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Abstract
Introduction and hypothesis To examine the changes induced by electroacupuncture in stress urinary incontinence (SUI) 
rats, including the urodynamics and collagen degradation-related cytokine molecular biological expression changes, and to 
explore the effect and mechanism of EA treatment in SUI.
Methods Female SPF Sprague-Dawley rats were randomly assigned to five groups (n = 10): sham, model, electroacupuncture 
control, electroacupuncture, and blocker. The leak point pressure (LPP) and maximum bladder capacity (MBC) were meas-
ured for each group of rats, and collagen I, collagen III, matrix metalloproteinases (MMPs), and tissue inhibitor of metal-
loproteinase (TIMPs) in the anterior vaginal wall of rats in each group were determined by reverse transcription-polymerase 
chain reaction and western blotting. The data were analyzed by one-way analysis of variance or Kruskal-Wallis test.
Results Electroacupuncture Shenshu (BL23) and Huiyang (BL35) increased the LPP and MBC in SUI rats (P < 0.05). Elec-
troacupuncture treatment significantly increased the protein expression of collagen I and collagen III in the anterior vaginal 
wall of SUI rats (P < 0.05) and significantly reduced the protein expression of MMP1, MMP2, and MMP9 (P < 0.05).
Conclusions Electroacupuncture stimulation can alleviate the signs of SUI, and its mechanism is related to the degradation 
of collagen in the anterior vaginal wall.
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Introduction

Stress urinary incontinence (SUI) is defined by the Inter-
national Continence Society (ICS) as involuntary leakage 
of the urethral opening during hard or physical activity or 
during sneezing or coughing [1]. Vaginal delivery is one of 
the main risk factors for SUI, which can affect the pelvic 
muscles and nerve and connective tissues, resulting in an 
insufficient bladder neck and urethral support [2]. The “ham-
mock hypothesis” describes that the anterior vaginal wall 
and the pelvic fascia together form the supporting structure 

of the urethra. These structures are attached to the pelvic 
fascia and tendon arch and combine with the levator ani 
muscle to form “hammocks.” The urethra is compressed, 
which can prevent the involuntary loss of urine, when the 
abdominal pressure increases. The urethral support system is 
composed of the external structure of the urethra, including 
the anterior vaginal wall, pelvic fascia, pelvic fascia arch, 
and levator ani muscle. The normal function of the urethral 
support system is a necessary condition to promote the 
transmission of increased abdominal pressure to the urethra 
[3–5]. Obesity, chronic cough, childbirth, menopausal status, 
and other factors can cause damage and destruction of the 
urethral support structure, thereby resulting in involuntary 
urine leakage [6, 7].

The lack of estrogen after menopause changes the metab-
olism of connective tissue and reduces the production of col-
lagen, which may lead to the occurrence of SUI [8]. Studies 
have shown that estrogen receptors are located in the vagina, 
urethra, bladder, and pelvic floor muscle tissue. The lack 
of estrogen after menopause is related to the thinning of 
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the submucosa and the atrophic changes in the pelvic floor 
myofascial structure. Atrophic changes in the structure lead 
to a decrease in the closure pressure of the urethra, which in 
turn promotes the emergence of SUI [9, 10]. The occurrence 
of SUI may be related to an increase in the amount of matrix 
metalloproteinase (MMP) degraded collagen in the extracel-
lular matrix of the pelvic floor support tissues, resulting in 
insufficient bladder neck and urethral support. Doxycycline 
hydrochloride, a matrix metalloproteinase inhibitor, can 
inhibit the activity of matrix metalloproteinase and reduce 
the degradation of collagen in pelvic floor supporting tissue 
[11, 12] to treat SUI.

Clinical studies have shown that electroacupuncture (EA) 
at lumbosacral points can reduce the amount of urine leak-
age in SUI patients and can effectively and safely alleviate 
the symptoms of urinary incontinence and improve the qual-
ity of life of SUI patients. After EA treatment, its therapeutic 
effect will last for some time and can reduce the frequency 
of SUI [13, 14]. EA treatment can downregulate the expres-
sion of matrix metalloproteinase-9 (MMP9), increase the 
content of collagen in rat tendons that heal, and change the 
ultrastructure of collagen [15–17]. However, there are few 
studies on the effect of EA treatment on collagen metabo-
lism in the pelvic floor supporting tissues of SUI rats. We 
hypothesized that the degradation of extracellular matrix 
collagen in the anterior vaginal wall of SUI rats increased, 
and electroacupuncture could reverse this change. In this 
study, Sprague-Dawley (SD) rats were used to establish an 
SUI model. The efficacy of EA in the treatment of SUI was 
observed through urodynamic measurements, and whether 
there was a relationship between collagen degradation in the 
tissues that support the rat pelvic floor and EA treatment of 
SUI was explored.

