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The rising incidence of ulcerative colitis has become a new challenge for public health.
Chimonanthus nitens Oliv. leaf granule (COG) is a natural medicine used for the treatment
of respiratory diseases, which has excellent anti-inflammatory and antioxidant effects.
However, the therapeutic effect of COG in ulcerative colitis (UC) has not been reported.
Here, the experimental colitis was treated with dextran sodium sulfate (DSS) and COG.
After treatment with high (30 g/kg), medium (15 g/kg), and low (7.5 g/kg) doses of COG for
11 consecutive days, the body weight, disease activity index (DAI) score, colon length,
colon weight index, and the pathological score of mice were effectively improved. COG
significantly reduced the levels of inflammatory cytokines in UC mice in vitro and in vivo
and restored the secretion levels of IL-6 and IL-10 in the colon. Meanwhile, compared to
mice with colitis, COG-treated mice showed lower levels of MDA, MPO, NO, and eNOS
and higher levels of GSH-Px and MAO, which indicated that oxidative stress damage in
colitic mice was alleviated by COG. Moreover, less Th17 and more Tregs were observed
in the COG-treated groups. In addition, COG improved the diversity and relative
a b u n d a n c e o f g u t m i c r o fl o r a i n t h e c o l o n o f c o l i t i c m i c e , a n d
Lachnospiraceae_NK4A136_group and Lachnospiraceae_UCG-006 were obviously
regulated at the genus level. In summary, COG has a protective effect on DSS-induced
experimental colitis, mainly through inhibition of immune-inflammatory responses and
oxidative stress and regulation of mTreg cell responses and intestinal flora composition.
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INTRODUCTION

Ulcerative colitis (UC) is a non-specific chronic relapsing
inflammatory disorder that continuously damages the colonic
mucosa from the rectal side, often leading to erosions and ulcers
(Nakase et al., 2021). It mainly affects people between 18 and
50 years of age and seriously reduces the quality of life of patients
(Li et al., 2017). Because of the unknown etiology and
pathogenesis of UC, as well as its high recurrence rate and low
cure rate, it is considered one of the top 10 intractable diseases in
the world (Kaplan and Windsor, 2021). The pathogenesis of UC
involves several mechanisms. Now, it is commonly accepted that
immune abnormality, intestinal microecological imbalance, and
oxidative stress are the three main suspected pathogenesis of UC
(Xavier and Podolsky, 2007).

In the pathogenesis of UC, excessive inflammation and
oxidative stress run through the pathogenesis of UC.
Overproduction of IL-6 was reported to cause cytokine storm
(Oldstone and Rosen, 2014; Oladele et al., 2020), which produced
a large number of inflammatory cytokines and thus induced the
increase of myeloperoxidase (MPO) level and the production of
reactive oxygen species (Wu et al., 2005). Colonic cells were
impaired by oxidative stress injury and further aggravated the
inflammatory cell infiltration and injury (Adjouzem et al., 2020).
Meanwhile, regulatory T-cell (Treg) imbalance could further
aggravate the intestinal immune disorder of colitis. Some
clinical studies have shown that a deficiency of Treg cells
aggravates the clinical and endoscopic severity of UC
(Takahashi et al., 2006; Kamikozuru et al., 2009), and it has
been verified in animal experiments that the adoptive transfer of
Treg cells effectively alleviated experimental colitis (Grayson
et al., 2018). Moreover, the functional diversity and stability of
intestinal flora in patients with UC are impaired, which suggests
that intestinal flora is the basic factor involved in the
inflammatory process of inflammatory bowel disease (IBD)
(Hansen et al., 2010). Alleviating the clinical symptoms of UC
patients by adding probiotics in the intestinal flora, as an
emerging strategy to relieve chronic gut inflammation, has
shown some promise in the treatment of UC (Vich Vila et al.,
2018; Iheozor-Ejiofor et al., 2020). Interestingly, many natural
medicines (such as daphnetin and dietary resveratrol) were
reported to reduce pathogenic bacteria, increase probiotics,
correct the imbalance of intestinal microbiota, and even
change the metabolic characteristics of intestinal flora (Sartor,
2006; Ji et al., 2019; Li et al., 2020). Interestingly, such changes are
causatively related to the enhanced development of Treg cells
and the reduced proinflammatory Th17 cell differentiation.
Therefore, reducing inflammatory damage, inhibiting oxidative
stress, and regulating Treg and gut microflora structure can be
regarded as potential therapeutic strategies for UC.

Chimonanthus nitens Oliv. leaf is a commonly used traditional
Chinese medicine and has been known as one of the four famous
medicinal herbs in Jiangxi Province (Chen et al., 2017b). Clinically,
C. nitens Oliv. leaf is mostly used for upper respiratory disease,
hand-foot-and-mouth disease, herpangina, and other diseases,
with definite curative effect and safety (Wu et al., 2021).
However, apart from the abovementioned diseases, traditionally,
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 2
people often use C. nitens Oliv. leaf as a tea drink to alleviate
diarrhea during the spring–summer. Many studies have shown
that C. nitens Oliv. leaf has a variety of biologically active
ingredients (including volatile oil, alkaloids, flavonoids,
quercetin, rutin, and coumarin), with diverse pharmacological
effects and antioxidant, immunomodulatory, hypolipidemic, and
antitumor properties (Shu et al., 2019). These main active
ingredients play biological activities to treat UC, which were
reported by many researchers in a previous study (Vezza et al.,
2016). For example, quercetin and rutin can reduce the production
of proinflammatory mediators and inhibit NF-kB activity (Pavlick
et al., 2002; Korhonen et al., 2005) and oxidative stress damage in
UC (Zhang et al., 2017). Similarly, alkaloids have well-
documented anti-inflammatory and antioxidant activities (Peng
et al., 2019), which show contribution to the interaction with gut
microflora, such as berberine (Liu et al., 2018).

Chimonanthus nitens Oliv. leaf granule (COG) has already
been used in clinics. However, whether COG can be used to
alleviate UC has not been reported. In this present study, we
investigated the protective effects of C. nitens Oliv. leaf granule
on mice with dextran sulfate sodium (DSS)-induced colitis and
its potential mechanisms of action.

MATERIALS AND METHODS

Drug Preparation
COG was purchased from Jiangxi, YouMei Pharmaceutical Co.,
Ltd. (Z20027113)(Nanchang, Jiangxi). Before use, it was
dissolved in sterile water and heated at 70°C in a water bath
for 20 min to fully release the active ingredients of the drug. The
mother liquor of COG for the cell experiments was prepared as
follows: The COG was weighed precisely and solvated in sterile
PBS. Then, the mixture was treated for 20 min by using an
ultrasonic cleaning machine with 300 W of power and heated in
a water bath at 70°C for 30 min. After centrifugation at
2,000 rpm for 5 min, the supernatant was collected and filtered
using a 0.22-mm syringe-filter unit. DSS (molecular weight: 36–
50 kDa) was obtained from MP Biomedicals (Santa Ana, CA,
USA). Mesalazine (batch number: 130407) was purchased from
Sunflower Pharma (Jiamusi, China).

