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Abstract
Objectives  Neiyi Prescription of QIU (NYPQ) is a traditional Chinese medicine prescription for the treatment of endome-
triosis (EMS). Here, we aimed to examine the effects and mechanisms of NYPQ on angiogenic ability in EMS.
Study design  EMS rats were established with estradiol valerate and autologous transplantation. EMS rats were intraperito-
neally injected with chloroquine (CQ, 40 mg/kg), rapamycin (RAPA, 1 mg/kg), and monoclonal antibody VEGF (anti-VEGF, 
3 mg/g/d) or administered 5, 10, 20 mg/g/d NYPQ decoction through oral gavage for 4 weeks, respectively. By the before and 
end of the treatment period, the volume of the endometriotic lesions was measured. The pathological morphology, angio-
genesis, and the number of autophagosomes of the endometriotic lesion were observed by hematoxylin and eosin staining, 
immunohistochemistry, and transmission electron microscope, respectively. The cell viability, apoptosis, and angiogenesis 
of HUVECs were detected by MTT, flow cytometry, and lumen formation experiment, respectively. The expression levels of 
VEGF, autophagy-/apoptosis-/PPARγ/NF-κB- pathway-related proteins in endometrium tissues or HUVECs were detected 
by western blot assays.
Results  The autophagy agonist rapamycin reduced the lesion size, the microvessel density, and VEGF expression, and pro-
moted the production of autophagosomes and the expression of autophagy-related proteins, while the autophagy inhibitor 
chloroquine had the opposite effects. In vivo, NYPQ could dose-dependently reduce lesion volume and microvessel density, 
ameliorate histopathological features and promote autophagosome production of ectopic endometrium. Moreover, serum-
containing NYPQ could significantly inhibit the cell viability and tube formation of HUVECs and elevate HUVECs apoptosis. 
Besides, NYPQ significantly reduced VEGF and promoted autophagy-/apoptosis-related protein expressions. Also, NYPQ 
might promote autophagy and inhibit angiogenesis by activating the PPARγ/NF-κB pathway.
Conclusions  Collectively, these findings indicate that NYPQ has therapeutic potential in experimentally induced peritoneal 
endometriosis, and its mechanism may be related to the activation of the PPARγ/NF-κB signaling pathway.
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Introduction

Endometriosis (EMS), a common gynecological disease, is 
defined by the presence of endometrial-like tissue outside 
the uterus [1]. The main symptoms of EMS are dysmenor-
rhea, chronic pelvic pain, abnormal menstruation, and infer-
tility [2, 3]. According to statistics, the incidence of EMS 
accounts for about 10–15% of all women of childbearing age 
[4]. Although EMS is a benign hormone-dependent disease 
in histology, it has biological behaviors such as invasion, 
infiltration, metastasis, and recurrence, which seriously 
affect women's health and family life [5].

In recent years, autophagy and angiogenesis are gener-
ally considered to be related to the pathogenesis of EMS. 
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Autophagy is a kind of programmed cell death, which plays 
an important role in cell growth, differentiation, immunity, 
death, and other significant processes [6]. It was found that 
the autophagy level of endometrial tissue in EMS signifi-
cantly decreased [7], and the levels of autophagy markers 
LC3 I/II and beclin-1 in EMS mice were significantly lower 
than that in control mice [8]. The growth of ectopic endome-
trium depends on the formation of new blood vessels. It is 
found that the epithelial and stromal cells of endometriotic 
implants express high levels of VEGF, which can promote 
the proliferation and migration of endothelial cells, enhance 
vascular permeability and participate in angiogenesis cas-
cade reaction [9, 10]. In addition, a part of anti-angiogenic 
drugs has proved the significance of inhibiting angiogenesis 
for improving EMS [11].

In China, Traditional Chinese medicine (TCM) has 
become an adjunct to routine clinical treatment of EMS due 
to its low toxicity and few side effects [12]. Neiyi Prescrip-
tion of QIU (NYPQ) is a prescription for treating EMS, 
which was founded by the late Professor Qiu Xiaomei, a 
Chinese national TCM doctor, and has been used for EMS 
therapy for decades in China [13]. The prescription is com-
posed of Scutellaria barbata, Caulis Lonicerae, Caulis Sar-
gentodoxae, Spica Prunellae, Hedyotis diffusa, Corydalis 
yanhusuo, Clematis chinensis, Salvia miltiorrhiza, barley 
malt, fried hawthorn, rabdosia herb, and Concha Concha. 
It is a heat-clearing agent with the effect of clearing heat and 
detoxifying, relieving swelling and pain, promoting blood 
circulation, and removing blood stasis. Many scholars have 
conducted research on the efficacy of NYPQ in the treatment 
of EMS and adenomyosis [14, 15].

