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Lysyl oxidase-like 2 plays a vital role in collagen deposition and fibrosis. This study aimed to explore the
preventive effect and possible mechanisms of xiaoyuningkun decoction on rats with sequelae pelvic
inflammatory disease. Sequelae pelvic inflammatory disease rat model was induced by hydrochloric acid
and lipopolysaccharide injection through the upper genital tract, and then xiaoyuningkun decoction was
orally administered for 28 d. The histological examination, fibrosis and enzyme-linked immunosorbent assay
were carried out. Inmunohistochemistry, real-time qualitative polymerase chain reaction and Western blot
were used to detect the expression of lysyl oxidase-like 2 and transforming growth factor-beta 1 in uterine
tissues. The administration of xiaoyuningkun decoction potentially inhibited histopathological changes and
inflammatory cells infiltration. Significantly decreased serum tumor necrosis factor-alpha and interleukin-6
levels suppressed fibrosis in uterine tissues of sequelae pelvic inflammatory disease rats. We also found that
xiaoyuningkun decoction reduced messenger ribonucleic acid and protein expression in uterine tissues.
Furthermore, serum levels of two fibrosis-related proteins, transforming growth factor-betal and matrix
metallopeptidase 9, were decreased by xiaoyuningkun in sequelae pelvic inflammatory disease rats. Our
data speculated that xiaoyuningkun has an anti-fibrosis effect in the sequelae pelvic inflammatory disease
rat model, and the mechanism might be through inhibition of lysyl oxidase-like 2 and transforming growth
factor-beta 1 pathways.
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Pelvic Inflammatory Disease (PID) is a common
gynecological disease, which is often seen in
sexually active women. PID is an inflammatory
disease caused by the colonization of
microorganisms in the upper reproductive tract,
such as the endometrium, fallopian tube and ovary.
PID can be divided into endometritis, salpingitis,
peritonitis and other types according to the location
of inflammatory lesions!'). When PID is not
timely diagnosed and treated, or body immunity
is declined, this disease is likely to evolve into
Sequelae of PID (SPID), resulting in hyperplasia,
adhesion, fibrosis of female reproductive organ,
chronic pelvic pain, endometriosis and ectopic
pregnancy!?. Chronic endometritis can increase
endometrial fibrosis and adhesion, thus affecting
endometrial receptivity and reducing the likelihood
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of pregnancy®. Moreover, chronic infection and
inflammation often involve the fallopian tube, and
the healing process includes scar formation and
adhesion formation, which increases the risk of
tubal infertility!¥. Therefore, the prevention and
treatment of SPID have become one of the most
urgent problems in gynecology.

In the chronic inflammation stage of PID, there
are over activation of cytokines and abnormal
conduction of signal pathways, which interact
in the regulation of inflammatory response and
fibrosis formation. Therefore, it is a tempting target
for restoring the balance of cytokine and signal
pathway expression and reducing tissue damage
and proliferation, and fibrosis. Transforming
Growth Factor-Beta 1 (TGF-Bl1) and Matrix
Metallopeptidase (MMP)-9 are essential cytokines
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to promote local tissue adhesion and hypertrophic
scar formation. TGF-B1 induced Mothers Against
Decapentaplegic (SMADS) signaling pathway
is one of the most critical signaling pathways in
wound repair and fibrosis®®, which is involved in
every link from early inflammatory response to
tissue damage repair and later hypertrophic scar
formation. TGF-B1 signaling pathway is related
to the fibrosis process, and serum TGF-f1 level
in rats with chronic PID increases!®. MMP-9
is a member of MMPs and an essential protease
involved in normal matrix remodeling. Excessive
production of MMPs by inflammatory cells can
also promote the degradation of Extracellular
Matrix (ECM). Compared with the healthy control
group, the level of plasma MMP-9 in patients with
PID was increased!”.

