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Introduction: In traditional Chinese medicine texts, Xuanyu Tongjing Decoction (XYTJD) is a prescribed remedy for premenstrual 
belly pain and dysmenorrhea. It is currently routinely used to treat ovarian endometriosis (OEM) with good outcomes.
Aim: In order to investigate the underlying processes of Xuanyu Tongjing Decoction in treating OEM inflammation and reducing 
ovarian damage.
Methods: We created a rat model of OEM and carried out transcriptome sequencing. Batch molecular docking technique in 
conjunction with Ultra-high-performance liquid chromatography-quadrupole-time-of-flight-high-resolution mass spectrometry was 
used to screen the main active components in Xuanyu Tongjing Decoction.
Results: The ectopic cyst was firmly attached to the ovary in our successfully created rat model of ovarian endometriosis. According 
to GSEA enrichment study, XYTJD may up-regulate pathways linked to oocyte formation in ovarian tissues and down-regulate 
immunological and inflammatory pathways in ectopic tissues. Rat ectopic tissues and human ectopic tissues showed a similar pattern 
in the expression of the NOD/NFκB pathway during the proliferative phase. In ectopic tissues of rats, XYTJD may down-regulate the 
NOD/NFκB pathway and suppress the expression of TNF-α and IL-1β, which are downstream inflammatory factors in this pathway. In 
addition, XYTJD may restore the down-regulation of cAMP/PI3K/AKT and lower the expression of apoptotic factor CASP9, 
endoplasmic reticulum stress protein SEC61B and antioxidant protein GSTM5 in the ovary with ectopic tissue attachment. 
Following identification, the three samples’ intersection included 10 active compounds in total. There was a 21-component overlap 
in active ingredients between rat and human serum. After a preliminary virtual screening, β-Hederin, Proanthocyanidin A2, and 
Cimiside E were suggested to be the essential components that interfere with NOD/NFκB.
Conclusion: In rats with proliferative OEM, XYTJD may down-regulate the NOD/NFκB pathway in ectopic tissues, consequently 
alleviating ovarian tissue damage by reducing inflammation brought on by ectopic tissues.
Keywords: ovarian endometriosis, inflammation, ovarian damage, pharmacology of traditional Chinese medicine

Introduction
In obstetrics and gynaecology, ovarian endometriosis(OEM) is a frequent benign cyst illness. In addition to causing 
dysmenorrhea, OEM might harm ovarian reserve, which can interfere with a patient’s ability to get pregnant usually.1 When 
the OEM steadily swells in size, it will burst and generate pelvic adhesions, leading to chronic pelvic pain in patients. 
Furthermore, OEM has a specific cancer rate.2 Surgical treatment can eliminate the cyst, but illness recurrence remains a 
problem. Although hormone-suppressive medicines can alleviate symptoms and lower the size of cysts in the treatment of 
OEM, they will still recur after drug withdrawal, accompanied by numerous adverse effects.3 OEM symptoms can cause 
patients to experience anxiety and sadness, which is not conducive to everyday work.4 As a result, OEM continues to be a 
challenging issue in scientific and clinical research.
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OEM is a type of chronic inflammatory disease in which inflammation not only causes dysmenorrhea, pelvic 
adhesions, and persistent pelvic discomfort but also damages the ovarian function of the cyst attachment, resulting in 
infertility.5,6 OEM typically produces proinflammatory factors such as TNF-α and IL-1β. TNF-α Increased TNF-α levels 
in ovarian follicles after ectopic tissue attachment can promote the NFκB pathway in granulosa cells and inhibit 
telomerase activity, hindering follicle growth.7 According to Fonseca’s research, ovarian follicular fluid from OEM 
patients with ectopic tissue attachment had considerably higher levels of IL-β and IL-18 expression, suggesting that 
ectopic tissue attachment is a factor in ovarian inflammation.8 Persistent ovarian inflammation can cause tissue fibrosis 
and ovarian oxidative stress, which can impact follicle formation.9 When used to treat endometriosis, traditional Chinese 
medicine provides the benefits of modest side effects and a stable curative effect. It also reduces dysmenorrhea, improves 
pregnancy, and prevents recurrence. Prior clinical research has demonstrated10,11 that Xuanyu Tongjing Decoction 
(XYTJD) can dramatically reduce the symptoms of dysmenorrhea, mitigate the damage to ovarian function following 
OEM, and suppress serum levels of matrix metalloproteinase-9 and endometrial antibodies. Therefore, in this study, we 
established unilateral ovarian endometriosis rats using the most recent ovarian endometriosis modelling method, 
conducted a thorough transcriptome analysis to fully understand the mechanism of XYTJD in treating OEM inflamma-
tion and mitigating ovarian damage, and screened the active ingredients in XYTJD to inhibit inflammation.

