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Purpose: Traditional Chinese medicine can produce strong therapeutic activities for sequelae of pelvic inflammatory disease (SPID). 
This study aimed to investigate the efficacy and protective mechanisms of Tongluo Decoction (TLD) in the treatment of SPID.
Patients and Methods: The damage-protective and inflammation-inhibitory effects of TLD on SPID were investigated in rat 
models. The possible targets of TLD against SPID were predicted using network pharmacology. The hub targets were tested in SPID 
rat models. Rescue experiments were conducted in human endometrial epithelial cells (HEECs). Detection of necroptosis was used the 
flow cytometry. ELISA was used for the quantification of inflammatory cytokines. Protein levels were detected using a Western blot 
assay.
Results: TLD had a protective effect against uterus tissue damage caused during SPID. TLD inhibited the levels of adhesion cytokines 
(VEGF and TGF-β1), the tight junction proteins (ZO-1 and occludin), and inflammatory cytokines (TNF-α and IL-6). TNF, IKBKB, 
and NFKB1 were predicted as hub targets for TLD against SPID. TLD inhibited necroptosis of HEECs via TNF, IKBKB, and NFKB1. 
TLD inhibited the ratio of CD86+ M1 macrophages after differentiation induction of THP-1.
Conclusion: The therapeutic effects of TLD for SPID may be the result of a dual action on inflammation and necroptosis, via TNF, 
IKBKB, and NFKB1.
Keywords: herb, formula, uterus, inflammation, necroptosis

Introduction
Pelvic Inflammatory Disease (PID) is an inflammation of the upper reproductive tract caused by infection in the female 
population.1 PID is usually associated with sexually transmitted infections and travels upward from the lower genital 
tract to affect the uterus, fallopian tubes, and/or ovaries.2 Infections of the female reproductive system can lead to long- 
term poor consequences such as chronic pelvic pain, infertility, or ectopic pregnancy.3 These poor consequences were 
defined as sequelae of pelvic inflammatory disease (SPID).4 In 2019, the age-standardized rate of PID prevalence was 
53.19 per 100,000 population, with a decreased estimated annual percentage changes trend (- 0.50) from 1990.5 However, 
the associated SPID continues to be a public health burden with a strong correlation with ectopic pregnancy.5 In some 
women, SPID may initially be asymptomatic and untreated; the onset of SPID is only recognized through testing after 
infertility.2 Western medical treatment for SPID is based on the different clinical manifestations. For example, infertility 
is treated with assisted reproductive technology;6 tubal hydrosalpinx is treated surgically;7 recurrent pelvic inflammatory 
disease is treated with antibiotics and, if necessary, surgery.8 However, antibiotics have limited efficacy in the manage
ment of poorly circulating pelvic connective tissue, and long-term use often leads to drug resistance and dysbiosis. When 
the effectiveness of western medical treatment is limited, other effective interventions and strategies need to be 
established.
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Traditional Chinese medicine (TCM) has a long history of treating PID, with many ancient books describing the 
symptoms and treatment strategies.9 Previous studies have found that TCM can shorten the course of PID and reduce its 
sequelae.10,11 Based on a large number of clinical and experimental studies, TCM evidence-based and herbal treatments 
for SPID are being expanded.12–14 For example, a Phase 2 randomized clinical trial shows that ZY5301 tablet (a 
preparation extracted from Ajuga decumbens Thunb.) is efficacious for the relief of one of the SPID known as chronic 
pelvic pain.15 Based on the rat SPID model, a study reveals that Fuke Qianjin capsule can achieve a quadruple effect of 
antibacterial, anti-inflammatory, repair, and immune enhancement, providing early anti-inflammatory and late repair for 
SPID.14 Tongluo Decoction (TLD) is a primary traditional Chinese medicine formula. Depending on the disease, 
additions and subtractions can be made according to the formula and transformed into different formulas. TLD contains 
Bupleuri Radix (Bupleurum chinense DC.), Aurantii Fructus Immaturus (Citrus aurantium L.), Paeoniae Radix Rubra 
(Paeonia ladiflora Pall.), Liquidambaris Fructus (Liquidambar formosana Hance), Salviae Miltiorrhizae (Salvia miltior
rhiza Bge.), Notoginseng Radix et Rhizoma (Panax noto ginseng (Burk). F. H. Chen), Herba Salviae Chinensis (Salvia 
chinensis Benth.), Astragali Radix (Astragalus membranaceus (Fisch.) Bge), Eupolyphaga Steleophaga (Eupolyphaga 
sinensis Walker), Scolopendra (Scolopendra subspinipes mutilans L. Koch), and Gleditsiae Spina (Gleditsia sinensis 
Lam). Among these medicines, Bupleuri Radix, Aurantii Fructus Immaturus, Paeoniae Radix Rubra, Salviae 
Miltiorrhizae, Notoginseng Radix et Rhizoma, and Astragali Radix have been identified to be key medicines used in 
the TCM practice of Professor Xu Runsan for treatment of chronic pelvic pain caused by SPID.9 However, the 
underlying mechanisms by which TLD counteracts SPID are unknown.

Therefore, first, we assessed the inhibitory effect of TLD on SPID rat models. Second, given the complex ingredients 
in TLD, we performed a network pharmacology analysis for TLD, to predict its potential targets against SPID. Then, 
using endometrial epithelial and THP-1 cells, we validated the potential targets for TLD.

