
Sun et al. Chin Med            (2020) 15:2  
https://doi.org/10.1186/s13020-019-0282-5

RESEARCH

Effect of Loureirin B on Crohn’s disease rat 
model induced by TNBS via IL-6/STAT3/NF-κB 
signaling pathway
Xueliang Sun†, Ke Wen†, Zhizhong Xu, Zongqi He, Bensheng Wu, Xiao Yang and Xiaopeng Wang*

Abstract 

Background: Crohn’s disease (CD) is a chronic relapsing form of inflammatory bowel disease, seriously threaten-
ing human beings health. However, the pathogenesis of CD is still unclear and there is no specific effective drug for 
treatment of CD. Resina Donis (RD) obtained from Dracaena cochinchinensis (Lour.) S. C. Chen (Liliaceae), has been used 
for the treatment of CD clinically. Loureirin B (LB) is one of the most important chemical compositions and physi-
ologically active ingredients of resina draconis. It has the molecular structure propan-1-one, 1-(4-hydroxyphenyl)-
3-(2,4,6-trimethoxyphenyl)-1-(4-hydroxyphenyl)-3-(2,4,6-trimethoxyphenyl) propan-1-one. The aim of this study was 
to investigate the effect of LB on CD and explore the underlying mechanisms.

Methods and results: In this study, the result demonstrated that LB prolonged the survival time of 2,4,6-trini-
trobenzene sulfonic acid (TNBS)-induced rats and alleviated colonic damage in a dose dependent manner. Besides, 
LB remarkably ameliorated TNBS-induced inflammatory response via regulation of cytokines in the colonic tissues. 
Moreover, LB could reverse the established fibrosis and impede the accumulation infiltration, and improve the apop-
tosis induced by TNBS in a dose dependent manner. Further, LB dramatically suppressed TNBS-induced the activation 
of IL-6/STAT3/NF-κB signaling pathway.

Conclusions: These findings suggested that LB could be beneficial regarding ameliorating TNBS-induced CD, which 
may represent a novel approach to treat CD and provide an alternative choice for disorders associated with CD.

Keywords: CD, LB, Inflammation, Fibrosis, IL-6/STAT3/NF-κB

© The Author(s) 2020. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material 
in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material 
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creat iveco 
mmons .org/licen ses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creat iveco mmons .org/publi cdoma in/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
CD is a chronic relapsing form of inflammatory bowel 
disease, typically characterized with transmural inflam-
mation, lymphangiectasia, and lymphatic and fibrous tis-
sue hyperplasia [1, 2]. CD can be involved in all segments 
of the digestive tract, and bring about perforation and 
abdominal adenoma and other complications, which seri-
ously affects the life quality of patients [3]. Thus, CD is a 
difficult disease urgently needed to be solved. CD occurs 

mostly in developed countries such as Europe and Amer-
ica, the incidence of CD is 43.6 per 100,000 in Europeans 
and Americans, and 5.6 per 10 million in Asians [4]. In 
recent years, with the changes of living conditions and 
the continuous improvement of clinical diagnosis level, 
the incidence of CD in China has been increasing year by 
year [5, 6]. Compared with the clinical diagnosis of CD, 
the research progress of the treatment for CD is relatively 
slow. In addition, the pathogenesis of CD is still unclear, 
and CD is thought to be the results of heredity, immune 
disorders, intestinal barrier dysfunction and intestinal 
microbial interaction [7]. It is precisely because the cur-
rent research can not reveal the exact pathogenesis of 
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CD, so there are no specific effective treatment methods 
or drugs for CD [8].