However, the molecular mechanism of NYPQ in treat-
ing EMS is still unclear. To better understand Professor Qiu 
Xiaomei’s therapeutic prescription, a model of EMS was 
established in rats, then the effect and underlying mechanism 
of NYPQ on autophagy and angiogenesis were evaluated 
on the development of EMS. Results suggested that NYPQ 
may have a therapeutic effect against EMS because it can 
regulate autophagy and angiogenesis via the PPARγ/NF-κB 
signaling pathway. This study highlights novel insights for 
researchers to explore the mechanism of NYPQ systemati-
cally, and provides a guideline in the further investigation 
of this prescription.

Materials and methods

Animal and experiments

Hundred and ten Sprague Dawley rats (female, 190 ± 10 g,) 
were purchased from Shanghai Slack Laboratory Animal 
Co., Ltd (Shanghai, China). The rats were raised in the 
Animal Center of Hangzhou Yingyang Biotechnology Co., 

Ltd (Zhejiang, China), and kept in separate cages in a clean 
animal breeding room with a temperature of 25 ± 2 °C and 
a humidity of 50–60%. After three days of adaptive feed-
ing, rats (n = 80) were given estradiol valerate (0.2 mg/kg 
body mass, YZ-100063, Solarbio, China) once a day for 3 
consecutive days. A large number of denucleated keratino-
cytes were observed on vaginal smears of rats, indicating 
that the estrous period of rats tends to be consistent. After 
the last administration of estradiol valerate, the rats fasted 
for 12 h and were anesthetized by intraperitoneal injection 
of pentobarbital sodium (45 mg/kg, Sigma). The abdominal 
hair was shaved and the abdomen of the rats was cut open. 
Subsequently, endometrial tissue was harvested from the 
myometrium under a dissecting microscope and trimmed 
into 0.5  cm × 0.5  cm pieces. And then, the autologous 
fragments were transplanted into the inner surface of the 
abdominal wall. Finally, the abdominal cavity was closed 
with absorbable surgical silk thread. After the operation, 
rats were injected with cefuroxime sodium (C7340, Solar-
bio, China) intraperitoneally for anti-infection, once a day 
for 5 days. After 4 weeks, the rats were anesthetized and 
exposed the abdominal cavity again to observe the trans-
planted site of the endometrium. If the endometrium grew 
into transparent vesicles with liquid accumulation, the EMS 
model was successfully constructed. Rats (n = 10) in the 
sham group were only cut off the adipose tissue around the 
uterus after laparotomy. Four weeks after successful mod-
eling, the length, width, and height of ectopic endometrium 
in each group were measured and recorded by electronic ver-
nier caliper, and its volume (V) = 0.52 × length × width × hei
ght was calculated. Animal care and experimental protocols 
were approved by the ethics committee of Hangzhou Eyong 
Biotechnological Co., Ltd. Animal Experiment Center [No. 
SYXK (Zhe)2020-0024].

To study the effect of autophagy on endometriosis, the 
experiment was divided into four groups: control group 
(rats undergoing a sham operation, n = 10), model group 
(EMS rats, n = 10), CQ (IC4440, Solarbio, China) group 
(EMS rats received intraperitoneal injection of 40 mg/kg 
CQ three per week, n = 10) and RAPA (R8140, Solarbio, 
China) group (EMS rats received intraperitoneal injection of 
1 mg/kg RAPA three times a week, n = 10). Rats in the con-
trol group and model group were intraperitoneally injected 
with the same amount of normal saline. All rats were treated 
for 4 weeks.

