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Abstract This study investigated the protective effects of Allium ampeloprasum extract (AAE)
against dihydrotestosterone (DHT)-induced benign prostatic hyperplasia (BPH) in WPMY-1 cells.
Cytotoxicity testing confirmed that AAE was non-toxic at all tested concentrations. Pretreatment
with AAE significantly reduced DHT-induced secretion of interleukin-6 (IL-6), interleukin-1p (IL-1pB)
and tumor necrosis factor-o. (TNF-o)), demonstrating its anti-inflammatory potential. AAE also decreased
Sa-reductase and prostate-specific antigen (PSA) levels, suggesting suppression of testosterone-
to-DHT conversion and reduced androgen receptor (AR) activation. Furthermore, AAE diminished
DHT-stimulated increases in AR, the coactivator steroid receptor coactivator-1 (SRC-1), and PSA,
indicating modulation of androgen-dependent transcription. AAE also modulated apoptosis-related
proteins. DHT reduced BCL2-associated X protein (Bax) and caspase-3 expression and increased
B-cell lymphoma 2 (Bcl-2) levels. AAE reversed these changes, restoring apoptotic signaling. These
findings suggest that AAE attenuates BPH-related processes by regulating androgen signaling,
inflammation, and apoptosis. AAE may therefore serve as a potential natural source for functional
ingredients aimed at supporting prostate health.
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1. Introduction

Benign prostatic hyperplasia (BPH) is a common non-malignant condition in older men,
characterized by excessive stromal and epithelial proliferation that leads to lower urinary tract
symptoms (Barry, 2001). More than 50% of men over the age of 50 and nearly 80% of those
over 80 exhibit prostate enlargement (Roehrborn, 2008). Enlargement contributes to voiding
difficulty, urinary frequency, and urinary retention, thereby reducing quality of life. Without
appropriate management, BPH may progress to urinary tract infection or renal impairment,
underscoring the need for continuous monitoring and treatment (Seok and Yi, 2017). BPH
development involves hormonal imbalance, chronic inflammation, oxidative stress, and impaired
apoptosis (Untergasser et al., 2005). Testosterone is converted to dihydrotestosterone (DHT) by
So-reductase, which activates androgen receptors (ARs) and drives prostate cell proliferation,
making androgen metabolism a central pathway in BPH pathogenesis (Carson and Rittmaster,
2003). Elevated interleukin-6 (IL-6), interleukin-18 (IL-1B), tumor necrosis factor-o (TNF-o), and
cyclooxygenase-2 (COX-2) levels are strongly associated with prostatic proliferation (De Nunzio
et al., 2011; Naiyila et al., 2023). In addition, reduced Bax and caspase-3 expression and elevated
Bcl-2 levels promote abnormal cell survival (Ho and Habib, 2011). Stromal-epithelial interactions,

NF-«kB activation, and oxidative stress-driven inflammatory amplification further contribute to
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BPH progression (Inamura and Terada, 2024; Kaltsas et al.,
2025; Xu et al., 2024). Stromal cells are considered major
regulators of BPH, as stromal AR activation and cytokine
secretion influence epithelial proliferation and androgen
sensitivity. Therefore, WPMY-1 stromal cells, a well-established
prostate fibroblast-like line, were used in this study to
examine stromal-derived androgenic and inflammatory responses
(Cunha et al., 2004). Standard BPH treatments, including o-
blockers, So-reductase inhibitors (PDES) inhibitors, can cause
sexual dysfunction and hormonal disturbances, and symptoms
frequently recur after discontinuation (Abubakar et al., 2023;
Gratzke et al., 2015; McConnell et al., 2003). As a result,
interest has grown in natural products that offer fewer
adverse effects and improved long-term applicability (Csikos
et al.,, 2021; Stewart and Lephart, 2023).

