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ABSTRACT

Context. Infertility is a common disease among women of childbearing age and seriously endangers
the reproductive health of human beings.Aims. We aimed to study the active effect and mechanism
of betulonic acid (BTA) on tubal inflammatory infertility. Methods. An inflammatory model was
established in isolated rat oviduct epithelial cells. Immunofluorescence of cytokeratin 18 was
performed in cells. The therapeutic effect of BTA on cells was observed. Subsequently, we
added JAK/STAT inhibitor AG490 and MAPK inhibitor U0126 and measured the levels of
inflammatory factors via enzyme-linked immunosorbent assay and qRT-PCR. CCK-8 assay was
applied to test cell proliferation, whereas flow cytometry was used to measure apoptosis. The
levels of TLR4, IκBα, JAK1, JAK2, JAK3, Tyk2, STAT3, p38, ERK and the phosphorylation of p65
were determined by Western blotting. Key results. Betulonic acid inhibited the activation of
TLR4 and NF-κB signalling pathways, and significantly downregulated IL-1β, IL-6, and TNF-α,
with high doses being the most effective. Furthermore, high-dose BTA promoted the proliferation
of oviduct epithelial cells and inhibited apoptosis. In addition, BTA inhibited the activation of JAK/
STAT signalling pathway to perform effectively in oviduct epithelial cells inflammation. The addition
of AG490 led to the inhibition of the JAK/STAT signalling pathway. BTA also inhibited the activation
of MAPK signalling pathway in oviduct epithelial cells inflammation. Under U0126 treatment, the
inhibition of proteins in MAPK pathway by BTA was weakened. Conclusions. Therefore, BTA
inhibited the TLR, JAK/STAT and MAPK signalling pathways. Implications. Our study provided
a new therapeutic strategy for infertility caused by oviduct inflammation.

Keywords: betulonic acid, JAK, MAPK, NF-κB, rat oviduct epithelial cells, STAT, tubal
inflammatory infertility, TLR4.

Introduction

Infertility is a common disease among women of childbearing age and seriously endangers 
the reproductive health of human beings (Vander Borght and Wyns 2018). Anatomical and 
functional causative factors are implicated in this condition. Structural abnormalities in 
the human anatomy, such as severe endometriosis or ectopic pregnancy and pelvic 
inflammation followed by tubal or uterine adhesions, are among the anatomical factors 
that result in infertility. Conversely, the abnormal function of reproductive organs caused 
by diseases such as autoimmune diseases, pelvic inflammatory disease, and salpingitis also 
leads to infertility (Yang 2016). Salpingitis is a part of pelvic inflammation, which is a threat 
for women’s health, accounts for 30–35% of female infertility (Zou et al. 2014; Yao et al. 
2020). The oviduct is the site of oocyte and sperm transport, fertilisation, and early 
embryonic development. Infection and inflammation of the oviduct, which are the main 
causes of infertility in humans (Baczynska et al. 2007), are mainly caused by chlamydia, 
Neisseria gonorrhoeae, Escherichia coli, and other pathogens; repeated infection of the 
oviduct causes mucosa damage. Repeated attacks of local inflammation lead to salpingitis 
exudation, edema, and hyperplasia. The oviduct cavity gradually develops adhesion and 
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stenosis, eventually causing oviduct obstructive infertility 
(Mardh 2004). Currently, laparoscopy and antibiotics 
are the dominating treatments for tubal factor infertility. 
However, postoperative obstruction of tubal repair caused 
by adhesions can lead to the recurrence of infertility. 
Moreover, the long-term use of antibiotics has side effects, 
which could lead to antibiotic abuse and bacterial resistance. 
Therefore, to manage salpingitis and the resulting oviduct 
obstruction, new treatment strategies are needed that can 
repair the physiology of the oviduct and reduce the infertility 
associated with salpingitis. 

