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Abstract
Background: Dysfunction of the intestinal �ora is an important factor in the occurrence and development
of ulcerative colitis (UC). Chinese herb Huangqin decoction (HQD) can regulate intestinal �ora in UC mice,
yet its speci�c mechanism remains unclear. Our study aimed to clarify the mechanism of HQD in
regulating intestinal �ora of UC mice.

Methods: 3%DSS - induced colitis mice were used to explore the pharmacodynamics of HQD. Colonic
bacterial in�ltration and the changes of intestinal �ora were detected by FISH and 16SrDNA. Expression
of Reg γ and PRRs (NOD2, TLR5, TLR4) were detected by FCM and WB, respectively. In addition, WB,
SqPCR, or IHC were used for the expression of Nod2, MyD88, Rip2, and NF-κB p65 in colon. Cytokines
were determined by ELISA.

Results: HQD signi�cantly restored the weight, the colonic length, and peripheral blood cell counts of
colitis mice; reduced the DAI score and the histological score. 16SrDNA identi�cation showed HQD
regulated the balance of intestinal �ora. Moreover, the expression of Reg γ was suppressed and colonic
bacterial in�ltration was prevented by HQD. Furthermore, the results of WB showed expression of NOD2
and TLR4 was inhibited by HQD, especially NOD2. And the data of WB, SqPCR and IHC explained that the
NOD2-dependent pathway was inhibited by HQD.

Conclusions: Our results reveal the mechanism of HQD(1g/kg) in regulating the intestinal �ora of colitis
mice, which may be closely characterized as the inhibition of the activation of Pattern Recognition
Receptors (PRRs), especially NOD2.

1. Background
Ulcerative colitis (UC), a chronic in�ammatory bowel disease(IBD) with recurrent episodes, is di�cult to
cure because of its complicated etiology [1]. Accumulating researches had shown that the occurrence and
development of UC was closely related to the disorder of intestinal �ora[2, 3]. A large number of intestinal
symbiotic bacteria will form a microbial barrier in the physiological state, which can resist the invasion of
pathogenic bacteria[4]. However, the microbial barrier was damaged due to the imbalance of intestinal
�ora, and then the bacteria invaded the intestinal epithelial cells, causing in�ammation and even
apoptosis of the intestinal epithelial cells, and destroying the normal physiological function of the
intestinal tract. What’s more, the abundance of probiotics such as Bi�dobacterium and Lactobacillus in
UC decreased signi�cantly, while the pathogenic bacteria such as Escherichia coli increased signi�cantly
[5]. Therefore, regulating the balance of intestinal �ora plays an important role in the treatment of UC.

It has been reported that intestinal bacteria and pathogen-associated molecular patterns (PAMPs)
triggered excessive activation of the immune system, released pro-in�ammatory cytokines and further
destroyed the intestinal barrier[6, 7]. PAMPs, including lipopolysaccharides (LPS), �agellin, muramyl
dipeptide (MDP), etc., are recognized by corresponding pattern recognition receptors (PRRs), which
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activates PRRs (LPS combined with TLR4, �agellin combined with TLR5 and MDP combined with NOD2)
and their downstream signaling pathways to release in�ammatory cytokines, recruit phagocytic cells, and
regulate dendritic cells. In a study of PRRs, the nucleotide-binding oligomerization domain-containing
protein 2 (NOD2)-dependent pathway has been found to be important among multiple in�ammatory
signaling pathways, and Nod2 is the �rst susceptible gene that is found to be associated with IBD [8]. The
number of bacteria adhering to the intestinal mucosa increased in UC patients with NOD2 gene mutation.
In addition, some researches have also reported that the expression of Toll-like receptor (TLR) 4 and TLR5
increased in UC mice[9, 10].

Accumulating evidences showed that Huangqin decoction (HQD), a well-known traditional Chinese herbal
prescription documented in the book Treatise on Febrile Diseases from the Han dynasty, prevents
intestinal carbuncles as well as UC. Nowadays, the prescription has been widely used in the current
clinical treatment of UC[11, 12], and its mechanism is mainly related to the maintenance of intestinal
epithelial cell homeostasis, protection of intestinal barrier[13], inhibition of TLR4/MyD88 signal
pathway[14], suppression of immune response, regulation of intestinal �ora and so on[15, 16]. However,
there has little reports about the effect of HQD on the relation of intestinal PRRs and intestinal �ora in
patients with colitis. Thus, our study used DSS-induced colitis mice as a model of UC to explore the
regulation of HQD on intestinal �ora, which may be related to PRRs, especially NOD2.

