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Albizzia julibrissin Suppresses Testosterone-induced Benign Prostatic Hyperplasia

by Regulating Sa-Reductase Type 2 — Androgen Receptor Pathway
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Abstract — Albizzia julibrissin (AJ) is an herbal medicine that shows low toxicity, promotes promoting blood
circulation and mitigates the inflammation and has mild side effects. Benign prostate hyperplasia (BPH) is one of
the most common diseases that occurs in older males and often results in lower urinary tract symptoms. This
study was conducted to evaluate the protective effect of AJ against BPH using LNCaP cells and Sprague Dawley
rats treated with testosterone. Treatment with AJ extract reduced the expression of androgen receptor (AR) and
prostate-specific antigen (PSA) in vitro. In vivo, rats were divided into 6 groups: 1 (Normal Control); 2
(Testosterone propionate (TP) alone); 3 (TP + finasteride); 4 (TP + AJ 10 mg/kg); 5 (TP + AJ 50 mg/kg); 6 (TP +
AJ 300 mg/kg). The groups treated with AJ showed reduced the relative prostate weights and BPH-related
proteins were altered, with decreased AR, PSA and proliferating cell nuclear antigen (PCNA) observed by
western blot. Histopathological analysis revealed the therapeutic effect of AJ, with a decreased thickness of
epithelial cells and reduced level of PCNA and So-reductase type 2. These results suggest that AJ extract could
ameliorate testosterone-induced benign prostatic hyperplasia.
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Introduction

Dried Albizzia julibrissin (AJ), which is a species of
tree in the family Mimosaceae, is used as an herbal
medicine to cure bruises, ulcers, abscesses, boils,
haemorrhoids and fractures,' having mild side effects and
low toxicity. Saponins, lignans, phenolic glycosides,
triterpenes and flavonoids have been identified as the
major constituents of the bark of AJ* that was studied for
excellent antioxidant, antidiabetic and anti-tumoral activity.>
It is traditionally administered to help maintain a balanced
of mind and promote blood circulation. AJ has an
antidepressant-like effects that involve the SHT 4 receptor
system.’ Its anti-angiogenic effect on reproductive system
have also been demonstrated.” Additionally, AJ exhibits
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antioxidant, anticancer and anti-inflammatory properties.®

Benign prostate hyperplasia(BPH), defined as the
proliferation of smooth muscle and epithelial cells in the
transitional zone of prostate,’ is one of the most common
diseases occurring in older males, including in more than
80% of men aged 70 to 79 years of age.'” BPH causes
gland enlargement and often results in lower urinary tract
symptoms (LUTS) including frequent urination, urgency
incontinence and nocturia; these symptoms are associated
with increased risk of obstruction, urinary retention, and
urinary infection."" The pathogenesis of BPH is also
associated with prostate inflammation.'*"?

Although the precise molecular mechanisms underlying
the induction, maintenance, and development of clinical
sequelae resulting from BPH are not completely understood,
androgen and testosterone related hormones are considered
as the major contributing factors.!* Dihydrotestosterone
(DHT) is a potent androgen synthesized from testosterone
by So-reductase isoenzyme type 1,2, and 3.">'® Type 2
So-reductase, which is the main enzyme involved in DHT
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synthesis,is dominant isoenzyme in androgen target
organs including the genital skin, prostate and seminal
vesicle."” Upon binding to DHT, the androgen receptor
translocates to the nucleus, binds to its target genes and
regulates their expression.'8 The gene and protein expression
of androgen and estrogen receptors are increased with
increasing in prostate size in patients with BPH."
Stimulation of the androgen receptor (AR) by increased
androgen levels, particularly DHT, induces the growth of
prostate epithelial and stromal cells, resulting in an
enlarged prostate transition zone.?* Proliferating cell
nuclear antigen (PCNA) is an important factor in cell
proliferation, and increased PCNA has been reported in
testosterone propionate (TP)-induced BPH.?! Benign prostate
hyperplastic tissue produces prostate-specific antigen
(PSA).? Because high concentrations of DHT enhances
PSA levels by binding to AR, PSA is widely used to help
in the diagnosis of BPH.%**

Although many pharmacological effects of the AJ have
been demonstrated the pharmacological effects of Al
extract on testosterone-induced prostatic hyperplasia have
not been studied.In this study, we examined the inhibitory
effects of an extract of Albizzia julibrissin on the
testosterone-induced rat model by measuring changes in
the prostate weight and expression of DHT, Sa-reductase,
and PCNA as well as prostate histomorphology. Our
results indicate that AJ is helpful for preventing prostatic
hyperplasia.

