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Purpose:Purpose: To evaluate the anti-inflammatory and antioxidative effects of extracorporeal shockwave therapy (ESWT) on prostati-
tis and explore the mechanism of alleviating pain.
Materials and Methods:Materials and Methods: For in vitro testing, RWPE-1 cells were randomly divided into 5 groups: (1) RWPE-1 group (normal 
control), (2) LPS group (lipopolysaccharide inducing inflammation), (3) 0.1ESWT group (treated by 0.1 mJ/mm2 energy level), 
(4) 0.2ESWT group (treated by 0.2 mJ/mm2 energy level), and (5) 0.3ESWT group (treated by 0.3 mJ/mm2 energy level). Af-
ter ESWT was administered, cells and supernatant were collected for ELISA and western blot. For in vivo testing, Sprague-
Dawley male rats were randomly divided into 3 groups: (1) normal group, (2) prostatitis group, and (3) ESWT group (n=12 for 
each). Prostatitis was induced by 17 beta-estradiol and dihydrotestosterone (DHT) administration. Four weeks after ESWT, the 
pain index was assessed for all groups and prostate tissues were collected for immunohistochemistry, immunofluorescence, 
apoptosis analysis and, western blot.
Results:Results: Our in vitro studies showed that the optimal energy flux density of ESWT was 0.2 mJ/mm2. In vivo, ESWT amelio-
rated discomfort in rats with prostatitis and inflammation symptoms were improved. Compared to normal rats, overexpressed 
NLRP3 inflammasomes triggered apoptosis in rats with prostatitis and this was improved by ESWT. TLR4-NFκB pathway was 
overactive after experimental prostatitis, compared to normal and ESWT groups, and prostatitis induced alterations in BAX/
BAK pathway were inhibited by ESWT.
Conclusions:Conclusions: ESWT improved CP/CPPS by reducing NLRP3 inflammasome and ameliorated apoptosis via inhibiting BAX/
BAK pathway in a rat model. TLR4 may play a key role in bonding NLRP3 inflammasome and BAX/BAK pathways. ESWT 
might be a promising approach for the treatment of CP/CPPS.
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INTRODUCTION

Chronic prostatitis and chronic pelvic pain syndrome 
(CP/CPPS) is a refractory male disease that has both-
ered patients and confused urologists for a long time 
[1]. Usual first-line therapies fail to elicit a satisfactory 
outcome in all patients [2]. Therefore, an effective al-
ternative treatment is absolutely imperative.

An independent study suggested that widespread 
inflammation of the prostate was the vital pathogenic 
factor in CP/CPPS [3]. Previous reports implicated that 
NOD-, LRR-, and pyrin domains-containing protein 3 
(NLPR3) inflammasome was expressed at the begin-
ning of inflammation and promoted the inflammatory 
process [4]. Overexpressed NLPR3 inflammasome is 
believed to induce apoptosis by activating apoptosis-as-
sociated speck-like protein with a caspase-recruitment 
domain (ASC) and caspase-1[5]. Based on these reports, 
we propose that novel strategies to decrease NLPR3 
inflammasome in the prostate may play an important 
role in attenuating for CP/CPPS. The correlation be-
tween BAX/BAK pathway and apoptosis has been ex-
plored previously reports. But the relationship between 
NLPR3 inflammasome and BAX/BAK pathway is still 
unclear during inflammation. Since apoptosis was si-
multaneously impacted by NLPR3 inflammasome and 
BAX/BAK pathway, we aimed to study the interaction 
between these two factors.

Recently, extracorporeal shockwave therapy (ESWT) 
has evolved as a novel and promising treatment ap-
proach in several medical fields [6]. In trauma repair, 
researchers found ESWT could accelerate cell prolif-
eration and angiogenesis by stimulating more VEGF 
expression [7]. In addition, in the regeneration of pe-
ripheral nerves after injury, ESWT exhibited beneficial 
therapeutic outcome as well [8]. In our recent study, we 
found that ESWT improved erectile dysfunction (ED) 
effectively by activating PI3K/AKT/mTOR and NO/
cGMP pathway [9]. In another study, researchers found 
that ESWT reduced the inflammatory responses and 
promoted recovery by down-regulating the expression 
of pro-inflammatory factors [10]. Although ESWT has 

now been clinically used for patients with CP/CPPS, 
the anti-inflammatory mechanism or the optimal ener-
gy flux density of ESWT for CP/CPPS is still unclear.

