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Abstract. The present study aimed to investigate the effects 
of electrical stimulation (ES) on cell activity, cell cycle and 
apoptosis in injured rat dorsal root ganglion (DRG) cells 
induced by cyclic mechanical stretching (CMS). The present 
study also investigated whether the Wnt/β‑catenin pathway 
is involved in this process. Injury and ES models were estab-
lished in DRG cells. Then, cell activity was detected using 
a Cell Counting Kit‑8 and 5‑ethynyl‑2'‑deoxyuridine‑594 
cell proliferation assay kit. Cell cycle distribution was 
detected using a cell cycle detection kit. Apoptosis was 
detected using an Annexin V‑FITC apoptosis detection kit, 
and Wnt/β‑catenin pathway‑associated proteins were detected 
using western blotting. The present study demonstrated that 
CMS decreased DRG cell activity, increased the number of 
cells in the S phase, promoted cell apoptosis and inhibited 
the Wnt/β‑catenin pathway. In addition, ES significantly 
increased the proliferation activity of DRG cells, increased 
the number of cells in the G2 phase, decreased the apoptotic 
rate and activated the Wnt/β‑catenin pathway, ultimately 
reversing the injury caused by CMS. Following inhibition 
of the Wnt/β‑catenin signaling pathway using XAV939, the 
effects of ES were weakened. In conclusion, the present 
study demonstrated that ES may reverse CMS‑induced injury 
in DRG cells, and that the Wnt signaling pathway may be 
involved in this process. 

Introduction

Stress urinary incontinence (SUI), a type of female pelvic floor 
dysfunction, is a clinically common disease in gynecology 
with an increasing incidence rate of 38‑49.2% globally (1). 
This condition refers to the spontaneous spilling of urine 

when abdominal pressure increases during bladder detrusor 
relaxation (2). SUI occurs primarily in postpartum and post-
menopausal women, and can seriously affects women's quality 
of life, and physical and mental health (3). It also causes a large 
social and economic burden (4,5). A type of physiotherapy 
known as pelvic electrical stimulation (PES) has demon-
strated good clinical effects in patients with mild‑to‑moderate 
symptoms (6‑8). However, the specific molecular mechanism 
underlying this treatment remains unclear.

Studies have demonstrated that pudendal nerve (PN) 
damage induces SUI by causing denervation of the pelvic floor 
muscles (9‑11). At the same time, electrical stimulation (ES) 
has been demonstrated to promote the repair of the central 
and peripheral nervous system following injury (12‑14). These 
studies indicated that the therapeutic effect of PES in SUI may 
be achieved by promoting the repair of damaged PNs.

The Wnt/β‑catenin signaling pathway is associated with 
development of the nervous system, stem cell proliferation and 
differentiation, and axon guidance (15). Studies of neurode-
generative diseases have demonstrated that the Wnt/β‑catenin 
signaling pathway regulates the proliferation and differen-
tiation of neural stem cells and their precursor cells in the 
spinal cord (16,17). In addition, animal models of spinal cord 
injury have indicated that ES influences the proliferation and 
directional migration of nerve cells via the Wnt/β‑catenin 
signaling pathway (18‑20). In the field of oncology, it has been 
demonstrated that inhibition of the Wnt signaling pathway can 
lead to inhibition of cell proliferation and cell cycle, as well 
as the expression levels of β‑catenin, which are associated 
with the activation and shutdown of Wnt signaling that regu-
lates expression levels of downstream target genes, such as 
cyclin D1, C‑myc, E‑cadherin and Lgr5, at the transcriptional 
level, thereby influencing the progression of tumors (21‑25).

