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Effect of puerarin on collagen metabolism of fibroblasts
in pelvic tissue of women with pelvic organ prolapse
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Abstract. The aim of the present study was to investigate the
protective effect of puerarin on pelvic organ prolapse (POP)
and the underlying mechanisms that regulate the metabolism
of human parametrial ligament fibroblasts (HPLFs). HPLFs
obtained from the pelvic tissue of patients with (n=10) or without
(n=8) POP during hysterectomy were isolated by enzymatic
digestion and subsequently identified by immunocytochemistry
in a previous study of the authors. Following this, cultured
HPLFs were treated with 0.01, 0.10 or 1.00 mmol/l puerarin,
followed by detection of proliferation rate by Cell Counting
kit-8 assay. Following incubation with puerarin for 48 h, mRNA
and protein expression levels of tissue inhibitor of metal-
loproteinase-1 (TIMP-1), matrix metalloproteinase (MMP)-2
and -9, and collagen (COL)I and III in HPLFs were quantified
by reverse transcription-quantitative polymerase chain reaction,
and western blot and gelatin zymography analyses, respectively.
MMP-2 and -9 expression levels were increased, whereas
expression levels of TIMP-1, and COL I and IIT were decreased,
in patients with POP compared with healthy controls. Following
puerarin treatment, the expression levels of TIMP-1, and COL
I and III were enhanced, whereas MMP-2 and -9 were inhib-
ited. In conclusion, the present study demonstrated evidence
increased degradation of the extracellular matrix in pelvic
tissues of patients with POP compared with controls, and the
protective effect of puerarin against POP via its anti-degradation
effect on collagen. These results provide evidence for puerarin
as a novel approach for the treatment of POP.

Introduction

Pelvic organ prolapse (POP) refers to a collection of conditions
whereby the uterine, anterior vaginal wall and/or posterior
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vaginal wall prolapses. POP incidence is more common in
middle-aged and elderly females, with a worldwide frequency
of ~37% in women who have experienced vaginal birth
delivery (1), and may result in physical and psychological
harm to patients, seriously decreasing their quality of life.
Epidemiological studies have revealed well-established risk
factors of the disease including birth delivery injury, obesity,
chronic increased abdominal pressure and age (2). Currently,
the treatment of POP is dominated by surgical repair of the
native tissue with vaginal meshes, which typically has posi-
tive outcomes. The use of meshes, however, is associated
with considerable risk of erosion, pain, infection and vaginal
stenosis. In addition, the curative effect of drug therapy, a
therapeutic method for patients with mild POP, remains
unclear. Therefore, the establishment of effective treatments
and prevention methods are required for patients with POP.

Kudzu root, a Chinese herb containing puerarin
(7,4-dihydroxy-8-p-D-glucosylisoflavone, C, H,,0,) as its
main isoflavone glycoside, has been used for thousands of
years in traditional Chinese medicine for the treatment of
fever, diarrhea, cardiovascular diseases and diabetes in (3),
and has been previously been used for its antioxidant (4),
anti-hyperglycemic (5) and anti-inflammatory (6) properties.
Additionally, its influence on proliferation and differentiation
of osteoblasts has been demonstrated (7).

It has been reported that estrogen may significantly increase
the ratio of collagen (COL)I/III in urethral and anal vascu-
lature of young adult rats (8), and its function of increasing
the rate of fibroblast proliferation has also been reported (9).
The association between intrinsic connective tissue abnor-
mality and the development of POP is widely understood (10).
HoxAll is essential for the formation of uterosacral ligaments,
which supports the vaginal wall in mice (11). Furthermore, as
a phytoestrogen, puerarin has been demonstrated to affect loss
of bone density in ovariectomized mice (12). Puerarin may also
induce inflammation in mouse mesangial cells associated with
the production of matrix metalloproteinase (MMP)-2 and -9
during advanced glycation, and N-carboxymethyllysine (13).
The increased invasiveness of endometriotic stromal cells
by vimentin E2 may be significantly reversed by puerarin
by increasing MMP-9 accumulation and decreasing tissue
inhibitor of metalloproteinase (TIMP)-1 accumulation (14).