In this study, we propose to test a novel hypothesis 
that ESWT mediated anti-inflammatory effects in CP/
CPPS by down-regulating NLPR3 inflammasome and 
improved apoptosis by inhibiting BAX/BAK pathways. 
We also determined the optimal energy flux density 
of ESWT and explored the mechanism of this anti-
inflammatory and antiapoptotic effects using an ex-
perimental model of rat prostatitis model.

MATERIALS AND METHODS

1. In vitro Cells culture
RWPE-1 (ATCC) cells were cultured in low glucose-

containing Dulbecco’s modif ied Eagle’s medium 
(DMEM; Gibco) supplemented with 20% fetal bovine 
serum (FBS; Gibco) and 5 ng/mL basis fibroblast 
growth factor (bFGF; Cell Signaling Technology) at 37 
°C at 5% CO2. Non-adherent cells were removed after 2 
days and fresh culture medium was added. The culture 
medium was changed every 2 days. Cells were passaged 
when they reached approximately 90% confluence.

2. �Effect of in vitro ESWT exposure to RWPE-1 
cells

RWPE-1 cells were randomly divided into 5 groups: 
(1) RWPE-1 group (normal control), (2) LPS group (li-
popolysaccharide inducing inflammation), (3) 0.1ESWT 
group (inflammatory RWPE-1 cells treated by 0.1 mJ/
mm2 ESWT), (4) 0.2ESWT group (inflammatory RWPE-
1 cells treated by 0.2 mJ/mm2 ESWT), and (5) 0.3ESWT 
group (inflammatory RWPE-1 cells treated by 0.3 mJ/
mm2 ESWT). Cells in groups 2, 3, 4, and 5 were treated 
by LPS (10 μg/mL). Twenty-four hours after LPS was 
added, cells in each group received different manage-
ments according to the project. An ESWT electromag-
netic medical device, IMPO 88 (Huons Meditech) (Fig. 1), 
was used in this experiment as we previously described 
[11]. ESWT was administered for 15 minutes every day. 
Four hours after the third ESWT treatment, cells in 
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all groups were collected for Western blot and immu-
nofluorescence studies.

3. In vivo experimental animal study design
All animal experiments in this study were approved 

by the Institutional Animal Care and Use Committee 
of the Catholic University of Korea (CUMC-2020-0100-
01). All experiments were conducted in accordance with 
the Guide for the Care and Use of Laboratory Animals 
(National Institutes of Health, Bethesda, MD, USA). 
Thirty-six male Sprague-Dawley rats (age, 8 weeks) 
were randomly divided into 3 equal groups: (1) control 
group, (2) prostatitis groups, and (3) ESWT group (12 
rats in each group). Rats in the prostatitis group and 
ESWT group were administered 17 beta-estradiol and 
DHT for 4 weeks. Rats in the ESWT group were sub-
jected to ESWT after model establishment and rats in 
the control or prostatitis group were only subjected to 
sham treatment.

4. ESWT administration to rats
Rats in ESWT groups were treated with ESWT for 4 

weeks. Rats were anesthetized, and a shockwave appli-
cator was placed on the abdomen. A total of 300 shocks 
were delivered at an energy flux density of 0.2 mJ/
mm2 and a frequency of 120 shocks/min. ESWT was 
repeated 3 times per week with a day’s break.

5. Pain index assessment
Before and after ESWT treatment, pain index was 

evaluated for all rats by von Frey filaments (Stoelt-

ing Co.) and Dynamic Plantar Aesthesiometer (DPA) 
system (Stoelting Co.) as previously described [12]. Rats 
in all groups were placed individually in a wire-mesh 
cage. First, we tested mechanical allodynia by von Frey 
filaments. Incremental stimulation by filament was ad-
ministered to every rat. A paw withdrawal was defined 
as a positive response and the force corresponding to 
the filament was recorded. Each rat was subjected to 10 
trials at every filament after a short interval. For the 
DPA test, a ramp of 2 g/s and a cut-off value of 30 g 
was set. Once the paw withdrawal appeared, the value 
was recorded and the needle automatically fell back 
into the starting position. Each rat was tested three 
times and the mean value was recorded as the thresh-
old. After the last pain index assessment, rats were 
sacrificed and the prostate was harvested for histologic 
analysis and western blotting.