Quantitative Liquid Chromatography
Tandem-Mass Spectrometry Analysis of
Chimonanthus nitens Oliv. Leaf Granule
Liquid chromatography tandem-mass spectrometry (LC-MS/
MS) analysis was performed for the quality control of COG
utilizing Thermo Fisher Scientific U3000 UHPLC (Bremen,
Germany) coupled with an AB Sciex™ TripleTOF 5600+
(Framingham, MA, USA) at a column temperature of 35°C.
The mobile phase (A: aqueous solution containing 0.1% of
formic acid; B: acetonitrile solution containing 0.1% of formic
acid) was delivered at a speed of 0.3 ml/min, and liquid
chromatography separation was performed for 15 min per
sample with linear gradient steps programmed as follows: 0–
8 min (95%–5% B), 8–10 min (50%–50% B), 10–12 min (5%–
95% B), and 12–15 min (95%–5% B).
June 2022 | Volume 12 | Article 907813
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Mice
Male-specific pathogen-free (SPF) BALB/c mice (7–8 weeks of age,
weighing 20–22 g) were purchased from GemPharmatech Co., Ltd.
(Nanjing, China) (animal certificate number: SCXK 2018-0008)
and housed in specific pathogen-free conditions (temperature: 21°
C ± 2°C, humidity: 45% ± 10%, light: 12-h light–dark cycle). The
protocol (permit number: JZLLSC20210065) was approved by the
Animal Care and Use Committee of Jiangxi University of
Traditional Chinese Medicine and conducted following the
guidelines prescribed by the committee.

DSS-Induced Colitis and Therapeutic
Evaluation
All mice were acclimatized for 3 days prior to starting the study
and then randomly divided into six groups with 10 mice in each
group: normal group (Nor), DSS group (DSS), DSS+high-dose
COG group (DSS+COG-H, 30 g/kg), DSS+medium-dose COG
group (DSS+COG-M, 15 g/kg), DSS+low-dose COG group (DSS
+COG-L, 7.5 g/kg), and DSS+mesalazine group (DSS+5-ASA,
200 mg/kg). To induce acute experimental colitis (Figure 1),
BALB/c mice were administered with 3.0% (w/v) of DSS in their
drinking water ad libitum for 7 days followed by 4 days of normal
water (Wirtz et al., 2017). The mice of the normal group were
provided with an equal amount of sterile water. From day 8 until
the end of the experiment, mice in the treatment group were orally
given COG and 5-ASA with corresponding concentrations,
respectively. During the entire experimental period, all mice
were weighed, their body weights were recorded, and the disease
activity index (DAI) score, including fecal consistency score, blood
stool score, and weight loss rate score, was calculated daily. DAI
score was estimated using the following parameters: rate of weight
loss (no significant loss, 0; loss of 1%–5%, 1; loss of 6%–10%, 2; loss
of 11%–20%, 3; decline of more than 20%, 4), degree of loose stools
[normal stools, 0; loose stools (dry), 2; loose stools or diarrhea
(watery stools), 4], and degree of bleeding (no bleeding, 0; positive
fecal occult blood, 2; blood in stools, 3; anal bleeding, 4).

Pathological Histology Analysis
The colon samples were emptied of fecal contents and washed
with cold phosphate-buffered saline (PBS, pH = 7.3). The distal
colon samples were fixed in 4% paraformaldehyde (PFA) for
3 days at 4°C, dehydrated with grade ethanol solution (from 50%
to 100%), and embedded in paraffin. The samples were cut into
4-mm-thick sections and then deparaffinized and rehydrated. The
sections were stained with hematoxylin and eosin (H&E);
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 3
subsequently, they were imaged with a biomicroscope. The
microscopic scores were evaluated by two different pathologists
blindly. Histopathological injury scores included inflammatory
infiltrate and tissue damage. The points for infiltration were
given as follows: 0, no infiltration; 1, increased number of
inflammatory cells in the lamina propria; 2, inflammatory cells
extending into the submucosa; and 3, transmural inflammatory
infiltrates. For tissue damage, the points were as follows: 0, no
mucosal damage; 1, discrete epithelial lesions; 2, erosions or focal
ulcerations; and 3, severe mucosal damage with extensive
ulceration extending into the bowel wall.

Enzyme-Linked Immunosorbent Assay
The colon tissue of the mice was weighed and lysed using
radioimmunoprecipitation assay (RIPA) buffer at a ratio of
1:10, homogenized with an electric homogenizer in ice water,
incubated at 4°C for 30 min, and centrifuged at 12,000 rpm for
10 min to obtain the supernatant of the colon tissue homogenate.
The total protein in each mouse was quantified with a total
protein detection kit (Aidlab Biotechnologies Co., Ltd., Beijing,
China). Cytokines including IL-4, IL-6, IL-10, and IL-1b were
measured by commercial enzyme-linked immunosorbent assay
(ELISA) kits following the manufacturer’s protocol, and the
absorbance values of each sample were detected using a
microplate reader (Thermo, Varioskan, MA, USA). Then, the
concentrations of the cytokines were obtained according to
standard curves.

Antioxidant Activity Determination of the
Colon Tissue
The colon tissue was weighed and homogenized with sterile
saline (1:9) on ice using a handheld tissue homogenizer for 45 s
at 12,000 rpm. Then, the homogenate was centrifuged at
2,500 rpm for 10 min at 4 C. The supernatant was collected
and diluted with sterile saline (1:15), and the levels of
malondialdehyde (MDA), glutathione (GSH), nitric oxide
(NO), endothelial nitric oxide synthase (eNOS), monoamine
oxidase (MAO), and myeloperoxidase (MPO) in a 50-ml
sample were examined according to the manufacturer’s
instructions. The determination kits were provided by Nanjing
Jiancheng Bioengineering Institute (Nanjing, China).