2. Materials And Methods

2.1. Drugs and reagents
HQD consists of the following component herbs: Paeonia lacti�ora Pall., Glycyrrhiza uralensis Fisch.,
Ziziphus jujuba Mill. (purchased from Kangmei Pharmaceutical Co., Ltd.), and Scutellaria baicalensis
Georgi (purchased from Guangdong He Xiang Pharmaceutical Co., Ltd.). Paeoni�orin and baicalin were
purchased from Guangzhou Whiga Technology Co., Ltd. (Guangzhou, China). Liquiritin (≥ 98% purity),
glycyrrhizic acid (≥ 98% purity), and wogonoside (≥ 98% purity) were purchased from Chengdu Feipude
Biological Technology Co., Ltd. The cytometric bead array (CBA) assay kit was purchased from BD
Biosciences Pharmingen (San Jose, CA, USA). DSS was obtained from MP Biomedicals (Santa Ana, CA,
USA). Sulfasalazine tablets were purchased from Shanxi Tongda Pharmaceutical Co., Ltd. (Shanxi,
China). The TRIzol reagent, NF-κB p65 gene primers, and receptor-interacting protein-2 (RIP2) gene
primers were purchased from Invitrogen (Carlsbad, CA, USA). SYBR® Premix Ex Taq™ (Tli RNase H Plus),
DNase/RNase-free deionized water, NOD2 gene primers, and glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) reference gene primers were obtained from Dalian Bioengineering Co., Ltd. (Dalian, China). Anti-
TLR4 antibody, anti-MyD88 antibody, anti-Rip2 antibody and anti-NF-κB p65 antibody were purchased
from Cell Signaling Technology (Boston, MA, USA). An anti-NOD2 antibody was purchased from Abcam
(Cambs, UK). Protein markers were purchased from Fermentas (Burlington, ON, Canada). The enhanced
chemiluminescence (ECL) substrate was purchased from Beyotime Institute of Biotechnology (Shanghai,
China).
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2.2. Preparation of HQD
According to the original proportion (9:6:6:6; g), we weighed and mixed S. baicalensis, P. lacti�ora, G.
uralensis, and Z. jujuba and prepared 10 batches of a conventional decoction. Each was mixed with eight
times the amount of water, soaked for 30 min, then subjected twice to the �rst �re to boil for 25 min and
simmering for about 35 min, and �ltered. The two �ltrates were combined and subjected to rotary
evaporation to obtain a solution equivalent to 2 g/mL crude drug. The solution was diluted with ultrapure
water to 0.5 g/mL and further diluted with an equal volume of methanol to a �nal concentration of
0.25 g/mL. A test sample was obtained after centrifugation for 1 min and �ltration through a 0.22-µm
membrane.

To prepare reference substances, 5 mg of baicalin, paeoni�orin, glycyrrhizin, and glycyrrhizic acid, was
dissolved in 10 mL of methanol and �ltered through a 0.45-µm microporous membrane. Paeoni�orin was
diluted to a �nal concentration of 40 µg/mL with 50% methanol, and the other reference substances were
diluted to 20 µg/mL. All compounds were prepared as a single standard and mixed standard, followed by
centrifugation for 1 min and �ltration through a 0.22-µm membrane.

The prepared HQD and reference substance solutions were analyzed by high-performance liquid
chromatography (HPLC). The results of an HPLC chromatogram were imported into software (Chinese
medicine chromatographic �ngerprint similarity evaluation system 2004A) to analyze its �ngerprint in an
AIA (Analytical Instrument Association) format. The �ngerprint of HQD sample S1 was used as a
reference spectrum, and control maps were generated using average data. Fingerprint matching was
performed by a multi-point calibration method to generate a control map. The following chromatographic
conditions were used: a Kromasil C18 column (250 mm × 4.6 mm, 5 m); column temperature: 30℃;
mobile phase A: acetonitrile; mobile phase B: water containing 0.1% phosphoric acid; linear elution
gradient: 0–10 min, 10% A–11% A; 10–35 min, 11% A–65% A; �ow rate: 1.0 mL·min− 1; scanning
wavelengths: 220–500 nm; sample size: 10 µL.

