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Oridonin Ameliorates Lipopolysaccharide-Induced
Endometritis in Mice via Inhibition of the TLR-4/
NF-κBpathway

Min Zhou,1 Yinyi Yi,1 and Li Hong1,2

Abstract— Endometritis is a health threat to both humans and animals and poses a huge
economic burden. Oridonin (Ori) is a natural diterpenoid isolated from the traditional Chinese
herb Rabdosiarubescens (R. rubescens) and has multiple health-promoting effects, including
antioxidant, anti-inflammatory, and antitumor effects. There is little evidence showing that
Ori can effectively treat endometritis, and the relevant mechanisms need to be further
clarified. In this study, we investigated the effects of Ori on LPS-induced endometritis
in vivo. Additionally, we examined the effects of Ori on LPS-stimulated mouse endometrial
epithelial cells (mEECs). The results showed that Ori treatment significantly alleviated LPS-
induced endometritis and reduced the activity of myeloperoxidase. ELISA and qPCR results
indicated that Ori dose-dependently decreased the expression of TNF-α, IL-1β, and IL-6 both
in tissues and in mEECs. In addition, Ori was found to inhibit LPS-induced TLR4/NF-κB
signaling pathway activation. These results suggest that Ori effectively attenuates LPS-
induced endometritis by inhibiting the TLR4/NF-κB signaling pathway and that Ori might
be an effective drug for the prevention and treatment of LPS-induced endometritis.
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INTRODUCTION

Endometritis is characterized by persistent inflamma-
tion of the endometrial lining and causes many health
problems, such as spontaneous preterm labor, premature
birth, and recurrent miscarriages [1–3]. Escherichia coli
(E. coli) is the major cause of endometritis in the uterine
cavity, as it produces the endotoxin lipopolysaccharide
(LPS) [4, 5]. LPS is a major constituent of the outer
membrane of Gram-negative bacteria and has been

recognized as an immunostimulatory molecule; it has been
used to establish many inflammatory disease animal mod-
els, such as those of endometritis, acute lung injury (ALI),
and mastitis [6–8].

Toll-like receptors (TLRs) are a family of pattern
recognition receptors (PRRs) involved in the regulation
of both innate and adaptive immunity via the recognition
of microbe-associated molecular patterns (MAMPs), in-
cluding LPS [9]. TLR4 is a member of the TLR family
and is well known to recognize exogenous ligands such as
LPS [10]. When LPS stimulates the expression of TLR4, it
induces the activation of intracellular signaling cascades,
including nuclear factor (NF)-κB signaling [11]. NF-κB is
important for inflammatory responses, and once activated,
it can regulate the expression of inflammatory genes and
the release of cytokines, such as tumor necrosis factor-α
(TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6),
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to aggravate inflammatory damage [12, 13]. Therefore,
treatments aimed at inhibiting the activation of NF-κB
may have potential therapeutic advantages for inflamma-
tory diseases.

Oridonin (Ori, C20H28O6) is a natural diterpenoid
isolated from the traditional Chinese herb Rabdosiarubes-
cens (R.rubescens) and has been widely used as a tradi-
tional Chinese medicine for centuries. Numerous studies
have demonstrated that Ori has multiple health-promoting
effects, including antioxidant, anti-inflammatory, and anti-
tumor effects [14–16]. However, it is unknown whether
Ori plays a role in endometritis, and the potential protective
mechanism of Ori is not well characterized. In this study,
we investigated the effects of Ori on LPS-induced endo-
metritis in vivo and examined the effects of Ori on LPS-
stimulated mouse endometrial epithelial cells (mEECs).
Our examination of the antagonistic function of Ori
in vitro and in vivo provided experimental evidence that
Ori may be a potential therapeutic agent for the treatment
of patients with endometritis or other inflammatory
diseases.