CD is mainly characterized by nonspecific inflamma-
tion of the digestive tract, which occurs in the individual 
intestinal tract with genetic susceptibility and does not 
depend on specific pathogens [9]. Studies have shown 
that lamina propria T cells play a key role in the induc-
tion and persistence of intestinal inflammation. Inter-
action between antigen presenting cells in intestinal 
mucosal immune system and local bacterial flora leads to 
the uncontrolled activation of mucosal  CD4+ T cells, and 
sustained release of inflammatory factors such as tumor 
necrosis factor-α (TNF-α), interleukin-6 (IL-6), IL-12, 
IL-23, IL-27 and IL-17, which are important factors 
resulting in intestinal injury in CD patients [10, 11]. IL-6 
can be produced by multiple cells and has pleiotropic 
effects on different organ systems. In the pathological 
state of CD,  CD4+ T cells exhibit apoptosis resistance, 
and the accumulation of  CD4+ T cells in inflamma-
tory sites mainly depends on anti-apoptotic IL-6 trans-
membrane signaling pathway [12]. IL-6 trans-membrane 
signaling pathway can induce the activation of STAT3, 
and STAT3 itself can further induce the expression of 
anti-apoptotic factors Bcl-2 and Bax-xl, causing T cells 
resistance to apoptosis [13, 14]. Besides, T cell apoptosis 
resistance and aggregation eventually lead to a vicious 
cycle of chronic inflammation, which can be effectively 
blocked by anti-IL-6 receptor antibody, indicating that 
IL-6/STAT3 signaling pathway plays a central role in 
apoptosis resistance in the pathological state of CD [15]. 
In addition, recent studies have found that IL-6 signal-
ing pathway plays an important role in the occurrence 
and differentiation of Th17, suggesting that IL-6/STAT3 
trans-membrane signaling pathway is essential for T 
cells apoptosis resistance and type Th17 immune reac-
tion [16, 17]. Further, in inflammatory cells, the inappro-
priate activation of nuclear factor-кB (NF-кB) is the key 
transcription factor that regulates the expression of the 
inflammatory mediators, which is related to the occur-
rence and development of CD inflammation [18].

RD, obtained from Dracaena cochinchinensis (Lour.) S. 
C. Chen (Liliaceae), is a Chinese herb with the positive 
activities of promoting blood circulation for removing 
blood stasis, regenerating tissue to heal wound, relieving 
pain and eliminating swelling, which has been commonly 
used for the treatment of coronary heart disease, angina, 
and acute myocardial infarction [19, 20]. Additionally, the 
ethyl acetate of RD can promote inflammatory response 
induced by LPS through inhibiting ROS production in 
vascular smooth muscle cells and macrophages [21]. 
Moreover, the clinical effect of RD on CD is satisfactory 
in China [22]. LB is one of the most important chemical 
compositions and physiologically active ingredients of 

resina draconis. It has the molecular structure propan-
1-one, 1-(4-hydroxyphenyl)-3-(2,4,6-trimethoxyphenyl)-
1-(4-hydroxyphenyl)-3-(2,4,6-trimethoxyphenyl) 
propan-1-one. The previous study reported that LB could 
inhibit the hepatic stellate cell proliferation by regulating 
miR-148-3p via Wnt/β-catenin signaling pathway [23]. 
LB, an essential component of Sanguis Draxonis, inhib-
its Kv1.3 channel and suppresses cytokine release from 
Jurkat T cells [24]. LB inhibited fibroblast proliferation 
and extracellular matrix deposition in hypertrophic scar 
via TGF-β/Smad pathway [25]. However, the role of LB 
on CD and the underlying mechanisms remain unknown. 
Therefore, in the current study, we investigated the effect 
of LB on CD rat model induced by TNBS and explored 
the possible mechanisms.

Methods
Experimental materials
Sixty Sprague–Dawley (SD) rats (equal ratio of male and 
female), weighing 250 ± 20 g, were obtained from Experi-
mental Animal Center of Nanjing University (Nanjing, 
China). Sulphasalazine (SASP) (250  mg) was purchased 
from the National Institutes for Food and Drug Control 
(Beijing, China). Trinitro-benzene-sulfonic acid (TNBS) 
was purchased from Sigma Chemical (St. Louis, MO, 
USA).

Preparation of LB
LB in the present study was followed as previous rec-
ommendations [26]. LB was obtained from the National 
Institute for the Control of Pharmaceutical and Biological 
Products of China and reconstituted in DMSO at a final 
stock concentration of 25 mg/mL.

Establishment of the CD rat model
The CD rat model was induced using TNBS as described 
as previous [27]. In brief, SD rats were fasted overnight 
and lightly anesthetized with ether. Then, TNBS (5 mg), 
dissolved in 0.2  mL of 50% ethanol, was injected into 
the descending colon, and the rats from the control 
group were only treated with 0.2 mL of 50% ethanol fol-
lowing the same method once a week for a total of four 
treatments.

