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ABSTRACT

Context: Danggui Niantong Granules (DGNTG) are a valid and reliable traditional herbal formula, com-
monly used in clinical practice to treat rheumatoid arthritis (RA). However, the mechanism of its effect on
RA remains unclear.

Objective: An investigation of the therapeutic effects of DGNTG on RA.

Materials and methods: Twenty-four male Sprague-Dawley (SD) rats were divided into four groups: con-
trol, model, DGNTG (2.16 g/kg, gavage), methotrexate (MTX) (1.35 mg/kg, gavage) for 28 days. The morph-
ology of synovial and ankle tissues was observed by haematoxylin-eosin staining. The responses of
mitochondrial apoptosis were assessed by qPCR, Western blotting and immunohistochemical staining. Rat
faeces were analysed by 16S rRNA sequencing.

Results: Our results showed that DGNTG treatment reduced Al scores (7.83 £0.37 vs. 4.67 £0.47, p < 0.01)
and paw volumes (7.63+0.17 vs. 6.13+£0.11, p<0.01) compared with the model group. DGNTG also
increased the expression of Bax (0.34+0.03 vs. 0.73+0.03, p < 0.01), cytochrome c (CYTC) (0.24+0.02 vs.
0.64+0.01, p<0.01) and cleaved caspase-9 (0.24+0.04 vs. 0.83+0.08, p<0.01), and decreased bcl-2
(1.70£0.11 vs. 0.60+0.09, p<0.01) expression. DGNTG treatment regulated the structure of gut
microbiota.

Discussion and conclusions: DGNTG ameliorated RA by promoting mitochondrial apoptosis, which may
be associated with regulating gut microbiota structure. DGNTG can be used as a supplement and alterna-
tive drug for the treatment of RA; its ability to prevent RA deserves further study.
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Introduction Danggui Niantong Granules (DGNTGs) are a traditional and
classical Chinese medicine processed by Danggui Niantong
Decoction. DGNTG consist of 15 traditional Chinese herbs
(Table 1). Studies have confirmed that DGNTG has a significant
ameliorating effect on RA, which can reduce inflammation indi-
cators, inhibit the progression of RA and reduce the occurrence
of adverse reactions (Zhao et al. 2019). Most of the main active
ingredients of DGNTG have been proven to have the effect of

reducing symptoms in patients with RA. For example, baicalin

Rheumatoid arthritis (RA) is a systemic autoimmune disease that
presents with chronic inflammatory lesions of the synovial tissue
of the joints; its incidence in China is about 0.5~ 1% (Alamanos
and Drosos 2005; Smolen et al. 2016). The clinical manifestations
of RA are mainly erosive and symmetrical arthritis, even involv-
ing small joints, causing destruction of subchondral bone and
osteoporosis, and resulting in bone and cartilage diseases
(Aletaha and Smolen 2018). The typical pathological features of

RA include over proliferation of synovial cells, deficiency of syn-
ovial cell apoptosis, secretion of high levels of proinflammatory
factors and pannus formation (Feng and Qiu 2018; Ma et al.
2019), which are the main factors that contribute to the excessive
proliferation and erosion of synovial tissue. Conventional drug
therapies for RA are generally disease-relieving, but most cause
serious adverse reactions, such as hepatotoxicity, gastrointestinal
injury and blood abnormalities (Wang W et al. 2018).
Fortunately, for the treatment of RA, traditional Chinese medi-
cines (TCMs) have advantages of fewer side effects and
lower cost.

and chlorogenic acid can suppress proliferation and induce
apoptosis of fibroblast-like synovial cells (FLS) (Lou et al. 2016;
Fu et al. 2019; Sun and Gu 2019). Our previous research found
that DGNTG had a significant inhibitory effect on in vitro
RA-FLS proliferation experiments (Zhao et al. 2020).