To study the effect of NYPQ on rat endometrium, the 
experiment was divided into five groups: model group, 
low-dose NYPQ (L-NYPQ) group, medium-dose NYPQ 
(M-NYPQ) group, high-dose NYPQ (H-NYPQ) group 
and anti-VEGF group (positive control), ten in each group. 
NYPQ was diluted to 0.4 ml with distilled water, and then 
rats in L-NYPQ, M-NYPQ, and H-NYPQ groups were gav-
aged with 5, 10, and 20 mg/g/d NYPQ, respectively. Rats 
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in the anti-VEGF group were intraperitoneally injected 
with 3 mg/g/d VEGF monoclonal antibody (# MA1-21465, 
Thermo Fisher, USA), and rats in the model group were 
gavaged with the same amount of distilled water. All rats 
were treated for 4 consecutive weeks. NYPQ was processed 
into Chinese medicine fluid extract by good manufactur-
ing practices (GMP) certified preparation center of the First 
Affiliated Hospital of Zhejiang Chinese Medical University, 
containing 2 g/ml of the crude drug. Before and after treat-
ment, the endometriotic lesion volume was calculated.

According to the keratinization of the vaginal epithelium, 
all samples were taken at the later stage of hyperplasia, 
while the control group took the eutopic endometrium and 
the other groups took the ectopic endometrium. Part of the 
collected tissues was frozen in a liquid nitrogen tank, and 
the other part was put in a 10% fixed solution (E672001, 
Sangon, China).

Hematoxylin and eosin (H&E) staining

The fixed tissue was dehydrated and transparent, and then 
embedded in wax, and then the wax block was cut into 
5 μm sections. After the sections were deparaffinized and 
hydrated, they were stained with hematoxylin (G1142, 
Solarbio, China) and eosin (G1100, Solarbio, China). After-
ward, the sections were dehydrated, transparent, and sealed 
with a neutral balsam mounting medium (E675007, Sangon 
Biotech, China). The pathological morphology of ectopic 
endometrium can be observed by taking pictures under a 
microscope (BX53M, Olympus, Japan, × 200 or × 400).

Immunohistochemistry

Paraffin sections were dewaxed conventionally and then 
put into citric acid repair solution to be repaired by micro-
wave heating. Subsequently, paraffin sections were incu-
bated in 3% hydrogen peroxide solution (10011208, Sin-
opharm Chemical Reagent, China) for 10 min and 3% BSA 
(E661003, Sangon, China) for 30 min. After blocking, the 
sections were reacted with anti-CD31 antibody (AF6191, 
Affinity, USA) and the secondary antibody (ab205718, 
Abcam, China). After that, SABC was added to the sections 
and incubated for 30 min. Sections were required for color 
development in DAB kits (G1211, servicebio, China) and 
counterstained with hematoxylin. After sealing with neu-
tral gum, the results were observed by an inverted phase-
contrast microscope (magnification: ×200 and ×400), and 
the number of capillaries were counted by Image Pro-Plus 
6.0 software (Media Cybernetics, Inc., MD, USA).

Measurement of autophagosomes

The freshly isolated tissue was fixed with 3% glutaralde-
hyde (111-30-8, Alfa Aesar, USA), and then dehydrated and 
embedded to make ultra-thin sections. The sections were 
observed under a transmission electron microscope (H7650, 
Hitachi, Japan), and 30 cells were randomly selected from 
each group to record the number of autophagosomes, 
and then the number of autophagosomes in each cell was 
calculated.

Western blotting

The total protein from ectopic endometria was extracted by 
RIPA buffer (E-BC-R327, Elabscience, China) and quan-
tified by BCA kit (E-BC-K318-M, Elabscience, China). 
Identical amounts of total protein were denatured and then 
subjected to 10% sodium dodecyl sulfate–polyacrylamide 
gel electrophoresis. Proteins were transferred to nitrocel-
lulose membranes (B500, ABM, USA), and blocked by 
3% BSA. Afterward, the membranes were incubated with 
primary antibodies and secondary antibodies followed by 
visualization using ECL Substrates (E-BC-R347, Elabsci-
ence, China) on the iBright Imaging System (610020-9q, 
QINXIANG, China). The antibody used in this experiment 
include: VEGF (AF5131, Affinity, USA), LC3 I/II (AF5402, 
Affinity, USA), Beclin-1 (ab62557, Abcam, USA), PPARγ 
(ab272718, Abcam, USA), NF-κBp65 (ab16502, Abcam, 
USA), Bax (ab182733, Abcam, USA), Bcl-2 (ab194583, 
Abcam, USA), cleaved-caspase-3 (AF7022, Affinity, USA), 
GAPDH (ab8245, Abcam, UK), goat anti-rabbit (1:10000, 
ab205718, Abcam, UK) and goat anti-mouse (1:10000, 
ab6789, Abcam, UK). GAPDH was used as an internal 
control.