2.3. Animals
C57BL/6 mice (male, 6–8-week-old, weight 18–22 g) were obtained from the Laboratory Animal Center of
Guangzhou University of Chinese Medicine (Guangzhou, China) and acclimated for at least 3 days before
experiments. The mice were housed in groups under speci�c pathogen-free conditions at a temperature
of 24 ± 1℃, humidity of 40–80%, and a 12-h light/12-h dark cycle. All experiments were executed
according to the guidelines approved by the Ethics Committee of Guangzhou University of Chinese
Medicine.

2.4. Induction of colitis and treatments
The C57BL/6 mice were randomly divided into six groups (n = 12 per group): control, model (DSS),
sulfasalazine (500 mg/kg), low dose of HQD (250 mg/kg), medium dose of HQD (500 mg/kg), and high
dose of HQD (1,000 mg/kg) groups. The mice in the control group had free access to sterile water, while
those in the other groups drank 3% DSS freely for 5 days and then drank sterile water. Meanwhile, the
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mice in the control and model groups were administered with sterile water, while the other four groups
were given the corresponding medicines. The drugs were administered for a total of 10 days according to
the mouse weight (0.2 mL/10 g), and the experiment was carried out on day 11. The grouping and
treatment with HQD of the DSS-induced colitis mice are shown in Fig. 1.

2.5. Assessment of colitis severity
The disease activity index (DAI) score of colitis was determined as Cooper previously described[17]. For
the assessment of the severity of colitis in mice, eating, water drinking, the hair color, feces, blood in the
stool, and the body weight were carefully observed and recorded daily.

At the end of administration, peripheral blood was collected from eyes after anesthesia, then 20 µL was
fully mixed in an EDTA-2K anticoagulant tube, and used to count blood cells with an automatic blood cell
analyzer. In addition, we cut colonic segments from the sacri�ced mice and measured and recorded their
natural length without stretching. The distal colon of 2.0 cm was �xed with 4% paraformaldehyde,
dehydrated, and embedded in para�n. The tissue was cut into about 4 µm slices and stained with
hematoxylin and eosin (HE). Then, the stained tissue was observed under an optical microscope, and a
histological score was determined according to the standard shown in Supplementary Table 1(Table S1).

2.6. 16S ribosomal DNA (16S rDNA) identi�cation
The contents of the cecum were taken aseptically and were detected by Shenzhen Huada Genomics
Technology Service Co., Ltd. using 16S rDNA sequencing technology.

2.7. Cytokine detection by cytometric bead array (CBA) and
Flow CytoMetry (FCM)
A colonic segment was mixed with 0.9% NaCl saline at a mass ratio of 1:10 and then automatically
homogenized with a homogenizer. The homogenate was centrifuged to obtain a supernatant (3,000 × g,
4 °C, 10 min). The levels of interleukin (IL)-1β, IL-17, IL-6, monocyte chemotactic protein-1 (MCP-1), TNF-α,
and interferon-γ (IFN-γ) were determined by CBA following the manufacturer's instructions using a FACS
Canto II �ow cytometer.

IECs were extracted from small intestine with digestive juice, and incubated with Alexa Fluor 488-CD324
and PE-Reg γ �ow antibody for 30 min. Intestinal epithelial cells were labeled with CD324 and
antibacterial proteins were labeled with RegIIIγ. Then they were detected by �ow cytometry.

2.8. Fluorescence in situ hybridization (FISH)
4 µm sections were prepared from para�n embedded colon tissue for FISH. According to the
manufacturer's instructions, bacterial in�ltration of the colonic mucosa was detected using the EUB338I
FISH probe with FITC labeled Kit (Guangzhou Exon Biotechnology Co., Ltd., China).

