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Purpose: GLP-1 based therapy represents a new treatment option for inflammatory bowel disease. Ban-Lan-Gen (BLG) granule,
a known anti-viral TCM formulation, exhibits potential anti-inflammatory activities in treating various kinds of inflammation.
However, its anti-inflammatory effect on colitis and the underlying mechanisms remain unknown.
Methods: Dextran sulfate sodium (DSS)-induced chronic relapsing colitis in mice was established. The disease activity index,
histological sign of damage, and levels of proinflammatory cytokines were performed to assess the protective effects of BLG. Serum
GLP-1 level and colonic Gcg, GPR41 and GRP43 expression, the community compositions of gut microbiota, the levels of SCFAs in
the feces and GLP-1 release from primary murine colon epithelial cells were performed to characterize the effects of BLG on gut
microbiota and gut SCFA derived-GLP-1 production.
Results: BLG treatment significantly alleviated body weight loss, DAI, colon shortening, colon tissue damage, and pro-inflammatory
cytokine levels of TNF-α, IL-1β and IL-6 in the colon tissues. Moreover, BLG treatment could observably restore colonic Gcg, GPR41 and
GRP43 expression and serum GLP-1 level of colitic mice, as well as correct the alteration of gut microbiota in colitic mice by increasing
the abundances of SCFA-producing bacteria, eg, Akkermansia and Prevotellaceae_UCG-001, and decreasing the abundances of bacteria,
eg, Eubacterium_xylanophilum_group, Ruminococcaceae_UCG-014, Intestinimonas, and Oscillibacter. Furthermore, BLG treatment
could markedly increase the levels of SCFAs in feces of colitic mice. In parallel, ex vivo assay also showed that and the extract of
feces from BLG-treatment mice could greatly stimulate the secretion of GLP-1 from primary murine colon epithelial cells.
Conclusion: These findings suggest that the anti-colitis effects of BLG are achieved at least partly by regulating gut microbiota and
restoring gut SCFA derived-GLP-1 production, and BLG has the potential to be developed as a promising agent for the treatment of
chronic relapsing colitis.
Keywords: colitis, Ban-Lan-Gen granule, gut microbiota, short-chain fatty acids, GLP-1

Introduction
Ulcerative colitis (UC) is a long-term inflammatory condition in the colon and rectum characterized by recurrent diarrhea,
abdominal pain, weight loss, and mucopurulent bloody stool.1 Recently, with the increasing spread of the Western lifestyle,
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the prevalence of UC has been increasing in previously low-incidence countries, including China.2 This increase imposes
significant problems in public health and has a serious impact on the working ability and quality of life of the sufferers.
Notably, the pathogenesis of UC is still largely unclear, but it is generally accepted that genetics, environmental factors, gut
microbiota, and immune systems all contribute to the development of UC.3 Even now, UC cannot be cured, and the goal of
treatment in clinics is to control clinical symptoms, induce and maintain remission, promote mucosal healing, and reduce
recurrence. Classical therapeutic drugs consist of aminosalicylates, corticosteroids, immunosuppressants, and biologic
agents. However, these drugs cannot achieve ideal results due to their various side effects.4 Recently, many case studies
have reported that traditional Chinese medicine (TCM) exhibits great potential to help induce remission of UC with low
toxicity, suggesting that developing new remedies from TCM is a promising therapeutic strategy for UC.5–7

The Ban-Lan-Gen (BLG) granule is a TCM formulation produced from the aqueous extract of Radix Isatidis, which has
been recorded in the Chinese Pharmacopoeia and recognized as an important TCM for the prevention and treatment of cold
and malignant infectious diseases, especially SARS coronavirus and H1N1 influenza virus.8 Except for its anti-viral efficacy,
BLG also exhibits potential anti-inflammatory activities in treating various kinds of inflammation.9,10 Additionally, several
soluble compounds including glucosinolates (R,S-goitrin, progoitrin, epiprogoitrin and gluconapin) and nucleosides (hypox-
anthine, adenosine, uridine and guanosine) and indigoid alkaloids (eg, indigo and indirubin) have been isolated and identified
from the aqueous extract of Radix Isatidis.11,12 Previous studies have well documented that the compounds adenosine, uridine,
and indirubin exhibit potent anti-colitis effects in different animal colitis models.13–17 However, no evidence-based study has
been conducted to assess the efficacy of BLG against colitis. In the present study, we investigated the protective effect of BLG
on dextran sulfate sodium (DSS)-induced chronic relapsing colitis in C57BL/6 mice and found that oral administration of
BLG significantly alleviated DSS-induced chronic relapsing colitis in mice, and its regulatory mechanism was associated with
regulating gut microbiota and restoring gut derived-glucagon-like peptide-1 (GLP-1) production.

