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Abstract: Objective: Endometritis bacterial pathogenic condition that affects both humans and animals develops in
the inner lining of the uterus. Inonotus obliquus polysaccharide (IOP), an active cocktail of Inonotus obliquus, has
been shown to have a relatively wide range of biological activities and can play a role in various diseases. However,
from the currently reported article, there is no information about the anti-inflammatory effect of IPO in the symptoms
of lipopolysaccharide (LPS)-induced endometritis. Therefore, this study carefully observed the phenomenon of IOP
on the symptoms of endometritis induced by LPS in mice, elucidated the protective mechanism of IOP on the body,
and clarified the potential mechanism of IOP. Methods: A total of 72 BALB/c female experimental mice were divided
into several groups for comparison. They were the blank control group, the LPS group, the LPS+ IOP group (the effect
of IOP dose on mice was also explored, divided into low, medium, and high) and LPS+ amoxicillin group. All groups
except control group were infused with LPS into the uterus. The mice of LPS+ IOP groups and LPS+ amoxicillin group
were orally administered with IOP or amoxicillin after LPS challenge for 3 hours. Histopathology and myeloperoxi-
dase (MPO) activity were used to detect uterine tissue injury, and cytokine levels were used to measure uterine
inflammation. The expression of toll-like receptor 4/nuclear factor-kappa B (TLR4/NF-«kB)-related proteins in the
inflammatory signaling pathway was observed. Results: Pathological and MPO activity analyses revealed that IOP
relieved LPS-induced uterine tissue injury. Quantitative reverse transcription-polymerase chain reaction was used to
detect and quantitatively study the RNA information of mouse cells, which had high accuracy and sensitivity. From
the test results, IOP does effectively control the release of pro-inflammatory cytokines such as interleukin-6 (IL-6),
IL-18, IL-8 and tumor necrosis factor-a (TNF-a), avoiding the body’s immune response. Analysis of uterine tissue cell
components also confirmed that the expression level of inflammatory mediator-induced nitric oxide synthase (iNOS)
was also greatly reduced. Analysis of western blotting results of cell synthesis showed that IOP mainly inhibited the
protein expression of TLR4 and myeloid differentiation factor 88 in the body. Conclusion: This study proved that the
mechanism of action of IOP is to inhibit the TLR4/NF-kB signaling pathway to reduce the release of pro-inflammatory
cytokines from body cells, thereby alleviating the symptoms of endometritis induced by LPS. Thus, IOP may act as
an effective drug in preventing and curing LPS-induced endometritis.
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Introduction

Endometritis is a reproductive disorder that
affects humans and animals and can reduce
their fertility or even cause infertility [1-4].
Some common bacterial species that cause
endometritis include Corynebacterium, Entero-
coccus, Escherichia coli, and Staphylococcus
aureus [5, 6]. Lipopolysaccharides (LPS) are
observed in the gram-negative bacterial cell

wall (such as E. coli) and are considered im-
mune stimulators. Studies on animals have
also reported that LPS can effectively relieve
the symptoms of acute lung disease and reduce
the onset of acute endometritis and pulpitis
[7-9].

The uterine environment of mammals is rela-
tively sterile secondary to innate immunity,
which resists the infection of pathogenic micro-
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organisms. Its immune response system is the
body’s first line of defense against pathogen
invasion and the primary cause of the inflam-
matory response. Inflammation is caused by
changes in immune response, including the cel-
lular response, involving macrophages, granu-
locytes, and dendritic cells, and is mainly
caused by pattern recognition receptors (PRRs)
that are expressed on the surface of innate
immune cells. Additionally, PRRs regulate inn-
ate immunity by identifying evolutionarily con-
served pathogen-associated molecular pat-
terns [10]. Toll-like receptor 4 (TLR4) is a mem-
ber of the TLR family (a type of PRR) and can
recognize a wide range of ligands, especially
the LPS of bacteria [11, 12]. After ligand recog-
nition, several downstream signal pathways
can be activated. But the main thing is to acti-
vate the MyD88-dependent myeloid differenti-
ation factor 88 (MyD88) signaling pathway.
Because MyD88 can make nuclear transcrip-
tion factor (NF-kB), induce the release of pro-
inflammatory cytokines such as tumor necrosis
factor o (TNF-a) and interleukin-6 (IL-6), which
will aggravate the severity of infammation in
the body [13, 14], and in severe cases, it will
become a long-term inflammatory disease such
as rheumatoid arthritis [15] and pneumonia
[16]. Thus, inhibiting the TLR4/NF-kB signaling
pathway may help reduce LPS-induced en-
dometritis.