MATERIALS AND METHODS

Reagents

Oridonin (purity > 98% (HPLC), cell culture grade,
endotoxin free) was purchased from the National Institutes
for Food and Drug Control (Beijing, China), solubilized in
100% dimethyl sulfoxide (DMSO, Sigma Chemical Co.
St. Louis, MO, USA), and then diluted for a final concen-
tration of 0.1% (v/v) DMSO. LPS (E. coli 055: B5) was
purchased from Sigma Chemical Co. (St. Louis, MO,
USA). The antibodies used in this study were purchased
from Cell Signaling Technologies (Beverly, MA,USA).
qPCRwas carried out using the SYBRGreen Plus Reagent
Kit (Roche Applied Science, Mannheim, Germany). All
other chemicals and reagents used were of the highest
commercial grade available.

Animal Treatments

Six- to eight-week-old BALB/c mice were obtained
from the Animal Experiment Center of Wuhan University
(Wuhan, China). The mice were housed at a constant
temperature (23 °C) and relative humidity (60%) with a
fixed 12 h light:12 h dark cycle and free access to food and
water. All of the experimental procedures involving ani-
mals and their care conformed to the Guide for the Care
and Use of Laboratory Animals of the National Veterinary

Research Council. This study was approved by the ethics
committee of the Institutional Animal Care and Use Com-
mittee of Renmin Hospital of Wuhan University. The col-
lection work was performed under sodium pentobarbital
anesthesia to minimize suffering.

The mice were randomly divided into five groups
(n = 6): DMSO control group, Ori control group, LPS
group, and LPS + Ori groups (10 and 40 mg/kg). LPS-
induced endometritis was achieved as follows [8]: briefly,
each side of the mouse uterus was perfused with 50 μL of
LPS (1 mg/mL) under anesthesia. After 24 h, the LPS +Ori
groups were intraperitoneally injectedwith 10and 40mg/kg
Ori three times every 8 h (for a total of three times, Fig. 1).
The DMSO control group, Ori control group, and LPS
group were intraperitoneally administered equal volumes
of saline (containing 0.1% DMSO), Ori (40 mg/kg), and
saline, respectively. The mice were euthanized with CO2,
and the uterine tissues were collected and stored at − 80 °C.

Cell Culture and Treatment

The mEECs were prepared as previously described
[17]. Briefly, uterine tissues were minced into a paste and
then digested with trypsin. The homogenized tissues were
vortexed and then centrifuged and filtered through a 20-μm
nylon mesh. The cells were cultured in Dulbecco’s modi-
fied Eagle’s medium/F-12 (DMEM/F-12, HyClone, USA)
containing 10% (v/v) FBS (fetal bovine serum, Sigma-
Aldrich, AUS), 10 ng/mL EGF (epidermal growth factor,
PEPRO TECH, USA), 2 mM L-glutamine, 50 U/mL pen-
icillin, and 50 μg/mL streptomycin and were incubated in a
37 °C humidified incubator containing5% CO2. The cells
were treated with LPS (1 μg/mL) alone or in combination
with Ori pretreatment (5, 20 μg/mL) or other treatments.
After these treatments, the cells were prepared for further
studies.

Cell Viability Assay

ThemEECswere seeded in 96-well plates at a density
of 4 × 105 cells/mL and then cultured with different
concentrations of Ori (5, 10, 20, and 40, 100 μg/mL) for
24 h. Cel l viabi l i ty was measured by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay. Optical density was measured at 570 nm on
a Victor31420 Multilabel Counter (Perkin Elmer, USA).

RNA Extraction and qPCR

Total RNA was isolated from the uterine tissues and
cells using TRIzol according to the manufacturer’s
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instructions (Invitrogen, USA). Then, complementary DNA
(cDNA) was synthesized using a reverse transcription kit
(Takara, Japan). Total cDNAwas used as the starting material
for real-time PCR with FastStart Universal SYBR Green
MasterMix (Roche Applied Science, Germany). The specific
primers for TNF-α, IL-1β, IL-6, and GAPDHwere designed
based on known sequences (Table 1). The housekeeping gene
GAPDH served as an internal standard. Relative quantifica-
tion of the target gene expression levels was performed using
the 2−ΔΔCt method.