Materials and methods

Animals and study design

The experimental animals were female SPF Sprague-Dawley 
rats, all provided by Beijing Vital River Laboratory Animal 
Technology Co., Ltd. They weighed 230 ± 20 g. During the 
experiment, the animals were kept in the Experimental Ani-
mal Center of Shanghai University of Traditional Chinese 
Medicine in a quiet and clean environment, with a 12-h:12-
h day and night light cycle, 4–5 rats in each cage, ad libitum 
access to food and water, an indoor constant temperature of 
22 ± 2 °C, and humidity of 50%–55%. All rats were allowed 
to adapt to the breeding environment for 1 week before the 
experiment. All animal experiments carried out in the study 
were approved by the animal research ethics committee of 
Shanghai University of Traditional Chinese Medicine (no. 
PZSHUTCM 191018008).

In this study, rats were randomly assigned to five groups 
(n = 10): sham, model, electroacupuncture control (EAC), 
EA, and blocker. Except for sham rats, all rats underwent 
vaginal balloon dilatation and bilateral oophorectomy to 
replicate the SUI model [18]. Briefly, after anesthesia 
(sodium pentobarbital, 30 mg/kg, i.p.), an 8-Fr latex Foley 
catheter was inserted into the rat vagina, and 4.0 ml of 
sterile saline was slowly pushed into the balloon to expand 
the vagina. The catheter was sutured and fixed, the rat 
pubic symphysis was placed on the edge of the rat model 
frame so that the urinary catheter drooped, and a 120-g 
weight was suspended in the drooping injection port. The 
catheter was removed after 4 h. After regular feeding for 1 
week, the rats were anesthetized. Then, both ovaries were 
removed by midline abdominal incision, and urodynamics 
were measured after regular feeding for 2 weeks.

Urodynamic determination

In the experiment, there were two urodynamic measure-
ments (to reduce the discomfort of the rats, the measure-
ments were made after anesthesia): 1 week after modeling 
and 1 day after the end of treatment. After emptying the 
bladder, a 0.7-mm epidural catheter was inserted 2 cm into 
the rat bladder before fixing it. One end was connected to a 
microinjection pump through a three-way connector to the 
bladder, and sterile saline was injected at a rate of 0.3 ml/
min. One end was connected to a urodynamic testing 
instrument (Bonito urodynamic detector, Laborie Medical 
Technology Company of Canada). The urodynamic testing 
instrument was calibrated to “0,” and the test was started. 
When the first drop of fluid appeared at the urethral orifice, 
perfusion was stopped. At this time, the bladder capacity 
(perfusion time multiplied by perfusion speed) and intra-
vesical pressures were recorded to determine the leak point 
pressure (LPP) and maximum bladder capacity (MBC). 
The sneeze test was carried out after the first urodynamic 
measurement [19]. The successful model rats (n = 32) 
were randomly assigned to four groups: model (n = 8), 
EAC (n = 8), EA (n = 8), and blocker (n = 8). Within 24 h 
after the end of the treatment, the rats were killed under 
anesthesia with 3% sodium pentobarbital (0.5 ml/100 g). 
The abdominal cavity was opened along the median inci-
sion of the lower abdomen, the bladder was taken as the 
sign, the tissue around the bladder was cut with ophthal-
mic scissors, the urethra was separated from the outside, 
and the tissue was adhered to the urethra; that is, the ante-
rior wall of the vagina and the anterior vaginal wall were 
removed, immediately frozen in liquid nitrogen, and stored 
at −80 °C until use. Some animals in each group (n = 4) 
were only used for RT-PCR determination. Other animals 
(n = 4) were only used for western blotting determination.
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Treatment protocol

The EA group was treated by electrical stimulation (density 
wave, 4/20 Hz, 20 min) at the acupoints of Shenshu (BL23, 
on both sides of the spinous process on the lower back) and 
Huiyang (BL35, positioned almost vertically underneath 
the periosteum approximately 5 mm lateral to the midline 
of the coccyx, with bilateral symmetry), determined relative 
to their anatomical locations described in the WHO guide-
lines for human acupoints [20]. A disposable acupuncture 
needle (diameter, 0.25 mm) was connected to an SDZ-V EA 
instrument (Shanghai, China). EA treatment was performed 
once per day and continued for 3 days. For the EAC group, 
stimulation was at the Shenshu control point (1 cm beside 
Shenshu) and at the Huiyang control point (1 cm beside 
Huiyang). The stimulation settings were the same as in the 
EA group. The blocker group was given doxycycline hydro-
chloride at 30 mg/kg/d diluted with normal saline and then 
administered intragastrically for 3 consecutive days [21].

