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ARTICLE INFO ABSTRACT

Keywords: Endometritis is one of the main diseases that causes great economic losses in the dairy industry. Recent studies
Matrine have shown that matrine extracted from the traditional Chinese herb Sophora flavescens is an alkaloid with a
Staphylococcus aureus broad range of bioactivities. Here, we aimed to investigate the protective effects of matrine on Staphylococcus
LTA » aureus lipoteichoic acid (LTA)-induced endometritis in mice and elucidate the possible molecular mechanisms in
iﬁ:};ﬂe“ms vitro. Histopathological changes showed that matrine remarkably attenuated the uterus injury in a mouse model

of LTA-induced endometritis. QPCR and ELISA results showed that matrine dose-dependently reduced the ex-
pression of pro-inflammatory cytokines (TNF-a and IL-1f). To further elucidate the underlying mechanisms of
this protective effect of matrine, LTA-stimulated bovine endometrial epithelial cells (bEECs) were employed in
this study. The results demonstrated that TLR2 expression and its downstream nuclear factor (NF)-kB activation
were both suppressed by matrine treatment. Furthermore, a small interference RNA targeting TLR2 gene mi-
micked matrine in its inhibition on LTA-induced activation of TLR2 and NF-kB. In conclusion, these findings
suggest the protective effect of matrine against LTA-induced endometritis through negative regulation of TLR2-

mediated NF-kB pathway.

1. Introduction

Endometritis is one of the most common reproductive system dis-
eases in dairy cows, which causes great economic losses in the dairy
industry [1,2]. Endometritis is a typical mucosal disease caused by in-
fection with a variety of microbial pathogens during mating or delivery,
such as Gram-positive bacteria Staphylococcus aureus (S. aureus) [3]. S.
aureus, a typical opportunistic pathogen, is responsible for the pre-
valence of both clinical and subclinical endometritis. S. aureus can af-
fect the host's immune system and colonize in the host cell to avoid
being eliminated by some antibiotics [4,5]. Moreover, the abuse of
antibiotics in the dairy industry aggravates the threat of antibiotic re-
sidues in food products and even leads to serious food safety problems
[6]. Thus, it is necessary to develop new treatment strategies for en-
dometritis in dairy cows.

Endometrial epithelial cells (EECs) are the first line of defense of the
uterus against bacterial invasion and play a central role in the patho-
genesis of S. aureus endometritis [7]. Lipoteichoic acid (LTA), a teichoic
acid isolated from the S. aureus cell wall, is the main driving force of the

host inflammatory response to S. aureus infection [8]. Studies have
shown that toll-like receptors (TLRs) are critical for the innate immune
system by recognizing specific pathogen-associated molecular patterns
(PAMPs) of invading bacteria [9,10]. TLR2, as a key receptor for LTA,
can induce the activation of extracellular signaling pathway, including
NF-kB pathway [11], finally leading to the overexpression of pro-in-
flammatory cytokines, such as IL-13 and TNF-a.

Matrine (Fig. 1A), an alkaloid isolated from the traditional Chinese
herb Sophora flavescens [12]. It has been reported to have a variety of
biological activities, including anti-inflammatory, anti-tumor, anti-oxi-
dative and anti-viral properties [13-15]. However, although there have
been some reports on anti-inflammatory activities of matrine, no pro-
gress has been made in the study of endometritis elicited by S. aureus.
Therefore, in the present study, we employed a mouse model of S.
aureus LTA-induced endometritis, which closely mimics the in-
flammatory responses observed during S. aureus endometritis, to assess
whether matrine could alleviate the endometritis and clarify the pos-
sible mechanisms in vitro.
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Fig. 1. (A) The chemical structure of matrine. (B) HPLC chromatogram of matrine.
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Fig. 2. Animal treatment protocols in this study.

