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Endometrial injury is a common female disease. +is study was designed to illustrate the effects of oxycodone on mifepristone-
induced human endometrial stromal cells (hEndoSCs) injury and delineate the underlyingmolecular mechanism. hEndoSCs were
stimulated with mifepristone to generate the endometrial injury in vitro model. hEndoSCs viability, cytotoxicity, and apoptosis
were measured by methyl thiazolyl tetrazolium (MTT) assay, lactate dehydrogenase assay (LDH), and flow cytometry (FCM)
analysis, respectively. Meanwhile, quantitative reverse transcription polymerase chain reaction (RT-qPCR) and Western blot
assay were conducted to evaluate gene and protein expressions. +e secretions of inflammatory cytokines (TNF-α, IL-1β, and IL-
6) were measured using enzyme-linked immunosorbent assay (ELISA). +e data revealed that mifepristone exposure memorably
inhibited hEndoSCs viability and promoted cell apoptosis and inflammatory cytokines secretion, and oxycodone had no cy-
totoxicity on hEndoSCs. Oxycodone increased hEndoSCs growth, blocked cell apoptosis, enhanced Bcl-2 expression, reduced Bax
levels, and decreased the secretion of inflammatory cytokines in mifepristone-induced hEndoSCs, exhibiting the protective effects
in endometrial injury. In addition, the TLR4/NF-κB pathway-related protein levels (TLR4 and p-p65) in mifepristone-treated
hEndoSCs were enhanced, while these enhancements were inhibited by oxycodone treatment. In conclusion, oxycodone exhibited
the protective role in mifepristone-triggered endometrial injury via inhibiting the TLR4/NF-κB signal pathway.

1. Introduction

+e endometrium is a layer of the inner wall of the uterus,
with the change of women’s physiological cycle, the endo-
metrium will also change, and it has a great impact on
menstruation and fertility [1, 2]. +e main symptoms of
endometrial damage are menstrual disorders, dysmenor-
rhea, and endometriosis [3]. Endometrial damage and ad-
hesion will result in the obstruction of menstrual blood
discharge, thus causing dysmenorrhea and infection, and
under the stimulation of pelvic inflammatory disease, leads
to endometriosis and ultimately affect pregnancy [4, 5].

Oxycodone, a semisynthetic opioid extracted from al-
kaloid tibain, has been used as a potent analgesic for more
than 80 years [6]. Oxycodone is widely used in clinics be-
cause of its high bioavailability and multiple routes of

administration [7, 8]. Intravenous oxycodone can be safely
used in painless ovum retrieval without increasing respi-
ratory depression, prolonging recovery time, and reducing
the dosage of propofol and postoperative pain [9]. To the
best of our knowledge, whether oxycodone has a protective
effect on endometrial injury and its molecular mechanism
are still unclear.

Accumulating evidences have demonstrated that mul-
tiple factors including ROS/NLRP3/caspase-1/GSDMD,
WNT, and mTOR signaling pathway were involved in the
progression of endometrial diseases [10–12]. +e TLR4/NF-
κB pathway has been identified to be involved in many
diseases. Bai et al. suggested that biochanin A attenuates
myocardial ischemia/reperfusion injury through the TLR4/
NF-κB/NLRP3 signaling pathway [13]. Also, Zhou et al.
revealed that galectin-3 activates TLR4/NF-κB signaling to
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promote lung adenocarcinoma cell proliferation through
activating lncRNA-NEAT1 expression [14]. However,
whether the TLR4/NF-κB signaling pathway is involved in
the development of endometrial injury needs to be further
explored.

Mifepristone is a very active human antiprogesterone
and antiglucocorticoid drug [15]. Studies have shown that
mifepristone can directly damage the endometrium in vitro
and in vivo [16, 17]. +e prevention and reversal of endo-
metrial injury caused by mifepristone is a clinical challenge.
+e human endometrium is a complex tissue, mainly
composed of human endometrial stromal cells (hEndoSCs)
which play an essential role in maintaining endometrial
homeostasis, and oxidative stress of hEndoSCs is responsible
for preeclampsia, decidualization failure, and endometritis
[18, 19]. Recently, mifepristone-induced hEndoSCs injury
has been used to study endometrial injury in vitro [20, 21].