The present study simulated nerve injury by constructing 
a cyclic mechanical stretching (CMS) injury model in rat 
dorsal root ganglion (DRG) cells. Cells were subjected to 
fixed‑parameter ES, and changes in the cell cycle and levels 
of cell activity, apoptosis and Wnt/β‑catenin signaling 
pathway‑related proteins were detected. Finally, the inhibitor 
XAV939 was used to inhibit the Wnt/β‑catenin signaling 
pathway and changes in DRG cell proliferation activity were 
detected. The present study aimed to provide a basis for 
further studies to clarify the specific mechanisms of ES in the 
treatment of SUI and discover new potential targets.
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Materials and methods

Cell resource and groups. DRG cell line was purchased 
from Zhen Shanghai and Shanghai Industrial Co., Ltd. 
(cat.  no.  HZ‑C644) and maintained in DMEM (Jenom 
Biomedical Technology Co., Ltd.) containing 15% fetal 
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 
100 U/ml penicillin G and 100 µg/ml streptomycin. DRG cells 
were divided into four groups: Control (DRG cells received 
no treatment), ES (DRG cells treated with ES only), injury 
(CMS; DRG cells treated with CMS only) and treatment group 
(CMS + ES; DRG cells treated with CMS, followed by treat-
ment with ES immediately). 

Establishment of DRG cell injury model. DRG cells were 
cultured on culture plates precoated with rat tail collagen 
(Sigma‑Aldrich; Merck KGaA). When cell density reached 
80‑90%, the culture plates were transferred onto mechanical 
loading culture dishes. CMS was performed using a four‑point 
bending device (Chengdu Power Technology Co., Ltd), which 
stresses cells by bending the cell plate up and down. The instru-
ment mainframe was used to adjust the CMS parameters and 
the control power system was used to perform the mechanical 
stretching. A previous study determined the appropriate 
parameters to be 5,333 µ strain (4 mm), 8 h and 1 Hz, which 
were used in the present experiment (26). All cells received 
treatments under the identical environmental conditions. The 
principle of cell mechanics loading is presented in Fig. 1.

ES model. The ES device was constructed with reference to 
the method described by Song et al (27) and our device was 
proven to be stable after continuous improvement. The unit 
included a direct current power supply, a conducting device 
and a trending circular petri dish (Fig. 2). The electric field 
strength was set using a DC power source (model no. 3303A; 
Topward Electric Instruments Co., Ltd.). The culture plates 
were placed in a circular culture dish (diameter, 18 cm) filled 
with DMEM containing 15% FBS, 100 U/ml penicillin G 
and 100 µg/ml streptomycin, and fixed by internal small 
baffle. A total of three cell culture plates could be placed 
together in a circular culture dish for ES. The electric circuit 
was formed of a DC power source, positive and negative 
electrodes, a wire, an Ag/AgCl electrode, a saturated KCl 
electrolyte, an agarose bridge and a culture dish (filled with 
DMEM, supplemented with 15% FBS, 100 U/ml penicillin G 
and 100  µg/ml streptomycin). The ES parameters were 
set to 100 mV/mm and 1 h, in accordance with a previous 
study (28).

Cell proliferation analysis. A Cell Counting Kit‑8 (CCK‑8; 
cat. no. C0037; Beyotime Institute of Biotechnology) was 
used to detect cell viability, according to the manufacturer's 
protocol. Following treatment with CMS or ES, DRG cells 
were collected and adjusted to 2,000,000 cells/ml using a cell 
counting instrument. The cell suspension (100 µl/well) was 
pipetted into a 96‑well plate and incubated in 5% CO2 at 37˚C 
for 2 h. CCK‑8 solution (10 µl/well) was added to each well 
and incubated in 5% CO2 at 37˚C for 1 h. Finally, the optical 
density (OD) was measured at 450 nm using a microplate 
reader (Victor 3; PerkinElmer, Inc.).