Increased expression of the inflammatory cytokines TNF-α, 
IL-1β, and TGF-β can aggravate the development of cell 
inflammation (Zhang et al. 2018). The activation of cellular 
signalling pathways includes the phosphorylation of the 
MAPK pathway and of specific transcription factors, i.e. 
NF-κB in combination with the cell-surface receptor Toll-
like receptor 4 (TLR4) (Ren et al. 2020). The activation of 
TLR4, which is an important transmembrane pattern recogni-
tion receptor of the innate immune system, has been demo-
nstrated in a variety of inflammatory conditions of the 
body. TLR4 is also an important gatekeeper for the innate 
immune system, as it recognises parts of the structure of 
certain conserved pathogens and continuously activates 
macrophages to produce an immune response. TLR4 is a 
receptor for chlamydia lipopolysaccharides (Prebeck et al. 
2003) and heat-shock proteins (Bulut et al. 2002), and is 
normally stimulated by active chlamydia infection (Darville 
et al. 2003). There is also evidence that TLR4 plays a role 
in receptiveness to pathogens causing genital tract infections 
(Laisk et al. 2010). Specifically, the activation of TLR4 is 
associated with the expression of proinflammatory cytokines 
and activation of the NF-κB signalling pathway (Wu et al. 
2015). Reportedly, the activation of the MAPK pathway, 
particularly the phosphorylation of ERK1/2, is increased 
during inflammation, which is important for its development. 
Once p-ERK is upregulated, p-ERK phosphorylates P65, which 
results in the activation of the downstream NF-κB pathway 
and the release of factors involved in different cellular 
processes (Meng et al. 2018). Increasing evidence suggests 
that continued JAK/STAT signalling pathway activation is 
closely associated with many immune and inflammatory 
diseases (Xin et al. 2020). Therefore, whether the TLR4, 
JAK/STAT, and MAPK pathways play an important role in 
oviduct inflammation warrants further study. 

Traditional Chinese medicine (TCM) has been widely 
involved in the treatment of infertility (Liao et al. 2018; 
Xin et al. 2019). From the perspective of TCM, partial or 
complete obstruction of the oviduct is caused by qi stagnation 
and blood stasis in the lower abdomen. The main treatment is 
the removal of blood stasis, the dredging of collaterals, and 
the regulation of qi and blood (Xu et al. 2003). The Xuefu 
Zhuyu decoction is a famous compound in Chinese medicine 
recorded in the Yi Lin Gai Cuo since the Qing dynasty 
(1830 AD). This decoction contains 11 Chinese herbs (15 g 

of Angelica sinensis, 15  g  of  Rehmanniae radix, 15 g  of  
Persicae semen, 10 g of Carthami flos, 10 g of  Aurantii 
fructus, 10  g  of  Paeoniae radix rubra, 10  g of  Chuanxiong 
rhizoma, 10 g of  Bupleuri radix, 15  g  of  Platycodi radix, 
10 g of Achyranthis bidentatae radix, and 5 g of Glycyrrhizae 
radix) and has anti-inflammatory, anti-oxidant, and angiogenic 
effects (Song et al. 2012; Xing et al. 2016). The Xuefu Zhuyu 
decoction is mostly used for promoting blood circulation and 
removing blood stasis (Dai et al. 2017). 

In this study, we used the LC-MS method to develop the 
Oviduct Futong decoction based on the Xuefu Zhuyu 
decoction (15 g of Angelica sinensis, 15  g  of  Rehmanniae 
radix, 15 g  of  Persicae semen, 10 g of Carthami flos, 10  g  of  
Aurantii fructus, 10  g  of  Paeoniae radix rubra, 10 g  
of Chuanxiong rhizoma, 6 g  of  Glycyrrhizae radix, 9  g of  
Manis squama, 15 g  of  Liquidambaris fructus, 10  g  of  Luffae 
fructus retinervus, 10 g  of  Gleditsiae spina, 10  g  of  
Toosendan fructus, and 15 g of Spatholobi caulis), to add 
the function of collateral dredging by promoting blood 
circulation and removing blood stasis. Betulonic acid (BTA) 
was selected as the main component of the Oviduct Futong 
decoction. Subsequently, we performed several experiments 
to investigate the mechanism underlying the regulation of 
tubal inflammatory infertility afforded by BTA through the 
NF-κB, MAPK, and JAK/STAT signalling pathways. 