Experimental

General experimental procedure — The herbAJ was
purchased from Dongkyoung General Trading Company
(Dandong, China) and obtained from by Prof. Gyu Yong
Son, Chungnam University College of Medicine
(Daejeon, Korea). LNCaP cell was form American Type
Culture Collection (Manassas, VA, USA). Testosterone
propionate was from Tokyo Chemical Industry Co. (Tokyo,
Japan). Anti-prostate-specific antigen was form Bioworld
Technology (St.Louis Park, MN, USA). The polyvinylidene
fluoride membrane transfer system was from Bio-Rad
(Hercules, CA, USA). Anti-AR, anti-So-reductase and
peroxidase-conjugated donkey anti-goat Ig G were from
Santa Cruz Biotechnology (Dallus, TX, USA). Anti-
PCNA and B-actin were from Abcam (Cambridge, UK).
The enhanced chemiluminescence detection (ECL) kit
was obtained from Amersham Pharmacia Biotech
(Amersham, UK).

Extraction and isolation — Ground AJ (20g) was
extracted in 300 mL methanol at 40 °C for 3 h. The solution
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was filtered through filter paper, and the residue was
extracted in 300 mL methanol at 40 °C for 3 h. Filtration
was repeated 2 more times. After filtration, the solution
was collected, and then concentrated under reduced
pressure, and 1.67 g of AlJextract (HHP) was obtained.
Stock solutions were stored in a freezer.

Cell culture — Androgen-dependent human prostate
adenocarcinoma cells of the LNCaP cell line were
cultured in RPMI 1640 (Gibco, Grand Island, NY, USA)
medium supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin at 37 °C in a 5%
CO, atmosphere. The medium was replaced every 48 h.

Cell treatment — LNCaP cells were seeded into 6-well
plates (5 x 10° cells/well) in 1 mL of RPMI-1640 medium
supplemented with 10% FBS and 1% penicillin/streptomycin
at 37 °C for 15 h. Testosterone (100 nM) and 100 pg/mL
HHP (0, 10, 50, 300 pg/mL) were added to the cells, and
the cells were collected after culture for 72 h.

Cell viability assay — For all assays, LNCaP cells were
seeded at a density of 1 x 10* cells/mL in 96-well plates
with regular growth medium (RPMI 1640 supplemented
with FBS and antibiotics) and experiments were carried
out on the following day. The effect of HHP on LNCaP
cells was assessed by MTT assays. LNCaP cells were
treated with the HHP (0, 10, 50, 300 pg/mL) and incubated
for 72 h. The MTT assay was performed using the EZ-
Cytox Cell Viability Assay Kit (Daeil Lab Service, Seoul,
Korea) according to the manufacturer’s protocol.

Animal study — All animal experimental protocols were
approved by the institutional animal ethics committee at
Chungnam National University.(CNU-00446) Six-week-
old healthy male Sprague-Dawley rats were obtained
from Orient Bio (Seongnam, Korea). All rats were housed
in a pathogen-free animal facility at Chungnam National
University with a 12 hours light/dark cycle at 20 —25 °C
under the 30 — 35% relative humidity condition and were
freely provided with food (Orient Bio) and water. After 7
days of acclimatization, all rats were subcutaneously
administered testosterone propionate (3 mg/kg, Tokyo
Chemical Ins. Co., Tokyo, Japan) with co-treatment of AJ
orally for 28 consecutive days, except for rats in the
control groups (n=7 rats/group). The following groups
were used: group 1 (normal control, NC), group 2
(testosterone alone, BPH), group 3 (Fina; BPH-+finasteride),
group 4 (HHP-10; BPH+HHP 10 mg/kg), group 5 (HHP-
50; BPH+HHP 50 mg/kg), and group 6 (HHP-300; BPH+
HHP 300 mg/kg). After the final treatment, all rats were
anesthetized with carbon dioxide and sacrificed. The
prostate was carefully dissected, weighed, and processed
for western blot, histopathological, and immunohistochemistry
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analyses.