Experimental animals grouping and treatments
CD rats were randomly divided into six groups (n = 10), 
including the control group, the model group, the SASP 
group, and the LB groups (25, 50 and 100 mg/kg). In the 
control group, rats were only administered with normal 
saline via oral gavage every day. The rats from the model 
group were treated with TNBS once a week for a total of 
four treatments and administrated with normal saline via 



Page 3 of 13Sun et al. Chin Med            (2020) 15:2 

oral gavage every day. The rats of the SASP group were 
treated with prepared SASP suspension liquid (0.1 g/mL) 
daily via oral gavage based on the model group, SASP was 
an effective drug for CD [28, 29]. The LB group rats were 
administered with 25, 50 and 100 mg/kg LB every day for 
a total of 28 d via oral gavage based on the model group.

Assessment of colonic damage
The disease activity index (DAI) of all the rats from differ-
ent groups was evaluated daily according to criteria [30, 
31] (Table 1). Every group rats were checked the weight 
and euthanized at day 28. Then the distal colon was care-
fully excised and the colon was weighed and measured 
length.

Hematoxylin and eosin (H&E) staining
Colonic segments were excised and washed with phos-
phate buffered saline (PBS). Then the sections were 
dehydrated by alcohol, cleared in xylene and embedded 
in paraffin. The colonic sections of 5 μm thickness were 
transversely cut and stained with H&E for visual analysis.

Masson staining assay
Isolated colonic tissues were fixed in 4% neutral formalin 
and embedded in paraffin. Then the sections (5 μm) were 
stained with Masson trichrome solutions. Images were 
obtained using a light microscope.

TUNEL assay
Apoptosis was analyzed using a terminal deoxynucleoti-
dyl transferase-mediated dUTP-biotin nick end labeling 
(TUNEL) assay kit following the manufacturer’s instruc-
tions. In brief, the sections (5  μm) of isolated colonic 
tissues were incubated with fluorescein isothiocyanate 
(FITC)-labeled dUTP and terminal deoxynucleotidyl 
transferase for 1  h at 37  °C. Nuclei counterstaining was 
performed using DAPI, and examined under a fluores-
cence microscope (Olympus, Tokyo, Japan).

Immunohistochemical analysis
Isolated colonic tissues from different groups were 
immunohistochemically stained for Slug (ab27568; 
Abcam; 1:1000 dilution), Snail (ab53519; Abcam; 1:500 
dilution), N-cadherin (ab18203; Abcam; 1:300 dilution), 
E-cadherin (ab1416; Abcam; 1:100 dilution), Vimentin 
(ab8978; Abcam; 1:200 dilution), Bax (ab32503; Abcam; 
1:250 dilution), Bcl-2 (ab32124; Abcam; 1:500 dilu-
tion), Caspase-3 (ab13847; Abcam; 1:500 dilution), Cas-
pase-9 (ab32539; Abcam; 1:250 dilution). Briefly, isolated 
colonic tissues were fixed in 4% neutral formalin for 
24 h, embedded in paraffin and were serially sectioned at 
5 µm. Sections were deparaffinized and rehydrated, then 
submerged in hydrogen peroxide to quench peroxidase 
activity following incubated with 1% BSA to block non-
specific binding sites. After incubation with indicated 
primary antibodies at 4  °C for 12 h, secondary antibod-
ies IgG (ab6721; Abcam; 1:1000 dilution) were applied 
to slides for 1 h at room temperature. For immunohisto-
chemical analysis, the slice was colored by diaminoben-
zidine kit (DAB; Beyotime) followed by counterstaining 
with hematoxylin. All the sections were visualized using 
diaminobenzidine (DAB, Beyotime) under a light micro-
scope (Nikon 80i).

Enzyme‑linked immunosorbent assay (ELISA)
The concentrations of cytokines in isolated colonic tis-
sues were determined by enzyme-linked immunosorb-
ent assay (ELISA) for rat IL-1, IL-1β, IL-6, IL-10, TNF-α, 
TGF-β, INOS, MPO, SIgA and MDA (eBioscience, San 
Diego, CA) following the manufacturer’s instructions.