Materials and Methods
Preparation of TLD
The liquid preparation of TLD was entrusted the company to China National Traditional Chinese Medicine Corporation 
(Beijing, China), which is an approved company that provides TCM decoction services for our hospital (China–Japan 
Friendship Hospital, Beijing, China). The liquid of TLD was then centrifugated. The supernatant was collected, 
concentrated to a paste, and then lyophilized to a powder.

Animals
All animal care and procedures were approved by the Experimental Animal Ethics Committee of China–Japan Friendship 
Hospital. All animals received care following the guidelines outlined in the “Laboratory Animal-Guideline for ethical 
review for animal welfare” (GB/T 35892–2018). Specific pathogen-free-grade SD female rats, with 200 ± 10 g of body 
weight (aged 5 weeks), were purchased from the Beijing Laboratory Animal Research Center [SYXK(Jing)2022–0006]. 
The rats were reared in a separate cage, with free access to water and food. The housing condition was stable at 55–60% 
humidity and a 22–26°Ctemperature with a 12 h light/12 h dark cycle.

Animal Grouping and Treatment
In accordance with the random digital table, thirty-six female rats were randomly divided into four groups, with six rats 
in each group. The dosage for rats is calculated based on the body surface area conversion algorithm for the dosage given 
to humans. The four groups are sham-operated group, SPID model group, SPID+L-dose TLD group (1.0 g TLD 
lyophilized powder), SPID+M-dose TLD group (1.5 g TLD lyophilized powder), SPID+H-dose TLD group (2.0 
g TLD lyophilized powder) and SPID+Positive group (50 mg/kg levofloxacin). The sham operation group had not 
performed any surgical operation on the uterus. SPID modeling method was performed as described previously.4 Before 
modeling, rats were fasted overnight and then anesthetized. After reaching the surgical anesthetic plane, the rat uterus 
was exposed after a laparotomy. A suspension containing 0.2 mL of bacterial suspension (counted by Macrobiotic 
method: 6 × 107/mL, E. coli mixed with Staphylococcus aureus at a ratio of 2:1) was gently injected into each uterine 
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horn. The needle was moved back and forth within the uterine cavity three times to cause mechanical damage to the 
endometrial tissue. After the operation, the abdominal cavity of the rats was closed, with skin and connective tissues 
sutured layer by layer. After awakening, the rats were gently transferred back to their cages and had free access to food 
and water, for 14 days. Fourteen days post-surgery, the TLD was dissolved in double-distilled water and administered at 
the indicated doses, for a 14-day treatment. The rats in the model group and the sham group were intragastrically 
administered equivalent double-distilled water.

The Collagen Volume Fraction and Histopathological Scores
Paraffin blocks were made from rat uterine tissue. After dewaxing and rehydration, 5-μm sections were made. Sections 
were stained with Masson stain, and total collagen deposition was quantified and collagen volume fraction was calculated 
using ImageJ system software. Endometrial tissue histopathological scores were recorded based on previously reported 
criteria.14 Scores were set on a scale of 0–3 depending on the extent of the lesion, including the number of glands, 
epithelial integrity, cellular degeneration and necrosis, and inflammatory cell infiltration.

Enzyme-Linked Immunosorbent Assay (ELISA)
Serum was collected from three milliliters of blood of each rat using centrifugation at 4°C and 3000 r/min for 5 min. 
Tumor Necrosis Factor-α Assay Kit (for TNF-α), Transforming growth factor-β Assay Kit (TGF-β1), Vascular endothe
lial growth factor Assay Kit (for VEGF), and Interleukin-6 Assay Kit (for IL-6) were all purchased from Nanjing 
Jiancheng Bioengineering Institute (China). Determination of the content of each factor was carried out according to the 
respective kit instructions.

Network Pharmacology Analysis for Potential Targets of TLD in SPID
The ingredients and target genes for herbs in TLD were collected from TCMSP (https://tcmsp-e.com/). The 
ingredients and target genes for Eupolyphaga Steleophaga and Scolopendra were collected from HERB (http://herb. 
ac.cn/). The disease-related genes for SPID were retrieved and downloaded from Genecards (http://www.genecards. 
org). Intersection of these two sets of targets were obtained using the Venn 2.1 to predict potential targets of TLD 
therapy for SPID. A TLD-medicine-ingredient-target network was constructed. The protein–protein interaction 
analysis of these therapeutic targets from STRING 11.0 database (https://string-db.org/) with “Homo sapiens” was re- 
analyzed by the “Network Analyzer” and “MCODE” plug-ins in Cytoscape, to display the nodes based on the 
degrees.

Preparation of TLD-Mediated Serum
Rats after environmentally acclimatized rearing were taken and administered by gavage at high doses for 14 consecutive 
days using TLD. An additional group of Sham was set up using an equal dose of saline by gavage. Three hours after the 
last administration, the rats were anesthetized and blood was collected from the abdominal aorta. After the blood was 
stratified at room temperature, it was centrifuged (2000 r/min, 10 min) and serum was extracted. The serum was 
inactivated in a water bath at 56°C for 20 min and filtered through a 0.22 μm microporous membrane (Nest, China) 
for inactivation. The processed Sham serum and H-dose TLD serum were split and stored at −20°C.