Apoptosis is a type of programmed cell death which is closely
linked to autoimmune disorders. The pathological characteristics
of RA include excessive synovial tissue hyperplasia, pannus for-
mation and bone erosion, and the pathological basis of RA is
generally considered excessive proliferation and insufficient
apoptosis of FLS (Zhang Q et al. 2019). Thus, a combination of
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Table 1. Composition of DGNTG.
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Plant Family English name Part of plant
Artemisia capillaris Thunb Asteraceae Artemisiae Scopariae Herba whole plant
Angelica sinensis (Oliv.) Diels Umbelliferae Angelicae Sinensis Radix root
Notopterygium incisum Ting ex H. T. Chang Umbelliferae Notopterygii Rhizoma et Radix root
Scutellaria baicalensis Georgi Lamiaceae Scutellariae Radix root
Polyporus umbellatus Sargassaceae Polyporus whole plant
Sophora flavescens Alt Leguminosae Sophorae Flavescentis Radix root

Alisma plantago-aquatica L Alismaceae Alismatis Rhizoma tuber
Anemarrhena asphodeloides Bunge Liliaceae Anemarrhenae Rhizoma rhizome
Saposhnikovia divaricata (Turcz.) Schischk. Umbelliferae Saposhnikoviae Radix root
Atractylodes lancea (Thunb.) DC. Asteraceae Atractylodis Rhizoma rhizome
Lobed Kudzuvine Root Leguminosae Puerariae Lobatae Radix root

Panax ginseng C. A. Meyer Araliaceae Ginseng Radix et Rhizoma root
Glycyrrhiza uralensis Fisch Leguminosae Glycyrrhizae Radixet Rhizoma root and tuber
Atractylodes macrocephala Koidz Asteraceae Atractylodis Macrocephalae Rhizoma tuber
Cimicifuga foetida L Ranunculaceae Cimicifugae Rhizoma tuber

inhibition of FLS proliferation and the initiation of apoptosis is
considered as an ideal approach for the treatment of RA. The
process of apoptosis mainly includes the Fas-mediated extrinsic
pathway and the Bcl-2/Bax-regulated intrinsic mitochondrial
pathway. Members of the Bcl-2 protein family function as
pro- and anti-apoptotic regulators. In recent years, studies have
found that the intestinal flora, an important internal environ-
mental factor, plays an increasingly important role in RA (Zaiss
et al. 2021). Previous studies have reported that gut microbiota
produced immunomodulatory and inflammatory effects in RA
(du Teil Espina et al. 2019). Moreover, accumulating evidence
has shown the role of gut microbiota in the regulating cell apop-
tosis. Bifidobacterium and Bacteroides fragilis inhibit cell apop-
tosis via multiple methods (Saito et al. 2019; Nie et al. 2020;
Zhou et al. 2020). Thus, it is suggested that restoration of gut
microbiota and regulation of mitochondrial apoptosis may be an
effective approach for the treatment of RA.

Our previous study demonstrated that DGNTG treatment of
RA may regulate the induction of apoptosis through the Fas/cas-
pase-8 pathway (Zhao et al. 2020). Whether DGNTG treatment
involves the modulation of mitochondrial apoptosis and gut
microbial composition remains unclear. Therefore, in this study,
we sought to investigate the effect of DGNTG on RA in adjuvant-
induced arthritis (AA) rats. Moreover, the responses of mitochon-
drial apoptosis in the synovial tissue of AA rats were assessed.
Furthermore, we explored whether DGNTG treatment of RA
involved the modulation of gut microbiota. The correlation
between key bacteria and mitochondrial apoptosis was analysed.

Materials and methods
Materials

Mycobacterium tuberculosis (Mtb), H37RA, was purchased from
Becton, Dickinson and Company (NV, USA). Mineral oil was
purchased from Sigma (MO, USA). Methotrexate (MTX) was
purchased from Shanghai Sine Pharmaceutical Laboratories Co.,
Ltd (Shanghai, China). ChamQ SYBR qPCR Master Mix,
HiScript® III RT SuperMix for gPCR (+gDNA wiper) and trizol
were purchased from Nanjing Vazyme Biotech Co., Ltd
(Nanjing, China). Primers for GAPDH, Bax, Bcl-2, cytochrome ¢
and caspase-9 were purchased from Tsingke Biological
Technology Co., Ltd (Beijing, China). Secondary antibody was
purchased from Affinity (USA). Anti-caspase-9, anti-Bax, anti-
Bcl-2 and anti-cytochrome ¢ were purchased from Proteintech
(USA). Anti-B-actin and anti-cleaved caspase-9 were purchased
from Cell Signalling Technology (USA).