2.9. Western blot analysis
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Colonic tissue was homogenized and centrifuged (4 °C, 2,500 × g, and 5 min). Cytoplasmic and nuclear
proteins were extracted from the collected precipitate using cytoplasmic and nuclear protein extraction
kits, respectively. The protein concentration was calculated by measuring optical density at 562 nm with
a microplate reader. Proteins (20 µg) were separated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis and then transferred onto a polyvinylidene di�uoride membrane. The membrane was
soaked in 5% skim milk at room temperature for 1 h to block non-speci�c binding sites and then
incubated with a primary antibody (TLR4, TLR5, NOD2, MyD88, RIP2 or NF-κB p65), followed by
incubation with an appropriate secondary antibody. Positive immunoreactions were directly imaged using
a chemiluminescence image analysis system with a Super ECL Plus ultra-sensitive luminescent solution.

2.10. Semi-quantitative reverse transcription and
polymerase chain reaction
Total RNA was extracted from the colon with the TRIzol reagent. The purity and concentration of RNA
were determined using an ultra-micro ultraviolet spectrophotometer, and the concentration was adjusted
to 500–700 ng/µL. DNA was removed from the total RNA using DNase with incubation at 42 °C for 5 min.
cDNA was synthesized from 1 µg of total RNA in a total volume of 20 µL at the following conditions:
37 °C for 15 min, followed by 85 °C for 5 s with a �rst-strand cDNA synthesis kit. SYBR® Premix Ex Taq™
(Tli RNase H Plus) was used for ampli�cation of cDNA. Reactions were performed in triplicate. We
analyzed the relative expression of the Nod2, Rip2, and NF-κB p65 genes by comparing transcript levels
of the target genes with that of the internal reference Gapdh. The sequences of the primers were as
follows: Nod2: 5′-ACCATGTAGAAGCCATGCTGGAG-3′ (forward) and 5′-CTTCACCGCAGCGAGATCAA-3′
(reverse); Rip2: 5′-GCCATTGTGAGCCAGATGA-3′ (forward) and 5′-ATTTGAAGGCGGTGCTTTG-3′ (reverse);
RelA (encoding NF-κB p65): 5′-ATGTGCATCGGCAAGTGG-3′ (forward) and 5′-
CAGAAGTTGAGTTTCGGGTAG-3′ (reverse); Gapdh: 5′-ACCACAGTCCATGCCATCAC-3′ (forward) and 5′-
TCCACCACCCTGTTGCTGTA-3′ (reverse). The ampli�cation conditions were as follows: 95 ℃ for 30 s, 40
cycles at 95 ℃ for 5 s and 60℃ for 30 s, followed by 95℃ for 10 s and generation of a dissociation
curve from 65 °C to 95 °C at an increment of 0.5 °C per 5 s.

2.11. Immunohistochemistry analysis

Antigens were retrieved from frozen sections with citrate buffer, and the sections were then �xed with
acetone and washed with phosphate-buffered saline. After that, H2O2 (20 µL/sample) was added to
inhibit the endogenous enzyme, followed by a blocking solution. The sections were exposed to anti-
NOD2, anti-RIP2, or anti-NF-κB p65 at 4 °C overnight and then to the SignalStain® Boost IHC detection
reagent at room temperature for 30 min. Images were visualized and captured using an Olympus
microscope after staining with hematoxylin, dehydration, and sealing.

2.12. Statistical analysis

Data are expressed as the mean ± standard deviation (SD). Differences between two groups were
analyzed by the Student’s t-test, and those among several groups were analyzed by one-way analysis of
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variance using SPSS (version 17.0). A P-value of < 0.05 was considered statistically signi�cant.

3. Results

3.1. HPLC analysis of HQD
It has been reported that HQD was con�rmed to contain the indicator components paeoni�orin,
glycyrrhizic acid, baicalin, wogonoside, and liquiritin, among which baicalin had the highest
concentration, followed by wogonoside and glycyrrhizic acid[18]. And our results showed that the sample
similarity of the 10 batches of HQD was more than 0.980, based on the HQD �ngerprints (Fig. 2), and the
similarity analysis (Table 1) indicated that the quality of HQD was relatively stable.

