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Relief of gouty arthritis in rats by total saponins from
Dioscorea nipponica Makino through suppression of neutrophil
extracellular trap formation via the PI3K/AKT/mTOR axis
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Abstract. Gouty arthritis (GA) is an inflammatory disorder
that is associated with elevated serum levels of uric acid. Total
saponins from Dioscorea nipponica Makino (TSDN) are a
natural component that ameliorates inflammation while also
decreasing uric acid levels. The aim of the present study was
to unravel the mechanism of TSDN in gouty rats in regard
to regulation of the formation of neutrophil extracellular traps
(NETSs) via the PI3K/AKT/mTOR axis. A total of 40 Wistar
rats were divided into 4 groups: normal, model, TSDN and
rapamycin groups. Reverse-transcription-quantitative PCR
(RT-gPCR) and western blot analysis were used to assess the
mRNA and protein expression levels of the PI3K/AKT/mTOR
axis. The formation of NETs was detected by immunohisto-
chemical and immunofluorescent methods. ELISA was used
to measure the levels of IL-1f and TNF-a. RT-qPCR and
western blotting demonstrated that TSDN compromised the
mRNA and protein expression levels of activated protein
kinase (AMPK) and mTOR, as well as the mRNA expres-
sion levels of AKT and PTEN. Furthermore, it increased the
protein expression levels of phosphorylated (p-) PI3K, p-AKT
and p-AMPK. Immunohistochemical and immunofluorescent
analyses revealed that TSDN decreased the protein expres-
sion levels of neutrophil elastase, proteinase 3, cathepsin G,
lactoferrin and myeloperoxidase, as well as the number of
citrullinated histone 3* cells. TSDN also reduced the release
of IL-1p and TNF-a. Overall, the anti-inflammatory action of
TSDN in gouty rats may be realized by suppressing the forma-
tion of NETs by regulating the PI3K/AKT/mTOR axis.

Correspondence to: Dr Shumin Liu, Technological Innovation
Team of Basic Theory Study Research of Institution of Higher
Education in Heilongjiang, Heilongjiang University of Chinese
Medicine, 24 Heping Road, Harbin, Heilongjiang 150040, P.R. China
E-mail: keji-liu@163.com

Key words: gouty arthritis, PI3K/AKT/mTOR, neutrophil
extracellular traps, Dioscorea nipponica Makino, inflammation

Introduction

Gouty arthritis (GA) is a common condition that is induced
by the precipitation and deposition of uric acid in articular
structures (1). The most critical risk factor for the development
of GA is a high serum level of urate (2). The disorder involves
severe pain, swelling, warmth and redness at the gouty joint (3).
To prevent GA flares, urate deposits must be eliminated by
maintaining a low serum level below the saturation point of
6.0 mg/dl or less (4).

Numerous studies have concentrated on the development
of novel medications to treat GA. Currently, the major medi-
cations used in the clinical therapy of gout are non-steroidal
anti-inflammatory drugs, uricosuria agents and xanthine
oxidase inhibitors. However, none of the commercial drugs
available can both decrease serum urate levels and treat
inflammation (5). Furthermore, there is compelling evidence
for associations between GA and an increased risk of serious
complications, including gouty nephropathy, hypertension,
cardiovascular disease and diabetes (6). Thus, new, safe, and
effective medicines for GA are needed.

The mTOR signaling pathway modulates the NALP3
inflammasome, which influences the production of inter-
leukin (IL)-1p and leads to GA attacks (7,8). mTOR is an
evolutionarily conservative serine-threonine protein kinase
that can recognize and integrate a series of intracellular and
environmental signals, including growth factors and insulin, to
regulate cellular and organic reactions. The mTOR signaling
pathway is highly conservative in eukaryotes and is related
to the proliferation of lymphocytes, the activation of immune
cells, autophagy and the metabolism of lipids and glucose,
among other functions. Due to its central role in signaling
pathways, recent studies have shown that mTOR correlates
with GA, and it is the common pathogenic signal pathway in
numerous diseases, such as vascular diseases, inflammation,
obesity, progressive nephropathy and diabetes (9-13).

