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Introduction: Benign prostatic hyperplasia (BPH) is a non-neoplastic proliferative disease of the prostate. Eriochloa villosa (EV)
reportedly possesses various pharmacological activities, including anti-lipase activity and modulation of various antioxidative
enzymes. In this study, we investigate the therapeutic potential of EV against BPH in a testosterone-induced BPH rat model.
Methods: Rats were subjected to a daily subcutaneous injection of testosterone (3 mg kg ') for 4 weeks to induce BPH. Along with
testosterone, rats in the treatment group were administered finasteride (10 mg kg™') or EV (150 mg kg ') via oral gavage. Prostatic
cancer (LNCaP) cell line was used to examine the effect of EV.

Results: Finasteride and EV significantly decrease the relative prostate weight, serum levels of dihydrotestosterone and testosterone,
and prostate epithelial thickness. Testosterone injection induced prostatic hyperplasia and proliferating cell nuclear antigen expression;
however, EV treatment significantly attenuated these effects. Moreover, finasteride- and EV-treated rats exhibit an increase in the
number of TUNEL-positive cells and reduced Bcl-2 expression in the prostate tissues compared with the testosterone-treated animals.
Furthermore, EV suppresses inflammatory cytokines, including interleukin (IL)-6 and IL-8, in the prostate tissues. Meanwhile, the
expression of inflammatory mediator cyclooxygenase-2 is consistently upregulated in testosterone-treated rats, whereas EV treatment
significantly reverses this effect. Notably, EV treatment suppresses malondialdehyde (MDA) levels and upregulates testosterone-
induced catalase (CAT) expression. In addition, EV suppresses expression of androgen receptor (AR) and prostate-specific antigen
(PSA) induced by testosterone in LNCaP cells.

Conclusion: The present study results suggest that EV regulates prostatic proliferation, apoptosis, response to inflammation, and
oxidative stress in the BPH rat model, and may, therefore, serve as a useful therapeutic agent for BPH.
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Introduction

Benign prostatic hyperplasia (BPH) is one of prevalent diseases in men and its prevalence increases to nearly 70% in men
over 80 years." BPH is characterized by an enlarged prostate and lower urinary tract symptoms (LUTS), which can
significantly impact the quality of life (QOL) and requires medical intervention.'

Although many reports have suggested pathophysiology of BPH, precise molecular mechanisms of BPH are yet to be
elucidated. However, androgens, such as testosterone and dihydrotestosterone (DHT), stimulate prostatic growth, while
5a-reductase plays an important role in BPH pathogenesis.' In addition, an imbalance between the cell cycle and
apoptotic cell death can result in an increase in cell number, ultimately resulting in uncontrolled prostatic growth.
Moreover, considering that chronic inflammation is associated with the histological changes occurring in the prostatic
tissue of patients with BPH,> we hypothesized that inflammation contributes to BPH development. Local inflammatory
process may be triggered by infection, which produce cytokines and chemokines involved in the inflammatory response,
with consequent growth of epithelial and stromal prostatic cells.**
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Currently, BPH treatment are aimed to ameliorate LUTS, inhibit disease progression, and reduce complications.’
Currently available drugs for the treatment of BPH include alpha-adrenergic blockers (al-blockers), Sa-reductase
inhibitors (5-ARIs), muscarinic receptor antagonists (MRAs), phosphodiesterase 5 inhibitors (PDES5Is) and
B3-adrenoceptor agonists. Furthermore, and herbal extracts, such as saw palmetto extract is an herbal product used in
the treatment of symptoms related to benign prostatic hyperplasia. Among these, the most commonly used are
al-blockers, 5-ARIs, and a combination of al-blockers and 5-ARIs (dutasteride and tamsulosin).’