Table 1
Similarity of ten batches of Huangqin

decoction
Sample Similarity

Hungaqin Decoction S1 0.999

Hungaqin Decoction S2 0.999

Hungaqin Decoction S3 0.999

Hungaqin Decoction S4 0.998

Hungaqin Decoction S5 0.999

Hungaqin Decoction S6 0.998

Hungaqin Decoction S7 1.000

Hungaqin Decoction S8 1.000

Hungaqin Decoction S9 1.000

Hungaqin Decoction S10 0.998

3.2. Effects of HQD on colitis mice
The experiments showed that the body weight of the mice signi�cantly decreased in the model group
compared with that of the control group, sulfasalazine group, middle-dose(500 mg/kg) and high-
dose(1000 mg/kg) HQD group. Notably, the body weight of the high-dose HQD group was closed to that
of the control mice at the end of administration (Fig. 3a). The DAI score in the middle-dose and high-dose
HQD groups signi�cantly decreased (P < 0.01), consistent with the changes in the body weight (Fig. 3c).
While assessing the length of the colon, HQD also showed certain effects on the recovery of colonic
length, especially at the high dose (0.25 g/kg, 0.5 g/kg, 1 g/kg, Fig. 3b).
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Based on the results of HE staining of tissue sections (Fig. 3d), it was found that the colon in the model
group showed obvious in�ammatory cell in�ltration and formed multiple ulcers. Meanwhile, HQD
provided a therapeutic effect in a dose-dependent manner. Comparing with those in the control group, the
counts of white blood cells, monocytes, and granulocytes signi�cantly increased in the model group;
however, the counts of red blood cells (RBC) and the levels of hemoglobin (HGB) showed opposite trends
(P < 0.01). HQD and sulfasalazine improved the symptoms observed in the model group (P < 0.01 or P < 
0.05; Fig. 3e).

3.3. Effects of HQD on intestinal �ora
Compared with the control group, OTU in DSS group decreased signi�cantly, and which were recovered
after intervention with HQD (1000 mg/kg, Fig. 4a). What’s more, the results of cluster analysis showed
that HQD improved the imbalance of intestinal �ora in mice with colitis and tended to the normal level
(Fig. 4b and Fig. 4c). According to the results of α diversity analysis, observed species index, chao index,
ace index and shannon index of intestinal �ora decreased(P 0.05), while simpson index increased
signi�cantly after DSS administration. Observed species index, chao index and ace index were all
recovered after treatment with HQD, and there was signi�cant difference compared with the model group
(Fig. 4d).

In addition, the phylum classi�cation of intestinal �ora species showed that Bacteroidetes decreased,
while Deferribacteres and Firmicutes increased signi�cantly in colitis mice (Fig. 4e). The class
classi�cation showed that Actinobacteria, Bacteroidetes and Epsilonproteobacteria decreased, while
Bacilli, Betaproteobacteria, Clostridia, Deferribacteres increased signi�cantly in colitis mice (Fig. 4e).
Sulfasalazine and HQD obviously recovered the Deferribacteres at the phylum and class level. The family
classi�cation showed that Helicobacteraceae, S24-7 decreased, Alcaligenaceae, Anaplasmataceae,
Bi�dobacteriaceae, Deferribacteraceae, Lachnospiraceae and Ruminococcaceae increased signi�cantly in
colitis mice (Fig. 4e). Sulfasalazine and HQD obviously recovered the Alcaligenaceae and
Deferribacteraceae at the family level.

3.4. Effects of HQD on intestinal barrier and PRRs
As shown in Fig. 5a, the colonic mucosal bacterial in�ltration was more severe in the 3% DSS group than
the control group and was reduced after the administration of HQD (1000 mg/kg) or Sulfasalazine.
Compared with the control group, the expression of RegIIIγ in IECs of mice in the 3% DSS group increased
signi�cantly, which were ameliorated with HQD or Sulfasalazine (Fig. 5b). What’s more, HQD inhibited the
increase of TLR4 and NOD2 protein in colon of mice with colitis, especially NOD2 (Fig. 5c & Fig. 5d). But
the expression of TLR5 protein in HQD group was not signi�cantly changed compared with the model
group. And also, western blot analysis showed that HQD (1000 mg/kg) had no signi�cant effect on the
downstream pathway protein MyD88 of TLR4 or TLR5, but it inhibited the activation of protein RIP2 in the
downstream pathway of NOD2 (Fig. 6a).