Clindamycin and doxycycline are some of the
medicines frequently prescribed to treat endo-
metrial inflammation [17]. The treatment of
bacterial infections has also included the use
of several other antibiotics with improved bio-
availability or antibiotic combinations. However,
the emergence of bacterial resistance is a com-
mon consequence of the continued use of
these drugs [18]. Therefore, it is vital to explore
new methods of endometritis treatment. Cur-
rently, natural products with high potency and
low toxicity are being increasingly used to cure
bacterial endometritis [8, 19-21]. Inonotus
obliquus is an esculent medicinal fungus that
flourishes throughout Asia and Europe under
frosty conditions. This is a well-known folk
treatment in Russia, which can effectively
improve the effects of symptoms of tumors and
gastric ulcers. In addition, the drug has also
gained wide acceptance in Europe. It is consid-
ered by the medical community to be an effec-
tive means of preventing and treating cancer,
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alleviating cerebrovascular diseases and dia-
betes [22-24]. Its constituent polysaccharides
exhibit numerous biological characteristics, for
instance, the anti-inflammatory, anti-oxidation,
and antiviral properties [25-27]. The antioxi-
dant activity of Inonotus obliquus polysaccha-
rides (IOPs) inhibits diethyldithiocarbamate,
which causes chronic pancreatitis in mice [28].
The alkali-solubility of IOP promotes lympho-
cyte transformation and proliferation, enhanc-
es the phagocytic function of macrophages,
improves the immune functioning of the body,
and assists in cancer treatment [29]. Addi-
tionally, IOP regulates matrix metalloproteinase
expression and inhibits tumor cell metastasis
[30]. Nevertheless, its role in endometritis
remains elusive. This study aimed to investi-
gate the mechanism underlying the protective
effect of IOP in LPS-induced endometritis in
mice.

Materials and methods
Materials

Inonotus obliquus used in the experiment was
provided by the Veterinary Laboratory of RUDN
University. Divided into standard monosaccha-
rides and uronic acids, there are rhamnose
(Rham), mannose (Man), glucuronic acid (Glu
A), ribose, galactose (Gal), galacturonic acid
(Gal A), xylose (Xyl), glucose (Glu), fucose (Fuc)
and arabinose (Ara). In addition, phosphate
buffered solution (PBS) was purchased from
Beijing Labgic Technology Co., Ltd.; LPS was
obtained from Sigma-Aldrich, USA; amoxicillin
was purchased from Renhe Pharma Co.
(Shenzhen, China). Antibodies against TLR4
(D220102, 1:2000) and MyD88 (D121009,
1:2000) were purchased from Sangon Biotech
in Shanghai, China. Antibodies against the
phosphorylated nuclear factor of kappa light
polypeptide gene enhancer in B-cell inhibitor,
alpha (p-IkBa) (4812, 1:2000), p-p65 (3226,
1:2000), IkBa (2859, 1:2000), p65 (8242,
1:2000), and B-actin (4970, 1:5000) were pur-
chased from Cell Signaling Technology, USA.

Extraction and purification of IOP

IOP is traditionally prepared, first advanced by
heat treatment, and then purified by centrifuga-
tion [31]. The shell of Inonotus obliquus was
removed, pulverized, extracted with hot water,
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utes, and then the ampoule
was sealed and placed at
an ambient temperature of
121°C for 2 h. After removal,
trifluoroacetic acid was dried
with nitrogen. Finally, 0.5 mL
of 1-phenyl-3-methyl-5-pyra-
zolinone and 0.5 mL of 0.3 M
NaOH were added. In this pro-
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supernatant was centrifuged
after the third extraction. 20

Figure 1. The extraction and purification of Inonotus obliquus polysaccha-

rides (IOPs).

and petroleum degreasing ether. After oil
removal, the residue was dried at a low tem-
perature. The protein precipitates by adding tri-
chloroacetic acid at a concentration of 1%, and
the filtrate is concentrated into a liquid extract
after centrifugation. Then wash the standing
pellet with absolute ethanol, store the solution
at an ambient temperature of 0°C overnight,
and take it out and treat it with a high-speed
centrifuge the next day to finally obtain a crude
polysaccharide precipitate. The acidic and
neutral mucopolysaccharides were separated
using diethylaminoethyl cellulose anionic col-
umn chromatography. Further, 2% sodium
nitrite solution (1:2) was added to the water
bath at 80°C, and activated carbon was added
to stir for 1 h. As shown in Figure 1, refined
polysaccharides can be obtained by centrifuga-
tion after the solution is left to stand overnight,
and the pellet is dried.