Flow Cytometric Analysis
In a sterile environment, the abdominal cavity was rapidly
opened and the spleen was isolated on ice, then placed in a
FIGURE 1 | Colitis induction and Chimonanthus nitens Oliv. leaf granule (COG) administration.
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Petri dish, and minced with ophthalmic scissors. Subsequently,
1 ml of 1640 cell culture solution was added, and the spleen was
gently ground with a 5-ml syringe core, followed by adding
another 1 ml of 1640. The cell mixture was filtered with a 70-mm
cell sieve and centrifuged at 300×g for 5 min, the supernatant was
removed, and the red cells were eliminated by lysis in 1 ml of
erythrocyte lysis buffer. Then, the cells were rinsed twice and
centrifuged at 350×g for 5 min. The supernatant was discarded,
and the cells were resuspended in 100 ml of stain buffer. The cell
suspension was stimulated with a leukocyte activation cocktail
(InvivoGen, 00-4975-93) at 37 C in 5% CO2 for 2–4 h. Then, 1 mg
of FcR blocking sealant was added and incubated at 4°C for
8 min. Furthermore, the cells were stained with cell-surface
antibodies and incubated for 15 min at room temperature in
the dark. The cells were washed with 1 ml of stain buffer twice,
the supernatant was discarded, and 500 ml of stain buffer was
added to resuspend the cells. Then, the cells were fixed and
permeabilized using a Cytofix/Cytoperm kit (BD Biosciences,
Franklin Lakes, NJ, USA), followed by incubation with
intracellular and intranuclear antibodies for 40 min at 4 C in
the dark. Finally, these stained cells were detected using a
FACSCanto II flow cytometer (BD Biosciences, NJ, USA). The
following mAbs were used: BV510 rat anti-mouse CD4 (1:200),
PerCP rat anti-mouse CD45 (1:100), Alexa Fluor 647 rat anti-
mouse CCR7 (1:100), BV421 rat anti-mouse Foxp3 (1:100), PE
rat anti-mouse IL-17A (1:100), and Alexa Fluor 488 rat anti-
mouse IL-10 (1:100) (BD Biosciences). The cells were washed,
resuspended in 500 ml of stain buffer, and finally detected using a
FACSCanto II flow cytometer (BD Biosciences, NJ, USA). The
limits for the quadrant markers were set based on negative
populations and isotype controls. The analysis of the acquired
data was performed with the FlowJo software (FlowJo 10.4).

Fecal Microbial Community Analysis
Colonic contents of all mice were collected in cryopreservation
tubes and preserved at −80°C. Microbial diversity analysis was
conducted according to the procedures of Majorbio Bio-Pharm
Technology (Shanghai, China). The genomic DNA was extracted
from fecal samples using the QIAamp DNA Stool Mini Kit
(Qiagen, Valencia, CA, USA), according to the manufacturer’s
instructions. The extracted DNAwas used as a template to amplify
the V3–V4 region of the bacterial 16S rRNA gene with the
following primers: 338F (5′-ACTCCTACGGGAGGCAGCAG-
3′) and 806R (5′-GGACTAC HVGGGTWTCTAAT-3′). The
PCR reaction consisted of 4 ml of 5× FastPfu buffer, 2 ml of
2.5 mM dNTPs, 0.8 ml of forward primer (5 mM), 0.8 ml of reverse
primer (5 mM), 0.4 ml of FastPfu polymerase (Trans-Start FastPfu
DNAPolymerase, TransGen Biotech, Beijing, China), and 10 ng of
template DNA. The amplification was performed on an Applied
Biosystems PCR system (GeneAmp 9700, ABI, USA) as follows:
3 min of denaturation at 95°C, 27 cycles of 30 s at 95°C, 30 s at 55°
C, and 45 s at 72°C, with a final elongation at 72 C for 10 min. The
PCR products were purified using the AxyPrep DNA gel
extraction kit (Axygen, Union City, USA). High-throughput
sequencing was carried out on a MiSeq platform (Illumina, San
Diego, CA, USA) according to the standard protocols by Majorbio
Bio-Pharm Technology. The quality control of the raw sequence
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 4
reads, deposited in the NCBI Sequence Read Archive (SRA)
database (accession number: PRJNA655607), was conducted by
FastQC on FastQ files. The operational taxonomic units (OTUs)
were clustered with 97% similarity cutoff using UPARSE (version
7.1). The taxonomy of each 16S rRNA gene sequence was assigned
by the Ribosomal Database Project (RDP) Classifier algorithm
(http://rdp.cme.msu.edu/) against the SILVA (SSU123) 16S rRNA
database using a confidence threshold of 70%. The Shannon index
was calculated using Mothur (version v.1.30.1) to evaluate a-
diversity. Partial least squares discriminant analysis (PLS-DA) was
performed using Mothur, and statistical analysis was performed
based on the values of COMP4. Linear discriminant analysis
(LDA) coupled with effect size (LEfSe) measurements (based on
non-parametric factorial Kruskal–Wallis sum-rank test and the
Wilcoxon rank-sum test) was used to identify taxa that were
significantly different (biomarkers) among groups, with p <0.05
and an LDA score threshold of 4. Microbial difference analysis and
correlation analysis were performed using I-Sanger (Majorbio Bio-
Pharm Technology Co., Ltd.; www.i-sanger.com).

Cell Culture and Treatment
The murine macrophage RAW264.7 cells (Procell Life Science
and Technology Co., Ltd., Wuhan, China) were cultured in
DMEM medium containing 10% (v/v) of FBS and 1% (v/v) of
penicillin–streptomycin (100 units/ml of penicillin, 100 mg/ml
of streptomycin) at 37 C in a humidified incubator with 5% of
CO2/95% of air atmosphere and subcultured as needed using
trypsin–EDTA. The culture medium was changed every
2–3 days.

Cytotoxicity Assay on RAW264.7 Cells
The cell viability was determined by the Cell Counting Kit-8
(CCK-8) assay (AbMole BioScience, USA). Briefly, RAW264.7
macrophages were seeded in 96-well plates (1 × 105 cells/well).
After adhering for 4 h, the cells were co-cultured with 2, 4, 6, and
8 mg/ml of COG for 24 h. After co-cultured with COG, 10 ml of
the CCK-8 reagent was added to each well and the plates were
incubated at 37 C in a humidified incubator with 5% of CO2/95%
of air atmosphere for 2 h. A microplate reader (Thermo Fisher,
USA) was used to measure the absorbance at a wavelength of
450 nm. According to the OD value, the cell viability and half-
maximum inhibitory concentration (IC50) were evaluated by
analysis using the software GraphPad Prism 8.0. Each
experiment was performed in triplicate.

Anti-Inflammatory Assay and Real-Time
PCR on RAW264.7 Cells
The RAW264.7 macrophages were seeded in a six-well plate at a
density of 1 × 106 cells/well and allowed to reach confluence in
this experiment. COG (0, 2, 4, 6, 8 mg/ml) and 1 mg/ml of LPS
(Escherichia coli 055:B5, Sigma Aldrich, USA) were added to the
cells in the different dose groups. After being treated with LPS
and COG for 24 h, the cell culture medium from the cells was
collected and centrifuged to remove any debris. Enzyme kits were
applied for the determination of the proinflammatory cytokines
TNF-a (BMS607-3, Invitrogen, USA), IL-6 (MM-0163M1,
Meimian, China), and IL-1b (MM-0040M1, Meimian, China)
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in the RAW264.7 macrophages according to the manufacturers’
instructions. All experiments were carried out in five replicates.