Acquisition of serum‑containing NYPQ

Rats were randomly divided into two groups: the control 
group and the NYPQ group, with 10 rats in each group. The 
rats in the NYPQ group were given 20 g/kg/d NYPQ, and 
the rats in the control group were given the same amount of 
distilled water twice a day for 5 days. In the last 2 h after 
gavage, blood samples were collected from the abdomi-
nal aorta, and serum was isolated, inactivated at 56 ℃ for 
30 min, sterilized by microporous filtration. All serum was 
stored at 4 °C for later use.

Cell culture and NYPQ containing serum treatment

Human Umbilical Vein Endothelial Cells (HUVECs) were 
purchased from the Shanghai Institute of Cell Biology 
(Shanghai, China) and cultured in 1640 medium (Hyclone, 
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Beijing, China) containing 10% fetal bovine serum (FBS, 
Hyclone, Beijing, China) and 1 × streptomycin in a humid-
ity incubator with 5% CO2 at 37 °C and passaged when 
they reached 90% confluence. Next, HUVECs were planted 
in six-well plates at a density of 1 × 106 per well and were 
treated with RPMI-1640 medium (with free FBS and 1% 
penicillin–streptomycin solution) containing 10% control rat 
serum, 5%, 10%, and 20% serum-containing NYPQ for the 
appointed time at 37 °C, respectively. 10% control rat serum-
treated HUVECS served as the control group.

Cell viability

MTT kit (M1020, Servicebio, China) was employed to 
examine the viability of HUVECs. HUVEC was inoculated 
in a 96-well culture plate and cultured in an incubator. After 
the cells adhered to the wall, they were intervened with 
serum for 24 h and 48 h, respectively. MTT solution was 
added to the culture plate to react with the cells for 4 h, and 
then formazan solution was used to dissolve the crystals. A 
multiple detection reader (C3-6550-01, AS ONE, Japan) was 
employed to count the absorbance at 570 nm.

Cell apoptosis assay

An apoptosis detection kit (CW2574S, CWBIO, China) 
was employed to detect apoptosis of HUVECs. HUVECs 
(5 × 105) were seeded in six-well plates for cell culture and 
adherent overnight. The cells were cultured with serum-
containing NYPQ. After incubating for 48 h, adherent cells 
were washed with PBS and digested with 0.25% trypsin; 
Cell suspension containing 105 cells was reacted with 5 μL 
Annexin V-FITC and 5 μL propidium iodide (PI) for 15 min 
at room temperature. After adding 400 μL binding buffer, 
the cells were analyzed by flow cytometry (C6, BD, USA).

Lumen formation assay

HUVECs (2 × 105/mL) were inoculated into the 96-well 
plate coated with Matrix (354480, Coring, USA) at a den-
sity of 100 μL per well. In addition, 10% control rat serum, 
5%, 10%, and 20% serum-containing NYPQ were added to 
the 96-well plate to incubate with HUVECs for 24 h, respec-
tively. The number of tubes was observed by optical micro-
scope and calculated by Image-Pro Plus 6.0 software.

Statistical analysis

The results were represented as mean ± standard deviation. 
Graph Prism v8.0 (Graphpad Software, California, USA) 
and SPSS 20.0 (SPSS, Chicago, USA) were employed to 
analyze the data. In pairwise comparison between groups, 
the independent sample T-test was used for those with 
homogeneous variance, and the Kruskal–Wallis H test was 
used for those with uneven variance. Differences between 
multiple groups were analyzed by a one-way analysis of 
variance. P < 0.05 was accepted to be statistically significant.

Results

Effects of autophagy on lesion volume 
and endometrial pathology in EMS rats

As shown in Fig.  1A, the lesion volume of the model 
group increased significantly after treatment, and so did 
the autophagy inhibitor CQ group, but the lesion volume 
was decreased significantly in the autophagy agonist RAPA 
group and was lower than that of the model group (P < 0.01). 
In addition, we observed the effect of autophagy on the path-
ological morphology of rat endometrium by H&E staining 
(Fig. 1B). In the control group, the epithelial structure of 
the endometrium is columnar, uniform in size, and closely 
arranged, with dense microvilli, orderly arrangement of 
interstitial cells, abundant glands, and oval-like nucleus 
shape. In the endometrium of the model group and CQ 
group, interstitial cells increased and thickened, microvilli 
fell off, glands almost disappeared, the endometrium was 
extremely thin, there were a large number of eosinophils and 
neutrophils, and the surrounding tissues were rich in blood 
vessels. In the RAPA group, the epithelial cells were closely 
arranged with uniform cell size, but some microvilli fell off 
and glands were rich, and their pathological morphology 
was better than that in the model group and CQ group.