Western blot analysis of AR, PSA, and PCNA —
Collected cells and frozen prostate tissue samples were
homogenized and lysed in RIPA buffer (50 mM Tris-HCI,
pH 8.0, 150 mM NaCl, 1% NP-40, 0.5% sodium dodecyl
sulfate, protease inhibitor cocktail). The homogenate was
centrifuged (12,000 rpm for 20 min at 4 °C) and the
supernatant was analyzed by western blotting. After
determining the protein concentration by using the BCA
assay, 30 ug of protein was separated by electrophoresis
using 8 — 12% sodium dodecyl sulfate gels. Proteins were
electrotransferred onto polyvinylidene fluoride membranes
in a Semi-Dry Transfer System. The membrane was
blocked with 5% skim milk and incubated with the
following primary antibodies: anti-PCNA (1:3000, Abcam),
anti-androgen receptor (AR, 1:1000, Santa Cruz), anti-
PSA (1:1000, Bioworld Technology), and B-actin (1:1000,
Abcam). The membranes were washed in PBS-T buffer
and incubated with peroxidase-conjugated goat anti-rabbit
(1:5000, AbFrontier, Seoul, Korea) or donkey anti-goat
(1:5000, Santa Cruz) IgG antibody for 1 hours. Proteins
were visualized with an enhanced chemiluminescence
detection kit (Amersham).

Histopathological examination — The prostate was
fixed immediately in 10% buffered formalin phosphate
solution, embedded in paraffin, and cut into 5-um
sections and processed for histological staining. These
serial tissue sections were either stained with hematoxylin
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and eosin for histological examination or subjected to
immunohistochemistry staining.

Immunohistochemical analysis was performed using a
Vectastain Elite ABC kit (Vector Laboratories, Burlingame,
CA, USA) according to the manufacturer’s instructions.
After antigen retrieval and processing, the sections were
blocked in normal serum and then incubated with anti-
PCNA (Abcam) antibody and anti-5a-reductase 2 (1:100;
Santa Cruz) overnight. The sections were incubated with
the Vectastain Elite ABC goat or mouse IgG kit according
to the manufacturer’s protocol, and the 3, 3’-diamino-
benzidine was added for color development. Mayer’s
hematoxylin was used for counterstaining. All stained
sections were evaluated in 10 randomly selected fields
under a light microscope (Eclipse 80; Nikon, Tokyo, Japan).

Statistical analysis — The results were expressed as the
means + standard deviation (SD). Statistical differences
were determined by one-way analysis of variance or non-
parametric Kruskal-Wallis test, followed by post-hoc
analysis using Tukey’s multiple comparison test. P values
less than 0.05 were considered statistically significant.

Results and Discussion

BPH is associated with androgens, and thus, may have
curative and preventive effects or alleviate symptoms by
inhibiting the expression of androgen receptors. Many
studies have focused on modulating the targets of the 5a-
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Fig 1. Effect of AJ extracts on expression of PSA and AR via western blot in vitro.

(a) Cells were incubated with (NC)/without testosterone (100 nM) alone (BPH) or testosterone with finasteride (10 pM) or testosterone
with AJ (100 pg/mL). The expression of AR and PSA was reduced compared to that in the group treated with testosterone alone. (b) Band
intensities were normalized to that of B-actin. Values are expressed as the means + standard deviation (SD). “p < 0.05 indicates significant

difference and “p < 0.01 indicates significant difference compared to the BPH alone group **

p < 0.001 indicates significant difference

compared to the control group. *p < 0.01 indicates significant difference compared to the control group.
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reductase-AR pathway that contribute to hyperplasia of
the prostate™ In this study, the group treated with
testosterone alone showed proliferation of LNCaP cells
and histopathological alterations with BPH.

Herbal medicines have few side effects and show
therapeutic effects. In this study, the effects of AJ
treatment on LNCaP cells and testosterone-induced BPH
were investigated. The cell viability assay revealed cell
toxicity at a concentration of 1000 pg/mL. The effects of
finasteride, a type 2 So-reductase inhibitor, were compared
with those of AJ. The expression of AR and PSA was
enhanced after testosterone treatment. Finasteride co-
treatment successfully suppressed AR and PSA expression
in cells treated with testosterone. The AR signal was
decreased when 100 pug/mL AJ was used to treat the cells
compared to LNCaP cells treated with testosterone alone
(Fig. 1a). Furthermore, AJ reduced PSA (Fig. 1b). AJ
showed concentration-dependent therapeutic effects on
BPH.

