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Flavonoids from Smilax china L. Rhizome improve chronic pelvic 
inflammatory disease by promoting macrophage reprogramming via the 
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A B S T R A C T   

Background: Smilax is a traditional medicine used for the clinical treatment of pelvic inflammatory disease 
(CPID), and its leaves have long been used as food by the Korean people in Asia. In previous studies, we found 
that flavonoids extract can improve CPID by inhibiting inflammation, which may be the main effective 
component of Smilax China, but its mechanism of action has not been fully elucidated. This study explores the 
mechanism by which Chinese rhizome flavonoids (FSCR) regulate the autophagy pathway of NLRP3 inflam
masome and promote macrophage reprogramming. 
Methods: In the in vivo experiment, the sham surgery group and the CPID group were given physiological saline 
and FCSR for 7 days, respectively. We determined the expression of NLRP3 inflammasome autophagy pathway 
genes and proteins by observing the pathological damage of rat uteri through HE and Masson staining, immu
nofluorescence, RT-PCR, and WB experiments. Molecular docking simulation predicted the binding potential of 
flavonoids with the potential target VPS34, and knockdown experiments were conducted to validate the 
knockdown effect of lipopolysaccharide treatment on primary rat endometrial cells to simulate an in vitro CPID 
model. 
Results: FCSR significantly reduced serum IL-1β in CPID rats, TNF-α. The concentration of TAX2 reduced the 
infiltration of inflammatory cells and fibrosis of endometrial cells, promoted M2 polarization of macrophages, 
upregulated autophagy pathways, and inhibited the activation of NLRP3 inflammasomes. After knocking down 
the NLRP3 inflammasome autophagy target VPS34, the FSCR effect was eliminated. 
Conclusions: By targeting VPS34, FCSR potentially promotes autophagic cell reprogramming through the NLRP3 
inflammasome related autophagy pathway.   

1. Introduction 

Pelvic inflammatory disease (PID) is an inflammatory disease that is 
highly prevalent in sexually active women and is usually a consequence 
of upper reproductive tract infection (Curry, Williams, & Penny, 2019). 
Currently, approximately 4–12% of fertile women worldwide are 
affected by PID (Savaris, Fuhrich, Maissiat, Duarte, & Ross, 2020). PID 
can be classified into acute and chronic types. The duration of acute 
pelvic inflammatory disease (APID) is ≤ 30 days and is usually associ
ated with cervical or vaginal microbes (including Neisseria gonorrhoeae 

and Chlamydia trachomatis); chronic pelvic inflammatory disease (CPID) 
lasts for > 30 days; the common causative pathogens are Mycobacterium 
tuberculosis and Actinomycetes (Brunham, Gottlieb, & Paavonen, 2015). 
APID without thorough treatment may develop into CPID (Kou, Ding, 
Chen, Liu, & Liu, 2016; Y. Li et al., 2018). Chronic inflammation causes 
fallopian tube injury, pelvic adhesions, and fibrosis (Mitchell & Prabhu, 
2013), which are key factors for the sequelae caused by female genital 
tract lesions (Zou et al., 2021). Currently, the primary clinical treatment 
for PID is antimicrobial therapy. Although antibacterial treatment im
proves microbial infection, it does not improve the inflammatory effects 
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of PID. Furthermore, prolonged antimicrobial therapy can cause wide
spread drug resistance (Costa-Lourenço, Barros Dos Santos, Moreira, 
Fracalanzza, & Bonelli, 2017; Savaris et al., 2020) and can also affect the 
reproductive outcomes of patients receiving treatment (Brunham et al., 
2015). In addition to antimicrobial therapy, nonsteroidal anti- 
inflammatory drugs (NSAIDs) are often used to treat PID in clinical 
practice. However, NSAIDs have limited efficacy and can cause many 
adverse reactions (Baron et al., 2013; Fan et al., 2014). 

Due to the limitations of antibiotics, research is increasingly focusing 
on the role of natural products in the treatment of CPID. Studies have 
found that Penyanling granules inhibit the infiltration of lymphocytes 
and neutrophils in uterine tissue, improving PID through anti- 
inflammatory effects. Its effective ingredients include flavonoids, phe
nolics, and saponins (Zou et al., 2021); Fukeqianjin formula (including 
components from Moghania macrophylla, Radix Rosa laevigata, and 
Andrographis paniculata) has potential therapeutic effects on PID, which 
inhibits inflammation and improves metabolic disorders (Zhang et al., 
2018c). Man-Pen-Fang is a traditional Chinese herbal compound, which 
is composed of Thlaspi arvense L., Gleditsia sinensis Lam., and Smilax china 
L., which also inhibits NF-κB for the treatment of CPID (L. J. Zhang et al., 
2017). Additionally, in the studies of the effects of traditional Chinese 
medicine on CPID, Li et al. (2020) and Tang, Wu, Meng, and Wang 
(2019) found that inhibiting inflammatory factors may be the key to 
diminishing the impact of CPID. However, the lack of clarification on the 
transmission pathways and regulatory mechanisms of inflammatory 
signals is a common issue in current research. Therefore, it is imperative 
that we explore the pathogenesis of CPID and investigate the therapeutic 
effects of traditional drugs. 