Effects of autophagy on microvessel density (MVD) 
and autophagosomes of endometrial tissue in EMS 
rats

In this study, CD31 antibody was used to evaluate the 
MVD of endometrial tissue in EMS rats. Immunohis-
tochemical results showed that the MVD of the model 
group was significantly higher than that of the control 
group. While on the basis of the model group, MVD of 
the CQ group increased, while MVD of the RAPA group 
decreased (Fig. 2A–B, P < 0.05).

Under a transmission electron microscope, the structure 
of endometrial epithelial cells in the control group was clear, 
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the structure of mitochondria was complete and mitochon-
dria were abundant (Fig. 3A). In the model group, the endo-
metrial epithelial cells were seriously damaged, the mito-
chondrial membrane was incomplete, the crista structure 
disappeared, there were more vacuoles in the cytoplasm and 
the organelles decreased significantly. Moreover, the number 
of autophagosomes in the model group was less than that in 
the control group. However, CQ further reduced the number 
of autophagosomes in the endometrial tissue of model rats, 
but RAPA facilitated the formation of autophagosomes.

Furthermore, we detected the expression levels of 
VEGF and autophagy-related proteins. As expected, the 
VEGF levels of EMS model rats were higher than that of 

the control group, while the expressions of autophagy-
related proteins LC3II/I and beclin-1 were inhibited. Simi-
larly, in comparison with the model group, CQ promoted 
the expression of VEGF but inhibited the expression of 
LC3-II/I, which were markedly reversed by RAPA treat-
ment (Fig. 3B, P  < 0.05).

Effects of NYPQ on lesion volume and endometrial 
pathology in EMS rats

The low-dose, medium-dose, and high-dose of NYPQ 
and anti-VEGF treatment effectively reduced the lesion 
volume of model rats (Fig. 4A, P  <  0.05). As shown 

Fig. 1   Effects of chloroquine and rapamycin on the endometriotic 
lesion in a rat model of EMS. A The volume of the lesion in chloro-
quine and rapamycin groups after 4 weeks of treatment. B Represent-
ative images of endometriotic lesion by H&E staining at magnifica-

tion × 200 (Scale bars = 100 μm) and × 400 (Scale bars = 50 μm) after 
chloroquine and rapamycin treatment. The data are presented as the 
means ± SD. **P < 0.01 vs. model group
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Fig. 2   Effects of chloroquine and rapamycin on the microvessel den-
sity in a rat model of EMS. A Representative immunohistochemical 
images of ectopic endometrium from chloroquine and rapamycin 
treated EMS rats. Magnification: × 20, × 200, and × 400. B microves-

sel density (mm−2) in endometriotic lesions after chloroquine and 
rapamycin treatment, analyzed with quantitative analysis of immu-
nohistochemical sections. The data are presented as the means ± SD. 
**P < 0.01 vs. control group. ▲P < 0.05, ▲▲P < 0.01 vs. model group
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in Fig. 4B, compared with the control group, the model 
group and L-NYPQ group have abundant blood vessels 
and many interstitial cells, but microvilli and glands were 
almost invisible. From M-NYPQ, H-NYPQ, and anti-
VEGF groups, we found that epithelial cells were closely 
arranged, microvilli and glands were increased, and the 
overall pathological morphology was better than that of 
the model group; these characteristics were identified by 
H&E staining analyses.