Allium ampeloprasum (Amaryllidaceae) is phytochemically
similar to garlic and contains sulfur-based compounds such
as alliin and allicin (Brewster, 2008; Hughes and Lawson,
1991). It exhibits antioxidant, immunomodulatory, antidiabetic,
and anti-adipogenic activities (Figliuolo et al., 2001; Lee et
al., 2020; Lu et al., 2011). Organosulfur compounds found in
Allium species, including allicin and S-allyl cysteine, can
modulate NF-«B signaling, reduce oxidative stress, and influence
hormone-related pathways (Alam et al., 2023; Gorrepati et al.,
2024; Twar et al., 2024). Despite these well-known bioactivities,
the effects of 4. ampeloprasum on prostate health remain unclear.
Therefore, this study investigated whether Allium ampeloprasum
extract (AAE) mitigates DHT-induced hyperplasia-related
changes in WPMY-1 cells and assessed its potential as a
functional food ingredient for prostate health.

2. Materials and methods

2.1. Extract preparation

Allium ampeloprasum was purchased from Gangjin-gun
(Jeollanam-do) local market and used for experiments. After
removing stems and peels and washing, 300 mL of 70%
ethanol was added to 100 g of Allium ampeloprasum and
extracted by immersion for one week at room temperature in
the dark. The extract was passed through filter paper (No. 2,
Hyundai Micro, Seoul, Korea) and subsequently concentrated
using a rotary evaporator (EYELA N-1300, Tokyo Rikakikai,
Tokyo, Japan). The concentrated solution was then subjected
to freeze-drying with a freeze dryer (MP-05K, Mareuda,
Gwangju, Korea) to obtain the powdered extract. Following
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freeze-drying, 4.7 g of powdered extract was obtained,
corresponding to a yield of approximately 4.7%. The extract
powder was reconstituted in phosphate-buffered saline (PBS)
and subsequently passed through a 0.2 um syringe filter
(Sartorius, Goéttingen, Germany) prior to use.

2.2. Cell Culture and treatment

WPMY-1 cells were obtained from the American Type
Culture Collection (ATCC, Manassas, VA, USA) and cultured
in Dulbecco’s Modified Eagle's Medium (DMEM, Gibco,
Grand Island, NY, USA) supplemented with 10% fetal
bovine serum (FBS, Gibco) and 1% antibiotic-antimycotic
(Gibco) at 37°C, 5% CO,. To confirm protective effects
against BPH, WPMY-1 cells were pretreated with AAE at
various concentrations for 2 h, then treated with 10 nM DHT
for 24 h.

2.3. Cell viability

WPMY-1 cells were seeded in 96-well plates at a density
of 1x10* cells/well concentration and cultured for 24 h. To
assess the effect of the extract on cell viability, the culture
medium was removed and the cells were subsequently treated
with AAE at 0, 50, 100, 300, 500, 700, and 1,000 pg/mL for
24 h. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT, 5 mg/mL; Sigma-Aldrich Co., St. Louis, MO, USA)
was diluted to 0.5 mg/mL, added to each well, and incubated
at 37°C for 4 h to allow formazan formation. The supernatant
was discarded, and the insoluble formazan crystals were
dissolved in dimethyl sulfoxide (DMSO). Absorbance was
then measured at 540 nm using a microplate reader
(Versamax, Molecular Devices, San Jose, CA, USA) to
determine cell viability relative to the untreated control.

2.4, ba—Reductase, prostate—specific antigen (PSA)
measurement

For pretreatment, WPMY-1 cells were incubated with
AAE at varying concentrations for 2 h, after which they were
treated with DHT (10 nM) for 24 h. Cell lysate and medium
were collected. So-reductase and PSA concentrations were
measured according to the manual provided by enzyme-
linked immunosorbent assay (ELISA) kit (MyBioSource, Inc.
San Diego, CA, USA). Concentrations in each treatment
group were calculated by confirming concentrations in
medium after AAE and DHT treatment.
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2.5, Inflammatory cytokines measurement

For pretreatment, WPMY-1 cells were incubated with
AAE at varying concentrations for 2 h, after which they were
treated with DHT (10 nM) for 24 h. Medium was collected
and the concentrations of IL-6, IL-18 and TNF-a
concentrations were measured according to the manual
provided by ELISA kit (Abcam, Cambridge, UK). Concentration
in each treatment group were calculated by confirming

concentrations in medium after AAE and DHT treatment.