Monosaccharide and uronic acid composition-
al analysis of IOP

High performance liquid chromatography is cur-
rently the most effective method for the deter-
mination of carbohydrates contained in chemi-
cal components, so this paper uses this meth-
od to analyze the monosaccharides and uronic
acids of IPO. 3.41 milligrams of IOP were care-
fully added into the ampoule, followed by pour-
ing 0.5 mL of 4 M trifluoroacetic acid. Nitro-
genwas introduced into the ampoule for 5 min-
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uL was packed into a reagent

bottle. It was passed through

a 0.22-nm membrane before
injection. The experimental conclusions and
standard curves obtained by high performance
liguid chromatography for the analysis of stan-
dard monosaccharides and uronic acid are
shown in Table 1.

Experimental procedure

Seventy-two BALB/c female mice (6-8 weeks
old) were purchased from Dossy Experimental
Animals Co. (Chengdu, China) and these mice
were allowed to live at an ambient temperature
of 25+£3°C and provided with living conditions
that were replaced by light and dark cycles
every 12 hours, maintaining an ambient rela-
tive humidity of 75+5% and providing the mice
with the food and water they needed. This
research protocol was approved by the Office
of Animal Care of Chengdu Normal University
(CDNU-2021092614M). It is worth mentioning
that this experiment was conducted in accor-
dance with the guidelines for the care of labora-
tory animals formulated by the state.

All mice were divided into six groups for com-
parison, and the number of mice in each group
was 12. The six groups were: blank control
group, LPS experimental group, LPS+ high-
dose I0P, LPS+ medium-dose IOP, and LPS
and amoxicillin experimental group. The LPS-
induced endometritis model was constructed
referring to the instructions reported in previ-
ous studies [8, 32]. Use of 1% pentobarbital
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Table 1. The regression equation and R? of glycuronic

acid and monosaccharides

450 nm was tested with a microplate
reader.

Glycuronic acid and

Histopathological analysis

monosaccharides Regression equation R?
man y=0.0002x-0.0069 1
rham y=0.00010x-0.06978  0.99995
ribose y=0.00006x-0.01788  0.99983
gluA y=0.0001x+0.0027 1
gal A y=0.0001x-0.0124 0.9999
gal y=0.00033x-0.01613  0.99929
glu y=0.0001x-0.0113 1
xyl y=0.0005x-0.0073 0.9997
ara y=0.0008x-0.0095 0.9999
fuc y=0.0003x-0.0032 1

Uterine tissue cells were fixed with para-
formaldehyde, and the cells were trimmed
and dehydrated. The cells were embedded
in paraffin when finished, and 5-um thick
slices were stained with Hematoxylin &
Eosin and observed under a microscope
(Nikon, Eclipse Ci-L, Japan).

Myeloperoxidase (MPO) detection

Enzyme-linked immunosorbent assay (EL-

Man: Mannose; Rham: Rhamnose; Glu A: Glucuronic Acid; Gal A:
Galacturonic Acid; Gal: Galactose; Glu: Glucose; Xyl: Xylose; Ara:

Arabinose; Fuc: Fucose.

sodium (80 mg/kg) [33] to anesthetize mice is
most effective. It was injected with 20 pL LPS
on each side of the uterus, and the control
received an equal volume of PBS. Three hours
following the LPS injection, mice in the LPS+
I0P group (low-dose, medium-dose, high-dose)
were orally administered with 10P (50 mg/kg,
100 mg/kg, and 150 mg/kg, respectively [34]),
and the LPS+ amoxicillin group was orally
administered with amoxicillin (100 mg/kg).
Nine hours later, the mice were killed by rapid
dislocation of the neck, with every attempt
being taken to minimize suffering. The uterine
tissue was collected and preserved at -80°C.