Lysyl Oxidase (LOX) belongs to copper-dependent
amine oxidase and can catalyze the oxidative
deamination of lysine and hydroxylysine residues
of elastin and collagen molecules. LOX family
includes five members with similar structures;
LOX and four LOX-Like Proteins (LOXL1-4). The
catalytic effect of the LOX family makes collagen
and elastin fibers form covalent cross-linking and
interweave into a stable network structure, thus
stabilizing the ECM®!. As a member of the LOX
family, LOXL2 involves the fibrosis process of the
liver, kidney, lung and other organs®!''l. However,
the expression of LOXL2 in the endometrium
of PID and whether it is related to endometrial
fibrosis has not been reported.

Xiaoyuningkun (XYNK) decoction is a popular
Chinese medicinal compound composed of
Eupolyphaga sinensis, Melia Toosendan, Angelica
biserrata, and Cynanchum paniculatum (CP)
Bunge) Kitagawa. XYNK decoction is used to
treat acute and chronic PID and has achieved good
efficacy and safety. Most of the constituents of
medicinal plants in XYNK decoction have potential
antimicrobial and anti-inflammatory activities
and modulate inflammatory pathway proteins,
such as Nuclear Factor-Kappa B (NF-«xB), Tumor
Necrosis Factor-Alpha (TNF-a), Interleukin-6
(IL-6) and IL-1BM*!. Our previous study has
shown oral administration of XYNK decoction
and its primary drug CP have significant analgesic
and anti-inflammatory activity in acute PID rats
and reduce excessive production of inflammatory
cytokines!"”!. Whether XYNK decoction shows an
effect on chronic PID and fibrosis is unclear.
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In this study, the rat model of SPID was
established, and the effects of XYNK decoction on
histopathology, tissue fibrosis, serum inflammatory
and fibrotic cytokines, and LOXL2 and TGF-f1
proteins were investigated.

MATERIALS AND METHODS
Reagents:

Lipopolysaccharide (LPS) and Pregnant Mare
Serum Gonadotropin (PMSG) were purchased
from Sigma-Aldrich (St. Louis, Missouri, United
States of America (USA)). Hydrochloric acid was
purchased from Yakuri Pure Chemicals (Kyoto,
Japan). Enzyme-Linked Immunosorbent Assay
(ELISA) kits for TNF-a, IL-6 and TGF-B1 were
obtained from R and D Systems (Minneapolis,
Minnesota, USA). LOXL2, TGF-B1 and B-actin
antibodies were obtained from Abcam.

Preparation of XYNK decoction:

The XYNK decoction was composed of 12 g of
Eupolyphaga sinensis, 12 g of Melia Toosendan,
12 g of Angelica biserrata and 15 g of CP. There
were added with distilled water with 10 times the
volume and soaked for 20 min, and then were
boiled and decocted over low heat for 20 min. The
decoction was homogenized and concentrated by
heating until the concentration of the crude drug
was 1.5 g/ml, and the concentrated solution was
stored at a 4° refrigerator.

Experimental animal:

Female-specific pathogen-free Sprague—Dawley
(SD) rats (8 w old; 180-220 g weight) were obtained
from Shanghai SLRC Laboratory Animal Co., Ltd.
(Shanghai, China). The animals were housed in
standard conditions with 22°-24° temperature,
60 %-65 % relative humidity, and 12 h dark-light
cycle (light on, from 7:00 to 19:00). The ethics
committee approved the experimental procedures
for animal experimentation of Shanghai Gongli
Hospital. All rats were randomly divided into five
groups; control, SPID, XYNK low (1.5 g crude
drug/day), XYNK mediates (3 g crude drug/day)
and XYNK high (6 g crude drug/day) groups,
each with 10 rodents. The control and SPID rats
received the same volume of physiological saline.

