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Abstract

Purpose: To investigate the effect of Kang fu yan capsule (KFYC) on phenol mucilage-induced
intrauterine adhesion (IUA) in a rat model, and the underlying mechanisms.

Methods: An IUA model was established by injecting 0.06 mL of 25 % phenol mucilage into the uterus
of female Sprague-Dawley rats. The IUA model rats (n=59) were randomly divided into 5 groups: IUA
group, fuke gianjin tablet group (FKQJT, 0.22 mg/kg), and 3 KFYC groups given different doses of the
drug i.e. 0.13, 0.39and 1.17 mg/kg. A group of 10 healthy female rats served as control. After 19 days
treatment, blood samples were collected for determination of IL-2 and IL-10 by ELISA, while uterine
tissues were subjected to histological examination using hematoxylin and eosin staining (H&E) and
Masson staining. Expressions of Notchl, recombination signal binding protein-JK (RBP-JK), a
disintegrin and metalloprotease (ADAM)-12, ADAM-15, matrix metalloprotein-9 (MMP-9), and inhibitor
of NF-«B (IkB) in uterine tissues were determined using RT-gPCR and western blot analysis.

Results: Compared to IUA group, histological results showed reduced inflammatory cell infiltration in rat
uterine tissue of KFYC group. Moreover, KFYC significantly reversed uterine fibrosis (p < 0.05). Serum
concentrations of IL-2 significantly decreased in KFYC groups (p < 0.05 or p < 0.01), and there was
significant increases the serum concentrations of IL-10 in KFYC groups (p < 0.05 or < 0.01), when
compared to IUA group. The mRNA and protein expressions of Notchl, RBP-JK, ADAM-12, ADAM-15,
MMP-9 were also significantly down-regulated (p < 0.05), while protein expression of IkB was up-
regulated in KFYC group, when compared to I[UA group.

Conclusion: KFYC exerts an anti-lUA effect via amelioration of uterine inflammation and fibrosis,
probably via a mechanism involving regulation of Notch1/ADAM pathway.
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INTRODUCTION amenorrhea. In the mid-20th century, Asherman

described an eponymous condition that occurs
Since 1900, intrauterine adhesions (IUAs) have after pregnancy as intrauterine adhesion or
been recognized as the cause of secondary Asherman syndrome [1,2]. IUAs are usually
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caused by trauma or infection, especially after an
abortion [3]. Endometrial fibrosis is currently
recognized as a pathological basis for IUA [3,4].

The inflammation caused by endometrial trauma
and infection produces a variety of inflammatory
cytokines such as IL-2, IL-10, and IL-18.
Subsequent secretions of large amounts of
extracellular matrix components ultimately lead
to IUA and tissue fibrosis [5-7]. Over the past
70years, several studies have focused on IUA,
but their prevalence and their effects on
reproductive outcomes have not been elucidated.
Currently, hysteroscopy is the main diagnostic
strategy for IUA, and drugs used for treatment
are mostly antibiotics and estrogens [8,9].
However, after hysteroscopy and medical
treatment, IUA easily relapses. Thus, there is
need to evolve novel drugs with minimal side
effects for treating IUA.

Kang fu yan capsule (KFYC) is a patent Chinese
medicine which is used in the treatment of
pelvic inflammation. Widely used in Asia [10-12],
it contains several kinds of Chinese herbal
medicines such as angelica and sophora [11],
which promote blood circulation. It is used mainly
to treat pelvic inflammatory disease, vaginitis and
chronic cervicitis. However, the anti-lUA effect of
KFYC, and its potential mechanisms of action
have not been investigated. The fuke gianjin
tablet (FKQJT) is also an effective patent
Chinese medicine which has been used in the
treatment of pelvic inflammation as a positive
control. In the present study, the anti-
inflammatory effect of KYFC against IUA, and the
underlying mechanisms were studied in a 25%
phenol mucilage-induced IUA rat model [13].

EXPERIMENTAL
Reagents

Phenol, gum tragacanth and glycerine were
purchased from  Guangzhou Dongzheng
Chemical Co., Ltd. (Guangzhou, China). Kang fu
yan capsule was provided by the Long-Range
Pharmaceutical Co., Ltd (Guizhou, China). Fuke
gianjin tablet (FKQJT) was purchased from
Qianjin  Pharmaceutical Co. Ltd (Zhuzhou,
China).