In addition, under certain conditions including inflam-
mation and endometriosis, the expression of MMP-2 and
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-9 are inhibited by puerarin, and the expression of TIMP-1
increased (15,16). Furthermore, puerarin has been studied
for its wide-ranging effects on angiogenesis (17). It has been
demonstrated that administration of puerarin reduces spinal
ischemia-reperfusion injury by exerting neuroprotective
properties (18). Incubation of isolated human mononuclear
cells with 0.1-3 mmol/l puerarin may increase the number of
endothelial progenitor cells, and enhance proliferation, migra-
tion, adhesion and in vitro vasculogenesis (7,19).

Therefore, it was hypothesized that puerarin may inhibit
POP by regulating the metabolism of fibroblasts. To verify
this, an in vitro cell culture was established to evaluate the
potential effects of puerarin against POP and the underlying
mechanisms involved, which may provide a novel pharmaco-
logical therapeutic approach for the treatment of POP.

Materials and methods

Ethics statement. Human protocols were approved by the
Ethics Committee of Renmin Hospital of Wuhan University
(Wuhan, China). All samples were obtained from patients
undergoing routine hysterectomy following obtaining signed
informed consent forms.

Patients. A total of 8 patients who underwent hysterectomy
surgery for reasons excluding the presence of malignant
tumors and POP, served as controls, and 10 patients who
underwent hysterectomy surgery only for POP (POP-Q stan-
dard: POP-IV) in the Obstetric and Gynecological Department
of Renmin Hospital of Wuhan University, were enrolled in the
present study. None of these recruited women had any connec-
tive tissue diseases, pathologically confirmed endometriosis
or estrogen-associated ovarian tumors. Furthermore, these
patients were free from any complications that may lead to
collagen depleted-associated diseases, including diabetes and
hyperthyroidism. Patients who had received surgery in the
uterosacral ligamental site ever or had a history of estrogen
application within the past three months were excluded from
the present study.

Primary cell culture. A modified enzyme digestion method
was used in the present study for the establishment of primary
cell culture. Tissue specimens (0.5x0.5x0.2 cm?) were
dissected from part of the parametrial ligament (including
sacral and associated ligaments) during surgery. The tissues
were washed with phosphate-buffered saline (HyClone; GE
Healthcare Life Sciences, Logan, UT, USA) containing 1%
antibiotics (100 KU/ml penicillin G and 100 mg/ml strepto-
mycin; Hangzhou Ginom Biomedical Technology Co., Ltd.,
Hangzhou, China) 3-5 times to clear the underlying blood,
axungia and necrotic tissue, following which tissues were
sectioned into ~1 mm? thick pieces. Sections were digested
with 1% collagenase-I (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) for 3 h at 37°C in 5% CO,, followed
by further digestion with 0.25% trypsin (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) for 5 min. Subsequently, 2 ml
fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.) was added to halt digestion. Dulbecco's Modified Eagle's
medium (DMEM; Hangzhou Ginom Biomedical Technology
Co., Ltd.) supplemented with 15% FBS was slowly added to
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the culture bottle. The culture medium was replaced every
two days and human parametrial ligament fibroblasts (HPLFs)
were cultured to 70% confluence for passage. The stable
primary cells were obtained after ~15 days. The HPLFs were
used at passage 4-8 for subsequent experiments.

Cell viability assay. HPLF viability following treatment with
puerarin was detected using Cell Counting Kit-8 (CCK-8;
Dojindo Molecular Technologies, Inc., Shanghai, China).
Cells at a density of ~3x10° were seeded into a 96-well plate
containing 100 xl DMEM. Cells were treated with 0.01, 0.1 or
1.0 mmol/1 puerarin for 24, 48 or 72 h, following which 100 u1
fresh medium containing 10 ul CCK-8 solution was added
into each well and cells were incubated for 1 h at 37°C. The
optical density was measured at wavelength of 450 nm using
a spectrophotometric plate reader. Each group was repeated
in 5 wells.