Cell culture and viability detection

The mouse endometrial epithelial cells (MEECS)
were isolated and cultured as previously men-
tioned [35]. The uterine tissue was shredded,
washed using Hank’s solution, and then digest-
ed with 0.25% trypsin-ethylene diamine tet-
raacetic acid digestive solution at 37°C for 30
min. The homogenized cells were centrifuged
and filtered with a 20-uym nylon membrane. The
cells were further cultured in Dulbecco’s
Modified Eagle Medium/F-12 medium in an
incubator containing 5% CO, at 37°C. CCK-8 is
used to quickly assay highly sensitive cell activ-
ity. Cells were transferred into a 96-well plate,
and different concentrations of I0P (5, 10, and
15 pg/mL [34]) were added, after which they
were placed in the incubator for culturing for 24
h (37°C, 5% CO,). Then 10 pL of CCK-8 solution
was added dropwise to each well and incubat-
ed for 1 to 4 hours. Finally, the absorbance at
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ISA) is currently the most commonly used
labeling and analysis immunoassay. ELISA
was used to detect the effect of IOP on
LPS-induced MPO activity.

Quantitative polymerase chain reaction (PCR)

Trizol reagents can extract the required RNA
information directly from tissue cells, even in
sample lysis solutions, Trizol can guarantee the
integrity of advanced RNA. In this article, TRIzol
reagent was chosen to extract RNA from uter-
ine tissue cells. The RNA is then reverse-tran-
scribed into complementary DNA, known as
cDNA. First, soak the reaction mixture at 65°C
for 5 minutes, then take out the ice for 2 min-
utes, and finally, 4 yL 5 x RT Buffer, 0.5 uL
Thermo Scientific RiboLock RNase Inhibitor,
and 1 pL Maxima Reverse Transcriptase
(Thermo Fisher Scientific, USA) were added.
The PCR tube was placed at 25°C for 10 min,
incubated at 50°C for 30 min, and denaturized
at 85°C for 5 min to obtain cDNA. Two micron-
liters of cDNA were added into a 0.2-mL PCR
tube and mixed with 10 uL of 2 x SG Fast qPCR
Master Mix (High Rox, BBI, ABI). 0.4 pL forward
primers, 0.4 uL reverse primers, and 3 L
ddH,0 were added and analyzed in the
StepOne™ Real-Time PCR System. Table 2 lists
the primer sequences used in this study that
were designed using Primer Premier v5.0 soft-
ware and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH), a key enzyme involved in
glycolysis. In addition, the expression content
of the target gene was quantified using the
284t method.

Western blot

The quantitative measurement of protein con-
tent is BCA (bicinchoninic acid) method, which

Am J Transl Res 2022;14(11):8332-8342
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Table 2. Primers used in a series of reactions with reverse tran-

scription polymerase

in 5% milk-Tris buffer saline
and BST at 0.1% Tween® 20

detergent were incubated to-

Name Primer sequence Product size (bp)
TNF-at Forward: TGTCTCAGCCTCTTCTCATTCC 152 gether for 1 hour, and then
Reverse: TTTGTGAGTGTGAGGGTCTGG |ncqbated with primary a?tl_
16 Forward: TCTTGGGACTGATGCTGGTG 132 bodles'and culltured at 4 C
Then, it was incubated wi-
Reverse: CATGTGTAATTAAGCCTCCGACT th the secondary antibody
IL-8 Forward: TAGGCATCTTCGTCCGTCC 212 (1:10000). Finally, the bands
Reverse: GCCAACAGTAGCCTTCACCC were visualized using the
IL-1B3 Forward: GTAATGAAAGACGGCACACCC 181 enhanced chemiluminescent
Reverse: CAGGCTTGTGCTCTGCTTGTG kit. B-actin was used as the
iNOS Forward: GAGCGAGTTGTGGATTGTC 207 internal reference.
Reverse: CTGCCTATCCGTCTCGTC . .
GADPH Forward: GGTTGTCTCCTGCGACTTCA 183 Statistical analysis

Reverse: TGGTCCAGGGTTTCTTACTCC

TNF-a: Tumor Necrosis Factor-Alpha; IL-6: Interleukin-6; IL-8: Interleukin-8; IL-1B:
Interleukin-1B; iINOS: Inducible Nitric Oxide Synthase; GADPH: Glyceraldehyde 3

Phosphate Dehydrogenase.

