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Background: A Korean herbal formulation named KH-204 was reported to have an antioxidant effect
in our previous study. We hypothesized that Low-intensity extracorporeal shockwave therapy (Li-ESWT)
combined with KH-204 would accelerate the treatment of erectile dysfunction (ED) by enhancing
antioxidant. We investigated the synergistic effect of Li-ESWT and KH-204 for ED and explored the
mechanism.

Methods: Human umbilical vein endothelial cells HUVEC) were treated with KH-204 and LI-ESWT
in vitro. Fifty 5-week-old male Sprague Dawley rats received an intraperitoneal injection of 5-ethynyl-
20-deoxyuridine (EdU) which can label live cells, and were randomly divided into five groups: (I) normal;
(IT) diabetes mellitus-associated erectile dysfunction (DMED); (IIT) DMED + KH-204; IV) DMED + Li-
ESWT; and (V) DMED + KH-204/Li-ESWT. Li-ESWT treatment was repeated three times a week every
other day for four weeks in group 4 and 5. Meanwhile, rats in group 3 and 5 were orally fed 400 mg/kg
of KH-204 daily for 1 month. Following a 1-week washout period, penile tissues were evaluated by
immunostaining and Western blotting.

Results: KH-204 combined with Li-ESWT improved intracavernosal pressure (ICP) in DMED rats.
Li-ESWT/KH-204 stimulated HUVEC tube formation and promoted proliferation. Li-ESWT drove
progenitor cells to migrate to penile tissue and KH-204 protected penile progenitor cells in the corpus
cavernosum. Oxidative stress was relieved by KH-204/Li-ESW'T. Treatment with KH-204/Li-ESWT
protected penile progenitor cells, which were recruited to the corpus cavernosum by Li-ESWTT, from
apoptosis via its antioxidant activity. KH-204/Li-ESWT protected penile tissue from oxidative stress by
improving the expression of nuclear factor erythroid 2-related factor 2 (Nrf2)/heme oxygenase-1 (HO-1),
increasing superoxide dismutase (SOD), decreasing 8-hydroxy-20-deoxyguanosine (8-OHdG), and reducing
apoptosis. KH-204/Li-ESWT promoted stromal derived factor-1 (SDF-1) and platelet endothelial cell
adhesion molecule-1 (PECAM-1) in DMED rats.

Conclusions: KH-204 protected penile progenitor cells, which were recruited to the corpus cavernosum
by Li-ESWT, from apoptosis via its antioxidant activity. The combination of Li-ESWT and KH-204 as a
synergy therapy could be a potential and effective treatment for DMED.
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Introduction

The prevalence of erectile dysfunction (ED), related to
obesity and diabetes has increased continuously for decades
(1,2). The etiology of diabetes mellitus ED (DMED) is
the distal vascular injury caused by hyperglycemia (3).
Presently, various therapeutic strategies exist to improve
erectile function (4-7). However, for DMED, first-line
drug treatments like PDESi have been associated with
poor responses (8). Therefore, there is an urgent need for
effective approaches to DMED.

In a very recent meta-analysis (5), an herbal treatment
was recognized as an alternative therapy for ED. In 2004,
Park et al. (9) found that Ojayeonjonghwan, an herbal
formulation known as KH-204, improved ED in aged
and diabetic rats. From our extensive research with KH-
204, we knew it could boost cells' antioxidant capabilities
in vivo (10). For DMED patients, increased oxidative
stress could contribute to vascular endothelial injury in the
corpus cavernosum and subsequently, aggravate ED (11).
According to the above studies, KH-204 might be a
potential way to improve DMED.

