Vol. 40, No. 12 Biol. Pharm. Bull. 40, 2125-2133 (2017)

Regular Article
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Quisqualis indica (QI) has been used for treating disorders such as stomach pain, constipation, and di-
gestion problem. This study was aimed to evaluate the therapeutic efficacy of QI extract on treating benign
prostatic hyperplasia (BPH) in LNCaP human prostate cancer cell line and a testosterone-induced BPH rat
model. LNCaP cells were treated with QI plus testosterone propionate (TP), and androgen receptor (AR) and
prostate specific antigen (PSA) expression levels were assessed by Western blotting. To induce BPH, the rats
were subjected to a daily subcutaneous injection of TP (3mg/kg) for 4 weeks. The rats in treatment group
were orally gavaged with QI (150 mg/kg) together with the TP injection. In-vitro studies showed that TP-
induced increases in AR and PSA expression in LNCaP cells were reduced by QI treatment. In BPH-model
rats, the prostate weight, testosterone in serum, dihydrotestosterone (DHT) concentration and 5a-reductase
type 2 mRNA expression in prostate tissue were significantly reduced following the treatment with QI. TP-
induced prostatic hyperplasia and the expression of proliferating cell nuclear antigen (PCNA) and cyclin
D1 were significantly attenuated in QI-treated rats. In addition, QI induced apoptosis by up-regulating cas-
pase-3 and -9 activity and decreasing the B-cell lymphoma 2 (Bcl-2)/Bcl-2-associated X protein (Bax) ratio in
prostate tissues of BPH rats. Further investigation showed that TP-induced activation of AKT and glycogen
synthase kinase 38 (GSK3f) was reduced by QI administration. Therefore, our findings suggest that QI at-
tenuates the BPH state in rats through anti-proliferative and pro-apoptotic activities and might be useful in
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the clinical treatment of BPH.
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Benign prostatic hyperplasia (BPH) is a common urogeni-
tal disorder that affects up to 85% of males who are over 50
years-old.” BPH is characterized by the increased proliferation
of epithelial and stromal cells of the prostate.”’ BPH generally
causes lower urinary tract symptoms (LUTS), such as incom-
plete bladder emptying, bladder obstruction, bloody urination,
and frequent urination.”

The etiology of BPH is not entirely clear. However, the
development and incidence of BPH are associated with dys-
regulation of androgens, and with increased proliferation and
decreased apoptosis of cells in the prostate gland.*® Tes-
tosterone and dihydrotestosterone (DHT) have key roles in
the development and growth of the entire male genital tract,
and they stimulate differentiation of the prostate gland.!®!V
The adrenal glands and testes synthesize testosterone, and
prostatic Sa-reductase type 2 converts it to DHT.'”” DHT then
binds to the androgen receptor (AR), which is transported to
the nucleus, where it regulates genes important for prostate
growth and differentiation.) BPH development and progres-
sion are associated with activation of the AKT pathway, a
major growth factor-mediated signal transduction pathways.®
Over-stimulation of the AKT pathway increases the activity of
B-cell lymphoma 2 (Bcl-2) and cyclin D1, leading to increased
proliferation and decreased apoptosis of cells, and transforma-
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tion to the malignant state.®*!31%

Quisqualis indica (QI), commonly known as Chinese hon-
eysuckle or Rangoon creeper, is a vine of the Combretaceae
family that grows in tropical Asian countries, such as China,
the Philippines, Bangladesh, Myanmar, India, and Malaysia.'”
Different parts of this plant have compounds such as quisqualic
acid, the alkaloid trigonelline, the flavonoid rutin, the amino
acids L-proline and L-asparagine, and two forms of the enzyme
cysteine synthase (isoenzymes A and B).!> Practitioners of
traditional Asian medicine have used QI to treat stomach pain,
constipation, and digestion problems.'® Recent studies have
shown that QI has anti-inflammatory, antioxidant, antimicro-
bial, cytotoxic, insecticidal, anti-obesity, antidiabetic, immu-
nomodulatory, and hypolipidemic properties.”” " However, the
pharmacological effects of QI on BPH have not yet been estab-
lished. We investigated the potential therapeutic effects of QI on
BPH by using a human prostate cancer cell line and a rat model
of testosterone propionate (TP)-induced BPH.