Puerarin treatment of HPLFs. Puerarin was purchased from
Chengdu Must Bio-technology Co., Ltd. (Changdu, China;
purity, HPLC =98%). Based on previous studies (7,19-21) and
the results of the CCK-8 assay, the concentration of puerarin
in the drug group was set at 0.01, 0.1 and 1 mmol/l. Healthy
passage 4 HPLFs were used in the drug experiments. Cells
(2x105/ml) were seeded into six-well plates and incubated
for 24 h at 37°C in 5% CO,. Following this, 1.5 ml medium
containing 0.01, 0.1 or 1 mmol/l was added to the each well,
and HPLFs were incubated for 48 h at 37°C in 5% CO,.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Gene expression of TIMP-1, MMP-2, MMP-9,
COL I and III, and GAPDH in tissues was evaluated by
RT-qPCR. The primers used for amplification were purchased
from Beijing SBS Genetech Co., Ltd. (Beijing, China).
Following drug treatment, total RNA of HPLFs was isolated
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,
Inc., Waltham, MA, USA) according to the manufacturer's
protocol. RNA was reverse transcribed to cDNA (n=3) using
a RevertAid First Strand cDNA Synthesis kit (cat. no. k1622;
Thermo Fisher Scientific, Inc.). Primer sequences for TIMP-1,
MMP-2, MMP-9, COL I and 111, and GAPDH were purchased
from SBS Genetech Co., Ltd. (Table I). gPCR was performed
using SYBR® Premix Ex Taq™ reagent (cat. no. DRR041;
Takara Bio, Inc., Otsu, Japan) and an Applied Biosystems
7500 Real-Time system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). Normalized threshold (Cq) values were used
for comparison (22). Each sample was analyzed in triplicate to
ensure accuracy.

MMP zymography assay. Serum-free medium was added to
cells following drug treatment, following which they were
incubated for 24 h at 37°C. The cell supernatant was extracted
by centrifugation for 10 min at 37°C and 12,000 x g to detect
the activity of MMP-2 and -9 by zymography and proteins
were loaded onto acrylamide gels. Quantification of protein
was performed using the BCA method. Proteins (20 ug per
lane) were separated by 8% SDS-PAGE containing collagen
enzyme substrates to electrophoresis. Subsequently, gels were
washed with zymogram renaturing buffer (10X, diluted 1:9
with deionized water) for 30 min and incubated with enzyme
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Table I. Primer sequences for RT-qPCR.
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Gene Species Forward primer (5'-3") Reverse primer (5'-3")
GAPDH Human GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA
TIMP-1 Human CCAAAGCAGTGAGCGAGA ACGCTGGTATAAGGTGGTCTG
MMP-2 Human AGTTTCCATTCCGCTTCCAG CGGTCGTAGTCCTCAGTGGT
MMP-9 Human GTCCACCCTTGTGCTCTTCC GACTCTCCACGCATCTCTGC
COLI Human CAAGACGAAGACATCCCACCAATC ACAGATCACGTCATCGCACAACA
COL 11 Human TCGCTCTGCTTCATCCCACTAT CTTCCAGACATCTCTATCCGCAT

TIMP-1, tissue inhibitor of metalloproteinase; MMP, matrix metalloproteinase; COL, collagen; RT-qPCR, reverse transcription-quantitative

polymerase chain reaction.

reaction buffer for 6 h at 37°C, stained by Coomassie Blue
R-250 for 30 min, incubated with destaining solution (100%
methanol:acetic acid:water, 50:10:40) for 30 min at room
temperature and visualized using a YLN-5000 Electrophoretic
Optical Density Scanner (cat. no. YLN-26; Beijing Yu Langnuo
Technology Co., Ltd., Beijing, China).

Western blot analysis. HPLFs were harvested with RIPA
lysis buffer (Wuhan Boster Biological Technology, Ltd.,
Wuhan, China) containing a protein inhibitor cocktail
(Sigma-Aldrich; Merck KGaA.). Protein was extracted by
centrifugation for 10 min at 4°C and 12,000 x g. The protein
concentration was quantified using a bicinchoninic acid assay
kit (cat. no. PO010; Beyotime Institute of Biotechnology,
Haimen, China). Total cellular proteins (20 ug) were mixed
with 5X gel loading buffer, separated by 10% SDS-PAGE and
transferred onto polyvinylidene fluoride membranes (Merck
KGaA). Membranes were blocked in 5 g/l skimmed milk for
1 h at room temperature and washed in TBS. Membranes
were incubated with the following rabbit primary antibodies:
Anti-TIMP-1 (1:2,000; cat. no. ab12684), anti-COL I (1:2,000;
cat. no. ab34710) and anti-COL III (1:5,000; cat. no. ab7778),
all purchased from Abcam (Cambridge, MA, USA) overnight
at 4°C, followed by incubation with fluorescence-labeled
secondary antibodies (1:20,000; IRDye® 800CW goat
anti-rabbit IgG; cat. no. 926-32211; LI-COR Biosciences,
Lincoln, NE, USA) for 1 h at 37°C after washing. A rabbit
anti-GAPDH primary antibody (1:2,500; cat. no. ab9485;
Abcam) served as an internal reference control. The reactive
bands were detected with an Odyssey® infrared imaging
system (LI-COR Biosciences).