Low-intensity extracorporeal shockwave therapy (Li-
ESWT) has been used to treat musculoskeletal disorders (12),
myocardial infarction (13), and even ED (4) for many years,
since therapeutic ultrasound has been shown to improve
angiogenesis by inducing VEGF expression (14). After
Vardi er al. (6) treated ED patients with Li-ESW'T clinically,
numerous basic studies have explored the mechanism of
Li-ESWT (15,16) for ED. Besides inducing angiogenesis,
Li-ESWT was also found to promote stem cell homing to
the corpus cavernosum in treated ED rats (7). The homing
stem cells gathered around the injured tissues and showed
regenerative effects on the nerve injuries caused by ED. But
under a high oxidative stress environment, further apoptosis
of stem cells was inevitable, which diminished the stem
cells’ effect (17).

In this study, we established a DMED rat model, then
administered ESWT or KH-204. And cell experiment was
performed for exploring the mechanism of KK-204. We
hypothesized that Li-ESW'T combined with KH-204 would
accelerate the treatment of ED and explored the mechanism
of this treatment.
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Methods
Cell culture and experimental design

Human umbilical vein endothelial cells (HUVECs, Korean
Cell Line Bank, Seoul, Republic of Korea) cultured in low
glucose-containing Dulbecco’s modified Eagle’s medium
(DMEM) (Gibco, Waltham, MA, US) supplemented with
20% fetal bovine serum (FBS), (Gibco, Waltham, MA, US)
and 5 ng/mL basic fibroblast growth factor (bFGF) (Cell
Signaling Technology, Danvers, MA, US) at 37 °C and 5%
CO,. After 2 days, the non-adherent cells were removed and
the culture media were replaced. The culture media were
changed every other day. Cells were passaged when they
reached approximately 90% confluence. HUVECs were
divided into four groups: the sham, KH-204, Li-ESW'T,
and KH-204/Li-ESW'T groups. Cells in the KH-204 group
were treated with KH-204. Cells in Li-ESWT group were
administered Li-ESW'T. Cells in the KH-204/Li-ESW'T
group received combined treatment with KH-204 and Li-
ESWT. Cells in the sham group were controls.

Li-ESW'T administration to the HUVECs

Li-ESWT was administered to the cultured HUVECs
using an extracorporeal shockwave machine (CENOWAVE;
HNT MEDICAL Co., Ltd, Seoul, Korea). The shockwave
probe was kept in contact with the culture dish containing
adherent HUVECs by a water-filled cushion covered
with common ultrasound gel. The cells were subjected to
200 impulses of Li-ESW'T at an energy flux density of
0.09 mJ/mm’ with a frequency of 120/min. The detail was
performed as previously described (16,18). Twenty minutes
of Li-ESW'T was performed on the adherent HUVECs
only once for each passage.

KH-204 preparation

The major ingredients in KH-204 include five plants:
Cornus officinalis (32%), Lycium chinense (32%), Rubus
coreanus (16%), Cuscuta chinensis (16%), and Schisandra
chinensis (4%) and were purchased from a company that
produces oriental herbal medicines (KEMIMEDI, Seoul,
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Korea). The quality of each extract was confirmed using
high-performance liquid chromatography as previously
described (19,20). The marker compounds of Cornus
officinalis, Lycium chinense, Rubus coreanus, Cuscuta
chinensi, and Schisandra chinensis were identified as
loganin, betain, ellagic acid, hyperoside, and Schizandrin,
respectively, by the HPLC analyses. Each herb (20 kg) was
extracted in 200 L of distilled 30% ethanol and refluxed at
982 °C for 3 h. The extract was filtered and the liquid from
the filtrates was removed by a rotary evaporator and a spray
dryer. The side effects and fabrication of KH-204 appeared
in a previous publication (21).

