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Purpose: In this study, we tested whether the resveratrol-enriched peanut sprout extracts cultivated with fermented sawdust
medium (PSEFS) could suppress benign prostatic hyperplasia (BPH) in vitro and in vivo.

Materials and Methods: The mode of action of PSEFS was estimated by employing high-performance liquid chromatography
analysis, MTT assay, cell counting, cell cycle analysis, immunoblots, and immunoprecipitation and electrophoretic mobility
shift assay. In vivo efficacy of PSEFS was analyzed in BPH animal model via immunostaining and enzyme-linked immunosor-
bent assay.

Results: We selected the Yesan peanut sprout variety, which contains the highest level of resveratrol. The resveratrol levels
in PSEFS were higher than those obtained with hydroponic technology. PSEFS treatment induced cell cycle arrest at the G1-
phase by downregulating CDK4 and cyclin D1 via p2TWAF1 induction in the RWPE-1 and WPMY prostate cells, thereby de-
creasing their proliferation. Treatment with PSEFS decreased ERK1/2 phosphorylation and increased JNK phosphorylation. The
levels of DNA-bound transcription factors associated with proliferation (nuclear factor-xB, Sp-1, and AP-1) decreased upon
PSEFS treatment in both prostate cells. Additionally, the levels of the molecular markers of BPH development (5a-reductase,
androgen receptor, fibroblast growth factor, Bcl-2, and Bax) also changed by the addition of PSEFS. Finally, in a testosterone
propionate-induced BPH model in rats, PSEFS administration attenuated the size, weight, and thickness of prostate tissues
with no signs of death.

Conclusions: These results showed that PSEFS inhibited BPH both in vitro and in vivo and might be useful in the develop-
ment of a potential BPH therapy.
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INTRODUCTION

Benign prostatic hyperplasia (BPH) is one of the
most common urological diseases in men over 50 years
old and is characterized by nonmalignant enlargement
of the prostate gland [1]. In BPH, the proliferation of
both epithelial and stromal cells within the transitional
zone of the prostate leads to the development of lower
urinary tract symptoms, including urinary hesitancy,
frequent urination, weak stream, and nocturia [2]. In
addition, BPH development is associated with increased
levels of dihydrotestosterone (DHT), produced from tes-
tosterone by the 5a-reductase enzyme within the pros-
tate glands [3]. Thus, management of the key molecular
events associated with the uncontrolled proliferation
of prostate cells and the activity of the 5a-reductase
enzyme is a critical target for the development of pre-
ventive and therapeutic agents. The pharmacological
inhibition of 5a-reductase by finasteride or dutasteride
has been used in the treatment of BPH [4]. However,
these drugs have adverse side effects [5,6]. Therefore,
novel therapeutic agents that are natural, tolerable,
and efficient are necessary for the treatment of BPH.

Many factors, such as hormones and growth fac-
tors, play important roles in the pathogenesis of BPH.
Binding of DHT to the androgen receptor (AR) induces
conformational changes that lead to abnormal growth
of the prostate through subsequent molecular events
[7,8]. During the progression of BPH, prostatic cells
including epithelial cells and stromal cells prolifer-
ate via critical steps involving dysregulated cell-cycle
progression, altered signaling pathways, and enhanced
transcription factors expression [9-11]. Therefore, such
molecular changes that occur during BPH progression
are other potential targets for developing preventive or
therapeutic agents.

Resveratrol (trans-3,5,4-trihydroxy stilbene, RES) is
a polyphenolic compound that is found in plants as a
natural phytoalexin [12]. It has been reported that RES
acts as an effective natural antioxidant by scavenging
free radicals and prevents malignant transformation
[13]. In addition to grape and polygonum cuspidatum,
peanut sprouts have been found as an economical di-
etary source of RES [14]. Kang et al [15] reported that
peanut sprouts contain RES, which can be a source of
natural antioxidants. Several studies in BPH have sug-
gested that RES inhibits the proliferation of prostatic
cells [16].

386 www.wjmh.org

he World Journal of

MEN's HEALTH

Hydroponic technology (HP) has been widely used
to cultivate peanut sprouts without the use of soil.
Although it is a cost-effective technique [17], it causes
pollution due to the discharge of waste solutions [18].
Therefore, an environmentally sustainable technology
with a higher output is needed. Sawdust medium is a
promising option for the soilless cultivation of sprouts
that have high nutritional quality [19]. During the fer-
mentation of sawdust, the pathogens in the raw mate-
rials are killed while the nutrients beneficial to plant
growth are enriched [20].