Materials and Methods
Experimental Reagents
Estradiol benzoate (Shanghai Quanyu Biotechnology Animal Pharmaceutical: 240337), sesame oil (Shanghai Yuanye 
Biotechnology: BYBZ23929), sodium penicillin (Shandong Bomi Biotechnology: QMS-50) (1.6×105U·kg-1 penicillin 
sodium), crystal violet solution (Biosharp: BL802A), cell culture medium (Beijing Soleobal: 240006015), HE staining 
solution (Servicebio: G1005-100ML), NOD1 Rabbit pAb (Abclonal: A1246), NOD2 Rabbit pAb (Abclonal: A25228), 
RIPK2 Polyclonal antibody (Proteintech: 15366-1-AP), Anti -Iκκ gamma Rabbit pAb (Servicebio: GB11628-100), Anti- 
IκB alpha Rabbit pAb (Servicebio: GB111509-100), NFκB1 Polyclonal antibody (Proteintech: 14220-1-AP), Anti-IL-1 
beta Rabbit pAb (Servicebio: GB11113-100), Anti-TNF-alpha Rabbit pAb (Servicebio: GB11188-100), Anti-ADCY2 
Rabbit pAb (Servicebio: GB114825-100), PDE3B Polyclonal antibody (Proteintech: 25290-1-AP), Anti-AKT3 Rabbit 
pAb (Servicebio: GB115583-100), Anti-PI3 Kinase p85 alpha Rabbit pAb (Servicebio: GB11525-50), GSTM5 
Polyclonal antibody (Proteintech: 14502-1-AP), Anti-GSTM5 Rabbit pAb (Servicebio: GB113591-100), SEC61B 
Polyclonal antibody (Proteintech: 25290-1-AP), Caspase 9 Polyclonal antibody (Proteintech: 25290-1-AP).

Instrument
Freezing microtome (Thermo Fisher Scientific: CRYOSTAR NX50), Gel imaging system (Alpha Corporation: 2200), 
Electrophoresis instrument (Thermo: EC250-90, USA); Bell pendulum decolorization shaker (Sevier Biotech: DS-2S100), 
Vortex mixer (Xavier Biotech: MV-100), Handheld centrifuge (Xavier Biotech: D1008E), Ultra-high liquid chromatograph 
(ACQUITY UPLC H-Class, Waters, USA), High-resolution mass spectrometer (Xevo G2-XS QTOF MS, Waters, USA:).

OEM Animal Model
Vital River Laboratory Animal Technology provided the 45 female SD rats (9 weeks old) used in this study. Staining and 
observation of vaginal smears lasted for ten days. After determining that each rat had a regular oestrous cycle, 45 rats were 
randomly split into groups A, B, and C. Estradiol benzoate and sesame oil were combined in a 1:3 ratio to create a mixed 
solution. Six rats from group C were chosen at random as donor rats. The recipient groups were groups A and B. Before being 
transplanted, the donor rats received two intraperitoneal injections of an estradiol benzoate combination at 100μg/Kg once 
every four days. Routine preparation was completed before surgery, and isoflurane was utilized during surgery to maintain 
anaesthesia in recipient rats at a dosage of 2%. Following cutting and trimming into 1cm×2mm long strips, the donor rats’ uteri 
were submerged in cell culture media. One rat’s lateral abdomen was chosen, and an incision parallel to the rat’s spine 
measuring approximately 1.5 cm was made. Toothed forceps were used carefully to remove the fat surrounding the rat’s ovary. 
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The ovary was then fixed, and a fine-tipped forceps (ST-15) was used to insert the ectopic tissue into the fat at the base of the 
ovary until it broke through. The ovary was subsequently pushed into the abdominal cavity and sutured layer by layer.

To avoid infection, penicillin sodium (8U/d) was intraperitoneally given to each donor for three days following the 
operation. Donor rats received 200μg/kg estradiol benzoate solution intraperitoneally every four days for two consecutive 
injections. On the eighth day after surgery, two rats were randomly chosen from the recipient group for laparotomy. The 
appearance of ectopic tissue cysts in the ovary’s periphery and endometrial stroma and glands, as detected by HE 
staining, demonstrated the model’s effectiveness. Group A was unilateral OEM + XYTJD gavage, Group B was 
unilateral OEM + normal saline, and Group C was normal rats + normal saline. Intragastric administration began on 
the seventh day following surgery and lasted for two weeks. To cover the rats’ oestrous cycle, 100μg/Kg of estradiol 
benzoate was given subcutaneously into the necks one week before sampling. Following the removal of ectopic, ovarian, 
and uterine tissues under isoflurane anaesthesia, the rats in each group were sacrificed via carotid artery exsanguination.

Transcriptome Sequencing
The Trizol magnetic beads method extracted total RNA from ovarian, ectopic, and uterine tissue. NanoDrop 2000 
identified the concentration and purity of the RNA, while Agilent 2100 assessed the quality of the nucleic acid. The 
library building was carried out using the Illumina TruseqTM RNA Sample Prep Kit, and the sequencing platform was 
the Illumina NovaSeq 6000. After collecting raw sequencing data (raw reads), clean reads with Q20>85% and Q30>80% 
were filtered. The clean reads from all samples were assembled de novo using Trinity, and the initial assembled 
sequences were optimized and filtered using TransRate12 and CD-HIT.13 The integrity of the transcriptome was assessed 
using BUSCO.14 Gene expression was calculated using RSEM,15 whereas transcripts per million16 were used to compute 
each group’s gene and transcript expression. DESeq217 was used to examine the differences in expression between 
several groups. The screening conditions for differentially expressed genes(DEGs) were set to |log2FC|≥1 and P≤0.05.