During the early stage of GA, monosodium urate (MSU)
stimulates macrophages and produces numerous pro-inflam-
matory factors, such as IL-1f, which are activated by the
NALP3 inflammasome. When high concentrations of IL-13
are released, the inflammatory reaction is amplified. At the
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same time, MSU stimulates neutrophils (NG) and accumu-
lates them at sites of joint inflammation. MSU activates NG
by the release of inflammatory factors and the formation of
neutrophil extracellular traps (NETs). NETs are extracellular
reticular fiber structures composed of proteinase 3 (PR3),
neutrophil elastase (NE), MMP9 (matrix metalloproteinase
9), cathepsin G (CTSG), lactoferrin (LTF), myeloper-
oxidase (MPO), peptidoglycan recognition protein (PRPG)
and high-mobility group protein Bl (HMGBI1), among
others (14-16). When NETs are formed, the release of serine
protein kinase may activate pro-IL-1p and the NALP3 inflam-
masome, promote the production of inflammatory mediators,
and amplify the inflammatory response.

Dioscorea nipponica Makino (TSDN) is used as a natural
medicine in China and is effective in treating GA. The dried
bark from its rhizome is considered to have effects of relaxing
the sinews, speeding up the ‘collaterals’, stimulating blood
flow, relieving pain, dispersing ‘wind’, and removing moisture.
The primary active components are total saponins from TSDN,
which include dioscin, protodioscin, and pseudo-protodioscin.
TSDN contains both anti-inflammatory and uric acid-lowering
properties.

TSDN also decreases the activities of xanthine oxidase and
adenosine deaminase, thus decreasing uric acid production. It
also reduces the expression levels of urate anion transporter 1
and glucose transporter 9 while increasing the expression of
organic anion transporter (OAT)1 and OAT3, which promotes
uric acid excretion (17). TSDN showed potent anti-inflamma-
tory activity in previous studies and affected both the toll-like
receptor (TLR)2/4-IL-1R and the NALP3 inflammasome, thus
regulating the production and release of IL-1f (18,19). Since
the mTOR signaling pathway is upstream of TLR2/4-IL-1R, it
was aimed to determine whether TSDN has an effect on this
pathway and the formation of NETs in GA rats.

Materials and methods

Preparation of TSDN. TSDN was supplied by the Tongrentang
Drug Company. The plant material (voucher specimen:
hlj-202028) was verified by Professor Zhenyue Wang of
Heilongjiang University of Chinese Medicine. Using D-101
macroporous adsorption resin, 1 g of crude drug was sepa-
rated three times for 1.5 h with 6 ml of 50% ethanol as
previously described (18). A 4.97% (w/w) extraction ratio
was recorded. Chemical standardization of the herbal extract
was accomplished using liquid chromatography-tandem mass
spectrometry (LC-MS) (Agilent Technologies, Inc.; 6470B).
The three main compounds found in the herb were dioscin,
protodioscin and pseudo-protodioscin (18). According to ultra-
violet spectrophotometry, the extraction rate of TSDN in the
extract was ~55.9%.

Animals. A total of 40 male SPF Wistar rats (8 weeks old;
250+15 g) were provided by Changsheng Biotechnology
Co., Ltd. and maintained at the Heilongjiang University of
Traditional Chinese Medicine. Before the experiments, the
rats were housed under specific pathogen-free conditions at
22+24°C and a relative humidity of 55+5% on a 12-h/12-h
light/dark cycle with water and regular food ad libitum for
7 days and allowed to adjust to their surroundings. Animal

Table I. The primer sequences used for reverse transcription-
quantitative PCR.

Gene name Primer sequence (5'-3")
PI3K F: TCCCCGAGCTCACATCAGTCAA
CCCTGAGTGCCTCATCAAACTTC
AKT F: ATGGACTTCCGGTCAGGTTCA
R: GCCCTTGCCCAGTAGCTTCA
AMPK F: TGAGCTTACAGCTTTACCTGGTTGA
R: CACTTGACCGAGGTCTGTGGA
PTEN F: CCAATGGCTAAGTGAAGACGACAA
R: CATAGCGCCTCTGACTGGGAATA
mTOR F: GCTTATCAAGCAAGCGACATCTCA
R: TCCACTGGAAGCACAGACCAAG
Raptor F: ATGCTGGCCTCACCAGGTTC
R: GCATCATGCAACCTCAGTCACA
GAPDH F: TGCACCACCAACTGCTTAG

R: GATGCAGGGATGATGTTC

F, forward; R, reverse; AMPK, activated protein kinase; Raptor,
regulatory-associated protein of mTOR.

studies were approved (approval no. 2021052801) by The
Animal Ethics Committee of Heilongjiang University of
Traditional Chinese Medicine (Harbin, China).