RES-enriched peanut sprout extracts have been
shown to have various bioactivities, including anti-
inflammatory, anti-oxidative, and anti-obesity effects
[15,21-23]. However, the physiological effects of the pea-
nut sprout extracts cultivated with fermented sawdust
medium (PSEFS) have not been investigated yet. In
this study, we examined the RES levels in the PSEFS
and compared them with that obtained by the conven-
tional HP. In addition, the molecular effects of PSEFS
on BPH were investigated in vitro and in vivo.

MATERIALS AND METHODS

1. Materials

RES (>98%, analytical standard grade) and high-
performance liquid chromatography (HPLC)-grade sol-
vents, including water, ethanol, and acetonitrile, were
purchased from Burdick & Jackson (Phillipsburg, NdJ,
USA). The other materials used are described under
the Supplementary Materials and Methods section.

2. Sample preparation

The sawdust medium was kindly provided by Res-
vera Co. (Cheongju, Korea). Sample was obtained as de-
scribed in the Supplementary Materials and Methods
section.

3. Resveratrol analysis

For RES extraction, each sample was mixed well
with methanol. The extracts were centrifuged, and the
supernatant was filtered through a 0.45-um polytetra-
fluoroethylene syringe filter for the analysis. RES was
analyzed using an HPLC system. The detailed method
used are described under the Supplementary Materials
and Methods section.
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4. Cell culture, MTT assay, cell counting,

cell cycle analysis, immunoblots,

immunoprecipitation, and electrophoretic

mobility shift assay

The human normal prostate epithelial cells (RWPE-
1) and stromal cells (WPMY) were obtained from
American Type Culture Collection. Cell culture, MTT
assay, cell counting, cell cycle analysis, immunoblots,
immunoprecipitation (IP), and electrophoretic mobility
shift assay (EMSA) were performed as reported in the
Supplementary Materials and Methods section.

5. Ethics statement

All animal experiments were reviewed and approved
by the ethics committee for the care and use of labo-
ratory animals at Chung-Ang University. (approval
Number: 201900030). Animals, BPH Animal Model, and
Immunohistochemistry were performed as reported in
the Supplementary Materials and Methods section.

6. Enzyme-linked immunosorbent assay

To measure DHT levels, an ELISA kit specific to
DHT (MyBioSource, San Diego, CA, USA) was used
according to the manufacturer’s instructions. The
detailed method used are described under the Supple-
mentary Materials and Methods section.

7. Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics ver. 23.0.1 software (IBM Corp., Armonk, NY,
USA). Data are presented as mean =+ standard devia-
tion (SD). Factorial analysis of variance (ANOVA) with
post hoc Fisher's least significant difference test was
utilized to analyze the data. p<0.05 was considered to
indicate a statistically significant difference.
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RESULTS

1. The peanut sprouts cultivated with
fermented sawdust medium had higher
amounts of resveratrol than those grown
by hydroponic technology

The RES contents of four varieties of peanut sprouts
germinated for 9 days using the sawdust medium
fermented for 45 days were determined (Fig. 1A). The
highest RES content (16.74 + 1.49 ug/g) was detected in

Yesan, followed by Inhua-C (9.23 + 028 ng/g), Inhua-L

(7.79 £0.83 pglg), Inhua-W (6.12 + 050 pg/g), and Sindae

(5.00 + 062 pg/g). Therefore, the Yesan variety was se-

lected for subsequent experiments. The RES contents of

Yesan which was germinated using fermented sawdust

medium were compared using the commercial peanut

sprouts cultivated with the HP as a control. As shown
in Fig. 1B, the RES content was significantly higher in

Yesan than the commercial sample. Limmongkon et al

[22] have also reported that RES contents ranged from

0.3 to 6.4 pg/g in peanut sprouts germinated by the

HP method. These results were in accordance with our

result regarding HP control (4.14 + 056 pg/g). The RES

content of the PSEFS using Yesan variety was 24.56 +

0.54 pg/g (data not shown).

2. Peanut sprout extracts cultivated with
fermented sawdust medium inhibited
proliferation of human normal prostate
cells

The human normal prostate epithelial cells (RWPE-

1) and stromal cells (WPMY) were used to investigate

the effects of PSEFS. PSEFS treatment significantly

suppressed the cell viability in RWPE-1 cells (Fig. 2B).