2.6. Western blot assay
Following treatment of WPMY-1 cells with AAE and DHT,

cellular proteins were extracted using radioimmunoprecipitation
assay (RIPA) buffer supplemented with 1% protease inhibitor
(Sigma-Aldrich, St. Louis, MO, USA), and homogenized to
obtain total protein lysates. Protein concentrations were
determined by a BCA assay kit (Thermo Fisher Scientific,
Waltham, MA, USA), and equal amounts of protein were
loaded onto 10% sodium dodecyl sulfate-polyacrylamide gels
(SDS-PAGE) for electrophoresis. Separated proteins were
subsequently transferred onto polyvinylidene fluoride (PVDF)
membranes (Roche Diagnostics, Mannheim, Germany), which
were blocked with EveryBlot blocking buffer (Bio-Rad,
Hercules, CA, USA) for 10 min at room temperature. The
membranes were incubated overnight at 4°C with primary
antibodies (Cell Signaling Technology, Danvers, MA, USA)
diluted at 1:1000-1:4000, followed by three washes with
TBS-T (Tris-buffered saline containing 1% Tween-20) for 15
min each. Thereafter, HRP-conjugated secondary antibodies
(Cell Signaling Technology) diluted at 1:1000-1:2500 were
applied for 2 h at room temperature, and the membranes were
again washed three times with TBS-T. Protein bands were
visualized using an enhanced chemiluminescence (ECL)
substrate (Thermo Fisher Scientific) and detected with a
digital imaging system (MicroChemi 4.2, DNR Bio-Imaging

Systems, Neve Yamin, Israel).

2.7. Statistical analysis

All experiments were conducted independently at least
three times, and the results are presented as the meant
standard deviation (SD). Statistical analyses were carried out
using one-way analysis of variance (ANOVA), followed by

Duncan’s multiple range test at p<0.05.
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3. Results and discussion

3.1. Cytotoxicity of extract in WPMY-1 cells

Cytotoxicity of AAE in WPMY-1 cells was assessed using
the MTT assay. Treatment with AAE at 0, 50, 100, 300, 500,
700, and 1,000 pg/mL for 24 h resulted in cell viability
values of 100, 109.27, 105.04, 99.34, 99.44, 102.18, and
99.64% respectively, confirming the absence of cytotoxicity
(Fig. 1). Therefore, only non-toxic concentrations were used

in subsequent experiments.

3.2. Regulatory effects of extract on inflammatory
reactions in WPMY-1 cells

To evaluate the effect of AAE on inflammatory cytokine
production (IL-6, IL-1p, and TNF-a), WPMY-1 cells were
pretreated with the extract at different concentrations for 2
hand then exposed to DHT (10 nM) for 24 h. Cytokine levels
were then quantified by ELISA.

For IL-6, the untreated group showed 32.74 pg/mL while
the 10 nM DHT alone treatment group showed 304.81
pg/mL, indicating increased production. AAE treated groups
at 50, 100, and 200 pg/mL showed 275.08, 210.04, and
148.59 pg/mL respectively, with decreased production levels,
confirming 9.75%, 31.09%, and 51.25% reduction in IL-6
compared to the only DHT-treated group (Fig. 2A). For IL-1
B, the untreated group showed 53.02 pg/mL while the DHT
alone treatment group showed 595.07 pg/mL, indicating
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Fig. 1. Effect of Allium ampeloprasum extract (AAE) on cell
viability in WPMY-1 cells. WPMY-1 cells were treated with
increasing concentrations of AAE (0-1,000 pg/mL) for 24 h.
Cell viability was determined by MTT assay. Cell viability was
measured by MTT assay. Value was calculated as a percentage
of cell viability of the non-treated cells. All values are mean+SD
(n=3 independent experiments). Statistical significance was
determined by one-way ANOVA followed by Duncan’s multiple
range test. p<0.05 compared to non-treated cells.
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Fig. 2. Effect of Allium ampeloprasum extract (AAE) on production of inflammatory cytokine in DHT-stimulated WPMY-1 cells. Cells
were pretreated with AAE (0, 50, 100, 200 pg/mL) for 2 h and then stimulated with DHT (10 nM) for 24 h. (A) IL-6, (B) IL-1P
and (C) TNF-o were quantified by ELISA. All values are mean+SD (n=3). "p<0.05, compared to non-treated cells; “p<0.05, compared

to only DHT-treated group.