2. Materials and methods
2.1. Reagents

Matrine was purchased from Shanghai Yuanye Bio-Technology Co.,
Ltd. (Shanghai, China). The purity of matrine was tested with high
performance liquid chromatography (HPLC), and the test was carried
out on an EChrom2000 DAD data system (Elite, Dalian, China) fol-
lowing the manufacturer's instructions. In brief, the chromatographic
separation was performed on a Hypersil ODS2-C18 analytical column
(250 mm X 4.6 mm, 5um). The flow rate was 1.0 mL/min, and the
detection wavelength was 203 nm. The specific purity of matrine was
99.1% (Fig. 1B). LTA from S. aureus was provided by Sigma-Aldrich
Chemical Co. (Saint Louis, Missouri, USA). TNF-a and IL-1(3 enzyme-
linked immunosorbent assay (ELISA) kits were purchased from BioLe-
gend (Camino Santa Fe, CA, USA). Antibodies for (-actin, TLR2 and NF-
kB were purchased from Cell Signaling Technology (Beverly, USA). All
other chemical reagents conform to the reagent specification standard.

2.2. Animals and treatment

BALB/c mice (40 females, 8 weeks old) were provided by the
Experimental Animal Centre of Huazhong Agricultural University
(Wuhan, China). The mice were housed in individual cages, fed a
standard diet under specific conditions at 24°C * 1°C and 65% hu-
midity, and kept on a 12 h of normal illumination for 1 week before the
experiments. All animal experiments were carried out in accordance
with the National Institutes of Health Guidelines for the Care and Use of
Laboratory Animals and approved by the Ethical Committee on Animal
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Research at Huazhong Agricultural University (HZAUMO-2015-12).

The mice were randomly divided into four groups (n = 10): the
control group (CG), LTA group (LTA), and LTA+ matrine (50 and
100 mg/kg) groups. The selection of doses was based on a previous
report [16]. The murine model of LTA-induced endometritis was per-
formed as previously described [17]. Briefly, each uterus was infused
with equal amounts of LTA (5 mg/kg) to induce endometritis. 24 h after
administration, matrine was intraperitoneally injected three times
every 8h at dosages of 50 and 100 mg/kg, respectively. The control
group and LTA group received equal volumes of normal saline. The
mice were euthanized at 8 h after the last matrine treatment, and then
the uterus tissues were harvested and stored at —80°C. A schematic
diagram of the treatment schedule is shown in Fig. 2.

2.3. Histopathologic evaluation of the uterus tissue

The uterus tissues were collected and cut into small pieces of ap-
proximately 0.5 cm® and fixed in 10% formalin for subsequent histo-
pathological analysis. Briefly, the uterus tissues were dehydrated by
concentration gradient alcohol, embedded in paraffin, sectioned and
stained with hematoxylin and eosin (H&E). Finally, the pathological
changes were observed with an optical microscope (Olympus).
Histology scoring was carried out according to injury degree such as the
integrity of tissue structure and the numbers of infiltrated inflammatory
cells.

2.4. Cell culture and treatment

Bovine endometrial epithelial cells (bEECs, BEND cells) were pur-
chased from the American Type Culture Collection (ATCC® CRL-
2398™), and cultured in DMEM medium with 10% fetal bovine serum at
37 °C with 5% CO, incubation. The cells were pretreated with various
concentrations of matrine (200 and 400 uM) for 1 h and then stimulated
with LTA for 6 h. Cells that were not given any treatment were used as
the control group.
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2.5. Cell viability assay

Cell viability was determined by a Cell Counting Kit-8 (CCK-8) assay
kit (Beyotime, China). Cells were plated in 96-well plates for 6 h, after
which cells were treated with various concentrations of matrine for
24 h. Subsequently, 100 pL. of DMEM medium containing 10% CCK-8
reagent was added in each well and cultured for 2h at 37 °C. Finally,
the optical density (OD) of the cells was measured at 450 nm with a
microplate reader.

2.6. RNA extraction and qPCR assay

Total RNA was extracted using Trizol reagent (Invitrogen, United
States) following the manufacturer's instructions, and then reverse
transcribed into cDNA. The first-strand cDNA was used as a template for
the qPCR reaction that was performed using a SYBR Green RT-PCR kit
(Roche, Basel, Swiss) according to the manufacturer's recommenda-
tions. The expression levels of target genes were normalized to the
corresponding GAPDH threshold cycle (CT) values using the 2744%
comparative method.