Rat SPID model construction:

A chronic SPID rat model was established as
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a previously described method with minor
modification!®. After acclimation for 7 d, the rats
were intracervically infused with water alone (25
mg/kg, 1 N), followed by four administrations
intracervically with 100 pl of PMSG (7.5 IU per
mouse) 2 d before the experiment. Control rats
received sterile saline. After 24 h of infection,
each group of rats was orally administered the
corresponding drugs for 28 d. Rats (264.2+19.3) g
were sacrificed by cervical dislocation, and blood
samples and uterus were collected and stored at
-80° for further evaluation.

Histological evaluation:

The uterus tissues were paraffin-embedded and cut
into 2 um sections, fixed by 10 % formaldehyde
for 24 h, dehydrated in alcohol, cleared in xylol,
embedded in paraffin, and stained with Hematoxylin
and Eosin (HE) or Masson. Five random fields of
each slide were checked and photographed under
microscopy (200x). The collagen volume fraction
was analyzed by Imagel software.

Immunohistochemically evaluation:

Rats were decapitated, and the parietal peritoneum
was fixed with 4 % paraformaldehyde for 4 h and
embedded with paraffin. Then paraffin-embedded
peritoneum tissue was serially sectioned (thickness
2 pum). After deparaffinization and rehydration,
antigenic recovery was performed by heat and
endogenous peroxidase activity was blocked by
incubation with 3 % Hydrogen peroxide (H,O,).
Sections were incubated with primary antibodies
against LOXL2 (1:100) overnight at 4°. On the
2n d, sections were incubated with biotinylated
Horseradish  Peroxidase (HRP) conjugated
secondary antibody (1:100) at room temperature
for 2 h and stained with Diaminobenzidine (DAB)
and hematoxylin. Five vision fields were randomly
selected in each section and photographed.

ELISA:

Serum in experiment rats was collected, weighed,
then added to physiologic saline at the ratio of
1:5 (w/v), and then homogenized. The levels of
TNF-a, IL-6, TGF-f1 and MMP-9 were measured
by ELISA kits.

Real-Time quantitative Polymerase Chain Reaction
(RT-qPCR):

According to the manufacturer's instructions,

Special Issue 5, 2023

total Ribonucleic Acid (RNA) was isolated from
Huh-7 cells in the standard control, genistein,
radiation and genistein with radiation groups
using a phenol-based method (TRIzol reagent,
TaKaRa). The concentration and purity of the RNA
were determined by assessment of the absorbance
at 260 and 280 nm using a NanoDrope 1000
Spectrophotometer (Thermo Fisher Scientifice Inc.,
Waltham, Massachusetts), and the RNA integrity
was electrophoretically verified. According to the
manufacturer's instructions, reverse transcription
of purified RNA was performed using a PrimeScript
RT Reagent Kit (TaKaRa). Equal volumes (1 pl)
of the resulting complementary Deoxyribonucleic
Acid (cDNA)served as templates for the subsequent
PCR. All gene transcripts were quantified using
gPCR using an SYBR Premix kit (TaKaRa) and a
LightCycler®480 II apparatus (Roche Diagnostics,
Mannheim, Germany). The target gene expression
(224 was normalized to the endogenous b-actin
gene expression. Specific primers were designed
for each gene of interest.

Western blot:

Cell protein was isolated in lysis buffer and then
quantified using a Bicinchoninic Acid (BCA) assay
kit (Beyotime). Equal amounts of protein per lane
were separated using Sodium Dodecyl Sulphate-
Polyacrylamide Gel Electrophoresis (SDS-PAGE),
transferred to a nitrocellulose membrane, and
immunoblotted using primary and secondary
antibodies against LOXL2 and TGF-B1. After being
washed with a mixture of Tris-Buffered Saline with
Tween-20 (TBST), membranes were incubated
with HRP conjugated secondary antibody for 2 h at
room temperature. Protein bands were visualized
using enhanced chemiluminescence reagents
(Amersham Biosciences, Buckinghamshire, United
Kingdom) before digital scanning and quantitated
using Imagel software.