A 5‑ethynyl‑2'‑deoxyuridine (EdU)‑594 cell prolif-
eration assay kit (cat.  no. C 0078; Beyotime Institute 
of Biotechnology) was used to detect cell proliferation 
activity. Following the treatment of each group, pre‑warmed 
10  µmol/l EdU solution (2  ml/plate) was added to each 
of the plates, which were incubated for 2  h in 5% CO2 
at 37˚C. The EdU solution was then removed and replaced 
with staining fixative solution (cat. no. P0098; Beyotime 
Institute of Biotechnology) (1  ml/plate). The cells were 
fixed at room temperature for 15 min, then washed three 
times with washing solution. Next, the cells were incubated 
with permeabilization solution (cat. no. P0097; Beyotime 
Institute of Biotechnology) (1 ml/plate) for 15 min at room 
temperature. The Click Reaction Buffer Solution (CuS04: 
Azide 594: Click Additive Solution=430:20:1:50) was 
configured according to the manufacturer's instructions. 
After being washed twice, 0.5 ml of Click Reaction Buffer 
Solution was added to each of the culture plates, which were 
then incubated at room temperature for 30 min in the dark. 
Finally, Hoechst 33342 was used for nuclear staining; 1 ml 
1X Hoechst 33342 staining solution was added to each of the 
culture plates, which were then incubated at room tempera-
ture for 10 min in the dark. Images were captured using 
an upright fluorescence microscope (IX51; magnification, 
x200; Olympus Corporation).

Cell cycle detection. Cell cycle analysis was performed using 
the cell cycle and apoptosis detection kit (cat.  no. C1052; 
Beyotime Institute of Biotechnology). DRG cells were digested 
using 0.25% trypsin and washed twice with PBS following the 
treatment of each group. The cells were resuspended with 75% 
cold ethanol and then fixed overnight at 4˚C with 75% ethanol. 
The next day, cells were washed with cold PBS and dispersed 
to avoid cell agglomeration. Propidium iodide (PI) staining 
solution [0.5 ml staining buffer, 25 µl PI (20X), 10 µl RNase A 
(50X)] was added to the cell pellet (0.5 ml/tube). After being 
mixed, the cells were incubated at 37˚C for 0.5 h in the dark. 
Finally, flow cytometry (NovoCyte; Agilent Technologies, 
Inc.) was used to detect the cell cycle distribution of each 
group.

Cell apoptosis detection. Apoptotic cells were quantified 
using an Annexin V/PI double staining kit (cat. no. BB‑4101‑2; 
BestBio Science) according to the manufacturer's instruc-
tions, and detected using a FACSCalibur flow cytometer (BD 
Biosciences). The apoptotic rate was analyzed using FlowJo 
software (v.7.6.1; BD Biosciences). Cells that stained posi-
tive for Annexin V and negative for PI were early apoptotic, 
whereas those that were positive for both were identified as 
late apoptotic cells. The apoptotic rates were expressed as the 
percentage of the total cell population.

Western blotting. Intracellular proteins from the DRG cells 
were extracted using RIPA lysis buffer (Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol, for 
30 min on ice. Then the cell debris was removed by centrifuga-
tion at 12,000 x g for 5 min at 4˚C. The protein concentrations 
were determined using a bicinchoninic acid (BCA) protein 
assay kit (cat. no. P0010; Beyotime Institute of Biotechnology). 
Each group (30 µg/lane, volume/lane was kept the same by 
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using loading buffer) was separated by 10% SDS‑PAGE 
gel electrophoresis and transferred to PVDF membranes. 
Following blocking with 5% skimmed milk powder for 1 h at 
room temperature, primary antibodies for β‑catenin (1:1,000; 
cat. no. ab32572; Abcam), glycogen synthase kinase (GSK)‑3β 
(1,1,000; cat. no. 12456S; Cell Signaling Technology, Inc.), 
Bax (1,2000; cat. no. ab182733; Abcam), Bcl‑2 (1:1,000; cat. 
no.  ab32124; Abcam), C‑myc (1;1,000; cat. no.  ab32072; 
Abcam) and β‑actin (1:1,000; cat. no.  GB11001; Wuhan 
Servicebio Technology Co., Ltd.) were added prior to incu-
bation overnight at 4˚C. The next day, bands were washed 
using TBS containing 0.05% Tween and incubated with 
fluorescently labeled secondary antibody (IRDye800CW; 
goat anti‑mouse/rabbit; 1:10,000; cat. nos. 926‑32280 and 
926‑32211; LI‑COR Biosciences) at room temperature for 1 h. 
Protein bands were scanned using an Odyssey far infrared 
imaging system (LI‑COR Biosciences) and analyzed using 
Quantity One software v.4.6.2 (Bio‑Rad Laboratories, Inc.). 
β‑actin was used as the internal control.