Trypan Blue staining showed that PSEFS-treatment of

Fig. 1. (A) Resveratrol contents in differ-
ent varieties of peanut sprouts (Sindae,
Inhua-W, Inhua-L, Inhua-C, Yesan)
cultivated with sawdust medium fer-
mented for 45 days. (B) Resveratrol con-
tents in peanut sprouts cultivated with
hydroponics (HP) or sawdust medium
fermented for 45 days. Values in the
bar graph show meanzstandard devia-
tion of three independent experiments.
*p<0.05, compared with the Sindae or

HP Yesan HP group.
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RWPE-1 cells reduced the number of viable cells (Fig.
2A). Similar results were observed in WPMY cells us-
ing both cell viability and counting assays (Fig. 2A, 2B).
These results showed that PSEFS treatment inhibited
the proliferation of human normal prostate cells, and
the IC;, value was approximately 800 ug/mL in both

RWPE-1 and WPMY cells.
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3. Cell cycle regulation in peanut sprout
extracts cultivated with fermented sawdust
medium-treated prostate cells

Following the analysis of cell

proliferation, cell

cycle distribution was investigated. The flow cytom-

etry analysis of the cell cycle after 24 hours showed
that PSEFS strongly induced the accumulation of the
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Fig. 2. Peanut sprout extracts cultivated with fermented sawdust medium (PSEFS) suppresses proliferation and induces G1-phase cell cycle ar-
rest in both RWPE-1 and WPMY cells. (A) Both cell lines were treated with various concentrations of PSEFS for 24 hours, followed by cell counting.
(B) MTT assay was performed to assess cell viability. (C) Cells are treated with various concentrations of PSEFS for 24 hours, and flow cytometry
analysis was performed to evaluate the cell cycle distribution. (D) The percentage of cell population in G1-, S-, and G2/M phases. Values in the bar
graph show meanzstandard deviation of three independent experiments. *p<0.05, compared with the control group.
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cells in Gl-phase of the cell cycle in both cells (Fig. 2C, examined the expression levels of Gl-phase cell cycle
2D). In addition, cells at the S- and G2/M-phases were regulatory proteins in PSEFS-treated cells. Immu-
decreased by PSEFS treatment (Fig. 2C, 2D). These noblot analyses demonstrated that PSEFS treatment
results indicated that PSEFS treatment induced an ac- decreased the expression levels of cyclin D1 and CDK4
cumulation of the normal human prostate cells in the in both prostatic cells (Fig. 3A). However, protein levels
Gl-phase of the cell cycle. To investigate the mecha- of cyclin E and CDK2 remained unchanged in both
nism of PSEFS-induced Gl-phase cell cycle arrest, we normal prostate cells treated with PSEFS (Fig. 3A). In
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Fig. 3. Effect of peanut sprout extracts cultivated with fermented sawdust medium (PSEFS) on cell-cycle regulators and signaling molecules in
prostatic normal cells. Cells were incubated with PSEFS at the indicated concentrations for 24 hours. (A) Changes in regulatory proteins involved
in cell-cycle progression were analyzed by immunoblotting. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal con-
trol. (B) Cell lysates were immunoprecipitated (IP) with anti-CDK4 antibody, then immunoblotting was performed with anti-p21WAF1 antibody. (C)
Changes in mitogen-activated protein kinases (MAPKs; JNK, p38MAPK, and ERK1/2) and AKT levels were examined by immunoblotting. The level
of the phosphorylated form was normalized to the level of the non-phosphorylated form. The bar graphs display fold changes in comparison with
controls. Values are shown as the meanzstandard deviation of three independent experiments. *p<0.05, compared with the control group.
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addition, the negative cell cycle regulator p21WAF1
levels were upregulated in PSEFS-treated normal hu-
man prostate cells (Fig. 3A). PSEFS treatment did not
affect the other negative regulators of the cell cycle,
such as p27KIP1 and p53, in both cells (Fig. 3A). It is
well known that cell cycle inhibitor p21WAF1 is an im-
portant CDK inhibitor [24]. To test the binding affinity
between p21WAF1 and CDK4 in PSEFS-treated human
normal prostate cells, IP assay was performed using
anti-CDK4 antibody followed by immunobinding with
anti-p21WAF1 antibody. The IP results showed that
PSEFS significantly increased the levels of p21WAF1
bound to CDK4 (Fig. 3B).
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4. Signaling in peanut sprout extracts
cultivated with fermented sawdust
medium-treated prostate cells

To determine whether PSEFS-induced inhibition
of the proliferation of prostate cells was correlated
with changes in the signaling pathways related to cell
proliferation, phosphorylation of signaling molecules,
including mitogen-activated protein kinases (MAPKSs)

(ERK, JNK, and p38MAPK) and AKT, was investi-

gated. Immunoblotting indicated that the treatment of

RWPE-1 cells with PSEFS inhibited phosphorylation

of ERK1/2 but promoted phosphorylation of JNK (Fig.

