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Abstract: Benign prostatic hyperplasia (BPH) is the non-malignant enlargement of the prostate,
associated with lower urinary tract symptoms (LUTSs). Taraxaci Herba (TH), commonly known as
dandelion, has traditionally been utilized in East Asia to treat symptoms related to LUTSs. Based on
this traditional use, our study aimed to explore the inhibitory effects of TH on BPH progression using a
testosterone propionate-induced rat model. To induce BPH, male Sprague Dawley rats were castrated
and injected subcutaneously with testosterone propionate (3 mg/kg/day) for 28 days. Concurrently,
TH extract was administered orally at doses of 100 and 300 mg/kg/day throughout the four-week
period of testosterone propionate injections. The TH extract significantly reduced both the absolute
and relative weights of the prostate, along with histopathological changes in the gland. Moreover,
it lowered serum levels of testosterone and dihydrotestosterone and reduced the expression of the
androgen receptor in the prostate. Additionally, the TH extract modulated the protein expressions
of Bax and Bcl-2, which are key regulators of apoptosis in prostate cells. Collectively, our findings
suggest that TH inhibits BPH development partially by modulating androgen signaling and inducing
apoptosis within the prostate.

Keywords: Taraxaci Herba; testosterone propionate; benign prostatic hyperplasia; testosterone;
dihydrotestosterone

1. Introduction

Benign prostatic hyperplasia (BPH) refers to the non-malignant enlargement of the
prostate, which is associated with lower urinary tract symptoms (LUTSs). More than
80% of men over the age of 80 experience LUTSs/BPH, encompassing symptoms such as
nocturia, a weak urinary stream, straining to void, and an intermittent stream [1,2]. The
increased proliferation of epithelial and stromal cells in the prostate’s transition zone leads
to abnormal prostatic hyperplasia [3]. Although the exact etiology of BPH remains elusive,
contributing mechanisms primarily include an age-related imbalance of androgens and
estrogens, chronic inflammation, and an increase in prostatic cellular growth factors [4–6].
Among these, the dysregulation of androgens, especially testosterone and dihydrotestos-
terone (DHT), is particularly significant. Testosterone is converted into the more potent
DHT by 5α-reductase in the prostate, playing a crucial role in BPH progression. Both
testosterone and DHT bind to the androgen receptor (AR) within prostate cells, with DHT
exhibiting a higher affinity for the AR compared to testosterone, making it a more potent
androgen [7]. The binding of androgens to AR stimulates the expression of growth factors
and promotes the proliferation of prostate cells [8].

Currently, alpha-blockers, 5α-reductase inhibitors, and their combination are used
for the pharmacotherapy of BPH. The use of PDE-5 inhibitors also represents a potential
treatment option [9]. Alpha-blockers relax smooth muscle tone, thereby alleviating LUTSs,
but they cannot prevent BPH progression. Tamsulosin, a commonly prescribed uroselective
α1A-adrenoceptor antagonist, has been reported to induce ejaculation-related side effects in
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8.4–18.1% of cases, depending on the dosage [10,11]. 5α-reductase inhibitors, which inhibit
the conversion of testosterone to DHT, lead to libido loss in 3 to 5% of men and erectile
dysfunction in 5 to 16% of men [12,13]. Concerns about these sexual side effects have led
many BPH patients to choose herbal treatments as alternative options [14].

The genus Taraxacum, commonly known as dandelions, has been utilized as a food
source and medicinal herb for centuries across Asia, North America, and Europe. The Korean
Herbal Pharmacopoeia recognizes the whole plants of Taraxacum platycarpum, T. officinale,
T. mongolicum, and T. coreanum (of the Compositae family) as Taraxaci Herba (TH). In East
Asia, TH has been employed to treat inflammatory disorders such as infectious skin diseases
and appendicitis since its documentation in the Tang Materia Medica (also known as the
Newly Revised Materia Medica), the world’s first pharmacopoeia, published during the Tang
Dynasty in China in 659 AD [15]. Research focusing on the pharmacology of the Taraxacum
genus has primarily been preclinical and has revealed that TH possesses pharmacological
benefits, including antioxidant, anti-obesity, anticancer, diuretic, anti-inflammatory, and
immunoprotective effects [16,17]. These pharmacological effects are attributed to its bioactive
chemical components, which include sesquiterpenoid lactones (e.g., taraxacoside, taraxinic
acid, taraxacolide-O-β-glucopyranoside), phenolic acids (e.g., chlorogenic acid, caffeic acid,
chicoric acid), flavonoids (e.g., chrysoeriol, quercetin, luteolin-7-glucoside), triterpenoids
(e.g., α-amyrin), and sterols (e.g., taraxasterol, β-sitosterol, stigmasterol) [18–20].