UPLC-Q-TOF-HRMS
The composition of XYTJD is as follows: fried radix paeoniae alba 30g, wine anglicae sinensis radix 30g, Moutan 
Cortex 30g, fried gardenia 18g, fired semen sinapis 12g, radix bupleuri 6g, Rhizoma Cyperi 6g, vinegar curcuma radix 
6g, wine radix scutellariae 6g, glycyrrhizae radix 6g. Shandong Xinzhonglu Traditional Chinese Medicine Hospital 
supplies traditional Chinese medicine through its pharmacy department. The conventional Chinese medication was 
submerged in 500mL pure water for an hour before boiling and extracting the liquid. The medication solution was 
stored for 15 minutes after the initial boiling. Continue to add 300mL of water, cook for 10 minutes, decant the second 
solution, and combine the two. Finally, the two drug solutions were concentrated to a volume of 400mL, with a drug 
concentration of 0.375g/mL. The gavage dose was 1mL/mouse each day. Serum samples were taken seven days 
following the gavage. In group A, blood samples were obtained from the orbit after 30 minutes, 45 minutes, and 60 
minutes of gavage for serum detection. Following an ethical assessment, OEM patients were recruited and given an 
informed consent form. Informed consent was obtained from the patients prior to the initiation of the study. On an empty 
stomach, 200mL of XYTJD was given, and venous blood was extracted after 30, 60, and 90 minutes. Ultra-high- 
performance liquid chromatography-quadrupole-time-of-flight-high-resolution mass spectrometry (UPLC-Q-TOF- 
HRMS) was utilized for detection after the resultant blood was allowed to stand and centrifuged to extract serum.

Liquid phase:18 Liquid mobile phase: waters BEH C18 column (1.7μm, 2.1*50mm); Mobile phase: A: 0.1% formic acid; 
B: 0.1% formic acid acetonitrile; Gradient elution: (0–2min, 95%A, 5%B; 2–30min, 95%-2%A, 5%-98%B; 30–35 min, 2%A, 
98%B; 35–39 min, 2%-95% A, 98%-5% B; 39~40min, 95%A, 5%B); Flow rate: 0.4mL/min column temperature: 40°C; The 
detection volume was 3μL. The detection conditions of the positive mode of mass spectrometry were as follows: nitrogen flow 
rate 800L/h; Voltage 2kv; Desolvation temperature 400°C; The ion source temperature was 110°C. Collision voltage 20–40V; 
The collection mass number ranged from 50 to 1200. The detection condition of the negative electric mode of mass 
spectrometry was 1.5kv, and the other setting conditions were the same as those of the positive electric mode.
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Acquisition of Differently Expressed Genes in Human Ectopic Tissues
Using the R language, the sequencing data of normal female endometrial tissue in the proliferative phase and ectopic human 
endometriosis tissue were obtained from the GEO database (https://www.ncbi.nlm.nih.gov/). The limma package was used 
for between-sample batch effect processing to perform differential expression analysis of the two types of tissues after gene 
IDs in the data were translated to gene names. The criteria for differentially expressed genes were |log2FC|≥1 and P<0.05. 
For the bioinformatics study, the differentially expressed genes between endometriosis and normal uterine tissues 
(DEGsEN) were discovered, and the results were compared with sequencing data from an OEM rat model.

Data Analysis
The whole workflow of UNIFI19 natural goods, together with the entire TCM database, was utilized to process the data of 
the three samples. Venny was used to take the intersection of the active ingredient data from the three samples. The 
ingredients that finally intersected were normalized using the PubChem website, and the chemical structure was queried. 
The UniProt database was utilized to find relevant targets, while the PDB database was used to identify essential target 
structures. The active compounds were docked to the key targets using computer virtual screening, and the key active 
components were initially screened based on their molecular binding energy, which ranged from small to big.

Following the acquisition of DEGsAB, DEGsBC, and DEGsEN, the intersection genes of the three sets of DEGs were 
identified using Venny2.1.0. The expression of intersection genes was then displayed in each group of rats using a 
volcano plot. GEGsAB and DEGsEN were enriched using KEGG pathways, and the resulting pathways were shown 
using bubbles and bar graphs. The immune infiltration was analyzed using Cibersort, and the differences in immune cell 
infiltration across the rat groups were displayed using box plots. GSEA was used to examine pathway changes in ectopic 
tissues of AvsB and BvsC; the intersection pathways of GSEA (AvsB) and GSEA (BvsC) were shown by a two-way bar 
chart; the changes of intersection pathways in GSEA (EvsN) were noted; and a GSEA trend chart showed the significant 
pathways. The GSEA pathway alterations in each group’s ovarian tissues were illustrated using the same methodology. 
The network was plotted after using miRWalk to query miRNAs regulating essential targets.

WB
Total protein was extracted from ectopic, ovarian, and uterine tissues, and the protein concentration was calculated. After boiling 
to cool, the proteins were separated by electrophoresis, transferred to PVDF membranes, and blocked at room temperature for 15 
hours. At 4°C, primary antibodies were incubated for the entire night in a refrigerator. After hatching the secondary antibody for 
two hours at room temperature, the bands were exposed to the gel imaging system. ImageJ software analysed The protein grey 
value, and an appropriate internal control was selected based on the molecular size of the protein as control.