Statistical analysis. Data are presented as the mean + standard
deviation for each group and were analyzed by one-way anal-
ysis of variance using SPSS software version 21.0 (IBM SPSS,
Armonk, NY, USA). Differences between two groups were
determined using Dunnett's test, and multiple means were
compared by Tukey's test. P<0.05 was considered to indicate a
statistically significant difference.

Results

Identification of HPLFs. A previous study of the authors
identified stable and accurate HPLFs by positive staining

of vimentin and negative staining of cytokeratin (23). They
primarily exhibit long spindles connecting to each other to
form a network structure with a similar behavior to fibroblasts,
as observed by light microscopy.

Puerarin promotes HPLF proliferation. To confirm the effect
of puerarin on proliferation of HPLFs, a CCK-8 assay was
performed. Increased proliferation was detected in the HPLF
culture 24 h after treatment with puerarin. At 48 and 72 h,
proliferation rates further significantly increased. Proliferation
rates of HPLFs increased markedly following 0.1 mmol/l
puerarin treatment compared with 1 mmol/l and 0.01 mmol/l
puerarin at 24, 48 and 72 h (P<0.01; Fig. 1A). These results
indicated that HPLF proliferation was enhanced by puerarin
in a time-dependent manner, and all the three concentration of
puerarin may promote HPLF proliferation.

Effects of puerarin on HPLFs in pelvic floor tissue of POP
patients. The effects of puerarin on TIMP-1, MMP-2, MMP-9
and COL I and IIT mRNA expression levels in HPLFs derived
from pelvic floor tissue of POP patients were tested to investi-
gate its effects on resistance to degradation of the extracellular
matrix (ECM). As presented in Fig. 1B, 0.10 mmol/l puerarin
treatment significantly increased mRNA expression levels
of TIMP-1 (P<0.05), and MMP-2 and -9 mRNA expression
levels were significantly decreased following 0.01, 0.10 and
1.00 mmol/l puerarin treatment (P<0.01; Fig. 1C), compared
with the positive control. COL I and III mRNA expres-
sion levels were significantly increased following all three
concentrations of puerarin (P<0.01; Fig. 1D) compared with
the positive control. Therefore, puerarin may regulate the
degradation and synthesis of ECM components at the level
of transcription. These results suggested that to resist ECM
degradation, the most suitable concentration of puerarin is
~0.10 mmol/l.

Varying expressions of POP-associated genes in HPLFs
between patients with and without POP. To detect whether
the regulatory factors and metabolism of collagens alter in
HPLFs between patients with or without POP, RT-qPCR,
zymography assay and western blotting were performed to
detect levels of TIMP-1, MMP-2, MMP-9, and COL I and III.
As collagens are vital elements in pelvic connective tissue
to maintain the fastness of ligament, significant decreases in
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Figure 1. Effects of puerarin treatment on proliferation of HPLFs and mRNA expression of pelvic organ prolapse-associated genes in HPLFs. (A) Following
incubation for 24, 48 or 72 h with 0.01, 0.10 or 1.00 mmol/l puerarin, HPLF viability was assessed by Cell Counting Kit-8 assay. Following incubation for
48 h with 0.01, 0.10 or 1.00 mmol/l puerarin, mRNA expression levels of (B) TIMP-1 (C) MMP-2 and -9, and (D) COL I and III were detected by reverse
transcription-quantitative polymerase chain reaction. The C and PC groups were treated with common medium without puerarin. Data are presented as
the mean + standard deviation (n=5). “P<0.05, “P<0.01 and ““P<0.001 vs. C; "P<0.05 and "*P<0.001 vs. PC. C, control; PC, positive control; HPLF, human
parametrial ligament fibroblast; TIMP-1, tissue inhibitor of metalloproteinase-1; MMP, matrix metalloproteinase; COL, collagen.