The effects of AJ treatment on testosterone-induced
BPH were examined in an in vivo animal study. After 28
consecutive days of testosterone treatment, the prostate
weight was increased. In the group treated with testosterone
alone, the relative prostate weights were increased by 2-
fold compared to those in control rats. The relative
weights of the prostate treated with AJ were significantly
decreased compared to those in the group treated with
testosterone alone, but the effects were not concentration-
dependent (Table 1). Morphologically, dramatic histopath-
ological changes in the ventral prostate were observed
after testosterone treatment compared to those in the
control groups; particularly, the thickness of the prostate
epithelial was compared. In all groups treated with
finasteride and AJ, the prostate epithelial thickness was
significantly decreased. Thus, AJ reduced BPH, particularly

Table 1. Effect of AJ extracts on body weight and prostate weights.
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by affecting epithelial cells (Fig. 2).

BPH-related protein expression patterns were investigated
in the prostate tissue by western blot and histopathological
analyses. Testosterone treatment significantly enhanced
AR and PSA expression. The expression of AR, which
binds to DHT, was decreased in the groups treated with
Al; particularly, in the 300 mg/kg AJ treatment group. AR
expression was significantly decreased compared to that
in the lower concentrations. The PSA level was also
significantly decreased in both groups treated with 50 and
300 mg/kg, but not in groups treated with 10 mg/kg (Fig.
3). Thus, AJ significantly downregulated the level of AR
and PSA. Immunohistochemistry staining for Sa-reductase
type 2 supported these results. Sa-Reductase type 2 was
mainly expressed in the cytoplasm of epithelial cells. The
area of Sa-reductase-stained cells was significantly
increased in the testosterone-treated groups. In the groups
treated with AJ, the area of So-reductase staining was
significantly decreased in a concentration-dependent
manner (Fig. 4). This indicated that Sa-reductase-AR is
the main pathway involved in BPH, and AJ can be used
as a pharmaceutical therapy for treating BPH.

PCNA is an acidic nuclear protein expressed mainly in
the S phase of the cellular cycle, It shows increased
expression in prostate cancer and BPH tissues compared
to that in the normal prostate tissue.”® According to
western blot analysis, PCNA expression was significantly
decreased in both groups treated with AJ 50 and 300 mg/
kg compared to that in groups treated with testosterone
alone (Fig. 5a and 5b). Immunohistochemistry staining
also showed that the number of PCNA-stained cell nuclei
of epithelial cells was significantly decreased in the
groups treated with AJ in a concentration-dependent
manner (Fig. 5c and 5d). These results show that AJ
decreased the S phase of the cellular cycle, and thus had a

Body weight (g) Prostate weight (g)
Initial Final Absolute Relative
N.Control 177.72+5.89 353.50+20.11 0.83+0.12 0.23+0.01
BPH 175.67+8.40 336.00+19.09 1.50+0.025%# 0.45+0.05%#
Finasteride 176.02+7.09 335.23+16.42 1.154£0.09""* 0.34+0.03""
AJ 10 mg/kg 176.42+8.99 337.40+19.63 1.48+0.13 0.44+0.04™
AJ 50 mg/kg 178.20+5.34 334.78+20.35 1.51+0.16+ 0.45+0.04
AJ 300 mg/kg 173.55+4.85 320.20+14.11 1.40+0.07" 0.44+0.017"

(A) Control; (B) BPH; (C) Fina; BPH-+finasteride (5 mg/kg P.O.) (D) AJ-10; BPH+AJ (10 mg/kg P.O.); (E) AJ-50; BPH+AJ (50 mg/kg
P.0.); (F) AJ-300; BPH+AJ (300 mg/kg P.O.); treated group. To induce BPH, all rats were administered TP (3 mg/kg, S.C.) for 28 consec-
utive days, except for the N/C (vehicle injected). Data are presented as the means + SD (n=5). “p <0.01 indicates significant difference
compared to the BPH alone group. *"p <0.01 indicates significant difference compared to the BPH alone group. ** p <0.001 indicates

significant difference compared to the control group.
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Fig. 2. Effects of AJ on prostate histopathology determined by hematoxylin and eosin staining of tissue.

Magnification x400.(A) Control; (B) BPH; (C) Fina, BPH+finasteride (5 mg/kg P.O.) (D) AJ-10; BPH+AJ (10 mg/kg P.O.); (E) AJ-50;
BPH+AJ (50 mg/kg P.O.); (F) AJ-300; BPH+AJ (300 mg/kg P.O.); treated group. To induce BPH, all rats were administered TP (3 mg/kg,
S.C.) for 28 consecutive days, except for the N/C (vehicle injected). Prostate epithelial thickness was measured with an image analyzer.
##¥5 < 0.001 indicates a significant difference compared to the N/C group, ***p <0.001 indicates a significant difference compared to the
BPH alone group.
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Fig. 3. Effect of AJ extracts on expression of PSA and AR protein by western blotting in vivo.