Preparation and high-performance liquid chromatography
(HPLC) analysis of DGNTG

DGNTG is composed of 15 Chinese medicinal herbs as shown in
Table 1. DGNTG was provided by Jiangxi Xinglin Baima
Pharmaceutical Co., Ltd (Jiangxi, China), batch number
2017B02868. To prepare the granules, 15 medicinal herbs were
divided into four portions and extracted four times with distilled
water by decoction, the extracts were filtered, mixed and dried to
a powder. DGNTG was prepared from these powders and dex-
trin was added appropriately. Quality control of DGNTG was
analysed by High Performance Liquid Chromatography (HPLC).
DGNTG was diluted to obtain a final concentration of 4 mg/mL
using methanol. The mixture was sonicated, centrifuged and
filtered. Baicalin was used as a standard for identification of the
components of DGNTG. HPLC was performed on an Agilent 1260
Infinity II System with Variable Wavelength Detector (VWD).

An Agilent C18 (4.6 mm x 250 mm, 5pm) column was used
for HPLC analyses. The flow rate was 1.0mL/min and the injec-
tion volume was 10 pL. Samples were monitored by absorption
at 280nm. The mobile phase was methanol: 0.2% phosphoric
acid (47:53). Preparation of the reference solution was as follows:
an appropriate amount of baicalin standard was precisely
weighed and added with methanol to a concentration of
60 pg/mlL.

Establishment of animal model

Twenty-four male Sprague-Dawley (SD) rats (6-8weeks,
160+20g) were purchased from Experiment Animal Centre of
Southern Medical University (Guangzhou, China). The experi-
ments were approved by the Ethics Committee of Southern
Medical University (No. L2019201). Male SD rats were housed
under standard laboratory conditions at a temperature of 25°C
and relative humidity of 60%, with a 12-h light/dark cycle.
Animal experiments were designed according to Zhang RX et al.
(2009) with minor modifications. The entire experiment lasted
for 28days. On day 0, adjuvant arthritis (AA) was induced in
rats by subcutaneous injection at the base of the tail of 0.2 mL of
5mg/mL Complete Freund’s Adjuvant (CFA) solution, which
was prepared by suspending heat-killed Mycobacterium tubercu-
losis (Mtb) in mineral oil. After CFA injection, AA rats
were divided into three groups at random (n=6): AA model
(sterile water), DGNTG (2.16g/kg) and methotrexate (MTX)
(1.35mg/kg). Normal rats served as the control group (n=56).
The dose of DGNTG and MTX was determined with the follow-
ing formula: animal equivalent dose (g/kg) = human dose
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(g/kg) x K,,, ratio (Nair and Jacob 2016). From day 0, DGNTG
was given by gavage administration once a day for 28 days and
MTX was divided in twice weekly. The control group and model
group were given the same volume of distilled water.

Collection of samples

After the 28 days of experimental period, samples were collected
from the rats under anaesthesia. For synovial tissue isolation, the
knee joints were cut open to expose the kneecap and the
muscles. The ankles of rats were clipped; portions of the synovial
tissue and all ankles were fixed in 4% paraformaldehyde and the
remaining synovial tissue were stored at —80°C for a follow-up
experiment.

Arthritis assessments

The rats were assessed every four days for signs of arthritis from
day 0 to day 28. A well-established scoring system was used to
measure the severity of arthritis in AA rats. Paws were graded
according to severity and involvement site using a scale of 0 to 4
(Moudgil et al. 1997; Durai et al. 2004): 0, no redness or swel-
ling; 1, redness and swelling of the toe joint; 2, redness and swel-
ling of the toe joint and foot joint; 3, redness and swelling of the
foot below the ankle joint; 4, all joints including the ankle joint
were swollen and showed redness. The total score of both hind
paws was 8. Paw volume was measured with a volume ple-
thysmograph (Sichuan Keyicheng Technology Co., Ltd, China).

Histopathological and histochemical detection

The synovial tissue and the knee joint were fixed in 4% parafor-
maldehyde, dehydrated and embedded in paraffin. The wax
block was cut into 4 um sections and stained with haematoxylin-
eosin (HE).

Synovial tissue sections were dewaxed, rehydrated and anti-
gens were repaired. Sections were then incubated overnight at
4°C with rabbit anti-Bax antibody, rabbit anti-Bcl-2 antibody or
rabbit anti-Cytochrome c¢ antibody. After washing with PBS, tis-
sue was incubated with secondary antibodies for 2h, and then
incubated with DAB after washing with PBS again until the col-
our developed. The slides were washed with PBS and counter-
stained with haematoxylin. The slides were then sealed and
observed using a microscope.