COL I (P<0.01) and IIT (P<0.05) mRNA expression levels
were observed in HPLFs from patients with POP (Fig. 1D).
Similarly, as observed on a gelatin gel (Fig. 2A), MMP-2
and -9 (Fig. 2B) activity was inhibited by puerarin treatment at
all concentrations compared with the positive control (P<0.01).
Additionally, MMP-2 and MMP-9 protein and mRNA expres-
sion levels were increased in the HPLFs of POP patients
compared with controls (P<0.001).

Protein expression levels of TIMP-1, and COL I and II,
were additionally detected by western blot analysis (Fig. 3A).
COL I (Fig. 3B) and III (Fig. 3C) protein expression levels
were significantly decreased in POP patients compared with
controls (P<0.001 and P<0.05, respectively); however, 0.01,
0.10 and 1.00 mmol/l puerarin treatment significantly reversed
this effect. As presented in Fig. 3D, protein expression levels of
TIMP-1 were markedly decreased in HPLFs of POP patients
compared with controls (P<0.001).

ECM remodeling is a vital factor in the development of POP.
These results demonstrated that MMP-2 and -9 transcription
was upregulated, whereas TIMP-1, and COL I and III expres-
sion levels were downregulated in POP patients. Furthermore,
the activity of MMPs was increased in POP patients, indicating
more collagen degradation than collagen synthesis.

Discussion

Fibroblasts deposit ECM components, including elastic fibers
and collagen, to maintain tissue elasticity and toughness of
connective tissue (24,25). It has previously been demonstrated
that abnormalities with intrinsic connective tissue composed

of fibroblasts are associated with the development of POP (10).
Fibroblasts serve a pivotal role, particularly in pelvic connec-
tive tissue, in ECM remodeling and mechanical force resisting
by regulating the balance between collagen synthesis and
degradation following tissue injury (26,27), and fibroblasts
exhibit different functional characteristics in the vaginal
tissue of women with POP compared with women without
POP (28). Even within a single tissue, fibroblasts exhibit
remarkable functional diversity. Therefore, once the integrity
and function of fibroblasts are destroyed by factors including
pregnancy, childbirth and dystocia, the risk of POP markedly
increases (1,29,30).

Histologically, POP is characterized by degradation of
fibroblasts and an imbalance between deposition and degrada-
tion of the ECM (31). Tissue remodeling is closely associated
to modifications in cell proliferation, differentiation, ECM
expression and the release of signaling molecules (32). The
overexpression of MMPs or underexpression of TIMPs may
disrupt the dynamic balance of the ECM. MMPs are able to
cleave almost all ECM components, mediating pelvic tissue
remodeling in health and disease (33,34), and can degrade
collagen and other ECM proteins. Elevated levels of TIMPs
have a potent inhibitory effect on MMP activation (35).
During ECM remodeling, the balance between MMPs and
their inhibitors, TIMPs, is as important as appropriate produc-
tion of the ECM, which is regulated by numerous cytokines
and growth factors (36). The activity of MMPs is balanced
by TIMPs (37), and the binding of TIMPs to inactive MMPs
inhibits the proteolytic activity and accordingly limits ECM
degradation. Thus, TIMP-1 controls the activity of MMPs
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Figure 2. Effects of puerarin treatment on MMP-2 and -9. Following treatment with 0.01, 0.10 or 1.00 mmol/l puerarin for 48 h, the protein expression levels
of MMP-2 and MMP-9 secreted by HPLFs were detected by gelatin zymography assay. (A) Representative gelatin gel image and (B) quantification of MMP-2
and -9 expression levels, demonstrating that puerarin treatment inhibited their activities. Data are presented as the mean + standard deviation (n=5). "P<0.05,
“P<0.01 vs. C; ""P<0.001 vs. PC. C, control; PC, positive control; MMP, matrix metalloproteinase; Pro-MMP, precursor MMP.
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Figure 3. Effects of puerarin treatment on expression of pelvic organ prolapse-associated proteins in human parametrial ligament fibroblasts. (A) Representative
western blot images and quantification of (B) COL I, (C) COL III and (D) TIMP-1 protein expression levels. GAPDH served as an internal control. Data are
presented as the mean + standard deviation (n=5). "P<0.05, “P<0.01 and ““P<0.001 vs. C; *P<0.01 and "*"P<0.001 vs. PC. C, control; PC, positive control; COL,
collagen; TIMP-1, tissue inhibitor of metalloproteinase.