Preparation of the GA rat model. To induce the GA model,
the ankle joints of rats were injected bilaterally with a
suspension of MSU (cat. no. U2625; Sigma-Aldrich; Merck
KGaA) on the third day of treatment (18). After modeling, the
behavior of rats was monitored each day until the experiment
was completed.

Animal grouping and drug administration. The rats were
separated into 4 groups: i) normal, ii) model, iii) TSDN
(160 mg/kg) and iv) rapamycin groups (2.5 mg/kg; rapamycin
purity >99%; Nanjiang Dulai Biotechnology Co., Ltd.) (18,20).
TSDN and rapamycin treatments were given every 24 h for one
week. An equivalent dose of sterile saline was administered
to the normal and model groups. On the seventh day, the rats
were anesthetized with 3% sodium pentobarbital (45 mg/kg)
by intraperitoneal injection. All rats were sacrificed by cervical
dislocation after collecting 4 ml of blood from the abdominal
artery in the dissection room of Heilongjiang University
of Traditional Chinese Medicine, and then synovial tissue
samples were collected. The blood was allowed to coagulate
for 1 h at 37°C before being centrifuged at 3,500 g for 15 min
at 4°C. It was then kept at -20°C until testing. The tissues were
stored at -80°C. At the end of the trials, the rats were sacrificed
by cervical dislocation.

Reverse-transcription-quantitative PCR (RT-gPCR). Total
RNA was extracted using TRIzol (Invitrogen; Thermo
Fisher Scientific, Inc.). RNAiso Plus (cat. no. 9109), a reverse
transcription kit (cat. no. RR047Q), and a SYBR Green kit
(cat. no. RR420Q) were purchased from Takara Biomedical
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Table II. List of antibodies used in western blot analysis.

Primary antibody name Molecular weight (kDa) Dilution Cat. no. Supplier

PI3K =85 1:1,000 ab86714 Abcam

p-PI3K (Y607) =84 1:500 ab182651 Abcam

Akt =60 1:500 9272 Cell Signaling Technology, Inc.
p-AKT (Ser473) =60 1:1,000 ab81283 Abcam

AMPK =62 1:500 40585 Signalway Antibody LLC
p-AMPKd =63 1:500 11174 Signalway Antibody LLC
PTEN =55 1:1,000 60300-1-Ig Proteintech Group, Inc.

mTOR =289 1:1,000 2972 Cell Signaling Technology, Inc.
Raptor =140 1:500 20984-1-AP Proteintech Group, Inc.

[-actin 42 1:2,000 66009-1-Ig Proteintech Group, Inc.

p-, phosphorylated; AMPK, activated protein kinase; Raptor, regulatory-associated protein of mTOR.

Table III. List of antibodies used in immunohistochemical analysis.

Antibody name Cat. no. Supplier Dilution
Neutrophil elastase ab183342 Abcam 1:100
Proteinase 3 ab270441 Abcam 1:100
Cathepsin G 63665 Cell Signaling Technology, Inc. 1:200
Lactoferrin sc-53498 Santa Cruz Biotechnology, Inc. 1:100
Myeloperoxidase ab208670 Abcam 1:1,000

Technology (Beijing) Co., Ltd. The reverse transcription and
SYBR Green kits were used for reverse transcription and
gene amplification according to the manufacturer's instruc-
tions. The qPCR thermocycling conditions were as follows:
Predenaturation at 95°C for 30 sec, followed by 40 cycles of
95°C for 5 sec (denaturation), 60°C for 30 sec (annealing) and
72°C for 30 sec (extension). The primer sequences are listed in
Table I. All primers and kits were obtained from Dalian Bao
Biology Co., Ltd., and GAPDH was employed as a normaliza-
tion standard. The mRNA levels were quantitatively analyzed
by the 2244 method (21).

Western blot analysis. Synovial tissues were extracted and
homogenized, and the samples were lysed with RIPA lysate
containing a protease inhibitor before being centrifuged for
30 min at 10,000 x g at 4°C. The bicinchoninic acid method
was used to calculate the protein concentration of the super-
natant. SDS-PAGE with 10% gels was performed with 20 ug
proteins/lane, which were transferred to nitrocellulose filter
membranes (Pierce; Thermo Fisher Scientific, Inc.). The
proteins were then blocked with 5% non-fat milk for 1 h at
room temperature and subsequently incubated overnight at
4°C with the appropriate primary antibodies. Following the
primary incubation, membranes were incubated for 2 h at 37°C
with goat anti-mouse IgG/HRP secondary antibodies (1:4,000;
cat. no. abs20001; Absin Bioscience, Inc.), and finally visu-
alized using the Hypersensitive ECL Chemiluminescence
Kit (cat. no. BL520B; Beijing Labgic Technology Co., Ltd.).
The loading control was [(-actin, and the densities of bands

were calculated using Image Pro-Plus 6.0 software (Media
Cybernetics, Inc). The specific antibodies that were employed
are listed in Table II.