Materials and methods

Isolation and identification of rat oviduct
epithelial cells

The fallopian tubes of female SPF s.d. rats (sexually mature 
but had not copulated and had not given birth; at the 
oestrus stage of the oestrous cycle) were selected, and the 
rats were killed. The oviduct was collected and placed in 
5 mL of Hank’s balanced salt solution (HBSS), and the fat 
and ovaries were removed from the tissues under an 
anatomical microscope. The oviduct was washed with HBSS. 
Tissues were cut into mincemeat form using ophthalmic 
scissors in Diss. The tissues were transferred to a culture 
bottle containing 0.25% trypsin and enzymatically hydrolysed 
for 30 min in a water bath shaker at 37°C. The mixture was 
transferred to a centrifuge tube and centrifuged at 201g 
for 5 min. After the supernatant was discarded, the tissue 
was transferred to a flask containing 1 mg/mL collagenase 
(HBSS) and enzymatically hydrolysed for 30 min at 37°C. 
The mixture was then transferred to a centrifuge tube and 
centrifuged at 201g for 5 min. The supernatant was discarded 
and 1 mL of DMEM/F-12 medium was added, to prepare a cell 
suspension, which was transferred to a disposable culture 
bottle. The superstratum cell suspension was sucked out 
in an incubator of 5% CO2 at 37°C for about 4 h, then 
transferred into a centrifuge tube and centrifuged at 201g 
for 5 min. The supernatant was discarded and 1 mL of 
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DMEM/F-12 medium was added, followed by inoculation in a 
disposable culture dish after gently blowing and beating. The 
medium was cultured in a 5% CO2 incubator at 37°C for 48 h. 
Cell passage was performed when the oviduct epithelial 
cells exhibited 80% confluence or filled the plate floor. 
Immunofluorescence staining was used to identify the 
oviduct epithelial cells, and the positive rate of cytokeratin 18 
was determined, to confirm that the cells were oviduct 
epithelial cells. After identification using cytokeratin 18, 
the three-passage cells were used for subsequent experiments. 

Immunofluorescence

The positive rate of cytokeratin 18 was detected by immunoflu-
orescence staining. The slices were removed and cleaned with 
PBS 2–3 times, then fixed with 4% paraformaldehyde for 
30 min and rinsed with PBS 3 times (5 min each time). 
Subsequently, 0.5% TritonX-100 was used for permeabili-
sation for 30 min at 37°C. After washing with PBS, 5% BSA 
was closed at 37°C for 1 h, followed by incubation with 
an anti-cytokeratin 18 primary antibody at 4°C overnight, 
washing with PBS 3 times (5 min each time), incubation 
with a diluted fluorescent secondary antibody (Coralite 
594-conjugated goat anti-rabbit IgG; SA00013-4, 1:200, 
Proteintech) at 37°C for 90 min, and rinsing with PBS 3 
times (5 min each). DAPI working solution (Wellbio) was 
used to stain nuclei at 37°C for 10 min, and then rinsed 
with PBS 3 times (5 min each). The tablet was buffered 
with glycerin and observed under a fluorescence microscope. 

Liquid chromatography/mass spectrometry
(LC-MS)

The Oviduct Futong decoction solution (100 μL) was mixed 
with 400 μL of methanol–acetonitrile solution. The mixed 
solution was sonicated at 4°C for 10 min and stored at 
−20°C for 1 h. The mixture was centrifuged, and the precip-
itate was discarded. The supernatant was condensed into a dry 
powder via centrifugal freezing. The dry powder was dissolved 
in 50% acetonitrile and detected by LC-MS under the positive 
and negative modes. The instrument platform used for LC-MS 
analysis consisted of an Agilent 1290 ultra-performance liquid 
chromatographer and Thermo Fisher Scientific’s Q  Precision  
Orbital RAP high-resolution mass spectrometer. The experiment 
was performed on an UPLC HSS T3 column (1.7 μm; 2.1 × 
100 mm; Waters). A Q ExActive Orbitrap high-resolution 
mass spectrometer was used to collect the primary and 
secondary mass spectrometry data. The Compound Discoverer 
(ver. 2.0, Thermo Fisher) and OSI-SMMS (ver. 1.0, Dashuo) 
software were employed for material identification in combina-
tion with the MZCloud database and a self-built database. 
Finally, the normalised data matrix was used for multivariate 
statistical analysis, to screen the differential ingredients. 