Cytokine Assays

The mEECs were seeded onto a six-well plate and
treated as previously indicated. The uterine tissues were
homogenized in prechilled PBS and centrifuged, and the
supernatants were collected. Cytokine levels (IL-1β, TNF-
α, and IL-6) in the tissues and supernatants were measured
using ELISA kits according to the manufacturer’s instruc-
tions (BioLegend, Thermo, USA). The absorbance value
was read at 450 nm using a Victor31420 Multilabel Count-
er (Perkin Elmer, USA).

Histopathological Analysis

The uterine tissues were harvested and fixed in 10%
formalin for subsequent histopathological experiments.
Next, the tissues were embedded in paraffin, sectioned,

and dehydrated. The 5-μm-thick sections were used for
hematoxylin and eosin (H&E) staining. Finally, the sec-
tions were observed using an optical microscope (Olym-
pus, Japan).

MPO Activity Assay

Uterine tissues (weighing approximately 100 mg)
were homogenized with reaction buffer (w/v 1/19), and
myeloperoxidase (MPO) activity was detected by the
MPOAssay Kit (Jiancheng Biotechnology, China) accord-
ing to the manufacturer’s instructions.

Western Blot Analysis

Total protein was extracted from uterine tissues and
cells, and the protein concentration was determined using a
BCA kit (Vazyme, China). Samples with equal amounts of
protein (50 μg) were separated on 10% SDS polyacryl-
amide gels, transferred to polyvinylidene difluoride mem-
branes, and blocked in 5% skim milk for 1 h at room
temperature (R.T.). Then, they were incubated with prima-
ry antibodies (1:1000 dilution) at 4 °C. Next, the mem-
branes were treated with secondary antibody for 1 h at R.T.,
and the protein expression levels were determined using
the Odyssey infrared imaging system (LI-COR, USA). β-
actin served as an internal standard.

Fig. 1. Time line of experimental animal treatment.

Table 1. Oligonucleotide Primers Used for qPCR

Name Accession number Primer sequence (5′-3′) Product size (bp)

TLR-4 NM_021297.2 Forward: TTCAGAGCCGTTGGTGTATC 170
Reverse: CTCCCATTCCAGGTAGGTGT

TNF-α NM_013693.3 Forward: CTTCTCATTCCTGCTTGTG
Reverse: ACTTGGTGGTTTGCTACG

198

IL-1β NM_008361.4 Forward: CCTGGGCTGTCCTGATGAGAG
Reverse: TCCACGGGAAAGACACAGGTA

131

IL-6 NM_031168.1 Forward: GGCGGATCGGATGTTGTGAT
Reverse: GGACCCCAGACAATCGGTTG

199

GAPDH NM_001289726.1 Forward: CAATGTGTCCGTCGTGGATCT
Reverse: GTCCTCAGTGTAGCCCAAGATG

124

83Oridonin Ameliorates Lipopolysaccharide-Induced Endometritis



Statistical Analysis

The results were analyzed using GraphPad Prism 5
(GraphPad InStat Software, USA). Comparisons among
groups were performed with one-way ANOVA. Data are
expressed as the mean ± standard error of the mean
(S.E.M.). P values < 0.05 were considered statistically
significant.

RESULTS

Oridonin Alleviates LPS-Induced Endometritis

H&E staining and MPO analysis were performed to
evaluate the damage to the uterine tissue. Histological
analysis displayed normal morphology and no histopatho-
logical changes in the DMSO control group (Fig. 2a) and
Ori control group (Fig. 2b). Administration of LPS resulted
in severe inflammation characterized by inflammatory cell
infiltration, increased uterine cavity effusion, and uterine
epithelial cell detachment and necrosis (Fig. 2c). However,
treatment with Ori (10 and 40 mg/kg) attenuated the path-
ological conditions (Fig. 2d, e). An additional experiment
was carried out to estimate the effectiveness of Ori on LPS-
induced endometritis. The results showed that MPO activ-
ity was significantly increased in the LPS group (p < 0.05).
However, MPO activity was markedly decreased in the Ori
groups (p < 0.05, Fig. 2f).