+us, this research was designed to investigate the roles
and mechanism of oxycodone in mifepristone-induced
hEndoSCs during the pathogenesis of endometrial injury. In
this report, we hypothesize that mifepristone may induce
hEndoSCs injury, oxycodone has a protective effect against
endometrial injury in mifepristone-stimulated hEndoSCs,
and the latent mechanisms of oxycodone’s protective effects
may be associated with the inhibition of the TLR4/NF-κB
pathway. +e findings revealed that oxycodone alleviated
endometrial injury by inhibiting the TLR4/NF-κB signaling
pathway and could be a novel therapeutic agent for endo-
metrial injury.

2. Materials and Methods

2.1. Establishment of Endometrial Injury In Vitro Model.
+e hEndoSCs were brought from the American Type
Culture Collection and maintained in DMEM/F-12 medium
(Gibco, CA, USA) supplemented with 10% fetal bovine
serum (FBS, Gibco), 100mg/ml streptomycin, and 100 IU/
ml penicillin and cultured in a humidified incubator with 5%
CO2 at 37°C. To establish the endometrial injury in vitro
model, hEndoSCs were treated with 60 μmol/l mifepristone
(Sigma, USA) at 37°C for 48 h.

2.2. MTT Assay. After treatment with different concentra-
tions of oxycodone, hEndoSCs were seeded into 96-well
plates at 37°C. +en, the cells were treated with 10 μl MTT
(5mg/ml) solution and continuously incubated for another
4 h. After incubation, the culture medium was removed, and
150 μl DMSO was added to each well to dissolve the for-
mazan product in darkness for 10min. Finally, the optical
density (OD) at the wavelength of 570 nmwasmeasured by a
microplate reader (BioTek, USA) after vibration mixing
following the manufacturer’s instructions.

2.3. Flow Cytometry Analysis. After treatment with different
concentrations of oxycodone, apoptosis of hEndoSCs was
detected by an Annexin V-FITC/PI apoptosis detection kit
(Beyotime) following the manufacturer’s instructions.
Finally, apoptotic cells were measured using the flow

cytometer (BD Biosciences, USA) and analyzed using Kaluza
analysis software (version 2.1.1.20653; Beckman Coulter,
Inc.).

2.4. Western Blot Assay. After treatment with different
concentrations of oxycodone, the total proteins were har-
vested from hEndoSCs with RIPA lysis buffer (Beyotime).
+e protein concentration was valued using a BCA Protein
Assay kit (Invitrogen, USA). +en, averaged proteins (40 μg
per lane) were resolved by 10% SDS-PAGE and transferred
onto PVDFmembrane. After blocking with 5% skimmilk in
PBST for 1 h, the membranes were cultured in primary
antibodies against GAPDH (37 kDa; 1 :1,000; cat. no. 5174;
Cell Signaling Technology, Inc.), Bcl-2 (26 kDa; 1 :1,000; cat.
no. 4223; Cell Signaling Technology, Inc.), Bax (20 kDa; 1 :
1,000; cat. no. 5023; Cell Signaling Technology, Inc.), TLR4
(95 kDa; 1 :1,000; cat. no. sc-2930729; Santa Cruz Biotech-
nology), p-p65 (65 kDa; 1 :1,000; cat. no. 3033; Cell Signaling
Technology, Inc.), and p65 (65 kDa; 1 :1,000; cat. no. 8242;
Cell Signaling Technology, Inc.) overnight at 4°C. +en, the
membranes were treated with an HRP-conjugated second-
ary antibody (1 : 2,000; cat. no. 7074/7076; Cell Signaling
Technology, Inc.) for 1 h. Finally, the protein bands were
visualized by ECL detection system reagents (Pierce, USA)
and quantified using Image J v.2.0 software (National In-
stitutes of Health).

2.5. ELISA. After treatment with different concentrations of
oxycodone, the secretion levels of TNF-α (cat. no. PT518;
Beyotime, Shanghai, China), IL-1β (cat. no. PI305; Beyo-
time, Shanghai, China), and IL-6 (cat. no. PI330; Beyotime,
Shanghai, China) in the supernatant of hEndoSCs were
detected using ELISA kits according to the manufacturer’s
protocols. Briefly, hEndoSCs were centrifuged for 5min at
500× g, and then, the supernatants were collected, and the
levels of TNF-α, IL-1β, and IL-6 in the supernatant were
detected by ELISA.