Immunohistochemical analysis. Immunohistochemical
staining was performed for NE, PR3, CTSG, LTF and
MPO according to the manufacturer's instructions of each
corresponding kit. Synovial tissue samples were fixed in 4%
paraformaldehyde at 4°C overnight. Sections (5-ym thick)
were deparaffinized with xylene and rehydrated in a declining
alcohol series. Following the addition of a citric acid repair
solution for antigen recovery, 3% hydrogen peroxide was
added to inactivate endogenous peroxidase. The sections were
blocked for 1 h at room temperature with 1% goat serum (cat.
no. BL210A; Biosharp Life Sciences), then incubated with the
primary antibody for 1 h at room temperature. After that, the
sections were treated for 10 min at room temperature with
goat anti-mouse IgG/HRP secondary antibodies (1:4,000;
cat. no. abs20001; Absin Bioscience, Inc.). Finally, diamino-
benzidine solution was used to stain the slices, which were
then counterstained with hematoxylin and examined under an
optical microscope. Image Pro-Plus 6.0 software was used to
quantify the expression levels by examining the mean values
of integrated optical density. The primary antibodies used are
provided in Table III.

Immunofluorescent analysis. Ankle-joint specimens were
sectioned to obtain 3-ym-thick slices for observation. They
were then stained with citrullinated histone 3 (CitH3; 1:100;
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Figure 1. TSDN regulates the mRNA levels of PI3K, AKT, AMPK, PTEN, mTOR and Raptor in GA rats. (A) PI3K, (B) AKT, (C) AMPK, (D) PTEN,
(E) mTOR and (F) Raptor. Data are shown as the mean = SEM (n=6). “P<0.01 and "“P<0.001 vs. normal. “/P<0.01 and "*P<0.001 vs. model. TSDN, Dioscorea
nipponica Makino; AMPK, activated protein kinase; Raptor, regulatory-associated protein of mTOR.

cat. no. ab5103; Abcam) and Alexa Fluor® 488 goat anti-rabbit
IgG (H+L) (1:100; cat. no. A23220; Abbkine Scientific Co.,
Ltd.). A Leica TCS-SP5 confocal microscope was used for
imaging of the samples. Image Pro-Plus 6.0 software was used
to evaluate the percentage of positive expression.

ELISA analysis. Manufacturer-recommended kits (Shanghai
Bolilai Science and Technology Co., Ltd.) were used to quan-
tify the levels of IL-1f (cat. no. BLL101857E) and TNF-a. (cat.
no. BLL100946E) in serum.

Statistical analysis. All results are presented as the mean +
SEM. Statistical comparisons were performed using SPSS 25.0

software (IBM Corp.). One-way analysis of variance (ANOVA)
followed by Dunnett's post hoc test was used to examine the
differences between multiple groups. P<0.05 was considered
to indicate a statistically significant difference.

Results

TSDN regulates the PI3K/AKT/mTOR axis. To determine the
impact of TSDN on the PI3K/AKT/mTOR axis in GA rats, the
mRNA and protein expression levels of the aforementioned
pathway were examined using RT-qPCR (Fig. 1) and western
blot analysis (Fig. 2), respectively. It was revealed that PI3K
mRNA expression was significantly lower in the model group
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Figure 2. TSDN modulates the protein expression of PI3K, p-PI3K, AKT, p-AKT, AMPK, p-AMPK, PTEN, mTOR and Raptor. (A) PI3K, p-PI3K, AKT,
p-AKT, AMPK, p-AMPK, PTEN, mTOR and Raptor were detected using western blot analysis. Densitometric analysis of (B) PI3K, (C) p-PI3K, (D) AKT,
(E) p-AKT, (F) AMPK, (G) p-AMPK, (H) PTEN, (I) mTOR and (J) Raptor. Data are presented as the mean = SEM (n=3). "P<0.05, “P<0.01 and ““P<0.001
vs. normal. “P<0.05, #P<0.01 and *#P<0.001 vs. model. TSDN, Dioscorea nipponica Makino; p-, phosphorylated; AMPK, activated protein kinase; Raptor,

regulatory-associated protein of mTOR.

than the normal group (Fig. 1A). However, no statistical differ-
ence was identified between the model and TSDN groups. The
protein expression of p-PI3K was significantly lower in the
model group than in the normal group (Fig. 2C), but TSDN
increased it significantly.