KH-204 treatment in vitro and cell tubule formation assay

Two hundred microliters of BD growth factor reduced
(GFR) Matrigel™ Basement Membrane Matrix (BD
Biosciences, Franklin Lakes, NJ, US) was added to a 24-well
plate and incubated at 37 °C for 30 minutes, then HUVECs
(1x10’ cells/well) were incubated in one plate coated with
Matrigel in endothelial growth media (EGM) and on a
plate coated with endothelial basal media (EBM) (18).
KH-204 (50pg/mL) was added to the plates for two hours
in the KH-204 group and KH-204/Li-ESW'T groups (10).
The other group received an equal amount of medium as
a control. After cell adherence, Li-ESW'T was performed
on the Li-ESWT group and KH-204/Li-ESW'T group
cells for 20 min. After 12 hours of treatment, the cells were
stained using calcein AM dye (2 pg/mL). The formation
of cell tubules was observed with an Axi0200 fluorescence
microscope (Zeiss, Oberkochen, Germany). Images were
traced and skeletonized using Image and the angiogenesis
tool. The total number of meshes, nodes, and junctions
were quantified for each skeleton.

Experimental animals and study design

Fifty 5-week-old male Sprague-Dawley rats weighing
about 230-280 g were purchased from a Korean company
(Orient Bio Co., Seongnam, Korea). All animal experiments
in this study were approved by the Institutional Animal
Care and Use Committee of the Catholic University of
Korea (CUMC-2016-0218-01). After fasting, eight rats
were randomly chosen as a control group and were injected
intraperitoneally with saline. In the other rats, ED was
induced by an intraperitoneal injection of streptozotocin
(STZ, Sigma Aldrich Chemical Company, St. Louis, MO,
US) at a dose of 60 mg/kg body weight. Only rats with a
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fasting blood glucose level of >300 mg/dL were selected
as diabetic and used for further experiments (N=36). The
detail was performed as previously described (18). The
selected rats were randomly divided into four groups
of eight rates: DMED, DMED + KH-204, DMED +
Li-ESWT, and DMED + KH-204/Li-ESW'T. Before
treatment, all rats received an intraperitoneal injection of
50 mg/kg EAU (Invitrogen, Carlsbad, CA, US) to identify
penile progenitor cells (22).

KH-204 Treatment and Li-ESWT Administration

After four weeks, during which DMED was established
in the rat, DMED + KH-204 and DMED + KH-204/Li-
ESWT rats were fed daily with 400 mg/kg of KH-204 for
one month as previously described (10). Distilled water
was fed to the other rats as controls. Meanwhile, rats in the
DMED + Li-ESWT and DMED + KH-204/Li-ESWT
groups underwent Li-ESW'T treatment. In brief, under
anesthesia, each rat was placed in the supine position and
shaved and the prepuce was degloved. Ultrasound gel
was applied to the penis and a shockwave applicator was
placed at the penis. A total of 300 shocks were delivered
at an energy level of 0.1 mJ/mm’ and a frequency of
120 shocks/min. This procedure was performed three times
a week with one day break for four weeks, which is similar
to the treatment course used for patients with ED in clinical
practice (6).

Evaluation of ervectile function

Following a 1-week washout period for reducing the
side effects of drugs, erectile function was assessed by
measuring the intracavernous pressure (ICP) and mean
arterial pressure (MAP) under anesthesia. A 23-gauge
butterfly needle containing 250 U/mL heparin solution was
carefully inserted into the proximal corpus cavernosum and
the other end of the PE-50 tube was connected to a Grass
model S48 K pressure transducer (Astro-Med Inc., West
Warwick, RI, US) to measure the ICP. A bipolar stainless-
steel electrical stimulator was used to stimulate the major
pelvic ganglion with 10V for 50 seconds and 2.4 mA with
a pulse width of 2.5 milliseconds. The maximum ICP value
of the three stimulations was used for statistical analysis
for each rat. The ICP was normalized to the MAP, which
was recorded using a BD Intramedic PE-50 tubing (BD,
Franklin Lakes, NJ, US) inserted into the left carotid artery
at the same time. After erectile function measurements,
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the rats were sacrificed and the penises were harvested for
immunohistochemistry and Western blot analyses.