TH has been used as a folk remedy for treating LUTSs in Western and Eastern Asia, as
well as in Europe [20,21]. Especially in Korea and China, TH has been traditionally used to
treat stranguria, which is a predominant symptom in patients with BPH [22,23]. Given its
traditional use, we anticipated potential inhibitory effects of TH on BPH. Although a recent
study has suggested an inhibitory effect on BPH from a formulation mixture of T. officinale,
Nelumbo nucifera, and Cuscuta australis [24], the efficacy of TH alone in treating BPH has not
been previously reported. In the current study, we investigated the inhibitory effects of TH
on BPH using a testosterone propionate (TP)-induced rat model and explored the possible
underlying mechanisms.

2. Materials and Methods
2.1. Preparation of TH Extract

Dried TH, produced in Gyeongsangbuk-do, Korea, was purchased from Dongwoodang
pharmacy Co., Ltd. (Yeongcheon-si, Gyeongsangbuk-do, Republic of Korea), and its authen-
ticity was confirmed by Prof. Hocheol Kim of Kyung Hee University. The voucher specimen
was stored in the Herbarium of Dept. of Herbal Pharmacology, College of Korean Medicine,
Kyung Hee University (No. 21111201). The dried plant material was reflux-extracted in
70% ethanol with a 1:20 solid-to-liquid ratio for 3 h at 80 ◦C and then was filtered through
cellulose filter papers (Whatman™ grade 2 filter papers, Cytiva, Marlborough, MA, USA).
The filtrate was concentrated at 45 ◦C using a rotary evaporator under reduced pressure
and was subsequently dried in a freeze dryer (FDU-1200, EYELA, Tokyo, Japan), resulting
in a powder with an extraction yield of 24.7%.

2.2. Animals

Male Sprague Dawley rats which were 10 weeks old and specific pathogen-free were
purchased from Koatech (Pyeongtaek-si, Gyeonggi-do, Republic of Korea) and used in ac-
cordance with the guidelines of the Institutional Animal Care and Use Committee (IACUC)
of Kyung Hee University. The animal study protocol was approved by the IACUC of Kyung
Hee University prior to the experiment (Approval No. KHSASP-23-130, date of approval
12 April 2023). The rats were housed in an environment maintained at a temperature of
23 ± 1 ◦C with a humidity of 55–60% and a 12 h light–dark cycle. The rats received a
standard chow diet and were allowed free access to distilled water throughout the study.
Before the start of the experiment, it was planned to humanely terminate the experiment
and exclude any rat from the analysis in the case of complications due to castration, ab-
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normal clinical signs, or rapid weight loss of more than 20% compared to the rat’s normal
body weight.

2.3. TP-Induced Benign Prostatic Hyperplasia Rat Model

Following a 1-week acclimatization period, a total of 41 rats were randomly assigned
to one of five groups: sham (n = 6), control (n = 9), finasteride 1 mg/kg (n = 8), TH extract
100 mg/kg (n = 9), and TH extract 300 mg/kg (n = 9). The sample size was determined based
on previous research [25,26]. Rats were allocated to each group using a stratified random
sampling method based on body weight to ensure equal average weights across groups.

All rats, except the sham, were castrated under isoflurane anesthesia after group
allocation. Castration was conducted to rule out the effects of endogenous testosterone [25].
The testicles, epididymis, and epididymal fat were removed via the abdominal approach
as described in the previous literature [27]. After the surgery, the rats were kept under
standard conditions for a week for recovery. BPH was induced in the castrated rats by
subcutaneous injections of TP (3 mg/kg/day dissolved in olive oil) for 28 continuous days.
The sham group received olive oil injections in the same regimen. Concurrently with TP
injections, TH extract and finasteride (Proscar®, MSD, Seoul, Republic of Korea) were orally
administered daily for 28 days, whereas the sham and BPH control groups were given
distilled water following the same regimen.