Effects of NYPQ on MVD, autophagy, and PPARγ/
NF‑κB signaling pathway of endometrial tissue 
in EMS rats

Immunohistochemical results showed that M-NYPQ and 
H-NYPQ can significantly reduce MVD of model rats, 
although L-NYPQ has a tendency to reduce MVD, the 
effect is not significant (Fig. 5). Furthermore, NYPQ can 
also restore the number of autophagosomes lost in the model 
group to a normal level in a concentration-dependent man-
ner (Fig. 6A–F). Additionally, NYPQ inhibited the protein 
expression levels of VEGF, NF-κB p65 and promoted the 
expression levels of LC3 II/I, beclin-1 and PPARγ in a 

Fig. 3   Effects of chloroquine and rapamycin on autophagy of endo-
metriotic lesion in a rat model of EMS. A observation of autophago-
some of endometriotic lesion in a rat model of EMS by transmission 
electron microscope (scale bar = 2  µm). B Representative western 
blots of VEGF, LC3, and Beclin-1 protein from ectopic endome-

trium. And, the protein expression levels were quantified using Image 
J software and normalized to GAPDH protein levels. The data are 
presented as the means ± SD. **P < 0.01 vs. control group. ▲P < 0.05, 
▲▲P < 0.01 vs. model group
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concentration-dependent manner, suggesting that NYPQ 
may promote autophagy and inhibit angiogenesis by regu-
lating the PPARγ/NF-κB signaling pathway (Fig. 6G).

Effects of serum containing NYPQ on apoptosis 
and angiogenesis of HUVECs

We collected the serum of rats by gavaged with NYPQ and 
used it to culture HUVECs. After 24 h of culture, 10% and 
20% serum-containing NYPQ could significantly inhibit 
the viability of HUVECs except that 5% serum-containing 
NYPQ had no significant effect (Fig. 7A, P  < 0.05). After 
48  h of culture, serum-containing NYPQ inhibited the 
activity of HUVECs in a concentration-dependent man-
ner (P < 0.05). Moreover, serum-containing NYPQ dose-
dependently elevated the apoptosis rate and suppressed 
the number of tubes in HUVECs (Fig. 7B–C, P  < 0.05). 
Consistent with the results of in vivo experiments, serum-
containing NYPQ inhibited the protein expression levels of 
VEGF, NF-κB p65 and promoted the expression levels of 

LC3 II/I, beclin-1, and PPARγ. Besides, serum-containing 
NYPQ also inhibited the expression of Bcl-2 and promoted 
the expression of Bax and cleaved caspase-3 in HUVECs 
(Fig. 7D).

Discussion

Autophagy is closely related to angiogenesis. Angiogenesis 
plays a pivotal role in the occurrence and development of 
EMS, and its essence is the process of proliferation, migra-
tion, differentiation and recombination of vascular endothe-
lial cells [16]. Studies have shown that autophagy can 
regulate the steady-state of endothelial cells by regulating 
oxidative stress, lipid metabolism, and VEGF receptor [17, 
18]. Siracusa et al. found that VEGF expression and MVD 
in diseased tissues were significantly reduced by injecting 
autophagy inducer RAPA into EMS rats, indicating that 
autophagy reduced angiogenesis in EMS [19]. Consistent 
with the previous study, we also found that RAPA has the 

Fig. 4   Effects of NYPQ on the endometriotic lesion in a rat model 
of EMS. A The volume of the lesion in NYPQ-treated groups after 
4  weeks of treatment. B Representative images of endometriotic 
lesion by H&E staining at magnification × 200 (Scale bars = 100 μm) 

and × 400 (Scale bars = 50  μm) after NYPQ and VEGF antibody 
treatment. The data are presented as the means ± SD. **P < 0.01 vs. 
model group
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effect of reducing lesion volume, MVD, and VEGF expres-
sion, while autophagy inhibitor CQ did the opposite effects 
in this study.

Adopting TCM theories into clinical practice would 
contribute to the development of a more effective strategy 
for treating diseases, including endometriosis. NYPQ as 
a complex prescription was designed based on the syn-
drome typing of TCM and followed the rules for drug syn-
ergism and compatibility [13]. It is widely used to treat 
adenomyosis currently [13, 15, 20, 21]. It is interesting 
to explore the effects of NYPQ on other diseases, such as 
EMS. More importantly, many drugs in NYPQ have the 
effects of anti-angiogenesis and inhibiting VEGF secretion 
[22–25]. Therefore, we speculated that the mechanism of 
NYPQ in the treatment of EMS may be anti-angiogenesis. 
VEGF is the key mediator of angiogenesis, and blocking 
the level of VEGF has been proved to reduce MVD and 
hinder the growth of lesions [26]. In the current study, 
NYPQ showed an inhibitory effect on VEGF in vivo and 
in vitro and decreased MVD and lesion volume, which 
indicated that NYPQ improved EMS through anti-angio-
genesis. A study by Domigan et al. found that VEGF can 