Histology and immunofluorescent staining

The collected penile samples were fixed in 4%
paraformaldehyde for 24 hours at 4 °C before embedding
in paraffin blocks. The primary antibodies used were as
follows: neuronal nitric oxide synthase (nNOS, diluted
1:200; Santa Cruz Biotechnologies, Santa Cruz, CA, US),
B-tubulin (diluted 1:200; Abcam, Cambridge, UK), anti
phospho-histone H3 (H3P; diluted 1:200; Santa Cruz
Biotechnologies, Santa Cruz, CA, US), isolectin B4 (IB4,
diluted 1:500; Cell Signaling Technology, Danvers, MA,
US), and caspase-3 (diluted 1:200; Abcam, Cambridge, UK).
6-diamidino-2-phenylindole (DAPI; Vector Laboratories,
Inc., Burlingame, CA, US) was used to stain the nuclei.
Digital images were obtained using a Zeiss LSM 800 Meta
confocal microscope (Zeiss, Oberkochen, Germany) and
the mean intensity was calculated using ZEN 2012 (Zeiss,
Oberkochen, Germany).

Terminal deoxynucleotidyl transferase dUTP nick end
labeling (TUNEL) assay

Penile paraffin sections were stained by TUNEL using
the In Situ Cell Death Detection Kit, TMR red (Roche
Diagnostics GmbH, Mannheim, Germany) according to the
manufacturer’s protocols. The apoptotic index was expressed
as the number of TUNEL and DAPI-positive cells in three
randomly-chosen sections of the corpus cavernosum per
animal, obtained as digital images using a Zeiss LSM 800
Meta confocal microscope (Zeiss, Oberkochen, Germany)
and colocalization was calculated using ZEN 2012 (Zeiss,
Oberkochen, Germany).

Measurement of oxidative stress

Oxidative stress in the penile tissue was assessed
quantitatively by measuring 8-hydroxy-2-deoxyguanosine
(8-OHdG) and superoxide dismutase (SOD) levels using
species-specific 8-OHdG and SOD immunoassay ELISA
kits (R&D Systems Europe, Abingdon, UK) according to
the manufacturer’s instructions. The absorbance was read
at a wavelength of 450 nm in a microplate reader (Synergy
H1 M; Biotek, Winooski, VT, US). At least three separate

plates of cells were assayed for each clone.
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Western blot analyses

The collected corpus cavernosum tissue was homogenized
using ice-cold RIPA buffer (Cell Signaling Technology,
Danvers, MA, US) containing an ethylene diamine tetra
acetic acid-free protease inhibitor cocktail and phosphatase
inhibitor cocktail (Roche Diagnostics GmbH, Mannheim,
Germany). Particulate mass was removed by centrifugation
(15,000 g) for 15 min at 4 °C. Supernatants were analyzed by
SDS-PAGE. Primary antibodies used included stromal cell-
derived factor-1 (SDF-1) diluted 1:200, Abcam, Cambridge,
UK), platelet endothelial cell adhesion molecule
(PECAM-1) diluted 1:500 (Abcam, Cambridge, UK), and
B-actin diluted 1:1,000 (Abcam, Cambridge, UK).

Statistical analyses

All data are presented as the mean = standard deviation
(SD) and were analyzed by SPSS version 22.0 software
(IBM, Armonk, NY). One-way ANOVA and Scheffe’s test,
as appropriate, were used to evaluate whether differences
among the groups were significant. A P<0.05 was considered
statistically significant.

Results
KH-204/Li-ESWT significantly improved ED

Representative images of ICP results are shown in Figure 14.
The results showed that the ICP of the DMED + KH-204/
Li-ESWT group was higher than that in the DMED group.
The quantitative results (Figure 1B) showed that KH-204
combined with Li-ESWT improved DMED. The ratio of
ICP/MAP was significantly higher in the DMED + KH-204/
Li-ESWT group than in the DMED + KH-204 (P<0.05),
DMED + Li-ESWT (P<0.05) and DMED groups (P<0.01).