After the dosing period, the rats were fasted overnight and sacrificed under isoflurane
anesthesia. Blood samples were collected from the vena cava and the prostate tissues,
including the ventral, dorsolateral, and anterior lobes, and were quickly isolated and
weighed. The prostate index was calculated as the ratio of the prostate weight (in mg) to
the fasting body weight of each rat (per 100 g) measured on the day of sacrifice. The right
ventral lobes were fixed with 10% formalin for histological examination. The left ventral
lobes were snap-frozen using liquid nitrogen for Western blot analysis.

2.4. Administration of TH Extract and Positive Drug

The TH extract was administered orally at doses of 100 and 300 mg/kg/day, while
the positive drug, finasteride (Proscar®, MSD, Seoul, Republic of Korea), was administered
orally at a dose of 1 mg/kg/day. Both the TH extract and finasteride were dissolved in
distilled water and administered at a volume of 10 mL/kg body weight. Oral administration
was carried out daily between 8:30 AM and 11:30 AM, and the order of treatments was
randomized daily according to the ARRIVE guidelines [28].

According to the World Health Organization [29], the daily human dosage of TH is
9–12 g/day as dry material. Considering a yield of 24.7% for the TH extract and taking
into account the difference in body surface area between humans and rats [30], this human
dosage corresponds to an extract dosage of approximately 230–300 mg/kg/day in rats.
These oral doses have been reported to be safe in both humans and animals [29,31,32].
Based on this rationale, we set the high dose at 300 mg/kg/day, and the low dose was
determined to be one-third of this amount, at 100 mg/kg/day.

2.5. Histology

The fixed ventral prostate tissues were embedded in paraffin, sectioned into 4 µm thick
slices, and stained using Harris’ Hematoxylin and Eosin method. The sections were then
observed using an upright microscope (Eclipse Ci-L, Nikon, Tokyo, Japan). For histological
evaluation, a previously developed scoring protocol [33,34] was employed under both low-
(100×) and high-power magnifications (400×). Epithelial thickness was quantified using
ImageJ software (ver. 1.54a, NIH, Bethesda, MD, USA) at 100× magnification, measuring
five random sites for each rat and calculating the average value. The histological evaluation
was conducted by the researcher blinded to the group allocation.
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2.6. Determination of Serum Testosterone and DHT Concentrations

The whole blood was temporarily stored at 4 ◦C on the day of sacrifice, and the clotted
blood was centrifuged at 4000 rpm and 4 ◦C for 10 min. The serum was then obtained
and stored at −80 ◦C until analysis. Concentrations of testosterone and DHT in serum
were measured using competitive inhibition enzyme-linked immunosorbent assay kits
(Cat. No. CSB-E05100r and CSB-E07879r, Cusabio Technology, Houston, TX, USA). The
procedure was carried out in accordance with the guidelines provided by the manufacturer.

2.7. Western Blot Analysis

Ventral prostatic tissue samples were homogenized in a RIPA lysis and extraction
buffer (Thermo Scientific, Waltham, MA, USA), employing the Bead Ruptor Elite (OMNI
International, Kennesaw, GA, USA). Following homogenization, samples were centrifuged
at 13,000 rpm for 10 min at 4 ◦C. The supernatant was then transferred to a clean micro-
centrifuge tube for further analysis. The protein concentration within the supernatant was
determined using a Pierce™ BCA protein assay kit (Thermo Scientific, Waltham, MA, USA).
For the gel electrophoresis, a 2× Laemmli sample buffer (Bio-Rad Laboratories, Hercules,
CA, USA) was used to prepare the loading sample, with 60 µg of protein loaded into
each well of 4–20% Mini-PROTEAN® TGX™ precast protein gels (Bio-Rad Laboratories).
Electrophoresis was conducted at 200 V for 30 min, followed by protein transfer onto
PVDF membranes at 100 V for 60 min. To block non-specific binding, the membranes were
incubated in 5% skim milk in TBST at room temperature for 1 h. Then, the membranes
underwent overnight incubation at 4 ◦C with primary antibodies targeting AR (1:200), Bcl-2
(1:1000), Bax (1:1000), and β-actin (1:500), supplied by Santa Cruz Biotechnology (Dallas,
TX, USA). After removing the primary antibody solution, the membranes were washed
four times, each for 5 min with TBST (Bio-Rad Laboratories). The secondary antibody incu-
bation involved goat anti-mouse IgG (H+L) (Invitrogen, Waltham, MA, USA) at dilutions
of 1:5000 for β-actin and Bcl-2 and 1:2000 for AR and Bax, conducted at room temperature
for 1 h. Following four 5 min washes with TBST, protein bands were visualized using the
WesternBright ECL HRP substrate (Advansta, San Jose, CA, USA). The chemiluminescence
was captured using a ChemiDoc MP Imaging System (Bio-Rad Laboratories, Hercules, CA,
USA). Protein expression levels were analyzed with Image Lab Software (ver. 6.1, Bio-Rad
Laboratories, Hercules, CA, USA) and normalized to β-actin levels.