Establishment of an inflammatory model of rat
oviduct epithelial cells

The rat oviduct epithelial cells were stimulated with LPS at 
different concentrations (1, 10, 50, 100, and 200 ng/mL), 
and the medium was used to replace LPS in the negative 
control (0 ng/mL LPS). Samples were collected at 0, 1, 3, 6, 
12, and 24 h. The best dose and effect time of LPS were 
determined via the detection of IL-1β and other inflammatory 
factors. After determining the optimal dose and response 
time, the oviduct epithelial cells were divided into the control 
group (no LPS, no drug), the LPS group (model group, LPS-
induced inflammation, no drug), the low-dose BTA group 
(low-BTA group, LPS-induced inflammation + 5 μM BTA), 
the medium-dose BTA group (med-BTA group, LPS-induced 
inflammation + 10 μM BTA), the high-dose BTA group 
(high-BTA group, LPS-induced inflammation + 20 μM BTA) 
(Dubinin et al. 2020), the JAK/STAT inhibitor group (LPS-
induced inflammation + 10 μM AG490) (Merhi et al. 2013; 
Jiang et al. 2021), and the MAPK inhibitor group (LPS-
induced inflammation + 10 μM U0126) (Yuan et al. 2021). 

Enzyme-linked immunosorbent assay (ELISA)

Interleukin (IL)-1β, IL-6, and TNF-α were examined using the 
Quantitative ELISA Kit for IL-1β (#CSB-E08053h, C23037037, 
Cusabio), IL-6 (#CSB-E04638h, E31033828, Cusabio), and 
TNF-α (#CSB-E04740h, P05031137, Cusabio), according to 
the manufacturer’s instructions. The concentrations of IL-1β, 
IL-6, and TNF-α in cells were calculated using the standard 
curve provided by the DYNATECHMR7000 microplate analyser, 
and the results were expressed as pg/mL. 

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted using the Trizol method. The cDNA 
of PrimeScript II was synthesised by Takara. mRNA expression 
was detected by qRT-PCR using the SYBR GREEN PC Master 
Mix (Applied Biosystems). The reaction was carried out on an 
ABI PRISM 7300 sequence detection system (ASB). The 
relative quantitative equation 2−ΔΔCt was used to calculate 
mRNA expression levels. β-actin served as an internal reference. 
The primers used here were as follows: IL-1β-F: TGTGATG 
TTCCCATTAGAC, IL-1β-R: AATACCACTTGTTGGCTTA; IL-6-F: 
TCACTATGAGGTCTACTCGG, IL-6-R: CATATTGCCAGTTCTT 
CGTA; TNF-α-F: CCCCTCTATTTATAATTGCACCT, TNF-α-R: 
CTGGTAGTTTAGCTCCGTTT; and β-actin-F: ACATCCGTAAA 
GACCTCTATGCC, β-actin-R: TACTCCTGCTTGCTGATCCAC. 

Western blotting

RIPA buffer (#P0013B, Beyotime) was used to extract total 
proteins from cells according to the manufacturer’s instruc-
tions, and proteins were quantified using a BCA protein 
assay kit. The mixed SDS–PAGE loading buffer (#MB2479, 
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Meilunbio) was heated in a water bath for 5 min at 100°C. 
The proteins were separated by gel electrophoresis and 
transferred to a PVDF membrane. The membrane was closed 
with a 5% skim milk solution for 90 min at room temperature, 
followed by incubation with antibodies against TLR4 (19 811-
1-AP, 1: 750, Proteintech), p65 (10 745-1-AP, 1:2000, 
Proteintech), p-p65 (bs-0982r, 1:1000, Bioss), IκBα (10 268-1-AP, 
1:2000, Proteintech), p-IκBα (9246s, 1:1000, CST), p38 
(14 064-1-AP, 1:1500, Proteintech), p-p38 (ab4822, 1:1000, 
Abcam), ERK (11 257-1-AP, 1:1000, Proteintech), p-ERK 
(ab50011, 1:4000, Abcam), JNK (ab179461, 1:1000, Abcam), 
p-JNK (ab124956, 1:4000, Abcam), JAK1 (66 466-1-Ig, 
1:2000, Proteintech), p-JAK1 (ab138005, 1:3000, Abcam), 
JAK2 (17 670-1-AP, 1:1000, Proteintech), p-JAK2 (ab32101, 
1:3000, Abcam), JAK3 (ab203611, 1:750, Abcam), p-JAK3 
(bs-20168 R, 1:1000, Bioss), Tyk2 (bs-6662 R, 1:1000, 
Bioss), p-Tyk2 (bs-3437 R, 1:1000, Bioss), STAT3 (10 253-
2-AP, 1:3000, Proteintech), p-STAT3 (ab76315, 1:4000, 
Abcam), and GAPDH (10 494-1-AP, 1:4000, Proteintech) at 
4°C overnight. Subsequently, the membranes were incubated 
with HRP-conjugated goat anti-mouse IgG (SA00001-1, 
1:5000, Proteintech) and HRP-conjugated goat anti-Rabbit 
IgG (SA00001-2, 1:6000, Proteintech). Detection was performed 
using ECL, and an Odyssey Infrared Imaging System (Li-Cor 
Biosciences) was used to detect protein bands using GAPDH 
as the internal reference to determine expression levels. 