Reverse transcription quantitative polymerase chain
reaction (RT-qPCR)

Trizol reagent was used to extract total RNA from synovial tis-
sue. NanoDropLite (Thermo Fisher Scientific, Waltham, MA,
USA) was used to measure RNA concentration and purity. Then,
the total RNA was reverse transcribed into cDNA using HiScript
III RT SuperMix for qPCR (+gDNA wiper). The cDNAs were
then used as templates for Vazyme Real-time PCR kit amplifica-
tion. The cycle threshold (Ct) was recorded by the LightCycler96
system (Roche Applied Science, Penzberg, Germany) under the
following reaction conditions: 95°C for 30s, the 40 at 95°C for
10s, 60°C for 30s. Each qPCR run was assessed by the melting
and cooling programs set by Roche’s real-time fluorescent quan-
titative PCR instrument, and we used the 27**T method to cal-
culate the relative expression of mRNA. The primers were
designed by the NCBI Primer-blast website and synthesized by

Table 2. The primer sequences used for real-time quantitative PCR.

Gene Primer sequences (5'—3') Length (bp)

GAPDH Forward: GAACGGGAAGCTCACTGG 123
Reverse: GCCTGCTTCACCACCTTCT

Bax Forward:AGCTGCAGAGGATGATTGCTG 178
Reverse:CTGATCAGCTCGGGCACTTTA

Bcl-2 Forward:TGGCCTTCTTTGAGTTCGGT m
Reverse:GATGCCGGTTCAGGTACTCA

Cytochrome ¢ Forward:CTTGGGCTAGAGAGCGGGA 179
Reverse:CCATGGAGGTTTGGTCCAGT

Caspase-9 Forward:AGCTGGCCCAGTGTGAATAC 243

Reverse:GCTCCCACCTCAGTCAACTC

Tsingke Bio-Tech Co., Ltd. GAPDH was used as the internal ref-
erence. The primer sequences are shown in Table 2.

Western blot analysis of proteins

Synovial tissue was transferred to a 2-mL homogenization tube
with 500 pL of RIPA lysate containing protease inhibitor and
phosphatase inhibitor, and the samples were homogenized in a
homogenizer three times at 70 Hz. After homogenization, the
sample was lysed at 4°C for 30 min, centrifuged and the super-
natant was collected. The BCA method was used to determine
the protein concentration. Protein samples (40 j1g) were sepa-
rated 10% SDS-PAGE and transferred to polyvinylidene difluor-
ide (PVDF) membranes, which were enclosed with 5% bovine
serum albumin at room temperature for 2h. The membrane was
then incubated with the primary antibody (1:1,000) overnight at
4°C, and then the membrane was incubated with secondary anti-
body (1:6,000) at room temperature for 2h. The densitometric
analysis of Western blots was performed using Image ] software.

Intestinal flora analysis

Faeces samples were collected randomly from three rats in each
group after the last dose and frozen at —80°C. Intestinal micro-
bial genomic DNA extraction was performed on faecal samples
according to the DNA extraction kit instructions. The integrity
and purity of genomic DNA were monitored by 1% agarose gel
electrophoresis, whereas NanoDropOne was used to assess the
concentration and purity of DNA. PCR amplification of the
V3V4 region of genomic DNA and product electrophoresis
detection were performed. The Gene Tools Analysis Software
(Version 4.03.05.0, SynGene) was used to compare the concen-
tration of PCR products, calculate the required volume of each
sample and mix the PCR products of each group. An
E.Z.N.A.Gel Extraction kit was used to recover PCR products in
TE buffer. The NEBNext Ultra DNALibrary Prep kit for
Mumina was used with the high-throughput sequencing platform
Mlumina Hiseq to construct the sequencing library (Guangdong
MagiGene Technology Co., Ltd). Sequence analysis and species
annotations were performed by bioinformation analysis. OTU
cluster analysis to obtain community composition and structure
at different levels in each group, analysis of o and B diversity
between samples and Pearson correlations between microbiota
and mitochondrial apoptosis were calculated using R software
based on the OTUs.

Statistical analysis

The data are presented as mean+SD. The data were analysed
using SPSS (V22). Data between groups were assessed by
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Figure 1. Quality control analysis of DGNTG by high performance liquid chromatography (HPLC).