Eriochloa villosa (EV), also known as woolly cupgrass, is a member of the Poaceae family, which originates from Asia.®
In a previous report, methanol EV extracts exhibited strong (>80%) in vitro anti-lipase activity.” The shoots and roots of EV
also exhibit allelopathic effects for various antioxidative enzymes, such as ascorbate peroxidase, guaiacol peroxidase, and
superoxide dismutase (SOD), while also impacting malondialdehyde (MDA) content.® Among constituents of EV extracts,
chlorogenic acid have shown antioxidant, hepatoprotective, cardioprotective, anti-inflammatory, anti-obesity, antiviral,
antimicrobial, and lipid metabolism modulation properties and is a dietary constituent.® Hwang et al demonstrated that
chlorogenic acid attenuates LPS-induced cytokine release in RAW 264.7 macrophages, suggesting anti-inflammatory
activity.” Meanwhile, orientin and vitexin have been isolated from various medicinal plants and exhibit multiple biological
activities, including anti-inflammatory, antioxidant, antiviral, antibacterial, and cardioprotective properties.'®'" Lastly,
dihydroactinidiolide possesses acetylcholinesterase inhibitory, antioxidant, and anti-aggregation activity, and reduces ROS
generation in N2A cells.'? However, the protective effects of EV against BPH have not yet been studied; therefore, in the
present study, we investigate the protective effects of EV in a testosterone-induced BPH rat model.

Materials and Methods

Plants, Chemicals, and Reagents

EV extract (KPM037-022) was purchased from the Korea Plant Extract Bank at the Korea Research Institute of Bioscience
and Biotechnology (Daejeon, Korea). The plant was collected from Sunchang-gun, Jeollabuk-do, KOREA in 2009. A voucher
specimen (KRIB 0029775) is kept in the herbarium of the Korea Research Institute of Bioscience and Biotechnology. The
plant (85 g) dried in the shade and powdered was added to 1L of Methyl alcohol 99.9% (HPLC grade) and extracted through
30 cycles (40KHz, 1500W, 15 min. ultrasonication-120 min. standing per cycle) at room temperature using an ultrasonic
extractor (SDN-900H, SD-ULTRASONIC CO., LTD). After filtration (Qualitative Filter No.100, HYUNDAI MICRO CO.,
LTD) and drying under reduced pressure, EV extract (7.51 g) was obtained. For identification of EV constituents, chlorogenic
acid, orientin, vitexin, and dihydroactinidiolide were provided from ChemFaces (Wuhan, China).

Ultra-High Performance Liquid Chromatography-Tandem Mass Spectrometry
(UHPLC-MS/MS) Analyses of EV

UHPLC-MS/MS analysis was performed according to previously described methods, with slight modifications to identify the
constituents of the EV extract.'>'* The analysis was performed using a Dionex UltiMate 3000 system equipped with a Thermo
Q-Exactive mass spectrometer (Thermo Fisher Scientific, Waltham, MA, USA). Chromatographic separation was achieved
using an Acquity BEH C;g column (100 x 2.1 mm, 1.7 pm, Waters Corp., Milford, MA, USA) and gradient elution consisting
of 0.1% (v v ') formic acid in water (A) and acetonitrile (B).'* The injection volume and flow rate were 3 uL and 0.25 mL
min "', respectively. MS analysis was conducted using the full-scan MS-ddMS2 method in both positive and negative
ionization modes, using an electrospray ionization source. The MS/MS parameters were set as follows: capillary temperature,
320 °C; scan range, 100-1500 m 7 !; full-scan MS1 resolution, 70,000; and data-dependent MS2 resolution, 13,500. Data
acquisition and processing were carried out using the software Xcalibur v.3.2 and TraceFinder v.4.0 (Thermo Fisher
Scientific). The mass spectral patterns of the identified compounds were consistent with those reported previously.'*

Animals

Male Sprague—Dawley rats (7-weeks-old) were purchased from Orient Bio (Seongnam-si, Republic of Korea). Animals
were maintained in constant environment (22 + 2 °C; 50 + 5% humidity and 12 h light/dark cycle) during experimental
period. Animal experiments were performed in compliance with the National Institutes of Health Guide for the Care and
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Use of Laboratory Animals. The experimental animal study procedures were approved by the Animal Experimental
Ethics Committee of Chungnam National University (approval number: CNU-00711).