In order to investigate the RNA expression levels of IL-1b, IL-
6, and TNF-a, total RNA was isolated from the cells treated with
COG (2, 4, 6, 8 mg/ml) or LPS (1 mg/ml) for 24 h and reverse-
transcribed to cDNA using M5 Super plus qPCR RT kit (Mei5
Biotechnology, China) based on the manufacturer’s protocol.
Then, the IL-1b, IL-6, TNF-a, and GAPDH cDNA were
ampl ified by 2× Rea l - t ime PCR SuperMix (Me i5
Biotechnology, China). cDNA was normalized to the same
concentration. The PCR reaction was conducted on a
bioanalyzer (Roche LightCycler 96 instrument) programmed as
follows: 95 C for 60 s and 45 cycles of 95 C for 15 s, 60 C for 15 s,
and 72 C for 45 s. The primer sequences are listed in Table 1.
GAPDH was used as the housekeeping gene and the expression
level of the target gene was calculated using the 2−DDCt method.

Statistical Analysis
All the data were presented as mean ± standard error of the mean
(SEM), and GraphPad Prism software version 8.3.1 (GraphPad
Software Inc., La Jolla, CA, USA) was used for the statistical
analysis and plotting. One-way analysis of variance (ANOVA),
followed by the Tukey–Kramer multiple comparisons test, was
used to analyze the significant difference among the six groups.
All p-values <0.05 were considered statistically significant.
RESULTS

Quantitative Analysis of COG by
LC-MS/MS
LC-MS/MS analysis was performed to establish the quality control
of COG by identifying and quantifying ingredients, namely,
scopoletin, isofraxidin, scoparone, rutin, chimonanthine, and
calycanthine. The structures of the aforementioned compounds
are displayed in Figure 2A, and the general ion flow
chromatogram of COG is shown in Figure 2B. The scopoletin,
isofraxidin, scoparone, rutin, chimonanthine, and calycanthine
contents in COG were 0.16, 0.11, 0.08, 0.50, 0.08, and 0.32 mg/ml,
respectively (Table 2).

COG Alleviated DSS-Induced Colitis
Ulcerative colitis was successfully induced in all mice after DSS
administration for 7 days, which was evidenced by the
continuous body weight loss, DAI score increase, shortened
colon length, and higher colon weight index (Figures 3A–E,
respectively), compared with animals without DSS treatment.
Compared with DSS treatment, the administration of high- and
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 5
medium-dose COG significantly ameliorated DSS-induced
colitis, as evidenced by the markedly reduced weight loss
(Figure 3A), lower DAI score (Figure 3B), and significant
relief of colonic shortening and colon weight index
(Figures 3C–E). Although the low-dose COG did not present
an obvious effect on weight loss prevention (Figure 3A) and DAI
score increase (Figure 3B), it mitigated colon length shortening
and colon weight index increase (Figures 3C–E). Additionally,
the H&E-stained DSS sections revealed a destruction of colonic
tissue with histopathological changes in the mucosal,
submucosal, and muscular layers and colonic wall. The mucosa
was ulcerated with an abundant inflammatory infiltrate in the
submucosa; also, the colonic wall was thickened. Conversely, the
different DSS+COG dose groups all exhibited less inflammatory
cell infiltration, relatively intact colonic architecture, less
mucosal damage, and lower histology score than the DSS
group (Figures 3F, G). These results indicated that COG
effectively alleviated experimental colitis induced by DSS.

COG Relieved the Inflammation Response
In Vivo and In Vitro
To investigate whether COG intervention could ameliorate
colitis by modulating the inflammatory response, inflammatory
cytokines were analyzed in the colon tissue. IL-4 and IL-10
concentrations in the DSS group were significantly lower than
those in the normal group (Figures 4A, B), while IL-6 and IL-1b
were higher (Figures 4C, D), which suggested that DSS
successfully induced inflammation in mice colon. Furthermore,
compared to the DSS group, COG treatment significantly
upregulated the concentrations of IL-4 and IL-10 in colon
tissue (Figures 4A, B), and a decrease in the concentrations of
IL-6 and IL-1b was observed in the COG group (Figures 3A, C).

The cytotoxicity of COG was assessed first. When the
concentration of the COG solution exceeded 10 mg/ml, COG
had a significant effect on the relative proliferation rate of cells
and this relative proliferation rate of cells decreased with the
continuous increase of COG concentration (Figure 4E). When
the concentration was below 10 mg/ml, the relative proliferation
rate of RAW264.7 cells was close to 100%, indicating that COG
had no significant toxic effect on the cells at the dose below
10 mg/ml (Figures 4E, F). Our experiments showed that the IC50

value of COG on RAW264.7 cells was 37.34 mg/ml (Figure 4G).
Therefore, the concentrations of 2, 4, 6, and 8 mg/ml were chosen
as optimal for the subsequent treatments.

The anti-inflammatory activity of COG in vitro was
performed in LPS-induced RAW264.7 macrophages.
Compared to the control group, LPS stimulated remarkably
the secretion of IL-1b, IL-6, and TNF-a (Figures 4H–J). After
treatment with different concentrations of COG, the secretion
levels of these three inflammatory cytokines all showed
downward trends (Figures 4H–J). Among them, 2 mg/ml of
COG could only significantly reduce the secretion level of IL-6
(Figure 4I). At the concentrations of 4 and 6 mg/ml, COG
significantly decreased the secretion levels of IL-1b, IL-6, and
TNF-a (Figures 4H–J). When the concentration of COG was
8 mg/ml, the levels of IL-1b and TNF-a in RAW264.7 cells were
TABLE 1 | Primers used in this study.

Primers 5′–3′ (forward) 5′–3′ (reverse)

IL-1b CTGAACTCAACTGTGAAATGC TGATGTGCTGCTGCGAGA
IL-6 GTTCTCTGGGAAATCGTGGA TGTACTCCAGGTAGCTA
TNF-a GCCTCTTCTCATTCCTGCTT TGGGAACTTCTCATCCCTTTG
GAPDH TGGTGAAGGTCGGTGTGAAC TGAATTTGCCGTGAGTGGAG
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significantly reduced (Figures 4H, J). Similarly, LPS could
significantly upregulate the IL-1b, IL-6, and TNF-a mRNA
expression levels on RAW264.7 cells. After treatment with
different concentrations of COG, the mRNA expression levels
of IL-1b, IL-6, and TNF-a were decreased remarkably
(Figures 4K–M). The results above indicated that COG
effectively reduced the inflammation of DSS-induced colitis in
mice in vivo and in vitro.