The statistical and analytical
work of the data was done
using the GraphPad Prism 8.2
software. The comparison of
each set of data was based on

500 - the one-way analysis of vari-
: Rham ance with Tukey's multiple
450 clus comparison post hoc test. The
] Kruskal-Wallis H test was
400 .
| used for non-normal variance,
350 and Dunnett's T3 multiple
1 1 comparisons test was used
300 Man for homogeneity of variance.
2 250 _ Data were expressed as mean
E ) + SEM. P < 0.05 represented
200 a statistically significant value.
150 Results
100 _ | Gal A ) )
] ' Monosaccharide and uronic
50 - iy acid composition of |OP
4 Gal Xyl Ara
0 ———— e —————— e Figure 2 shows a chromato-

25 00 25 50 75 100 125 150 175 200 225 250 graphic infographic of the IOP.

t/min

Figure 2. The glycuronic acid and monosaccharide components in IOP were

studied by HPLC.

first extracts the total protein from uterine tis-
sue cells and uses BCA for quantitative mea-
surement. In addition, sodium lauryl sulfate-
polyacrylamide (SDS-PAGE) gel electrophoresis
can separate different molecular weights from
proteins. First, an equal amount of protein was
subjected to 10% SDS-PAGE gel electrophore-
sis, followed by transfer to a polyvinylidene fluo-
ride membrane. At 25 degrees, the membrane
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It is clear that the purifi-
ed polysaccharides are com-
posed of Man, Rham, Ribose,
Gal, Glu, Xyl, and Ara, respec-
tively, with a molar ratio of
0.8:74:0.1:0.2:0.2:0.1:0.3. The molar ratio of
Glu A:Gal Ais 11:0.2.

The effect of IOP on mEEC viability

CCK-8 reagent detection method was used to
investigate whether intraocular pressure had
an effect on mEEC activity. From the results of
Figure 3, IOP does not affect the activity of
mEEC.

Am J Transl Res 2022;14(11):8332-8342



Protection of IOP on endometritis

2.0
3 _ _
O 1.5
z
= 1.0
Ne]
3
: 0.5
o
o
0.0- | I
Control ) 10 15
IOP (ug/mL)

Figure 3. The effect of IOP on cell viability. Culture
endometrial epithelial cells with 5, 10 and 15 pg/mL
IOP solutions for 24 h. Cell viability was determined
using the CCK-8 reagent assay.

The role of IOP in the histopathological chang-
es of LPS-induced endometritis

Histopathological results revealed that the
mice in the control and amoxicillin groups had
normal uterine tissue morphology; mice in the
LPS group exhibited uneven thickness of the
endometrial epithelium, congestion, and swell-
ing of several capillaries in the lamina propria
and increased eosinophilia (Figure 4). However,
treatment with 10P reduced these pathologi-
cal effects, and the highest reduction was
observed following high-dose I0P treatment.

The effect of IOP on MPOQ activity in LPS-
induced endometritis

We determined MPO activity in the uterine tis-
sue using ELISA. Compared with the control
group, the activity of MPO was seen to be
increased. Additionally, there was a consider-
able decrease in MPO activity following 10P
treatment (Figure 5).

I0OP impacted the inflammatory cytokines and
mediator of LPS-induced endometritis

We derived protein expression components of
TNF-q, IL-6, IL-1B, IL-8, and inducible nitric oxide
synthase (iNOS) to better understand how I0OP
affects LPS-induced endometritis. The results
revealed that, compared with the control group,
there was an increase in the levels of TNF-«,
IL-6, IL-1B, IL-8, and iNOS in the LPS group
whereas a decrease in the expression levels of
these factors in the I0P groups (Figure 6).
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|0OP affected the TLR4 signaling pathway in
LPS-induced endometritis

TLR4 signal is an important factor in congenital
inflammation. The binding of LPS to TLR4 can
activate MyD88 and NF-kB, which causes the
release of pro-inflammatory factors. Figure 7A
and 7B are the results of the analysis of west-
ern blotting, compared to the blank control
group, there was an elevated expression of
TLR4, MyD88, p-IkBa, and p-p65 in the LPS
group, which can be reversed by IOP
treatment.