Quantitative real‑time PCR assay (qRT‑PCR)
Total RNA of isolated colonic tissues was extracted with 
Trizol reagent (Takara, China) and was reverse-tran-
scribed into cDNA using a PrimeScript RT reagent kit 
(Takara, China) according to the manufacturer’s instruc-
tions. Quantitative PCR (ABI 7500, USA) was performed 
using SYBR green kit (Takara, China) to detect the rela-
tive mRNA expression levels of IL-6, p-STAT3, STAT3, 
p-NF-κB (p65) and NF-κB (p65). GAPDH was nor-
malized to an endogenous reference. The relative gene 
expression level was calculated by using the comparative 
Ct method, and those relative to the calibrator were given 
by the formula  2−ΔΔCt. The PCR primers for IL-6 were 
5′-GAG AAA AGA GTT GTG CAA TGGC-3′ (forward) 
and 5′-ACT AGG TTT GCC GAG TAG AC C-3′ (reverse), 
STAT3 were 5′-GAG GAG GCA TTC GGA AAG TATT-3′ 
(forward) and 5′-CAGGT CGT TGG TGT CAC ACA-3′ 
(reverse), NF-κB (p65) were 5′-CAC CAA AGA CCC ACC 
TCA CC-3′ (forward) and 5′-CCG CAT TCA AGT ATAG 
TCCC-3′ (reverse), GAPDH were 5′-CGC TAA CATC 

Table 1 Criteria for  assessment of  colonic macroscopic 
and microscopic damage

Score Body weight loss Stool character Fecal occult blood

0 0 Normal formed Negative

1 = 1 to 5%

2 = 5 to 10% Loose stool Positive

3 = 10 to 20%

4 > 20% Diarrhea Gross bleeding
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AAA TGG GGTG-3′ (forward) and 5′-ACA ACC TGG 
TCC TCA GTG TA-3′ (reverse).

Western blotting assay
The total protein from the isolated colonic tissues was 
extracted using RIPA lysis buffer (Pierce; Rockford, IL, 
USA) according to the manufacturer’s instructions. Pro-
tein concentrations were measured with BCA protein 
assay kit. Equal amounts of protein samples (50 μg) were 
separated on 12% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred to a 
polyvinylidene difluoride membrane (PVDF) (Millipore; 
Billerica, MA, USA). Then the PVDF membrane was 
blocked with 5% bovine serum album (Amresco, Solon, 
OH, USA) for 1 h and incubated with primary antibodies 
including Slug (cat. no. ab27568; Abcam), Snail (cat. no. 
ab53519; Abcam), N-cadherin (cat. no. ab18203; Abcam), 
E-cadherin (cat. no. ab1416; Abcam), Vimentin (cat. no. 
ab8978; Abcam), Bax (cat. no. ab32503; Abcam), Bcl-2 
(cat. no. ab32124; Abcam), Caspase-3 (cat. no. ab13585; 
Abcam), Caspase-9 (cat. no. ab32539; Abcam), IL-6 (cat. 
no. ab6672; Abcam), p65 (cat. no. ab16502; Abcam), 
IKB-α (cat. no. ab32518; Abcam) and GAPDH (cat. no. 
ab9485; Abcam) at 1:1000 dilution at 4  °C overnight. 
After washing with PBS three times, the membranes 
were further incubated with horseradish peroxidase-con-
jugated secondary antibody IgG (cat. no. ab6721; 1:2000; 
Abcam). The blots were visualized using the ECL-plus 
detection system (GE Healthcare, Buckingham-shire, 
UK). The membrane was exposed to X-ray film and then 
developed. The signal intensity was quantified using 
Gray-scale analysis software (Image Tool 3.00).

Statistical analysis
Graphpad Prism 5.0 software was performed to analyze 
all data. The data were represented as mean ± SD from 
at least three independent assays. One-way analysis of 
variance followed by Tukey was applied to compare dif-
ference between multiple groups. Additionally, non-
parametric tests were applied for data with non-fulfilled 
distribution assumptions due to some normalized data. A 
p-value < 0.05 was considered statistically significant.