Cell Lines, Cell Culture, and Transfection
Human endometrial epithelial cells (HEECs) were obtained from Procell (Wuhan, China), and THP-1 cells were obtained 
from the American Type Culture Collection (Manassas, USA). These two cell lines were cultured in DMEM from 
Thermo Fisher, supplemented with 10% FBS and 1% penicillin and streptomycin. THP-1 cells were induced to M1 
macrophages using 20 ng/mL LPS, 20 ng/mL IFN-γ, and 25 nM PMA. A triad overexpression vector of TNF, IKBKB, 
and NFKB1 was generated with pcDNA3.1 vector (YouBio, Changsha, China). The pcDNA vector was used as 
a negative control. Cells were transfected with the triad oligonucleotide or vector using Lipofectamine 3000 (Thermo 
Fisher, Wilmington, USA) for 24 hours.
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Quantitative Real-Time Polymerase Chain Reaction (PCR) Analysis
RNA-easy Isolation Reagent was used to extract total RNA (Vazyme, China). RT Master Mix for qPCR III 
(Medchemexpress, USA) was used for cDNA synthesis. Using FastStart Universal SYBR Green Master (ROX) 
(Roche Diagnostics GmbH), PCR was performed on an Applied Biosystems StepOnePlus Real-Time PCR System 
(Thermo Fisher, USA). The relative quantification was analyzed based on the equation 2−ΔΔCt method. The internal 
control GAPDH mRNA was used to normalize the Ct data.

Flow Cytometry Detection of CD86 M1 Macrophages
Rat uterine tissue was ground to homogenate and prepared as a single cell suspension. THP-1 cells were differentiated. 
After incubation with or without TLD-containing serum, THP-1 cells were trypsinized. Then, THP-1 cells were 
resuspended in PBS with 20 μL of primary PE-anti-CD86 (BD Biosciences, USA) antibody, followed by an incubation 
at 37°C for half an hour. After incubation, cells were washed using PBS and recovered by centrifugation at 200 × g, 4°C 
for 5 min. CD86 M1 Macrophages were analyzed by using a CytoFLEX flow cytometer (Beckman Coulter, USA).

Western Blot Analysis
For the detection of proteins by western analysis, rat uterine tissues were ground. Cells were lysed using RiPA buffer 
(Fisher Scientific, The Netherlands), supplemented with protease inhibitors (Roche, The Netherlands), on ice. After 
a determination by the Bradford method (Bio-Rad), aliquots of protein (20 μL) were loaded on a 10% polyacrylamide- 
SDS gel. Proteins were transferred from gels to nitrocellulose membranes using the trans-blot turbo system. Membranes 
were blocked, followed by an incubation with primary antibody at 4°C overnight. For detection, a horseradish perox
idase-conjugated anti-mouse IgG antibody (1:2000) was used to incubate with membranes for one hour at room 
temperature. The grayscale values of the target protein bands on membranes were detected and normalized to the results 
of anti-β-actin antibody (1:5000, Sigma-Aldrich, Germany).

Cell Viability and Necroptosis Detection
Cell viability was assessed using Cell Counting Kit-8 (Dojindo, Japan). Cells pre-cultured for 24h were treated for 
24 h by adding different concentrations of drugs. Then, 10 μL of CCK-8 solution was added to each of the cell culture 
wells, and the culture was continued for 2 hours. Absorbance at 450 nm was measured using an enzyme marker and 
normalized to the control.

Cell necroptosis was detected using Apoptosis and Necrosis Detection Kit with YO-PRO-1 and PI (Beyotime, China). 
Treated cells were assayed using the appropriate volume of YP1/PI assay work solution according to the instructions at 
Ex/Em = 535/617 nm, to characterize the number of PI+ cells.

Statistics
GraphPad Prism 8 software was used for statistical analysis. Two-way Analysis of Variance, post hoc test via Tukey’s 
tests, were used for difference assessment among the experimental groups. Significance level was set at P < 0.05.

Results
Protective Effect of TLD on Uterine Damage During SPID
After observing the uterine tissues of the rats in each group after 21 days of TLD administration (with images of uterine 
histology showed in Supplementary Figure 1), it was found that the histopathological scores of the rats given TLD, both 
at low and medium-high concentrations, were significantly reduced (Figure 1A). The collagen volume fraction in the 
uterus of rats treated with TLD was significantly smaller than that of the model group (Figure 1B). Inhibition of VEGF 
expression can reduce tissue adhesion and attenuate tissue proliferation induced by the inflammatory response.16 TGF-β1 
regulates cell proliferation and matrix repair.17 Our study found higher serum concentrations of VEGF and TGF-β1 in 
SPID model rats, which were reduced after TLD administration (Figure 1C and D). Moreover, the tight junction proteins 
ZO-1 and occludin were significantly reduced in the SPID model group, whereas TLD treatment significantly increased 
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their expression (Figure 1E and F; Supplementary Figure 2). These results suggested an inhibitory effect of TLD on 
uterine damage during SPID.