Although macrophages respond to pathogenic stimulation to inhibit 
the further development of inflammation and promote repair and 
healing of tissue wounds, they can also contribute to tissue damage 
during infection and inflammation (Shapouri-Moghaddam et al., 2018), 
and their role in inflammation depends on the polarization type. 
Macrophage polarization is mainly divided into the M1 and M2 types. 
M1 macrophages mediate ROS-induced tissue damage by releasing pro- 
inflammatory factors such as TNF-α, IL-1β, and IL-6, and impede tissue 
wound regeneration and healing. The release of anti-inflammatory fac
tors such as IL-10 and transforming growth factor-β by M2 macrophages 
can promote tissue wound repair and healing by removing debris and 
apoptotic cells (Shapouri-Moghaddam et al., 2018). The polarization 
type of macrophages can be caused by local cytokines or environmental 
stimuli, usually manifesting as the early initiation of inflammation and 
the tendency of the M1 type to remove exogenous threats. In the later 
stages of inflammation, macrophages are polarized into M2 to control 
inflammation and promote tissue repair (Butenko et al., 2020), and the 
dynamic balance of M1/M2 polarization maintains immunity. Briefly, 
the initiation of inflammation is a protective measure by the body to 
defend against pathogen invasion, while a failed inflammatory response 
is the key factor that results in damage to the body (Nathan & Ding, 
2010). Chronic inflammation can reactivate the recruitment of macro
phages in a long-term and sustainable manner, and recruited macro
phages tend to have M1 polarization (Alivernini et al., 2020). The M1 
polarization of macrophages activates NLRP3 inflammasome (Zhang 
et al., 2020), which further drives the development of inflammation. 

The NLRP3 inflammasome is a protein complex polymerized from 
the cytoplasm. Under stress, it in turn activates the inflammatory 
response, producing the inflammasome effector cytokines IL-1β and IL- 
18, and generating and maintaining the inflammatory microenviron
ment (Sharma & Kanneganti, 2021). Aberrantly activated NLRP3 leads 
to a chronic inflammatory state (Haneklaus & O’Neill, 2015), which is 
one of the main reasons for the poor prognosis observed in patients with 
pelvic inflammation. This confirms that the development of PIDs is 
closely associated with the NLRP3 inflammasome. However, previous 
studies have not clarified the changes and regulatory mechanisms of the 
NLRP3 inflammasome in CPID. 

Autophagy is a very “conserved” process which allows for the 

degradation of impaired organelles and abnormally deposited proteins 
by lysosomes. Although the regulation of autophagy in CPID has not 
been fully elucidated, it is interesting that decreased autophagy 
expression is closely associated with the failure of fertilization and 
embryo development (Tsukamoto et al., 2008). Activation of the NLRP3 
inflammasome is a key step in triggering autophagy. Under physiolog
ical conditions, autophagy has been implicated in clearing the activated 
NLRP3 inflammasome and inhibiting the development of inflammation. 
In pathological states, autophagy dysfunction can reverse NLRP3 
inflammasome hyperactivation (Haneklaus & O’Neill, 2015). However, 
the regulatory mechanism linking autophagy and NLRP3 inflamma
somes in CPID remains unknown (Han et al., 2019). 

Smilax china L. extract is obtained from the dry root of this Liliaceous 
plant. According to modern pharmacological research, S. china root 
extract has antibacterial, anti-inflammatory, anti-oxidative, anti-cancer, 
and other pharmacological activities (Hua et al., 2018), while its leaves 
are commonly used as food by Korean people in China. The total extract 
of S. china has been prepared as Jin Gang Teng capsules (No: 
Z20070006) and is marketed in China for the treatment of PID (Gao & 
Zhang, 2017), achieving a certain efficacy. Our previous study (Luyao, 
Liwen, Yun, & Feng, 2017) found that the total flavonoid extract from 
S. china has potent anti-inflammatory and antifibrotic efficacy in a rat 
model of PID; however, the mechanism underlying these beneficial ef
fects are still unclear. The purpose of this study was to investigate the 
impact of S. china flavonoid extract on NLRP3 inflammasome-autophagy 
crosstalk, thus exploring the potential action mechanism of S. china in 
treating PID and facilitating the quest for drugs to treat CPID. 