Li-ESWT/KH-204 promoted tube formation in vitro and
stimulated proliferation in vivo

To explore cell proliferation after KH-204 and Li-ESWT
treatment, we measured the expressions of H3P and IB4 in
the corpus cavernosum. Figure 24 shows that after KH-204
and Li-ESWT treatment, the expression of H3P and 1B4
increased, meaning that the administration of KH-204 and
Li-ESWT stimulated proliferation in the corpus cavernosum
and more angiogenesis. Figure 2B shows the formation of
tubes 7z vitro for each group. Figure 2C shows the quantitative

Transl Androl Urol 2020;9(2):416-427 | http://dx.doi.org/10.21037/tau.2020.01.23



420 Jeon et al. Combined treatment with ESWT and KH204 for activation of progenitor cells and antioxidant activity

A 200 200 200
150 150 150
o o o
:IE: 100 ]E: 100 :[E: 100
£ £ E
N : MM% i M
(P
0 0 0
20 40 60 80 100 20 40 60 80 100 20 40 60 80 100
Normal DMED DMED + KH-204
200 200 B 09, "
08
150 150 0.7+ *
T T g, 06
€ 100 £ 100 s 05
£ £ 04 |
50 50 ) 0.3
0.2
; . 01 .
0 : ‘
N B
20 40 60 80 100 20 40 60 80 100 o V\x‘%‘(\ \\),e‘é‘(‘
x x O
DMED + Li-ESWT DMED + KH-204/Li-ESWT o G
o
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Figure 3 KH-204 maintains penile progenitor cells survival after Li-ESWT homed them to the corpus cavernosum. (A) Representative

images of corpus cavernosum. Original magnification: x200. (B) Quantitative results of EdU-labelled cells.

group; **, P<0.01 compared with DMED group.

analysis of tube formation and demonstrates that more
HUVECs were formed into tubes (P<0.01) after KH-204
and Li-ESWT treatment compared to the sham group.

KH-204 increased penile progenitor cells survival after Li-
ESWT homed them to the corpus cavernosum

Before treatment, all rats received intraperitoneal injections
of 50 mg/kg EdU. At the fourth week post-injection, we
performed immunofluorescence staining to examine the
penile progenitor cells in the corpus cavernosum. Figure 34
shows the outcome of EdU-labelled penile progenitor cells.
Figure 3B shows the quantitative results in each group. After
treatment with the combination of KH-204 and Li-ESWT,
there were more penile progenitor cells in the corpus
cavernosum (P<0.01) compared to the DMED group and
in Li-ESWT-only group, the number of penile progenitor
cells was more than in the DMED group (P<0.05).

Oxidative stress was relieved by KH-204/Li-ESWT

through the Nrf2/HO-1 pathway

Oxidative stress in the penile tissue was assessed

© Translational Andrology and Urology. All rights reserved.

*, P<0.05 compared with DMED

quantitatively by measuring 8-OHdG and SOD levels by
ELISA for each group. Figure 44 and B show the results of
the 8-OHdG and SOD ELISA analyses. After KH-204 or
Li-ESW'T, the oxidative stress in the corpus cavernosum
was decreased (P<0.05). However, the combination of
KH-204 and Li-ESW'T was not different than the single
treatments alone. Figure 4C shows the Nrf2 and HO-1
expression in each group after treatment. Figure 4D shows
the relative band density of the Western blot results. The
Nrf2 and HO-1 expressions after KH-204 or Li-ESW'T
treatments were higher than in the DMED group (P<0.05),
and the Nrf2 and HO-1 expressions after the combined
treatment with KH-204 and Li-ESW'T were higher than in
the DMED group (P<0.01). Apparently, the combination of
KH-204 and Li-ESWT stimulated the Nrf2/HO-1 pathway

to regulate the oxidative stress.