Inhibitory Effect of TLD on Inflammation During SPID
As highly pleiotropic cytokines, TNF-α and IL-6 are involved in a variety of biological functions, such as cell 
proliferation, inflammatory response, and cell death.18 In this study, serum levels of TNF-α and IL-6 were substantially 
elevated in SPID rats, and their levels were reduced after TLD treatment (Figure 2A and B). Macrophages play a unique 
role in chronic inflammation and adhesion formation [6,8]. Cd86 is a highly glycosylated protein that is widely used as an 
M1 macrophage marker [8]. In this study, TLD reduced the number of CD86+ macrophages in the uterus of SPID rats 
(Figure 2C). Moreover, TLD administration significantly reduced the lymphocyte ratios compared to the model group 
(Figure 2D). These results suggest that TLD has a significant inhibitory effect on the inflammatory response during SPID.

TNF, IKBKB, and NFKB1 Were Key Targets of TLD Against SPID
Based on the parameter threshold of oral bioavailability ≥30% and drug-likeness ≥ 0.18, the TCMSP database screened a total 
of 147 active constituents of TLDs, and their targets were screened for 1950 target proteins after UniProt standardized names. 
There were 101 overlapping genes between TLD targets and SPID-related genes (Figure 3A). The constituent-target network 
of TLDs targeting SPIDs consisted of 225 nodes and 971 edges (Figure 3B). The STRING database was used for PPI network 
construction of the 101 overlapping genes. After visualizing the PPI network with Cytoscape software, we analyzed the degree 

Figure 1 Protective effect of Tongluo Decoction (TLD) on uterine damage in SPID rats. (A) Histopathological scores of rat uterine tissues in each group. (B) The 
quantification of collagen volume fraction after respective treatments. (C) VEGF levels in rat serum via ELISA. (D) TGF-β1 levels in rat serum via ELISA. (E) The levels of 
tight junction proteins ZO-1 in rat uterine tissues by Western blot assays. (F) The levels of tight junction proteins occludin in rat uterine tissues by Western blot assays. 
***P < 0.001, vs Sham group. #P < 0.005, ##P < 0.01, ###P < 0.001, vs SPID group.
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value of each node (Figure 4A). Where the size of the nodes varied from large to small according to the degree value, we 
found that the TNF degree value was ranked first (Figure 4A). Pathway enrichment analysis of 101 targets according to KEGG 
mapper showed that TNF was involved in the TNF/NF-κB pathway together with IKBKB and NFKB1 (Supplementary 
Figure 3). Therefore, we then examined the changes in the expression levels of these three factors in rat uterine tissues. The 
results showed that the mRNA expression levels of TNF, IKBKB, and NFKB1 were significantly elevated in the model group 
of rats; however, the intervention of TLD could significantly reduce the expression levels of these factors (Figure 4B–D).

TLD Inhibited Necroptosis in HEECs via TNF, IKBKB, and NFKB1
Next, we explored and validated the possible mechanism of action of TLD in HEECs. mRNA expression levels of TNF, 
IKBKB, and NFKB1 induced by LPS were significantly decreased in HEECs after TLD treatment (P < 0.001, compared 

Figure 2 Effects of Tongluo Decoction (TLD) on the inflammatory response in SPID rats. (A) TNF-α in rat serum via ELISA. (B) IL-6 in rat serum via ELISA. (C) The 
percentage of CD86+ macrophages in uteri by flow cytometry. (D) The lymphocyte ratio in rat blood. ***P < 0.001, vs Sham group. ###P < 0.001, vs SPID group.
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with the LPS+Sham serum group) (Figure 5A–C). However, this effect was offset by co-overexpression of TNF, IKBKB, 
and NFKB1 (P < 0.001, compared with the vector group) (Figure 5A–C). TLD serum reduced the elevated ratio of PI+ 

HEECs, and this effect was reversed in TNF/IKBKB/NFKB1-overexpressed HEECs (Figure 5D). TNF can lead to 
apoptosis or necroptosis by activating canonical NF-κB signalling.19 We then assessed the effect of TLD on LPS-induced 
necroptosis in HEECs by examining the expression of RIPK1, RIPK3, MLKL, and cystatinase 8 (cas8). The expression 
of RIPK1, RIPK3, and MLKL was significantly increased and the expression of cas8 was significantly decreased in 
HEECs in the LPS group (P < 0.01, compared with the FBS group); however, TLD significantly decreased the expression 
of LPS-induced expression of RIPK1, RIPK3 and MLKL and increased cas8 expression (P < 0.01, compared with the 
LPS+Sham serum group) (Figure 5E–H). Notably, the effects of TLD on RIPK1, RIPK3, MLKL, and cas8 expression 
were prevented by the co-overexpression of TNF, IKBKB, and NFKB1 (P < 0.001, compared with the vector group) 
(Figure 5E–5H; Supplementary Figure 4A). These findings indicate that SPID may inhibit necroptosis in HEECs via 
TNF, IKBKB, and NFKB1.