Materials and Methods
Materials
BLG granule (without sugar, National medicine approval Z11020357; Beijing Tongrentang Science and Technology
Development Co., Ltd, Beijing, China; batch number: 20110966) was purchased from the drugstore. DSS (molecular
weight: 36,000–50,000 Daltons) was obtained from MP Biologicals (Santa Ana, USA). Sulfasalazine (SASP) (purity ≥
98%), hematoxylin, and eosin were purchased from Sigma-Aldrich (St. Louis, MO, USA). Mouse TNF-α, IL-1β, and IL-
6 luminex Elisa assay kit was purchased from R&D systems (Minneapolis, MN, USA). Acetic acid, propionic acid, and
butyric acid were purchased from Aladdin Industrial Corporation (Shanghai, China). 2-ethylbutyric acid was bought from
Merck KGaA (Darmstadt, Germany).

Animals and Experiment
Male C57BL/6 mice aged 6–8 weeks (weighing 18–22 g) were purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd. (Beijing, China) and housed in a temperature of 22 ± 2°C with a 12 h light/dark cycle. The mice
were fed a standard rodent diet with free access to drinking water to adapt to the new environment for one week. The
mice were then randomly divided into four groups: control group, DSS model group, SASP treated group (200 mg/kg,
po.), and the BLG-treated group (1 g/kg, po.). As shown in Figure 1A, experimental chronic relapsing colitis was induced
by three cycles of 1.8% DSS for five days and then distilled water for seven days to mice, according to our previous
study.18 The mice in the SASP- and BLG-treated groups were treated daily with SASP and BLG from day 0, respectively.
The dosage of BLG was set as 1 g/kg according to the preliminary experiment. In parallel, the dosage of SASP was set to
200 mg/Kg according to the literature.4 The control group and DSS model group received the same volume of water
throughout the entire experimental period.

Evaluation of Disease Activity Index (DAI)
Body weight, stool consistency, and rectal bleeding were recorded daily. The disease activity index (DAI) was
determined by combining the scores of body weight, stool consistency, and rectal bleeding, as previously described.19
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At the end of the experiments, all mice were euthanized, and blood, feces, and colon were harvested for further
experiments.

Histological Examination
Colon tissues were fixed in formalin and embedded in paraffin. Five micrometers of sections were made and stained with
hematoxylin-eosin (H&E), and then evaluated and scored in a blind manner as previously described.19

RNA Extraction and RT-PCR Analysis
Total RNA of colon tissues was extracted by Trizol reagent (Invitrogen, Carlsbad, CA) and followed by reverse
transcriptase (TaKaRa, Kusatsu, Shiga, Japan) for cDNA. Quantitative PCR was performed using a real-time PCR
system with SYBR Green Master (Roche, Basel, Switzerland). Target-gene transcriptions were normalized to β-actin, and
the data were analyzed using the 2 −ΔΔCT method. The primer sequences of genes were listed in Table 1.

Primary Murine Colon Epithelial Cell Isolation and Culture
Primary murine colon epithelial cell isolation and culture were performed as described previously.20 In brief, the colon of
mice aged 6–8 weeks was firstly excised after execution by cervical dislocation, and then opened longitudinally, rinsed in
Hanks’ balanced salt solution (HBSS, calcium- and magnesium-free) and cut into 0.5–1 mm pieces. Subsequently, the
tissues were digested with 0.4 mg/mL collagenase XI (Sigma, Poole, UK) in free DMEM medium and centrifuged at
300×g for 5 min at room temperature. The pellets were resuspended in DMEM medium (supplemented with 10% fetal