Oridonin Has Little Effect on mEEC Viability

The potential cytotoxicity of Ori on mEECs was
determined using the MTT assay. These results showed
that cell viability was not affected by Ori administration
(Fig. 3).

Oridonin Decreases the Expression of
Proinflammatory Cytokines

TNF-α, IL-6, and IL-1β are major proinflammatory
cytokines that play an important role in inflammatory

Fig. 2. Histopathological sections of uterine tissues. aDMSO control group. bOridonin (40 mg/kg) control group. c LPS group. d, e LPS + oridonin (10 and
40 mg/kg, respectively) treatment groups. f MPO activity. The red arrow indicates the tissue lesion area. Data represent the mean ± S.E.M. of three indep-
endent experiments. #p < 0.05 and ##p < 0.01 vs. the DMSO control group. *p < 0.05 vs. the LPS group. **p < 0.01 vs. the LPS group.

Fig. 3. Effects of oridonin on mEEC viability. The values presented are
the mean ± S.E.M. (n = 5). *p < 0.05.
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diseases. Therefore, we detected the effects of Ori on the
expression of IL-1β, IL-6, and TNF-αby qPCR (Fig. 4a)
and ELISA (Fig. 4b). The results showed that LPS chal-
lenge caused a significant increase in TNF-α, IL-1β, and
IL-6 expression in both tissues and cells. Compared with
those in the LPS group, Ori significantly reduced the levels
of TNF-α, IL-1β, and IL-6 in a dose-dependent manner.

These results suggested that Ori decreased the production
of proinflammatory cytokines.

Oridonin Inhibits the Expression of TLR4

TLR4 is the first identified mammalian TLR and well
documented to recognize exogenous ligands such as LPS

Fig. 4. Effects of oridonin on cytokine expression. a mRNA levels of IL-1β, IL-6 and TNF-α in LPS-stimulated uterine tissues and mEECs. GAPDH was
used as a control. b The expression levels of the cytokines IL-1β, IL-6, and TNF-αwere detected by ELISA. DMSO indicates the DMSO control group, Ori
indicates the oridonin (20 μg/mL or 40 mg/kg) control group, and L and H indicate the oridonin groups treated with 10 and 40 mg/kg Ori per animal,
respectively, and 5and 20 μg/mLOri for cells, respectively. Data represent the mean ± S.E.M. of three independent experiments. #p < 0.05 and ##p < 0.01 vs.
the DMSO control group. *p < 0.05 vs. the LPS group. **p < 0.01 vs. the LPS group.
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[18]. Western blot and qPCR assays were performed to
detect whether Ori reduced LPS-induced inflammation by
inhibiting the expression level of TLR4. As shown in
Fig. 5, LPS administration significantly increased TLR4
expression. However, the levels of TLR4 mRNA and
protein were decreased by Ori treatment in the uterine
tissues and LPS-induced mEECs (p < 0.05).

Oridonin Suppresses the Activation of TLR4 Signaling
and the Downstream NF-κB Pathway

NF-κB is a key regulator of inflammatory processes
with the ability to modulate the expression of many in-
flammatory mediators. Our results showed that Ori
inhibited the LPS-induced activation of TLR4. However,
activation of TLR4 directly affects the NF-κB pathway.
Western blot assays were used to explore whether the anti-
inflammatory mechanism of Ori in LPS-induced endome-
tritis acts via the NF-κB pathway. The results showed that
LPS induced the phosphorylation of p65 and IκBα protein;

however, these values were decreased by Ori treatment
both in tissues (Fig. 6a) and in cells (Fig. 6b).