TLD Inhibited Inflammation in Macrophages
The effect of TLD on macrophages was performed using the M1 polarization-induced THP-1 cell model. THP-1 cells 
without induced differentiation showed no statistically significant difference in cell survival after different treatments 
(Figure 6A), suggesting that a high concentration of TLD drug serum was not cytotoxic to THP-1. When THP-1 was 
induced to differentiate, a significant increase in cell survival was observed compared to the normal group (P < 0.001); 
however, treatment with TLD serum inhibited macrophage survival (P < 0.001, compared with the model + Sham serum 
group) (Figure 6B). Furthermore, after THP-1 was induced to differentiate, NFKB1 protein levels in cells were 
significantly elevated (P < 0.001, compared with the normal group), but TLD drug serum reversed this elevation (P < 
0.001, compared with the model + Sham serum group) (Figure 6C; Supplementary Figure 4B). The release of IL-6 from 
THP-1 cells was increased after differentiation induction (P < 0.001, compared with the normal group), whereas the 
increase in IL-6 release was significantly suppressed after pretreatment with TLD drug serum (P < 0.001, compared with 
the model + Sham serum group) (Figure 6D). In addition, TLD-containing serum significantly inhibited M1 macrophage 
polarization in YHP-1, as evidenced by reduced the number of CD86+ macrophages (P < 0.001, Figure 6E) and iNOS 
protein expression levels (P < 0.001, Figure 6F; Supplementary Figure 4B).

Figure 3 Network pharmacology analysis for Tongluo Decoction (TLD). (A) VENN diagram for common targets between TLD targets and SPID-related genes. (B) The 
TLD-medicine- ingredient-targets-SPID network.
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Discussion
SPID is an infectious disease, and antibiotic treatment is currently the mainstay of Western medicine. However, the abuse 
of antibiotics is serious, and the potential dangers of bacterial dysbiosis, bacterial resistance, superbugs, and increased 
adverse reactions are becoming more and more prominent, so there is an urgent need to find ways and means of 
supplementing or substituting for antibiotics in the treatment of this disease. Traditional Chinese medicine (TCM), with 
its wide range of sources and diverse compositions, has unique advantages in the treatment of SPID.10,20 In the treatment 
of SPID, Chinese medicines can be used as direct antibacterial agents, or they can stimulate the mobilization of the 
body’s intrinsic antibacterial positive factors, as well as reduce bacterial virulence and the destructive capacity of bacteria 
on tissue cells.21 Chinese medicines can also enhance the body’s immunity by regulating the immune function to achieve 
the purpose of treating the disease.22 TLD contains six medicines that are key herbs in the TCM practice of SPID.9 For 
instance, Radix Paeoniae Rubra can improve chronic pelvic inflammatory disease by regulating the arachidonic acid 
pathway PTGS2.23 In this study, we found that TLD can protect uterines from damage and inhibit inflammation during 
SPID. Using network pharmacology, we predicted that TLD may act its anti-SPID effects by inhibiting the expression 

Figure 4 Hub targets predicted for Tongluo Decoction (TLD). (A) Protein–protein interaction network. (B–D) The expression of TNF, IKBKB, and NFKB1 mRNAs by 
quantitative real-time PCR. ***P < 0.001, vs Sham group. ###P < 0.001, vs SPID group.
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levels of TNF, IKBKB, and NFKB1. Cell experiments in HEECs and macrophages validated that TNF, IKBKB, and 
NFKB1 mediated the anti-SPID effects of TLD maybe via necroptosis and M1 macrophage polarization.

Necroptosis is a pathway of necrotic cell death that is genetically encoded.24 Unlike apoptosis, necroptosis, as 
a cellular suicide mechanism, permits the release of immunogenic cellular contents, including damage-associated 
molecular patterns and inflammatory cytokines, to trigger inflammation.25 Enhanced necroptosis and inflammation 
caused by NF-κB activation have been found in an Escherichia coli-induced endometritis animal model.21 Currently, it 
is not possible to use standard histological techniques to distinguish between cells that undergo necroptosis and those that 
undergo necrosis.26 Distinct from apoptotic markers, receptor-interacting protein kinases (RIPKs) are important media
tors of necroptosis.27 Caspase-8, on the other hand, can antagonise the ability of necroptosis to sag through necroptosis 
mediators.28 Studies have shown that necroptosis in inflammatory diseases can lead to tissue damage.25,29 Inhibition of 
necroptosis has therapeutic potential in inflammatory diseases, such as SPID. In this study, TLD treatment significantly 
inhibited necroptosis in HEECs. This function may be achieved by targeting TNF, IKBKB, and NFKB1. Current 
understanding of necroptosis considers TNF to be a potent molecule that triggers necroptosis.30 RIPK1/NF-kappaB- 
dependent TNF-α secretion and RIPK3-dependent ROS generation contribute to neoalbaconol-induced necroptosis. p50 
(Nfkb1), one of the subunits in the NF-κB heterodimer, has been shown to promote cell survival by inhibiting apoptosis 
and necroptosis.31 RIPK1/NF-κB-dependent TNFα secretion and RIPK3-dependent ROS generation contribute to 
increased necroptosis.32 Furthermore, in addition to elevated levels of RIPK1 and RIPK3, deletion of cas8 alters the 
complex to IIb (also known as necrosome). This necrosome enables the cell to undergo necroptosis through direct 
phosphorylation of the mixed-spectrum kinase structural domain-like protein (MLKL).33 We observed elevated RIPK1, 
RIPK3, and MLKL, as well as decreased cas8, in a cellular model of HEECs with SPID, which is evidence of increased 
necroptosis. This is consistent with previous findings.21 Most notably, we found that TLD serum can be therapeutic for 
SPID by restoring the expression levels of these abnormal factors related to necroptosis.