6. �Immunohistochemistry and 
Immunofluorescence

The collected prostate samples were fixed in 4% 
paraformaldehyde for 24 hours at 4 °C before creating 
a paraffin block. Immunohistochemistry (IHC) and im-
munofluorescence stainings were performed as previ-
ously described [13]. RWPE-1 cells were immunostained 
with the VEGF (1:200; Santa Cruz Biotechnologies), 
actin (1:200; Abcam), and 4,6-diamidino-2-phenylindole 
(DAPI; Vector Laboratories, Inc.). The prostate paraffin 
sections were immunostained with the NLRP3 (diluted 
1:200; Santa Cruz Biotechnologies), ASC (1:200; Santa 
Cruz Biotechnologies), actin (1:200; Abcam), and mount-
ed with 4,6-diamidino-2-phenylindole (DAPI; Vector 
Laboratories, Inc.) to stain the nuclei.

7. TUNEL assay and H&E staining
Apoptosis in situ was analyzed by TUNEL assay 

using an In Situ Cell Death Detection Kit, TMR red 
(Roche Diagnostics GmbH), according to the manufac-
turer’s protocols. The apoptotic index was expressed 
as the number of TUNEL and DAPI-positive cells in 
three randomly chosen sections of the prostate per 
animal. And prostates of all rats were stained by H&E 
staining with a H&E staining kit (Sigma) according to 
manufacturer’s instructions.

8. Western blotting
RWPE-1 cells and rat prostate tissues were homog-

enized using ice-cold RIPA buffer (Cell Signaling Tech-

Fig. 1. The picture of IMPO 88 (Huons Meditech).
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nology). The homogenized sample was then centrifuged 
at 12,000 ×g for 10 minutes at 4 °C and its supernatant 
was extracted. This supernatant was electrophoresed 
on NuPAGE 4%–12% bis-Tris gel (Invitrogen) and 
then transferred onto a nitrocellulose membrane. Af-
ter the transfer, the membrane was blocked with 5% 
skim milk at room temperature for 1 hour and then 
incubated with the primary antibodies. After this, the 
membrane was incubated with a secondary antibody 
conjugated to horseradish peroxidase for 1 hour at 
room temperature. The enhanced chemiluminescence 
method (Amersham) was used for protein detection.

9. Image and statistical analysis
Digital images were obtained using a Zeiss LSM 510 

Meta confocal microscope (Zeiss), and the mean inten-
sity was calculated using ZEN 2009 (Zeiss). The im-
ages were quantified by Image J (Media Cybernetics). 
The results were analyzed using SPSS 20.0 software 

(IBM Corp.). The measurement data are presented as 
mean±standard deviation and the multi-group com-
parisons were made with (ANOVA) followed by the 
Tukey–Kramer test for post hoc comparisons. Data ex-
pressed as proportions were assessed with a chi square 
test. Values of p<0.05 were considered to indicate a sta-
tistically significant difference.

RESULTS

1. �Assessment of in vitro optimal ESWT 
energy flux density ESWT

Based on our previous studies, we set an intensity 
gradient as 0.1 mJ/mm2, 0.2 mJ/mm2, and 0.3 mJ/mm2. 
The results showed that at the energy of 0.2 mJ/mm2, 
cells expressed the highest VEGF (p<0.01) compared to 
the LPS group. And as energy increased, VEGF expres-
sion in vitro was reduced inversely which suggested 
that excessive transmission of energy decreased cell 
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viability (Fig. 2). Meanwhile, for evaluating the cell 
viability under inflammation, we tested VEGF, HIF1, 
NF-κB, and COX-2 by western blot (Fig. 3). We found 
that only in 0.2ESWT group, the expression of all these 
proteins was higher when compared to the LPS group 
(p<0.05). HIF1/NF-κB pathways play a vital role during 

injured cell repair. In our experiment, we found that 
HIF1/NF-κB pathway was overactive which meant 0.2 
mJ/mm2 ESWT maximally stimulated cell repair func-
tion, instead of impacting normal cells. Meanwhile, 
COX-2 in the 0.2ESWT group was lower than in other 
groups (p<0.05), which meant inflammation was im-
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proved obviously under 0.2 mJ/mm2 ESWT. COX-2 in 
0.3ESWT group was higher than in 0.1ESWT group, 
probably because over-high energy destroyed intrinsic 
cellular function and decreased cell activity.