increased production. AAE treated groups at 50, 100, and
200 pg/mL showed 475.20, 410.02, and 231.92 pg/mL
respectively, with decreased production levels, confirming
20.14%, 31.10%, and 61.03% reduction in IL-1B compared
to the only DHT-treated group (Fig. 2B). For TNF-q, the
untreated group showed 69.61 pg/mL while the 10 nM DHT
alone treatment group showed 297.11 pg/mL, indicating
increased production. AAE treated groups at 50, 100, and
200 pg/mL showed 210.33, 170.16, and 153.91 pg/mL
respectively, with decreased production levels, confirming
29.21%, 42.73%, and 48.20% reduction in TNF-a compared
to the only DHT-treated group (Fig. 2C).

IL-6, IL-1p and TNF-o are major pro-inflammatory
cytokines that create an inflammatory microenvironment in
prostatic tissue and activate signaling pathways involved in
proliferation and apoptosis (Kwon et al., 2014). In this study,
DHT significantly increased the secretion of IL-6, IL-1pB, and
TNF-0 in WPMY-1 cells, consistent with inflammatory
patterns in BPH (Kramer and Marberger, 2006; Roehrborn,
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2008). Pretreatment with AAE markedly reduced these
cytokines, indicating that the extract effectively suppresses
androgen-driven inflammation. These results suggest that
AAE may inhibit BPH progression partly through downregulation
of IL-6, IL-1pB, and TNF-a. Similar findings were reported by
Kim et al. (2023), who demonstrated that hesperidin reduced
DHT-induced increases in IL-6, IL-1B, and TNF-o. Their
study proposed that modulation of androgen-related
inflammatory signaling plays a central role in mitigating BPH
pathogenesis, which aligns with the inhibitory effects of AAE

observed here.

3.3. Regulatory effects of extract on AR signaling
factors in WPMY-1 cells

To evaluate the effect of AAE on So-reductase and PSA
production, WPMY-1 cells were pretreated with the extract
at different concentrations for 2 h, followed by stimulation
with DHT (10 nM) for 24 h. 5o-reductase and PSA were then
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quantified by ELISA.

For Sa-reductase, the untreated group showed 15.17 pg/mL
while the 10 nM DHT treatment group showed 104.81
pg/mL, indicating increased production. AAE treated groups
at 50, 100, and 200 pg/mL showed 95.05, 72.65, and 51.79
pg/mL respectively, with decreased production levels,
confirming 9.31%, 30.68%, and 50.59% reduction in So-
reductase compared to the only DHT-treated group (Fig. 3A).
For PSA, the untreated group showed 69.61 pg/mL while the
10 nM DHT treatment group showed 297.11 pg/mL, indicating
increased production. AAE treated groups at 50, 100, and
200 pg/mL showed 210.33, 170.16, and 153.91 pg/mL
respectively, with decreased production levels, confirming
29.21%, 42.73%, and 48.20% reduction in PSA compared to
the only DHT-treated group (Fig. 3B).

Expression changes by AAE (50, 100, 200 pg/mL)
treatment were confirmed for factors involved in AR
signaling: AR, SRC-1, and PSA (Fig. 4). For AR expression,
The only DHT-treated group showed a 2.88-fold increase
compared to the untreated group, while AAE treated groups
at 50, 100, and 200 pg/mL showed 3.23-, 2.38-, and
1.57-fold increases, confirming a 12.15% increase, 17.36%
and 45.49% decrease compared to the only DHT-treated
group. For SRC-1 expression, the only DHT-treated group
group showed a 12.61-fold increase compared to the
untreated group, while AAFEtreated groups at 50, 100, and
200 pg/mL showed 11.59-, 7.56-, and 4.25-fold decrease,
confirming 8.09%, 40.05%, and 66.3% decreases compared
to the only DHT-treated group. For PSA expression, the only
DHT-treated group showed a 2.91-fold increase compared to
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the untreated group, while AAE treated groups at 50, 100,
and 200 pg/mL showed 3.32-, 2.43-, and 1.52-fold decrease,
confirming a 14.09% increase, 16.49% and 47.77% decrease
compared to the only DHT-treated group.