Animals

Female Sprague-Dawley rats (180 - 220 g, 8
weeks old, certificate no. SCXK Guangdong,
2013-0002) were purchased from the Animal
Center of Guangdong Province. All rats were
housed in an environment with a 12 h light/12 h
dark cycle. The experiments were approved by

the Laboratory Animal Ethics Committee of Jinan
University (approval no. 20160729131210), and
performed according to the guidelines of National
Institutes of Health (OLAW/NIH Revised 2015)
[14].

Animal studies

Anesthesia was induced in the rats by
intraperitoneal injection of 3 % pentobarbital
sodium at a dose of 1ml/kg. Then, the abdomen
was shaved. The operation procedure was
carried out under aseptic conditions. The pelvic
region was examined to exclude any adhesions
or macroscopic abnormalities. The uterine horns
were exposed by an abdominal midline vertical
incision. Then, 0.06 ml of phenol mucilage was
injected into right uterine tissue at the upper 1/3
of the horn [13]. The left horn was used as
control, and was injected with an equivalent
volume of normal saline. The uteri were gently

returned to their pelvic location without
disruption. Next, 59 IUA model rats were
randomly divided into 5 groups: IUA group

(n=12), FKQJT group (0.22 mg/kg, n=11), and 3
KFYC groups (12 rats each) given different
doses of the drug i.e. 0.13, 0.39 and 1.17mg/kg.
A group of 10 healthy female rats was used as
control. The rats were treated with appropriate
drugs or normal saline for 18 days post-
operation. At the end of 19 days, rats were
sacrificed after an overnight fast and all blood
samples were collected through the abdominal
aorta. Bilateral uterine tissue was removed and
serval small transverse sections were fixed
overnight in 4% paraformaldehyde at 4°C prior to
histological evaluations. Some of the uterine
tissue sections were cryopreserved in liquid
nitrogen for molecular studies.

Histopathological examination

The small transverse sections of uterine tissues
fixed in 4 % paraformaldehyde were dehydrated
in alcohol, paraffin- embedded, sectioned and
subjected to H&E or Masson staining. The
stained sections were observed under the light
microscope.

Measurement of serum concentrations of IL-2
and IL-10

The serum concentrations of IL-2 and IL-10 were
measured with ELISA kit (Cusabio, China). In
line with the manufacturer's instructions,
standard or sample (100 pL) was added to each
well and incubated for 2 h at 37 °C. Then, the
medium in each well was discarded, and biotin
antibody (100 pL) was added to each well,
followed by incubation for 1 h at 37 °C. The
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medium in each well was aspirated and the wells
were washed 3 times. Thereafter, HRP-avidin
(100 pL) was added to each well and incubated
for 1 h at 37 °C. The medium in each well was
aspirated and the wells were washed 5 times,
followed by addition of tetramethylbenzidine
substrate (90 uL) and incubation for 20 min at 37
°C in the dark. Finally, the stop solution (50 uL)
was added to each well, and the absorbance of
the wells were read at 450 nm within 5 min.

RNA extraction and real-time quantitative
polymerase chain reaction (RT-gPCR)

The mRNA levels of Notchl, RBP-JK, ADAM-12
and ADAM-15 in each uterus were measured
using RT-gPCR. Total RNA was extracted with
TRIZOL reagent (Takara, Japan) according to
the manufacturer’s instructions. Complementary
DNA (cDNA) was synthesized from 1000 ng of
the total RNA using a PrimeScript™RT reagent
Kit (Takara, Japan). Each cDNA sample was
amplified for the target gene and B-actin in a 15yl
reaction volume. The primers used are listed in
Table 1. Real-time PCR conditions were 95 °C
for 30 sec followed by 40 cycles of 95 °C for 5
sec, 55 °C for 30 sec and 72 °C for 60 sec. The
MRNA levels of all genes were normalized
against that of $-actin.

Western blot analysis

Frozen uterine tissue (100 mg) was rapidly
thawed and homogenized at 4 °C in 1 ml of RIPA
lysis buffer. The homogenates were centrifuged
at 13700 g for 15min at 4 °C to obtain
supernatants. The protein concentrations in the
supernatants were determined with a BCA
protein assay kit (Beyotime, China) Each sample
containing 80ug protein was run in sodium
dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) using a 10 %
acrylamide resolving gel. The separated proteins
were transferred to a PVDF membrane, blocked
in TBST containing 5 % non-fat milk for 2 h at
room temperature.