Statistical analysis:

The statistical data are presented as the
means+Standard Error of Measurement (SEM) of
the indicated numbers of samples. The differences
between the two data sets were evaluated using
Student’s t-test by the Statistical Package for the
Social Sciences (SPSS) 18.0 statistical software
(SPSS, USA). One-way Analysis of Variance
(ANOVA) was used to compare the difference
between more than two data sets. p<0.05 were
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considered as the criteria for a
significant difference.

RESULTS AND DISCUSSION

To assess the anti-inflammatory activity of XYNK
decoction, uterine appearance was observed
(fig. 1A). We found no apparent changes in the
uterine in the control group. In the SPID group,
the uteri showed different degrees of the lesion
with uterine enlargement, hyperemia and uterine
wall thickening. However, these lesions were
significantly attenuated by the administration of
XYNK decoction. The histological pathology was
assessed by HE staining and observed under a light
microscope (fig. 1B). The epithelium was clear
and intact in the control group, and the smooth
muscle was arranged regularly. In the uterine from
the SPID rats, severe pathological changes were
observed, and the uterine tissues were infiltrated
by masses of inflammatory cells, most of which
were neutrophils and lymphocytes. These results
demonstrate the occurrence of inflammation in
the upper genital tract. Nevertheless, compared to
the SPID group, XYNK decoction administration
markedly decreased histopathological changes and
the infiltration of inflammatory cells.

XYNK decoction inhibited the excessive
production of inflammatory cytokines in SPID
rats to observe the changes in the inflammatory

statistically

Fig. 1 Control PID

XYNK low

response; ELISA was performed to determine the
serum concentrations of TNF-a and IL-6 in SPID
rats. Compared with the control group, serum
TNF-a and IL-6 levels were significantly increased
in the SPID group. XYNK decoction significantly
inhibited the increase of these cytokines in rats
(fig. 1C and fig. 1D). These results indicated that
XYNK decoction has anti-inflammatory effects on
SPID rats.

XYNK decoction suppressed uterine fibrosis in
SPID rats. Masson staining was carried out in SPID
rats after 28 d of XYNK decoction administration
to evaluate the fibrosis in uterus tissue. The results
are shown in fig. 2A. The control group showed a
small number of blue collagen fibers were evenly
distributed in the endometrial stroma, with clear
tissue structure and regular arrangement. Where,
the SPID group showed a large number of blue
collagen fibers gathered, and mainly located
in the stroma and muscle layer, with the close
arrangement and abnormal shape; all XYNK
treatment groups showed gland regeneration and
decreased interstitial collagen fibers with varying
degrees. Then the number of blue collagen fibers
was quantified to calculate collagen volume
fraction. The collagen volume fraction was
increased in SPID rats and was decreased by
XYNK treatment in a dose-dependent manner as
shown in fig. 2B.
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Fig. 1: Effect of XYNK decoction on inflammation in the uterus of SPID rats, (A): The appearance of the uterus in the different groups; (B):
Representative micrographs of uterus stained with H&E (magnification 200x). ELISA shows that XYNK decoction reverses the increase in serum;
(C): TNF-a and (D): IL-6 levels in the serum of SPID rats. Each bar represents the mean+deviation (n=6). ANOVA was performed and followed

with Tukey’s post hoc test
Note: ***p<0.001 vs. control group; **p<0.001 vs. SPID group
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Fig. 2: Effect of XYNK decoction on uterine fibrosis in SPID rats, (A): Masson staining results of uterus tissue of SPID rats on the 28" d after XYNK
decoction administration (200%) and (B): The blue staining intensity was quantified by ImageJ image analysis software to calculate collagen volume

fraction

Note: ***p<0.001 vs. control group and *p<0.05, ##p<0.001 vs. SPID group

To investigate the detailed mechanisms underlying
the anti-fibrosis effects by XYNK decoction,
immunohistochemistry was performed to measure
the protein expressions of LOXL2. Little LOXL2
expression was detected in the uterus tissue of
control rats, which was markedly increased in
SPID rats. However, compared with SPID rats,
rats in XYNK groups showed decreased LOXL2
staining in the uterus (fig. 3A). Quantitative
analysis of LOXL2 was performed in uterus tissue
with RT-qPCR and Western blot. The LOXL2
mRNA expression was significantly increased
in SPID rats compared to control rats and were
significantly reduced by XYNK decoction at low,
mediate and high groups (fig. 3B). Similarly,
XYNK decoction also significantly attenuated the
increase in LOXL2 protein expression in the uterus
of SPID rats as shown in fig. 3C and fig. 3D.