Quantitative real‑time polymerase chain reaction

Total RNA was extracted with TRIzol reagent (Invitrogen, 
Carlsbad, CA), and the Agilent 2100 chip system was used 
to evaluate the quality of each RNA sample. The RNA con-
centration of each sample was measured with a Nanodrop 
spectrophotometer (Nanodrop Technologies, Wilmington, 
DE). Quantitative analysis was performed using an Agilent 
2100 chip system (Agilent Technologies, Palo Alto, CA). 
The reverse transcription reaction was initiated with oligo 
(dT), glyceraldehyde 3-phosphate dehydrogenase (Gapdh) 
was used as an internal control, and qPCR was performed 
in duplicate. See Table 1 for primer sequences. The cycling 
conditions were 10 min at 95 °C, then 40 cycles of 15 s 
at 95 °C and 1 min at 60 °C. After the cycle, the melting 
operation was performed at 95 °C for 15 s, 60 °C for 1 min, 
and 95 °C for 15 s to control the specificity of the product. 
Using gapdh as the internal reference gene, the CT value of 
each sample was corrected, where each group of samples 
had three replicates for each gene. The fold change of the 
target gene cDNA relative to Gapdh was determined as fol-
lows: fold change =  2−ΔΔCt, fold change =  (CtTarget-CtGapdh) 

test -  (CTTarget-CtGapdh) control. The Ct values were defined 
as the number of PCR cycles at which the fluorescence sig-
nals were detected.

Western blotting

The tissue was homogenized in cold lysis buffer (Beyotime 
Biotechnology Co., Haimen, Jiangsu, China) and centri-
fuged at 13,200 rpm for 15 min at 4 °C. The supernatant 
containing total protein was quantified by an Enhanced 
BCA Protein Assay Kit (Beyotime Biotechnology Co.). The 
samples were separated on a 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis gel (loading 30 μg of 
total protein in each lane) and were transferred to a polyvi-
nylidene fluoride membrane (Millipore, Bedford, MA). The 
membrane was blocked with 5% skimmed milk overnight at 
4 °C and then incubated with primary antibodies recogniz-
ing Gapdh (mouse monoclonal, 1:1000; BioTNT), collagen 
I(rabbit polyclonal, 1:1000; Novus), collagen III (mouse 
monoclonal, 1:1000; Abcam), MMP1 (rabbit polyclonal, 
1:500; Invitrogen), MMP2(mouse monoclonal, 1:1000; 
Abcam), MMP9(rabbit monoclonal, 1:1000; Abcam), and 
TIMP1(mouse polyclonal, 1:200; Invitrogen). The primary 
antibodies were incubated together at 22 °C for 2 h. Then, 
the membrane was incubated with horseradish peroxidase-
conjugated anti-mouse (1:5000; Abcam) or goat anti-rabbit 
(1:5000; Abcam) secondary antibodies.

Statistical analysis

The data were compiled using Excel 2019 software, and 
SPSS 25.0 was used for statistical analysis. The measure-
ment data that satisfied the normal distribution were ana-
lyzed by one-way analysis of variance to judge the differ-
ences between groups according to the data type. Multiple 
comparisons were performed with the LSD method, and the 
data are expressed as the mean ± SD. The measurement data 
that did not meet the normal distribution or met the normal 
distribution but had variance that was not uniform were ana-
lyzed by the Kruskal-Wallis test. Multiple comparisons were 
performed by Kruskal-Wallis one-way ANOVA (k samples), 

Table 1  Sequences of primers 
for real-time PCR

Symbol Forward primer Reverse primer

Gapdh TGA CTT CAA CAG CGA CAC CCA CAC CCT GTT GCT GTA GCC AAA 
Collagen TGC TGC CTT TTC TGT TCC TT AAG GTG CTG GGT AGG GAA GT
Collagen II GTC CAC GAG GTG ACA AAG GT CAT CTT TTC CAG GAG GTC CA
MMP1 GCA TGC TTA GCC TTC CTT TG CTG AAA CAC GGG GAA ACT GT
MMP2 AGC TCC CGG AAA AGA TTG AT TCC AGT TAA AGG CAG CGT CT
MMP9 CAC TGT AAC TGG GGG CAA CT AGA GTA CTG CTT GCC CAG GA
TIMP1 TCC CCA GAA ATC ATC GAG AC TCA GAT TAT GCC AGG GAA CC

2235International Urogynecology Journal (2022) 33:2233–2240



1 3

and the data are presented as the M (P25, P75), with values 
of P < 0.05 considered significant.