and appears to be an important regulator of ECM produc-  tissue, COL I and II, provide powerful tension and strength
tion (38,39). Furthermore, the primary collagens in pelvic  for pelvic tissue. However, MMPs impact the tension and
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resilience of pelvic tissue by regulating the metabolism of
COL I and II. Therefore, the present study selected to examine
these interrelated factors.

Secretion and remodeling of the ECM are important func-
tions of fibroblasts. The present study demonstrated that ECM
metabolism and associated metabolism molecules including
TIMP-1, MMPs and collagens, were altered in HPLFs of
POP patients compared with controls. Other research groups
assessing collagen content in pelvic floor connective tissue addi-
tionally concluded that total collagen content is decreased in the
pelvic floor connective tissue of women with POP in comparison
with asymptomatic controls (40,41). Loss of the ECM leads to
dysfunction of attachment and support of pelvic connective
tissue (31). Thus, it was hypothesized the excessive degradation
of collagen may result from decrease of the TIMP:MMP ratio in
pelvic floor tissues, as previously reported by Lin et al (42). It has
been demonstrated that abnormality of the COL IIT and MMP-2
signaling pathway contributes to weakness of connective tissues
of patients with POP (43). The metabolism of COL I and III
depends on the activity of the interstitial MMPs including gela-
tinases, MMP-2 and MMP-9. In POP, it has been consistently
demonstrated that the expression of MMP-2 is increased in
uterosacral ligaments, and may be involved in altering collagen
metabolism (44,45). Furthermore, TIMP-1 may regulate cellular
processes including cell growth, apoptosis and differentiation,
and may serve a role in urethral scar formation independent of
its metalloproteinase inhibitory activity (38,46). At the genetic
level, the TIMP-1 protein is encoded from six exons that may
be functionally defined as an N-terminal domain (amino acids
1 to 126) that is sufficient to retain its inhibitory function of
MMPs (47). Furthermore, MMP-2 and -9, known as gelatin-
ases, are key enzymes resulting in weak ductility and lack of
integrity in the collagen tissues (48). In addition, increased
MMP-2 or -9: TIMP-1 ratios downregulate COL I and III levels,
mediating the development of POP (49). Therefore, TIMP-1,
and MMP-2 and -9 were selected for examination in the present
study. As a primary active ingredient extracted from a Kudzu
root, puerarin was demonstrated to protect against degrada-
tion of collagen. Furthermore, the ratio of TIMP-1: MMP-2
and -9 was increased by puerarin treatment. The present study
demonstrated that the expression of MMPs, which are closely
associated with ECM degradation, is regulated at the transcrip-
tional level by growth factors and transcriptional factors, and
its activity may additionally be inhibited by TIMPs following
its secretion. Therefore, upstream regulators of MMPs may be
involved in this process.

TIMP-1 has been the most extensively studied of the four
reported TIMPs, which has been demonstrated to inhibit MMP
activity by forming 1:1 stoichiometric non-covalent complexes
with endopeptidase. Consequently, TIMP-1 serves a vital role
in maintaining the balance between ECM accumulation and
degradation in various physiological processes (50). Thus,
the activity of MMPs may be regulated at transcriptional and
protein levels to maintain ECM stability. Although the under-
lying mechanisms of POP remain unclear, degradation of the
ECM may be involved (51,52). The present study demonstrated
that puerarin treatment, particularly 0.10 mmol/l, enhances
TIMP-1, and COL-I and III expression levels in HPLFs, and
inhibits the activity of MMP-2 and -9, strongly supporting the
effects of puerarin in preventing ECM degradation.
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In conclusion, the present study provided evidence for
increased ECM degradation in the pelvic tissue of patients
with POP compared with healthy controls. Furthermore,
puerarin, an isoflavonoid, exhibited a protective effect against
POP via its anti-degradation effects on collagens, implicating
puerarin as a potential effective therapeutic agent for the treat-
ment of POP. Further research, including animal experiments,
is required to validate these findings.
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