Student’s t-test analysis, analysis of variance or one-way
ANOVA, followed by Tukey’s post hoc test. p < 0.05 was consid-
ered statistically significant.

Results
HPLC analysis of DGNTG

Quality control of DGNTG was performed using an HPLC sys-
tem. The baicalin peak of DGNTG was determined by referencing
the retention time of the baicalin standard. The results showed
that the main component of DGNTG was baicalin (Figure 1).

DGNTG treatment alleviated arthritis symptoms of AA rats

The effect of DGNTG on AA rats was assessed by histopatho-
logical changes in synovial tissue and ankle joints, body weight,
paw volume and arthritis score. HE staining clearly revealed that
the synovial tissues of the model group significantly proliferated,
and were disordered in arranged, with a large number inflamma-
tory cells present. These changes were reversed by DGNTG
(2.16 g/kg/d) treatment (Figure 2(a)). AA rats exhibited obvious
damaged articular surfaces, cartilage erosion, synovial hyperplasia
and joint bone destruction. Our results showed that treatment of
AA rats with DGNTG (2.16 g/kg/d) markedly attenuated the
bone erosion and destruction of joints in AA rats (Figures 2(b)).
Furthermore, the effects of DGNTG on body weight, paw vol-
ume and arthritis score were evaluated every fourdays during
the whole experiment. As shown in Figure 2(c), compared with
the control group, the growth rate of the rats in the model group
was significantly slower, and the paw volume and arthritic scores
were higher. Importantly, treatment with DGNTG greatly
decreased the paw volume and arthritis score, and the rat body
weights increased normally.

DGNTG regulates the mRNA expression of mitochondrial
apoptosis-related genes in AA rats

To validate whether the effect of DGNTG was associated with
mitochondrial apoptosis, QqRT-PCR was performed to analyse the
mRNA levels of mitochondrial apoptosis-related genes, including
Bcl-2-associated X (Bax), caspase-9, cytochrome ¢ (CYTC), B-cell
lymphoma factor (Bcl)-2. Compared with the control group, the
mRNA expression levels of Bax, caspase-9 and CYTC were sig-
nificantly decreased, whereas Bcl-2 was increased in the model
group (Figure 3). However, DGNTG treatment reversed the
mRNA levels of these genes.

DGNTG modulates the protein expression of the
mitochondrial apoptosis pathway in AA rats

We further detected changes in the expression of Bax, Bcl-2,
CYTC, caspase-9 and cleaved caspase-9 by Western blot analysis
(Figure 4(a)). DGNTG reduced the expression of Bcl-2, but pro-
moted the expression of Bax, CYTC and cleaved caspase-9 com-
pared with that in the model group (Figure 4(b)). As we
expected, the immunohistochemical staining of Bax and CYTC
was stronger in the rat synovial tissue of the DGNTG group
compared with the model group. However, DGNTG treatment
resulted in weak staining of Bcl-2 compared with the model
group (Figure 4(c)).

DGNTG regulates the composition of the gut microbiota in
AA rats

To examine whether the alleviation of rheumatoid arthritis
symptoms by DGNTG was related to gut microbiota, the bacter-
ial 16S rRNA V3-V4 regions in faeces were sequenced. The
results showed that there was no significant difference in the o
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diversity indices for Reads, Shannon and Simpson indices
(Figure 5(a—c)). B Diversity was evaluated by principal compo-
nent analysis (PCA) and principal coordinate analysis (PCoA),
which clearly distinguished the control and model groups
(Figure 5(d,e)). These results suggested that gut microbiota struc-
ture changed in the AA rats.

The microbiota composition of each group differed at the
phylum, family and genus levels (Figure 6(a)). In all groups,
Firmicutes and Bacteroidetes showed the highest relative abun-
dance at the phylum level. In the model group, the ratio of
Firmicutes to Bacteroides was significantly lower than that in
the control group. Administration of DGNTG reversed these

changes by increasing the abundance of Firmicutes and decreas-
ing the abundance of Bacteroidetes (Figure 6(b-d)). At
the family level, DGNTG decreased the relative abundance
of Muribaculaceae and increased the abundance of
Lachnospiraceae (Figure 6(e,f)). At the genus level, there
was no significant regulation of microbiota composition by
DGNTG.