30). In contrast, phosphorylation levels of p3SMAPK

and AKT were not affected by PSEFS (Fig. 3C). Similar

results were obtained in WPMY cells (Fig. 3C).
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Fig. 4. Peanut sprout extracts cultivated with fermented sawdust medium (PSEFS) suppresses transcriptional binding affinities of the transcrip-
tion factors nuclear factor-B (NF-kB), AP-1, and Sp-1 in both types of normal prostatic cells. (A, B) After the preparation of nuclear proteins, elec-
trophoretic mobility shift assay was performed to evaluate transcriptional binding affinities of NF-icB, AP-1, and Sp-1 motifs using radiolabeled
oligonucleotide probes. Bar graph represents the fold changes relative to the control. The results are presented as the mean+standard deviation

from three different experiments. *p<0.05, compared to the control.
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5. Peanut sprout extracts cultivated with
fermented sawdust medium repressed the
proliferation of prostate cells via decreased
binding activities of the transcription
factors nuclear factor-xB, Sp-1, and AP-1

Previous studies revealed that transcription factors,
including nuclear factor-xB (NF-«xB), Sp-1, and AP-1,

are involved in cell growth and cellular signaling [11,25].

To examine the transcriptional effectors by which

PSEFS impeded the proliferation of prostate cells, we

performed an EMSA assay using the nuclear extracts.

As shown in Fig. 4, the EMSA results indicated that

PSEFS treatment abrogated the binding affinity of

NF-«B, Sp-1, and AP-1 in both types of prostate cells.

6. Prostatic hyperplasia markers in peanut
sprout extracts cultivated with fermented
sawdust medium-treated prostate cells

We next investigated the effects of PSEFS on the
expression levels of prostatic proliferation markers

(5o-reductase, AR, fibroblast growth factor [FGF], Bel-2,

and Bax) in prostate cells. PSEFS treatment abrogated

the expression levels of 5o-reductase, AR, and FGF in

both RWPE-1 and WPMY cells (Fig. 5). In addition, im-

munoblotting indicated that anti-proliferative marker

Bcl-2 protein levels in both cells was reduced in the

presence of PSEFS (Fig. 5). Furthermore, the treatment

of both cells with PSEFS increased Bax protein levels

(Fig. 5).
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7. Peanut sprout extracts cultivated with
fermented sawdust medium ameliorated
prostatic hyperplasia in a testosterone
propionate-induced rat model of benign

prostatic hyperplasia

An in vivo TP-induced BPH rat model was used to
expand the observation of the anti-proliferative effects
of PSEFS on prostatic cells in vitro. To compare the in-
hibitory effects on BPH, finasteride was administered
as a positive control. The testosterone (testosterone
propionate, TP)-administered rats showed an increase
in prostate size compared with the rats in the control
group (Con) (Fig. 6A, 6B). Treatment of PSEFS signifi-
cantly reduced the size of the prostate gland in the
TP-induced rat model (Fig. 6A, 6B). More specifically,
prostate weight (PW) to body weight (BW) ratio in the
testosterone-treated group notably increased compared
to that in the Con group (Fig. 6B). In the rats treated
with PSEFS, the testosterone-induced PW/BW index
was lower (Fig. 6B). Furthermore, the DHT concentra-
tions in the prostate of the TP-induced BPH group
were higher than those of the control group (Fig. 6C).
The increase of the DHT levels in testosterone-treated
rats was reversed by the administration of PSEFS (Fig.
6C). Subsequently, histologic changes were analyzed
in the prostate gland using H&E and Ki-67 stainings.
Those results showed that the prostates in testosterone-
treated BPH groups showed signs of prostatic hyper-
plasia, such as multiple layers of epithelial cells and
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Fig. 5. The expression levels of prostatic proliferation markers in peanut sprout extracts cultivated with fermented sawdust medium (PSEFS)-
treated prostatic cells. The cells were treated with PSEFS for 24 hours, and then cell lysates were prepared. Expression levels of benign prostatic
hyperplasia-associated markers (5o-reductase, androgen receptor [AR], fibroblast growth factor [FGF], Bcl-2, and Bax) were analyzed by im-
munoblotting. The bar graphs display fold changes in comparison with the controls. Values are shown as the meanzstandard deviation of three
independent experiments. GAPDH: glyceraldehyde 3-phosphate dehydrogenase. *p<0.05, compared with the control group.
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Fig. 6. Effect of peanut sprout extracts cultivated with fermented sawdust medium (PSEFS) on enlarged prostate in a testosterone propionate-
induced benign prostatic hyperplasia rat model. (A) Representative images of prostatic tissues from each experimental group were presented. (B)
Analysis of prostate weight to body weight (BW) ratio was evaluated. (C) Dihydrotestosterone (DHT) levels were analyzed in prostate tissues using
the ELISA kit. (D) The thickness of epithelium tissue from prostate was estimated in prostate tissues. (E) Prostatic tissues were fixed and stained
with H&E and Ki-67 (40x magnification). Values are presented as the meanzstandard deviation; n=7. “p<0.05, compared to the control group;