KH-204/Li-ESW'T decreased apoptosis in DMED rats

Apoptosis in the corpus cavernosum was examined by
TUNEL. Figure 54 shows the apoptotic cells in the corpus
cavernosum for each group. Clearly, after Li-ESW'T
apoptosis was decreased. Figure 5B presents the apoptotic
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Figure 4 Oxidative stress is relieved by KH-204/Li-ESW'T through the Nrf2/HO-1 pathway. (A) and (B) are representative results of
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the corpus cavernosum. (D) Relative band densities of Western blot results in each group. *, P<0.05 compared to DMED group; **, P<0.01

compared to DMED group.

index for each group. After KH-204 treatment, apoptosis
was less than in the DMED group (P<0.05). And, not
only Li-ESW'T but the combination of KH-204 and Li-
ESWT, further reduced apoptosis in the corpus cavernosum
(P<0.01).

Li-ESWT increased nNOS expression in the corpus

cavernosum

The nNOS expression in Li-ESW'T rats was higher
than in those who did not receive Li-ESWT treatment.
Figure 64 shows the nNOS expression in each group and
Figure 6B shows the quantitative results in each group. After
Li-ESWT, the nNOS expression was higher than in other

© Translational Andrology and Urology. All rights reserved.

groups (P<0.01). However, after KH-204 treatment alone

there was no nNOS in the corpus cavernosum.

KH-204/Li-ESW'T promoted SDF-1 and PECAM-1

in vivo

Lastly, the chemotactic factors were explored in vivo for
each group. Interestingly, Figure 74 shows the SDF-1
and PECAM-1 expressions were higher after Li-ESW'T.
Figure 7B shows the quantitative results of Western blots.
After Li-ESWT, the expressions of SDF-1 and PECAM-1
were increased iz vivo (P<0.05). The combination of KH-
204 and Li-ESWT increased SDF-1 and PECAM-1
expressions more (P<0.01). Perhaps, the KH-204-decreased
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Figure 5 KH-204/Li-ESWT decreases apoptosis in DMED rats. (A) Representative images of TUNEL in the corpus cavernosum.

Apoptotic cells are red, blue are DAPI-labelled cells. Original magnification: x200. (B) Apoptosis index. *, P<0.05 compared to DMED

group; **, P<0.01 compared to DMED group.

oxidative stress prevented more penile progenitor cells
from moving to the corpus cavernosum, which increased
expression of the chemotactic factors.

Discussion

The risk factors identified for ED include older age, co-
existing illnesses, longer duration of diabetes, and poor
diabetes control (23,24). Current therapies have been
associated with unsatisfactory outcomes (8). Therefore,
in this study, we explored a combination treatment, both
of which have shown potential for treating DMED and
investigated their synergistic effect. Our results confirmed
that the combination of Li-ESWT and KH-204 could be an
effective approach for DMED by promoting proliferation,
homing penile progenitor cells to the corpus cavernosum,
and acting as antioxidants.

Stem cells are recognized as a novel and promising
treatment because of their ability to self-regenerate and
differentiate into various specialized cells (25), including
endothelial cells, cavernous smooth muscle cells, and

© Translational Andrology and Urology. All rights reserved.

neurons. Only a few studies have investigated the effect
of various stem cell types, including bone marrow
mesenchymal stem cells, and adipose tissue-derived stem
cells, on ED (26,27). However, to explore the effect of the
stem cells more locally, Lin ez /. applied Li-ESW'T to
penile progenitor cells (22). In that study, Li-ESW'T was
found to activate penile progenitor cell in situ. But this
research was performed in physiology. As for pathology,
especially for DMED, the microenvironment around
penile progenitor cells lacks a blood supply. And oxidative
stress induced by high glucose in DM also threatens penile
progenitor cells (28,29). In this study, our results revealed
that in the DMED microenvironment, Li-ESWT could
promote angiogenesis and proliferation by activating penile
progenitor cells (22), which was consistent with results
in physiological studies. Furthermore, after Li-ESW'T
treatment, there were more penile progenitor cells in the
corpus cavernosum. In a previous study, Qiu et 4/ found
that Li-ESWT enhanced recruitment of mesenchymal
stem cells (MSCs) in diabetic rats (16). In another study
in a bone defect rat model, researchers also found that
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A Normal

