIGURE 7 | Desmethylbellidifolin (DMB) inhibits lipopolysaccharides (LPS)-induced inflammatory cytokines expression in RAW264.7 cells. Cells were divided as the 
following groups: N (normal), Ctrl (control), L (20 µM L-N6-1-iminoethyl-lysine), or D (30, 10, and 3 µM DMB). Cyclooxygenase 2 (COX-2), tumor necrosis factor-α 
(TNF-α), and nitric oxide synthase (iNOS) protein expression in LPS-induced RAW264.7 cells (A). NO level in LPS-induced RAW264.7 cells (B). Messenger RNA 
(mRNA) expression of endothelial nitric oxide synthase (eNOS), iNOS, interleukin-6 (IL-6), TNF-α, COX-1, and COX-2 were determined by real-time RT-PCR (C–H). 
Data are expressed as means ± SD (n = 3); * and *, **, and *** indicate P < 0.05, P < 0.01, and P < 0.001, respectively.
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