Induction of BPH in Rats and Treatment Design

Rats were 220-250 g at dosing starting day and were randomly separated into four groups (7-8 rats in each group) and
subjected to the following dosage regimens: 1) normal control (NC) group, administered a PBS oral gavage and corn oil
as a vehicle subcutaneously (SC); 2) BPH group, BPH was induced daily via SC injection of testosterone propionate
(Tokyo Chemicals Ins. Co., Tokyo, Japan) at 3 mg kg ' and administered PBS as a vehicle control via oral gavage; 3)
BPH plus finasteride (BPH + F) group (positive control), received finasteride (10 mg kg ', Sigma) orally and SC
injection of testosterone propionate (3 mg kg '); (4) BPH + EV group, administered EV (150 mg kg ') via oral gavage
and SC injection of testosterone propionate (3 mg kg '). All treatments were administered daily for 4 weeks, and
administration volumes were 5 mL kg ' for oral doses (PBS, finasteride, and EV) and 3 mL kg ' for subcutaneous
injections. All treatment groups were shown in Table 1. The body weights of the experimental animals were recorded
once per week during the experiment, as well as on the day of necropsy. After the last injection, the rats were euthanized
and whole blood was collected from the vena cava. Isolated sera from whole blood were stored at =70 °C. The prostate
tissues were isolated and weighed.

Determination of DHT, Testosterone, and MDA Level

Commercially available assay kits were used to measure testosterone (Caymanchem, MI, USA) and DHT (ALPCO
Diagnostics, NH, USA) levels in the serum; all procedures were performed according to the manufacturer’s instructions.
MDA levels in the prostatic tissue were determined using an enzyme-linked immunosorbent assay (ELISA) kit (Cell
Biolabs, Inc., San Diego, USA), according to the manufacturer’s instructions. Values are expressed per milligram of
protein for each prostatic tissue and content of protein was determined using protein assay kit (Thermo Scientific,
MA, USA).

Histological Examination
Prostatic tissue fixed in 10% buffered formalin was embedded in paraffin wax, cut into 4-um-thick sections and stained
with hematoxylin and eosin (H&E). Epithelial thickness was measured in the ventral lobe of each prostate, as described

in a previous study.'”

Proliferative Cell Nuclear Antigen (PCNA) Staining

To perform immunohistochemistry of PCNA, the tissue sections were treated with antibodies against PCNA (Abcam,
Cambridge, UK) for 2 h, followed by biotinylated secondary antibody for 1 h. Diaminobenzidine (DAB; Vector
Laboratories, CA, USA) was used for detection of immunological complexes, and then, the tissue samples were counter-
stained with hematoxylin. Five ventral lobe sections of the tissues from each rat were randomly analyzed. PCNA-positive
cells were calculated as the percentage of total cells.

Table | Group Design for Treatment

Group Treatment (Route of Administration, Dose) Duration
NC Corn oil (SC) PBS (oral) 4 week
BPH Testosterone propionate (SC, 3 mg kg ') PBS (oral) 4 week
BPH+F Testosterone propionate (SC, 3 mg kg ') Finasteride (oral, 10 mg kg ") 4 week
BPH+EV Testosterone propionate (SC, 3 mg kg ') EV (oral, 150 mg kg ') 4 week

Notes: Corn oil and PBS were used as vehicles for SC injection and oral gavage, respectively. Administration volumes were 5 mL kg ' for oral
doses (PBS, finasteride, and EV) and 3 mL kg ' for subcutaneous injections.
Abbreviations: SC, subcutaneously; oral, oral gavage.
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Terminal Deoxynucleotidyl Transferase dUTP Nick-End Labeling (TUNEL) Assay

Terminal deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) assay was performed using a commercial kit

(Merck Millipore Corporation, MA, USA). TUNEL-positive cells were considered as apoptotic cells and these cells were

counted in randomly selected fields. The results were showed as a percentage of the total cells.

Western Blot Analysis

Equal amounts (15 pg) of total protein from rat prostatic tissues were resolved using SDS-PAGE (Bio-Rad, CA, USA).
Total protein was determined using protein assay kit (Thermo Scientific, MA, USA). The transferred membranes were
incubated overnight with the following primary antibodies: anti-COX-2, anti-catalase, anti-androgen receptor (AR), anti-
prostate specific antigen (PSA), anti-B-actin (Cell Signaling Technology, MA, USA), and anti-B-cell lymphoma 2 (Bcl-2;
Santa Cruz, CA, USA). The membranes were then incubated with secondary antibodies at room temperature for 2 h, and the
signals were detected using a chemiluminescence detection kit and quantified using CSAnalyzer4 (Atto, Tokyo, Japan).