DISCUSSION

Endometritis causes changes in the endometrium,
which impedes fertilization, leads to implantation failure,
may lead to early abortions, and is a huge economic burden
[19, 20]. In recent years, the role of natural products in the
treatment of clinical diseases has become increasingly
prominent. A number of botanical and natural drugs, such
as anti-infective berberine and antitumor colchicine, have
been mass-produced and widely used in China. In the
treatment of infectious diseases, natural products have
unique advantages; for example, natural products do not
lead to the development of drug-resistant bacteria, and
indeed, they have been the source of inspiration for most
FDA-approved drugs for many years [21]. The plant
R. rubescensis used in traditional Chinese medicine to treat
tumors and inflammatory diseases. Ori is an active

Fig. 5. Effects of oridonin on the expression of TLR4. a The expression level of TLR4 was detected by qPCR (a) and western blot (b) in uterine tissues and
mEECs. GAPDH and β-actin were used as the control for mRNA and protein levels, respectively. DMSO indicates the DMSO control group, Ori indicates
the oridonin (20μg/mL or 40mg/kg) control group, and L and H indicate the oridonin groups treatedwith 10 and 40mg/kgOri per animal, respectively, and 5
and 20 μg/mLOri for cells, respectively. Data represent themean ± S.E.M. of three independent experiments. #p < 0.05 and ##p < 0.01 vs. the DMSO control
group. *p < 0.05 vs. the LPS group. **p < 0.01 vs. the LPS group.
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diterpenoid isolated from R. rubescens that possesses var-
ious pharmacological and physiological properties, includ-
ing anti-inflammatory, antibacterial, and antitumor proper-
ties. Previous studies have demonstrated that Ori decreases
the production of proinflammatory cytokines and thus
attenuates LPS-induced ALI and liver injury [16, 22].
Our study obtained similar results; namely, Ori improved
LPS-induced endometritis in a mouse model, confirming
that Ori inhibits LPS-induced activation of NF-κB in pri-
mary mEECs, thereby attenuating the release of proinflam-
matory cytokines. We infer from these results that treat-
ment with Ori may be beneficial for patients with endome-
tritis or other uterine disorders.

In the present study, we observed the effects of Ori on
an LPS-induced mouse endometritis model, which has
been frequently used to explore the anti-inflammatory
mechanisms of drugs [23]. Our results showed that

administration of Ori significantly attenuated the patholog-
ical changes in the uterus. Ori treatment decreased inflam-
matory conditions, including inflammatory cell infiltration,
uterine cavity effusion, uterine epithelial cell detachment,
and necrosis (Fig. 2). MPO, a polymorph nuclear (PMN)
marker enzyme, is used as a direct measurement of the
content of active neutrophil granulocytes in tissues [24].
Our results showed that LPS-induced MPO activity was
significantly decreased by Ori treatment; thus, Ori allevi-
ated the LPS-induced inflammatory response in vivo, sug-
gesting that Ori has a protective effect on LPS-stimulated
endometritis.

LPS acts as a primary infectious stimulus that leads to
severe inflammatory diseases, and treatment of endometri-
al epithelial cells (EECs) with LPS is commonly performed
to generate an in vitro endometritis model [25]. Sheldon
et al. showed that exposure to LPS caused a rapid