2.7. Western blot analysis

Total protein was harvested from uterus tissues and cells using RIPA
lysis buffer supplemented with a protease inhibitor. The total protein
concentration was measured with a BCA protein assay kit (Thermo
Scientific, MA, USA). Next, equal amounts of protein were fractionated
using 10% SDS-PAGE and then transferred onto polyvinylidene di-
fluoride (PVDF) membranes. The membranes were blocked with 5%
skim milk for 2h and then incubated with the indicated primary anti-
bodies at 4 °C overnight. After incubation with the horseradish perox-
idase-conjugated second antibodies, the intensities of the proteins were
quantified using a chemiluminescence detection system (ImageQuant
LAS 4000mini, USA).
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Fig. 3. The effects of matrine on LTA-induced uterus
injury. Uterus tissues were harvested for H&E
staining. Scale bar: 100 pum. (A) Control group, (B)
LTA group, (C, D) matrine (50 and 100 mg/kg)
groups. (E) Histopathology scores. (F, G) The ex-
pression of TNF-a and IL-1f in uterus tissues was
examined by qPCR. GAPDH was used as an internal
control. The red arrows indicate the tissue lesion
areas and infiltrated inflammatory cells. CG is the
control group; LTA is the LTA group; and 50 and 100
. are the matrine treatment groups representing 50 mg/
kg and 100 mg/kg per animal, respectively. Data re-
present the mean = S.E.M. of three independent ex-
periments. *P < 0.05 vs. the control group.
*P < 0.05 vs. the LTA group. (For interpretation of
the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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2.8. ELISA assay

The effects of matrine on the levels of cytokines were examined.
After treatment, the protein levels of TNF-a and IL-1f in supernatants
were detected using ELISA kits following the producer's directions.

2.9. Immunofluorescence staining

Immunofluorescence staining were prepared as previously de-
scribed. Briefly, the sections or cells were permeabilized with PBS
containing 0.3% Triton X-100, exposed to 10% BSA, and incubated with
indicated antibodies at 4 °C overnight. Thereafter, the cells were in-
cubated with FITC-labelled secondary antibodies for 1h at 37 °C, and
the nuclei were stained for 10 min with DAPI dye and visualized under
a fluorescence microscope.

2.10. Small interfering RNA (siRNA) transfection

The siRNA of TLR2 (si-TLR2) and its negative control (si-NC) were
synthesized by GenePharma (Shanghai, China). bEECs were cultured in
6-well plates for 24h prior to transfection. The siRNAs were then
transfected into cells using Lipofectamine 2000 (Invitrogen, Carlsbad,
California, USA) following the manufacturer's instructions. At 24 h after
transfection, the cells were stimulated with LTA for another 6 h and
then subjected to further studies.

2.11. Statistical analysis

All data were presented as the means + SEM. The comparisons
between the different groups were performed by one-way ANOVA fol-
lowed by Dunnett's multiple comparison test. A P value of < 0.05 was
considered to be statistically significant.
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3. Results
3.1. Matrine protects against LTA-induced endometritis in mice

The histological analysis were performed to assess the pathological
changes in uterine tissues. We found that the administration of LTA
resulted in severe injury, including hyperemia, hemorrhage and a large
number of inflammatory cell infiltration (Fig. 3B). However, the LTA-
induced pathological changes were dramatically improved by matrine
at doses of 50 and 100 mg/kg (Fig. 3C and D). These findings were
further confirmed by the subsequent histology scores (Fig. 3E). LTA can
induce the activation of an inflammatory response followed by a no-
table increase in the secretion of pro-inflammatory cytokines [18]. To
further confirm the protective effect of matrine on LTA-induced en-
dometritis, the expression of TNF-a and IL-1f in uterus tissues was also
measured. The qPCR results showed that the expression of TNF-a and
IL-1P was decreased after matrine treatment (Fig. 3F and G). With in-
creasing doses of matrine, the anti-inflammatory effect was more pro-
nounced. Taken together, these results indicate that matrine effectively
attenuates LTA-induced endometritis.