2.6. LDH Assay. LDH released from cells were detected
using an LDH-cytotoxicity assay kit (Sigma, USA). Briefly,
after treatment with different concentrations of oxycodone,
the supernatant of hEndoSCs was collected from each well.
+en, the culture supernatant and cell lysates were cultivated
with LDH reaction mixture following the manufacturer’s
protocols for 15min. +e absorbance was detected at
490 nm, and LDH release was calculated with a microplate
reader (BioTek, USA).

2.7. RT-qPCR Analysis. After treatment with different
concentrations of oxycodone, the levels of Bcl-2, Bax, TLR4,
p65, or GAPDH were measured by RT-qPCR. +e isolation
of RNA from hEndoSCs was carried out with the RNA-
isolation kit (Life Technologies, USA) following the man-
ufacturer’s protocol. +en, the total RNA was reverse
transcribed into cDNA in accordance with the instructions
of PrimeScript RT Reagent Kit (TaKaRa, China), and qPCR
analysis was conducted using the SYBR PrimeScript RT-
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PCRKit (TaKaRa) with the ABI 7500 Real-Time PCR System
(Agilent Technologies, USA). Target gene expressions were
calculated using the 2−ΔΔCt method. Primer sequences for
PCR were listed as follows:

GAPDH: forward, 5′-TCAACGACCACTTTGTCAA
GCTCA-3′; reverse, 5′-GCTGGTGGTCCAGGGGTC
TTACT-3′;
Bcl-2: forward, 5′-AGGATTGTGGCCTTCTTTGAG-
3′; reverse, 5′-AGCCAGGAGAAATCAAACAGAG-
3′;
Bax: forward, 5′-TCTGAGCAGATCATGAAGACA
GG-3′; reverse, 5′-ATCCTCTGCAGCTCCATGTTA
C-3′;
TLR4: forward, 5′-AGACCTGTCCCTGAACCCTAT-
3′; reverse, 5′-CGATGGACTTCTAAACCAGCCA-3′;
p65: forward, 5′-ATGTGGAGATCATTGAGCAGC-
3′; reverse, 5′-CCTGGTCCTGTGTAGCCATT-3′.

2.8. Statistical Analysis. All results were presented as the
means± SD and analyzed by using GraphPad Prism 6.0. +e
statistical significant differences among two groups were
estimated with unpaired Student’s t-test, and differences
among multiple groups were analyzed using one-way
ANOVA. ∗P< 0.05 and ∗ ∗P< 0.01 were defined as sta-
tistically significant.

3. Results

3.1. Endometrial InjuryModelWas Successfully Established by
Mifepristone. hEndoSCs were treated with mifepristone to
induce the endometrial injury model in vitro. +en, the cell
viability, secretion of inflammatory cytokines, and cell ap-
optosis were detected to evaluate the endometrial injury.
+is study found that hEndoSCs viability was notably
inhibited in the mifepristone group compared to that of the
control group (Figure 1(a)). Besides, mifepristone treatment
memorably induced cell apoptosis (Figures 1(b) and 1(c))
and affected the apoptosis-related proteins expression, as
evidenced by decreased Bcl-2 and increased Bax
(Figures 1(d)–1(f )). In addition, as shown in Figures 1(g)–
1(i), the secretion of inflammatory cytokines (TNF-α, IL-1β,
and IL-6) was significantly increased in the mifepristone
group, as compared to that of the control group. In sum-
mary, the findings indicated that the endometrial injury in
vitro model was successfully established by mifepristone.

3.2. Oxycodone Had No Cytotoxic Effect on hEndoSCs.
We illustrated the cytotoxic effect of oxycodone on hEn-
doSCs. hEndoSCs were induced by 1, 5, 10, 15, and 20 μg/ml
oxycodone for 48 h. +en, cells viability and LDH release
were evaluated using MTT and LDH assays. +e data in-
dicated that no obvious differences were observed in the cell
viability and LDH secretion in different groups (Figures 2(a)
and 2(b)), indicating that oxycodone had no cytotoxic effect
on hEndoSCs.