To explore the relationship between mitochondrial apoptosis
and the gut microbiota, Pearson correlation was employed. We
found Prevotella, Lachnospiraceae_NK4A136, Alloprevotella and
Ruminiclostridium were positively associated with Bax, Bcl-2
and CYTC, whereas Ruminiclostridium, Christensenellaceae, and
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Bacteroides had negative correlations with Bax and CYTC
(Figure 7). The above results demonstrate that DGNTG modu-
lates gut microbiota composition and the alterations in gut flora
may be related to cell apoptosis.

Discussion

This study was conducted to assess the effects of DGNTG on
AA rats. Our results demonstrate a significant effect of DGNTG
on RA, evinced by a reduction in excessive synovial tissue hyper-
plasia, joint inflammation, bone erosion, paw swelling and arth-
ritis index of DGNTG-treated AA rats. We also showed that
DGNTG regulated the mitochondrial apoptosis pathway and the
changes of gut microbiota composition might be associated with
the effects of DGNTG on mitochondrial apoptosis. DGNTG
treatment, which is primarily aimed at preventing the develop-
ment of RA, was initiated at the time of arthritis induction. The
over proliferation of the synovial tissue expands and destroys the
underlying cartilage and bone, leading to irreversible erosion of
the bone in advanced stages of RA, which poses difficulties in
treatment. Thus, our methodology focussed on intervention
at early stages of the disease to prevent progression rather than
after the disease was well established. The results suggested that
DGNTG played an important role in RA prevention.

Mitochondria-mediated intrinsic apoptotic pathways are one
of the important routes for cell apoptosis, and the mitochondrial
apoptotic pathways are activated in response to mitochondrial
damage, which is caused by a number of stress-induced condi-
tions. In this study, DGNTG treatment increased the expressions
of Bax, cytochrome ¢ (CYTC) and cleaved caspase-9, but
decreased the expression of Bcl-2. Bcl-2 and Bax, members of
the Bcl family, have been identified as the main regulators of the
mitochondrial pathways of apoptosis. The mechanism of these
genes in the mitochondrial apoptotic pathway is as follows: (1)
under the stimulation of apoptotic signals, the proapoptotic pro-
tein Bax is upregulated and activated, whereas the antiapoptotic
protein Bcl-2 is downregulated; (2) the breaking of the balance
between pro-/anti-apoptotic proteins results in changes in the
permeability of the mitochondrial membrane, which leads to the
release of CYTC; (3) released CYTC and caspase-9 form an
‘apoptosome’, which eventually activates the caspase cascade,
which includes cleaved caspase-9 (Estaquier et al. 2012). In our
study, we found that the model group had the lowest expression
of Bax, CYTC, and cleaved caspase-9 compared with the control
and DGNTG groups in AA rats. In addition, the antiapoptotic
protein Bcl-2 was also altered accordingly. These results indicate
that over-proliferation of synovial tissue in AA rats might be
associated with insufficient apoptosis. After DGNTG treatment,
the expression of the antiapoptotic protein Bcl-2 decreased, and
the expression of proapoptotic proteins Bax, CYTC and cleaved
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caspase-9 increased in synovial tissue. The data we have pre-
sented suggest that the mitochondrial apoptosis pathway was
involved in DGNTG-induced apoptosis of synovial tissue. As
natural products, Chinese herbal medicines and their active
ingredients are considered effective in treatment for RA due to
their compelling efficacy. As the bioactive constituents of
DGNTG, baicalin was previously shown to induce apoptosis by
decreasing Bcl-2 levels, then activating Bax and caspase-9, which
suggested that the mitochondrial pathway was involved in baica-
lin-induced apoptosis (Shu et al. 2014; Wan and Ouyang 2018).
Therefore, promoting the death of FLS might be a feasible
method for treating RA, and compared with other approaches,
targeting FLS might ameliorate symptoms in patients with RA
without systemic immune suppression (Zhang Q et al. 2019).
Recently, studies have demonstrated that the gut microbiota
plays a key role in RA and microbiota are involved in RA patho-
genesis (Asquith et al. 2019; Wang and Xu 2019). The gut flora
was examined by 16S rRNA sequence analysis, which revealed
the composition of intestinal microbiota. PCA and PCoA ana-
lysis showed that the model group was distinguished from the
control group, suggesting that gut microbial composition was
altered in AA rats. This result is consistent with human studies
which revealed that patients with RA show significant differences
in the gut microbiota compared with healthy controls (Zhong
et al. 2018). After treatment with DGNTG, the alpha diversity
(Simpson diversity) improved, and PCA and PCoA analyses
revealed a more proximate distance between the DGNTG and
control groups, but the differences were not significant. This