XAV939 treatment. XAV939, an inhibitor of the Wnt 
signaling pathway, was purchased from Selleck Chemicals 
(cat. no. S1180). The 10 mmol/l storage solution was diluted 

to 1 µmol/l working solution with DMEM, supplemented 
with 15% FBS, 100 U/ml penicillin G and 100 µg/ml strepto-
mycin. Cells were pre‑treated with 1 µmol/l XAV939 at room 
temperature for ~5 min prior to being treated with CMS or 
ES immediately to determine cell proliferation as previously 
described.

Statistical analysis. Statistical analyses were performed 
using GraphPad Prism (version 7.0; GraphPad Software, Inc.), 
and data are presented as the mean ± standard deviation. 
Groups were compared using one‑way analysis of variance. 
Differences between two groups were determined using 
Student's t‑test and multiple means were compared using 
Tukey's test. P<0.05 was considered to indicate a statistically 
significant difference. Each experiment was repeated at least 
three times.

Results

ES promotes the viability of injured DRG cells. CCK‑8 
assays were used to detect cell viability under different 
intervention conditions. DRG cells in the ES group under-
went ES (100 mV/mm; 1 h), in accordance with a previous 

Figure 2. Schematic diagram of electrical stimulation device. (A) Overall device composition. (B) Internal stimulation diagram of electrical stimulation 
circular culture dish.

Figure 1. Principle of cell mechanics loading. (A) Cells were subjected to pulling force when the culture plate was forced upwardly convex. (B) Cells were 
under pressure when the culture plate was depressed downward.
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study (28). Cells in the CMS group were subjected to CMS 
[1 Hz; 8 h; 5,333 µ (4 mm)] (26). In the CMS + ES group, 
DRG cells were treated with CMS, and then immediately 
placed in the ES device for ES treatment. The OD values 
at 450 nm of the control, ES, CMS and CMS + ES groups 
were 1.21±0.12, 1.64±0.15, 0.97±0.07 and 1.27±0.12, respec-
tively. Compared with the control group, the cell activity 
of the ES group was significantly increased whereas the 

cell activity of the CMS group was significantly decreased 
(P<0.001). In the CMS + ES group, the cell viability was 
significantly increased compared with that in the CMS 
group (P<0.001; Fig. 3A).

The proliferation of DRG cells was detected using EdU‑594 
cell proliferation assay kit. EdU is a novel thymidine analogue 
that replaces thymidine in newly synthesized DNA during 
DNA synthesis. The Azide Alexa Fluor 594 probe covalently 