Results
Effect of LB on the survival rate and body weight in rats 
induced with TNBS
Firstly, to evaluate whether LB had a protective effect 
on the rats induced with TNBS, the survival rate and 
the body weight of TNBS-induced rats were measured. 
As shown in Fig. 1a, b, TNBS treatment could dramati-
cally decrease the rat body weight, whereas treatment 
with LB appeared to increase the body weight in a dose 
dependent manner. Besides, the results demonstrated 

that the survival rate of rats from the TNBS was lower 
compared with that in the control group, while the sur-
vival time of rats was prolonged after treatment of LB in 
a dose dependent manner, and the effect of LB with high 
concentration was better than SASP treatment (Fig. 1c). 
Moreover, rats from different groups also had intense 
inflammatory response characterized by DAI. Saline 
did not protect against colonic injury. However, treat-
ment with SASP significantly inhibited the colonic injury, 
whereas administration with LB could protect the rat 
colon against TNBS-induced injury (Fig. 1d).

Effect of LB on the colonic length in rats induced with TNBS
Colon shortening is an indirect marker of inflamma-
tion [32]. Compared with the control group, the colonic 
length in model group was significantly decreased, which 
demonstrated that CD rats had seriously colon injury. 
After treatment with different concentrations of LB, no 
obvious change was viewed in the colonic length and 
weight (Fig.  2a–c). Moreover, the severity of colonic 
inflammation was evaluated by H & E staining assay. As 
shown in Fig.  2d, e, the architecture of colonic tissues 
from the control group was normal and was devoid of 
any inflammatory infiltration necrosis and edema. Rats 
induced with TNBS caused a significant elevation in 
inflammatory response characterized by thickening of 
the mucosa, inflammatory cell infiltration with necrotic 
foci, extensive destruction of mucosal epithelium, loss of 
mucus-secreting cells, submucosal edema, necrosis and 
ulcer on the mucosal surface. The colonic tissues from 
SASP group exhibited a downward trend in the inflam-
matory infiltration, and rats treated with LB showed 
remarkable inhibitory effect on TNBS-induced colonic 
histological damage in a dose dependent manner.

Effect of LB on the production of inflammatory cytokines 
in rats induced with TNBS
In order to investigate the effect of LB on the produc-
tion of inflammatory cytokines in rats induced with 
TNBS, the colonic tissues were collected. As described 
in Fig.  3, TNBS could significantly elevate the pro-
duction of IL-1, IL-1β, IL-6, TNF-α and TGF-β, and 
decrease the secretion of IL-10. However, LB treatment 
could obviously reverse these phenomenons, which was 
that the administration of LB in rat led to a decrease of 
the production of IL-1, IL-1β, IL-6, TNF-α, IL-6, TGF-β 
and an increase of the production of IL-10. These 
results indicated that LB had a positive role in the mod-
ulation of cytokine production in CD rats induced with 
TNBS.
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Effect of LB on the expression of INOS, MPO, SIgA and MDA 
in rats induced with TNBS
To further explore the role of LB in the expression of 
INOS, MPO, SIgA and MDA related to the infiltration of 
neutrophils in inflammatory tissues [33], we performed 
ELISA assay to detect the expression of INOS, MPO, 
SIgA and MDA in colonic tissues. As shown in Fig.  4, 
the expression of INOS, MPO and MDA was up-regu-
lated and the expression of SIgA was down-regulated in 
TNBS-induced group compared to that in the control 
group, while treatment with LB led to a decrease in the 
expression of INOS, MPO and MDA and an increase of 
SIgA in colonic tissues.

Effect of LB on epithelial‑mesenchymal transition (EMT) 
in rats induced with TNBS
Intestinal fibrosis is thought to be a common phenom-
enon in inflammatory bowel disease, and often causes 

serious complications in CD, eventually leading to intes-
tinal stenosis [34]. Masson’s trichrome staining assay was 
performed to investigate the fibrotic changes histopatho-
logically. The results of Fig. 5a demonstrated that TNBS 
could promote the inflammatory infiltration and fibrotic 
tissue accumulation, while LB treatment could reverse 
the established fibrosis and impeded the accumulation 
infiltration. Additionally, EMT has been found to be an 
important pathway in the progress of intestinal fibro-
sis recently. Western blotting assay was carried out to 
examine the expression levels of EMT-related proteins, 
including Slug, Snai, N-cadherin, E-cadherin and Vimen-
tin. As shown in Fig.  5b, the expression levels of Snail, 
N-cadherin and Vimentin were obviously over-expressed, 
and the expression levels of E-cadherin was notably 
low-expressed in rat induced with TNBS. After treat-
ment with LB, the expression levels of Snail, N-cadherin 
and Vimentin were significantly down-regulated and the 