Table 1: Primers used for RT-gPCR

Thereafter, the membrane was incubated with
primary antibodies for Notchl, kB, MMP-9,
ADAM-12, ADAM-15 antibody (1:1000 dilution
each) , or GAPDH antibody (1:1000 dilution) at 4
°C overnight, washed, and further incubated with
the horseradish peroxidase-conjugated
secondary antibody (1:1000) for 2 h at room
temperature. The blots were visualized using
enhanced chemiluminescence reagent
(Beyotime, China), and UVP BioSpectrum
Imaging System was used to expose immune-
positive bands. The bands were semi-
guantitatively analyzed with Image J , and the
results are expressed as ratios of Notch1, IkB,
MMP-9, ADAM-12, ADAM-15 to GAPDH
densitometry readings.

Statistical analysis

Quantitative data are expressed as mean =+
standard error of the mean. Comparisons
between groups were done using analysis of
variance (ANOVA) with multiple comparisons
post hoc test using SPSS 17.0 software. The
count data were statistically analyzed with t test
and )(2 test. Values of p < 0.05 were considered
statistically significant.

RESULTS
Anti-inflammatory effect of KFYC on IUA

As shown in Figure 1 A, compared with the
control group, serum IL-2 in IUA group was
higher (p < 0.05). In the 3 KFYC groups, the
serum concentrations of IL-2 were significantly
decreased, when compared with the IUA group
(p < 0.05). Figure 1 B shows that the IUA group
had a significant decrease in the serum IL-10
concentrations (p < 0.01). There were significant
increases the serum concentrations of IL-10 in
the 3 KFYC groups, when compared with the ITUA
group (p < 0.05 or p < 0.01).

Gene Primer Sequence 5'-3'

Notchl Forward primer 5-CTGCCTTCGTGCTCCTGTTCTTT-3'
Notchl Reverse primer 5-GAGGGGTTCTCTCCGCTTCTTCT-3'
RBP-JK Forward primer 5-TTCCACCAGCCTTACCTTTACC-3'
RBP-JK Reverse primer 5-GTGCTGGCGTTTGTGTAACTTC-3'
ADAM12 Forward primer 5-GGAAAGGCCCACTGATGAG-3'
ADAM12 Reverse primer 5-ATTGAGGGGCCTGCTGATG-3'
ADAM15 Forward primer 5'-GAAGCTTAGACAATATGGCATCCA-3'
ADAM15 Reverse primer 5-AATTCAGTGGGTCCCAGGTACTAC-3'
B-actin Forward primer 5-CAGGCTGTGTTGTCCCTGTA-3'
B-actin Reverse primer 5-CTCTCAGCTGTGGTGGTGAA-3'
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Interestingly, the 1.17 mg/kg KFYC group had
significantly increased serum concentrations of
IL-10. This indicates that KFYC had better anti-
inflammatory effect than FKQJT.

- o @ 8
& 8 8 8

iL-2 concentration{pg/ml) -
-
3

1.-10 concentration{pg/ml) &

<

Coniot WA 013 038 17 022 (mof) Carticl WA 013 038 177 022 (o)

KFYC FRQIT KFYG FRQJT

Figure 1: The effect of KFYC on serum concentrations
of IL-% and IL-10 in IUA rats. A: IL-2; B: IL-10. p <
0.05, p <0.01, compared with IUA group

Histological results

Uterine tissue from the control group showed that
architecture with intact endothelium and patent
wide uterine cavity with different layers (Figures
2A and 2a). In the IUA group, the uterine cavity
was widely opened. Under the epithelium, there
was polymorphonuclear cell infiltration. Part of
endometrium was barred from absence of
mucosal folds, and there was a moderate
increase in collagen fibers deposition under the
endometrium and in the stroma surrounding
uterine glands (Figures 2B, 2b, 3B and 3b). In
the KFYC groups, the uterine cavity was
narrowed down, epithelium polymorphonuclear
cell infiltration was decreased, part of
endometrium recovered mucosal folds, and the
collagen  fibers  deposition  under the
endometrium was comparatively alleviated
(Figure 2 C to E, Figure 3 C to E). Results of
semi-quantitative analysis of fibrosis (Figure 4)
revealed that the area of collagen fibers in the
groups treated with 0.13 or 1.17 mg/kg KFYC
were significantly lower than in the untreated IUA
group (p < 0.01 or p < 0.05).