Cell counting kit-8 (CCK-8) assay

The cells were digested, counted and inoculated in 96-well 
plates at a density of 1 × 104 cells/well, 100 μL per well, 
followed by incubation at 37°C and 5% CO2. After treatment 
for 0, 12, 24, and 48 h, 10 μL of CCK-8 (#NU679, DOJINDO, 
Japan) was added to each well. The absorbance (OD) at 
450 nm was determined on a bio-Tek microplate (MB-530, 
Heales, China) after further incubation at 37°C and 5% CO2 

for 4 h. 

Cell apoptosis

Cells were digested with trypsin without EDTA and collected. 
The cells were washed with PBS twice, centrifuged for 5 min 
at 402g each time, and about 5 × 105 cells were collected. We 
added 500 μL of binding buffer to suspend the cells and 5 μL of  
Annexin V-FITC (KGA108, KeyGen, China), and the solution 
was mixed. Subsequently, we added 5 μL of propidium 
iodide and mixed the solution. The reaction was carried out 
for 15 min in the dark at room temperature. The results 
were observed and detected by flow cytometry (A00-1 1102, 
Beckman)  within 1 h.  

Statistical analysis

The data were statistically analysed using the SPSS20.0 
software, and the results are expressed as the mean ± s.d. 
Student’s t-test was performed between two groups, and 

one-way analysis of variance (ANOVA) was used to compare 
multiple groups. Significance was set at P < 0.05. 

Ethics approval

This study was approved by the Hunan SJA Laboratory 
Animal Co., Ltd. (No. SJA2004156: the licence number) and 
conducted in strict accordance with the national institutes 
of health guidelines for the care and use of experimental 
animals. 

Results

Establishment of an inflammatory model of
oviduct epithelial cells

Oviduct epithelial cells were isolated from rats. Fig. 1a 
showed the image of the cultured oviduct epithelial cells. 
Immunofluorescence staining showed that cytokeratin 18 
was present in the cells (Fig. 1b). These results confirmed 
that the isolated cells were oviduct epithelial cells. LPS was 
used to induce oviduct epithelial cells, to establish an inflam-
matory model (Fig. 1c). The effect of stimulation using 
different concentrations of LPS (0 ng/mL, 1 ng/mL, 10 ng/mL, 
50 ng/mL, 100 ng/mL, and 200 ng/mL) on the epithelial cells 
was investigated. Samples were collected at 0, 1, 3, 6, 12, and 
24 h. According to the level of the inflammatory factor IL-1β in 
the supernatant, the best dose and effect time of LPS were 
determined to be 200 ng/mL and 24 h, respectively. 