Fig. 6. Effects of oridonin on NF-κB pathway activation. a p65 and IκBα protein levels in uterine tissues. b p65 and IκBα protein levels in mEECs after LPS
stimulation for 3 h. DMSO indicates the DMSO control group, Ori indicates the oridonin (20 μg/mL or 40 mg/kg) control group, and L and H indicate the
oridonin groups treated with 10 and 40 mg/kg Ori per animal, respectively, and 5 and 20 μg/mL Ori for cells, respectively. Data represent the mean ± S.E.M.
of three independent experiments. #p < 0.05 and ##p < 0.01 vs. the DMSO control group. *p < 0.05 vs. the LPS group. **p < 0.01 vs. the LPS group.
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inflammatory response using primary bovine EECs [26].
In this study, LPS-treated primary mouse EECs were used
to explore the anti-inflammatory mechanisms of Ori. In
addition, due to the potential cytotoxicity of drug candi-
dates, we evaluated the toxic effects of Ori on mEECs by
MTT assay. Our results showed that treatment with Ori
does not affect the normal growth activity of cells until the
concentration of Ori reaches 100 μg/mL, over which cell
viability drops significantly. This observation suggests that
the concentration of the drug we selected for treatment
does not cause significant cytotoxicity. After activation of
the innate immune system by LPS, strong proinflammatory
signals are produced; these signals are important both for
maintaining a stable balance in the immune system and for
protecting the host from harmful effects [27, 28]. Excessive
proinflammatory cytokine release increases the level of the
immune response, leading to an inflammatory cascade and
tissue damage [29]. Therefore, inhibition of the release of
inflammatory cytokines may serve as a target for anti-
inflammatory drug development. IL-6 is rapidly produced
in response to infection and tissue damage, promoting host
defense by stimulating acute responses, hematopoiesis, and

immune responses [30]. One of the best-characterized pro-
tumorigenic cytokines, IL-6, is involved in tumor angio-
genesis during inflammatory tumor progression [31]. IL-
1β is a proinflammatory cytokine with a wide range of
systemic and local effects and regulates the function of
immune cells and non-immune cells. Stimulation with
IL-1β promotes the activation and effector function of
dendritic cells, macrophages, and neutrophils [32]. TNF-
α is an acute-phase protein that initiates the cytokine
cascade and increases vascular permeability, promoting
the recruitment of macrophages and neutrophils to the site
of infection and participating in inflammatory disorders
[33]. These proinflammatory cytokines have been shown
to play an important role in inflammatory diseases, includ-
ing cancer-related inflammation [34], and control of their
expression is beneficial to the local inflammatory micro-
environment and recovery from the disease. We have dem-
onstrated both in vivo and in vitro that Ori could signifi-
cantly inhibit the production of IL-1β, TNF-α, and IL-6. In
addition, Ori did not show cytotoxicity to the mEECs at a
concentration of 20μg/mL. These results show that Ori has
important application potential in the development of novel

Fig. 7. Schematic diagram of signaling pathways related to the anti-inflammatory effects of oridonin on LPS-induced inflammation.
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anti-inflammatory therapies against LPS-stimulated
endometritis.

TLR4 is a member of the TLR family and acts as a
receptor for LPS, which induces the immune response
through activation of TLR4, culminating in NF-κB tran-
scriptional activity [35]. The expression of proinflamma-
tory mediators can be aggravated by the NF-κB pathway
[36]. Thus, we hypothesized that the anti-inflammatory
effect of Ori is achieved by suppressing TLR4-mediated
NF-κB pathway activation. Our results showed that TLR4
expression was increased during LPS challenge but was
decreased by Ori treatment. IκBα is a known inhibitor of
NF-κB; however, upon NF-κB pathway activation, IκBα
is phosphorylated and then degraded [37, 38]. The NF-κB
subunit p65 then translocates from the cytoplasm to the
nucleus, triggering the transcription of target genes, includ-
ing TNF-α, IL-1β, and IL-6, and increasing the production
of these proinflammatory cytokines, thereby aggravating
inflammation [39]. Our study results demonstrated that Ori
inhibited the phosphorylation of IκBα and NF-κB p65,
which were increased in an LPS-induced mouse model and
mEECs. These results indicated that Ori exerted its poten-
tial protective effects on LPS-stimulated endometritis by
reducing the production of proinflammatory cytokines
through theTLR4/NF-κB signaling pathway (Fig. 7).

Collectively, our data suggest that Ori exerted anti-
inflammatory properties in LPS-induced endometritis and
that the underlying mechanisms might act by suppressing
the production of proinflammatory cytokines through the
expression of TLR4 and the downstream NF-κB signaling
pathway. Accordingly, Ori might be an effective drug in
preventing and treating LPS-induced endometritis.
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