Results

EA improves the LPP and MBC in rats with SUI

A comparison of the LPP of rats in each group before treat-
ment is shown in Fig. 1A. After vaginal dilatation and 
bilateral oophorectomy in rats, the bladder LPP of rats in 
each group after modeling was significantly lower than that 
of the sham group(P < 0.05). A comparison of the LPP of 
rats in each group after treatment is shown in Fig. 1B. The 
results showed that electroacupuncture and blocker stimula-
tion could significantly increase the LPP of SUI rats, while 

electroacupuncture control group could not reverse the LPP 
of SUI rats. A comparison of the MBC of rats in each group 
before treatment is shown in Fig. 1C. There was no statisti-
cally significant difference in the MBC of the five groups of 
rats (P = 0.324, > 0.05), indicating that sham (1.03 ± 0.34) 
rats and model (0.86 ± 0.14), EAC (0.71 ± 0.24), EA 
(0.84 ± 0.30), and blocker (0.85 ± 0.36) rats had no differ-
ence in the MBC. A comparison of the MBC of rats in each 
group after treatment is shown in Fig. 1D. Electroacupunc-
ture stimulation can significantly improve the MBC of SUI 
rats, while electroacupuncture control group cannot reverse 
the MBC of SUI rats.

EA slows the degradation of collagen in the anterior 
vaginal wall of SUI rats

The mRNA expression of collagen I and collagen III in 
the anterior vaginal wall of rats in each group is shown in 
Fig. 2A and B. In the model group, vaginal dilatation and 
bilateral oophorectomy significantly decreased the mRNA 
expression levels of collagen I and collagen III in in ante-
rior vaginal wall compared with the sham group (P < 0.05 
each). This decrease was mitigated by EA treatment (each 
P < 0.05, EA versus model). The protein expression levels 
of collagen I, collagen III, MMP1, MMP2, MMP9, and 
TIMP1 in the anterior vaginal wall of rats in each group 
are shown in Fig. 2C. Similarly, the protein levels of col-
lagen I and collagen III in the anterior vaginal wall were 
both decreased in the model group compared with the sham 
group (each P < 0.05) (Fig. 2D and E). EA treatment signifi-
cantly mitigated the decrease in collagen I and collagen III 
protein expression induced by vaginal dilatation and bilateral 
oophorectomy(each P < 0.05). However, for the rats in the 
EAC group, the levels of collagen I and collagen III protein 
and mRNA did not change significantly compared with the 
model group (each P > 0.05).

The mRNA expression of MMP1, MMP2, and MMP9 
in the anterior vaginal wall of rats in each group is shown 
in Fig. 3A, B, and C. In the model group, vaginal dilata-
tion and bilateral oophorectomy significantly increased the 
mRNA expression levels of MMP1 and MMP2 in ante-
rior vaginal wall compared with the sham group (P < 0.05 
each). This increase was mitigated by EA treatment (each 
P < 0.05, EA versus model). Similarly, the protein levels 
of MMP1, MMP2 and MMP9 in the anterior vaginal wall 
were both increased in the model group compared with the 
sham group (each P < 0.05) (Fig. 3D, E, and F). EA treat-
ment significantly mitigated the increase in MMP1, MMP2, 
and MMP9 protein expression induced by vaginal dilata-
tion and bilateral oophorectomy (each P < 0.05). However, 
in the rats in the EAC group, the levels of MMP1, MMP2, 
and MMP9 protein and mRNA did not change signifi-
cantly compared with the model group (each P > 0.05). The 