To investigate which fibrosis-related proteins
are changed by XYNK decoction, ELISA was
performed in the serum of SPID rats. Compared
with the control group, serum TGF-f1 and MMP-
9 levels were significantly increased in the SPID
group. This increase was markedly attenuated by
XYNK decoction (fig. 4A and fig. 4B). To confirm
whether the serum TGF-B1 is produced and released
from uterus tissue, Western blot was performed
to measure the protein expression of TGF-B1 in
the uterus (fig. 4C). Quantitative analysis showed
that the TGF-B1 expression in uterus tissue was
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significantly increased in SPID rats and was
reduced by XYNK decoction treatment as shown
in fig. 4D.

This  study investigated whether XYNK
decoction mitigates fibrosis in a rat SPID model.
Inflammation and fibrosis in the uterus were
significantly suppressed by XYNK treatment in
SPID rats. XYNK could significantly inhibit the
mRNA and protein expression of LOXL2 in the
uterus of SPID rats. We also found that XYNK
reduced serum levels of fibrosis-related cytokine,
including TGF-f1 and MMP-9, and suppressed
TGF-B1 protein levels in the uterus of SPID rats.

In the present study, chronic pathogen infections
promoted fibrosis in the endometrium, as
evidenced by increased blue collagen fibers
and elevated serum. XYNK showed promising
activity in attenuating the fibrosis in the uterine
of SPID rats. The occurrence, development,
outcome and prognosis of SPID are associated
with inflammatory cytokines. Infection initiates
both the inflammatory reaction and damage repair
mechanism simultaneously, thus stimulating
fibroblasts' abnormal proliferation and activation.
In addition to repairing the damaged tissue, the
repair mechanism also promotes the aggregation
and synthesis of inflammatory cells and intensifies
the immune-inflammatory reaction!'”). This vicious
cycle makes the disease gradually develop into
a chronic process, leading to tissue destruction,
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extensive adhesion, proliferation and fibrosis,
and scar formation. There are no or only a small
number of pathogens in this sequelae stage. The
essential reason lies in the excessive production
of cytokines caused by an imbalance between
immune response and damage repair, so antibiotic
treatment is often ineffectivel®'¥!, Therefore, the
key therapeutic strategy for SPID is regulating the
balance between immunity and repair mechanisms.

In recent years, the mechanism of action of
Traditional Chinese Medicine (TCM) on SPID has
been extensively explored, and it has become a
research hotspot!'®®l, which shows that TCM can

affect the occurrence development and prognosis
of SPID with multiple targets. Our previous study
demonstrated the anti-inflammatory activity of
XYNK decoction in acute PID rats and reduced
excessive production of Intercellular Adhesion
Molecule 1 (ICAM-1)I"3, and adhesion molecules
associated with organ fibrosis?’!. Therefore, we
speculated whether XYNK decoction is also
effective in chronic PID and tissue fibrosis, and
validated it in the present study. Taken together,
we add XYNK decoction as a new TCM formula
in the treatment of chronic PID, with fibrosis as its
main therapeutic target.
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Fig. 3: Effect of XYNK decoction on the expressions of LOXL2 in SPID rats. (A): Representative immunohistochemistry micrographs are shown
(magnification 200x) in the uterus; (B): mRNA expression in uterus of SPID rats; (C): Representative protein blot of LOXL2 in the uterus by