3.2. Matrine suppresses LTA-induced activation of TLR2 and NF-xB in vivo

It is generally accepted that LTA induces the immune response
through TLR2 and its downstream NF-kB pathway [11]. NF-kB is a pi-
votal nuclear transcription factor and has been reported to regulate the
production of a large number of inflammatory cytokines [19]. Western
blot analysis showed an obvious increase in the levels of TLR2, p-p65
and p-IkBa that was induced by LTA and was decreased by matrine
treatment in a dose-dependent manner (Fig. 4). To further validate
these findings, paraffin-embedded uterus tissue sections were used to
determine NF-xB p65 translocation to nucleus using immuno-
fluorescence assay. We found that the nucleus NF-kB p65 intensity was
markedly repressed upon matrine treatment (Fig. 5).

3.3. Effects of matrine on cell viability and cytokines production

The potential cytotoxicity effect of matrine on bEECs was detected
using the CCK-8 assay. The CCK-8 assay results showed that matrine at
the concentrations used (200 and 400 uM) had no cytotoxicity effect on
bEECs (Fig. 6A). Meanwhile, the effects of matrine (400 pM) alone on
the levels of TLR2, p-p65 and p-IkBa in cells were also determined, and
the results further demonstrated that treatment with matrine alone had
no effect on the cells (Fig. 6B). Subsequently, we measured the protein
levels of TNF-a and IL-1 so as to explore whether matrine has a similar
anti-inflammatory effect in vitro. Consistent with the in vivo results, the
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levels of IL-1P3 and TNF-a were dose-dependently decreased by matrine
treatment (Fig. 6C and D).

3.4. Matrine blunts LTA-induced activation of TLR2 and NF-xB in vitro

As displayed in Fig. 7, the levels of TLR2, p-p65 and p-IkBa were
noticeably increased in the LTA group relative to the control group. In
contrast, their levels were greatly decreased in the matrine treatment
group. Moreover, the inhibitory effect of matrine on NF-kB activation
was further confirmed by an notable reduction in the nuclear translo-
cation of NF-kB p65 (Fig. 8).

3.5. Effects of si-TLR2 transfection on LTA-induced inflammatory responses

Additionally, to confirm whether the anti-inflammatory effects of
matrine were through the TLR2-mediated NF-kB pathway, bEECs were
transfected with a small interference RNA (si-TLR2) and then stimu-
lated with LTA for indicated time. The results showed that the TLR2
expression was significantly decreased by si-TLR2 transfection and
matrine treatment (Fig. 9A and B). indicating that matrine functions as
an inhibitor of TLR2. Furthermore, the NF-kB activation and cytokines
production were also markedly repressed after TLR2 knockdown
(Fig. 9C and D). Taken together, we speculated that the anti-in-
flammatory effects of matrine were mediated at least partially through
the TLR2/NF-xB pathway.

4. Discussion

Endometritis is characterized by inflammation of the endometrium
and has seriously hindered the development of dairy industry [20].
Although the clinical application of antibiotics in the treatment of en-
dometritis has some efficacy, it has led to the emergence of drug-re-
sistant strains. In recent years, traditional Chinese herbs have received
great attention from researchers worldwide for their applications in
health protection and disease control. Sophora flavescens is a kind of
evergreen perennial shrub that grows mainly in China [21]. In tradi-
tional Chinese medicine (TCM), the root of Sophora flavescens has been
employed to treat jaundice, fever and pyogenic infection [22]. Matrine
is a major active component that is isolated from Sophora flavescens.
Recent studies have found that matrine could alleviate focal cerebral
chemic injury by improving antioxidant activity and inhibiting apop-
tosis in mice [23]. Besides, it also has been reported to have anti-tumor
effects in many cancer, such as gastric cancer [24] and hepatoma [16].
More importantly, matrine has been demonstrated to inhibit pro-in-
flammatory cytokines production in LPS-activated mouse macrophages
[25]. However, few studies have focused on the effects of matrine on