Both the mRNA and protein expression of AKT were
significantly enhanced in the model group compared with
the normal group (Figs. 1B and 2D). TSDN and rapamycin
significantly reduced its mRNA expression (Fig. 1B), whereas
rapamycin decreased its protein expression (Fig. 2D). The
protein expression of p-AKT was significantly lower in the
model group than in the control group (Fig. 2E), and TSDN
significantly increased it.

In the model group, both mRNA and protein expression
of AMPK were significantly higher than in the normal group
(Figs. 1C and 2F). Rapamycin and TSDN both significantly
reduced its mRNA expression. TSDN also significantly

reduced AMPK protein expression (Fig. 2F), but rapamycin
significantly increased it. There was no change in the protein
expression of p-AMPK in the model group compared with the
normal group, while TSDN significantly improved its protein
expression (Fig. 2G).

Both the mRNA and protein expression of PTEN in the
model group were elevated compared with the normal group
(Fig. 1D and Fig. 2H), but TSDN and rapamycin significantly
reduced the mRNA expression. In the model group, the mRNA
expression of mTOR was higher than in the control group
(Fig. 1E), while TSDN and rapamycin significantly decreased
its expression. TSDN also decreased mTOR protein expres-
sion (Fig. 2I). The mRNA expression of Raptor in the model
group was significantly higher than that of the normal group
(Fig. 1F), but neither TSDN nor rapamycin had any impact on
it. Additionally, the protein expression of Raptor did not differ
statistically between groups (Fig. 2J). These findings suggested
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Figure 3. TSDN decreases the levels of NE, PR3, CTSG, LTF and MPO. (A) Immunohistochemical staining of NE, PR3, CTSG, LTF and MPO (magnifica-
tion, x400; scale bar, 100 xm). Quantified expression levels of (B) NE, (C) PR3, (D) CTSG, (E) LTF and (F) MPO. Data are shown as the mean + SEM (n=3).
“P<0.05 and “P<0.01 vs. normal. “P<0.05, *P<0.01 and *"P<0.001 vs. model. TSDN, Dioscorea nipponica Makino; NE, neutrophil elastase; PR3, Proteinase 3;

CTSG, cathepsin G; LTF, lactoferrin; MPO, myeloperoxidase.

that in GA rats, TSDN modulated the PI3K/AKT/mTOR
signaling pathway.

TSDN decreases the expression levels of NE, PR3, CTSG,
LTF and MPO. NE, PR3, CTSG, LTF and MPO are critical
components of NETs. As demonstrated in Fig. 3A-F, the
protein expression levels of NE, PR3, CTSG, LTF and
MPO in the model group were significantly higher than in
the control group. TSND significantly reduced the levels of
NE, PR3, CTSG, LTF and MPO. Rapamycin significantly
decreased the levels of NE, PR3, CTSG and LTF. These
results demonstrated that TSDN suppresses the formation
of NETs.

TSDN lowers CitH3* cells. NETs are cloud-like structures
that are co-localized with DNA and CitH3 and are involved
in cell membrane degradation. As revealed in Fig. 4A and

B, the number of CitH3" cells increased significantly in
the model group compared with the control group, but
TSDN and rapamycin significantly decreased the number.
Immunofluorescent data demonstrated that TSDN inhibits the
formation of NETs.

TSDN inhibits the levels of IL-15 and TNF-a. As indicated in
Fig. 5A and B, IL-1 and TNF-a were significantly enhanced
in the model group compared with the control group. Both
TSDN and rapamycin significantly decreased the release of
IL-1p and TNF-a. These results suggested that TSDN has an
anti-inflammatory effect in GA rats.

Discussion

GA is the most frequent type of inflammatory arthritis in
elderly men and is 3-4 times more common than rheumatoid
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Dioscorea nipponica Makino.

arthritis (22). GA can potentially lead to severe consequences
and considerable challenges for patients and society. TSDN
is used as a natural medicine that has been revealed to be
effective in treating GA in clinical trials, and its major
active component is TSDN. However, the pharmacological
mechanism of TSDN's effect on GA needs clarification. Our
previous studies showed that TSDN has uric acid-lowering and

anti-inflammation effects and that it influences the NALP3
inflammasome, thus regulating the activation of IL-1p (17-19).
Since mTOR is the upstream signaling pathway of the NALP3
inflammasome, it also correlates with numerous diseases. The
goal of the present study was to determine whether TSDN
regulates the mTOR signaling pathway as a potential treat-
ment for GA.