Figure 3. Influences of ES on the viability of injured DRG cells. (A) Cell viability analyzed using the OD value. (B) Quantitative analysis of the proportion 
of EdU‑positive proliferating DRG cells. (C) EdU staining (magnifcation, x200). Red fluorescence represents proliferation‑positive cells (a, d, g, j represent 
the control, ES, CMS and CMS + ES groups respectively), and blue fluorescence represents the nuclei of all cells in view (b, e, h, k represent the control, 
ES, CMS and CMS + ES groups respectively). Pink cells in the merged images are proliferation‑positive cells (c, f, i, l represent the control, ES, CMS and 
CMS + ES groups respectively). Each set of experiments was repeated three times. Data are expressed as the mean ± standard deviation. ***P<0.001 vs. Con; 
###P<0.001 vs. CMS group. ES, electrical stimulation; DRG, dorsal root ganglion; Con, control; CMS, cyclic mechanical stress; OD, optical density; EdU, 
5‑ethynyl‑2'‑deoxyuridine.
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reacts with the acetylene group of EdU, which ensures direct 
and accurate detection of proliferating cells. Hoechst 33342 
was used for nuclear staining. Following treatment, healthy 
DRG cells would show a normal blue nucleus under a fluores-
cence microscope, whereas the nuclei of apoptotic cells would 
be stained white. Both blue and red fluorescence showed the 
nucleus, where blue represented all DRG cells in the field of 
view, and red represented the proliferating cells (Fig. 3C). A 
total of three fields of view were randomly selected from each 
group of cells, and the positive rates of cell proliferation were 
then counted. The proliferating cell proportion of the control, 
ES, CMS and CMS + ES groups were 55.55±2.96, 72.51±1.10, 
39.17±1.34 and 51.13±1.54%, respectively. The proportion of 
positive proliferating DRG cells was significantly increased, 
whereas this proportion in the CMS group was significantly 
decreased compared with the control group (P<0.001). 
Furthermore, the rate of cell proliferation in the CMS + ES 
group was higher than that of the CMS group (P<0.001; 
Fig. 3B).

ES reverses CMS‑induced cell cycle arrest and decreases DRG 
cell apoptosis. Flow cytometry was used to detect cell cycle and 
cell apoptosis. The present study demonstrated that the number 
of DRG cells in the G2 phase in the ES group was significantly 
increased compared with the control group (P<0.001). The 
number of cells in the S phase of the CMS group was significantly 
higher than that of the control group (P<0.001). Furthermore, 
the number of cells in the S phase in the CMS + ES group was 
significantly lower than that in the CMS group (P<0.001), and 
the number of cells in the G2 phase was significantly increased 
(P<0.01; Fig. 4 and Table I). These changes indicated that ES has 
significant roles in promoting the progression of the cell cycle 
in normal DRG cells. In addition, CMS arrested DRG cells in 

the S phase, which impeded cell cycle progression. However, 
the results of the present study indicate that this process may be 
reversed following ES treatment. 

Cells that stained positive for Annexin V and negative for 
PI (Annexin V‑FITC+/PI‑) were early apoptotic, whereas those 
that stained positive for both (Annexin V‑FITC+/PI+) were late 
apoptotic. The present study demonstrated that the apoptosis 
rate of the CMS group was significantly higher than that of 
the control group (P<0.001), whereas the total apoptotic rate 
of the ES group was significantly lower compared with the 
control group (P<0.001). Moreover, the apoptosis rate of DRG 
cells in the CMS + ES group was decreased compared with the 
CMS group (P<0.001; Fig. 5 and Table II). These results were 
consistent with the results of the cell viability and cell cycle 
findings in the present study, confirming the promotive effects 
of ES on DRG cells.

Effect of ES on the expression levels of Wnt/β‑catenin 
pathway‑associated proteins in injured DRG cells. The 
expression levels of β‑catenin, Bcl‑2 and C‑myc increased 
following ES treatment (P<0.05 and P<0.001), and the expres-
sion levels of these three proteins in the CMS group were 
significantly decreased (P<0.001) in comparison with those 
in the control group. The present study demonstrated that 
the expression levels of β‑catenin, Bcl‑2 and C‑myc in the 
CMS + ES group were also increased compared with those in 
the CMS group, and that these differences were statistically 
significant (P<0.05 and P<0.001; Fig. 6A, B, E and F). In 
contrast, the expression levels of GSK‑3β and Bax in the ES 
group were lower than those in the control group (P<0.05), 
and the expression levels of these two proteins in the CMS 
group were significantly increased (P<0.001). Furthermore, 
the expression levels of GSK‑3β and Bax in the CMS + ES 

Figure 4. Effect of ES on DRG cell cycle distribution. Flow cytometry cell cycle results of (A) Con, (B) ES, (C) CMS and (D) CMS + ES groups. (E) Quantitative 
analysis of cell cycle phases proportion. Data are expressed as the mean ± standard deviation. Each set of experiments is repeated three times. *P<0.05, 
***P<0.001 vs. Con; ##P<0.01, ###P<0.001 vs. CMS group. ES, electrical stimulation; DRG, dorsal root ganglion; CMS, cyclic mechanical stretching; Con, 
control.
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group were decreased compared with those in the CMS group 
(P<0.05; Fig. 6A, C and D).