2.8. Statistical Analysis

Group differences were analyzed using an analysis of variance, followed by Dunnett’s
multiple comparison test, employing GraphPad Prism software (ver. 8.4.2, GraphPad
Software, Inc., San Diego, CA, USA). There were no data points excluded from the analysis.
A p-value of less than 0.05 was considered statistically significant. Data are expressed as
mean ± standard deviation (SD).

3. Results
3.1. Body Weight Changes

At the beginning of the dosing period, the body weights across the BPH groups (four
groups excluding the sham) were not statistically different (Figure 1a). The administration
of TP at levels exceeding physiological ranges has been reported to suppress body weight
gain in castrated adult rats [35]. In accordance with this previous study, the body weight
on the day of sacrifice and the body weight gain during the 28-day dosing period were
significantly lower in the BPH control group compared to the sham group (Figure 1b,c).
While the intergroup difference was not statistically significant, the administration of TH
extract at 300 mg/kg exhibited a tendency to increase body weight gain compared to the
control group (31.0 ± 9.6 vs. 16.7 ± 20.6 g, p = 0.080).
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6 for sham, 8 for fina, and 9 for the other groups). * p < 0.05, ** p < 0.01, and *** p < 0.001 vs. control 
group (Con). Fina, finasteride 1 mg/kg. 
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ited an approximately 1.8-fold increase compared to the sham group (1893.7 ± 91.4 vs. 
1047.5 ± 71.3 mg, p < 0.001; Figure 2a). The administration of TH extract at 300 mg/kg and 
finasteride at 1 mg/kg significantly reduced prostate weight increases by 22.6% (p < 0.05) 
and 37.9% (p < 0.001), respectively. 

The prostate index, representing prostate weight relative to body weight, signifi-
cantly increased approximately 2.1-fold in the control group compared to the sham group 
(520.9 ± 26.7 vs. 250.3 ± 18.1, p < 0.001; Figure 2b). The increase in prostate index was sig-
nificantly inhibited by 21.3% with TH extract at 300 mg/kg (p < 0.05) and by 41.7% with 
finasteride at 1 mg/kg (p < 0.001). 
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Figure 2. Effects of Taraxaci Herba (TH) extract on the prostate weight (a) and prostate index (b) of 
rats with testosterone propionate-induced benign prostatic hyperplasia. The prostate index was cal-
culated as the prostate weight (mg) per 100 g of fasting body weight (BW) at sacrifice. All values are 
presented as the mean ± SD (n = 6 for sham, 8 for fina, and 9 for the other groups). * p < 0.05 and *** 
p < 0.001 vs. control group (Con). Fina, finasteride 1 mg/kg. 

Figure 1. Effects of Taraxaci Herba (TH) extract on body weight changes in testosterone propionate
injected rats. (a) Body weight on day 1 of the dosing period. (b) Fasting body weight at sacrifice.
(c) Body weight gain during the 28-day dosing period. All values are presented as the mean ± SD
(n = 6 for sham, 8 for fina, and 9 for the other groups). * p < 0.05, ** p < 0.01, and *** p < 0.001 vs. control
group (Con). Fina, finasteride 1 mg/kg.