(a) Cells were incubated with (NC)/without testosterone (100 nM) alone (BPH) or testosterone with finasteride (10 tM) or testosterone
with AJ (100 pg/mL). The expression of AR and PSA was reduced compared to in the group treated with testosterone alone. (b) Band
intensities were normalized to that of B-actin. Values are expressed as the means + standard deviation (SD). "p < 0.05 indicates significant
difference and ““p <0.01 indicates significant difference compared to the BPH alone group *#p<0.001 indicates significant difference
compared to the control group. *p <0.01 indicates significant difference compared to the control group.
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Fig. 4. Expression So-reductase by immunohistochemistry in each group.

Magnification x400. (a) Immunohistochemistry analysis of expression of Sa-reductase type 2 in prostate groups. (b) Sa-Reductase type 2
positive cells were expressed as each positive area (% area) A; NC, B: BPH; C: Fina; BPH+finasteride (5 mg/kg P.O.); (D) AJ-10;
BPH+AJ (10 mg/kg P.O.); (E) AJ-50; BPH+AJ (50 mg/kg P.O.); (F) AJ-300; BPH+AJ (300 mg/kg P.O.); treated group. To induce BPH,
all rats were administered TP (3 mg/kg, S.C.) for 28 consecutive days, except for the N/C (vehicle injected). Arrow indicates Sa-reductase

type 2-positive stained prostate epithelial cells. *

p<0.001 indicates a significant difference compared to the N/C group, ““p <0.01

indicates a significant difference compared to the BPH alone group. p < 0.5 indicates significant difference compared to the BPH group

treated with testosterone alone.

therapeutic effect on BPH.

In this study, we evaluated the effect of AJ on BPH in
vitro and in vivo. Treatment with TP increased the relative
prostate weight as well as the levels of AR, PSA, PCNA,
and 5o-reductase. However, in the AJ-treated model, AR,
PSA, PCNA, and 5o-reductase levels were reduced as
assessed by western blot analysis and immunohistochemical
staining of the prostate tissue.

The main treatments for enlarged prostate are o-
blockers and So-reductase inhibitor.” Alpha-blockers are
effective in alleviating LUTS across a wide spectrum of

baseline parameters.”’” While Sa-reductase inhibitor
decreases the size of the prostate and slows the prostate
growth.? Its mechanism of action is that by inhibiting the
conversion from testosterone to DHT, the level of
circulating DHT is reduced. However, the side effects of
So-reductase inhibitors include erectile dysfunction,
ejaculatory dysfunction, decreased libido, and rarely,
gynecomastia.”” Therefore, the interest about the herbal
medicine is increased for the alternative therapy. Because
Al has various properties, such as anti-inflammation and
antioxidant,® it is less toxic than chemical drugs. In this
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Fig. 5. Expression PCNA of the prostate tissue in each group.

E E

Magnification x400. (a) Expression of PCNA using western blot analysis (b) Band intensities were assessed by densitometry and
normalized to that of B-actin. (¢) Immunohistochemistry analysis of expression of PCNA in prostate. (d) PCNA-positive cells were
expressed as each positive cell/100 cells. A; NC, B: BPH; C: Fina; BPH+finasteride (5 mg/kg P.O.); (D) AJ-10; BPH+AJ (10 mg/kg
P.O.); (E) AJ-50; BPH+AJ (50 mg/kg P.O.); (F) AJ-300; BPH+AJ (300 mg/kg P.O.); treated group. To induce BPH, all rats were

administered TP (3 mgk%##s .C.) for 28 consecutive days, except for the N/C (vehicle injected). Arrow indicates PCNA-posmve stained

prostate epithelial cells.
difference compared to the BPH alone group.

study, as we mentioned earlier, AJ reduced the prostate’s
weights and suppressed the level of BPH-related protein,
AR, PSA, PCA and 5o-reductase, AJ can be used as a
therapeutic agent for BPH. When to consider the paper
that saponin and phenolics have anti-proliferative effect
on LNCaP cell and inhibitory effect against So-
reductase,”*® we suggest that saponin and phenolic
glycosides may be potential chemical constituents for
effect of mitigating the BPH. However, further inves-
tigations on this effect are needed to evaluate the detail
for further study.

p<0.001 1nd1cates a significant difference compared to the N/C group,
*p <0.001 indicates a significant difference compared to the BPH group.

p<0.01 indicates a significant
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