3.3. Protective Effect of Oxycodone on Mifepristone-Induced
hEndoSCs Injury. To further investigate the roles of oxy-
codone in mifepristone-triggered hEndoSCs injury, hEn-
doSCs were exposed to mifepristone for 48 h, followed by
treatment with 1, 5, or 10 μg/ml oxycodone for 24 h. hEn-
doSCs viability and apoptosis were then evaluated using
MTT and FCM. As shown in Figures 3(a)–3(c), the viability
of hEndoSCs was obviously suppressed, and apoptotic cells
were significantly augmented in the mifepristone treatment
group compared to that of the control group. +is study also
determined the apoptosis-related protein expressions, in-
cluding Bcl-2 and Bax. Results indicated that mifepristone
exposure markedly reduced Bcl-2 expression but increased
Bax expression levels in mifepristone-induced hEndoSCs
(Figures 3(e)–3(f)). However, all these findings were re-
versed by oxycodone treatment.+ese findings indicated the
protective effect of oxycodone in the mifepristone-mediated
hEndoSCs injury.

3.4. Oxycodone Reduced the Secretion of Inflammatory Cy-
tokines in Mifepristone-Induced hEndoSCs Injury. To in-
vestigate whether the inflammatory cytokines, TNF-α, IL-
1β, and IL-6, were affected by oxycodone treatment, ELISA
was performed. As shown in Figures 4(a)–4(c), compared
with the control group, the secretion of inflammatory cy-
tokines (TNF-α, IL-1β, and IL-6) in the supernatant of
hEndoSCs was significantly increased after mifepristone
treatment. As expected, oxycodone decreased the secretion
of inflammatory cytokines in the supernatant of hEndoSCs
in dose-dependent manner. +e findings demonstrated that
oxycodone reduced inflammatory factors production in
mifepristone-induced hEndoSCs damage.

3.5. Oxycodone Inhibited the Activation of TLR4/NF-κB Sig-
naling Pathway in Mifepristone-Induced hEndoSCs Injury.
Finally, we illustrated the latent mechanism of oxycodone in
mifepristone-induced hEndoSCs. Western blot assay and RT-
qPCR analysis indicated that mifepristone treatment obviously
increased the expressions of TLR4; nevertheless, oxycodone
significantly reversed the effects of mifepristone on the level of
TLR4 (Figures 5(a) and 5(b)). Western blot assay revealed that
mifepristone treatment significantly enhanced the level of
p-p65 and p-p65/p65 ratio (Figures 5(a) and 5(c)). Besides,
these promotions in p-p65 abundance and p-p65/p65 ratio
levels were reversed by oxycodone treatment (Figures 5(a) and
5(c)). Meanwhile, there was no significant difference in p65
mRNA levels among all groups (Figure 5(d)). Collectively, the
findings suggested that TLR4/NF-κB signaling was related to
the mifepristone-induced hEndoSCs, and oxycodone exhibited
a protective role in mifepristone-induced hEndoSCs injury via
inhibiting the TLR4/NF-κB pathway (Supplementary Figure 1).

4. Discussion

Oxycodone, a semisynthetic opioid analgesic, has high
bioavailability. Clinically, oxycodone is often used to treat
cancer pain or painless egg extraction. Deng et al. suggested
that Arl6ip-1 may be a candidate target in the cancer-
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induced bone pain rat model after oxycodone treatment
[22]. Meanwhile, Yang et al. revealed the effects of oxy-
codone on treatment of neuropathic pain in mice [23].
Endometrial injury is a common gynecological disease,
caused by serious endocrine disorders, artificial abortion,
inflammation, infection, and other factors, and severe en-
dometrial injury may cause infertility [4, 24]. However, the
specific pathogenesis in endometrial injury has not been
completely illuminated. +erefore, it is of great clinical
significance to find an effective treatment for endometrial
injury. +is study focus on the investigation of the effects of
oxycodone on endometrial injury.