MATERIALS AND METHODS

Preparation of QI Extract Seeds of QI were obtained
from a local herbal market in Ansan, Korea, authenticated by
Dr. Yeon, and deposited at the herbarium of the HUONS Re-
search Center (Voucher No. HU033/SKJA150427). The dried
seeds were homogenized to a fine powder, and 100g of this

© 2017 The Pharmaceutical Society of Japan
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Fig. 1. Effects of QI on the LNCaP Human Prostate Cancer Cell Line
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(A) Cell viability. LNCaP cells were treated with QI (25-3200 ug/mL) for 72h, and cell viability was determined by MTT assay. (B) Western blot analysis of AR and
PSA. LNCaP cells were incubated in medium containing testosterone (100nmol), finasteride (10 um) or QI (10, 25, or 50 ug/mL) for 72h, and then cell lysates (30 ug) were
assayed for expression levels of AR and PSA by Western blotting. NC, Vehicle-treated cells; TP, TP (100nmol)- and vehicle-treated cells; TP+Fina, TP (100nmol)- and
finasteride (10um)-treated cells; TP+QI, TP (100nmol)- and QI (10, 25, or 50ug/mL)-treated cells. Data are representative of three independent experiments. Data are
expressed as the means+S.E.M. “p<<0.05 and * p<0.01 compared with the NC group; * p<<0.05 and ** p<<0.01 compared with the TP group.

powder was extracted by reflux with 1L of 70% ethyl alcohol
at 80°C for 1h. The resulting fraction was vacuum-dried and
stored at 4°C until use.

For identification of amino acids, including quisqualic acid,
all amino acids were subjected to pre-column derivatization
with O-phthaldialdehyde and ethanethiol, as described previ-
ously.?? Free amino acids were measured using HPLC, per-
formed on an Agilent 1200 series system (Agilent Technolo-
gies, CA, U.S.A.). Separation of QI extract was performed at
30°C with a ZORBAX Eclipse Plus C;5 column (4.6X250mm,
Sum particle size; Agilent Technologies). A sodium acetate
buffer (solvent A; 0.01Mm, pH 4.6) with methanol (solvent B)
used as the mobile phase, and the programmed gradient runs
were 0-5Smin (20% B), 5-30min (50% B), and 30-33 min
(100% B), followed by a 1mL/min flow rate equilibration
with 20% B for 10min. Absorbance was measured at 338 nm.
The QI extract contained various amino acids, including as-
paragine, quisqualic acid, arginine, and glutamic acid (Supple-
mentary Fig. 1). The administered extract was standardized
by the quisqualic acid content (=0.63%), using a validated
HPLC assay, as described by the Hong Kong Chinese Materia
Medica Standards (HKCMMS) Office.”

Cell Culture The human prostate cancer cell line
(LNCaP) was obtained from the American Type Culture
Collection (ATCC, Manassas, VA, U.S.A.). These cells were
grown in RPMI-1640 medium (Gibco, CA, U.S.A.) with 10%
fetal bovine serum (FBS; Gibco), 100U/mL penicillin, and
100mg/mL streptomycin (Gibco), and maintained in a 5% CO,
incubator at 37°C.

Cell Treatments LNCaP cells were seeded onto 6-well
plates (5X10° cells/well) in 1 mL of RPMI-1640 medium with
10% FBS, 100U/mL penicillin and 100mg/mL streptomycin.
One day later, the medium was removed and the cells were

incubated in medium containing 100nmol TP (Tokyo Chemi-
cal Ins. Co., Tokyo, Japan) and QI (10, 25 or 50 ug/mL) for
an additional 72h. Following two washes with phosphate-
buffered saline (PBS), the cells were harvested for preparation
of whole-cell extracts.