Figure 1 BLG ameliorated DSS-induced chronic relapsing colitis in mice. (A) experimental design for chronic relapsing colitis and treatment, (B) body weight change, (C)
disease activity index (DAI) score, (D) colon length, (E) representative images of the colon, (F) H&E staining of the colon (magnification, ×100), and (G) histological score.
Data are expressed as the mean ± SEM (n = 6). ##p < 0.01 or ###p < 0.001 vs control (Con) group; *p < 0.05 or **p < 0.01 or ***p < 0.001 vs DSS group.
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bovine serum, 100 Units/mL penicillin and 100 µg/mL streptomycin) at 37 ° C and passed through a nylon mesh (pore
size ~250μm). Aliquots of colon epithelial cells were plated in glass-bottom culture dishes and then incubated with acetic
acid, propionic acid, butyric acid and fecal extracts of mice for 2h at 37°C, 5% CO2.

ELISA Analysis
Colon tissues were homogenized with PBS, and levels of cytokines IL-6, TNF-α and IL-1β in colon tissues were detected
using a luminex ELISA assay kit (R&D systems, Minneapolis, MN, USA). As well, GLP-1 levels in the serum and
culture medium of primary murine colon epithelial cells were assayed ELISA kit (Bioswamp, Wuhan, China) according
to the manufacturer’s instruction.

Fecal 16S rRNA Analysis
The total DNA of the feces was extracted using a DNA extraction kit (TIANGEN, China). The quality and quantity of
DNAwere measured with ratios of 260 nm/280 nm and 260 nm/230 nm, respectively. Subsequently, each extracted DNA
was used as a template, and their V3-V4 region of 16S rRNA genes of distinct regions were amplified with specific
primers 338F (ACTCCTACGGGAGGCAGCAG) and 806R (GGACTACHVGGGTWTCTAAT). The PCR products
were purified using a QIAquick Gel Extraction Kit (QIAGEN, Germany), quantified by real-time PCR, and sequenced
using the IlluminaMiseq PE300 sequencing platform (Illumina Inc., CA, USA). For the bioinformatics analysis, the data
processing was followed as per the previously reported protocol.21,22 Briefly, the raw fast files were filtered using
Cutadapt (V1.9.1). The OTUs were clustered with a cut-off value of 97% similarity using UPARSE (version 7.0.1001),
and chimeric sequences were removed using UCHIME. The community composition analysis was performed and
classified using the RDP classifier (http://rdp.cme.msu.edu/) based on the SILVA ribosomal RNA gene database.

Short-Chain Fatty Acids (SCFA) Analysis
The levels of SCFAs (acetic acid, propionic acid, and butyric acid) were measured as described previously by Tao et al,
with some modifications.23 In short, 100 mg of feces were first suspended in 0.4 mL deionized water, and 0.1 mL 50%
sulfuric acid and 0.5 mL of 2-ethylbutyric acid (internal standard) were added and then homogenized and centrifuged at
12,000 rpm for 15 min at 4°C. The supernatant was extracted with 0.5 mL ethyl ether and then injected into the GC for
analysis. For the gas chromatography (GC) analysis, a GC-2010 Plus gas chromatograph (Shimadzu, Inc.) equipped with
a flame ionization detector (FID) was used to analyze the samples. Separation was achieved using a ZKAT-624 column,
30 m × 0.53 mm × 0.3 μm (Lanzhou Zhongke Antai Analytical Technology Co. Ltd, China). The data were acquired
using GC Solution software (Shimadzu, Inc.). The split ratio was 10:1, and the carrier gas was nitrogen at a flow rate of

Table 1 Primer Sequences of Genes

Name Sequence

Mouse β-actin Forward 5′- GGC TGT ATT CCC CTC CAT CG −3′
Reverse 5′- CCA GTT GGT AAC AAT GCC ATG T - 3′

Mouse TNF-α Forward 5′- CAG GCG GTG CCT ATG TCT C-3′
Reverse 5′- CGA TCA CCC CGA AGT TCA GTA G-3′

Mouse IL-6 Reverse 5′- CTG CAA GAG ACT TCC ATC CAG-3′
Reverse 5′- AGT GGT ATA GAC AGG TCT GTT GG-3′