2. Materials and methods 

2.1. Preparation of Smilax china L. Extracts 

S. china was obtained from Anhui Run Furong Pharmaceutical Co., 
Ltd. (Bozhou, Anhui Province, China) in December 2019. The herb was 
identified via https://www.theplantlist.org and was confirmed by Pro
fessor Chuanming Liu of the China Department of Traditional Chinese 
Medicine, Southern Medical University. The specimens (Smilax china L. 
No. GCM-436) were stored at the Guangdong Key Laboratory of Tradi
tional Chinese Medicine Preparations, Guangzhou, China. 

The extract was prepared based on a previously reported extraction 
method (Song et al., 2017). First, 250 g of S. china was extracted with 
five times the volume of 95% ethanol for 1 h each in triplicate. The 
filtrate was then added and the mixture was concentrated to remove the 
alcohol. Next, 1250 mL of water was added (containing 0.2 g/mL raw 
medicinal materials), and the solution was filtered using an AB-8 (500 
mL) macroporous resin. Elution was performed using eight times the 
volume of 40% ethanol, the mixture was concentrated, and 1000 mL of 
water was added. The suction filtrate was eluted with twice the volume 
of 20% ethanol using a filter column with polyamide mesh (80–100 
mesh, 140 g). After concentration under reduced pressure, the samples 
were freeze-dried to obtain 0.9 g of extract. The flavonoid content in the 
extract was determined using UPLC (Song et al., 2017). The obtained 
extract was named as flavonoids from S. china rhizome (FSCR). 

2.2. Preparation of phenol slurry 

Simple optimization was carried out according to the preparation 
methods described in the literature. Briefly, 10 mL of glycerol (Hengjian, 
H44023815), 5 g of Huang yarrow gum (Zhejiang Yinnuo, 20211106), 
and 35 mL of phenol (Energy Chemical Industry, W610517) were mixed 
and ground to prepare a homogeneous phenol slurry. 

2.3. Animals 

Thirty female SD rats aged 10–12 weeks with a body weight of 200 
± 10 g were purchased from Hunan STJ Laboratory Animal Co., Ltd. 
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(Hunan, China), and were maintained in a specific pathogen-free (SPF) 
standard environment. The ambient temperature and humidity were 
stable at 25 ± 2 ◦C and 50 ± 10%, respectively. All protocols complied 
with the Institutional Animal Care and Use Committee (IACUC) guide
lines and were approved by the Animal Experiment Ethics Committee of 
South Medical University (Application No. NFYY-2019–0158). 

2.4. Establishment of the CPID model and experimental design 

Rats were randomly assigned to the following five groups: sham, 
CPID, FSCR-L, FSCR-M, and FSCR-H. After adaptive feeding for 1 week, 
all rats were operated on following inhalation anesthesia with isoflurane 
and deprived of food 12 h before the operation. In the sham group, 0.06 
mL of normal saline was injected in the left uterus, and the other groups 
were injected with 0.06 mL of phenol slurry in the left uterus. After the 
operation, 10 mL of fluid (normal saline) was replenished. All animals 
woke up within 30 min of surgery, without abnormal behavior. Ten days 
after surgery, the sham and CPID groups were administered normal 
saline, FSCR-L (4.05 g•kg− 1), FSCR-M (8.1 g•kg− 1), and FSCR-H (16.2 
g•kg− 1) intragastrically (i.g.). After 7 days of continuous administration, 
uterine tissue on the side of administration was collected. The experi
mental design is shown in Fig. 1A. The dosage of FSCR is typically 
calculated using the body surface area of rats and humans based on 
crude drugs and was calculated as such herein. 

2.5. Morphological and histopathological examination 

Uterine sections from each mouse were fixed with 4% phosphate- 
buffered saline (PBS)-buffered formaldehyde, then embedded in 
paraffin and finally cut to 5 μm thickness for staining. Uterine sections 
were dewaxed using xylene, dehydrated by gradient ethanol, and finally 
stained with hematoxylin and eosin (H&E) and Masson’s trichrome. All 
images were acquired using a Leica Laser Microcutting system (DM6B; 
Heidelberg, Germany). 

2.6. Cell culture and treatment 

Cell culture: Uterine tissue cut into small pieces was digested using 
collagenase (Sigma-Aldrich, C0130-1G, St. Louis, MO, USA) for a total of 
2 h in an incubator with 37 ℃. After centrifugation and washing, 

complete medium (Procell, CM-R049, Wuhan, China) containing rat 
endometrial epithelial cells was added and left to stand for 4 h. The non- 
adherent cells were discarded to obtain the primary rat endometrial 
epithelial cells. The cells were cultured in complete media in a standard 
incubator with 37 ℃ at a 5% CO2 atmosphere. Cell treatment: The cells 
were first inoculated on culture plates for 12 h, then treated with 1 μg/ 
mL LPS (Sigma-Aldrich, L2880) and LPS + FSCR (5, 10, 20 μg/mL) for 
24 h. 