Fig. 4. The effects of matrine on LTA-induced activation
of TLR2 and NF-kB in vivo. The protein levels of TLR2, p-
p65 and p-IkBa in uterus tissues were measured by
Western blotting. 3-Actin served as the control. CG is the
control group; LTA is the LTA group; and 50 and 100 are
the matrine treatment groups representing 50 mg/kg and
100 mg/kg per animal, respectively. Data represent the
mean + S.EM. of three independent experiments.
#P < 0.05 vs. the control group. *P < 0.05 vs. the LTA

group.
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Fig. 5. The effects of matrine on NF-kB p65 translocation into

endometritis. LTA, a specific component of the outer membrane of S.
aureus, has been shown to induce the inflammatory response [26]. A
mouse model of LTA-induced endometritis has been confirmed to be a
suitable model for exploring the effective therapeutic strategies that can
be used against endometritis [17]. In the present study, the histo-
pathological findings of the excised uterus showed that treatment of
matrine noticeably alleviated the pathological damage and reduced the
infiltration of inflammatory cells, suggesting that matrine possesses a
protective effect on LTA-induced endometritis.

Inflammation is a defensive reaction of the body to harmful stimuli,
such as pathogenic microorganisms, damaged cells or irritants [27].
However, chronic inflammation or severe acute inflammation can cause
damage to the body's tissue, which can be life-threatening in severe
cases [28]. It has been well recognized that pro-inflammatory cyto-
kines, including TNF-a and IL-1f, contribute to the development of
endometritis and even cause severe uterus injury [29,30]. IL-1f3 and
TNF-a are primary inflammatory cytokines produced by various types
of cells, such as macrophages [9] and epithelial cells [4,31], and could
promote the release of other inflammatory mediators. TNF-a and IL-1f
stimulate the expression of specific cell adhesion molecules, which
regulate leukocyte adhesion and migration to inflammatory sites [32].
Therefore, we speculated that reduction of TNF-a and IL-1[3 expression
might improve the outcome of endometritis. To investigate whether
matrine inhibits TNF-a and IL-1f production, we measured their levels
in uterus. Intriguingly, matrine treatment significantly suppressed the
expression of TNF-a and IL-1f. Epithelial tissue provides the first line of
defense against bacterial invasion [33,34]. Hence, the bovine en-
dometrial epithelial cells (bEECs) were used for in vitro studies.

Matrine
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Consistent with the in vivo results, administration of matrine also de-
creased the levels of TNF-a and IL-1p in LTA-stimulated bEECs. Ac-
cordingly, the protective effect of matrine on LTA-induced endometritis
may attribute to its suppression on pro-inflammatory cytokines TNF-a
and IL-1.

NF-kB, a pivotal nuclear transcription factor in many inflammatory
diseases, has been reported to regulate the transcription of a large
number of genes related to inflammation [19]. NF-xB generally exists in
an inactive state in the cytoplasm by binding to its inhibitory protein
IkBa; when inflammation stimulation occurs, the NF-kB p65 unit dis-
sociates from IkBa and then translocates into the nucleus as an active
form, activating gene expression [35,36]. To further unravel the po-
tential mechanisms through which matrine exerts its anti-inflammatory
effects, we measured the p-IxkBa and p-p65 expression after treatment
with matrine. The results showed that matrine markedly inhibited the
levels of p-IkBa and p-p65 induced by LTA, suggesting that matrine
decreased LTA-induced pro-inflammatory cytokines production
through suppressing NF-kB activation. TLR2 is one of the TLR family
and acts as a critical receptor for LTA from S. aureus [37]. It has been
well established that LTA induces the immune response through TLR2
and its downstream NF-kB pathway [11]. In indeed, a previous study
has clearly demonstrated that LTA from S. aureus induces cytokines
production via activating the TLR2 pathway [38]. Upon activation of
TLR2, adaptor protein MyD88 is recruited to Toll/IL-1R (TIR) domain
and then triggers downstream intracellular signaling cascades, such as
NF-kB [39]. As expected, the TLR2 expression that was up-regulated by
LTA was also reduced by matrine treatment. Thus, we speculated that
matrine restrained the NF-xB activation by suppressing the TLR2