Mouse IL-1β Reverse 5′- GAA ATG CCA CCT TTT GAC AGT G-3′
Reverse 5′- TGG ATG CTC TCA TCA GGA CAG-3′

Mouse Gcg Reverse 5′- CTA CAC CTG TTC GCA GCT CA-3′
Reverse 5′- CTG GGG TTC TCC TCT GTG TC-3′

Mouse GPR41 Reverse 5′- TCT ACC TAG GTC CCG TGT GG-3′
Reverse 5′- GGT GTA GAG GCA GGA GAG GA-3′

Mouse GPR43 Reverse 5′- ATC CTC ACG GCC TAC ATC CT-3′
Reverse 5′- CAG CAG CAA CAA CAG CAA GT-3′
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6 mL/min. The injection volume was 1 μL. The injector and detector temperatures were 300°C. The oven temperature
was held at 140°C for 13.5 min and then increased to 250°C at a rate of 120°C/min; the temperature was held for 5 min.

Statistical Analysis
The data are expressed as mean ± standard error of the mean (SEM). The significances for data were evaluated by one-
way ANOVA, followed by Duncan’s multiple range tests. GraphPad Prism 5.0 software (GraphPad Software Inc., San
Diego, CA, USA) was used for all calculations, and p < 0.05 was considered statistically significant.

Results
BLG Ameliorated DSS-Induced Chronic Relapsing Colitis in Mice
It is well known that UC is a chronic relapsing colonic inflammatory condition with severe abdominal pain, diarrhea, and
bleeding. Accordingly, DSS-induced chronic relapsing colitis in mice was established to evaluate the anti-colitis efficacy
of BLG (Figure 1A). Compared to the control group, the mice in the DSS model group had significant body weight loss
and a high DAI, while these changes were dramatically reversed after BLG treatment for 24 days (Figures 1B and C).
Colon shortening is an important characteristic marker of UC. As shown in Figure 1D and E, the colon length of the mice
receiving DSS administration was significantly shortened, but this was relieved by the treatment of BLG. Subsequently,
histopathological analysis was performed to evaluate the colonic inflammation. The H&E staining images and patholo-
gical score revealed that DSS administration significantly disrupted the colonic architecture and caused crypt destruction,
whereas BLG treatment could greatly reduce the crypt destruction and pathological score (Figures 1F and G). Notably,
the protective effect of BLG at a dosage of 1g/Kg was comparable to SASP at a dosage of 200 mg/Kg. Collectively, these
findings indicate that BLG was effective in reducing the severity of DSS-induced chronic relapsing colitis in mice.

BLG Suppressed Gene Expression and Production of Proinflammatory Cytokines
TNF-α, IL-1β, and IL-6 in the Colon of DSS-Treated Mice
TNF-α, IL-1β, and IL-6 are important inflammatory markers of colonic inflammation. As shown in Figure 2A, DSS
induced a significant increase in gene expression of TNF-α, IL-1β, and IL-6 in the colon compared with the control
group. The administration of BLG could markedly reverse these DSS-mediated changes. Next, we used ELISA to
determine the levels of inflammatory cytokines TNF-α, IL-1β, and IL-6 in the colon tissues. The results also demon-
strated that colonic levels of TNF-α, IL-1β, and IL-6 in mice treated with DSS were substantially increased, and these
increases were relieved by the treatment of BLG (Figure 2B).

BLG Changed Gut Microbiota Diversity of DSS-Induced Colitis Mice
Dysbiosis of gut microbiota is crucial in the pathogenesis of UC.24 To investigate whether BLG regulated the gut
microbiota of DSS-treated mice, 16S rRNA sequencing was performed to analyze the bacterial community of intestinal
contents. The Venn diagram showed that 385 OTUs were shared by three groups. Meanwhile, each group had unique
OTUs (Figure 3A). Also, the Chao1 index and the Shannon index presented in Figures 3B and C showed that the
community diversity of the gut microbiota in BLG-treated mice was reduced, since the Shannon index in BLG-treated
group was significantly declined. Principal components analysis (PCA) and Principal coordinate analysis (PCoA) were
used to determine clustering patterns among three groups and showed that the community structure of DSS-treated mice
was clearly separated after BLG treatment (Figures 3D and E). These data indicated that BLG treatment significantly
affected the community structure of DSS-induced colitis mice.