2.7. Cell viability assay 

The cells were inoculated on 96-well plates (5 × 103 cells/well) for 
subsequent treatment. A CCK-8 kit (CELLCOOK, CT01A, Guangzhou, 
China) was used to measure cell viability. Cell viability was determined 
by measuring the absorbance at 450 nm using a microplate reader 
(Thermo, MULTISKAN MK3, Waltham, MA, USA). 

2.8. Rhodamine staining 

Rhodamine 123 (Beyotime, C2007, Shanghai, China) was used to 
assess mitochondrial function. After treatment, the medium was dis
carded and incubated with 10 μM rhodamine-123 dye for 30 min. Then, 
after the media were discarded, the cells were fixed using 4% para
formaldehyde (Servicebio, G1101, Wuhan, China) for 15 min, and the 
nuclei were incubated with DAPI (Solarbio, C0065, Beijing, China) for 5 
min. After staining, cells were photographed using a fluorescence mi
croscope (Olympus, IX73 + DP73, Tokyo, Japan). The staining process is 
carried out with 37 ℃. 

2.9. Detection of apoptosis 

The Beyotime One-step TUNEL Apoptosis Assay Kit (Red Fluores
cence, Beyotime, C1090, Shanghai, China) was used to detect apoptosis. 
After treatment with the different drugs, the cells were stained in 
accordance with the manufacturer’s instructions. After staining, cells 
were photographed using a fluorescence microscope (Olympus, IX73 +
DP73). 

Fig. 1. FSCR improved CPID induced by phenol mucilage in rats. Schedule of the in vivo experimental design (A). Detection of serum cytokine concentrations in rats 
by ELISA: TNF-α (B), IL-1β (C), IL-10 (D), and TAX2 (E). Histological changes and inflammatory cell infiltration (F) were observed by H&E staining. Masson staining 
was used to observe collagen proliferation and fibrosis (G). Results are presented as the mean ± S.E.M. ***P < 0.001 vs. Sham; #P < 0.05, ###P < 0.001 vs. CPID. 
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2.10. Virus transfection 

The vacuolar protein sorting 34 (VPS34) inflammasome was knocked 
down using a lentivirus transfection kit (GeneCopoeia, HSH104553, 
Guangzhou, China) in accordance with the manufacturer’s instructions. 
The knockdown efficiency was verified using western blotting. Then, the 
Medium, LPS (1 μg/mL), Sh-VPS343, FSCR (20 μg/mL), and Sh-NLRP3 
+ FSCR groups were established, and the supernatants of cells were then 
aspirated after 24 h of LPS-induced inflammation. 

2.11. ELISA 

The concentrations of TNF-α, IL-1β, and IL-10 in rat serum samples 
were confirmed by specific ELISA kits purchased from Multi Sciences 
(Lianke) Biotech, Co., Ltd. (Hangzhou, China). The concentration of 
TXA2 was also determined, and the TXA2 ELISA kit for rats (MM- 
0708R2) was purchased from Jiangsu Meimian Industrial Co., Jiangsu, 
China. 

2.12. Immunofluorescence analysis 

Paraffin-embedded sections of rat endometrial tissue (5 μm) and 
primary rat endometrial epithelial cells were hybridized with the cor
responding antibody. The antibodies used were anti-NLRP3, anti-VPS34 
(1:500, 1:200 BF8029, DF8306; Affinity Biosciences Ltd.), anti-CD86, 
and anti-CD206 (1:200, 1:200, sc-19617, sc-58986; Santa Cruz 
Biotechnology, Inc.). After washing, the cells were combined with the 
corresponding IgG at 20–25 ℃ for 1 h. Nuclei were incubated with DAPI 
(C0065; Solarbio Science & Technology Co., Ltd.) at 20–25 ℃ for 6–8 
min. Images were acquired using confocal microscopy (NI-U and DS-Ri2; 
Nikon, Tokyo, Japan). 

2.13. RT-PCR analysis 

RNA was extracted from rat endometrial tissues with Trizol reagent 
(absin), and cDNA was synthesized using the reverse transcriptase sys
tem (SureScripTM First-Strand cDNA Synthesis Kit; GeneCopoeia, 
Guangzhou, China). Real-time PCR was used to validate the gene 
expression (SYBR; GeneCopoeia). The expression levels of all genes were 
normalized using the ACTB gene, and the 2− ΔΔCT method was used to 
calculate the relative gene expression. The primer sequences used for 
RT-PCR were acquired by Bio-Rad (CFX Connect) and synthesized by 
Sangon Biotech (Shanghai, China). These sequences are listed in Table 1. 