According to previous research studies, mifepristone
[21], curettage, or coagulation was applied to establish en-
dometrial injury models [25]. Mifepristone is often used to
soften the cervix after a miscarriage and can also be used in
emergency contraception [26]. In this study, hEndoSCs were
exposed to mifepristone to induce endometrial injury model
in vitro. +en, the cell viability, LDH release, cell apoptosis,
and secretion of inflammatory cytokines were detected to
evaluate whether the in vitro model of endometrial injury is
successfully established. Consistent with previous research
[21], this study indicated that mifepristone treatment

resulted in inhibited hEndoSCs viability, enhanced cell
apoptosis, decreased Bcl-2 expression, increased Bax ex-
pression, and promoted inflammatory cytokines secretion,
indicating that the endometrial injury in vitro model was
successfully established.

To evaluate the effects of oxycodone on mifepristone-
induced endometrial injury, this research first evaluated the
cytotoxic effect of oxycodone on hEndoSCs, and the findings
indicated that oxycodone had no cytotoxic effect on hEn-
doSCs. To further explore the effects of oxycodone on
mifepristone-triggered endometrial injury, mifepristone-
induced hEndoSCs were treated with 1, 5, or 10 μg/ml
oxycodone for 24 h. +e data indicated the protective effect
of oxycodone on mifepristone-induced endometrial injury,
as evidenced by promoted cell viability and suppressed
apoptotic cells. It should be noted that this study did not
provide the cell morphology of each group of hEndoSCs to
show the damage model and health status of the cells under
different treatments. +is was a limitation of this study.

Besides, it is well known that cell apoptosis usually
triggered endogenic apoptotic cascades through Bcl-2
family regulators [27]. +e proapoptotic proteins such as
Bax may induce cell death, and the antiapoptotic protein
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Figure 1: Establishment of endometrial injury model. hEndoSCs were treated with 60 μmol/l mifepristone to generate endometrial injury
model in vitro. (a) MTTassay applied to determine cell viability. (b) Apoptotic cells calculated using flow cytometry assay. (c) Quantitative
analysis of apoptotic cells. (d–f) Western blot analysis of Bax and Bcl-2 expressions. (h-i) +e secretion of inflammatory cytokines (TNF-α,
IL-1β, and IL-6) evaluated using ELISA. All experiments were repeated for three times. ∗ ∗P< 0.01 vs. control.
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Bcl-2 could promote cell survival [28]. +is study also
determined the expressions of Bcl-2 and Bax in mife-
pristone-treated hEndoSCs. +e data of the present study
suggested that oxycodone exposure markedly increased

Bcl-2 expression, but reduced Bax expression levels in
mifepristone-treated hEndoSCs, demonstrating the pro-
tective effect of oxycodone in the mifepristone-mediated
hEndoSCs injury.
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Figure 3: Effects of oxycodone on the mifepristone-induced hEndoSCs injury. hEndoSCs were subjected to 60 μmol/l mifepristone for 48 h
and then incubated in 1, 5, or 10 μg/mL oxycodone for 24 h. Cells were divided into five groups: control group, mifepristone group,
mifepristone + oxycodone-1 group, mifepristone + oxycodone-5 group, and mifepristone + oxycodone-10 group. (a) Cell viability evaluated
using MTT assay. (b) +e level of apoptotic hEndoSCs measured using flow cytometry. (c) Quantification of apoptotic cells in different
groups. (d–f) Protein and mRNA levels of Bax and Bcl-2 checked usingWestern blot assay and RT-qPCR. All experiments were repeated for
three times. ∗ ∗P< 0.01 vs. control. #, ##P< 0.05, 0.01 vs. the mifepristone treatment group.