Sa-Reductase catalyzes the conversion of testosterone to DHT
and is a central mediator of BPH pathology. Pharmacological
inhibitors such as finasteride and dutasteride reduce prostate
volume and improve urinary symptoms by targeting this
enzyme (McConnell et al., 2003; Roehrborn, 2008). DHT-
induced AR activation also increases PSA, a widely used
clinical indicator of BPH severity (Lilja, 2003). In the present
study, DHT elevated both 5o-reductase and PSA levels in
WPMY-1 cells, whereas AAE markedly reduced their
expression. Because upregulation of Sa- reductase enhances
AR signaling and subsequently promotes PSA induction, the
reduction of both markers indicates that AAE suppresses
androgen-dependent pathways (Tsai et al., 2006). These findings
suggest that AAE may interfere with the testosterone-to-DHT
conversion process and attenuate downstream AR signaling,
thereby mitigating BPH-related changes.

AR and SRC-1 are also crucial regulators of prostatic
growth, promoting the transcription of androgen-responsive
genes such as PSA (Heinlein and Chang, 2004). Consistent
with this, DHT increased AR, SRC-1, and PSA protein
expression, whereas AAE reduced all three factors in a
dose-dependent manner. This indicates that AAE may
counteract androgen-mediated transcriptional activation and
suppress hyperplastic signaling. Similar inhibitory patterns
were reported by Kim et al. (2021), who showed that

hazelnut extract attenuated DHT-induced increases in AR,
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Fig. 3. Effect of Allium ampeloprasum extract (AAE) on production of BPH-related mediators in DHT-stimulated WPMY-1 cells. Cells
were pretreated with AAE (0, 50, 100, 200 pg/mL) for 2 h and then stimulated with DHT (10 nM) for 24 h. 5o-reductase and PSA
were quantified by ELISA. All values are mean+SD (n=3). "p<0.05, compared to non-treated cells; “p<0.05, compared to only DHT-

treated group.
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Fig. 4. Effect of Allium ampeloprasum extract (AAE) on androgen receptor (AR) signaling pathway related protein expression in
DHT-stimulated WPMY-1 cells. Cells were pretreated with AAE (0, 50, 100, 200 pg/mL) for 2 h and then stimulated with DHT (10
nM) for 24 h. Protein expression was determined by western blot analysis. All values are mean+SD (n=3). “p<0.05, compared to non-

treated cells; “p<0.05, compared to only DHT-treated group.

SRC-1, and PSA, supporting the concept that phytochemicals
can regulate prostatic growth by modulating AR signaling.
The present results are consistent with these findings. Taken
together, these data demonstrate that AAE modulates key
androgen-related enzymes and signaling components in
DHT-stimulated WPMY-1 cells. By reducing S5a-reductase
and PSA production and suppressing AR and SRC-1
expression, AAE shows potential as a natural agent for
managing BPH.

3.4. Regulatory effects of extract on apoptosis in
WPMY-1 cells

The expression changes of Bcl-2, Bax, and caspase-3
related to apoptosis in WPMY-1 cells were assessed using
western blot analysis (Fig. 5). For Bcl-2, the group treated
with only DHT exhibited a 2.52-fold increase compared to
the untreated control. In contrast, the AAE treated groups
demonstrated decreases in Bcl-2 levels to 2.52-, 1.67-, and
1.30-fold, representing reductions of 0.79%, 33.73%, and
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48.41% relative to the only DHT-treated group. For Bax, the
showed a 0.58-fold decrease
compared to the untreated control, while the AAE treated

only DHT-treated group

groups experienced increases to 1.57-, 1.74-, and 1.85-fold,
translating to rises of 170.69%, 200.00%, and 331.03% in
Bax expression compared to the only DHT-treated group.
Similarly, for caspase-3, the only DHT-treated group
demonstrated a 0.68-fold decrease compared to the untreated
control, whereas the AAE treated groups showed increases to
1.74-, 1.71-, and 1.93-fold, reflecting increases of 155.88%,
151.47%, and 183.82% compared to the only DHT-treated
group.