Inhibitory effect of BTA on the TLR4 pathway in
oviduct inflammation

Liquid chromatography-MS was used to analyse the key 
components of the Oviduct Futong decoction under the positive 
and negative modes (Supplementary Fig. S1). Positive 
mode highlights the difference between protocols of mass 
spectra measurement, such as fresh and frozen–thawed 
samples, whereas negative mode better characterises the 
histological difference between samples (Zhvansky et al. 
2021). Dual analysis in both positive and negative ion modes 
is a potential approach to identify peptides with unstable 
modifications, such as sulfation, and to distinguish them 
from phosphorylation (Drake and Hortin 2010). The data 
obtained in the two ion modes are complementary to some 
extent (Nicolardi et al. 2020). Comparison of positive and 
negative ion ESI-MS spectra might provide an insight into 
various binding modes in both solution and the gas phase 
(Gupta et al. 2004). Based on the value of area, by analysing 
the ingredients in Oviduct Futong decoction, we found that, 
under the positive mode, apigenin 7-O-beta-D-glucuronide, 
ethanolamine phosphate, BTA, patchouli alcohol and dibutyl 
phthalate were the main ingredients of the Oviduct Futong 
decoction. Under the negative mode, maltopentaose, furfuryl 
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Fig. 1. Establishment of an inflammatory model of oviduct epithelial cells. (a) The images of the
cultured oviduct epithelial cells (100×, 100 μm; 200×, 50 μm). (b) Immunofluorescence staining of
cytokeratin 18 in oviduct epithelial cells (100×, 100 μm). (c) Changes in the concentration of IL-1β 
induced by different doses of LPS over time. *P < 0.05 vs 0 h, # P < 0.05 vs 0 ng/mL.

alcohol, fungitetraose, stachyose and mimosine were the 
main ingredients of the decoction. These ingredients might 
further contribute to the beneficial effect of the decoction 
on tubal inflammatory infertility (Supplementary Table S1). 
After reviewing the literature, we found that BTA has anti-
inflammatory activity (Vasilevsky et al. 2009; Popov et al. 
2019; Song et al. 2021; Semenova et al. 2022). In addition, 
BTA has rarely been studied in tubal inflammatory infertility. 
Therefore, we chose BTA to perform follow-up experiments. 
To explore the potential molecular mechanism underlying 
the beneficial effect of BTA on oviduct inflammation, we 
investigated the therapeutic effects of BTA on oviduct 

inflammatory cells and their roles in the TLR4/NF-κB 
receptor pathway. We monitored TLR4 expression in the 
cells. The results revealed that the levels of the TLR4 protein 
were significantly increased in the model group, whereas the 
TLR4 protein was downregulated in the BTA groups, with the 
TLR4 protein being more significantly downregulated in 
the high-BTA group (Fig. 2a). Interestingly, compared with 
the control group, the phosphorylation (activation) of p65 
and IκBα in the model group was increased, whereas the 
phosphorylation (activation) of p65 and IκBα in all BTA 
groups was decreased, with the phosphorylation (activation) 
of p65 and IκBα in the high-BTA group being more 
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Fig. 2. Inhibitory effect of BTA on the TLR4 pathway in oviduct inflammation. (a) Western blotting was used to detect TLR4 expression.
(b) The expression of proteins in the NF-κB signalling pathway (p65 and IκBα) was measured byWestern blotting. *P < 0.05 vs the control,
#P < 0.05 vs the model.

significantly decreased (Fig. 2b). These results suggest that 
high-dose BTA inhibits the activation of the TLR4 and 
NF-κB signalling pathways. 

High-dose BTA inhibited the inflammatory
response, promoted oviduct epithelial cell
proliferation, and inhibited apoptosis

To assess further the effects of BTA, we investigated the 
therapeutic effects of BTA on oviduct inflammatory cells. 
First, we measured changes in inflammatory markers. 
Compared with the control group, IL-1β, IL-6, and TNF-α 
were upregulated in the model group. After adding BTA, 
the levels of IL-1β, IL-6, and TNF-α were decreased (Fig. 3a, b), 
with high-dose BTA having the best inhibitory effect on 
inflammation. Next, we measured changes in cellular func-
tion. We found decreased proliferation and increased 
apoptosis in the model group compared with the control 
group. After adding BTA, proliferation increased and 
apoptosis decreased, with the inhibitory effect of high-dose 

BTA being more significant (Fig. 3c, d). These results suggest 
that high-dose BTA inhibits the inflammatory response, 
promotes the proliferation of oviduct epithelial cells, and 
inhibits apoptosis. 