BLG Altered Gut Microbiota Abundance of DSS-Induced Colitis Mice
To assess specific changes in the fecal microbiota, we analyzed the composition of gut microbiota at all taxonomic levels.
As shown in Figure 4A, the predominant phyla among all groups were Firmicutes and Bacteroidetes, followed by
Verrucomicrobia. Compared to the mice in the control group, the fecal microbiota community from the DSS-treated mice
showed a dramatic increase in the relative abundance of the Firmicutes and Firmicutes/Bacteroidetes ratio, and these
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changes were significantly reversed after BLG treatment. In particular, BLG treatment sharply increased the relative
abundance of Verrucomicrobia in the feces of DSS-induced colitis mice. At the family level, the fecal microbiota
community was occupied by Lachnospiraceae, Muribaculaceae, Akkermansiaceae, Ruminococcaceae, and
Prevotellaceae (Figure 4B). Compared to the DSS group, the consumption of BLG increased the abundance of
Akkermansiaceae but decreased the abundance of Lachnospiraceae and Ruminococcaceae. Of note, at the genus level,

Figure 2 BLG suppressed gene expression and production of proinflammatory cytokines TNF-α, IL-1β, and IL-6 in the colon of DSS-treated mice. (A) colonic gene
expressions of TNF-α, IL-1β, and IL-6; (B) colonic protein levels of TNF-α, IL-1β, and IL-6. Data are expressed as the mean ± SEM (n = 4–6). #p < 0.05 or ##p < 0.01 or
###p < 0.001 vs control (Con) group; *p < 0.05 or **p < 0.01 vs DSS group.

Figure 3 BLG changed gut microbiota diversity of DSS-induced colitis mice. (A) Venn diagram for OTUs, (B) Chao1 index, (C) Shannon’s richness index, (D) score plot for
principal component analysis (PCA) of OTUs, (E) score plot for principal coordinate analysis (PCoA) of OTUs. Data are expressed as the mean ± SEM (n = 6). **p < 0.01 vs
DSS group.
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the fecal microbiota was occupied by the Lachnospiraceae_NK4A136_group, Akkermansia, and Prevotellaceae_UCG-
001 (Figure 4C). This finding also showed that BLG treatment effectively reversed the flora imbalance in response to
DSS challenge, characterized by decreased Eubacterium_xylanophilum_group, Ruminococcaceae_UCG-014,
Intestinimonas and Oscillibacter, and increased Akkermansia and Prevotellaceae_UCG-001.

Figure 4 BLG altered gut microbiota abundance of DSS-induced colitis mice. (A) the abundance of gut microbiota at the phylum level; (B) the abundance of gut microbiota
at the family level; (C) the abundance of gut microbiota at the genus level. Data are expressed as the mean ± SEM (n = 6). #p < 0.05 or ###p < 0.001 vs control (Con) group;
*p < 0.05 or **p < 0.01 or ***p < 0.001 vs DSS group.
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BLG Increased the Levels of SCFAs in the Feces of DSS-Induced Colitis Mice
Considering that short-chain fatty acids (SCFAs) are the main metabolites of Akkermansia and Prevotellaceae_UCG-001,
and acetic acid, propionic acid, and butyric acid are the most abundant SCFAs in the intestinal lumen,25–27 we also measured
these SCFAs in our study. As shown in Figure 5, the fecal acetic acid, propionic acid, and butyric acid concentrations were
markedly decreased in the DSS-treated group, whereas BLG treatment could greatly repress this reduction.

Analysis of the Correlation Between Gut Microbiota and SCFAs in the Feces of
DSS-Induced Colitis Mice
We further calculated the Pearson correlation coefficient between differential SCFAs and fecal microbiota at the genus
level. As shown in Figure 6, Akkermansia was positively correlated propionic acid (Pearson = 0.4866) and butyric acid
(Pearson = 0.6192) production. Oppositely, both Intestinimonas and Oscillibacter were negatively correlated to acetic
acid production, and their Pearson coefficients were 0.4709 and 0.5104, respectively. As well, Ruminococcaceae_UCG-
014 was negatively correlated to both propionic acid (Pearson = 0.4508) and butyric acid (Pearson = 0.5842) production,
respectively.