3.2. Prostate Weight and Prostate Index

After 4 weeks of TP administration, the prostate weight in the control group exhibited an
approximately 1.8-fold increase compared to the sham group (1893.7 ± 91.4 vs. 1047.5 ± 71.3 mg,
p < 0.001; Figure 2a). The administration of TH extract at 300 mg/kg and finasteride at 1 mg/kg
significantly reduced prostate weight increases by 22.6% (p < 0.05) and 37.9% (p < 0.001),
respectively.
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Figure 2. Effects of Taraxaci Herba (TH) extract on the prostate weight (a) and prostate index (b) of
rats with testosterone propionate-induced benign prostatic hyperplasia. The prostate index was
calculated as the prostate weight (mg) per 100 g of fasting body weight (BW) at sacrifice. All values
are presented as the mean ± SD (n = 6 for sham, 8 for fina, and 9 for the other groups). * p < 0.05 and
*** p < 0.001 vs. control group (Con). Fina, finasteride 1 mg/kg.

The prostate index, representing prostate weight relative to body weight, signifi-
cantly increased approximately 2.1-fold in the control group compared to the sham group
520.9 ± 26.7 vs. 250.3 ± 18.1, p < 0.001; Figure 2b). The increase in prostate index was
significantly inhibited by 21.3% with TH extract at 300 mg/kg (p < 0.05) and by 41.7% with
finasteride at 1 mg/kg (p < 0.001).
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3.3. H&E-Stained Prostate Tissues

Histological analysis using H&E staining was performed to assess the effects of TH
extract on prostate hyperplasia. Figure 3 shows the morphological alterations in the ventral
prostate of each group, observed at 100× and 400× magnifications. Normal cellular mor-
phology was observed in the sham group, whereas the control group displayed increased
glandular hyperplasia and reduced luminal space. The cellular structure in the group
treated with finasteride was similar to that of the sham group. The administration of TH
extract at both 100 and 300 mg/kg doses resulted in a reduction in glandular hyperplasia.
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3.4. Histological Scores

Table 1 shows the histological scores, determined by observing alterations in the his-
tology of the glandular epithelium and stroma under low-power (100×) and high-power
(400×) magnification according to the previously developed scoring protocol [33,34]. This
assessment encompassed various factors including the shape of luminal and acinar structures,
the space between acini, stromal features, epithelial morphology, layering, outward growth,
the distribution of lesions, and the shape and size of nuclei. The sham group, which showed
no apparent lesions in the ventral prostate, had a total score of 21.67 ± 8.36. In contrast, the
total score of the control group was 53.89 ± 5.23, which was significantly higher than that of
the sham group (p < 0.001). TP in the control group resulted in histopathological alterations
typical of benign prostatic hyperplasia, including irregular acinar structures, nuclear shape
and size variation, a disrupted basement membrane, cellular layering, and budding. These
pathological manifestations were mitigated following the administration of TH and finas-
teride. The treatment with TH extract at doses of 100 mg/kg and 300 mg/kg and finasteride at
1 mg/kg significantly reduced the total scores to 34.33 ± 17.70, 26.33 ± 14.31, and 22.00 ± 6.95,
respectively, compared to the control group.
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Table 1. Histoscore.

Variable (Score Values) Sham Control Finasteride TH 100 TH 300

Low-Power Magnification
Luminal shape regular (1), villous (3), papillary (4), cribriform (5) 1.33 (0.82) 1 2.11 (1.05) 1.25 (0.71) 1.89 (1.05) 1.56 (1.13)
Acinar shape tubular (1), branched (3), irregular (5) 1.00 (0.00) 2.33 (2.00) 1.00 (0.00) 1.33 (1.00) 1.22 (0.67)
Interacinar space large or moderate (1); back-to-back glands (5) 1.00 (0.00) 2.33 (2.00) 1.00 (0.00) 2.67 (2.00) 1.22 (0.67)
Stroma fine (1), abundant (3), fibrosis/severe smooth muscle hyperplasia (5) 2.33 (1.03) 2.78 (1.56) 2.50 (1.41) 2.11 (1.45) 2.11 (1.05)
High-Power Magnification
Epithelial shape flattened (1), cuboidal (1), cylindrical (3), hexagonal (5) 1.67 (1.03) 2.33 (1.00) 1.50 (0.93) 1.67 (1.00) 1.22 (0.67)
Number of layers mono (1), oligo 2–4 (3), pluri, >5 (5) 1.67 (1.03) 2.56 (0.88) 1.00 (0.00) ** 1.67 (1.00) 1.22 (0.67) **
If >1, then add focal (3), diffuse (5) 1.00 (1.55) 2.33 (1.32) 0.00 (0.00) ** 1.33 (1.58) 0.33 (1.00) **