Fig. 1  EA improves the LPP (A, B) and MBC (C, D) in rats with 
SUI. The effects of EA on rats with SUI (sham = 8, model = 8, 
EAC = 8, EA = 8, blocker = 8). A The measurement of LPP before 
treatment was analyzed via one-way analysis of variance (ANOVA) 
(F (4,35) = 21.103, P = 0.001, <0.05). B The measurement of LPP after 
treatment was analyzed via ANOVA (F (4,35) = 16.280, P = 0.001, < 
0.05). C The measurement of MBC before treatment was analyzed 
via ANOVA (F (4,35) = 1.210, P = 0.324, > 0.05). (D) The measure-
ment of LPP after treatment was analyzed via the Kruskal-Wallis test 
(H = 12.938, P = 0.012, < 0.05). *P < 0.05 compared with the sham 
group; #P < 0.05 compared with the model group
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mRNA expression of TIMP1 in the anterior vaginal wall of 
rats in each group is shown in Fig. 3G. In the model group, 
vaginal dilatation and bilateral oophorectomy significantly 
increased the mRNA expression levels of TIMP1 in ante-
rior vaginal wall compared with the sham group (P < 0.05 
each). This increase was mitigated by EA treatment (each 
P < 0.05, EA versus model). There was no statistically sig-
nificant difference in TIMP1 protein expression among the 
five groups of rats (P = 0.066, > 0.05) (Fig. 3H), wherein 
the expression was similar among the sham (1.32 ± 0.21), 
model (0.83 ± 0.31), EAC (0.82 ± 0.18), EA (1.08 ± 0.30), 
and blocker (0.91 ± 0.23) rats.

Discussion

This study shows that EA treatment can increase the LPP 
and MBC in SUI rats and reverse the downregulation of 
collagen I and collagen III in the anterior vaginal wall 
of SUI rats and the upregulation of MMP1, MMP2, and 
MMP9. This response is related to the decrease in collagen 

degradation in the anterior vaginal wall of SUI rats. Previous 
clinical studies have shown that EA lumbosacral acupoints 
can reduce urine leakage in SUI patients. EA can effectively 
and safely alleviate the symptoms of urinary incontinence 
and improve the quality of life of SUI patients. Current stud-
ies have shown that EA treatment can modify the LPP and 
MBC of SUI rats to improve the signs of SUI.

The occurrence of SUI at the anatomical level is mani-
fested as insufficient support of the bladder neck and ure-
thra. In pelvic floor support tissue, collagen in the extracel-
lular matrix is the main component that provides structural 
support and mechanical stability for tissues and organs. 
The collagen content in pelvic floor tissue mainly depends 
on the balance between MMPs and TIMPs secreted by 
fibroblasts. When the degradation of collagen by MMPs 
is enhanced, it reduces the support of pelvic floor tis-
sues, affects the position of the bladder neck and urethra, 
prevents the urethra from closing, and thus triggers SUI. 
Collagen is the most abundant protein in the extracellular 
matrix. It is an insoluble fibrin with a triple-helix confor-
mation, accounting for approximately one-quarter of the 

Fig. 2  The mRNA and protein expression of collagen I, collagen III 
in the anterior vagina of each group (sham = 4, model = 4, EAC = 4, 
EA = 4, blocker = 4). A Collagen I mRNA expression in each group 
was analyzed via ANOVA (F (4,15) = 4.189, P = 0.018, < 0.05). B 
Collagen III mRNA expression in each group was analyzed via 
ANOVA (F (4,15) = 10.003, P = 0.001, < 0.05). C The protein expres-
sion bands of collagen I, collagen III, MMP1, MMP2, MMP9, and 

TIMP1 in the anterior vagina of each group. D Collagen I protein 
expression in each group was analyzed via the Kruskal-Wallis test 
(H = 13.129, P = 0.011, < 0.05). E Collagen III protein expression in 
each group was analyzed via ANOVA (F (4,15) = 5.484, P = 0.006, < 
0.05). *P < 0.05 compared with the sham group; #P < 0.05 compared 
with the model group. ^P < 0.05 compared with the EAC group
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total protein mass. Fiber-forming collagen is stabilized by 
nonreducible covalent cross-links between specific triple-
helix domains and telopeptides, such as interstitial col-
lagen (collagen I, collagen II, and collagen III), collagen 
V, and collagen XI [22]. Its main function is to provide 
structural support and mechanical stability for tissues and 
organs. The types of collagen contained in human pelvic 
tissues are mainly collagen I (related to tissue stiffness) 
and collagen III (related to tissue elasticity). The colla-
gen content in the pelvic floor tissue mainly depends on 
the balance between MMPs secreted by fibroblasts and 
their inhibitory factors. MMPs are involved in processes 
including embryo formation, normal tissue remodeling, 
wound healing, and angiogenesis [23]. For example, the 