HE Staining and Immunohistochemistry
Using liquid nitrogen, ovarian, ectopic, and uterine tissues were quickly frozen. A small amount of freezing section 
embedding agent was added after the freezing microtome had returned to room temperature, and the temperature was 
regulated before the section was fixed. Under a microscope, the histomorphological alterations of the ovaries and ectopic 
tissues were observed using HE staining following fixation.

Frozen pieces were dried at room temperature, baked, and fixed with methanol. After washing, an antigen repair 
solution was used to inhibit endogenous peroxidase for antigen repair. After serum blocking, primary antibodies were 
stored in the refrigerator and incubated overnight at 4 °C. The next day, secondary antibodies were incubated at room 
temperature for 50 minutes. DAB chromogenic solution was applied, then counterstained with hematoxylin for roughly 3 
minutes before reverting to blue with hematoxylin reverting solution and waBshing under running water. After 
dehydration and sealing, the slides were examined using a white light microscope.
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Results
The Therapeutic Component in XYTJD
After identification, 97 active components were found in XYTJD liquid using UPLC-Q-TOF-HRMS, 30 in human drug- 
containing serum, and 29 in rat drug-containing serum. There were 21 active components in the serum of both rats and 
humans. Table 1 and Figure 1 depict these 21 active components’ structures. The mass spectra of the three samples are 
displayed in Figure 1a–f.

Table 1 Detailed information of the 21 active ingredients in UPLC-Q-TOF-HRMS

NO Component name Molecular 
formula

m/z Time

1 3-O-Benzoyl-20-deoxyingenol C27H32O5 437.2345; 437.2340; 437.2346 10.14(a);10.17 

(c);10.14(e)

2 21α-hydroxy-3-oxo-oleane-11,13(18) -diene-28-acid C30H44O4 469.3279; 469.3274; 469.3297 25.88(a);35.89 

(c);35.89(e)

3 23-Acetyl Alismaketone A C32H50O6 531.3672; 531.3675 31.81(a);31.79(c)

4 25(S)-Ruscogenin-1-O-β-D-xylopyranosyl-(1→3)-β- 

D-fucopyranoside

C38H60O12 709.4165; 709.4171 31.00(e);31.00(c)

5 beta-Hederin C41H66O11 735.4628; 735.4635 30.97(e);30.98(c)

6 Bisabolone-9-one C15H22O2 235.1686; 235.1678; 235.1683; 
235.1670

23.73(c);29.02 
(c);29.19(c);29.19(e)

7 Blestrianol D C29H24O5 453.1662; 453.1663; 453.1668 24.99(c);25.15 
(c);25.15(e)

8 Calcium oxalate C2CaO4 128.9506; 128.9507; 128.9508; 
128.9502;

0.6(a);1.51(c);4.02 
(e);39.40(e)

9 Cimiside E C35H54O8 603.3866; 603.3853 31.10(c);31.09(e)

10 Delbrusine C27H43NO7 494.3113; 494.3133 31.91(c);31.92(e)

11 Esculentagenin C31H46O8 547.332; 547.3317 11.46(c);11.44(e)

12 Ethyl Linoleate C20H36O2 309.2785; 309.2783 31.79(c);31.79(e)

13 Ginsenoside RG2 C42H72O13 785.5002; 785.4968;785.5015 31.96(c);31.16 

(e);31.96(e)

14 Hellebrigenin C24H30O6 415.2106; 415.2105; 415.2104 24.99(a);25.15 

(c);25.15(e)

15 Lucidenic acid A C27H38O6 459.2777; 459.2780 10.65(c);10.63(e)

16 Mulberrofuran A C25H28O4 393.2085;393.2083;393.2073;393.2083 9.62(a);9.62(c);9.59 

(e);38.85(e)

17 Oleanolic acid beta-D-glucopyranosyl ester C36H58O8 619.4215; 619.4192 31.69(c);31.68(e)

18 Picfeltarraenin X C36H56O11 665.3901; 665.3880 31.04(c);31.04(e)

19 Proanthocyanidin A2 C30H24O12 577.1339; 577.1329 28.81(c);28.81(e)

20 Schizonepetoside E C16H28O8 349.1831; 349.1824 38.84(c);38.84(e)

21 Trilinolein C57H98O6 879.7404; 879.7407 38.82(c);38.83(e)
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OEM Rat Model
During modelling, no recipient rats passed away. During feeding, no rats perished. Following gavage, the rats were dissected, 
and it was discovered that 11 rats in group B and 13 in group A had ovarian cysts. A characteristic of the effective rat model 
was developing a tight connection between endometriotic cysts surrounding the ovary. Figure 2a-c display the model’s details. 
The ectopic tissue is strongly connected to the ovary, as demonstrated by HE staining. Estrogen caused ectopic tissue to 
develop noticeable cysts, and the cyst wall revealed noticeable endometrial stromal cells and glands. The uterine tissue of a 
normal rat with a normal arrangement of stromal and epithelial cells is displayed in Figure 2d and e.