Quantitative Real-Time PCR (RT-qPCR)

Total RNA was extracted from prostate tissue using TRIzol reagent (Sigma, MO, USA) and the absorbance of RNA
samples were measured at 260 and 280 nm. Equal amounts of total RNA (1.4 ug) from the prostate tissue of each rat
were subjected to reverse transcription (RT) using a commercially available RT kit (Toyobo, Osaka, Japan). Quantitative
real-time PCR was performed using SYBR Green Master Mix (Thermo Scientific, MA, USA). The following primer
sequences were used: 716, 5-TAGTCCTTCCTACCCCAACT -3’ (forward) and 5-TTGGTCCTTAGCCACTCCTT-3'
(reverse); 118, 5-CATTAATATTTAACGATGTGGATGCGTTTCA-3' (forward) and 5'-GCCTACCATCTT
TAAACTGCACAAT-3" (reverse); Gapdh, 5-ACAGCAACAGGGTGGTGGAC-3' (forward) and 5'-TTTGAGG
GTGCAGCGAACTT-3' (reverse). Relative expressions are presented as fold-change in the cDNA level of the target
gene relative to that of the endogenous control (GAPDH), determined using the 2~ **“" method, as described previously.'®

Cell Culture and Treatment

The Lymph Node Carcinoma of the Prostate (LNCaP) was obtained from the American Type Culture Collection (ATCC,
Manassas, VA, USA). The cell line was incubated in RPMI-1640 medium (Gibco, CA, USA) with 10% fetal bovine
serum (FBS). The cells were incubated in medium containing testosterone propionate (10 uM) and EV (50 to 200
pg mL ") for 72h. After incubation, the cells were harvested for protein analysis. Cytotoxicity of EV was evaluated using
the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as previously described.'’

Statistical Analysis

Multiple comparisons were performed using one-way analysis of variance (ANOVA), followed by Dunnett’s post-hoc
test for comparison between BPH group and the other groups. Statistical significance was set at p < 0.05. Statistical
analyses were performed using GraphPad Prism 6 (GraphPad Software Inc., CA, USA). Values are expressed as the mean
+ standard deviation (SD).

Results

Analysis of EV

UHPLC-MS/MS analysis was conducted to identify EV constituents. The base peak chromatograms of EV and the
extracted ion chromatograms for each phytochemical are shown in Figure 1. The mass spectral characteristics of all
identified compounds in EV are summarized in Table 2. In this study, four phytochemicals of EV, namely, chlorogenic
acid, orientin, vitexin, and dihydroactinidiolide were identified from EV extract by comparisons with the mass spectra
and retention times of reference standards. Most compounds except chlorogenic acid were identified in positive ion

mode. The mass spectral patterns of the identified compounds were consistent with those reported previously.'*
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Figure | UHPLC-MS/MS analysis of EV. (A) Base peak ion chromatograms of EV in positive and negative ion modes. (B) Extracted ion chromatogram of the identified
phytochemicals. Rt is retention time.

Effect of EV Extracts on Prostatic Weight

Compared to the prostates of the animals in the NC group, those of rats administered testosterone exhibited a significant
increase in relative weight. However, these increases were significantly alleviated in the finasteride- and EV-treated
groups (Table 3).

Effect of EV Extracts on the Level of Testosterone and DHT

Considering that androgen hormones, such as testosterone and DHT, are critical mediators of BPH pathogenesis,'® we
examined the effects of EV on androgen hormone levels. The serum DHT levels were higher in the BPH group (6559 + 1509
pg/mL) than in the NC group (478 £ 116 pg/mL); however, the levels were significantly lower in the finasteride- (4479 + 285
pg/mL) and EV-treated groups (3414=+ 1247 pg/mL) compared to those in the BPH group (Figure 2A). Similarly, testosterone
was higher in the prostate of the BPH group than in that of the NC group; however, these levels were markedly lower in the
finasteride- and EV-treated groups (Figure 2B).