2.14. Western blot analysis 

Cultured primary rat endometrial epithelial cells and rat endometrial 

tissues were lysed for protein extraction using radio
immunoprecipitation assay (RIPA) lysis buffer with phenyl methyl sul
fonyl fluoride (PMSF) solution, and the concentrations were detected 
using the BCA Protein Assay Kit (KeyGEN Biotech, Nanjing, China). 
Protein samples were electrophoretically separated on SDS-PAGE gels 
and electro-transferred onto PVDF membranes (Millipore, Burlington, 
MA, USA). The membranes were then incubated with the following 
primary antibodies: anti-β-actin, anti-NLRP3, anti-Caspase-1, anti- 
Cleaved-IL-1β (1:6,000, 1:500, 1:1,000, 1:1,000, T0022-HRP, BF8029, 
AF5418, AF4006; Affinity Biosciences Ltd., Melbourne, VIC, Australia), 
anti-LAMP2, anti-Beclin1, anti-vps34, anti-p-vps34, anti-p62 (1:500, 
1:1,000, 1:500, 1:500, 1:1,000, DF6719, AF5128, DF8306, AF7421, 
AF5384; Affinity Biosciences Ltd.), anti-CD86, anti-CD206 (1:500, 
1:200, sc-19617, sc-58986; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA), and anti- LC3II (1:1,500, 12741S; Cell Signaling Technology, Inc., 
Danvers, MA, USA). The membranes were then co-incubated with a 
secondary antibody (1:10,000, Affinity Biosciences Ltd.). Finally, the 
stripe of each antibody was visualized and analyzed by ECL Reagent 
(Affinity Biosciences Ltd.) and ImageJ software. 

2.15. Statistical analysis 

The data are presented as mean ± standard error (SEM) and were 
analyzed by GraphPad Prism 8.0.1. Among group variables were 
compared using one-way analysis of variance (ANOVA), followed by 
Tukey’s post hoc tests (P < 0.05 indicated that the difference was sta
tistically significant). 

3. Results 

3.1. FSCR regulates the abnormality of serum inflammatory factors and 
inhibits the infiltration of inflammatory cell and collagen fiber proliferation 
in the uteri of rats with CPID 

The effects of FSCR on serum inflammatory factors, including TNF-α 
(Fig. 1B), IL-1β (Fig. 1C), IL-10 (Fig. 1D), and TXA2 (Fig. 1E), were 
determined by ELISA. These results suggest that rats with CPID were in a 
systemic inflammatory state. Plasma levels of TNF-α and IL-1β were 
significantly increased, and IL-10 was significantly decreased in these 
animals relative to the control rats. FSCR significantly reduced plasma 
levels of TNF-α and IL-1β and restored IL-10 release in rats with CPID, 
indicating that FSCR could correct the inflammatory state of rats with 
CPID in a dose-dependent manner. In addition, FSCR dose-dependently 
inhibited the increase in TXA2 in rats with CPID, suggesting that FSCR 
could inhibit collagen hyperplasia and fibrosis in the uterine tissue of the 
animals. 

Pathological observation is a key indicator for the diagnosis and 
treatment of CPID. H&E and Masson’s staining were used to detect 
pathological changes in the endometria of rats. H&E staining showed 
that the CPID model group had obvious infiltration of inflammatory cells 
and abnormal morphology in the endometria relative to the sham group, 
and the administration of FSCR attenuated the pathological changes 
(Fig. 1F), suggesting that FSCR improved the inflammatory pathological 
damage to the endometria in rats with CPID. FSCR inhibited CPID- 
induced uterine collagen hyperplasia and fibrosis, which was observed 
by Masson staining (Fig. 1G). 

3.2. FSCR promotes macrophage reprogramming in the uterine tissue of 
rats with CPID 

Macrophage polarization is often used to study changes in the local 
immune micro-environment during inflammatory diseases. In this study, 
we examined the effect of FCSR on uterine macrophage polarization in 
rats with CPID by immunofluorescence (IF) using red-labeled CD86 
(macrophage M1 polarization) and green-labeled CD206 (macrophage 
M2 polarization). In the IF observation of the sham group, it was found 

Table 1 
Real-time PCR primer sequences.  