Wnt/β‑catenin pathway is potentially involved in the influence 
of ES over injured DRG cells. It was hypothesized that the 
Wnt/β‑catenin signaling pathway was involved in the process 

by which ES affects DRG cells because of the detected 
protein changes associated with the Wnt/β‑catenin pathway. 
The present study used the Wnt/β‑catenin pathway inhibitor 
XAV939 at a concentration of 1 µmol/l, which did not affect 
DRG cell viability by itself (Fig. 7). The present study demon-
strated that DRG cells in the ES group showed a significant 

Table I. Effects of ES on cell cycle of DRG cells.

Group	 G0/G1 phase, %	 S phase, %	 G2 phase, %

Con	 67.47±0.76	 20.40±0.96	 12.13±1.71
ES	  55.01±1.69b	   18.24±0.68a	   26.75±1.65b

CMS	  61.45±1.07b	   30.02±0.99b	    8.53±1.08a

CMS + ES	  68.12±1.00d	   19.58±1.03d	  12.30±0.55c

F‑value	 107.50	 134.90	 146.20
P‑value	 <0.001	 <0.001	 <0.001

aP<0.05, bP<0.001 vs. Con; cP<0.01, dP<0.001 vs. CMS group. ES, electrical stimulation; DRG, dorsal root ganglion; Con, control; CMS, cyclic 
mechanical stretching.

Figure 5. Effect of ES on DRG cell apoptosis. Flow cytometry apoptosis results of (A) Con, (B) ES, (C) CMS and (D) CMS + ES groups. (E) Quantitative 
analysis of cell apoptosis rate. Each set of experiment was repeated three times. Data are expressed as the mean ± standard deviation. ***P<0.001 vs. Con; 
###P<0.001 vs. CMS group. ES, electrical stimulation; DRG, dorsal root ganglion; CMS, cyclic mechanical stretching; Con, control; ns, not significant.
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decrease in activity following administration of XAV939, 
and similar changes were observed in the CMS + ES group 
(P<0.001). However, following exposure to XAV939, the cell 
activity in the CMS + ES group was still slightly increased 
compared with the CMS group (P<0.001), indicating that 
other pathways may regulate the effects of ES on DRG cells, 
although this requires verification in future studies (Fig. 7).

Discussion

With the increasing trend towards an aging population, 
the incidence of SUI is increasing by 4‑10% per year glob-
ally (1). The multi‑center large sample survey conducted by 
Zhu et al (3) demonstrated that the overall incidence of urinary 
incontinence is 30.9%, of which SUI accounts for 61%, among 
19,024 female subjects. Therefore, research regarding the 
etiology and treatment of SUI may have important applications. 
Clinically, PES treatment has a significant effect on patients 
with mild‑to‑moderate SUI symptoms: Its cure rate is 30‑60%, 

Table II. Effects of ES on cell apoptosis of DRG cells.

Group	A nnexin V+/PI‑Early apoptosis, %	A nnexin V+/PI+Late apoptosis, %	 Total apoptosis, %

Con	  3.860±0.110	 13.140±0.730	 17.010±0.780
ES	   2.920±0.130a	      5.170±0.640b	      8.090±0.740b

CMS	 10.837±0.524b	  25.263±1.132b	   36.100±1.610b

CMS + ES	     6.980±0.940b,c	     19.640±0.960b,c	     26.620±1.820b,c

F‑value	 128.800	  285.600	  247.900
P‑value	   <0.001	    <0.001	    <0.001

aP>0.05 vs. Con (not significant); bP<0.001 vs. Con; cP<0.001 vs. CMS group. ES, electrical stimulation; DRG, dorsal root ganglion; Con, 
control; CMS, cyclic mechanical stretching. 