Alignment polar (1), apolar (3) 1.00 (0.00) * 2.11 (1.05) 1.00 (0.00) * 1.67 (1.00) 1.22 (0.67)
If there is piling up of epithelial cells, add (3) 2.00 (1.55) 3.00 (0.00) 1.50 (1.60) 2.00 (1.50) 1.33 (1.58) *
If there is budding out of epithelial cells into stroma, add (5) 0.00 (0.00) * 3.89 (2.20) 1.88 (2.59) 2.22 (2.64) 2.78 (2.64)
If periacinar clusters of epithelial cells are found, add (3) 0.50 (1.22) 1.00 (1.50) 0.38 (1.06) 1.00 (1.50) 0.00 (0.00)
If isolated clusters of epithelial cells are found outside acini, add (5) 0.83 (2.04) * 3.33 (2.50) 0.00 (0.00) *** 0.00 (0.00) *** 0.56 (1.67) **

Lesion distribution (for apolar or budding out cells, no lesion = 0): unilobar:
isolated (2): multiple (6). Bilobar: isolated (4); multiple (8) 2.00 (2.19) 5.33 (0.94) 1.50 (2.07) * 3.56 (3.13) 2.67 (3.46)

Nuclear shape round, regular (1), irregular (5) 1.00 (0.00) ** 3.67 (0.67) 1.00 (0.00) ** 2.33 (2.00) 1.89 (1.76)
Nuclear size small (2), large (2), small and large in the same acinus (4) 2.00 (0.00) ** 3.33 (0.33) 2.00 (0.00) ** 2.67 (1.00) 2.22 (0.67) *
Mitoses per field absent (0); isolated, 1–2 (2); abundant, 3–5 (5); excessive, >5 (10) 0.33 (0.82) ** 2.78 (0.60) 1.00 (1.07) * 0.67 (1.00) ** 0.56 (1.67) **
Basement membrane intact (1); interrupted (5) 1.00 (0.00) ** 4.56 (0.44) 2.00 (1.85) * 2.78 (2.11) 2.33 (2.00) *
Thin (1); thick (5) 1.00 (0.00) ** 4.11 (0.59) 1.50 (1.41) ** 2.78 (2.11) 1.89 (1.76) *
Total score (arbitrary units) 21.67 (8.36) *** 53.89 (5.23) 22.00 (6.95) *** 34.33 (17.70) * 26.33 (14.31) ***

1 Values are presented as the mean with standard deviation in parentheses (n = 6 for sham, 8 for finasteride, and 9 for the other groups). * p < 0.05, ** p < 0.01 and *** p < 0.001 vs. control
group. Finasteride, finasteride 1 mg/kg; TH 100, Taraxaci Herba extract 100 mg/kg; TH 300, Taraxaci Herba extract 300 mg/kg. Finasteride, finasteride 1 mg/kg.
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3.5. Epithelial Thickness of the Prostate

The control group exhibited a significant increase in the epithelial thickness of the
ventral prostate compared to the sham group (27.3 ± 4.3 vs. 14.9 ± 3.0 µm, p < 0.001;
Figure 4). The administration of TH extract at doses of 100 and 300 mg/kg and finasteride
at 1 mg/kg significantly reduced the epithelial thickness compared to the control group
(all p < 0.001).
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3.6. Serum Testosterone and DHT Concentrations

The serum testosterone levels were significantly higher in the control group compared
to the sham group (Figure 5a). The TH 300 mg/kg group showed significantly lower serum
testosterone levels compared to the control group (57.1 ± 14.7 vs. 79.3 ± 26.4 ng/mL,
p < 0.05).
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Figure 5. Effects of Taraxaci Herba (TH) extract on serum testosterone (a) and dihydrotestosterone
(DHT; (b)) levels in rats with testosterone propionate-induced benign prostatic hyperplasia. All
values are presented as the mean ± SD (n = 6 for sham, 8 for fina, and 9 for the other groups).
* p < 0.05, ** p < 0.01, and *** p < 0.001 vs. control group. Fina, finasteride 1 mg/kg.