*p<0.05, compared to the testosterone group.

thickening of the muscle layers, in comparison with
the con group (Fig. 6E). However, the administration of
PSEFS remarkably alleviated TP-induced hyperplastic
changes compared with the BPH group (Fig. 6E). Final-
ly, objective assessment in the histological analysis was
confirmed by measuring the thickness of epithelium
tissue from prostate (TETP). Increased TETP index in
the BPH group was reduced by the administration of
PSEFS (Fig. 6D).
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8. Peanut sprout extracts cultivated with
fermented sawdust medium reduced
prostatic hyperplasia via regulation of
the prostatic proliferation markers in a
testosterone propionate-induced benign
prostatic hyperplasia rat model

The effects of PSEFS in vivo on AR signaling mark-
ers (ba-reductase, AR, and FGF) were similar to the in
vitro results (Fig. 7). In addition, the regulation of apop-
tosis-associated molecules (Bcl-2 and Bax) in prostates
from PSEFS-treated rats was similar to the in vitro

data (Fig. 7).
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Fig. 7. Effect of peanut sprout extracts cultivated with fermented sawdust medium (PSEFS) on prostatic proliferation markers in the testosterone
propionate-induced benign prostatic hyperplasia rat model. The expression level of 5o-reductase, androgen receptor (AR), fibroblast growth
factor (FGF), Bcl-2, and Bax in prostatic tissues was examined by immunoblotting. Bar graphs represent the fold changes in expression levels
compared with the control (Con). Values are presented as the mean+standard deviation; n=7. °p<0.05, compared to the Con group; *p<0.05,

compared to the testosterone group.

DISCUSSION

It has been demonstrated that RES has many ben-
efits such as anti-cardiovascular effect, anti-tumor ef-
fect, anti-oxidant effect, and anti-BPH effect [13,16,26].
Since previous studies have suggested that the peanut
sprouts contain high amounts of RES, we investigated
the content of RES in 5 types of the Korean peanut
varieties (Sindae, Inhua-C, Inhua-W, Inhua-L, and
Yesan) germinated for 9 days using sawdust medium
fermented for 45 days. The highest levels of RES were
found in the Yesan variety that was used in the subse-
quent experiments. Comparing the commercial peanut
sprouts cultivated with HP, peanut sprout (Yesan)
cultivated by fermented sawdust medium revealed
the higher level of RES content. Therefore, the effi-
cacy of peanut sprout extracts (Yesan) cultivated with
fermented sawdust medium against BPH was subse-
quently tested in vitro and in vivo.

The crucial pathological hallmark is the abnormal
proliferation of prostate cells caused by an imbal-
ance between cell growth and cell death [2,7,8]. PSEFS
treatment inhibited the proliferation of both human
normal epithelial cells and stromal cells. The cell cycle
progression is considered to play a central role in cel-
lular responses including cell proliferation [24,27]. Cell
cycle is tightly regulated by Gl1-, S-, and G2/M-phase
cell cycle transition checkpoints [24,27]. Treatment
of the prostate cells with PSEFS resulted in the G1-

phase cell cycle arrest. CDK4/cyclin D1 and CDK2/
cyclin E complexes are key regulators in the Gl-phase
cell cycle progression in eukaryotic cells [27]. We next
investigated the level of CDKs and cyclins in PSEFS-
treated prostate cells. PSEFS treatment repressed the
protein levels of CDK4 and cyclin D1 without change
of CDK2 and cyclin E. In addition, the Gl-phase cell
cycle was controlled by negative regulators p21WAF1
and p27KIP1 and tumor suppressor molecule p53 [24,27].
Treatment of PSEFS induced p21WAF1 level in both
prostate cells without alteration of p27Kipl and p53.
These results demonstrate that PSEFS inhibited the
proliferation of prostate cells via p21WAF1-mediated
Gl-phase cell cycle arrest by decreased level of CDK4/
cyclin D1.