This study also evaluated the effects of AAE on apoptosis-
related proteins in DHT-exposed WPMY-1

promotes mitochondrial cytochrome c release, and caspase-3

cells. Bax
functions as a key executioner of apoptosis, whereas Bcl-2
acts as an anti-apoptotic regulator. Because Bax and Bcl-2
exert opposing functions, the Bax/Bcl-2 ratio is widely used
as an indicator of apoptotic balance (Adams and Cory, 2007
Green and Llambi, 2015). Compared with untreated cells,
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Fig. 5. Effect of Allium ampeloprasum extract (AAE) on apoptosis-related protein expression in DHT-stimulated WPMY-1 cells. Cells
were pretreated with AAE (0, 50, 100, 200 pg/mL) for 2 h and then stimulated with DHT (10 nM) for 24 h. Protein expression was
analyzed by western blot. All values are mean+SD (n=3). ‘p<0.05, compared to non-treated cells; “p<0.05, compared to only DHT-

treated group.

DHT decreased the expression of Bax and caspase-3 while

increasing Bcl-2 levels, indicating a shift toward an
anti-apoptotic state. AAE pretreatment reversed these changes
by increasing Bax and caspase-3 and reducing Bcl-2, thereby
restoring a pro-apoptotic balance relative to the DHT-treated
group. These findings are consistent with previous reports
demonstrating that DHT promotes proliferation by enhancing
anti-apoptotic signaling during BPH progression (Kramer and
Marberger, 2006; Roehrborn, 2008). The AAE-induced shift
toward apoptosis suggests that the extract may counteract
DHT-driven cell survival. This interpretation is further
supported by earlier studies showing that Allium- derived
compounds modulate mitochondrial apoptotic pathways
(Amagase, 2006; Guo et al., 2020). Collectively, these results
highlight AAE as a potential functional ingredient capable of
reactivating apoptosis pathways suppressed by DHT, thereby

contributing to the mitigation of BPH progression.

4. Conclusions

The present study evaluated the protective effects of

https://www.ekosfop.or.kr

Allium ampeloprasum extract (AAE) in a DHT-stimulated
WPMY-1 stromal cell model. AAE was non-cytotoxic within
the tested concentration range and attenuated DHT-induced
alterations in inflammatory cytokines, androgen-related signaling
molecules, and apoptosis-associated markers. Although these
findings suggest that AAE exerts biological activities relevant
to prostate health, they should be interpreted with caution
because they are derived from a single stromal cell line and
a limited panel of molecular markers. AAE significantly
reduced the secretion of IL-6, IL-1f, and TNF-a, consistent
with previous reports showing that organosulfur compounds
abundant in Allium species- such as allicin, S-allyl cysteine,
and S-allyl mercaptocysteine- can suppress NF-kB activation
DHT

treatment also increased AR, SRC-1, and PSA expression,

and mitigate oxidative and inflammatory stress.
whereas AAE downregulated these factors in a concentration-
dependent manner, suggesting potential modulation of
androgen-dependent transcription. Furthermore, AAE restored
the Bax/Bcl-2 ratio and enhanced cleaved caspase-3 and

caspase-9 expression, indicating recovery of apoptosis pathways
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suppressed by DHT.

Despite these promising observations, several limitations
should be acknowledged. First, the exclusive use of WPMY-1
stromal cells limits the extrapolation of these findings to the
stromal-epithelial interactions that characterize the in vivo prostate
microenvironment. Second, the absence of a pharmacological
positive control (e.g., finasteride or dutasteride) restricts
comparisons between AAE and established BPH therapeutics.
Third, although the study demonstrates bioactivity, it does
not include phytochemical profiling of AAE; thus, the
specific active constituents responsible for the observed
effects remain unidentified. Incorporating such analytical data
in future investigations will be essential for clarifying the
molecular contributors and enhancing mechanistic interpretation.
Additionally, broader pathway analyses and in vivo studies
will be necessary to substantiate the biological relevance of
AAE.

In summary, AAE appears to mitigate key pathological
processes associated with DHT-induced stromal activation-
including inflammatory cytokine production, AR-associated
signaling, and suppression of apoptosis. While these findings
support the potential development of AAE as a functional
ingredient for prostate health, comprehensive phytochemical
characterization and multi-model mechanistic studies are
required before definitive conclusions can be drawn.

Funding

This work was supported by the Technology development
Program (RS-2025-25445086) funded by the Ministry of
SMEs and Startups (MSS, Korea).

Acknowledgements
None.