Target gene Direction Sequence 

CD86 Forward primer GGGCCATGCTTCTCTTG 
Reverse primer GATTGTCGTCTCCGGGTA 

CD206 Forward primer CTCTGGACTCTGGATTGGA 
Reverse primer TGATGATGGACTTCCTGGT 

NLRP3 Forward primer TGTTGTCAGGATCTCGCA 
Reverse primer AGTGAAGTAAGGCCGGAAT 

Caspase-1 Forward primer CAGATGCCAACCACTGAA 
Reverse primer CATGATTCCCAACACAGGT 

ASC Forward primer TGAAAACTTGACAGCGGAT 
Reverse primer GCCATACCCCTCCAGATAG 

IL-1β Forward primer ATGGTCGGGACATAGTTGA 
Reverse primer CTTGGCAGAGGACAAAGG 

IL-18 Forward primer AACGAATCCCAGACCAGAC 
Reverse primer AGAGGGTAGACATCCTTCCAT 

ACTB Forward primer CCTGGCACCCAGCACAAT 
Reverse primer GGGCCGGACTCGTCATAC  
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that CD206 and CD86 were relatively balanced, and two polarization 
states of macrophages were observed simultaneously in the tissue (yel
low observed by IF). CD86 expression was higher in the uteri of rats with 
CPID than in the sham group, consistent with macrophage recruitment 
and M1 polarization. The up-regulation of CD206 expression after FSCR 
administration suggests that the uterine macrophages became polarized 
toward the M2 type under the influence of FSCR in rats with CPID, 
restoring the balance of M1 and M2 polarization through macrophage 
reprogramming (Fig. 2A). 

The expressions of CD86 (Fig. 2B), CD163 (Fig. 2C), and CD206 
(Fig. 2D) were determined at the mRNA and protein levels, respectively 
(Fig. 2E). As with the IF results, CD86 expression was upregulated and 
CD206 was downregulated in the CPID group. The administration of 
FSCR inhibited the macrophage polarization imbalance in a dose- 
dependent manner, suggesting that FSCR promoted macrophage 
reprogramming in the uterine tissue of rats with CPID. 

3.3. FSCR inhibits the activation of the NLRP3 inflammasome-autophagy 
pathway in the uteri of rats with CPID 

The change in macrophage polarization is an important factor in the 
activation of NLRP3 inflammasome in the innate immune system. RT- 
PCR suggested that the mRNA expression of NLRP3, CASP1, ASC, IL- 
1β, and IL-18 were all up-regulated in the CPID group (Fig. 3A), and the 
transcription of NLRP3 inflammasome components and effectors was 
down-regulated in a dose-dependent manner following FSCR adminis
tration. This suggests that FSCR inhibits NLRP3 inflammasome initiation 
to a certain extent. Western blotting showed that FSCR inhibited NLRP3, 
and cleaved-CASP1 and cleaved-IL-1β were up-regulated, further sug
gesting that FSCR suppressed the activation of NLRP3 inflammasome. 

Autophagy acts as one of the key factors regulating the NLRP3 
inflammasome. The changes in the autophagic pathway were detected 
by western blot assay (Fig. 3C). CPID inhibited autophagy by down
regulating the expression of p-VPS34. FSCR dose-dependently up-regu
lated Beclin 1 and p-VPS34, while decreasing the autophagy substrate 
p62, suggesting that FSCR restored the inhibited autophagy pathway. 

IF was used to study the localization of NLRP3 inflammasomes and 
autophagosomes in the uterine tissues of rats. The NLRP3 inflammasome 
was observed by labeling NLRP3 with red fluorescence, and autophagic 
vesicles were observed by labeling VPS34 with green fluorescence. The 
location of NLRP3 inflammasome and VPS34 were observed in tissues by 
merging different fluorescence colors. Compared with those in the sham 
group, the expression levels of NLRP3 in the CPID group was relatively 
increased and it was not observed to be located with VPS34. FSCR 
suppressed the expression of NLRP3 and up-regulated the expression of 

VPS34, and both showed co-localization (yellow observed using IF) 
(Fig. 3D). These results suggest that FSCR promotes the interaction be
tween autophagy and the NLRP3 inflammasome. The level of ubiquiti
nation in the lysosomal pathway was investigated by western blot. As 
shown in Fig. 3E, LC3 II, LAMP2 (a key protein in the lysosomal 
pathway), and ubiquitin (a marker indicating ubiquitin degradation) 
were significantly down-regulated in the CPID group, and FSCR was 
dose-dependently up-regulated the expression of these proteins. These 
results suggest that FSCR restores the dysfunction of the autophagy- 
lysosome pathway caused by CPID and degrades the NLRP3 inflamma
some by promoting the ubiquitination of autophagy lysosomes. 

3.4. FSCR inhibits the LPS-induced CPID in vitro model from primary rat 
endometrial cells 

An in vitro model was used to verify the mechanism underlying the 
beneficial effects of FSCR in CPID. Primary rat endometrial cells were 
isolated, cultured, and stimulated with LPS to simulate CPID in an in 
vitro model. ELISA results showed that FSCR significantly suppressed IL- 
1β (Fig. 4A) and IL-18 (Fig. 4B) induced by LPS in the supernatant of the 
cells. 

Similar to the results of the in vivo assays, NLRP3 expression was up- 
regulated after LPS (1 µg/mL) stimulation, and FSCR was administered 
to suppress the expression of NLRP3 and promote VPS34 expression. Co- 
localization of NLRP3 and VPS34 was observed (yellow fluorescence) in 
primary rat endometrial cell lines (Fig. 4C). 