regulate the autophagy of endothelial cells [27]. There-
fore, we focus on the relationship between NYPQ and 
autophagy in EMS. Both beclin-1 and LC 3 are the hall-
mark proteins of autophagy. When autophagy is formed, 
LC3-I will enzymatically decompose a peptide and convert 
it into LC3-II. Therefore, the level of autophagy can be 
assessed by comparing LC3-II/LC3-I [28]. Borahay et al. 
found that one of the mechanisms of Mullerian inhibiting 
substance treatment of EMS is to induce an increase in 
LC3-II to promote autophagy in EMS cells [29]. Similarly, 
in this study, NYPQ promoted the expression of beclin-1 
and LC3-II/LC3-I in a concentration-dependent manner, 
indicating that NYPQ promoted autophagy in EMS.

The PPAR family has three types (α, β/δ, γ), among which 
PPARγ is found to be involved in the process of anti-angio-
genesis. Studies have shown that PPARγ agonists can inhibit 
endothelial cell proliferation, migration, tube formation and 
promote cell apoptosis [30, 31]. Cumulative evidence indi-
cated that PPARγ can inhibit pathological angiogenesis by 
inhibiting NF-κB activation [32, 33]. Angiogenesis in EMS 
is NF-κB-dependent, which may be due to the fact that a 
variety of angiogenic factors such as VEGF are affected by 

Fig. 5   Effects of NYPQ on the microvessel density in a rat model 
of EMS. microvessel density (mm−2) in endometriotic lesions after 
NYPQ treatment, analyzed with quantitative analysis of immuno-

histochemical sections. The data are presented as the means ± SD. 
**P < 0.01 vs. control group. ▲P < 0.05, ▲▲P < 0.01 vs. model group
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NF-κB regulation. A recent study showed that inhibiting 
the NF-κB pathway in EMS rats can significantly reduce 
MVD [5]. In addition, the use of NF-κB inhibitors has also 
proved to be a new strategy for the treatment of EMS [34]. 
Consistent with the previous studies, we found that NYPQ 
can promote the expression levels of PPARγ and inhibit 
the expression levels of NF-κB p65, suggesting that NYPQ 

may exert a therapeutic effect through the PPARγ/NF-κB 
pathway.

Autophagy and apoptosis are not independent of each 
other but affect each other [35]. It has been proved that 
autophagy in human endometrial cells can promote 
apoptosis, and its specific mechanism is that autophagy 
accumulation can increase the ratio of Bax/Bcl-2 and 
activate caspase-3 to promote apoptosis [36]. In addition, 
autophagy-induced apoptosis may counteract angiogenesis 

Fig. 6   Effects of NYPQ on the autophagy of endometriotic lesion in a 
rat model of EMS. A observation of autophagosome of endometriotic 
lesion in a rat model of EMS by transmission electron microscope 
after NYPQ treatment (scale bar = 2  µm). B Representative western 
blots of VEGF, LC3, Beclin-1, PPARγ, NF-κB p65 protein from 

ectopic endometrium after NYPQ treatment. And, the protein expres-
sion levels were quantified using Image J software and normalized 
to GAPDH protein levels. The data are presented as the means ± SD. 
**P < 0.01 vs. control group. ▲P < 0.05, ▲▲P < 0.01 vs. model group
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[37]. In line with these facts, NYPQ promoted the apop-
tosis of HUVECs but inhibited its tube formation ability. 
Significantly, we found that NYPQ can regulate autophagy 
and angiogenesis simultaneously in EMS in this study. 
However, our research also has some shortcomings. Firstly, 
the causal relationship between autophagy and angiogen-
esis has not been clarified. Moreover, NYPQ contains a 
complex mixture of compounds, requiring further study to 
identify the active ingredients and molecular mechanisms 
leading to anti-angiogenesis in vitro and in vivo. In addi-
tion, the relationship between serum-containing NYPQ 
and NYPQ observed in human serum after oral ingestion 
and metabolism needs to be further verified.

Conclusions

In conclusion, this study found that NYPQ inhibited angi-
ogenesis, promoted apoptosis and autophagy in rats with 
endometriosis and HUVECs. And, this effect of NYPQ 
on endometriosis was associated with the activation of the 
PPARγ/NF-κB pathway. However, the protective effect of 
NYPQ for endometriosis remains not thoroughly studied. 
Therefore, further clinical trials are required to confirm its 
efficacy.
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