Figure 6. Effect of ES on the expression levels of Wnt/β‑catenin pathway‑related proteins in injured DRG cells. (A) Representative blots of β‑catenin, Bax, 
Bcl‑2 and C‑myc. Quantitative analysis of protein expression levels of (B) β‑catenin, (C) GSK‑3β, (D) Bax, (E) Bcl‑2 and (F) C‑myc. Each set of experiments 
was repeated three times. Data are expressed as the mean ± standard deviation. *P<0.05, ***P<0.001 vs. Con; #P<0.05, ###P<0.001 vs. CMS group. ES, electrical 
stimulation; Con, control; CMS, cyclic mechanical stretching; GSK‑3β, glycogen synthase kinase‑3β.

Figure 7. Influences of ES on the viability of DRG cells following treatment 
with XAV939. Each set of experiment was repeated three times. Data are 
expressed as the mean ± standard deviation. ***P<0.001. ES, electrical stimu-
lation; DRG, dorsal root ganglion; Con, control; CMS, cyclic mechanical 
stretching; ns, not significant.
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and its improvement rate is 60‑90% (6‑8). To the best of our 
knowledge, however, the mechanism of PES in the treatment 
for SUI has not previously been identified. Stretching injury 
of pelvic floor nerves, muscles and connective tissue caused 
by pregnancy and vaginal delivery are major risk factors 
for SUI (29). Delancey (11) proposed that PN injury causes 
denervation of pelvic floor muscles. Previous studies of pelvic 
floor electromyography of patients with SUI, nerve conduc-
tion velocity, pelvic floor muscle pathology and neurofibrillary 
immunohistochemical staining have also demonstrated that 
pelvic denervation is present in patients with SUI (9,30,31). 
These studies indicate that PN injury is important in the 
pathogenesis of SUI. In studies of neurological diseases, ES 
has been demonstrated to promote synaptic repair, nerve cell 
growth and regeneration (12‑14) Therefore, it was hypothesized 
that the therapeutic effect of PES in the treatment of SUI was 
achieved by promoting the repair of injured PNs.

Culturing nerve cells in vitro provides a basis for the study 
of nerve cells at the molecular and cellular levels. Nerve cells 
in DRGs are widely used in neuroscience research, particu-
larly in the study of peripheral nerve injury and peripheral 
neuropathy (32‑34). Therefore, the present study used DRG 
cells. In addition, it has been demonstrated that PN injury in SUI 
is primarily caused by nerve traction injury during pregnancy 
and childbirth (29,35,36). In order to simulate this phenomenon 
at the cellular level, DRG cells were subjected to CMS. A 
number of studies have constructed cell traction injury models 
by mechanical stretching or deformation by applying pressure 
to cells (37,38). Our previous studies have also constructed a 
fibroblast model by CMS successfully, which demonstrated 
that CMS can simulate traction injury in fibroblasts (39‑41). In 
addition, our previous study subjected DRG cells to CMS and 
demonstrated that the DRG injury could be best simulated under 
the parameters of 5,333 µ strain (4 mm), 8 h and 1 Hz (26), which 
was used in the present study. There are two main methods of 
applying ES to cells: Direct ES and indirect ES (42). The salt 
bridge system used in the present study could directly stimulate 
DRG cells in order to simulate pudendal nerve electrical stimu-
lation, which is a direct ES method clinically.