The serum DHT levels in the control group showed a significant increase of approx-
imately 2.2-fold compared to the sham group (7.4 ± 2.3 vs. 3.3 ± 0.5 ng/mL, p < 0.01;
Figure 5b). Treatment with 300 mg/kg of TH extract inhibited the increase in serum DHT
levels by 48.3%, reaching 5.5 ± 0.8 ng/mL (p < 0.05 vs. control).

3.7. Protein Expressions of AR and Apoptosis-Related Biomarkers

Androgens, primarily testosterone and DHT, bind to ARs upon reaching prostate
tissue. After we found that TH reduced serum androgen levels, we evaluated the effects
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of TH on the expression of the AR in ventral prostate tissue. The control group showed
higher expression of AR protein in the ventral prostate compared to the sham group
(Figure 6). This increased expression was reduced following the administration of TH
extract (300 mg/kg) and finasteride (1 mg/kg).
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Figure 6. Effects of Taraxaci Herba (TH) extract on protein expressions of androgen receptor in
the ventral prostate of rats injected with testosterone propionate. All values are presented as the
mean ± SD. * p < 0.05 vs. control group. Fina, finasteride 1 mg/kg; TH, Taraxaci Herba extract
300 mg/kg.

To determine the effects of TH on apoptosis signaling, we assessed the protein ex-
pression of anti-apoptotic Bcl-2 and pro-apoptotic Bax in the ventral prostate. TH extract
reduced the expression of Bcl-2 and increased the expression of Bax compared to the control
group (Figure 7).
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the ventral prostate of rats injected with testosterone propionate. All values are presented as the
mean ± SD. * p < 0.05 and ** p < 0.01 vs. control group. Fina, finasteride 1 mg/kg; TH, Taraxaci Herba
extract 300 mg/kg.

4. Discussion

The present study investigated the inhibitory effects of TH on BPH development,
using a TP-induced rat model of BPH. The findings revealed that the oral administration
of TH significantly mitigated BPH progression, evidenced by reduced prostate weights
and histopathological changes. Additionally, TH decreased serum androgen levels and
modulated the expression of AR and genes associated with apoptosis.
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The TP-induced BPH rat model used in this study is a well-established experimental
model for studies on BPH [36]. There are several methods to induce a BPH model, including
sex hormone, inflammation, urogenital sinus, and phenylephrine-induced models [37].
Of these, the sex hormone—predominantly androgen—induced rat model is the most
established and commonly used method, yet this model is not suitable for nonhormonal
therapy studies and employs high hormone doses that do not accurately mimic the actual
disease state [25,37]. Typically, BPH in rats is induced through subcutaneous injections
of TP, either following castration or without castration. Castration offers the advantage
of eliminating the influence of endogenous testosterone [25]. Subcutaneously injected
testosterone and its metabolite, DHT, bind to the AR in the prostate. Upon activation, the
AR, a nuclear receptor, functions as a transcription factor of growth factors, consequently
accelerating prostate stromal and epithelial cell proliferation, which leads to prostatic
enlargement [38]. Increased prostate weight due to such proliferation is a surrogate marker
of BPH progression [39]. In the present study, control rats had a significantly increased
absolute and relative prostate weight compared with the sham group, indicating that
BPH was well induced in this study. TH extract significantly reduced the absolute and
relative weights of prostates in rats with TP-induced BPH compared to the control group.
Decreased prostate weight after the administration of TH extract suggests that TH inhibits
the hyperplastic progression of the prostate in TP-induced BPH rats.

Histopathological observations revealed that the oral administration of TH extract
mitigated TP-induced hyperplasia in the ventral prostate. Testosterone administration
to rats induces the irregular growth of acinar structures as well as stromal tissues in the
prostate [33,40]. In particular, it leads to notable histopathological alterations in the glan-
dular epithelium of the ventral prostate, including changes in cell shape (cylindric) and a
papillary-like configuration [33], which are in line with our results. Thus, epithelial thick-
ness is considered as a marker for BPH [40]. In this study, discrete clusters of epithelial cells
were also identified outside the acinar structures. Moreover, disruptions and thickening of
the basement membrane were observed. These histopathological changes induced by TP
align with previous studies [41,42] and were alleviated by TH, as evidenced by significantly
lower histological scores and epithelial thickness compared to the control group. Alongside
the decreased prostate weight, these histopathological results suggest that TH possesses an
inhibitory effect on benign prostatic hyperplasia.