2. �Assessment of pain index in prostatitis rats 
after ESWT

For evaluating the effect of EWST on alleviating 
pain, we used von Frey filaments and DPA on rats in 
each group. In the ESWT group, pain threshold was 
tested before and after EWST administration, respec-
tively. Our results (Fig. 4E) suggest that after ESWT, 
von Frey filaments response frequency was amelio-
rated, when compared to the pre-ESWT level (p<0.05). 
Fig. 4F showed that DPA threshold was increased by 
ESWT as well (p<0.01). These results indicate that pain 
due to prostatitis was distinctly improved by ESWT.

3. �Evaluation of reduction of Inflammation 
with ESWT in rats

We studied the anti-inflammatory effect in the pros-
tatitis model. H&E staining results revealed that 17 be-
ta-estradiol and DHT induced tissue edema in rat with 
prostate symptoms, which was caused by inflammatory 
response in situ. After ESWT for 4 weeks, inflammato-
ry edema showed a clear reduction (Fig. 5). For assess-
ing the ESWT effect accurately, inflammatory factors 
including IL-1β and COX-2 were evaluated by western 
blot. The results (Fig. 6) showed that IL-1β and COX-2 
protein levels were reduced by ESWT, which suggests 
inflammation was attenuated by ESWT in rats with 
symptoms of prostatitis. Combined with pain index and 
H&E staining, we conclude that ESWT could amelio-
rate inflammatory symptoms by reducing inflamma-
tory mediators in rats with symptoms of prostatitis.

A B C

Control Prostatitis ESWT

Fig. 5. Representative images of H&E staining for control group (A), prostatitis group (B), and ESWT group (C). Original magnification: ×100. ESWT: 
extracorporeal shockwave therapy.
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4. �Evaluation of NLRP3 inflammasome and 
apoptosis

For assessing apoptosis in prostatitis, first, a TUNEL 

assay was performed in each group. Fig. 7C and 7D 
showed that apoptosis was increased in prostatitis, but 
after ESWT this phenomenon was moderated. Mean-

Fig. 7. (A) Representative images of immunohistochemistry (IHC) for each group. Original magnification: ×200. (B) Positive rate of NLRP3 for each 
group. Each bar shows the mean values (standard deviation). ap<0.05 compared with prostatitis group. (C) Representative images of TUNEL for 
each group. Original magnification: ×200. (D) Positive rate of TUNEL results for each group. Each bar shows the mean values (standard deviation). 
bp<0.05 compared with prostatitis group. (E) Representative images of ASC staining for each group. Original magnification: ×200. (F) Positive rate 
of ASC for each group. Each bar shows the mean values (standard deviation). cp<0.05 compared with prostatitis group. (G) Western blot results of 
NLRP3, ASC, caspase-1, caspase-3 and β-actin for each group. (H) Quantity analysis of western blot for NLRP3/β-actin, ASC /β-actin, caspase-1/
β-actin, and caspase-3/β-actin. dp<0.05 compared with prostatitis group. Each bar shows the mean values (standard deviation). ESWT: extracor-
poreal shockwave therapy.
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while, caspase-3 a marker of apoptosis was measured 
by western blot [14,15]. Fig. 7G and 7H demonstrate 
that caspase-3 appeared to have a similar outcome to 
the TUNEL results, which further support our claim 
that apoptosis was improved by ESWT in prostatitis. 
Next, we focused on the inflammasome expression in 
vivo. IHC and western blot results (Fig. 7A, 7B, 7G, 7H) 
showed that NLRP3 inflammasome was overexpressed 
in prostatitis that was down-regulated by ESWT 
(p<0.05). In addition, as NLRP3 inflammasome com-
ponents, the immunoreactivity of ASC and caspase-1 
proteins were evaluated by immunofluorescence and 
Western blot as well [16]. The results (Fig. 7E, 7F, 7G, 
7H) showed that after ESWT, the ASC and caspase-1 
were also decreased in prostatitis. All the results in Fig. 
7 provide support to our claim that ESWT improves 
apoptosis in prostatitis by inhibiting the overexpres-
sion of NLRP3 inflammasome.