Table 2 Phytochemicals Identified in Eriochloa villosa Using Ultra-High Performance Liquid Chromatography-Tandem Mass
Spectrometry (UHPLC-MS/MS)

No. | Identification Formula R¢ (min) | Adduct | Calculated (m/z) | Estimated (m/z) | Error (ppm) | MS/MS Fragments (m/z)
I Chlorogenic acid Ci6Hig09 5.25 [M-H]™ 353.0878 353.0869 —2.5374 191
2 Orientin C; H,00,, | 631 [M+H]" | 449.1078 449.1074 —0.999 431, 413, 383, 353, 329, 299
3 Vitexin C,H,00,, | 6.78 [M+H]" | 433.1129 433.1126 —0.7865 415, 397, 367, 337, 313, 283
4 Dihydroactinidiolide | C;;H;¢O, 12.67 [M+H]" 181.1223 181.1222 —0.3966 135

Abbreviation: R, retention time.

Research and Reports in Urology 2022:14 hetps: 317

Dove:


https://www.dovepress.com
https://www.dovepress.com

Baek et al Dove

Table 3 Effect of Eriochloa villosa on Prostate Weight and Percentage Inhibition

Group Treatment Prostate Weight, Relative (%)
NC Corn oil/PBS 0.194 £ 0.024

BPH Testosterone propionate/PBS 0.374 + 0.049"

BPH+F Testosterone propionate/Finasteride 0.262 + 0.025%*

BPH+EV Testosterone propionate/EV 0.306 + 0.027**

Notes: NC, corn oil -and PBS-treated rats; BPH, testosterone (3 mg/kg)-injected and PBS-treated rats; BPH + F,
testosterone-injected and finasteride (10 mg/kg)-treated rats; BPH + EV, testosterone (3 mg/kg)-injected and EV
(150 mg/kg)-treated rats. Data are expressed as mean + SD. *p < 0.01, compared to the NC group; **p < 0.0, compared
to the BPH group.

Effects of EV on Histological Changes in Prostate Tissues in a Rat Model of
Testosterone-Induced BPH

Within the NC group, the prostate tissue morphology exhibited normal features. In contrast, the tissues of the BPH group
showed glandular hyperplasia and increased epithelial thickness with decreased glandular luminal area (Figure 3A).
Meanwhile, epithelial thickness was markedly decreased in the finasteride- and EV-treated groups compared to that in the
BPH group (Figure 3B).
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Figure 2 Effect of EV extracts on DHT and testosterone levels in a rat model of testosterone-induced benign prostatic hyperplasia (BPH). The levels of (A) DHT and (B)
testosterone in serum (B). NC, corn oil-injected and PBS-treated rats; BPH, testosterone (3 mg kgfl)-injected and PBS-treated rats; BPH + F, testosterone-injected and
finasteride (10 mg kg ')-treated rats; BPH + EV, testosterone (3 mg kg ')-injected and EV (150 mg kg ')-treated rats. Data are expressed as the mean + SD. *#p <0.01
compared with the NC group; *p <0.05 and **p <0.01 compared with the BPH group.
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Figure 3 Effects of EV on histology in prostatic epithelium in a rat model of testosterone-induced benign prostatic hyperplasia (BPH). (A) Representative hematoxylin and
eosin-stained prostate tissues (magnification, X400). (B) The epithelial thickness of prostate tissues. NC, corn oil-injected and PBS-treated rats; BPH, testosterone (3 mg
kg ')-injected and PBS-treated rats; BPH + F, testosterone-injected and finasteride (10 mg kg ')-treated rats; BPH + EV, testosterone (3 mg kg ')-injected and EV (150 mg
kg ')-treated rats. Data are expressed as the mean  SD. *p <0.01 compared with the NC group; **p <0.01 compared with the BPH group.