MMP1, MMP8, and MMP13 collagenases can cut colla-
gen I, collagen II, and collagen III into 3/4 and 1/4 frag-
ments according to specific sites, while MMP2, which is 
a gelatinase, can cut the abovementioned fragments into 
amino acids [24, 25]. Organisms contain endogenous 
TIMPs, which form complexes by interacting with  Zn2+ 
in unactivated MMPs and inhibiting the activity of MMPs 
to reduce their degradation of collagen in the extracellular 
matrix. In this study, we selected doxycycline hydrochlo-
ride as a blocker of MMPs as the drug treatment group. 
Doxycycline hydrochloride is often used as an antibiotic 
to treat gram-positive or -negative bacterial infections. In 
addition, a study found that doxycycline hydrochloride 
can directly bind to  Zn2+ or  Ca2+, target the active site of 

Fig. 3  mRNA and protein expression of MMP1, MMP2, MMP9, and 
TIMP1 in the anterior vagina of each group (sham = 4, model = 4, 
EAC = 4, EA = 4, blocker = 4). A MMP1 mRNA expression in 
each group was analyzed via the Kruskal-Wallis test (H = 16.857, 
P = 0.002, < 0.05). B MMP2 mRNA expression in each group was 
analyzed via ANOVA (F (4,15) = 9 .729, P = 0.001, < 0.05). C MMP9 
mRNA expression in each group was analyzed via the Kruskal-Wallis 
test (H = 15.200, P = 0.002, < 0.05). D MMP1 protein expression in 
each group was analyzed via ANOVA (F (4,15) = 10.588, P = 0.001, 

< 0.05). E MMP2 protein expression in each group was analyzed 
via ANOVA (F (4,15) = 6.555, P = 0.003, < 0.05). F MMP9 protein 
expression in each group was analyzed via ANOVA (F (4,15) = 10.634, 
P = 0.001, < 0.05). G TIMP1 mRNA expression in each group was 
analyzed via ANOVA (F (4,15) = 22.675, P = 0.001, < 0.05). H TIMP1 
protein expression in each group was analyzed via ANOVA (F 
(4,15) = 2.767, P = 0.066, > 0.05). *P < 0.05 compared with the sham 
group; #P < 0.05 compared with the model group. ^P < 0.05 compared 
with the EAC group
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MMPs, inhibit the activation of zymogen, and reduce the 
activity of MMPs [26, 27].

The deficiency of this study is the limited sample size 
and the limited ability to detect protein. In the process of 
collagen metabolism, there may be some other cytokines, 
such as calpain 2 and integrin β1, and transforming growth 
factor β1, etc. [28, 29]. These cytokines may have partici-
pated in the synthesis of collagen but were not detected in 
this study. We should also note that we need to conduct a 
comprehensive study on other proteins and signaling path-
ways in the extracellular matrix to fully explain the effect 
of the extracellular matrix on micturition function. With 
the deepening of our understanding of the pathophysiology 
of the bladder and urethra, the prevention of stress urinary 
incontinence is becoming increasingly important. Some 
studies have shown that the increase in matrix metallopro-
teinase expression is accompanied by intestinal inflamma-
tion, and there is a relationship between the composition of 
the intestinal microbiome and muscle quality [30, 31]. For 
example, Bacteroides fragilis can not only combine collagen 
binding protein (CBP1) with type I collagen to encode the 
gene for adhering collagen [32] but also convert plasmi-
nogen in plasma into plasmin through the outer membrane 
protein bfp60, thereby increasing the degradation of fibrin 
and collagen [33]. It may be an effective measure to prevent 
or treat stress urinary incontinence in the future by correct-
ing intestinal ecological imbalance or changing intestinal 
microbial composition.

In conclusion, the results of this study show that after 
treatment with EA in SUI rats, the expression of MMP1, 
MMP2, and MMP9 is downregulated, and the expression 
of collagen I and collagen III is upregulated. The metabo-
lism of extracellular matrix collagen also involves cytokines 
related to collagen synthesis. These different factors may 
have a combined effect on the metabolism of collagen. We 
found that after 3 days of EA intervention, the damaged tis-
sues of SUI rats have some functional improvements and 
morphological changes, and longer treatment time may have 
higher curative effect. We are also conducting research in 
this regard, which you will see in our future work.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00192- 022- 05106-8.
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