5. �ESWT inhibited BAX/BAK pathway and 
down-regulated TLR4-NFκB pathway in 
vivo

We explored the possible underlying mechanism of 
ESWT-mediated decrease in apoptosis. We found that 

BAX and BAK were overexpressed in prostatitis, and 
ESWT inhibited BAX/BAK pathway (Fig. 8A, 8B). 
Meanwhile, BCL-XL, as an inhibitor of  BAX/BAK 
pathway, was detected as well. The result showed that 
ESWT could improve the expression of BCL-XL in 
prostatitis. So, we believed that ESWT inhibited BAX/
BAK pathway by stimulating overexpression of BCL-
XL.

In our previous study [16], we proved that micro ex-
ternal stimulus inhibited TLR4/NF-κB pathway, and 
then reduced inflammatory factors. So, we researched 
the effect of ESWT on TLR4/NFκB pathway. Western 
blot results (Fig. 8C, 8D) illuminated that TLR4 and 
NF-κB were down-regulated by ESWT. This result 
proved ESWT improved prostatitis as well.

DISCUSSION

Due to the high prevalence of CP/CPPS in middle-
aged men, and its impact on the quality of life, numer-
ous studies have sought to identify an ideal manage-
ment strategy. However, it is now well-appreciated that 
the poorly understood pathophysiology of CP/CPPS 
makes targeted therapy challenging, leaving providers 
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Fig. 8. (A) Western blot results of BCL-XL, 
BAX, BAK for each group. (B) Quanti-
tive analysis of western blot for BCL-XL/
β-actin, BAX/β-actin, and BAK/β-actin. 
ap<0.05 compared with prostatitis 
group. Each bar shows the mean values 
(standard deviation). (C) Western blot 
results of TLR4, HIF1, NF-κB, and β-actin 
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of western blot for TLR4/β-actin, HIF1/
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bar shows the mean values (standard 
deviation). ESWT: extracorporeal shock-
wave therapy.
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with no definitive strategy to treat this condition.
Oral pharmacotherapy using antibiotics, anti-inflam-

matory agents (NSAIDs), alpha-adrenergic blockers, 
and neuromodulatory drugs [17] have been considered 
as first-line treatment for CP/CPPS which usually 
showed unsatisfactory outcomes [18]. Therefore, a mul-
timodal pharmacologic and non-pharmacologic inter-
ventions are urgently warranted. Previously, ESWT a 
noninvasive treatment exhibited encouraging results in 
regenerative therapies [19]. It is now well accepted that 
the main symptom of CP/CPPS is pelvic discomfort in 
patients, which might be caused by inflammation [20] 
or due to neurogenic etiology [21]. Meanwhile, our pre-
vious studies revealed that ESWT improved potentially 
CP/CPPS by down-regulating inflammatory mediators 
[22], but the exact underlying mechanism was unclear. 
In the present study, we observed that ESWT exhibited 
attenuation of symptoms of CP/CPPS, and decreased 
NLRP3 expression by inhibiting TLR4-NFκB pathway 
at 0.2 mJ/mm2 energy level. In addition, ESWT reduced 
apoptosis by down-regulating BAX/BAK pathway.