COG Improved the DSS-Induced
Oxidative Stress
To further assess whether COG treatment has an antioxidant
effect on DSS-induced mice, we examined several indicators
involved in oxidative stress. Compared to the normal group,
the DSS group showed a significant decrease in the levels of
MAO, superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), and eNOS (Figures 5A–D), while the levels of NO,
MDA, and MPO were significantly increased in the DSS group
(Figures 5E–G). After the administration of COG, a significant
increase was observed in the levels of MAO, SOD, GSH-Px, and
eNOS in the high- and low-dose COG groups (Figures 5A–D),
while in the medium-dose COG group, an obvious effect was
found in the levels of SOD, GSH-Px, and eNOS (Figures 5B–D).
The concentrations of NO, MDA, and MPO were significantly
reduced in the COG groups except in the medium-dose COG
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 6
group, where no significant effect on the level of MDA was found
(Figures 5E–G). The above findings confirmed that COG
treatment alleviated oxidative stress damage in colon tissues,
but this was not evident in a dose-dependent manner.

COG Regulated the T Lymphocyte Subsets
CCR7, a chemokine receptor that controls homing to secondary
lymphoid organs, was highly expressed on mature DCs as well as
naive and central memory T cells (Sallusto et al., 1999). In this
study, we gated on CD45+ cells of Spleen mononuclear cells
(SMCs) (Figures 6A, B) the frequency of CD4+CD45+CCR7+

cells was significantly higher in the DSS group than in the normal
group (Figure 6C). The frequency of CD4+CD45+CCR7+ cells
significantly decreased in the different COG treatment groups
compared to the DSS group (Figure 6C). Based on
CD4+CD45+CCR7+ cells, the expression of cytokine IL-17A
(Figure 6D) was upregulated, while the levels of IL-10
(Figure 6E) and Foxp3 (Figure 6F) were downregulated,
which indicated that DSS induced inflammation in the colon
of mice. By contrast, COG intervention reduced the frequency of
CD4+CD45+CCR7+ and CD4+CD45+CCR7+IL-17A+ cells and
upregulated the frequency of CD4+CD45+CCR7+IL-10+ and
CD4+CD45+CCR7+Foxp3+ cells.

Effector memory T cells that had a low expression of CCR7
mediated inflammatory reactions or cytotoxicity in peripheral
A

B

FIGURE 2 | Analysis of the components of Chimonanthus nitens Oliv. leaf granule. (A) The chemical structure of scopoletin, isofraxidin, scoparone, rutin,
chimonanthine, and calycanthine. (B) Total ion chromatogram of C. nitens Oliv. leaf granule in positive and negative ion modes.
TABLE 2 | Quantification of the components of COG.

Component name Scopoletin Isofraxidin Scoparone Rutin Chimonanthine Calycanthine

Content (mg/ml) 0.16 0.11 0.08 0.50 0.08 0.32
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tissues, thus rapidly containing invasive pathogens (Reinhardt
et al., 2001). Moreover, CCR7 deficiency led to the accumulation
of effector/memory-like Tregs at the inflammatory site (Menning
et al., 2007). In this study, when gated on CD45+ cells of spleen
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 7
mononuclear cells, the number of CD4+CD45+CCR7− cells
(Figure 7C) in the DSS group, which performed effector cell
functions, was significantly higher than that in the normal group,
indicating that inflammation accumulated in mice. Meanwhile,
A B

C E

F G

D

FIGURE 3 | COG treatment ameliorated DSS-induced experimental colitis. (A) Body weight. (B) Disease activity index (DAI) score. (C) Representative pictures of
colon gross appearance and colon length. (D) Colon length. (E) Colon weight index. (F) Representative microscopic pictures of H&E-stained sections
(magnifications: ×40 and ×100). (G) Pathological injury score. Data were presented as mean ± SEM (n = 8–12). #p < 0.05 and ##p < 0.01 compared to the normal
group; *p < 0.05 and **p < 0.01 compared to the DSS group.
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the expression of IL-17A on them (Figure 7F) was significantly
increased. After treatment with COG and 5-ASA, compared with
DSS treatment, CD4+CD45+CCR7− cells (Figure 7C) decreased
to some extent, but it was not statistically significant. However,
the cytokines they secreted were apparently regulated. The level
of IL-17A was remarkably upregulated, while the expression
levels of IL-10 and Foxp3 were downregulated in the different
doses of the COG treatment groups and the 5-ASA group
(Figures 7D, E). The results showed that COG could
effectively regulate the CCR7−CD4+ T cells in DSS-induced
experimental colitis.

COG Modulated the Composition of the
Gut Microflora
The fecal microbial populations of mice in the normal, DSS,
DSS+COG-H, DSS+COG-M, DSS+COG-L, and DSS+5-ASA
groups were analyzed using 16S gene sequencing. The
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 8
Shannon index curves of all samples tended to flatten
(Figure 8A), indicating that the amount of sequencing data
obtained from each sample was large enough, and the results
demonstrated that the majority of the diversity was captured in
all samples. The overlaps between the six groups were shown by
the Venn diagram. There were 24, 15, 3, 3, 6, and 11 distinct
OTUs in the normal, DSS, DSS+COG-H, DSS+COG-M, DSS
+COG-L and DSS+5-ASA groups, respectively, whereas a total of
378 OTUs were shared among these groups (Figure 8B). Partial
least squares discrimination analysis (PLS-DA) (Figure 8C)
showed that these six groups had different compositions of gut
microflora. The normal group showed an obvious distinction
from the other groups; the DSS+COG-H and DSS+5-ASA
groups shared the same quadrants; and the DSS, DSS+COG-
M, and DSS+COG-L groups were clustered into different
quadrants. PLS-DA also showed that the difference between
the groups was greater than that within the groups (Figure 8C).
A C DB
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H JI