Ratio of nNOS

Figure 6 Li-ESWT increases nNOS expression in the corpus cavernosum. (A) Representative images of nNOS staining in the corpus

cavernosum; (B) the ratio of positive nNOS in each group. Each bar shows the mean values (standard deviation). Original magnification:
x400. *, P<0.01 compared with DMED control group.
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Figure 7 KH-204/Li-ESW'T promotes SDF-1 and PECAM-1 expression in vivo. (A) Western blot results of each group in the corpus

cavernosum; (B) relative band densitities of the Western blot results in each group. *, P<0.05 compared to DMED group; **, P<0.01
compared to DMED group.
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Li-ESWT resulted in the homing of stem cells (30). In
this experiment, chemotactic factors, such as SDF-1 and
PECAM, were upregulated after Li-ESW'T. The higher
expressions of SDF-1 (31) and PECAM drove stem cells
to the corpus cavernosum, then transformed to penile
progenitor cells.

Stem cells decreased oxidative stress response which
contributed to apoptosis (32). And in DMED, reactive
oxygen species (ROS) produced by oxidative stress were
toxic to stem cells in the corpus cavernosum (33). Even
though Li-ESWT recruited progenitor cells, oxidative
stress could result in unsatisfactory therapeutic results. So
we added KH-204 to our experiment. Meanwhile, Nrf2
and HO-1 as biomarkers of antioxidant were researched
in recent studies. Kobayashi ez /. found that Nrf2 was a
crucial transcription factor which regulates the expression
of defensive antioxidants and detoxification enzymes
in vitro (34). And Hong et 4/. illuminated HO-1, as a
downstream factor of Nrf2, was also involved in the
antioxidant effects (35). In this study, our results showed
KH-204 encouraged antioxidation by stimulating the
Nfr2/HO-1 pathway. After KH-204 administration, the
expression of Nfr2 and HO-1 were increased. Meanwhile,
the results illuminated apoptosis in the corpus cavernosum
was inhibited by KH-204. So we concluded KH-204
protected progenitor cells from oxidative stress through
stimulating Nfr2/HO-1 pathway.

Effective drugs even don’t work if they can’t reach
the target adequately. In this study, we proved that KH-
204 improved DMED by decreasing oxidative stress in
the penile tissue. But, as an oral herbal medicine, KH-
204 must be transmitted to the target tissue in a timely
fashion and in adequate amounts, and these requirements
cannot be ignored. Due to the lack of blood supply in the
corpus cavernosum of DEMD patients, KH-204 cannot
satisfactorily arrive at the corpus cavernosum, which means
that the delivery KH-204 into target tissues presents a new
challenge. To approach this problem, we focused on the
advantage of Li-ESWT. In our previous research (36), Li-
ESWT improved angiogenesis in the corpus cavernosum,
which meant KH-204 might be able to get into the corpus
cavernosum through the hemodynamics enhanced by Li-
ESWT. The results showed that KH-204 combined with Li-
ESWT provided a better DMED treatment and that there
was more KH-204 in the corpus cavernosum. However, the
concentration of KH-204 in corpus cavernosum could not
be tested because KH-204 is a compound of several herbs,
which was a shortcoming of this study. Additionally, in this
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study, the combined therapy was administered at the early
stage of DMED, which meant the effect of KH-204 and Li-
ESWT at the middle and advanced stages of DMED were

not assessed.

Conclusions

KH-204 protected penile progenitor cells, which were
recruited to the corpus cavernosum by Li-ESW'T, from
apoptosis via its antioxidative effects. The combination of
Li-ESWT and KH-204 could be a potential and efficient
synergistic treatment for DMED.
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