Discussion

The histopathology of endometritis can be both
acute and prolonged. Acute endometritis is
characterized by the formation of superficial
endometrium, microabscess in the glandular
and uterine cavity, and neutrophil infiltration
[36, 37]. Growing evidence indicates that IOP is
involved in various inflammatory diseases and
modulates adverse pregnancy reactions in
mice induced by infection [38]. This study also
tried to observe the pathological changes of
the uterine tissue of mice, in order to better
understand the role of intraocular pressure.
Our results revealed that LPS induced the fall-
ing off of the endometrial epithelial cells and
swelling of the endometrial epithelium and
uterine gland epithelial cells with neutrophil
infiltration in the uterus of the mice, and I0P
treatment can significantly improve inflamma-
tion. Moreover, we observed a decline in MPO
expression. MPO is a heme protein rich in neu-
trophils (PMN), which is considered a marker of
PMN activity [39] in the uterus of mice that
received IOP. It is concluded that the decrease
in MPO activity indicates that the inflammatory
symptoms are weakened, and it is verified that
IOP can effectively improve the symptoms of
endometritis induced by LPS.

LPS has been known to promote the release of
inflammatory cytokines, such as TNF-«, IL-6,
IL-1B3, and IL-8 [40-42]. Cells releasing too many
pro-inflammatory cytokines can exacerbate
the body’s immune response, which activates
the inflammatory cascades and subsequently
causes tissue injury [43-45]. Previous studies
have reported that IOP can significantly reduce
IL-6, TNF-a, and overall IL-13 protein expres-
sion. Our experimental results indicated that
the expression of TNF-«, IL-6, IL-1B, and IL-8
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Figure 4. The impact of Inonotus obliquus polysaccharide (IOP) on lipopolysaccharide (LPS)-induced histopatho-
logical changes in the uterus. A. Control group. Eosinophilic secretions were observed in the uterine glands (black
arrow). B. LPS group. Local lamina propria and muscular necrosis; the nuclei of the cells were fragmented and dis-
solved; eosinophils were enhanced (yellow arrow). A large amount of capillary blood extravasation was observed in
the lamina propria (blue arrow). C. LPS+ low-dose IOP group. Numerous eosinophilic secretions (green arrows) and
blood stasis (red arrows) were observed in the uterine glands. D. LPS+ medium-dose IOP group. A few endometrial
epithelial cells were swollen, with loose cytoplasm (blue arrow), lamina propria edema, loose connective tissue ar-
rangement (red arrow), and dilated blood vessels (yellow arrow). E. LPS+ high-dose I0OP group. A few capillaries were
congested (black arrow). F. LPS+ amoxicillin group. Lamina propria edema and loose connective tissue arrangement
(black arrow).
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Figure 5. The effect of Inonotus obliquus polysac-
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cooperates with TLR4 by binding to LPS-binding
protein (LBP) to form the CD14/MD2/TLR4
receptor complex [11]. TLR4 recognizes LPS, a
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Protection of IOP on endometritis

s 2.54 c 2.5+ g 2.5
= o o
0 — w
@ 2.0 @ 2.0+ 0 2.0
: S :
3 = & A
3 1.54 X 1.5+ X 1.5+
> o g
T 1.0 £ 1.0 . £ 1.0 -
E E e ek -E dek
g 0.5 o 0.5- @ 0.5 o
L -
z - 4
F 0.0- 0.0- T T 0.0-
N AN ., N
SEF & LSS FLEE S
) &£ f£ & & o £ £ £ 4 ° £ £ £ &
) & 7 O <o & S <o & S
\o,z\ -\\)6\ ‘c“\éo v \d“ -\\)¢ \&\ v \04‘ 6\0& <\\§ v
& & ox & &P ox < & o
7 & Qg T & Q" 7 & Q"
W G_,' ' A% 6: W VQ‘-’,‘ .
N N 3
2.5- e 2.5-
c o .
° & Figure 6. The expression pattern of
@ 2.0- with % 2.0 . tumor necrosis factor-alpha (TNF-a:),
g_ - s interleukin-6 (IL-6), IL-13, IL-8, and in-
x 1.5 3 1.5- ducible nitric oxide synthase (iNOS)
o * -4 with  Inonotus obliquus polysac-
2 1.0- £ 1.0 charide (IOP) on lipopolysaccharide
r: - ° (LPS)-induced endometritis. The val-
oo 0.5- * » 0.5 ues are presented as mean + SEM
4 o (n=12 each) of three independent
0.0- T T = 0.0 experiments. *P < 0.05, #P < 0.01,