Figure 5 TNF, IKBKB, and NFKB1 mediated the effect of Tongluo Decoction (TLD) on the necroptosis of human endometrial epithelial cells (HEECs). (A and B) (C) The 
expression of TNF, IKBKB, and NFKB1 mRNAs in HEECs by quantitative real-time PCR, after TLD serum treatment, with or without overexpression of TNF, IKBKB and 
NFKB1. (D) The necroptosis of HEECs characterized by number of PI+ cell ratio using flow cytometry with Annexin V/PI staining. (E–H) The protein levels of RIPK1, RIPK3, 
MLKL, and cas8 in HEECs by Western blot, after TLD serum treatment, with or without overexpression of TNF, IKBKB and NFKB1. **P < 0.01; ***P < 0.001.
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It has been shown that TNF/NF-κB p50 (Nfkb1) can be involved in the regulation of macrophage polarization 
rearrangement.34 Modulating the shift of macrophages from a pro-inflammatory M1 phenotype to an anti-inflammatory 
M2 phenotype is an attractive treatment for pelvic inflammatory diseases.35 This study used a combination of cellular and 
mouse models to demonstrate the significant anti-inflammatory and macrophage M1 polarization-modulating effects of TLD. 
In the rat and THP-1 cell SPID models, TLD was found to inhibit M1-like polarization, as demonstrated by the suppression of 
CD86+ cell numbers. More studies should be conducted to determine the potential effects of the components on the medicinal 
effects of the phytochemicals from the plants in TLD. Our future studies would focus on clinical trial with this formula to 
prove its efficacy in the human body. This process requires a multidisciplinary approach with ethical and clinical insights.

Conclusion
In conclusion, this study validated the therapeutic effect of TLD in SPID rats. Its ability to regulate necroptosis and 
macrophage M1 polarization by targeting TNF, IKBKB, and NFKB1 was revealed through the use of network 

Figure 6 Effect of Tongluo Decoction (TLD) THP-1 cells. (A) Effect of TLD-medicated serum on cell viability of normal THP-1 cells. (B) Effect of TLD-medicated serum on 
cell viability of M1-induced THP-1 cells. PYJ medicated serum inhibited cell proliferation of RAW 264.7 cells stimulated by LPS. (C) The protein levels of NFKB1 in THP-1 by 
Western blot, after different treatments. (D) The releases of IL-6 in THP-1 cells by ELISA. (E) The number of CD86+ macrophages after differentiation induction of THP-1 
by flow cytometry. (F) The protein levels of iNOS in THP-1 after differentiation induction. **P < 0.01; ***P < 0.001.
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pharmacological approaches and cellular experiments. We speculate that TLD may reduce endometrial damage and 
inflammatory responses caused by SPID by targeting the TNF/NF-κB signaling pathway. This would be further validated 
using more experiments, such as clinical trials in human body.

Funding
This study was funded by National High Level Hospital Clinical Research Funding (No. 2023-NHLHCRF-YYPPLC-TJ 
-06).

Disclosure
The authors report no conflicts of interest in this work.

References
1. Jennings LK, Krywko DM. Pelvic inflammatory disease. In: StatPearls. Treasure Island (FL): StatPearls Publishing; 2025.
2. Hillier SL, Bernstein KT, Aral S. A review of the challenges and complexities in the diagnosis, etiology, epidemiology, and pathogenesis of pelvic 

inflammatory disease. J Infect Dis. 2021;224(12 Suppl 2):S23–s28. doi:10.1093/infdis/jiab116
3. Hunt S, Vollenhoven B. Pelvic inflammatory disease and infertility. Australian J General Practice. 2023;52(4):215–218. doi:10.31128/AJGP-09- 

22-6576
4. Fan L, Liu Z, Zhang Z, et al. Identifying the clinical presentations, progression, and sequela of pelvic inflammatory disease through physiological, 

histological and ultrastructural evaluation of a rat animal model. Ann Transl Med. 2021;9(23):1710. doi:10.21037/atm-21-3345
5. He D, Wang T, Ren W. Global burden of pelvic inflammatory disease and ectopic pregnancy from 1990 to 2019. BMC Public health. 2023;23 

(1):1894. doi:10.1186/s12889-023-16663-y
6. Rhoton-Vlasak A. Infections and infertility. Primary Care Update Ob/Gyns. 2000;7(5):200–206. doi:10.1016/S1068-607X(00)00047-0
7. Daniilidis A, Balaouras D, Chitzios D, Theodoridis T, Assimakopoulos E. Hydrosalpinx: tubal surgery or in vitro fertilisation? An everlasting 

dilemma nowadays; a narrative review. J Obstetr Gynaecol. 2017;37(5):550–556. doi:10.1080/01443615.2017.1287685
8. Curry A, Williams T, Penny ML. Pelvic inflammatory disease: diagnosis, management, and prevention. Am Family Phys. 2019;100(6):357–364.
9. Liu L, Yang F, Jing Y, Xin L. Data mining in Xu Runsan’s Traditional Chinese Medicine practice: treatment of chronic pelvic pain caused by pelvic 

inflammatory disease. J Trad Chin Med. 2019;39(3):440–450.
10. Ma K, Luo SP, Li M, et al. [Advantages and evidences research on Chinese medicine for treatment of pelvic inflammatory disease]. Zhongguo 