Conflict of interests
The authors declare no potential conflicts of interest.

Author contributions

Conceptualization: Kim S. Methodology: Kim S. Formal
analysis: Lee HJ, Kim S. Validation: Kim S. Writing -
original draft: Lee HJ, Kim S. Writing - review & editing:
Lee HJ, Kim S.

Ethics approval
This article does not require IRB/IACUC approval because

1108

there are no human and animal participants.

ORCID

Hyo-Jeong Lee (First author)
https://orcid.org/0000-0002-9494-9369
Seung Kim (Corresponding author)
https://orcid.org/0000-0001-6249-8156

References

Abubakar M, Prasad R, Salim SS, Basavaraju D, Khan M,
Lateef IK, Furgan A, Raza S, Gupta I, Singla D, Adil
H, Naeem A. Orthostatic hypotension in benign
prostatic hyperplasia patients and its association with
alpha-1 antagonist use: A comprehensive literature
review. Cureus, 15, e44097 (2023)

Adams JM, Cory S. The Bcl-2 apoptotic switch in cancer
development and therapy. Oncogene, 26, 1324-1337
(2007)

Amagase H. Clarifying the real bioactive constituents of
garlic. J Nutr, 136, 716S-725S (2006)

Barry MJ. Evaluation of symptoms and quality of life in men
with benign prostatic hyperplasia. Urology, 58, 25-32
(2001)

Brewster JL. Onions and Other Vegetable Alliums. CABI,
Wallingford, UK, p 16-18 (2008)

Carson C 3rd, Rittmaster R. The role of dihydrotestosterone
in benign prostatic hyperplasia. Urology, 61, 2-7 (2003)

Csikos E, Horvath A, Acs K, Papp N, Balazs VL, Dolenc
MS, Kenda M, Kocevar Glava¢ N, Nagy M, Protti M,
Mercolini L, Horvath G, Farkas A, On behalf of the
oemonom. Treatment of benign prostatic hyperplasia by
natural drugs. Molecules, 26, 7141 (2021)

Cunha GR, Ricke W, Thomson A, Marker PC, Risbridger G,
Hayward SW, Wang YZ, Donjacour AA, Kurita T.
Hormonal, cellular and molecular regulation of normal
and neoplastic prostatic development. J Steroid Biochem
Mol Biol, 92, 221-236 (2004)

De Nunzio C, Kramer G, Marberger M, Montironi R, Nelson
W, Schroder F, Tubaro A. The controversial relationship
between benign prostatic hyperplasia and prostate
cancer: The role of inflammation. Eur Urol, 60, 106-117
(2011)

Figliuolo G, Candido V, Logozzo G, Miccolis V, Spagnoletti
Zeuli PL. Genetic evaluation of cultivated garlic
germplasm (Allium sativum L. and A. ampeloprasum
L.). Euphytica, 121, 325-334 (2001)

Gorrepati K, Krishna R, Singh S, Shirsat DV, Soumia PS,
Mahajan V. Nutraceutical and therapeutic potential of
Allium species. Front Nutr, 11, 1497953 (2024)

https://doi.org/10.11002/fsp.2025.32.6.1101



Food Sci. Preserv., 32(6) (2025)

Gratzke C, Bachmann A, Descazeaud A, Drake MJ,
Madersbacher S, Mamoulakis C, Oelke M, Tikkinen
KA, Gravas S. EAU guidelines on the assessment of
non-neurogenic male lower urinary tract symptoms
including benign prostatic obstruction. Eur Urol, 67,
1099-1109 (2015)

Green DR, Llambi F. Cell death signaling. Cold Spring Harb
Perspect Biol, 7, a006080 (2015)

Heinlein CA, Chang C. Androgen receptor in prostate cancer.
Endocr Rev, 25, 276-308 (2004)

Ho CK, Habib FK. Estrogen and androgen signaling in the
pathogenesis of BPH. Nat Rev Urol, 8, 29-41 (2011)

Hughes BG, Lawson LD. Antimicrobial effects of Allium
sativum L. (garlic), Allium ampeloprasum L. (elephant
garlic), and Allium cepa L. (onion), garlic compounds
and commercial garlic supplement products. Phytother
Res, 5, 154-158 (1991)