Transcription Analysis of Ectopic Tissues
By evaluating the intersection, ten active components were discovered to occur in all three samples. For details, see Figure 3a. 
Five ectopic tissues were picked from groups A and B, whereas three normal tissues were chosen from group C. Following 
ectopic tissue and normal tissue sequencing analysis, 1098 DEGsAB were obtained between groups A and B, and 4605 

Figure 1 Continued.
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DEGsBC between groups B and C. Ectopic tissue sequencing data are available in Supplementary Table 1. 365 DEGsEN were 
obtained by comparing human ectopic tissues with normal tissues. The transcriptome chips used in this comparison were 
GSE5108, GSE25628, GSE153739, and GSE201912. From the GEO data, 21 ectopic tissues and 10 normal tissues in the 
proliferative phase were chosen. The 18 DEGs common to the three comparisons were obtained by taking the intersection by 
Venn diagram. For details, see Figure 3b. The combined volcano plot was used to visualize the expression of 26 DEGs, as 
shown in Figure 3c. 38 pathways were identified by KEGG enrichment analysis of DEGsAB; they included the TGF- 
β pathway linked to fibrosis, the PI3K-Akt pathway related to cell proliferation, and the cell adhesion molecules associated to 

Figure 1 Shows the three samples’ mass spectra and 21 molecular structures. (a) XTTJD’s mass spectrum in the positive electric mode; (b) XTTJD’s mass spectrum in the 
negative electric mode; (c) positive charge mode mass spectra of human drug-containing serum; (d) negative charge mode mass spectra of human drug-containing serum; (e) 
positive charge mode mass spectra of rat drug-containing seru; (f) negative charge mode mass spectra of rat drug-containing serum. 1–21 are the 21 active component 
structures that intersected in both human and rat drug-containing serum. 1.3-O-Benzoyl-20-deoxyingenol; 2.21α-hydroxy-3-oxo-oleane-11,13(18) -diene-28-acid; 3.23- 
Acetyl Alismaketone A; 4.25(S)-Ruscogenin-1-O-β-D-xylopyranosyl-(1→3)-β-D-fucopyranoside; 5.beta-Hederin; 6.Bisabolone-9-one; 7.Blestrianol D; 8.Calcium oxalate; 9. 
Cimiside E; 10.Delbrusine; 11.Esculentagenin; 12.Ethyl Linoleate; 13.Ginsenoside RG2; 14.Hellebrigenin; 15.lucidenic acid A; 16.Mulberrofuran A; 17.Oleanolic acid beta-D- 
glucopyranosyl ester; 18.Picfeltarraenin X; 19.Proanthocyanidin A2; 20.Schizonepetoside E; 21.Trilinolein.

Figure 2 Modeling of Unilateral OEM. (a) Unilateral ovarian endometriosis model anatomy. The red arrows depict endometriotic cysts, while the yellow arrows represent the 
ovaries. (b) HE staining of unilateral OEM. The red arrow in the illustration depicts an ectopic cyst that is tightly attached to the ovary. (c) Micrograph showing ectopic tissue linking 
with ovarian tissue; blue arrows represent endometrial stromal cells; purple arrows represent endometrial glands. (d) Normal uterine tissue of rats throughout the proliferative 
period; (e) microscopic image of the endometrium in uterine tissue, with blue arrows denoting endometrial stromal cells and purple arrows representing endometrial glands.
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cell adhesion. Details are shown in Figure 3d. The ectopic tissues in group B exhibited a decrease in resting dendritic cell 
clusters and an increase in M1 macrophage, T follicular helper cells, resting natural killer cells, and plasma cell clusters 
compared to the normal tissues in group C. Figure 3e provides more information.

XYTJD Downregulated the NOD/NFκB Pathway in Ectopic Tissues During the 
Proliferative Phase
Groups A, B, and C’s ectopic tissues were subjected to GSEA enrichment analysis, which revealed 60 significant 
pathways in GSEA (AvsB) and 64 in GSEA (BvsC). A two-way bar graph was used to show the expression trend of the 
38 pathways obtained through the intersection in AvsB and BvsC. Figure 4 reveals that inflammation pathways, including 
NFκB, JAK-STAT, and NOD-like receptors, were elevated in ectopic tissues compared to normal tissues, which XYTJD 
could down-regulate. The Nod-like receptor pathway is an upstream pathway of the NFκB pathway. Endometriosis 
development and progression are linked to the NOD/NFκB pathway. Figure 4d and e provide further details on how the 
pathway trend map via GSEA might display changes in essential targets in NOD/NFκB. It was discovered that the 
tendencies in NFκB, JAK-STAT, and natural killer cell-mediated cytotoxicity were similar to those in rats by examining 
the GSEA enrichment analysis of human ectopic tissues and normal tissues, which displayed 38 pathways at the 
intersection of rat tissues. Details can be found in Figure 5a. Following DEGsEN enrichment analysis, the human 
KEGG pathway additionally included the NFκB pathway. Figure 5b provides more information. By predicting the 