3.5. Effects of HQD on NOD2-dependent pathway
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NOD2, RIP2, and NF-κB p65 are the key proteins in the NOD2 in�ammatory signaling pathway. It was
demonstrated by semi-quantitative polymerase chain reaction, and immunohistochemistry (IHC) that the
colons from the control mice had low levels of NOD2, RIP2, and NF-κB p65 expression, while the mice
from the model group with DSS-induced colitis mainly showed overexpression of NOD2, RIP2, and NF-κB
p65 in in�amed colon tissues (P < 0.01; Fig. 6b & Fig. 6c). In the sulfasalazine and HQD-treated groups,
expression of NOD2, RIP2, and NF-κB p65 decreased, especially in the middle - and high-dose HQD
groups (P < 0.01 or P < 0.05).

3.6. Effects of HQD on in�ammatory cytokines
The levels of in�ammatory cytokines, including IL-1β (Fig. 7a), IL-17(Fig. 7b), MCP-1(Fig. 7c), TNF-
α(Fig. 7d), IFN-γ(Fig. 7e), and IL-6(Fig. 7f), were signi�cantly higher in colon tissue of the mice from the
model group than in that of the control group (P < 0.01), and TNF-α was found at the highest level. The
above markers were restored, to varying degrees, in the groups treated with different doses of HQD and
with sulfasalazine, among which the medium- and high-dose HQD groups showed statistically signi�cant
differences compared with the model group (P < 0.01 or P < 0.05).

4. Discussion
In this study, the results of the similarity evaluation and principal component analysis of different
batches of HQD showed that the chemical composition of HQD was basically same, which were
consistent with what has been previously reported. Meanwhile, it was demonstrated that the quality of
HQD was relatively stable, which provides a basis for the study of its pharmacodynamics and
pharmacological mechanism.

After administration of DSS, the mice exhibited unfavorable symptoms such as weight loss, dull hair and
poor food intake owing to diarrhea and hematochezia. The morphology of the colon showed redness and
swelling, and the length of the colon became shorter, which were due to the excessive hypertrophy of the
muscular layer of the colon in colitis mice. In addition, H&E results showed increased in�ltration of
in�ammatory cells in the submucosa of the colon, which was caused by the activation of in�ammatory
chemokines and the recruitment of immune cells to the lesion sites. However, these pathological
symptoms were improved after treated with sulfasalazine (SASP, commonly used in clinical treatment of
IBD) and HQD. Furthermore, SASP and HQD reduced the DAI score and repaired mucosal ulcers of the
colon in colitis mice. An increase in the number of WBC and changes in their classi�cation indicated that
in�ammation appeared in mice with 3%DSS. And the loss of blood, caused by hematochezia in the mice,
resulted in decreasing numbers of RBC and HGB. HQD reduced the number of WBC and restored the
number of RBC and the content of HGB in colitis mice, especially the middle-dose (500 mg/kg) and the
high-dose (1000 mg/kg) of HQD. Taken together, the data con�rmed the positive effect of HQD on colitis
mice.

Based on the e�cacy of HQD on the treatment of DSS-induced colitis mice, we further explored its
speci�c mechanism of action. Previous studies have shown that the intestinal �ora of colitis mice is
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dysfunctional, and its components or metabolites activate the PRRs of intestinal epithelial cells and
release in�ammatory factors, resulting in the destruction of intestinal barrier and further aggravating
intestinal in�ammation[19]. 16S rDNA results showed that HQD increased the OUT number of intestinal
�ora and the species richness of micro�ora of colitis mice, which were consistent with previous study[20].
And cluster analysis results also implied HQD regulated the intestinal �ora and restored the diversity of
intestinal �ora in mice with colitis. Moreover, the data of relative abundance analysis of intestinal �ora at
phylum, class and family level showed that HQD regulated intestinal �ora of colitis mice, especially on
Deferribacteres, Deferribacteraceae and Alcaligenaceae. Studies have con�rmed that the imbalance of
intestinal �ora led to conditional pathogenic bacteria invading intestinal mucosa. RegIII γ, an important
bacteriostatic factor in the innate immune system, expressed in large quantities after intestinal injury, and
played a role in enhancing the innate immune defense in the early stage of in�ammation. The expression
of RegIII γ protein raised with the increase of bacterial in�ltration and in�ammation. Thus, RegIII γ is used
as an important indicator of tissue injury, especially bacterial in�ltration. In this study, the intestinal
contents and bacteria of colitis mice directly contacted the intestinal epithelial cells due to the destruction
of epithelial barrier caused by DSS, which stimulated the up-regulation of RegIII γ expression. The results
of FISH and �ow analysis showed that the colonic bacterial in�ltration and the expression of RegIII γ in
intestinal epithelial cells of colitis mice decreased after treatment with SASP and HQD, which indirectly
re�ected the protective effect of HQD on intestinal barrier.