K ML

FIGURE 4 | Anti-inflammatory effects of COG in vivo and in vitro. Cytokine levels of (A) IL-4, (B) IL-10, (C) IL-6, and (D) IL-1b in mice colon. (E, F) Cell viability of
COG on RAW264.7 cells. (G) IC50 of COG on RAW264.7 cells. Inflammatory cytokine secretion levels of (H) IL-1b, (I) IL-6, and (J) TNF-a on RAW264.7 cells. The
relative mRNA expression levels of (K) IL-1b, (L) IL-6, and (M) TNF-a on RAW264.7 cells. Data were presented as mean ± SEM (n = 6–12). #p < 0.05 and
##p < 0.01 compared to the normal group; *p < 0.05 and **p < 0.01 compared to the DSS or LPS group.
June 2022 | Volume 12 | Article 907813

https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles


Huang et al. COG Ameliorate Acute Ulcerative Colitis
Compared to the percentage of community abundance at the
genus level of the normal group, Lachnospiraceae_NK4A136_group
and Alistipes of the DSS group were significantly downregulated,
while Mucispirillum was significantly upregulated (Figure 8D).
After COG treatment, the percentage of community abundance at
the genus level of Lachnospiraceae_NK4A136_group and Alistipes
was upregulated, while Mucispirillum was downregulated
(Figure 8D). To determine the role of COG in regulating the gut
flora of colitic mice, differential analysis among these four groups at
the genus level (Figure 8E) was performed. A multispecies
difference test at the genus level was performed on the data from
the top 7 bacterial rankings of microflora abundance in the samples
to detect species differences in microflora community abundance
between groups, namely, Lachnospiraceae_NK4A136_group,
Alistipes, Bacteroides, Akkermansia, norank_f_Oscillospiraceae,
Lachnospiraceae_UCG-006, and Prevotellaceae_UCG-001
(Figure 8E). Comparisons were made between every two groups,
and it was found that there was a significant decrease of Alistipes in
the DSS group compared to the normal group and that Bacteroides
increased apparently in the DSS group. Also, the level of
Lachnospiraceae_NK4A136_group in the DSS group decreased
substantially, albeit without reaching statistical significance
(Figure 8F). Interestingly, Lachnospiraceae_NK4A136_group and
Lachnospiraceae_UCG-006 decreased obviously in all the COG
treatment groups compared to the DSS group (Figure 8G–I). The
aforementioned results showed that COG improved the gut
composition of microflora in colitic mice.

The Correlation Among COG, Gut
Microflora, and T Lymphocyte Subsets
The aforementioned results suggested that COG was effective in
reducing inflammation of the intestines and oxidative stress
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 9
response and in regulating T lymphocyte subsets and gut
microflora composition in colitic mice. However, whether
COG regulates the correlation or consistency among the three
factors has not been elucidated. Here, canonical correlation
analysis (CCA), distance-based redundancy analysis (db-RDA),
and Spearman’s correlation heatmap were used to analyze their
correlation. In the CCA and db-RDA analyses, the points of
different colors or shapes in the figure represent sample groups
under different environments or conditions. The red arrows
indicate quantitative environmental factors (such as colon
weight index, MPO, etc.). The length of the arrows represents
the impact of environmental factors on species data, and whether
the direction of the arrow and the point is consistent represents
positive and negative correlations. Based on the CCA analysis
(Figure 9A), the abundance of colon weight index, MPO, and
CD4+CD45+CCR7+ and CD4+CD45+CCR7− cells was consistent
with the gut microflora of the DSS group, which meant that these
environmental factors were positively related with the gut
microflora in the DSS group. db-RDA analysis is similar to
PCoA analysis but is constrained by additional environmental
factors. In the db-RDA graph at the OTU level (Figure 9B), the
abundance of colon weight index and MPO was consistent with
the gut microflora of the DSS group, which meant that these
factors were positively related to the gut microflora in the DSS
group at the OTU level. Pearson correlation analysis on species
(Figure 9C) showed that Akkermansia was positively correlated
with all the four factors, which indicated that Akkermansia may
be involved in COG regulation of inflammation, oxidative stress,
and T lymphocyte subsets. Bacteroides was positively correlated
with CD4+CD45+CCR7+ and CD4+CD45+CCR7− cells. In
addition, Alistipes was negatively correlated with MPO and
CD4+CD45+CCR7+ and CD4+CD45+CCR7− cells, while
A C DB

E GF

FIGURE 5 | Antioxidant activity of COG in colitic mice. (A) Monoamine oxidase (MAO) activity changes. (B) Superoxide dismutase (SOD) activity. (C) Glutathione
peroxidase (GSH-Px) activity changes. (D) Endothelial nitric oxide synthase (eNOS) production. (E) Nitric oxide (NO) production. (F) Malondialdehyde (MDA)
production. (G) Myeloperoxidase (MPO) activity changes. Data were presented as mean ± SEM (n = 8–12). #p < 0.05 and ##p < 0.01 compared to the normal
group; *p < 0.05 and **p < 0.01 compared to the DSS group.
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Lachnospiraceae_NK4A136_group only had a negative
correlation with colon weight index (Figure 9C).
DISCUSSION