Figure 3 Transcriptome analysis of tissues that are ectopic. (a) Venny diagrams for the three tested items’ active ingredients were detected using UPLC-Q-TOF-HRMS. HB 
represents human blood; RB represents rat blood. (b) Venn diagram depicting the intersection of DEGs in ectopic tissues; (c) Expression of the 18 DEGs at junction in 
combined AvsB and BvsC volcano plots of ectopic tissues; (d) 38 pathways’ KEGG enrichment acquired by DEGsAB; (e) Analysis of the immune infiltration in the ectopic 
tissues of groups A, B, and C.
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Figure 4 Ectopic tissue GSEA enrichment analysis. (a) Meaningful paths at the intersection of GSEA (AvsB) and GSEA (BvsC); (b) 38 intersecting pathways’ expression trend in BvsC; 
(c) 38 intersecting pathways’ expression trend in AvsB; (d) Expression of the NOD/NFκB pathway trend map in BvsC; (e) Expression of the NOD/NFκB pathway trend map in AvsB.
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miRNAs that can regulate NOD/NFκB, we can better understand the mechanism of XYTJD, which lays a foundation for 
our future research. Figure 5c provides more information.

GSEA Enrichment Analysis of Ovarian Tissue
3 normal ovarian tissues were chosen from group C, and 4 ovarian tissues connected to ectopic tissues were selected from 
groups A, and B. GSEA enrichment study revealed that ovarian tissue had 32 significant GSEA (BvsC) pathways and 55 
significant GSEA (AvsB) pathways (Pvalue < 0.05). By intersection, 5 significant GSEA pathways were discovered. The 
GSEA trend map demonstrated that XYTJD up-regulated the five pathways of intersection, which were down-regulated in the 
ectopic tissues of group B relative to the normal ovaries of group C. Among them are the PI3K-AKT and cAMP pathways 
essential for follicular growth. For details, see Figure 6a–c. An upstream pathway of PI3K-AKT is cAMP. The GSEA pathway 

Figure 5 Analysis of human transcriptomes. (a) 38 GSEA pathway expression trends in human tissues. Gray denotes no statistical significance, blue denotes down-regulation, 
and red indicates up-regulation. (b) KEGG pathway bubble map enhanced by DEGsEN; (c) An illustration of the miRNA network that could control NOD/NFκB targets.
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Figure 6 GSEA enrichment analysis of the ovary. (a) GSEA (AvsB) and GSEA (BvsC) enriched pathway intersection plots; (b) 5 intersecting pathways’ expression patterns in 
BvsC; (c) 5 intersecting pathways’ expression patterns in AvsB; (d) GSEA expression trend of cAMP/PI3K/AKT in BvsC; (e) GSEA expression trend of cAMP/PI3K/AKT in AvsB.

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S500129                                                                                                                                                                                                                                                                                                                                                                                                   2727

Fan et al

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



trend was utilized to illustrate the cAMP/PI3K/AKT variations in the ovarian tissue’s AvsB and BvsC. Details are shown in 
Figure 6d and e. Ovary tissue sequencing data are available in Supplementary Table 2.

Key Targets and Pathway Validation
In the proliferative phase, XYTJD could down-regulate NOD1, NOD2, RIPK2, IKBKG, NFKBIA, NFKB1, IL-1β and 
TNF-α in NOD/NFκB pathway in ectopic tissues. See Figure 7a for more information.

During the proliferative phase, the ectopic tissue attached ovary had lower expression of ADCY2, PDE3B, 
AKT3, and PIK3R1 in the cAMP/PI3K/AKT pathway than the normal rat ovary. After XYTJD treatment, the 
expression of the aforementioned aberrant targets was restored in ovarian tissues connected to ectopic tissues. 
CASP9 is a downstream factor of PI3K/AKT that promotes apoptosis. AKT can suppress the expression of 
CASP9. XYTJD decreased the expression of CASP9 in ovarian tissues with ectopic tissue attachment. 
Furthermore, ectopic tissue attachment dramatically elevated the expression of antioxidant protein GSTM5 and 
endoplasmic reticulum channel protein SEC61B in the ovary, which could be reduced by XYTJD intervention. See 
Figure 7b for more information. Details of the protein expression bar plot are shown in Figure 7c-q. XYTJD was 
able to lessen the high expression of SEC61B and GSTM5 in ovarian stroma and follicles, as demonstrated by 
Figure 8 Immunohistochemistry. As illustrated in Figure 8, immunohistochemistry confirmed that NFκB1 and IL- 
1β displayed the same pattern as WB. Figure 9 explains how XYTJD reduces ovarian damage from ectopic tissue 
by downregulating the inflammatory pathway NOD/NFκB.

Virtual Screening
21 active components intersecting in the two species’ sera and 18 targets in the NOD/NFκB pathway were used for batch 
molecular docking. Active compounds with small target energy were screened based on the total energy needed for batch 
molecular docking. The ingredients that had lower binding energies were beta-hederin, Cimiside E, Proanthocyanidin A2, 
and 25(R)-ruscogenin-1-O-β-D-xylopyranose(1→3)-β-D-fucopyranoside. The data of the computer virtual screening are 
shown in Figure 10.