150

100

C
el

l v
ia

bi
lit

y 
(%

)

50

0
0 1 5 10

Oycodone (μg/ml)
15 20

(a)

1.5

1.0

LD
H

 ac
tiv

ity
 (f

ol
d 

ch
an

ge
)

0.5

0.0
0 1 5 10

Oycodone (μg/ml)
15 20

(b)

Figure 2: Effects of oxycodone on the viability and LDH release of hEndoSCs. hEndoSCs were induced by 1, 5, 10, 15, or 20 μg/ml
oxycodone for 24 h. (a) Cell viability evaluated using MTT assay. (b) LDH activity measured and presented as fold of control. All ex-
periments were repeated for three times.
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Figure 4: Effects of oxycodone on the mifepristone-induced inflammatory response in hEndoSCs. hEndoSCs were subjected to 60 μmol/l
mifepristone for 48 h and then incubated in 1, 5, or 10 μg/mL oxycodone for 24 h. Cells were divided into five groups: control group,
mifepristone group, mifepristone + oxycodone-1 group, mifepristone + oxycodone-5 group, and mifepristone + oxycodone-10 group.
ELISA assay was conducted to evaluate TNF-α, IL-1β, and IL-6. (a–c) Expression in different groups. All experiments were repeated for three
times. ∗ ∗P< 0.01 vs. control. #, ##P< 0.05, 0.01 vs. the mifepristone treatment group.
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Figure 5: Effects of oxycodone on the TLR4/NF-κB signal pathway in mifepristone-induced hEndoSCs. After treated with mifepristone,
hEndoSCs were incubated in different concentrations of oxycodone for 24 h. (a) Protein expression of TLR4 and abundance of p-p65
determined by Western blot assay. (b) mRNA levels of TLR4 determined by RT-qPCR analysis. (c) Quantification of p-p65/p65 ratio
expressed. (d) mRNA levels of p65 in different groups measured using RT-qPCR analysis. All experiments were repeated for three times.
∗ ∗P< 0.01 vs. control. #, ##P< 0.05, 0.01 vs. the mifepristone treatment group.
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It has been proposed that inflammatory cytokines such
as IL-1β and IL-6 contribute to the establishment of en-
dometrial injury [29, 30]. +e present study also evaluated
the releases of TNF-α, IL-1β, and IL-6 in the supernatants of
hEndoSCs. Results from ELISA suggested that oxycodone
decreased the secretion of inflammatory cytokines in mif-
epristone-induced hEndoSCs in a dose-dependent manner,
demonstrating that oxycodone inhibited inflammatory re-
sponse in mifepristone-induced hEndoSCs damage. What
needs to be mentioned is that the mechanism of IL-1β re-
lease has proven to be elusive, and it does not follow the
conventional ER-Golgi route of secretion [31]. In this study,
we did not further explore the secretion mechanism of IL-1β
in mifepristone-induced hEndoSCs. +is was another lim-
itation of this study, and we will explore this in depth in the
next research.

Numerous reports have approved that multiple pathways
were related to pathogenesis of endometrial injury, containing
the mitogen-activated protein kinase (MAPK) signal pathway
and NF-κB signal pathway [20, 32]. NF-κB was first identified
as a transcription factor in the B lymphocyte nucleus that
mediates gene transcription by binding to specific sequences
[33]. +e activation of NF-κB results in transcription of many
proinflammatory genes and upregulation of cytokines and
chemokines [34]. To better investigate the latent mechanism
of the effect of oxycodone on mifepristone-triggered endo-
metrial injury, the TLR4/NF-κB pathway was explored. As
expected, mifepristone treatment obviously increased the
expressions of TLR4 and enhanced the abundance of p-p65
and p-p65/p65 ratio, while these promotions were reversed by
oxycodone treatment.+ese data suggested that the protective
effects of oxycodone in mifepristone-induced hEndoSCs
might be regulated, at least partly, via inhibiting the TLR4/
NF-κB signaling pathway.

However, this study is only a preliminary in vitro study
of the effect of oxycodone on endometrial injury. To clarify
the role and molecular mechanism of oxycodone in endo-
metrial injury, more in-depth studies are needed. For ex-
ample, whether IL-1β section is related to ROS/NLRP3
signaling needs to be explored. Besides, which ligand acti-
vated TLR4 in mifepristone-triggered hEndoSCs should be
further clarified. In addition, the effect of oxycodone on
endometrial injury should be studied in animal models. We
will perform these issues in the next research.

In conclusion, this research revealed that oxycodone
exhibited the protective effects on mifepristone-triggered
endometrial injury through the inhibition of TLR4/NF-κB
signal pathway, which might be as a promising candidate for
endometrial injury treatment in clinics.
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