High-dose BTA inhibited the JAK/STAT
signalling pathway

Subsequently, to confirm the effects of BTA on the JAK/STAT 
signalling pathway, we assessed the expression of JAK1, 
JAK2, JAK3, Tyk2 and STAT3. The results showed that the 
JAK/STAT signalling pathway was activated in oviduct 
inflammation, and that the phosphorylation levels of the 
JAK1, JAK2, JAK3, Tyk2 and STAT3 proteins were increased. 
Next, the activation of JAK1, JAK2, JAK3, Tyk2 and STAT3 
was inhibited by BTA. After adding AG490, which is a 
JAK/STAT pathway inhibitor, the JAK/STAT pathway was 
inhibited (Fig. 4a, b). Based on these results, we conclude that 
BTA inhibits the activation of the JAK/STAT signalling pathway 
to perform effectively in oviduct epithelial cells inflammation. 
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Fig. 3. High-dose BTA inhibited the inflammatory response, promoted oviduct epithelial cell proliferation,
and inhibited apoptosis. (a) The levels of IL-1β, IL-6, and TNF-α were detected by ELISA. (b) qRT-PCR was used
to assess IL-1β, IL-6, and TNF-α levels. (c) The CCK-8 assay was applied to detect cell proliferation in each
group. (d) Flow cytometry was used to examine apoptosis in each group. *P < 0.05 vs the control, #P < 0.05 vs
the model.
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Fig. 4. High-dose BTA inhibited the JAK/STAT signalling pathway. (a) The phosphorylation of JAK1, JAK2, JAK3, Tyk2, and STAT3 was
evaluated by Western blotting. (b) Quantitative statistical analysis of A. *P < 0.05 vs the control, #P < 0.05 vs the model.

High-dose BTA inhibited the MAPK signalling
pathway

Next, to confirm the effects of BTA on the MAPK signalling 
pathway, we measured the levels of p38, ERK, and JNK in an 
established oviduct inflammation model. As shown in 
Fig. 5a, b, the MAPK signalling pathway was activated in 
oviduct inflammation. In turn, the activation of the p38, 
ERK, and JNK proteins was inhibited by BTA. Under the 
action of U0126 (which is a MAPK pathway inhibitor), the 
MAPK signalling pathway was inhibited. Based on these 
results, we concluded that BTA inhibits the activation of 
the MAPK signalling pathway in oviduct epithelial cells 
inflammation. 

Discussion

Chronic salpingitis is a significant cause of infertility in 
women. TCM has a variety of methods for the treatment of 
chronic salpingitis and has achieved relatively good clinical 

efficacy, which underscores the advantages of TCM (Lian 
et al. 1991; Kang et al. 2001; Wen et al. 2015). The main 
component of the Oviduct Futong decoction, BTA, has been 
shown to have anti-inflammatory activity (Vasilevsky et al. 
2009; Popov et al. 2019). In this study, the oviduct epithelial 
cells isolated from the oviduct in vitro were used to show that 
BTA has an anti-inflammatory effect on oviduct epithelial 
cells, which significantly downregulates IL-1β, IL-6  and  TNF-α. 
Moreover, the therapeutic effect of BTA was not only related to 
the TLR pathway, but also possessed anti-inflammatory activity 
by inhibiting the activation of the JAK/STAT and MAPK 
signalling pathways. 

Innate immunity is triggered when the body is stimulated 
by xenobiotics, followed by the induction of TLR4 on the cell 
surface, to activate specific immunity (Jiang et al. 2020). 
A previous study showed that the immune response activates 
the NF-κB inflammatory pathway via the TLR4 receptor 
protein, leading to large releases of the proinflammatory 
cytokines TNF-α and IL-1β into the extracellular matrix 
(O’Neill and Bowie 2007). The increased production and 
release of proinflammatory factors further activates NF-κB, 
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Fig. 5. High-dose BTA inhibited the MAPK signalling pathway. (a) The phosphorylation of p38, ERK, and JNKwas evaluated by
Western blotting. (b) Quantitative statistical analysis of A. *P < 0.05 vs the control, #P < 0.05 vs the model.

which results in the continuous amplification of the initial 
inflammatory signals, increased permeability of the epithe-
lial cell layer, and tissue injury (Huang et al. 2016; Zhang 
et al. 2017). Similarly, a previous study has demonstrated 
that the activation of the TLR and NF-κB pathways by 
external infection leads to salpingitis (Shaw et al. 2011). As 
mentioned above, our results showed that the expression of 
IL-1β, IL-6 and TNF-α was significantly higher in the model 
group than it was in the control group. BTA effectively 
reduced the expression of proinflammatory factors in oviduct 
cells. Subsequently, we found that BTA reduced TLR4 expres-
sion and p65 and IκBα phosphorylation in inflammatory 
epithelial cells. Again, high-dose BTA had a superior therapeutic 
effect. These results suggest that the inhibitory effect of BTA on 
oviduct epithelial cells inflammation may be related to TLR4. 
In addition, the mechanism of oviduct epithelial cells 
inflammation by BTA requires further study. 