Inamura S, Terada N. Chronic inflammation in benign
prostatic hyperplasia: Pathophysiology and treatment
options. Int J Urol, 31, 968-974 (2024)

Iwar K, Ochar K, Seo YA, Ha BK, Kim SH. Alliums as
potential antioxidants and anticancer agents. Int J Mol
Sci, 25, 8079 (2024)

Kaltsas A, Giannakas T, Stavropoulos M, Kratiras Z,
Chrisofos M. Oxidative stress in benign prostatic
hyperplasia: Mechanisms, clinical relevance and therapeutic
perspectives. Diseases, 13, 53 (2025)

Kim D, Kim KH, Yook HS. Analysis of active components
of giant black garlic. J Korean Soc Food Sci Nutr, 44,
1672-1681 (2015)

Kim HJ, Jin BR, An HJ. Hesperidin ameliorates benign
prostatic hyperplasia by attenuating cell proliferation,
inflammatory response, and epithelial-mesenchymal
transition via the TGF-f1/Smad signaling pathway.
Biomed Pharmacother, 160, 114389 (2023)

Kim HIJ, Jin BR, An HI. Psoralea corylifolia L. extract
ameliorates benign prostatic hyperplasia by regulating
prostate cell proliferation and apoptosis. J Ethnopharmacol,
273, 113844 (2021)

Lee SG, Hahn D, Kim SR, Lee WY, Nam JO. Elephant
garlic extracts inhibit adipogenesis in 3T3-L1 adipocytes.
Microbiol Biotechnol Lett, 48, 383-388 (2020)

https://www.ekosfop.or.kr

Lilja H. Biology of prostate-specific antigen. Urology, 62,
27-33 (2003)

Lu X, Ross CF, Powers JR, Aston DE, Rasco BA.
Determination of total phenolic content and antioxidant
activity of garlic (4llium sativum) and elephant garlic
(Allium ampeloprasum) by attenuated total reflectance-
fourier transformed infrared spectroscopy. J Agric Food
Chem, 59, 5215-5221 (2011)

McConnell JD, Roechrborn CG, Bautista OM, Andriole GL Jr,
Dixon CM, Kusek JW, Lepor H, McVary KT, Nyberg
LM Ir, Clarke HS, Crawford ED, Diokno A, Foley JP,
Foster HE, Jacobs SC, Kaplan SA, Kreder KJ, Lieber
MM, Lucia MS, Miller GJ, Menon M, Milam DF,
Ramsdell JW, Schenkman NS, Slawin KM, Smith JA,
Medical Therapy of Prostatic Symptoms (MTOPS)
Research Group. The long-term effect of doxazosin,
finasteride, and combination therapy on the clinical
progression of Benign Prostatic Hyperplasia. N Engl J
Med, 349, 2387-2398 (2003)

Naiyila X, Li J, Huang Y, Chen B, Zhu M, Li J, Chen Z,
Yang L, Ai J, Wei Q, Liu L, Cao D. A novel insight
into the immune-related interaction of inflammatory
cytokines in benign prostatic hyperplasia. J Clin Med,
12, 1821 (2023)

Roehrborn CG. Benign prostatic hyperplasia: An overview.
Rev Urol, 10, S3-S14 (2008a)

Roehrborn CG. Pathology of benign prostatic hyperplasia. Int
J Impot Res, 20, S11-S18 (2008b)

Seok YH, Yi M. Quality of life and its related factors in
patients with benign prostatic hyperplasia in one general
hospital. J Korean Clin Nurs Res, 23, 332-340 (2017)

Stewart KL, Lephart ED. Overview of BPH: Symptom relief
with dietary polyphenols, vitamins and phytochemicals
by nutraceutical supplements with implications to the
prostate microbiome. Int J Mol Sci, 24, 5486 (2023)

Tsai YS, Tong YC, Cheng JT, Lee CH, Yang FS, Lee HY.
Pumpkin seed oil and phytosterol-F can block testosterone/
prazosin-induced prostate growth in rats. Urol Int, 77,
269-274 (2006)

Untergasser G, Madersbacher S, Berger P. Benign prostatic
hyperplasia: Age-related tissue-remodeling. Exp Gerontol,
40, 121-128 (2005)

1109