Effects of EV on Prostatic Cell Proliferation in a Rat Model of Testosterone-Induced
BPH

PCNA staining was performed to evaluate the effect of EV on cell proliferation in the prostatic tissues. The number of
PCNA-positive cells was significantly higher in the BPH group (50.10 £ 10.88%) than in the NC group (13.42 £
10.45%). Notably, this increase was significantly inhibited in both finasteride (8.80 + 4.20%) and EV-treated groups
(10.22 + 4.62%) (Figure 4). The data suggest that EV prevents BPH progression through its antiproliferative activity.

Effects of EV on Prostatic Cell Apoptosis in a Rat Model of Testosterone-Induced BPH
Next, we examined the effect of EV on apoptosis in the prostate using the TUNEL assay and Western blot analysis.
Representative TUNEL staining is shown in Figure SA. A higher number of TUNEL-positive cells was observed in the
finasteride (13.82 + 2.42%) and EV-treated groups (9.37 + 2.02%) than in the BPH group (2.85 + 1.77%) (Figure 5B).
Protein expression of the anti-apoptotic protein, Bel-2, was increased in the BPH group; in contrast, the finasteride- and
EV-treated groups showed lower Bcl-2 expression (Figure 5C). These findings suggest that EV activates the apoptotic
pathway via Bcl-2-dependent signaling.

Effects of EV on Inflammation in a Rat Model of Testosterone-Induced BPH

Considering that inflammation plays an important role in BPH,* we sought to evaluate the involvement of inflam-
matory processes and the effects of EV on inflammatory cytokines within the BPH rat model. The morphology of the
prostatic tissue was normal, with few inflammatory cells in the NC group, whereas more inflammatory cells were
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Figure 4 Effects of EV on proliferation in prostatic tissue. (A) Representative prostate tissues immunostained with an anti- proliferative cell nuclear antigen (PCNA)
antibody (magnification, x400). (B) Number of PCNA-positive cells in the prostate. PCNA-positive nuclei were counted in five randomly selected fields (magnification,
x400) from each rat; results are calculated as PCNA-positive nuclei 100 cells . NC, corn oil-injected and PBS-treated rats; benign prostatic hyperplasia (BPH), testosterone
(3 mg kg ')-injected and PBS-treated rats; BPH + F, testosterone-injected and finasteride (10 mg kg ')-treated rats; BPH + EV, testosterone (3 mg kg ')-injected and EV
(150 mg kg ')-treated rats. Data are expressed as the mean + SD. *p <0.01 compared with the NC group; **p <0.01 compared with the BPH group.

detected in the prostatic interstitial lesions of the BPH group animals. In contrast, the number of inflammatory cells in
the prostatic tissues of finasteride- and EV-treated animals was similar to that in the NC group animals (Figure 6A).

Additionally, the relative expression of IL-6 and IL-8 was higher in prostatic tissues from the BPH group, while
being significantly lower in tissue from the finasteride- and EV-treated groups (Figure 6B). Similarly, COX-2
expression increased in the BPH group, while being notably reduced in the finasteride- and EV-treated groups
(Figure 6C).

Effects of EV on Oxidative Stress

To examine the involvement of oxidative stress in the testosterone-induced BPH rat model and the effect of EV on
oxidative stress, MDA levels were evaluated in the prostatic tissues. MDA level increased in the BPH group, and
decreased in the finasteride- and EV-treated group (Figure 7A). Moreover, the expression of catalase (CAT), an
antioxidant enzyme, decreased in the BPH group, and increased in the finasteride- and EV-treated groups
(Figure 7B). These data suggest that EV prevents BPH progression, at least partially, through the antioxidative signaling
pathway.

Effect of EV in LNCaP Cells

Androgens stimulate prostatic growth and PSA level is related to BPH pathogenesis.! Thus, we examined the effect of
EV on androgen receptor (AR) and prostate-specific antigen (PSA) expression in human prostatic cancer cell lines.
Testosterone treatment significantly increased the expression of AR and PSA, and that treatment with finasteride or EV
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Figure 5 Effects of EV on apoptotic pathway in prostatic tissue. (A) Representative prostate tissues of terminal deoxynucleotidyl transferase dUTP nick-end labeling

(TUNEL) staining (magnification, x400). (B) Number of TUNEL-positive cells in the prostate. TUNEL-positive nuclei were counted in five randomly selected fields