Zhong yao za zhi. 2017;42(8):1449–1454. doi:10.19540/j.cnki.cjcmm.2017.0041
11. Zhong HZ, Yan PJ, Gao QF, Wu J, Ji XL, Wei SB. Therapeutic potential of botanical drugs and their metabolites in the treatment of pelvic 

inflammatory disease. Front Pharmacol. 2025;16:1545917. doi:10.3389/fphar.2025.1545917
12. Wang S, Ji J, Lei J, Tian S, Yu Y, Ma L. A Phase III clinical trial evaluating the efficacy of Yinghua tablet in the treatment of sequelae of pelvic 

inflammatory disease. Alternative Ther Health Med. 2023;29(6):170–175.
13. Zhang S, Yuan L, Wang Y, Sun Z. Effect of Fu Yan Qing prescription on pelvic effusion, mass absorption and microenvironment of pelvic blood 

stasis in patients with sequelae of pelvic inflammatory disease of accumulation of dampness heat and blood stasis type. Pak J Med Sci. 2022;38 
(5):1376–1381. doi:10.12669/pjms.38.5.4641

14. Xu C, Yi M, Xiao Z, et al. New idea of Fuke Qianjin capsule in treating sequelae of pelvic inflammatory disease: anti-inflammatory in the early 
stage and reparative in the later stage. J Ethnopharmacol. 2025;338(Pt 2):119066. doi:10.1016/j.jep.2024.119066

15. Teng X, Li H, Yang D, et al. ZY5301 tablet vs placebo for treatment of chronic pelvic pain after pelvic inflammatory disease: a Phase 2 
Randomized Clinical Trial. JAMA Network Open. 2024;7(7):e2423229. doi:10.1001/jamanetworkopen.2024.23229

16. Sung MS, Kim SY, Eom GH, Park SW. High VEGF concentrations accelerate human trabecular meshwork fibrosis in a TAZ-dependent manner. 
Int J Mol Sci. 2023;24(11):9625. doi:10.3390/ijms24119625

17. Kim JY, An HJ, Kim WH, et al. Anti-fibrotic effects of synthetic oligodeoxynucleotide for TGF-β1 and Smad in an animal model of liver cirrhosis. 
Mol Ther Nucleic Acids. 2017;8:250–263. doi:10.1016/j.omtn.2017.06.022

18. Wang T, He C. TNF-α and IL-6: the link between immune and bone system. Current Drug Targets. 2020;21(3):213–227. doi:10.2174/ 
1389450120666190821161259

19. Borghi A, Verstrepen L, Beyaert R. TRAF2 multitasking in TNF receptor-induced signaling to NF-κB, MAP kinases and cell death. Biochem 
Pharmacol. 2016;116:1–10. doi:10.1016/j.bcp.2016.03.009

20. Wang D, Jiang Y, Feng J, et al. Evidence for the use of complementary and alternative medicine for pelvic inflammatory disease: a literature review. 
Evidence-Based Complementary Alternative Med. 2022;2022:1364297. doi:10.1155/2022/1364297

21. Cao L, Gao S, Liu J, Wang J, Qin R. Selenomethionine protects against Escherichia coli-induced endometritis by inhibiting inflammation and 
necroptosis via regulating the PPAR-γ/NF-κB pathway. Chem Biol Interact. 2023;379:110532. doi:10.1016/j.cbi.2023.110532

22. Ji X, Hu Q, Yang C, et al. Modified Hongteng Baijiang decoction enema improves sequelae of pelvic inflammatory disease by regulating the LIF/ 
JAK2/STAT3 pathway and gut microbiota. Immun Inflamm Dis. 2024;12(6):e1300. doi:10.1002/iid3.1300

23. Li XH, Liu YR, Jiang DH, et al. Research on the mechanism of Chinese herbal medicine Radix Paeoniae Rubra in improving chronic pelvic 
inflammation disease by regulating PTGS2 in the arachidonic acid pathway. Biomed Pharmacother. 2020;129:110052. doi:10.1016/j. 
biopha.2020.110052

24. Frank D, Vince JE. Pyroptosis versus necroptosis: similarities, differences, and crosstalk. Cell Death Differ. 2019;26(1):99–114. doi:10.1038/ 
s41418-018-0212-6

25. Weinlich R, Oberst A, Beere HM, Green DR. Necroptosis in development, inflammation and disease. Nat Rev Mol Cell Biol. 2017;18(2):127–136. 
doi:10.1038/nrm.2016.149

Journal of Inflammation Research 2025:18                                                                                          https://doi.org/10.2147/JIR.S518734                                                                                                                                                                                                                                                                                                                                                                                                 12959