Effect of KFYC on expressions of Notchl,
RBP-JK, ADAM-12 and ADAM-15 mRNA

As shown in Figure 5, when compared with the
control group, the relative mRNA expression
levels of Notchl, RBP-JK, ADAM-12 and ADAM-
15 were significantly increased in the IUA groups
(p < 0.01). However, KFYC decreased the
relative mRNA expressions of Notchl, ADAM-12
and ADAM-15, when compared with the [UA
group (p < 0.05 or p < 0.01). In addition, the
relative  mRNA expression of RBP-JK was
decreased in the 0.39mg/kg and 1.17mg/kg
KFYC groups (p < 0.01 or p < 0.05).
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Figure 2: Photomicrographs showing variations in the
uterus after KFYC treatment in the IUA rats (The red
arrows represent the positive areas of H & E staining).
A and a: Control group ; B and b: IUA group; C and c:
Low-dose KFYC group (0.13 mg/kg); D and d:
Medium-dose KFYC group (0.39 mg/kg); E and e:
High-dose KFYC group (1.17 mg/kg) F and f: FKQJT
group (0.22 mg/kg). Upper panels scale bar = 500 um,
lower panel scale bar = 100 ym

Figure 3: Photomicrographs of rat’ uterus of all groups
after Masson staining (The red arrows represent
positive areas of Masson staining). A and a: Control
group; B and b: IUA group; C and c: Low-dose KFYC
group (0.13 mg/kg); D and d: Medium-dose KFYC
group (0.39 mg/kg); E and e: High-dose KFYC group
(1.17 mg/kg); F and f: FKQJT group (0.22 mg/kg).
Upper panels scale bar = 500 um, lower panel scale
bar = 100 pm
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Figure 4: Semi-quantitative analysis of fibrosis; *p <
0.05, **p < 0.01, compared with I[UA group (n = 4)

A B
I3 =4
8 o 3
A A
g g
3 &
w u 2
<
5 z
g 4
£ £t
- ¥
g d
@ o
2 Contol WA 013 038 117 022 mok® & oonor wa 003 03 A0 02 Ongkgd
KFIC FRQUT kPG FRQIT
C b
3 g
8 @
4 b4
Q <
® X
o] o}
<
3 3
4 4
£ £
g 2
b4 -3
< <
[l oo
< Comrol A 013 039 417 022 MOKD & Comol WA 045 038 147 022 (mgfhe)
KFYC PRI WFYC | FKQIT

Figure 5: Effect of KFYC on the relative mRNA
expressions of Notchl, RBP-JK, ADAM-12 and
ADAM-15 in the IUA rats. A: Notchl; B: RBP-JK; C:
ADAM-12; D: ADAM-15; p < 0.05, “p < 0.01,
compared with IUA group (n = 4)

Effect of KFYC on Notchl, MMP-9, IkB,
ADAM-12 and ADAM-15 protein expression

Results from RT-gPCR showed that the
Notch1l/ADAM pathway was associated with IUA.
In order to further investigate the exact role of
KFYC in the IUA model, the protein expressions
of Notchl, MMP-9, IkB, ADAM-12, and ADAM-15
were determined by Western blot assay. As
shown in Figure 6, the protein expressions of
Notchl, MMP-9, ADAM-12, and ADAM-15 in the
IUA group were increased, when compared with
control group, but, the protein expression of kB
was decreased, when compared with control
group. However, after treatment with KFYC, the
protein expressions of Notchl, MMP-9, ADAM-
12, and ADAM-15 were decreased, while the
protein expression of IkB was increased, relative
to the IUA group.
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Figure 6: Effect of KFYC on protein densities of
Notchl, MMP-9, 1kB, ADAM-12 and ADAM-15 in IUA
rats

DISCUSSION

Although clinical treatment of IUA restores the
anatomical morphology of the uterine cavity, the
recovery of endometrial function and prevention
of adhesion relapse remain as serious
challenges [8]. It is necessary to have an animal
model that is similar to the human model with
which to study the pathogenesis and treatment
strategies of IUA.

Twenty-five percent phenol mucilage, which is
widely used for female sterilization was used to
induce IUA in a rat model in the present study
[13]. The IUA model induced with phenol
mucilage has a clear advantage over other
methods e.g. mechanical injury, because it is
easy to control the degree of damage when
using liquid phenol mucilage in IUA model [16].
As shown in the results of H & E staining, the
endometrial glands disappeared completely, and
infiltration of inflammatory cells and fibroblasts
increased in the uterus of the IUA group. The
result of Masson staining showed that the
positive areas which identified the area of fibrosis
had increased in the IUA group. Thus, a
successful establishment of IUA by phenol
mucilage in a rat model was achieved. This study
showed that KFYC reduced the number of
endometrial glands, decreased collagen fibers
deposition under the endometrium, and lessened
infiltration of inflammatory cells, suggesting that
KFYC has good anti-inflammatory effects.