Fig. 1 Effect of LB on the survival rate and body weight in rats induced with TNBS. a, b The body weight loss of CD rats treated with LB was 
evaluated. F = 9.594, df = 41. c The survival time of CD rats treated with LB was measured. F = 5.604, df = 41. d The DAI score of rats from different 
groups was counted. F = 15.32, df = 41. The results were expressed as the mean ± SD of at least three experiments. ##P < 0.01 compared with the 
control group. *P < 0.05, **P < 0.01 compared with the model group
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expression level of E-cadherin was remarkably up-regu-
lated in a dose depend manner. However, there were no 
significant changes in the expression of Slug. Besides, 
immunohistochemistry assay was performed to evaluate 
the expression levels of these proteins. The trend of the 
results was consistent with the trend of western blotting 
assay (Fig. 5c).

Effect of LB on apoptosis in rats induced with TNBS
Apoptosis is a programmed cell death occurring in vari-
ous inflammatory diseases including CD [35]. Firstly, 
TUNEL assay was performed to evaluate the apoptotic 
degree of colonic tissues. As shown in Fig.  6a, TNBS 
could obviously promote the colonic tissue apoptosis, 
while treatment with LB had better improving effect on 
the apoptosis induced by TNBS in a dose dependent 
manner. Further, western blotting and immunohisto-
chemistry assays were adopted to examine the expres-
sion levels of proteins related to apoptosis. The results 
of Fig. 6b, c demonstrated that TNBS could promote the 
expression levels of Bax, Cleaved-caspase-3 and Cleaved-
caspase-9, and suppress the expression of Bcl-2. Interest-
ingly, LB treatment could reverse the effect of TNBS.

Effect of LB on IL‑6/STAT3/NF‑κB signaling pathway in rats 
induced with TNBS
IL-6/STAT3/NF-κB signaling pathway plays an important 
role in the development and progression of CD [36]. The 
functional activity of NF-κB was accessed by electropho-
retic mobility shift assay (EMSA) (Fig. 7a). In this study, 
we further investigated the effect of LB on the expression 
of IL-6/STAT3/NF-κB in CD rats by using qRT-PCR and 
western blot assays. As shown in Fig.  7b, c, the abun-
dances of IL-6, p-STAT3, p-NF-κB (p65) were greatly 
increased and p-IKB-α was decreased in model group 
compared with control group. However, it was observed 
that SASP treatment lowered the expression of IL-6, 
p-STAT3, p-NF-κB (p65) and raised the expression of 
p-IKB-α as compared with the model group. Moreover, 
LB treatment had better inhibitory effects on the expres-
sion of IL-6/STAT3/NF-κB signaling pathway.

Discussion
CD is a transmural, segmental, asymmetric inflamma-
tory bowel disease that affects any part of the digestive 
tract [1, 2]. This disease is more common in European 
and American countries, but recently the incidence of 

Fig. 2 Effect of LB on the colonic length in rats induced with TNBS. a–c The colonic length (F = 10.79, df = 17) and weight (F = 5.472, df = 17) of CD 
rats treated with LB was measured. d, e The severity of colonic inflammation of CD rats treated with LB was evaluated by H&E staining. F = 59.95, 
df = 53. The results were expressed as the mean ± SD of at least three experiments. #P < 0.05, ##P < 0.01 compared with the control group. *P < 0.05, 
**P < 0.01 compared with the model group
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CD is increasing obviously in China, and the incidence of 
CD between 2004 and 2008 is 8.5 times higher than that 
between 1989 and 1993 in China [37, 38]. In addition, the 
etiology and pathogenesis of CD are not yet fully under-
stood. At present, it is believed that  CD may be caused 
by mucosal damage caused by intestinal immune hyper-
activity due to the infection, diet and other environmen-
tal factors. Immune abnormalities have been recognized 
to play a very important role in the pathogenesis of CD, 
including inflammatory transmitters, cytokines and 
immune regulation [39–41].