Liu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1093/infdis/jiab116
https://doi.org/10.31128/AJGP-09-22-6576
https://doi.org/10.31128/AJGP-09-22-6576
https://doi.org/10.21037/atm-21-3345
https://doi.org/10.1186/s12889-023-16663-y
https://doi.org/10.1016/S1068-607X(00)00047-0
https://doi.org/10.1080/01443615.2017.1287685
https://doi.org/10.19540/j.cnki.cjcmm.2017.0041
https://doi.org/10.3389/fphar.2025.1545917
https://doi.org/10.12669/pjms.38.5.4641
https://doi.org/10.1016/j.jep.2024.119066
https://doi.org/10.1001/jamanetworkopen.2024.23229
https://doi.org/10.3390/ijms24119625
https://doi.org/10.1016/j.omtn.2017.06.022
https://doi.org/10.2174/1389450120666190821161259
https://doi.org/10.2174/1389450120666190821161259
https://doi.org/10.1016/j.bcp.2016.03.009
https://doi.org/10.1155/2022/1364297
https://doi.org/10.1016/j.cbi.2023.110532
https://doi.org/10.1002/iid3.1300
https://doi.org/10.1016/j.biopha.2020.110052
https://doi.org/10.1016/j.biopha.2020.110052
https://doi.org/10.1038/s41418-018-0212-6
https://doi.org/10.1038/s41418-018-0212-6
https://doi.org/10.1038/nrm.2016.149


26. Khoury MK, Gupta K, Franco SR, Liu B. Necroptosis in the Pathophysiology of Disease. Am J Pathol. 2020;190(2):272–285. doi:10.1016/j. 
ajpath.2019.10.012

27. Paudel S, Jeyaseelan S. Kill two birds with one stone: role of the RIPK-3 in necroptosis and inflammasome activation. Am J Respir Cell Mol Biol. 
2021;64(5):525–527. doi:10.1165/rcmb.2021-0085ED

28. Fritsch M, Günther SD, Schwarzer R, et al. Caspase-8 is the molecular switch for apoptosis, necroptosis and pyroptosis. Nature. 2019;575 
(7784):683–687. doi:10.1038/s41586-019-1770-6

29. Van Eeckhoutte HP, Donovan C, Kim RY, et al. RIPK1 kinase-dependent inflammation and cell death contribute to the pathogenesis of COPD. 
Europ resp J. 2023;61(4):2201506. doi:10.1183/13993003.01506-2022

30. Jayaraman A, Htike TT, James R, Picon C, Reynolds R. TNF-mediated neuroinflammation is linked to neuronal necroptosis in Alzheimer’s disease 
hippocampus. Acta neuropathologica Commun. 2021;9(1):159. doi:10.1186/s40478-021-01264-w

31. Hsu SK, Chang WT, Lin IL, et al. The role of necroptosis in ROS-mediated cancer therapies and its promising applications. Cancers. 2020;12 
(8):2185. doi:10.3390/cancers12082185

32. Cao Y, Xie L, Shi F, et al. Targeting the signaling in Epstein-Barr virus-associated diseases: mechanism, regulation, and clinical study. Signal 
TransductTargeted Ther. 2021;6(1):15. doi:10.1038/s41392-020-00376-4

33. Dhuriya YK, Sharma D. Necroptosis: a regulated inflammatory mode of cell death. J Neuroinflammation. 2018;15(1):199. doi:10.1186/s12974-018- 
1235-0

34. Fang J, Ou Q, Wu B, et al. TcpC inhibits M1 but promotes M2 macrophage polarization via regulation of the MAPK/NF-κB and Akt/STAT6 
pathways in urinary tract infection. Cells. 2022;11(17):2674. doi:10.3390/cells11172674

35. Peng X, Li F, Xia L, Lu M. Macrophage heterogeneity regulation by small extracellular vesicles from adipose-derived stem cells: a promising 
approach for treating chronic prostatitis/pelvic pain syndrome. Biomater Adv. 2025;166:214066. doi:10.1016/j.bioadv.2024.214066

Journal of Inflammation Research                                                                                               

Publish your work in this journal 
The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on 
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis 
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology 
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and 
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

Journal of Inflammation Research 2025:18 12960

Liu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.ajpath.2019.10.012
https://doi.org/10.1016/j.ajpath.2019.10.012
https://doi.org/10.1165/rcmb.2021-0085ED
https://doi.org/10.1038/s41586-019-1770-6
https://doi.org/10.1183/13993003.01506-2022
https://doi.org/10.1186/s40478-021-01264-w
https://doi.org/10.3390/cancers12082185
https://doi.org/10.1038/s41392-020-00376-4
https://doi.org/10.1186/s12974-018-1235-0
https://doi.org/10.1186/s12974-018-1235-0
https://doi.org/10.3390/cells11172674
https://doi.org/10.1016/j.bioadv.2024.214066
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Preparation of TLD
	Animals
	Animal Grouping and Treatment
	The Collagen Volume Fraction and Histopathological Scores
	Enzyme-Linked Immunosorbent Assay (ELISA)
	Network Pharmacology Analysis for Potential Targets of TLD in SPID
	Preparation of TLD-Mediated Serum
	Cell Lines, Cell Culture, and Transfection
	Quantitative Real-Time Polymerase Chain Reaction (PCR) Analysis
	Flow Cytometry Detection of CD86 M1 Macrophages
	Western Blot Analysis
	Cell Viability and Necroptosis Detection
	Statistics

	Results
	Protective Effect of TLD on Uterine Damage During SPID
	Inhibitory Effect of TLD on Inflammation During SPID
	TNF, IKBKB, and NFKB1 Were Key Targets of TLD Against SPID
	TLD Inhibited Necroptosis in HEECs via TNF, IKBKB, and NFKB1
	TLD Inhibited Inflammation in Macrophages

	Discussion
	Conclusion
	Funding
	Disclosure