(magnification, x400) from each rat; results are calculated as TUNEL-positive nuclei 100 cells"'. (C) The expression levels of Bcl-2 using Western blotting; B-actin was used

as a normalized control. NC, corn oil-injected and PBS-treated rats; benign prostatic hyperplasia (BPH), testosterone (3 mg kg ')-injected and PBS-treated rats; BPH + F,
testosterone-injected and finasteride (10 mg kg™ ')-treated rats; BPH + EV, testosterone (3 mg kg ')-injected and EV (150 mg kg™')-treated rats. Data are expressed as the
mean % SD. *p <0.01 compared with the NC group; **p <0.01 compared with the BPH group.

(50 to 200 pg mL ") significantly attenuated this effect (Figure 8A). EV did not induce cytotoxicity up to 200 pg mL ™" as
shown Figure 8B. These findings suggest that EV suppresses androgen signaling in prostatic cancer cells.

Discussion

BPH is characterized by an enlarged prostate and LUTS, which usually require medical consultation." Androgen
hormones, such as testosterone and DHT, play a major role in the development and progression of BPH.'® The
5-ARIs, including finasteride and dutasteride, suppress the conversion of testosterone to DHT and are currently used
for the treatment of BPH.'® In the present study, EV decreased relative prostatic weight and the levels of DHT and
testosterone in serum, similar to finasteride-treated animals.

To date, the pathogenesis and etiology of BPH have not been clearly elucidated.?’ However, an imbalance of prostate
cell proliferation and apoptotic cell death contribute to BPH pathogenesis.”' In the present study, cell proliferation and
apoptosis were analyzed to examine the underlying mechanism of BPH, using TUNEL assay, as well as quantifying
PCNA and Bcl-2 proteins. PCNA protein has key role in DNA replication, repair of DNA damage, and cell-cycle
progression, and various physiological conditions, including BPH.?*** Similarly, Bcl-2 inhibits apoptosis and binds to,
and inactivates, pro-apoptotic proteins such as Bax.?* In the present study, EV notably decreased the testosterone-induced
increase in PCNA-positive cells. In addition, apoptotic indices, namely, TUNEL assay and Bcl-2 expression indicated
that EV activated the apoptotic pathway. These results demonstrate that EV inhibits proliferation and promotes apoptosis
of prostatic tissue in this BPH rat model, indicating an improvement in the balance of cell proliferation and apoptotic
process.

Inflammatory process of prostatic tissue may be critical point of BPH progression.”” However, the origin of prostate
inflammation has not been fully elucidated and various factors could influence the generation of inflammation.?® Both
acute and chronic inflammation lead to recruitment of inflammatory cells into prostatic tissue, such as T lymphocytes and
macrophages, neutrophils, eosinophils, and mast cells and recruited inflammatory cell type is dependent on the
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Figure 6 Effects of EV on inflammatory cytokines in prostatic tissue. (A) Representative prostate tissues showing stromal infiltration of inflammatory cells in benign
prostatic hyperplasia (BPH) groups (magnification, x200). (B) RT-qPCR was performed to measure mRNA expression levels of IL-6 and IL-8 in prostate tissue. (C) The
expression levels of COX-2 measured using Western blotting; -actin was used as a normalized control. NC, corn oil-injected and PBS-treated rats; BPH, testosterone (3 mg
kg ")-injected and PBS-treated rats; BPH + F, testosterone-injected and finasteride (10 mg kg ')-treated rats; BPH + EV, testosterone (3 mg kg ')-injected and EV (150 mg
kg ')-treated rats. Data are expressed as the mean + SD. *p <0.01 compared with the NC group; *p <0.05 and **p <0.01 compared with the BPH group.