In addition, PAMPs in the intestinal cavity of colitis mice promoted the activation of PRRs in intestinal
epithelial cells and increased their expression. LPS (a component of the outer wall of gram-negative
bacteria), �agellin (a granular protein that makes up the �agellar �bers of bacteria) and MDP (a smallest
structural unit with immune adjuvant activity in the cytoskeleton of Mycobacterium) are ligands of TLR4,
TLR5 and NOD2, respectively. It has been con�rmed that the activation of PRRs (TLR4, TLR5 and NOD2)
led to the aggravation of in�ammation in colitis mice. Our data also showed that the expression of TLR4,
TLR5 and NOD2 proteins increased in the colon of mice with DSS-induced colitis, which were decreased
signi�cantly after the intervention of HQD. The study further detected the changes of TLR4/TLR5 shared
downstream pathway protein MyD88 and NOD2 downstream pathway protein RIP2. And the results
showed that HQD (1000 mg/kg) signi�cantly inhibited the expression of RIP2 protein, but had little effect
on the expression of MyD88 protein, which was consistent with previous study[21]. Thus, we further
studied the NOD2/NF- κB signaling pathway.

As demonstrated by our data, imbalance of intestinal �ora lead to the binding of PAMPs in the intestinal
cavity to the PRRs of intestinal epithelial cells, which further activates the PRRs-mediated pathway and
exacerbates in�ammation. MDP, existing in the intestinal cavity, recognized NOD2 in IECs or
immunocytes and then activated the downstream signaling molecule RIP2. And RIP2 interacted with the
tumor necrosis receptor family and transcription factors activated by the NF-κB pathway and mitogen-
activated protein kinase (MAPK) pathway [22]. NF-κB was transferred from the cytoplasm to the nucleus
and binded to the promoter region of target genes, which resulted in the transcription of genes encoding
proin�ammatory mediators and led to a cascade of in�ammatory reactions and recruitment of
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macrophages to the site with in�ammation [23]. Hence, activation of the NF-κB signaling pathway is a key
contributor to the damage or even failure of the body tissue. NF-κB, existing in the form of a heterodimer,
consists of two subunits, p50 and p65 [24]. The p65 subunit is a main proin�ammatory subunit, whose
activation plays a key role in the pathogenesis of IBD. And many IBD-associated proin�ammatory
cytokines have NF-κB-binding sites in their promoter regions [25, 26]. Furthermore, HQD inhibited the mRNA
expression of NOD2, Rip2, and NF-κB p65, especially in the high-dose HQD group (1000 mg/kg). As
shown in the results of IHC, the group treated with HQD (1000 mg/kg) showed an even better suppression
of NOD2, Rip2, and NF-κB p65 than that treated with sulfasalazine. Moreover, the increase of intestinal
pro-in�ammatory cytokines in IBD mice further destroyed the intestinal barrier and aggravated the
in�ammatory response. The expression of cytokines (including IL-1, IL-17, MCP-1, TNF-α, IFN-γ, IL-6, etc.)
were obviously increased in the supernatant of a colonic homogenate and induced proin�ammatory
effects, which play an important role in the pathogenesis of IBD [27, 28]. However, the pathological
symptoms were improved after treated with sulfasalazine and HQD. And there was no difference between
the high-dose HQD group (1000 mg/kg) and sulfasalazine group.