Nowadays, clinical treatment of CD is mainly based 
on drugs according to the severity of CD, and com-
monly used drugs are aminosalicylic acid, glucocorti-
coids, immunosuppressors and anti TNF-α biological 
agents [42]. Actually, 5-aminosalicylic acid (5-ASA) can 
not effectively alleviate CD, the curative effect is uncer-
tain, and has many side effects [43]. Clinical studies have 
shown that the abuse of glucocorticoids and immuno-
suppressors not only can not control the degree of CD, 
but also cause seriously drug-related complications, 
leading to serious damage to the body [44]. As the most 

advanced medical method for CD at present, the treat-
ment efficiency of the combination of anti-tumor necro-
sis factor and mercaptopurine is only about 50% [45, 46]. 
Therefore, most of the drugs and treatments currently 
used in the treatment of CD clinically have poor efficacy 
and side effects.

Over the years, Chinese medicine has accumulated 
a wealth of experience in the treatment of CD, a large 
number of literature reports and modern research have 
confirmed that Chinese medicine in the treatment of CD 
has a significant effect [47–49]. LB as a Chinese herb has 
been commonly used for the treatment of coronary heart 
disease, angina, and acute myocardial infarction, and the 
ethyl acetate of LB can promote inflammatory response 
induced with LPS through inhibiting ROS production in 
vascular smooth muscle cells and macrophages [19–22]. 
However, the role of LB on CD and the underlying mech-
anisms remain unknown. In the present study, we found 
that LB could prolong the survival time of CD rats, ame-
liorate TNBS-induced weight loss, colonic length and 
inflammatory infiltration.

Fig. 3 Effect of LB on the production of inflammatory cytokines in rats induced with TNBS. ELISA assay was performed to detect the production 
of cytokines, including IL-1 (F = 78.32, df = 17), IL-1β (F = 35.24, df = 17), IL-6 (F = 119.5, df = 17), TNF-α (F = 57.35, df = 17), IL-10 (F = 18.79, df = 17) 
and TGF-β (F = 17.67, df = 17) in colonic tissues of CD rats from different groups. The results were expressed as the mean ± SD of at least three 
experiments. ##P < 0.01 compared with the control group. *P < 0.05, **P < 0.01 compared with the model group
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Recent studies have shown that CD is a typical type 
Th I reaction. In addition to immune cells, non-immune 
cells of intestinal mucosa, such as epithelial cells, vascular 
endothelial cells and interstitial cells, also participate in 
the immune response and inflammatory process of CD 
through releasing various cytokines and inflammatory 
mediators, which can lead to the occurrence and devel-
opment of CD. Further, regulating the expression of some 
cytokines can treat CD [50, 51]. For example, high level 
of IL-6 is associated with active CD [52]. Nunberg et al. 
unveiled impaired IL-10 receptor-mediated suppression 
in monocyte from patients with Crohn’s disease [53]. In 
this study, we found that the administration of LB in rats 
induced with TNBS led to a significant decrease of the 
production of IL-1, IL-1β, IL-6, TGF-β and TNF-α, and 
an obvious increase of secretion of IL-10. Thereafter, we 
further measured the concentrations of some cytokines 
related to inflammation in CD, including INOS, MPO, 

SIgA and MDA. Previous literatures illuminated that 
the positive correlations of INOS, MPO and MDA with 
the severity of CD [54–56]. However, SIgA was lowly 
expressed in CD patients and SIgA might be involved in 
CD pathogenesis [57]. Our findings expounded that LB 
treatment ameliorated the expression of INOS, MPO and 
MDA in TNBS-induced rats, while the activity of SIgA 
was significantly inhibited by LB. These results indicated 
that LB had a positive role in the modulation of cytokine 
production in the setting of CD.

Chronic inflammation and injury of the intestine can 
lead to serious complications such as intestinal fibrosis 
and intestinal obstruction. Therefore, the research on 
the pathogenesis of CD intestinal fibrosis has become 
a popular direction [58]. Under normal physiological 
conditions, fibroblasts aggregate in damaged tissues to 
promote the repair of damaged tissues. The ability of 
fibroblasts in the intestinal mucosa to aggregate into 