Androgens and the activation of AR pathways have been linked to the development
and maintenance of BPH. Testosterone, the primary androgen predominantly secreted by
the testes, is converted to DHT by 5α-reductase enzymes upon reaching the prostate. Within
prostate cells, DHT binds to the AR with two- to five-fold higher affinity and increases AR
signaling tenfold compared to testosterone [8,43]. The androgen receptor, a member of the
steroid and nuclear receptor family, translocates to the nucleus upon androgen binding and
regulates the expression of genes related to apoptosis and proliferation. In this study, TP
administration significantly increased the serum levels of testosterone and DHT, as well as
AR expression in the prostate, in the control group compared to the sham group. These
findings are consistent with the results of previous studies [25,44]. TH extract significantly
decreased serum testosterone and DHT levels and reduced the protein expression of AR
in the prostate. Substantial evidence suggests that higher serum DHT levels and AR
expressions are associated with the progression of BPH [45]. Blocking androgen/AR
signaling reduces the volume of BPH and alleviates LUTSs [46]. Numerous studies have
indicated abundant AR expression in BPH tissue compared to normal prostate tissue,
underscoring its pivotal role in BPH progression [47]. Our results suggest that the inhibition
of BPH by TH might be attributed to the down-regulation of androgen/AR signaling.

BPH is caused by the proliferation of epithelial and smooth muscle cells of the prostate,
predominantly within the transition zone which surrounds the urethra. It results from
glandular aging because of the loss of homeostasis, wherein apoptosis plays an important
role in maintaining tissue homeostasis [48]. It is known that the disturbance of apoptotic
pathways is associated with abnormal cellular proliferation in the prostate [49]. To inves-
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tigate the potential effects of TH on apoptosis, we assessed the expressions of Bax and
Bcl-2 proteins, which are pivotal in the regulation of apoptotic pathways. In the prostate,
cells with elevated Bax expression are prone to apoptosis, whereas those with increased
expression levels of Bcl-2 are often implicated in hyperplasia, a process marked by the
inhibition of apoptosis [50]. Our findings showed that TH reduced Bcl-2 expression and
increased that of Bax in the prostate, suggesting that TH promotes the apoptosis of prostate
cells, thereby reducing cellular proliferation.

For centuries, Taraxacum spp. (dandelions) have been employed in the treatment
of LUTSs and continue to be widely used to this day [51]. Despite this, research on the
effectiveness of Taraxacum spp. in treating BPH, a leading cause of LUTSs, remains
scarce. Although Lim et al. (2020) [24] demonstrated that a multi-herbal mixture including
T. officinale exhibits inhibitory effects on BPH by suppressing AR signaling, studies focusing
solely on TH are yet to be reported. To the best of our knowledge, the present study is the
first to explore the inhibitory effects and potential underlying mechanisms of TH on BPH.

Based on its human safety profile, Taraxacum spp. has long been utilized both as food
and as an herbal medicine. The United States Food and Drug Administration designates
T. officinale, a plant source of TH, as a “generally recognized as safe” substance. The
consumption of TH is considered safe and well tolerated in humans when administered
in appropriate doses [31]. Moreover, a study demonstrated that the oral administration of
TH for four weeks did not adversely affect sperm count or motility in male rats [52]. It is
well documented that 5α-reductase inhibitors, such as finasteride, can reversibly impact
sperm production and motility negatively [53]. Thus, TH may serve as a safe alternative
therapeutic option for BPH.

5. Conclusions

This study demonstrated that TH exhibits inhibitory effects on the development of
BPH in a TP-induced rat model. These beneficial outcomes may be partially attributed
to the regulation of androgen/AR signaling and the induction of apoptosis signaling
pathways. Given its recognized safety profile, TH holds promise as a safe and effective
alternative treatment for BPH.
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