may be explained by the following: (1) the microbial commun-
ities were complex and had powerful abilities of self-repair,
which would be consistent with a previous study that reported
intestinal flora can maintain and repair their populations via
self-replication (Backhed et al. 2005); (2) the main regulation of
DGNTG on gut microbiota is to change the relative abundance
of gut flora, not diversity. Overall, DGNTG treatment had little
effect on the species diversity of gut microbiota in AA rats, even
though DGNTG treatment significantly improved the arthritis
symptoms of AA rats, indicating that the therapeutic effects of
DGNTG may not rely on the diversity of gut microbiota.

Further investigation of the composition of intestinal flora
showed Bacteroidetes, Muribaculaceae and Bacteroides were
enriched, and the abundance of Firmicutes and Lachnospiraceae
were diminished in the model group faecal samples. DGNTG
increased the abundance of Firmicutes and decreased
Bacteroidetes, suggesting DGNTG regulated the composition of
the gut microbiota. A recent study found that Firmicutes were
significantly decreased, whereas Bacteroidetes were increased, in
CIA mice. The alteration of Firmicutes and Bacteroidetes during
the priming phase of the immune response could cause an
inflammatory response in the joints (Rogier et al. 2017; Nemoto
et al. 2020). In our study, DGNTG increased the Firmicutes/
Bacteroidetes ratio, which indicated DGNTG modulates the
abundance of gut microbiota related to immunity and inflamma-
tion. Moreover, it has been reported that there was an increase
in Bacteroides and a decrease in Lactobacillus and Alloprevotella
in RA patients (Sun Y et al. 2019), and most treatments with
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these gut flora ameliorated RA symptoms through modulating
the immune response and inflammatory cytokines (Horta-Baas
et al. 2017; Larsen 2017). Prevotella may cross-react with self-
epitopes of highly expressed proteins in joints and drive Th17
immune responses in vitro (de Aquino et al. 2014).
Lachnospiraceae are associated with the regulation of inflamma-
tion (Xiao et al. 2018). In general, DGNTG reshaped the intes-
tinal flora and primarily modulated the abundance of Firmicutes,
Bacteroidetes, Lachnospiraceae and Muribaculaceae, indicating
that the anti-arthritis effect of DGNTG involves intestinal
microbiota.

Our correlation analysis indicated that DGNTG modulates
gut microbiota, which may play a role in regulating mitochon-
drial apoptosis and improving RA. In recent reports, apoptosis
was shown to be regulated at several levels, including the gut
microbiota. For example, enterotoxins produced by Bacteroides
can suppress apoptosis by regulating the MAPK pathway (Ko
et al. 2016; Jeon et al. 2020). Some metabolites such as butyrate
and propionate produced by Firmicutes and Bacteroidetes are
correlated with apoptosis. Butyrate promotes cell growth through
promoting proliferation as well as apoptosis inhibition, and pro-
pionate was reported to induce apoptosis by increasing expres-
sion of mitochondrial apoptotic pathway-related proteins (Kim
et al. 2019; Mathew et al. 2019). DGNTG increased the abun-
dance of Firmicutes and decreased the levels of Bacteroidetes,
which indicate DGNTG modulates the abundance of intestinal
flora related to apoptosis. Moreover, we found Bacteroides was
negatively associated with CYTC and Bax, which might be
related to reduced levels of apoptosis in the model group. Based
on our results, we speculate that DGNTG promoted apoptosis,
which may relate to regulation of the structure of intestinal flora.

However, we did not offer more direct evidence as to how
DGNTG alleviates arthritis by regulating intestinal flora and
which bacteria directly contribute to the anti-arthritis effect or
contribute to the regulation of mitochondria-mediated intrinsic
apoptotic pathways. Further study utilizing metabonomic analysis
of intestinal flora may give us more insight into the mechanism
of intestinal flora regulating apoptosis in RA.

Conclusion

Our study showed that DGNTG improved the structure of gut
microbiota, promoted mitochondrial apoptosis and ameliorated
arthritis symptoms in RA, which might be associated with gut
microbiota. These findings have improved our understanding of
the mechanism underlying the impact of DGNTG on RA in
terms of mitochondrial apoptosis and gut microbiota.
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