The JAK/STAT pathway is a classic inflammatory pathway. 
Inhibition of this pathway inhibits α-synuclein-induced neuroin-
flammation and dopaminergic neurodegeneration (Qin et al. 
2016). Cheng et al. (2020) reported that cinnamaldehyde, 
a bioactive cinnamon essential oil from the TCM herb 
Cinnamomum cassia, inhibited the inflammation of human 
synoviocyte cells by regulating the JAK/STAT pathway and 
ameliorating collagen-induced arthritis in rats. In our study, 
after adding AG490, which is a JAK/STAT pathway inhibitor, 
the JAK/STAT pathway was inhibited. In contrast, BTA 

inhibited the activation of the JAK/STAT signalling pathway 
to play a role in oviduct epithelial cells inflammation. 

The MAPK family consists of at least three members, i.e. 
ERK, C-Jun N-terminal kinase (JNK), and p38 MAPK, which 
play a vital role in cell-cycle regulation, proliferation, and cell 
survival (Garrington and Johnson 1999; Kyriakis and Avruch 
2012). The p38 mitogen-activated protein kinase (MAPK) is 
thought to be a key mediator of the activation of the inflam-
matory factors TNF-α, IL-1β, and IL-6 (Kraatz et al. 1999; 
Shames et al. 1999). MAPK and JNK were shown to be 
helpful in upregulating TNF-α and enhancing cell inflammation 
and apoptosis (Chen et al. 2018). The activation of ERK was 
mainly involved in the senescence and proliferation of 
inflammatory cells (Yang et al. 2013). This study confirmed 
that p38 MAPK, ERK, and JNK were activated after LPS-
induced oviduct epithelial cell inflammation. However, BTA 
reversed the effects of LPS on the MAPK family of proteins 
in epithelial cells. Notably, our results demonstrated that 
U0126 significantly increased the phosphorylation of p38 
MAPK, ERK, and JNK in the BTA groups. These results suggest 
that inhibition of MAPK activation might be the main 
mechanism via which BTA reduces cell inflammation. 

However, in this study, using primary oviduct epithelial 
cell culture for experiments has limitations. Ciliated epithelial 
cells lost their cilia and beating function after culture and 
passages. Therefore, the results obtained are not applicable 
to all epithelial cells in the oviduct. Moreover, the findings 
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in this study are applicable to a cell culture model and might 
not be applicable to these situations during pregnancy. 
In the future, some experiments could be validated in vivo 
through collection of whole oviducts after the LPS treatment 
with the BTA and performing ELISA or western blotting. In 
order to specifically observe changes in epithelial cells, we 
should collect oviductal sections for immunohistochemistry/ 
immunofluorescence to show the presence of cytokines with 
or without BTA treatment. Moreover, we should perform 
experiments in pregnant females to conclude our findings 
were applicable to the situation during pregnancy. Furthermore, 
we didn’t verify whether BTA would be safe during preg-
nancy. We also didn’t know how BTA could affect embryo 
development. Therefore, we should perform fertility trial 
in BTA-treated pregnant rats, and collect the embryos to 
ensure that embryo development is not disrupted in the 
presence of BTA (e.g. quantify the percentage of blastocysts 
produced in BTA-treated and control groups). Alternatively, 
we should also culture zygotes with BTA to observe its 
effect on blastocyst development. However, due to time and 
funding constraints, we cannot yet solve them well. With 
sufficient time and funding in the future, we will conduct a 
series of related in vivo experiments. 

In conclusion, our research demonstrated that BTA 
inhibited the TLR, JAK/STAT, and MAPK signalling pathways, 
suggesting that BTA could be a potential therapeutic strategy 
for treating infertility caused by oviduct inflammation in 
future researches. Moreover, our study has important signifi-
cance for TCM theory and mechanistic research of TCM 
monomers. 

Supplementary material

Supplementary material is available online. 
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