BLG Increase Serum GLP-1 Level and Colonic Gcg, GPR41 and GRP43 mRNA
Expression of DSS-Treated Mice
Glucagon-like peptide-1 (GLP-1) is a cell type-specific post-translational product of proglucagon (Gcg) with anti-
inflammatory property.28 As shown in Figure 7, DSS induced a significant decrease of Gcg mRNA expression in the
colon compared with the control group, while BLG treatment could markedly reverse DSS-induced Gcg reduction
(Figure 7A). In parallel, the level of GLP-1 in the serum was markedly decreased in the DSS-treated group, whereas
BLG treatment could greatly prevent this decrease (Figure 7B). As the secretion of GLP-1 can be stimulated by SCFAs
via G protein-coupled receptor 43 (GRP43) and G protein-coupled receptor 41 (GRP41) activation,29 we also detected
the expression of GPR41 and GRP43 in the colon of colitic mice, and found that the colonic mRNA expression of
GRP43 and GPR41 were dramatically decreased after DSS challenged, while these declines can be effectively rescued by
BLG treatment (Figure 7C and D).

BLG-Derived SCFA Stimulate the Release of GLP-1 from Primary Murine Colon
Epithelial Cells
As BLG treatment could increase serum GLP-1 level, colonic Gcg mRNA expression and the fecal SCFA level of DSS-
treated mice, we further detected the effect of acetic acid, propionic acid, and butyric acid, as well as the extract of feces
from Control (F-Con), DSS colitis (F-DSS) and BLG-treated colitis (F-BLG) mice on the release of GLP-1 from primary
murine colon epithelial cells. As shown in Figure 8A, primary murine colon epithelial cells treated with 2 mM acetic
acid, propionic acid, and butyric acid respectively, all could greatly stimulate GLP-1 release, which were consistent with
previous studies.29,30 As well, all F-Con, F-DSS and F-BLG (equivalent to 0.25 g feces) could also greatly stimulate

Figure 5 BLG increased the levels of SCFAs in the feces of DSS-induced colitis mice. (A) acetic acid content in feces; (B) propionic acid content in feces; (C) butyric acid
content in feces. Data are expressed as the mean ± SEM (n = 6). #p < 0.05 or ##p < 0.01 vs control (Con) group; *p < 0.05 or **p < 0.01 vs DSS group.
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GLP-1 release from primary murine colon epithelial cells. Of note, the amount of GLP-1 release from F-DSS-treated
primary murine colon epithelial cells was much less than the amount of GLP-1 release from both F-Con and F-BLG-
treated primary murine colon epithelial cells, respectively (Figure 8B). These data indicated that BLG treatment
significantly restore gut SCFA derived-GLP-1 production.

Figure 6 Analysis of Pearson correlations between differential SCFAs and colonic microbial genera. (A) Intestinimonas vs acetic acid; (B) Oscillibacter vs acetic acid; (C)
Akkermansia vs propionic acid; (D) Ruminococcaceae_UCG-014 vs propionic acid; (E) Akkermansia vs butyric acid; (F) Ruminococcaceae_UCG-014 vs butyric acid.

Figure 7 BLG increased serum GLP-1 level and colonic Gcg, GPR41 and GRP43 mRNA expression of DSS-treated mice. (A) Gcg mRNA expression in the colon tissue; (B)
GLP-1 level in the serum; (C) GPR41 mRNA expression in the colon tissue; (D) GPR43 mRNA expression in the colon tissue. Data are expressed as the mean ± SEM (n =
5–6). #p < 0.05 or ##p < 0.01 vs control (Con) group; *p < 0.05 vs DSS group.
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Discussion
UC is listed as a refractory disease by the World Health Organization and is becoming a globally dangerous disease;
however, effective methods for predicting, preventing, and treating the disease remain limited. There is consequently an
urgent need to explore and develop new safe and effective strategies for the treatment of UC. TCM formulations are the
promising choice since many TCM formulations have been proven to effectively treat UC in the Chinese population for
centuries, and they are all biological organics and natural materials mostly harmless to humans and animals.31,32 The
present study aimed to seek a safe and effective TCM formulation for the treatment of UC and explore its action
mechanism. BLG is a well-known TCM formulation prescribed for influenza treatment.8,33 Work from our laboratory and
others has demonstrated that indigo naturalis, a TCM processed product with the same raw material as BLG, exhibited
significant efficacy in treating UC in humans and animals.4,34 However, the anti-colitis effect of BLG and its action
mechanism are unclear. In the current study, our results demonstrated that BLG potently alleviated DSS-induced colonic
inflammation, which was associated with regulating gut microbiota and restoring gut derived-GLP-1 production.