MAPKSs and AKT are the main signaling molecules
that are involved in the proliferation, cellular retar-
dation, and cell cycle regulation [7,8,28.29]. A previous
report has demonstrated that ERK1/2 phosphorylation
was a key signaling factor in BPH model [10]. However,
the precise role of JNK signaling in BPH is yet to be
elucidated. In the present study, PSEFS treatment de-
creased the phosphorylation of ERK1/2, whereas the
phosphorylation of JNK was increased in both types of
prostate cells. Both p38MAPK and AKT phosphoryla-
tion were not altered in the presence of PSEFS. These
results indicate that the increased ERK1/2 signaling
and reduced JNK signaling pathway is involved in
PSEFS-induced inhibition of proliferation of prostate
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cells. In addition, transcription factors NF-xB, Sp-1, and
AP-1 levels were also downregulated in PSEFS-treated
prostate cells. Indeed, transcription factors regulate the
expression of multiple genes involved in cell prolifera-
tion, cellular stress, immune responses, and pathologi-
cal conditions [7-9,11]. Previous studies have shown that
NF-«B, E2F-1, and AP-1 maintain the proliferation of
human prostatic cells [9,11,30]. To date, no information
was found on the relationship between Sp-1 and pros-
tate cells. Our data suggest that transcription factors
are important regulators responsible for the PSEFS-
induced inhibition of proliferation of human prostate
cells. Further studies are needed to clarify the role of
transcription factors, especially Sp-1, in BPH pathogen-
esis.

We next quantified the levels of molecular mark-
ers responsible for the suppressive effects of PSEFS
on BPH development and progression. Although the
mechanisms of BPH development is not fully under-
stood, it 1s well established that prostate enlargement
is involved and modulated at the level of 5AR-AR axis,
DHT, FGF, Bcl-2, and Bax [3,7,8]. In the present study,
the levels of 5AR, AR, FGF, and Bcl-2 were downregu-
lated, whereas Bax level was upregulated in PSEFS-
treated prostate cells in vitro. In addition, TP-induced
BPH rat model was used to investigate the effects of
PSEFS on the underlying pathologic growth and hor-
monal disturbance of prostate tissue in vivo. Adminis-
tration of PSEFS (100 mg/kg) for 4 weeks significantly
decreased both the size and the weight of prostate tis-
sues with no signs of death compared with those of the
TP-induced BPH groups. Furthermore, comparing pros-
tate tissues in TP-induced BPH rat group, the thick-
ness of prostate tissues also reduced, after PSEFS. The
effect of PSEFS on TP-induced prostatic cell prolifera-
tion in the BPH rat model was verified by H&E and
Ki-67 immunostaining. Finally, the levels of molecular
makers (5AR-AR axis, FGF, Bcl-2, and Bax) responsible
for the TP-induced pathologic growth of prostate tis-
sues were confirmed in PSEFS-treated BPH rat model.
Interestingly, the in vivo study demonstrated that the
low levels of DHT were observed by PSEFS adminis-
tration in comparison with the TP-induced BPH rat
model. These results from the present study demon-
strated that PSEFS might reduce the DHT level via
inhibition of the 5AR-AR axis, leading to the blockade
of BPH enlargement. Collectively, our results indicate
that PSEFS exerts the suppressive effects against BPH
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via regulation of the 5AR-AR-DHT axis, growth factor,
and apoptosis-related molecules.

CONCLUSIONS

Taken together, the inhibitory effects of PSEFS in
both WPMY and RWPE-1 cells were strongly corre-
lated with decreased cell proliferation, p2l-mediated
Gl-phase cell cycle arrest, altered signaling pathway,
dysregulated transcription factors, and reduced level
of BPH-associated molecular markers. Animal studies
confirmed the suppression of pathological prostatic fea-
tures against the TP-induced rat BPH model of PSEFS
with no signs of death. Our results show the beneficial
effects of PSEFS against BPH. Thus, PSEFS can be
developed into a preventive or a therapeutic reagent in
BPH for the BPH patents through its anti-hyperplasia
effects.
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