The present study established CMS and ES models in DRG 
cells. The present study demonstrated that ES of 100 mV/mm 
for 1 h increased the proliferative activity of untreated DRG 
cells. In addition, CMS of 5,333 µ strain for 8 h significantly 
decreased cell proliferation activity, which was attenuated by 
ES of 100 mV/mm for 1 h. These results demonstrated that 
ES may alleviate damage to DRG cells caused by mechanical 
force. The present study also measured changes in the cell 
cycle distribution and apoptosis of DRG cells. The cell cycle 
is regulated by two phase transition points, G1/S and G2/M. 
In the present study, the proportion of cells in the G2 phase 
significantly decreased in the CMS group, whereas the propor-
tion of cells in the S phase and the apoptosis rate increased. 
Combined with the detection of cell activity, the present study 
demonstrated that CMS blocked the DRG cell cycle in the S 
phase, blocked cell mitosis and ultimately led to cell apoptosis. 
ES decreased the proportion of cells in the S phase, increased 
the proportion of cells in the G2 phase, advanced cell cycle 
progression and decreased the rate of apoptosis.

A number of studies have confirmed that the Wnt/β‑catenin 
classical signaling pathway is closely associated with the 

nervous system, and is involved in the processes of prolif-
eration and differentiation of neural stem cells and axonal 
formation (43‑45). Previous studies have demonstrated that ES 
treatment alters the expression levels of Wnt pathway‑associated 
factors  (18) and regulates directional migration of neural 
cells (19). The present study therefore investigated the expres-
sion levels of these proteins. The present study demonstrated 
that CMS increased the expression level of GSK‑3β protein, 
decreased the expression levels of β‑catenin protein and inhib-
ited the Wnt/β‑catenin pathway, whereas ES decreased GSK‑3β, 
increased β‑catenin, and further activated the Wnt/β‑catenin 
signaling pathway. This indicated that both CMS and ES have 
effects on the classical Wnt/β‑catenin pathway.

C‑myc protein is an important downstream molecule of the 
Wnt/β‑catenin signaling pathway and is consistent with the 
expression level of β‑catenin (46). In addition, the Bcl‑2 family 
plays an important role in apoptosis. Bcl‑2, an anti‑apoptotic 
gene, plays an antagonistic role with Bax, a pro‑apoptotic gene, 
in the apoptosis process (47). The present study demonstrated 
that in the CMS group, the expression levels of Bcl‑2 protein 
decreased and the expression levels of Bax protein increased, 
inducing the apoptosis of DRG cells. Conversely, the expres-
sion levels of Bcl‑2 protein increased and the expression levels 
of Bax protein decreased when DRG cells were subjected to 
ES. These results indicated that the Wnt/β‑catenin signaling 
pathway may be involved in the process by which ES promotes 
the cell viability of DRG cells. 

The present study used XAV939, an inhibitor of Wnt, to 
investigate the role of Wnt/β‑catenin signaling. The present 
study demonstrated that the cell proliferation activity 
promoted by ES was partly inhibited following administration 
of XAV939. This indicated that the Wnt signaling pathway 
may be involved in the activation of DRG cells by ES. Further 
research is required to identify other pathways that may 
be involved in this process. Meanwhile, it was previously 
demonstrated that the expression levels of caspase‑3 in injured 
DRG cells treated with ES were significantly decreased (48). 
Caspase is a classical apoptosis‑associated factor. Future 
studies will investigate how it participates in the regulation of 
ES and CMS on DRG cells.

Although PES is a clinically effective means of SUI 
treatment, little is currently known regarding its molecular 
mechanisms. The present study demonstrated the protective 
effect of ES on DRG cells with CMS‑induced injury at the 
cellular level. ES may promote the proliferative activity of DRG 
cells, reverse S phase arrest and limit the CMS‑induced increase 
in the rate of apoptosis. Furthermore, both CMS and ES exerted 
effects on the classical Wnt/β‑catenin pathway, and also affected 
the expression levels of downstream proteins, which indicated 
that the Wnt/β‑catenin signaling pathway may be involved in 
the response of DRG cells to CMS and ES. The present study 
therefore provides a theoretical basis to further investigate the 
specific mechanism of ES in the treatment of SUI.
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