As determined by TUNEL staining, compared to the rate of apoptosis 
in the medium group, the LPS group showed increased apoptosis (red 
fluorescence). Additionally, FSCR inhibited the apoptosis of primary rat 
endometrial epithelial cells in a dose-dependent manner (Fig. 4D). 

The protein expression level of NLRP3 and p-VPS34 were investi
gated by western blot. p-VPS34 were significantly down-regulated in the 
CPID group, while NLRP3 were significantly up-regulated. FSCR dose- 
dependently recovered the expression of these proteins (Fig. 4E). 

3.5. VPS34 is a potential target for FSCR to improve CPID 

Molecular docking was used to predict the possible targets of FSCR. 
Previous studies have indicated that FSCR contains five flavonoids: 
astilbin, emgelitin, isoastilbin, isoengeletin, and quercetin 3-O-α-L-ara
binopyranoside. The binding of these molecules was simulated with 
NLRP3, the key protein of the NLRP3 inflammasome, and VPS34, a key 
protein in the autophagy pathway. All five compounds showed good 
interaction potential with VPS34 (Fig. 5A). sh-vps34 coated with AAV 
was used to knockdown VPS34 in rat primary uterine epithelial cells (see 

Fig. 2. Effect of FSCR on macrophage polarization in a rat model of CPID. Polarization markers were detected in uterine tissue by IF. CD86 was labeled with red 
fluorescence, CD206 was labeled with green fluorescence, and nuclei were labeled with DAPI (A). CD86 (B) and CD206 (C) were detected by RT-PCR. Protein levels of 
CD86 and CD206 were detected by western blotting (D). Results are presented as the mean ± S.E.M. *P < 0.05, **P < 0.01, ***P < 0.001 vs. Sham; #P < 0.05, ##P <
0.01, ###P < 0.001 vs. CPID. 
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Fig. 5B for a schematic diagram). IF verified the efficiency of sh-vps34 
(Fig. 5C). The knockdown efficiency was 84.5%, as determined by 
western blotting (Fig. 5D), with no effects on the concentrations of IL-1β 
and IL-18 (Fig. 5E), suggesting that the knockdown was acceptable for 
subsequent experiments. The detection of IL-18 (Fig. 5F) and IL-1β 
(Fig. 5G) in cell supernatants after LPS administration showed that the 
effect of FSCR in inhibiting inflammatory factor release was significantly 
reduced after knocking down VPS34, indicating that VPS34 is a poten
tial target for FSCR. 

4. Discussion 

This study reported an improvement in rats with CPID after treat
ment with FSCR. Briefly, FSCR inhibited activation of NLRP3 inflam
masome and degraded the expression by driving autophagy, which 
subsequently promotes reprogramming of macrophages. FSCR can 
improve CPID in a dose-dependent manner, reducing the serum in
flammatory factor content and weakening the infiltration of uterine 
inflammatory cells in a rat model. The results of this study showed that 
FSCR markedly improves CPID in rats and that NLRP3 may be one of its 
key sites of action. 

In this study, the CPID model was established by chemical burn 
(injection of phenol glue) to simulate inflammation caused by non- 
infectious factors (Zhang et al., 2018). The vast majority (>90%) of 
patients with clinical infection-induced PID continue to develop CPID 
even after receiving the recommended treatment regimen (Brunham 
et al., 2015). The results of this study and previous studies show that 
non-infectious pathogenic factors also lead to the release of plasma pro- 
inflammatory factors (TNF-α and IL-1β) in model animals, and these 
factors exert an enormous function on inflammation (Zhang et al., 

2018). However, the decreased concentration of the anti-inflammatory 
factor IL-10 suggests that the inflammatory response mediating 
cellular immune function is enhanced (Wen et al., 2020). In the model 
group, FSCR significantly improved the inflammatory response in rats 
with CPID in a dose-dependent manner. 

Inflammation and its complications are the focus of most recent 
studies of CPID. However, changes in the immune microenvironment 
may be key factors that drive the local inflammatory response in the 
uterus (Sevostyanova et al., 2020). Our findings showed that FCSR 
suppressed the infiltration of inflammatory cells and monocytes into the 
endometrium of rats with CPID. Local inflammation can recruit circu
lating monocytes to tissues, and the monocytes can differentiate into 
macrophages when stimulated by pro-inflammatory factors (Jović, 
Kosać, & Koprivsek, 2014). The local cytokine environment can also 
polarize macrophages into two phenotypes: classical activation/ 
inflammation (M1) and substitution activation/anti-inflammatory (M2) 
(Martinez & Gordon, 2014). Recent research on CPID has focused on the 
immune responses of macrophages and T cells (Z. Zhang, Zhang, & 
Zhang, 2022). Our results also showed that endometrial macrophages of 
rats with CPID had obvious M1-type polarization, and driven by FCSR, 
macrophages could transform to the M2-type. This suggests that FSCR 
promotes macrophage reprogramming, which may be an important 
factor in improving CPID. 