5. Conclusion
This study showed that HQD (1000mg/kg) has a positive effect on the imbalance of intestinal �ora in
colitis mice, which may be characterized as the inhibition of NOD2-dependent pathway (Figure. 8).
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Figure 1

Treatment of HQD on colitis mice induced by DSS. The mice in the control group had free access to
sterile water, while those in the other groups drank 3% DSS freely for 5 days and then drank sterile water.
Meanwhile, the mice in the control and model groups were administered with sterile water, while the other
four groups were given the drugs. The drugs were administered for a total of 10 days, and the experiment
was carried out on day 11.
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Figure 2

Composition of HQD. Fingerprints of HQD from 10 batches. The sample similarity of the HQD batches
was more than 0.980, which proved that the quality of HQD was stable. 1,2. Solvent Peaks; 3.
Paeoni�orin; 4. Liquiritin; 5. Baicalin; 6. Wogonoside; 7, Glycyrrhizic Acid.
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Figure 3

Effect of HQD on colitis mice. (a) Effects of HQD on the body weight of colitis mice. (b) Effects of HQD
on the length of the colon in DSS-induced colitis mice (n = 8 per group). (c) Effects of HQD on the DAI
score of DSS-induced colitis mice (n = 8 per group). (d) Effects of HQD on the colon in DSS-induced
colitis mice. Scale bar: 50μm (e) Effects of HQD on blood cells in DSS-induced colitis mice (n = 10 per
group). HQD and sulfasalazine improved the symptoms in the model group. *P < 0.01, **P < 0.001 vs.
DSS-treated group; #P < 0.05, ##P < 0.01 model vs. control.
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Figure 4

Effect of HQD on intestinal �ora of colitis mice. (a) Impacts of HQD on the OUTs of intestinal micro�ora.
(b and c) The cluster analysis of intestinal micro�ora in colitis mice. (d) The alpha diversity of intestinal
micro�ora in colitis mice. (e) The histogram of intestinal micro�ora species classi�cation in phylum,
class and family in colitis mice. N, Control; M, Model; HQT, Huangqin decoction; SASP, sulfasalazine.
#P<0.05, ##P<0.01 control vs. DSS-treated group, *P<0.05 vs. DSS-treated group.
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Figure 5

Effect of HQD on PRRs and intestinal barrier function of colitis mice. (a) Impacts of HQD on the bacterial
submucosal invasion in colitis mice by FISH. Bacteria labeled with green �uorescence, the cell nucleus
labeled with DAPI (magni�cation×200). Scale bar: 50μm. (b) Impacts of HQD on the RegIII γ in IECs by
FCM. The analytical protocol of IECs expressed RegIII γ and the statistical results of CD324+RegIIIγ+ IECs
mice. (c) Impacts of HQD on PRRs (TLR4, TLR5, NOD2) in colitis mice by western blot. Quanti�cation of
protein expression was performed by densitometric analysis of western blots. Expression was normalized
to that of β-actin. Data are expressed as the means  SD of three independent experiments. (d)
Comparison of HQD on the expression of three PRRs (TLR4, TLR5, NOD2) proteins. #P<0.05, ##P<0.01,
###P<0.001 control vs. model, *P <0.05, **P <0.01 vs. model.
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Figure 6

Effects of HQD on NOD2-dependent pathway. (a) Impacts of HQD on the proteins of MyD88, RIP2 and
P65 in colitis mice by western blot. Expression was normalized to that of β-actin and proliferating cell
nuclear antigen PCNA . (b) Impacts of HQD on the mRNA expression of NOD2, RIP2, and NF-κB p65 in
colon samples isolated from mice (n = 6 per group). Expression was normalized to that of Gapdh. (c)
Impacts of HQD on the expression of proteins in the NOD2 signaling pathway in DSS-induced colitis in
mice, as determined by IHC (A, Control; B, model; C, sulfasalazine; D, HQD. Magni�cation ×200). Scale bar:
50μm. Data are expressed as the means  SD of three independent experiments. *P < 0.01, **P < 0.001 vs.
DSS-treated group; #P < 0.05, ##P < 0.01 model vs. control.
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Figure 7

Effects of HQD on cytokines in the colon of DSS-induced colitis mice. Sulfasalazine and HQD, especially
the medium and high HQD doses, inhibited the release of in�ammatory mediators (n = 8 per group): (a)
IL-1β; (b) IL-17; (c) MCP-1; (d) TNF-α; (e) IFN-γ; (f) IL-6. #P < 0.05, ##P < 0.01 model vs. control; *P < 0.05,
**P < 0.01 model vs. HQD-treated group.



Page 23/23

Figure 8

The mechanism of HQD(1g/kg) in regulating the intestinal �ora of colitis mice, which may be closely
characterized as the inhibition of the activation of NOD2 - dependent pathway.
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