Figure 7 Validation of important targets in ovarian and ectopic tissues. (a) Expression trends of NOD/NFκB pathway targets in endometriotic tissues; (b) Trends in the 
expression of CASP9, GSTM5, SEC61B, and cAMP/PI3K/AKT in ovarian tissues; (c–q) Protein expression bar graph. Each group underwent three repetitions of the 
experiment.
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Discussion
When OEM occurs in a person, the ovaries and cysts are closely linked; sometimes, the cysts have even penetrated the 
healthy ovarian tissue. Surgical removal of the cyst frequently results in the loss of normal ovarian tissue, which 
compromises ovarian function.20 Even after surgery, there is a significant risk that OEM will recur. Regardless of whether 
OEM satisfies the surgical requirement or not, it will disrupt reproductive function and cause dysmenorrhea in patients, 
which is directly associated with periodic bleeding and persistent inflammation of the lesion.6 Estrogen released by the 
ovaries is the mediating factor in chronic inflammation. Thus, to examine the impact of XYTJD on inflammation in ectopic 
tissues, we engaged ovarian tissues in the proliferative phase and ectopic tissues. Most endometriosis-related animal 
experiments focus only on ectopic lesions in the mesentery and peritoneum. No research has been done on stopping ectopic 
tissue from causing damage to ovarian tissue.21 To replicate the human OEM as closely as possible, the OEM rat ectopic 
tissue in this work was closely attached to the ovary, and cysts were developed when estrogen was present.

The intersection of DEGsAB, DEGsBC, and DEGsEN yielded 26 intersection targets. By presenting the expression 
trend of intersecting targets in AvsB and BvsC using a combined volcano diagram, it was discovered that ectopic tissues 

Figure 8 Immunohistochemistry. (A-C) This figure’s left side represents the detected target, while its upper side is labeled as the group. In ectopic tissues, the detection 
targets were NFκB1 and IL-1β, while in ovarian tissues, they were CASP9, GSTM5, and SEC61B. Normal ovarian and endometrial tissue made up Group C. The slices were 
10 times larger thanks to the CaseViewer program.
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possessed up-regulated targets such as DTL, CPA3, E2F8, and FST, as well as down-regulated targets such as PGR and 
PNOC. XYTJD may correct the aberrant expression of the targets above. Progesterone can stimulate PGR, which in turn 
causes the endometrium to decidualize. However, PGR expression is decreased in ectopic tissues, leading to decidualiza-
tion deficiencies in ectopic lesions.22 PNOC is a requirement for nociceptin, which belongs to the opioid receptor and 
possesses analgesic properties.23 PNOC was downregulated in the model’s ectopic tissues, which may indicate that 
PNOC is related to dysmenorrhea. Mast cell recruitment and differentiation factor CPA3, which was also found to be 
increased in our model, can attract mast cells and accelerate the development of inflammation in OEM.24 DTL expression 
is decreased in human OEM, peritoneal endometriosis, and deep infiltrating endometriosis.25 DTL can control the cell 
cycle and stimulate tumour growth, invasion, and proliferation.26 The model’s ectopic tissues have increased expression, 
which seems different from that in illness. As a result, additional verification is required on DTL’s role in OEM. E2F8 is 
a transductant of vascular endothelial growth factor, which can bind to blood oxygen inducible factors and enhance 
vascular endothelial growth factor expression.27 E2F8 expression in ectopic tissues also indicates angiogenesis during the 
proliferative phase. XYTJD was able to correct the expression of the targets above, implying that it may have the ability 
to decrease angiogenesis and inflammation and induce decidualization of ectopic tissues in OEM.

Through KEGG enrichment analysis with DEGsAB, the IL-17 signalling pathway in the obtained pathways can 
activate the pro-inflammatory helper T cell 17, releasing inflammatory components.28 Meanwhile, Th17 is positively 
associated with the severity of endometriosis.29 According to immune infiltration research, XYTJD enhanced resting 

Figure 9 Diagram illustrating the ways via which inflammation caused by endometriotic tissue affects the ovary. The image depicts the process by which ectopic tissue 
adheres to the ovary and then continuously assaults the ovarian tissue, causing inflammation.
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dendritic cell clusters in ectopic tissues and decreased follicular helper T and plasma cell clusters. Plasma cells, also 
known as effector B cells, can produce more immunoglobulin. Significantly more plasma cells are infiltrating the 
endometriosis patients’ eutopic endometrium in endometriosis patients, which may be connected to the aberrant 
endometrial immune response that lowers endometrial receptivity.30 T follicular helper cells play both protective and 

Figure 10 Virtual screening heatmap. The target’s name appears at the bottom of the figure. On the left side of the picture is the total energy of binding of a single active 
ingredient to all targets. The name of the active ingredient is located to the right of the figure shape. The energy of the active ingredient’s paired binding to the target site is 
represented by the little squares in the figure.
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harmful activities, contributing to various immunological disorders and promoting inflammation. However, the impact of 
T follicular helper cells on OEM lesions is not entirely clear.31 Dendritic cells are specialized antigen-presenting cells in 
the body that can improve angiogenesis and accelerate endometrial development.32 XYTJD may decrease OEM lesions 
by increasing the number of resting dendritic cells while lowering the number of plasma and follicular helper T cells. 
Still, the exact mechanism is unknown and requires additional experimental investigation.