Western blot and (D): Quantification of protein blot of LOXL2

Note: ***p<0.001 vs. control group and #p<0.05, #p<0.01, **p<0.001 vs. SPID group
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Fig. 4: Effect of XYNK decoction on the serum levels of fibrosis-related protein in SPID rats. ELISA was performed to determine the serum concen-
trations of (A): TGF-$1; (B): MMP-9; (C): Representative protein blots of TGF-B1 in the uterus by Western blot and (D): Quantification of TGF-$1

protein in each group

Note: ***p<0.001 vs. control group; *p<0.05, #p<0.01, **p<0.001 vs. SPID group
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Our study showed that XYNK decoction markedly
decreased the expressions of LOXL2 in the
uterus of SPID rats. LOXL2 is a member of the
LOX family. LOXL2 is involved in forming fibrosis
in the lungs and atrial?'?%, The expression and role
of LOXL2 in the reproductive organs of PID are
unclear. As another member of the LOX family,
LOX was highly expressed in the endometrium
of infertility patients caused by endometriosis,
and LOX gene overexpression increased the
expression of genes related to fibrosis and ECM
remodeling®!. This indicates that LOXL2 might
also involve fibrosis in SPID, thus acting as a target
for antifibrogenic therapy!®¥. This hypothesis was
validated in this study, with LOXL2 expression
being higher in SPID rats' uterus than in control
rats.

Moreover, fibrosis could enhance tissue adhesion
in chronic endometritis, one type of PIDB.
Therefore, fibrosis is the key pathological feature
of adhesion through promoting ECM deposition
and replacing the endometrium with fibrous
connective tissuel>. Our study found fibrosis and
LOXL2 can be suppressed by XYNK decoction in
the uterus of SPID rats and indicates LOXL2 is a
promising target protein in antifibrogenic therapy
of SPID which needs more studies for validation.

TGF-B1 is the most active promoter of fibrosis
through inducing the synthesis and secretion of
collagen I, collagen III and other ECMP¢. Studies
have shown that TGF-f1 is mainly expressed
in endometrial glandular epithelial cells. The
expression of TGF-B1 in the endometrium of
patients with Intrauterine Adhesion (IUA) was
increased and was positively correlated with the
degree of endometrial fibrosis?”!. In a chronic PID
rat model treated with Man-Pen-Fang, a Chinese
herbal compound, TGF-B1 levels in serum and
uterine were decreased®, which is in accordance
with our results by XYNK decoction. This indicates
that the TGF-B1 signaling pathway played an
essential role in the process of endometrial fibrosis
in SPID. MMP-9 is a crucial proteinase involved
in normal matrix remodeling, and its excessive
production by inflammatory cells can promote
ECM degradation!?®]. High plasma MMP-9 level
was observed in PID patients compared with
healthy controls!”.. Our study also showed reduced
serum MMP-9 in SPID rats after XYNK decoction
treatment.
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Moreover, LOXL2 is a potential activator of
the TGF-B/Smad signaling pathway. Pulmonary
fibrosis compared with control mice. Furthermore,
silencing LOXL2 significantly decreased TGF
B downstream protein pSmad2/3 levels in
bleomycin-induced pulmonary fibrosis animals**,
and inhibited TGF-Pl1-mediated induction of
EndMT marker in endothelial cells”. Whether
LOXL2 regulate TGF-B1, related pathway in
SPID is unknown and needs further investigation.
In conclusion, the endometrium in SPID rats is
accompanied by prominent fibrosis in the process
of natural healing without intervention. XYNK
decoction can reduce tissue fibrosis injury in
SPID rats and may play an anti-fibrosis effect
by regulating the levels of LOXL2 and TGF-§
1 in serum and uterine tissue. LOXL2 may
coordinate with TGF-B1/Smad signaling pathway
and participate in the pathological process of
endometrial fibrosis in SPID. Our results also
suggest that LOXL2 may be an essential target for
the treatment of fibrosis and adhesions of SPID
and provide a necessary basis for developing
therapeutic drugs.
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