###p < 0.001, and ##*P < 0.0001 vs

> P R R R L
o
&EO 00N s control group; P < 0.05, “"P < 0.01,
© & F F S < “*P < 0.001, and ~**P < 0.0001 vs
\0“‘ -\o& & v LPS group.
& & 2
NISMAR N
N
N N
A B
LPS+low LPS+medium LPS+high )

Control LPS o 10p qoseiop  dosetop AMOXEln Control = LPS @2 LPS+low dose IOP
- WD e e — TLR4 &% LPS+ medium dose IOP 23t LPS+ high dose IOP E=2  Amoxicillin
Al S e = S MyD88 2.5+

» ks
- e e e ws prlkBa 2204 Z -
= - =
" es as a» @a» &= (B g15] g 1 5
= = = = P
- e e— p-p65 210{ ZiE- E = é
2 S E E =
S e D o —— p65 %0_5__5 E B = g
, ¢ | ZE i = =
S E>es ap e ®  ociin s —i—
TLR4 MyD88 p-lkBa

Figure 7. The effect of Inonotus obliquus polysaccharide (IOP) on toll-like receptor (TLR4) pathway activation. A.
Western blotting. B. The expression of TLR4, myeloid differentiation factor 88 (MyD88), phosphorylated nuclear
factor of kappa light polypeptide enhancer gene in B-cell inhibitor, alpha (p-IkBa), and p-p65 proteins in lipopolysac-
charide (LPS)-induced uterine inflammation. B-actin was considered the internal control. #P < 0.05, ##P < 0.01, ##p
< 0.001, and ##p < 0.0001 vs control group; “P < 0.05, *"P < 0.01, *"P < 0.001, and """P < 0.0001 vs LPS group.
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major component of the gram-negative bacte-
rial cell wall, through its N-terminal extracellular
domain rich in leucine repeats. TLR4 binds to
the junction protein via its C-terminal intracel-
lular TIR domain and then mobilizes to undergo
a signaling cascade to reduce the release of
inflammatory factors [13]. MyD88 is a down-
stream pathway protein of TLR4. TLR4 causes
the transcriptional activation of NF-kB via the
MyD88 signaling pathways and plays an impor-
tant role in inflammation treatment and immu-
noprevention [48, 49]. It is well-known that
IkBat is an inhibitor of the NF-kB pathway and is
phosphorylated and then degraded after the
activation of NF-kB. Meanwhile, the activation
of NF-kB promotes NF-kB p65 phosphorylation,
causing the expression of downstream pro-
inflammatory factors [50, 51]. Therefore, we
hypothesized that |IOP alleviates LPS-induced
endometritis by inhibiting the TLR4/NF-kB
pathway. Our results indicated that the expres-
sion of TLR4, MyD88, and p-lkBa changed.
After LPS induction, the content of p-p65
increased. However, after IOP treatment, the
p-p65 content was effectively reduced. From
the change situation, IOP uses the control of
TLR4/NF-kB signaling pathway to protect the
symptoms of endometritis induced by LPS.

Owing to the strong biological characteristics of
IOP, health products and tea derived from it
have currently entered the market [52], howev-
er, the products are relatively simple. A thor-
ough pharmacological analysis is required for
its application as a potential drug. However,
there is still room for improvement in the extrac-
tion and purification of IOP, and further work is
needed to clarify its chemical formula, which is
our next step. Additionally, we observed that
IOP regulates the TLR4/NF-kB signaling path-
way following LPS induction; however, the spe-
cific mechanism needs further exploration.

Conclusion

Conclusively, we demonstrated the protective
function of IOP in LPS-induced endometritis. In
this study, IOP improved LPS-induced patho-
logical damage in endometritis and reduced
MPO activity in tissues. Furthermore, 10P
decreased the iNOS expression. It is worth
emphasizing that intraocular pressure can reg-
ulate the signaling pathway of TLR4/NF-kB, pre-
vent the release of pro-inflammatory cytokines,
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and have a strong anti-inflammatory effect.
Therefore, the study of intraocular pressure is
indeed of great help in the treatment and pre-
vention of LPS-induced endometritis.
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