It is well known that UC is characterized by periods of relapse with typical clinical features such as loss of body
weight, diarrhea, rectal bleeding, and extensive colonic mucosal damage.35 Accordingly, chronic relapsing colitis was
established by giving three cycles of 1.8% DSS for five days followed by seven days of drinking water. As shown in
Figure 1B, the fluctuating body weight lost and DAI score demonstrated that chronic relapsing colitis was successfully
induced. Mice in groups treated with BLG showed an upshift recovery from day 8 and a significant difference from day
24. The same change was also observed in the DAI score, which indicated that a clinical improvement in colitis was
achieved. In terms of colonic injury and inflammatory conditions, the observations in colon length, colon tissue damage,
and gene expression and production of proinflammatory cytokines TNF-α, IL-1β, and IL-6 in the colon tissues also
showed great improvement after BLG treatment. Collectively, these results clearly indicate that BLG is effective in
treating chronic relapsing colitis in mice.

How does BLG exert its pharmacologic action? Numerous previous studies have shown that the gut microbiota
plays a key role in the pathogenesis of UC, and microbiome-based and microbiome-targeted therapies have been
emerging as a very attractive strategy to treat UC. In the present study, we demonstrate that BLG treatment results in
significant alterations in the composition of gut microbiota, suggesting that the protective effect of BLG against DSS-
induced colitis was associated with regulating gut microbiota. This observation was consistent with the notion that
reprogramming the homeostasis of gut microbiota is an important way to understand the efficacy of TCM
formulations.36,37 Notably, Akkermansia are gram-negative and strictly anaerobe bacteria living in the mucus layer of
the intestine, which functions to degrade mucin, produce propionic acid, stimulate goblet-cell differentiation, and
maintain the integrity of the mucosal barrier.26 Multiple clinical and animal data have shown that Akkermansia is highly

Figure 8 BLG-derived SCFAs stimulate the release of GLP-1 from primary murine colon epithelial cells. (A) the amounts of GLP-1 release from primary murine colon
epithelial cells were stimulated by acetic acid, propionic acid, butyric acid; (B) the amounts of GLP-1 release from primary murine colon epithelial cells were stimulated by
fecal extracts F-Con, F-DSS, and F-BLG. Aliquots of colon epithelial cells were plated in glass-bottom culture dishes and then incubated with 2 mM acetic acid, propionic acid,
butyric acid respectively, as well as fecal extracts F-Con, F-DSS, and F-BLG (equivalent to 0.25 g feces) respectively for 2h at 37°C, 5% CO2. The amount of GLP-1 release
from primary murine colon epithelial cells was detected by ELISA. Data are expressed as the mean ± SEM (n =3). #p < 0.05 or ##p < 0.01 vs blank or F-Con group; *p < 0.05
vs F-DSS group.
Abbreviations: Ace, acetic acid; Pro, propionic acid; But, butyric acid; F-Con, fecal extract from control mice; F-DSS, fecal extract from colitis mice; F-BLG, fecal extract
from BLG-treated colitis mice.
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associated with healthy mucosa,38 and oral administration of bacteria in the Akkermansia genus could significantly
ameliorate mucosal inflammation.39 Our present data showed that the relative abundance of Akkermansia was
significantly increased after BLG treatment. Further, Prevotellaceae_UCG-001 is an SCFA producing bacteria.27