Currently, endometrial fibrosis is recognized as a
pathological basis for IUA, and Masson staining
is the best way to detect the degree of fibrosis
[3,17]. In this study, Masson staining was used to
check the degree of fibrosis, and Image Pro Plus
was used to analyze the Masson-stained
sections. The fibrotic areas are usually stained
blue. From the results, the fibrotic area was
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significantly increased in IUA group, and
significantly decreased after KFYC treatment,
relative to control group. This suggests that
KFYC ameliorated the degree of fibrosis in the
IUA model.

The IUA is commonly caused by trauma or
infection [3,18]. An understanding of the causes
and related molecular mechanisms of IUA is
essential for the prevention and treatment of IUA.
The early stage of IUA is an inflammatory
process, and it has been reported that
inflammatory factors play important roles in the
pathogenesis of IUA [6,7]. The nine-member
family of IL-10 cytokines appears before the
adaptive immune response and plays important
roles in  many inflammatory  diseases
[19,20].Interleukin-10  (IL-10) is the most
important anti-inflammatory cytokine. It represses
pro-inflammatory responses and controls tissue
disruptions caused by inflammation [21].
Interleukin-2 (IL-2) is a multiple-effect cytokine
first considered to be a T-cell growth factor [22].
It is a pro-inflammatory cytokine which is
produced by B-cells. It has since been reported
to drive regulatory T cell (Treg) differentiation as
well as natural killer cell-mediated
cytotoxicity[23], and activation-induced cell death
(AICD) [24,25]. Rat serum concentrations of IL-2
and IL-10 in the different groups were
determined in the present study. The
concentrations of IL-2 were significantly
decreased in KFYC groups, while the
concentrations of IL-10 were significantly
increased in KFYC groups, when compared with
IUA  group. Thus, KFYC alleviated the
inflammation in the IUA rats.

The Notch signaling plays a key role in cell
differentiation, survival, and proliferation through
diverse mechanisms [26]. Recently, increasing
evidence has shown that Notch signaling is
associated with inflammation [15]. To date, active
Notch signaling has been observed under a
variety of inflammatory conditions including
rheumatoid arthritis [27,28], systemic lupus
erythematosus [29,30], and bacterial and viral
infections [23,31]. The RBP-JK is a key nuclear
mediator of the canonical Notch pathway. In this
study, the translational level of Notchl and the
transcriptional level of Notchl and RBP-JK were
significantly increased in the IUA model group,
but after the treatment with KFYC, the protein
expression level of Notchl and the relative
MRNA expressions of Notchl and RBP-JK were
decreased, when compared with the IUA model
group. This finding revealed that the KFYC might
exert anti-lUA effects via the Notch pathway.

The ADAM proteins are a family of
transmembrane proteins which contain a
disintegrin and metalloprotease domains and
perform important functions in adhesion and
proteolytic processing [29,32]. Currently, the
ADAM protein family has 29 members. Studies
have revealed that ADAM-12is a proteolytic
member of the ADAM family, involved in the
pathogenesis of various cancers, as well as liver
fibrogenesis [33]. Some researchers have
demonstrated that the expression of ADAM-12 is
also activated by Notch [34]. Indeed Notch
activates RBP-JK and then stimulates the activity
of inhibitor of nuclear factor kappa-B kinase,
thereby increasing the degradation of NF-kB
inhibitors, which results in NF-kB is activation
[34].

This activation results in reduced transcription of
miR-29, and thus increases the transcription of
ADAM-12. It has been shown that ADAM-15 is
the only member of the ADAM family with the
integrin binding motif Arg-Gly-Asp (RGD) in its
disintegrin-like domain [35]. It plays an important
role in cell-cell and cell-matrix interactions and in
the proteolysis of molecules on the cell surface
or the extracellular matrix. It also participates in
the body inflammatory process [35-37]. In the
early stages of endometrial trauma, ADAM-12
and ADAM-15, through cell-cell and cell-
extracellular matrix interactions adhere more
hemamoeba thus enhancing inflammeation. In this
study, it was found that the translational and
transcriptional levels of ADAM-12 and ADAM-15
decreased after the treatment with KFYC. This
study has revealed that ADAM-12 and ADAM-15
might play key roles in the treatment of IUA.
Further investigations will be necessary to
determine if other family members also play anti-
IUA roles.

CONCLUSION

These results indicate that KFYC reduces the
number and morphology of endometrial glands,
ameliorates inflammatory cell infiltration and
reduces the degree of fibrosis and inflammation
in a rat model of IUA. Thus KFYC exerts an anti-
IUA effect by amelioration the degree of uterine
inflammation and fibrosis in the uterus through
the Notch1/ADAM signaling pathway.
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