Fig. 6. The effects of matrine on cell viability and cyto-
kines production. (A) The effects of matrine on the cell
viability of bEECs. Cells were treated with the indicated
concentration of matrine (0-400 uM) for 24 h, and the cell
viability was assessed by CCK-8 kits. (B) The effects of
matrine (400 uM) alone on the cultured cells. (C, D) The
effects of matrine on the cytokines production in vitro. The
protein levels of IL-1 and TNF-a were determined by
ELISA. CG is the control group; LTA is the LTA group; and
200 and 400 are the matrine treatment groups re-
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Fig. 7. The effects of matrine on LTA-induced acti-
vation of TLR2 and NF-kB in vitro. The protein levels
of TLR2, p-p65 and p-IkBa in bEECs were measured
by Western blotting. B-Actin served as the control. CG
is the control group; LTA is the LTA group; and 200
and 400 are the matrine treatment groups re-
presenting 200 uM and 400 puM per cell plate, re-
spectively. Data represent the mean *+ S.EM. of
three independent experiments. *P < 0.05 vs. the
control group. *P < 0.05 vs. the LTA group.

Fig. 8. The effects of matrine on NF-xB p65 translo-
cation into the nucleus in vitro. Translocation of the
NF-kB p65 subunit from the cytoplasm into the nu-
cleus was assessed by immunofluorescence staining.
Scale bar: 50 um. Blue spots represent cell nuclei, and
green spots indicate p-p65 staining. CG is the control
group; LTA is the LTA group; and 200 and 400 are the
matrine treatment groups representing 200 uM and
400 uM per cell plate, respectively. (For interpreta-
tion of the references to colour in this figure legend,
the reader is referred to the web version of this ar-
ticle.)

Fig. 9. Effects of si-TLR2 transfection on

LTA

si-TLR2 Matrine(400)

206

LTA-induced inflammatory responses. bEECs
were transfected with a small interference
RNA of TLR2 (si-TLR2) for 24h, and then
stimulated with LTA for 6 h. For the matrine
group, cells were pretreated with matrine
(400 uM) for 1h followed by LTA stimula-
tion. (A) The interfering efficiency of TLR2
siRNA was measured by qPCR. GAPDH was
used as an internal control. (B) The protein
expression of TLR2 were detected by im-
munofluorescence staining. Scale bar:
50 um. (C) The expression of TNF-a and IL-
1B was determined by qPCR. GAPDH was
used as an internal control. (D)
Translocation of the NF-kB p65 subunit from
the cytoplasm into the nucleus was assessed
by immunofluorescence staining. Scale bar:
50 um. Blue spots represent cell nuclei, and
green spots indicate p-p65 staining. CG is the
control group; LTA is the LTA group; and
200 and 400 are the matrine treatment
groups representing 200 uM and 400 uM per
cell plate, respectively. Data represent the
mean + S.E.M. of three independent ex-
periments. *P < 0.05 vs. the control group.
*P < 0.05 vs. the LTA group. (For inter-
pretation of the references to colour in this
figure legend, the reader is referred to the
web version of this article.)
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expression. Furthermore, we also confirmed the vital role of TLR2 in S.
aureus LTA-induced endometritis using a small interference RNA of
TLR2; the results agreed with those for matrine and suggested that the
anti-inflammatory effects of matrine were mediated at least partially
through the TLR2/NF-kB pathway. In addition to the NF-xB pathway,
TLR2 also activate the mitogen-activated protein kinase (MAPK)
pathway, which is mediated by JNK, ERK and p38 protein kinases [40].
These protein kinases phosphorylate the transcription factor AP-1,
leading to the secretion of pro-inflammatory cytokines [4]. Based on
the above observation, we hypothesized that matrine could also de-
crease the expression of JNK, ERK and p38 via TLR2. However, the
certain effect of matrine on MAPKs remains to be further explored in
the future.

In summary, our data demonstrate that matrine exerts anti-in-
flammatory effects in S. aureus LTA-induced endometritis by inhibiting
the TLR2-mediated activation of NF-kB signaling pathway. Accordingly,
these findings indirectly reveal that matrine may serve as a potent anti-
inflammatory agent in the treatment of inflammatory diseases, in-
cluding S. aureus endometritis.
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