The present results showed that TSDN reduced the mRNA
and protein expression levels of AMPK and mTOR, as well
as the mRNA expression levels of AKT and PTEN, while it
increased the protein expression levels of p-PI3K, p-AKT and
P-AMPK. TSDN also reduced the levels of NE, PR3, CTSG,
LTF and MPO, the number of CitH3* cells, and the levels of
IL-1p and TNF-a. TSDN downregulated the mRNA expres-
sion of AKT and PI3K, but it did not influence their protein
expression. It also downregulated both the mRNA and protein
expression of AMPK. This may have occurred because TSDN
regulates transcription and translation in a distinct way.

The present study demonstrated that TSDN enhanced the
protein expression levels of p-PI3K and p-AKT. When p-PI3K
is activated, it inhibits tuberous sclerosis complex 2 (TSC2).
p-AKT also inhibits TSC2. When TSC?2 is inhibited, the Ras
homolog enriched in the brain is activated, thus mTORCI is
activated. When mTORCI is activated, autophagy is activated
since mMTORCI is the main gateway to autophagy (23).

According to previous studies, autophagy (a cellular
waste-clearance and renewal mechanism) plays a signifi-
cant role as a macrophage-intrinsic negative regulator of
the NALP3 inflammasome (24). Another study found that
Sirtl suppresses macrophage polarization towards the
M1 phenotype by stimulating the PI3K/AKT/STAT6 pathway,
resulting in an anti-inflammatory effect in GA (25). TSDN
increased the protein expression of p-AMPK. When p-AMPK
is activated, it inhibits Raptor. Activated AMPK decreases
mononuclear phagocyte responses to urate crystals in vitro, as
well as the activation of the NLRP3 inflammasome and IL-1§.
AMPK also stimulates autophagy and anti-inflammatory M2
macrophage polarization (26).
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TSDN also decreased the protein expression of mTOR,
which is in accordance with a previous study by the authors,
since mTOR is the upstream regulator of the NALP3 inflam-
masome. However, between the normal and model groups,
there was no discernible difference in the protein expression
of mTOR. This may be due to it being a total protein, but not
in its active phosphorylated state (27).

PTEN has been inversely connected to the PI3K/AKT
signaling pathway. The findings of the present study revealed
that the mRNA and protein expression of PTEN were increased
in the model group. TSDN decreased its mRNA expression,
but it did not influence the protein expression. The mRNA
expression of Raptor was enhanced in the model group, but
there was no effect of TSDN on its expression.

During the formation of NETs, a kind of specially
programmed cell death occurs, which is called NETosis,
which is different from apoptosis and necrosis. When cell
membranes are damaged, numerous molecules enter the cyto-
plasm, including histones, NE, MPO, PR3, LTF, CTSG, MMP,
PRPG, HMGBI and pentraxin. Li et al (14) proposed that
NETosis-products may be used as targets for crystal-induced
diseases. NET-like structures consist of DNA decorated with
CitH3 and elastase (28). TSDN reduced the levels of NE, PR3,
CTSG, LTF and MPO, as well as the number of CitH3* cells
and the production of IL-1f and TNF-a.

There are certain limitations to the present study. Only
GA rats were studied, and no clinical samples were acquired.
Therefore, the findings do not accurately represent the clinical
application of TSDN. The aim of the study was to shed light
on the crucial role that NETs play in GA in the treatment
of TSDN, yet the detection index was somewhat limited. In
future studies, more in-depth research on the mechanism of
NET generation will be conducted.

Additionally, the present study demonstrated the regulatory
function of the PI3K/AKT/mTOR pathway in the TSDN interven-
tion of production of NETs, but the primary regulatory targets
were not identified. Pathway inhibitors, gene silencing and overex-
pression will be used in future studies to elucidate the mechanism.
Finally, there was lack of neutrophil labeling to determine neutro-
phil infiltration, which is another limitation to the study.

In conclusion, TSDN regulated the PI3K/AKT/mTOR
axis, NET formation and inflammatory factors. This helped
to explain the anti-inflammatory effect of TSDN on GA.
The results suggested that TSDN may be used in conditions
of comorbidity and has favorable potential to treat GA. The
findings could provide a solid foundation for extending the
therapeutic application of TSDN and provide new insight into
the development of novel medications for GA.
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