The NLRP3 inflammasome exerts a significant function on the M1- 
type polarization of macrophages, driving chronic inflammatory re
sponses by secreting mature IL-18 and IL-1β (Lima-Junior, Mineo, Cal
ich, & Zamboni, 2017). The results showed that the expression of the 
assembly elements of the NLPR3 inflammasome in the uterus of rats with 
CPID was upregulated and activation was increased, and these effects 
were inhibited by FSCR. By investigating the role of autophagy, the 

Fig. 3. Effect of FSCR on the NLRP3 inflammasome-related autophagy signaling pathway in uterine tissue of CPID rats. Detection of mRNA expression in NLRP3 
inflammatory bodies by RT-PCR: NLRP3, CASP1, ASC, IL-1β, and IL-18 (A). Western blot detection of proteins in the NLRP3 inflammatory body: NLRP3, cleaved- 
CASP1, and cleaved-IL-1β (B). Western blot detection of proteins in the autophagy pathway: Beclin1, p-VPS34, and p62 (C). The expression of NLRP3 inflamma
tory bodies and autophagic vesicles in uterine tissues was observed by IF: NLRP3 was labeled with red fluorescence, VPS34 was labeled with green fluorescence, and 
nuclei were labeled with DAPI with blue fluorescence (D). Western blot detection of proteins in the lysosomal pathway: LAMP2, Ubiquitin and LC3 II. (E). Results are 
presented as the mean ± S.E.M. *P < 0.05, **P < 0.01, ***P < 0.001 vs. Sham; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. CPID. 
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pathway was explored by which FSCR suppressed the NLRP3 inflam
masome. Autophagy clears abnormal proteins and organelles of patho
gens via degradation pathways and has a hand in the regulation of 
NLRP3 in a variety of chronic inflammatory diseases (Ornatowski et al., 
2020; Saitoh & Akira, 2016). After FSCR administration, autophagy was 
inhibited in CPID, the autophagy-lysosomal pathway was activated, and 
ubiquitination degradation increased. The IF results further confirmed 
that FSCR drives autophagy to mediate the degradation of the NLRP3 
inflammasome, suggesting that autophagy is the key factor in improving 
CPID. 

Previous studies have shown that FSCR contains five main flavonoid 
components (Song et al., 2017). Through molecular docking, their 
interaction with key molecules in the NLRP3 inflammasome autophagy 
pathway was simulated, and all these molecules had high scores with 
VPS34. These findings suggest that VPS34 exerts a significant function 
on the autophagy-promoting effect of FSCR. Therefore, we knocked 
down VPS34 using AAV to investigate the effect of the intervention on 
FSCR. After knocking down VPS34 at the cellular level, the effect of 
FSCR in inhibiting inflammatory factor release was significantly 
reduced, further suggesting that VPS34 is a key target of FSCR. Although 
this study yielded promising results, many questions still need to be 
addressed to understand the effects of S. china L. and its extracts on 

CPID. For example, do multiple active ingredients act synergistically or 
does a certain component or metabolite play a dominant role in the 
improvement of CPID? At which concentration is the therapeutic effect 
of FSCR best in CPID? These issues should be the focus of further 
research on the mechanism of action of S. china L. and optimizing 
pharmacological effects in CPID. In conclusion, FSCR has great effects on 
ameliorating CPID by promoting the phosphorylation of VPS34 to drive 
the degradation of the NLRP3 inflammasome through the autophagy- 
lysosomal pathway and by promoting the reprogramming of 
macrophages. 

5. Conclusions 

FCSR regulated inflammation, potentially targeting VPS34, and 
promotes autophagic cell reprogramming via the NLRP3 inflammasome- 
related autophagy pathway. 
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Fig. 4. Effect of FSCR on LPS-stimulated primary rat endometrial cells. Detection of IL-18 (A) and IL-1 (B) in the cell supernatant after FSCR and LPS stimulation, as 
determined by ELISA. IF demonstrated the expression of markers of NLRP3 inflammatory bodies and autophagic vesicles: NLRP3 was labeled with red fluorescence, 
VPS34 was labeled with green fluorescence, and the nuclei were labeled with DAPI in blue (C). IF observation of cell apoptosis: apoptotic bodies are marked by 
TUNEL in red, and nuclei are marked by DAPI in blue (D). Protein expression of NLRP3 and p-VPS34 by western blot (E). Results are presented as the mean ± S.E.M. 
*P < 0.05, **P < 0.01, ***P < 0.001 vs. Medium; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. LPS. 
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