Chimonanthus nitens Oliv. leaf granule is a common clinical
medication for the treatment of respiratory diseases, which has
been used as a recommended drug for the prevention and
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 10
treatment of COVID-19 in Jiangxi, China (Wu et al., 2021). In
this study, COG alleviated DSS-induced experimental colitis by
reducing intestinal inflammatory injury and excessive oxidative
stress and regulating the composition of Treg cells and gut
microflora. By reviewing domestic and foreign literature, it was
found that using COG to control UC, whether in humans or
animals, was rarely reported. However, inspired by folk diagnosis
and treatment experience, combined with the material basis and
pharmacological activity of C. nitens Oliv. leaf, we proposed the
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FIGURE 6 | COG regulated CCR7+CD4+ T cells in mice with colitis. (A) Spleen mononuclear cells (SMCs). (B) CD45+ cells. (C) Flow cytometry analysis of
CCR7+ memory T cells: C1–C6 represent CCR7+ memory T cells in the normal, DSS, DSS+COG-H, DSS+COG-M, DSS+COG-L, and DSS+5-ASA groups,
respectively; C7: statistical analysis of CCR7+ memory T-cell frequencies in these six groups. (D) Flow cytometry analysis of Foxp3+CCR7+ memory T cells: D1–
D6 represent Foxp3+CCR7+ memory T cells in the normal, DSS, DSS+COG-H, DSS+COG-M, DSS+COG-L, and DSS+5-ASA groups, respectively; D7:
statistical analysis of Foxp3+CCR7+ memory T-cell frequencies in these six groups. (E) Flow cytometry analysis of IL-10+CCR7+ memory T cells: E1–E6
represent IL-10+CCR7+ memory T cells in the normal, DSS, DSS+COG-H, DSS+COG-M, DSS+COG-L, and DSS+5-ASA groups, respectively; E7: statistical
analysis of Foxp3+CCR7+ memory T-cell frequencies in these six groups. (F) Flow cytometry analysis of IL-17A+CCR7+ memory T cells: F1–F6 represent IL-
17A+CCR7+ memory T cells in the normal, DSS, DSS+COG-H, DSS+COG-M, DSS+COG-L, and DSS+5-ASA groups, respectively; F7: statistical analysis of IL-
17A+CCR7+ memory T-cell frequencies in these six groups. Data were presented as mean ± SEM (n = 8–12). #p < 0.05 and ##p < 0.01 compared to the normal
group; *p < 0.05 and **p < 0.01 compared to the DSS group.
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hypothesis that COG can be used to treat DSS-induced colitis.
The DSS-induced colitis model is a classic model for UC drug
development. Our results showed that COG has a significant
protective effect on DSS-induced colitis, as evidenced by the
recovery of weight loss, DAI score, colon weight, colon length,
and histopathological score. However, not all doses of COG
showed significant effects. In terms of therapeutic effect,
compared with the low-dose COG treatment, the high- and
medium-dose COG treatments can better alleviate weight loss
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 11
and increase DAI score in colitic mice. In the anti-inflammatory
evaluation experiment, the regulatory effect of COG on
inflammatory cytokines was generally dose-dependent, except
that the low-dose COG did not effectively restore the level of IL-4
in colon tissue. Similarly, in vitro, 2 mg/ml of COG did not
effectively inhibit the levels of IL-1b and TNF-a produced by
LPS-induced RAW264.7 cells. It was possible that the low dose of
COG or the duration of treatment used in this trial was not
sufficient to affect DSS-induced UC. The results above suggested
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FIGURE 7 | COG regulated CCR7−CD4+ T cells in mice with colitis. (A) Spleen mononuclear cells (SMCs). (B) CD45+ cells. (C) Flow cytometry analysis of
CCR7− memory T cells: C1–C6 represent CCR7− memory T cells in the normal, DSS, DSS+COG-H, DSS+COG-M, DSS+COG-L, and DSS+5-ASA groups,
respectively; C7: statistical analysis of CCR7− memory T-cell frequencies in these six groups. (D) Flow cytometry analysis of Foxp3+CCR7− memory T cells: D1–
D6 represent Foxp3+CCR7− memory T cells in the normal, DSS, DSS+COG-H, DSS+COG-M, DSS+COG-L, and DSS+5-ASA groups, respectively; D7:
statistical analysis of Foxp3+CCR7− memory T-cell frequencies in these six groups. (E) Flow cytometry analysis of IL-10+CCR7− memory T cells: E1–E6
represent IL-10+CCR7− memory T cells in the normal, DSS, DSS+COG-H, DSS+COG-M, DSS+COG-L, and DSS+5-ASA groups, respectively; E7: statistical
analysis of Foxp3+CCR7− memory T-cell frequencies in these six groups. (F) Flow cytometry analysis of IL-17A+CCR7− memory T cells: F1–F6 represent IL-
17A+CCR7− memory T cells in the normal, DSS, DSS+COG-H, DSS+COG-M, DSS+COG-L, and DSS+5-ASA groups, respectively; F7: statistical analysis of IL-
17A+CCR7− memory T-cell frequencies in these six groups. Data were presented as mean ± SEM (n = 8–12). #p < 0.05 and ##p < 0.01 compared to the normal
group; *p < 0.05 and **p < 0.01 compared to the DSS group.
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that the anti-inflammatory activity of COG is affected by drug
dose, which provides a basis to further explore the dose–effect
relationship of COG.

In IBD, intestinal long-term exposure to reactive oxygen species
leads to intestinal oxidative stress injury, which is one of the
common pathogenic factors of IBD (Ananthakrishnan et al.,
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 12
2018). Studies have confirmed that compared with healthy people,
the total antioxidant capacity of UC patients decreased significantly
(Achitei et al., 2013), and adding antioxidants to the diet can
effectively prevent the intestines from oxidative stress damage
(Moura et al., 2015). In this study, COG significantly reduced the
levels of NO, MDA, and MPO in colitic mice and improved the
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FIGURE 8 | COG improved the composition of gut flora in colitic mice. (A) Shannon index of operational taxonomic unit (OTU) level. (B) The Venn diagram depicts
OTUs that differed in each group. (C) PLS-DA of OTU level of taxonomy of gut flora in mice. (D) The percentage of community abundance at the genus level. (E) Top
7 bacterial rankings of microflora abundance at the genus level. (F) Comparisons between the normal group and the DSS group at the genus level. (G) Comparisons
between the DSS group and the DSS+COG-H group at the genus level. (H) Comparisons between the DSS group and the DSS+COG-M group at the genus level.
(I) Comparisons between the DSS group and the DSS+COG-L group at the genus level. n = 5.
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levels of MAO, SOD, GSH-Px, and eNOS, which contributed to UC
remission. Antioxidant activity is one of the most important
biological activities of C. nitens Oliv. leaf, which is closely related
to a large number of antioxidant components, such as flavonoids
(rutin, quercetin, kaempferol, etc.) and phenolic compounds (Wu
et al., 2021). Sufficient experimental and clinical evidence has
proven that C. nitens Oliv. leaf has strong antioxidant activity:
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 13
First, the extracts (such as polysaccharides) from C. nitens Oliv. leaf
can increase the enzyme activities of SOD, catalase (CAT), GSH-Px,
and total antioxidant capacity (T-AOC) to eliminate oxidative stress
injury (Chen et al., 2017a; Ye et al., 2020). Particularly, MAO activity
was significantly reduced in the colon tissue of patients with active
and quiescent colitis. Moreover, MAO activity was much lower in
active colitis than in quiescent colitis (Borkje et al., 1987).
A B

C

FIGURE 9 | COG regulated the correlation among oxidative stress response, CCR7+/CCR7− T lymphocytes, and gut microflora in colitic mice. (A) Correlation
among colonic index, MPO, and CCR7+/CCR7− T lymphocytes displayed by canonical correlation analysis (CCA). (B) Correlation among colonic index, MPO, and
CCR7+/CCR7− T lymphocytes displayed by distance-based redundancy analysis (db-RDA). (C) Spearman’s correlation heatmap of colonic index, CCR7+/CCR7− T
lymphocytes, MPO, and gut microflora. n = 5. *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001.
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Interestingly, COG upregulated MAO in our study, and we thought
that it was possible to improve monoamine metabolism and the
main source of ROS to protect the mucosa from injury. Second,
COG can markedly decrease MPO to inhibit neutrophil infiltration
(Rahal et al., 2014) or reduce MDA to suppress lipid peroxidation in
experimental colitis induced by DSS. Finally, in the present study,
COG can control the mucosa from oxidative stress injury induced
by overexpressed NO products, which are increased when activated
inflammatory cells stimulate inducible nitric oxide synthase (iNOS)
to induce oxidative stress injury in experimental IBD (Pacher et al.,
2007). Based on previous studies, the protective or damage-
promoting effects of eNOS on mucosal inflammation had been
disputed (Sasaki et al., 2003; Vallance et al., 2004). Combined with
the above analysis, we found in our study that COG can effectively
improve the eNOS level, which hinted that COG can beneficially
protect the damaged colonic mucosa by inhibiting oxidative
stress injury.