More than one study demonstrated that a lower relative abundance of Prevotellaceae_UCG-001 was found in the
feces of animal colitis.40,41 Our present data also showed that BLG treatment could sharply elevate the relative
abundance of Prevotellaceae_UCG-001 in the colon of DSS-treated mice. On the contrary, Oscillibacter is
a mesophilic, strictly anaerobic bacterium.42 It has been reported that the relative abundance of Oscillibacter was
significantly increased in UC mice and significantly positively correlated with IL-6 and IL-1β levels and pathological
score.43,44 Notably, BLG treatment significantly reduced the relative abundance of Oscillibacter in the feces of DSS-
treated mice. Of note, these BLG-altered bacteria are the most SCFA-producing bacteria. Numerous previous studies
have documented that SCFAs exert potential beneficial effects against colonic inflammation and protection of intestinal
epithelial integrity.45,46 Our present data also observed that the concentrations of SCFA acetic acid, propionic acid, and
butyric acid in the feces of DSS-treated mice were greatly increased after BLG treatment. Taken together, these findings
clearly indicate that BLG treatment is effective to enhance SCFA-producing bacteria of DSS-induced chronic relapsing
colitic mice.

GLP-1 is an incretin mainly produced in the ileum and the colon and plays an important role in delaying gastric
emptying and lowers postprandial blood glucose.47 Recently, it found that GLP-1 based therapy represents a new
treatment option for inflammatory bowel disease, evidenced by that dipeptidyl peptidase (DPP)-4, GLP-1 receptor
agonists, and GLP-1 nanomedicine could effective alleviate gut inflammation in mice.48–51 As previous studies have
reported that high SCFA concentrations have been associated with elevated plasma levels of GLP-1 in humans and
mice.52 Our present data showed that the serum GLP-1 level and Gcg mRNA expression of DSS-treated mice was
significantly elevated after BLG treatment. As well, compared to the stimulation of the extract of feces from DSS-treated
colitis mice, the secretion of GLP-1 from the colonic culture was significantly increased after the stimulation of the
extract of feces from BLG-treated colitis mice. How SCFAs influence the release of GLP-1? Gwen Tolhurst et al reported
that SCFAs could stimulate GLP-1 secretion via GRP43 and GPR41.29 Our present data also indicated that BLG
treatment significantly increased the mRNA expression of GRP43 and GPR41 in the colon of DSS-treated mice.
These data indicated that BLG treatment could restore SCFA promoted-GLP-1 production via activation of GRP43
and GPR41.

Conclusions and Prospect
BLG is a long-standing over-the-counter (OTC) medicine in China, and no acute toxicity was observed at the maximum
tolerance dose of 80g/Kg of BLG used in Kunming breed mice.53 At present, the recommended dosage of BLG (without
sugar) in humans was 9–15g/day (for 3 times per day). Our study demonstrated that BLG at 1g/Kg could ameliorate
DSS-induced chronic relapsing colitis in mice. This dosage was close to that of BLG used in clinics. Our study also
found its action mechanism was at least partly mediated by alteration of gut microbiota, especially SCFA-producing
bacteria, such as Akkermansia and Prevotellaceae_UCG-001, to restore gut derived-GLP-1 production. These findings
suggest that BLG deserves further consideration as a potential therapeutic drug for clinical colitis treatment. However, its
exact mechanisms in regulating gut microbiota are still needed to be confirmed using microbiota-deleted mice and fecal
bacteria transplantation.

Abbreviations
Ace, Acetic acid; But, Butyric acid; BLG, Ban-Lan-Gen; DSS, Dextran sulfate sodium; DAI, Disease activity index;
DPP, Dipeptidyl peptidase; FID, Flame ionization detector; F-Con, The extract of feces from Control mice; F-DSS, The
extract of feces from DSS colitis mice; F-BLG, The extract of feces from BLG-treated colitis mice; GLP-1, Glucagon-
like peptide-1; Gcg, Proglucagon; GC, Gas chromatography; GRP43, G protein-coupled receptor 43; GRP41, G protein-
coupled receptor 41; H&E, Hematoxylin-eosin; HBSS, Hanks’ balanced salt solution; OTC, Over-the-counter; PCA,
Principal components analysis; PCoA, Principal coordinate analysis; Pro, Propionic acid; SASP, Sulfasalazine; SCFA,
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