stimulant. Prostate epithelial, stromal, and inflammatory cells produce cytokines, including CCL family (CCL-5, CCL-
2), IL-1, IL-6, IL-18, and hypoxia-inducible factor-1a (HIF-1a), inducing local inflammation.?”-*® IL-6 could be released
by epithelial and stromal cells during inflammation and published report showed that IL-6 was upregulated in prostatic
tissues of BPH compared to the normal prostate.”” IL-8 is a proinflammatory cytokine and secretion of IL-8 by prostate
epithelial cells and is involved in leukocyte chemotaxis. The levels of IL-8 was elevated in prostatic tissue of BPH
patient and men with chronic prostatitis.>* Moreover, cyclooxygenase (COX) activity plays a key role in the association
of inflammation and proliferation of prostatic tissue.”’ Elevated COX-2 activity was found in various inflammatory cells
of the epithelium and interstitium of human prostate and was observed in proliferative inflammatory lesions.*'
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Figure 7 Effects of EV on oxidative stress in prostatic tissue. (A) malondialdehyde (MDA) levels in prostatic tissue. (B) The expression levels of catalase measured using
Western blotting; B-actin was used as a normalized control. NC, corn oil-injected and PBS-treated rats; benign prostatic hyperplasia (BPH), testosterone (3 mg kg ')-injected
and PBS-treated rats; BPH + F, testosterone-injected and finasteride (10 mg kg ')-treated rats; BPH + EV, testosterone (3 mg kg ')-injected and EV (150 mg kg ')-treated
rats. Data are expressed as the mean + SD. *p <0.01 compared with the NC group; *p <0.05 and **p <0.01 compared with the BPH group.
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Figure 8 Effects of EV on protein expression of prostate-specific antigen (PSA) and AR and viability in LNCaP Cell Line. (A) The cells were treated with testosterone
propionate (10 pM), finasteride (30 uM) or EV at the indicated concentrations for 72 h, and cell lysates (30 ug) were subjected to Western blot analysis using antibody
against PSA and AR. (B) Cell viability was determined by MTT assay. CON, vehicle-treated control; TP, testosterone-treated; F, testosterone and finasteride-treated; EV,
testosterone and EV- treated. Data are expressed as the mean * SD.
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Consistent with previous reports, in the present study, inflammatory cell infiltration was observed in the prostatic stroma
and the levels of IL-6 and IL-8, as well as the expression of COX-2 were significantly higher in the BPH group animals;
meanwhile, EV treatment significantly reversed these effects.

Alterations in the redox status play a role in the pathophysiology of inflammation. Previous studies have suggested
that oxidative stress provoked chronic inflammation inducing various chronic prostatic diseases, such as chronic
prostatitis and prostate cancer.”> MDA levels in the plasma or serum reflect the value of lipid peroxidation acts as
a biomarker of oxidative stress.** Serum MDA levels are significantly higher in BPH patients and showed strong
correlation with PSA levels.”> Meanwhile, the activity of antioxidant enzymes, including CAT and SOD, is down-
regulated in most prostatic tissue of BPH patient than normal prostatic tissues.>® Similarly, the overall antioxidant activity
is decreased in BPH patients compared to controls, and negative correlation has been reported between the levels of
plasma peroxides and overall antioxidant activity of patients with BPH.?” In the present study, EV notably alleviated the
increase in MDA levels and increased CAT expression, suggesting antioxidative activity.

Androgen hormone has a key role in prostatic growth, and AR and PSA level is related to BPH pathogenesis.' In our
previous reports, several extracts inhibited expressions of AR and PSA induced by testosterone and these extract showed
therapeutic effect in BPH rat model.*** Consistently, in this study, testosterone increased expression of AR and PSA in
LNCaP cells. Notably, EV treatment attenuated expression of AR and PSA. These findings suggest that EV suppresses
androgen signaling in this cell system.

The present study results suggest that EV attenuated BPH progression by cell growth, anti-inflammation and anti-
oxidative stress in testosterone-induced rat model.

Conclusion

This study demonstrates that EV treatment significantly prevents the progression of testosterone-induced prostatic
enlargement and subsequent histological alterations in a rat model of BPH. More specifically, EV lowers the levels of
DHT and testosterone and ameliorates the testosterone-induced imbalance between prostatic proliferation and apoptotic
cell death. Furthermore, the expression of testosterone-induced inflammatory cytokine and oxidative stress markers is
significantly suppressed in EV-treated animals. In LNCaP cells, EV significantly inhibited expression of AR and PSA
induced by testosterone treatment. Collectively, these results suggest that EV exhibits therapeutic potential for preventing
BPH progression.
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