Fig. 4 Effect of LB on the expression of INOS, MPO, SIgA and MDA in rats induced with TNBS. ELISA assay was performed to detect the production 
of INOS (F = 36.97, df = 17), MPO (F = 20.34, df = 17), SIgA (F = 58.30, df = 17) and MDA (F = 42.37, df = 17) in colonic tissues of CD rats from different 
groups. The results were expressed as the mean ± SD of at least three experiments. ##P < 0.01 compared with the control group. *P < 0.05, **P < 0.01 
compared with the model group
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damaged tissues in patients with CD is weakened and 
the wound healing function is disordered compared 
with normal people. When the intestine is damaged, 
the epithelial cells of the intestinal mucosa can migrate 
under the induction of many growth factors. When 
the fibroblasts in the intestinal tract can not repair the 
defect of mucosal tissues, intestinal epithelial cells can 
be transformed into interstitial cells, and migrate to 
the damaged area, so that the defective intestinal bar-
rier can be repaired [59]. Intestinal epithelial cells may 
undergo EMT or apoptosis in the presence of persis-
tent adverse environmental effects. In fact, the cytokine 
TGF-β, which plays an important role in the develop-
ment of EMT, can promote the apoptosis of epithelial 
cells [60]. Exposure to TGF-β can induce apoptosis 

of a large number of epithelial cells. In addition, the 
weakening of adhesion between cells and basement 
membrane during EMT is also an important pathway 
of apoptosis [61]. Therefore, if EMT persists and fibro-
blast apoptosis is inhibited, it will lead to progressive 
development of intestinal fibrosis. In the present study, 
we found that LB treatment could reverse the estab-
lished fibrosis and impeded the accumulation infiltra-
tion, and after treatment with LB, the expression levels 
of Snail, N-cadherin and Vimentin were significantly 
down-regulated and the expression level of E-cadherin 
was remarkably up-regulated in a dose depend manner. 
Further, treatment with LB had better improving effect 
on the apoptosis induced with TNBS in a dose depend-
ent manner.

Fig. 5 Effect of LB on epithelial-mesenchymal transition (EMT) in rats induced with TNBS. a Masson’s trichrome staining assay was performed to 
investigate the fibrotic changes histopathologically of colonic tissues of CD rats from different groups. b Western blotting assay was carried out 
to examine the expression levels of EMT-related proteins, including Slug, Snail, N-cadherin, E-cadherin and Vimentin of colonic tissues of CD rats 
from different groups. The band intensity was quantified by Image J software. F = 0.7712, df = 29. c Immunohistochemistry assay was performed 
to evaluate the expression levels of EMT-related proteins in colonic tissues of CD rats from different groups. F = 1.989, df = 29. The results were 
expressed as the mean ± SD of at least three experiments. ##P < 0.01 compared with the control group. *P < 0.05, **P < 0.01 compared with the 
model group
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IL-6/STAT3 signaling pathway plays an important 
role in the occurrence and development of IBD [62]. 
The activation of IL-6/STAT3 signal transduction 
pathway mainly depends on the recognition and bind-
ing of IL-6 and sIL-6R on the target cell surface to form 
sIL-6R/IL-6 complex, which further activates gp130 on 
the surface of cell membrane. Gp130 is stimulated to 
form homologous dimers, which activates JAK associ-
ated with gp130 and receptor tyrosine kinase, and binds 
to STAT3 protein. This kinase cascade phosphorylates 
STAT3 and actives NF-κB signaling pathway, thereby 
regulating expression of inflammatory cytokines [63]. 

In this study, we found that LB could inhibit the activa-
tion of IL-6/STAT3/NF-κB signaling pathway.

Conclusions
To conclude, our study suggested that LB could be bene-
ficial regarding ameliorating the damage to colon length, 
suppressing inflammatory cytokines and inhibiting apop-
tosis through regulation of IL-6/STAT3/NF-κB signaling 
pathway, which may represent a novel approach to treat 
CD and provide alternative choice for disorders associ-
ated with CD.

Fig. 6 Effect of LB on apoptosis in rats induced with TNBS. a TUNEL assay was performed to evaluate the apoptotic degree of colonic tissues of 
CD rats from different groups. b Western blotting assay was adapted to examine the expression levels of proteins related to apoptosis of colonic 
tissues of CD rats from different groups. The band intensity was quantified by Image J software. F = 4.658, df = 35. c Immunohistochemistry assay 
was performed to evaluate the expression levels of proteins related to apoptosis in colonic tissues of CD rats from different groups. F = 2.596, 
df = 23. The results were expressed as the mean ± SD of at least three experiments. ##P < 0.01 compared with the control group. *P < 0.05, **P < 0.01 
compared with the model group
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