The NOD-like receptor, NFκB, JAK-STAT, TNF, Toll-like receptor, Th1 and Th2 cell differentiation pathways were 
shown to be considerably higher in ectopic tissues than in normal tissues, according to GSEA enrichment analysis. These 
pathways are closely associated with the pathogenesis and development of OEM. According to Yeo SG et al,33 

endometriosis patients’ peritoneal fluid had much greater levels of NOD1 and NOD2 than normal women. The activation 
targets of inflammatory disorders include NOD1 and NOD2, and the elevated expression of these receptors in rat ectopic 
tissues is likewise in line with OEM’s characteristics as a chronic inflammatory disease. The NFκB pathway is the 
downstream route of both NOD1 and NOD2. One of the well-known pathways in the pathophysiology of OEM is the 
NFκB pathway, which controls cell proliferation and inflammation. TNF-α and IL-1β are two of the downstream factors 
that can cause inflammation.34 In rat and human ectopic tissues, both the NOD-like receptor and the NFκB pathways are 
up-regulated, suggesting that NOD/NFκB is a significant factor in the inflammation brought on by endometriosis. 
Important inflammatory factors in endometriosis inflammation include its downstream TNF-α and IL-1β, and the 
polymorphisms of these two factors are also endometriosis risk prediction genes.35 In ectopic tissues, XYTJD may 
dramatically down-regulate the NOD/NFκB pathway and suppress the expression of TNF-α and IL-1β, indicating that 
XYTJD may reduce OEM inflammation through the down-regulation of the NOD/NFκB system.

The GSEA enrichment analysis of ovarian tissues revealed a considerable down-regulation of the cAMP and PI3K-AKT 
pathways in ovarian tissues linked to ectopic tissues. The cAMP pathway is involved in oocyte growth and granulosa cell layer 
production; specifically, cAMP in the path can govern oocyte meiosis arrest.36 The downstream route of cAMP is PI3K-AKT.37 

The PI3K-AKT pathway is critical in controlling cell division and preventing apoptosis. It is also a central pathophysiological 
mechanism in the loss of ovarian function, particularly in the autophagy of granulosa cells.38,39 CASP9 is an essential gene that 
stimulates apoptosis and is a downstream factor of PI3K-AKT. Clinical investigations have also verified the elevated expression 
of CASP9 in the follicular granulosa cells of individuals with OEM.40 Following XYTJD administration, OEM rats showed 
reduced ectopic tissue inflammation, increased cAMP/PI3K/AKT pathway activity, and decreased CASP9 expression in the 
ovarian tissues connected to ectopic tissues. These results imply that XYTJD may prevent ovarian cell death by reducing 
inflammation in OEM ectopic tissues and reestablishing the ovary’s downregulated cAMP/PI3K/AKT pathway. Furthermore, we 
discovered that the ovary with ectopic attachment had significant expression levels of GSTM5 and SEC61B. GSTM5 can 
accelerate glutathione binding to oxidative agents to shield cells from harm. It also serves as an antioxidant marker.41,42 SEC61B 
plays a critical function in maintaining endoplasmic reticulum homeostasis, and its expression is enhanced when the endoplasmic 
reticulum is under oxidative stress.43 The increased production of antioxidant factors and inner subnet stress proteins in the ovary 
linked to ectopic tissue may be an attempt by the ovary to self-regulate in response to ectopic tissue-induced inflammation. 
Following XYTJD intervention, the expression of GSTM5 and SEC61B in ovarian tissues linked to ectopic tissues reduced, 
implying that XYTJD may affect ovarian tissues by lowering inflammation in ectopic tissues. Of course, XYTJD may act directly 
on the ovary, which we must investigate more. According to clinical research, OEM ovarian cells have a lower potential for 
antioxidants. However, the antioxidant GSTM5 is more expressed in our rat model.44 The explanation could be that our model 
was formed only three weeks after gavage, and ovarian tissue self-regulation has yet to fail.

UPLC-Q-TOF-HRMS detection of drug-containing serum from humans and model rats revealed the presence of 21 active 
components in both human and rat serum. Several active components with lower energy requirements were found using 
virtual screening technologies to further batch dock these 21 active components with NOD/NFκB targets. Examples include 
25(R)-ruscogenin-1-O-β-D-xylopyranose(1→3)-β-D-fucopyranoside, beta-hederin, Cimiside E, and Proanthocyanidin A2. 
Cimiside E could stop the cell cycle and cause apoptosis in gastric cancer cells.45 Furthermore, Cimiside E might possess anti- 
inflammatory and antioxidant properties.46 Proanthocyanidin A2 suppressed the activation of shape cells, implying that it 
prevented fibrosis.47 Many of the active chemicals in this study have not been applied to OEM. Therefore, the involvement of 
OEM in the active substances requires additional verification by molecular cytology.
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This study found that XYTJD may ameliorate ovarian damage by decreasing inflammation in ectopic tissues in OEM 
during the proliferative phase. The potential mechanism by which XYTJD inhibits inflammation in ectopic tissues is 
through the downregulation of the NOD/NFκB pathway. Ectopic tissue-attached ovaries exhibited lower cAMP/PI3K/ 
AKT levels while increasing apoptotic factors, antioxidant proteins, and endoplasmic reticulum stress proteins. However, 
further research is needed to determine how inflammation influenced these changes in the ovary. In addition, a limitation 
of this study is that the virtual screening initially revealed the active components in XYTJD, and the individual elements 
have not yet been tested for their effects in rats.
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