In a previous clinical study, patients with CPPS 
were subjected to ESWT at energy flux density of 0.25 
mJ/mm2 for 4 weeks [23]. The results revealed that 
the ESWT effectively attenuated CP/CPPS, as it was 
easy to apply and caused no undesirable side-effects 
in patients. In a pre-clinical study, researchers ap-
plied ESWT to male rats with symptoms of prostatitis, 
and demonstrated that 0.1 mJ/mm2 ESWT attenuated 
symptoms of prostatitis in the short term [24]. In our 
previous study, we used 0.1 mJ/mm2 ESWT on prosta-
titis rats and showed a positive result [22]. However, 
none of these studies provided a clear justification for 
the selection of 0.1 mJ/mm2 or 0.2 mJ/mm2 ESWT and 
which energy flux density could elicit an optimal re-
sult. To address this issue, in this experiment we first 
screened for an energy flux density for ESWT. We 
identified that at the energy flux density of 0.2 mJ/
mm2, EWST preferably stimulated VEGF expression 
and reduced COX-2 in vitro, and then improved regen-
eration and alleviated pain more effectively. Based on 
this result, we proceeded to an animal experiment us-
ing the energy flux density of 0.2 mJ/mm2. We found 
that in vivo 0.2 mJ/mm2 ESWT appeared to show a 
promising result to control symptoms of experimentally 
induced prostatitis in a rat model.

Previous reports suggested that NLRP3 inflamma-
somes were overexpressed, which promoted the matu-

ration of IL-1β and IL-18 in the overall inflammatory 
process [5]. Yin et al [25] demonstrated that inflam-
mation was evidently improved by inhibiting NLRP3 
inflammasome activation in vivo. However, there were 
only a few studies attempted to link NLPR3 inflam-
masome as a mediator of inflammation specifically 
in prostatitis. Lu et al [26] administered rapamycin to 
a prostatitis rat model and showed decreased levels 
of IL-1β, IL-18, NLRP3, ASC and caspase-1 after this 
treatment. Another study also showed that CP/CPPS 
symptoms were improved by inhibiting NLRP3 in-
flammasome activation [27]. But none of these studies 
attempted to investigate the possible mechanism of ac-
tion. In this experiment, we showed that the prostatitis 
symptoms were attenuated after NLRP3 reduction as 
well. Moreover, we proved that overexpressed NLRP3 
inflammasome triggered apoptosis in vivo and the tis-
sue injury was apparently decreased after ESWT me-
diated NLRP3 suppression.

An independent study found that NLRP3 inflam-
masome expression was impacted by NF-κB in vitro 
and the authors also proved the positive influence of 
TLR4 signaling on NLRP3 inflammasome activation 
[28]. But the correlation of TLR4 and NF-κB was not 
determined. In our previous study, we found TLR4/
NF-κB pathway impacted apoptosis by regulating the 
expression of inflammatory factors. Furthermore, in 
this study, we determined that activation of BAX/BAK 
pathway was also decreased along with TLR4/NF-κB 
pathway. Cui et. al also proved inhibition of TLR4 de-
creased the level of Bax in vitro and vivo [29]. Moreover, 
TLR4/NF-κB pathway activation and NLRP3 activity 
were proved to be interrelated [30]. In our study, we 
illuminated that ESWT down-regulated TLR4/NF-κB 
pathway and successively NLRP3 inflammasomes was 
reduced as well. So, we concluded that the relationship 
between BAX/BAK pathway and NLRP3 inflamma-
somes was bonded by TLR4/NF-κB pathway. Activated 
TLR4/NF-κB pathway improved inflammation by de-
creasing NLRP3 inflammasomes and down-regulated 
apoptosis via inhibiting BAX/BAK pathway.

There are a few limitations in this study. First, we 
identified the optimal energy flux density of ESWT, 
but we didn’t evaluate the optimal duration for the 
best results. We will evaluate this aspect in the next 
study by studying different treatment times. Second, 
we administered ESWT immediately after the induc-
tion of prostatitis in rats. So, these results may not 
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reflect an accurate outcome, because most patients 
with symptoms do not seek early intervention. Third, 
we proved TLR4 as the key protein linking NLPR3 in-
flammasome and BAX/BAK pathway by using changes 
in protein levels instead of blocking TLR4 expression 
using specific antagonists.

CONCLUSIONS

We show that ESWT improved prostate inflamma-
tion by reducing NLPR3 inflammasome and ameliorat-
ed apoptosis via inhibiting BAX/BAK pathway in a rat 
model. Our findings suggest that TLR4 might be the 
key protein linking NLPR3 inflammasome and BAX/
BAK pathways. In conclusion, our findings strongly 
indicate that a role for ESWT in the treatment of CP/
CPPS.
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