There is a material basis to support the anti-inflammatory
and antioxidant effects of COG. The chemical constituents of C.
nitens Oliv. leaf are complex, mainly including flavonoids,
volatile oil, alkaloids, steroids, and coumarins. In this study, we
found six main compounds of COG, namely, scopoletin,
isofraxidin, scoparone, rutin, chimonanthine, and calycanthine,
through LC-MS/MS material identification.

The main active ingredients of COG present definite
pharmacological actions, including anti-inflammatory (such as
scopoletin, scoparone, isofraxidin), antioxidant (such as
scoparone, isofraxidin, rutin), regulatory of gut microflora
(such as alkaloids and isofraxidin), and antitumor (such as
isofraxidin, rutin) (Wang et al., 2017; Enogieru et al., 2018;
Imani et al., 2020; Liu et al., 2020; Majnooni et al., 2020; Nouri
et al., 2020; Sakthivel et al., 2021), which help alleviate colonic
mucosa injury induced by DSS. Chimonanthine and
calycanthine are important alkaloids in C. nitens Oliv. leaf.
Notably, unlike the other components mentioned above,
chimonanthine and calycanthine are special alkaloids of
Chimonanthus praecox. Our results showed (Table 2) that the
content of calycanthine in C. nitens Oliv. leaf granule is relatively
high. In the present experiment, COG was proven to have the
effect of relieving colitis in mice, which set the stage for the
development of monomeric drugs from C. nitensOliv. leaf for the
treatment of UC in the future.

The mechanism of COG-treated colitis in mice involves
immunoregulation of Treg or memory T cells and other T cells.
Treg is a kind of immunosuppressive cells that participates in the
pathogenesis of IBD in the intestinal microenvironment (Galvez,
2014), which controls intestinal inflammatory response mainly
through the secretion of anti-inflammatory cytokines such as IL-10
and TGF-b (Mayne and Williams, 2013). The immunosuppressive
effect ofTreg cells on inflammatory sites requires chemokines such as
CCR7 to promote their migration. CCR7 affects the function of Treg
in vivo by regulating the transport of Treg cells to the lymph nodes
and inflammatory sites. When Treg cells lack CCR7 expression, the
migration into the lymphnodes is impaired and the suppressive effect
is weakened.However, under inflammatory conditions, effectors and
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 14
memory Treg, which are deficient in CCR7, accumulate at the
inflammatory sites and show a stronger suppressive effect on
inflammation (Menning et al., 2007). In this study, CD4+CCR7+/−

cells in mice with DSS-induced colitis were overactivated, and their
subsets CD4+CCR7+IL-17A+ and CD4+CCR7−IL-17A+ increased
significantly, while CD4+CCR7+IL-10+, CD4+CCR7−IL-10+,
CD4+CCR7+Foxp3+, and CD4+CCR7−Foxp3+ decreased
significantly. After COG treatment, the changes of CD4+CCR7+/−

cells and their subsets were effectively reversed. The balance between
Th17andTreg cells inCD4+CCR7+/− cell subsetswas restored,which
effectively alleviated UC.

Local Treg is crucial tomaintain gutmicrobiota balance. CCR7-/-

Treg cells alway accumulate in the effector or inflammatory local to
exert immediate effect and exacerbate metabolic disorders of
microflora. Gut flora imbalance is one of the important reasons
involved in the pathogenesis of UC (Ni et al., 2017). Compared with
healthy people, the a-diversity of gut flora in UC patients decreased
significantly (Colquhoun et al., 2020). Intestinal bacteria, such as
Clostridium, Streptococcus, Bacteroides, and Escherichia coli,
produced proinflammatory mediators and indirectly activated the
NF-kB signaling pathway under specific conditions, and the
overactivated NF-kB signaling pathway reduced the apoptosis of
inflammatory cells and immunecells (Vieira-Silva et al., 2019). In this
study, the regulatory effect ofCOGon intestinalflora ofUCmicewas
reported for the first time. COG effectively upregulated the relative
abundance of Lachnospiraceae_NK4A136_group, Alistipes, and
Lachnospiraceae_UCG-006, thus alleviating DSS-induced
experimental colitis. Meanwhile, the correlation analysis showed
that Alistipes was negatively correlated with MPO and
CD4+CD45+CCR7+ and CD4+CD45+CCR7+ cells when
experimental colitis was treated with COG. As a beneficial
bacterium, Alistipes (such as A. finegordii) mainly existed in the gut
of healthy people (Shkoporov et al., 2015) and effectively attenuated
experimental colitis by gavage (Dziarski et al., 2016). Some studies
indicated that patients with UC had lower amounts of
Lachnospiraceae than healthy people, which was possible because
the reduced abundance of Lachnospiraceae produced low
butyrogenesis and thus triggered the recurrence of UC (Frank et al.,
2007; Vacca et al., 2020). We deduced that COG can improve the
balance of CD4+CD45+CCR7+/CD4+CD45+CCR7− cells and
CCR7+/CCR7− Treg cells to maintain immunity homeostasis in the
intestinal tract, further restoring the above beneficial bacterium level
to rebuild thebalanceofgutmicrobiota incolitis.Of course, thisneeds
further research to verify the relationship between COG, CCR7+/
CCR7− Treg cells, and gut microbiota.

Some studies have shown that the extract fromC. nitensOliv. leaf
regulates glucose transporters and reduces blood sugar by affecting
the glycolipidmetabolism in diabetic mice (Chen et al., 2018), which
hints that COG can regulate cell metabolism (such as glucose
metabolism and fat metabolism). In UC treatment and research, it
is essential to regulate the function anddifferentiation of Treg cells by
metabolism improvement (Cluxton et al., 2019; Galgani et al., 2021).
Hence, we hypothesize that COG can improve the immune
metabolism of CCR7+/CCR7− Treg cells to restore the balance of
gutmicrobiota and finally alleviateUC. In the future, CCR7+/CCR7−
June 2022 | Volume 12 | Article 907813
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Treg cells from colitic mice will be separated and cultured with COG
and then their energy metabolism and differentiation level will be
analyzed under special microbiota (such as Alistipes and
Lachnospiraceae). Furthermore, colitic mice without special
microbiota (such as Alistipes and Lachnospiraceae) will be prepared
and treated with COG, and we will measure the function and
metabolism of CCR7+/CCR7− Treg cells separated by flow
cytometry, Seahorse cell energy analysis system, and so on. All
these endeavors will lead to a better understanding of the
mechanism of COG to regulate the relationship between CCR7+/
CCR7− Treg cells and gut microbiota in UC treatment.

n conclusion, we found for the first time that C. nitensOliv. leaf
granule alleviates DSS-induced experimental colitis through
remitting inflammation in vivo and in vitro, reducing oxidative
stress response, regulating Treg cell differentiation, and improving
intestinal flora composition. These findings should help us to
explore the potential of COG as an alternative treatment for UC
and expand the application prospect of COG in the clinic.
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