Cell Viability Assay The cytotoxic effect of QI extract on
LNCaP cells was evaluated using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay as previ-
ously described.?” In brief, cells were plated at 1xX10* cells
per well in 96-well plates in 100u4L RPMI-1640 medium,
and QI was added (concentration range: 25 to 3200ug/mL).
After incubation at 37°C for 72h, the medium was replaced
with 10uL of the MTT reagent (100 uL/mL, Daeillab Service,
Seoul, South Korea), followed by incubation under the same
conditions for 2h. Absorbance was determined at 450nm
using a microplate reader. Cell viability was calculated as:
100%X(0OD54,m of QI group/ODs,.., of control group).

Animals Eight-week-old male Sprague-Dawley (SD) rats
were purchased from Orient Bio (Seongnam, South Korea).
Animals were maintained under standard laboratory condi-
tions (22+2°C; relative humidity, 50%+5%; 12h light/dark
cycle), and were allowed to consume a standard rodent chow
and sterilized tap water ad libitum. All animal protocols were
approved by the Animal Experimental Ethics Committee of
Chungnam National University (Daejeon, South Korea).

Testosterone-Induced BPH Rats were acclimatized for
1 week prior to randomized division into 4 groups (6 rats/
group): (a) normal control (NC) group (oral PBS and subcu-
taneous injection of corn oil); (b) BPH group (oral PBS and
subcutaneous injection of TP [3mg/kg body weight (BW);
Tokyo Chemical Ins. Co.]; (¢) positive control group (oral fi-
nasteride [10mg/kg BW; Sigma, St. Louis, MO, U.S.A.] and
subcutaneous injection of TP [3mg/kg BW]; and (d) QI group
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(oral QI [150mg/kg BW] and subcutaneous injection of TP
[3mg/kg BW]). All rats received treatments once per day for 4
weeks, and body weights were measured once per week. The
most recent body weight was used to determine the volume
of QI delivered as SmL/kg BW. We conducted a preliminary
trail with three doses of QI (50, 150 and 300mg/kg) to iden-
tify the optimum dose for treatment of BPH. Based on these
experiments, we chose a dose of 150mg/kg, because this dose
reduced BPH-related parameters (data not shown).

At the end of the experiment, rats were fasted overnight,
anesthetized by intraperitoneal injection of pentobarbital
(100mg/kg BW), and dissected to obtain blood from caudal
vena cava. This blood was centrifuged, and serum was stored
at —80°C until further analysis. The prostate of each rat was
also carefully recovered and weighed. The prostatic index and
percent inhibition were calculated as previously described: %
inhibition=100—[(treated group—negative control)/(positive
control—negative control)x100].> The ventral prostate of
each rat was fixed overnight in 10% neutral buffered formalin
(NBF), and the rest of the prostate was snap-frozen in liquid
nitrogen for protein assays.

Hematoxylin and Eosin (H&E) Staining Prostate tissues
of each rat were stained with H&E (Sigma) and examined
under a microscope (Nikon ECLIPSE Ni-U, Tokyo, Japan) at
200Xmagnification. Images were captured from 10 randomly
selected fields per rat, and epithelial thickness was measured
using ImagelJ software (ImageJ v46a; NIH, U.S.A.).

Immunohistochemistry (IHC) IHC was performed using
a Vectastain Elite ABC Kit (Vector Laboratories, CA, U.S.A.)
according to the manufacturer’s instructions. After antigen
retrieval processing, the sections were blocked in normal
serum and then incubated with anti-proliferating cell nuclear
antigen (PCNA; Abcam, MA, U.S.A.)) antibody at 4°C. After
overnight, the sections were incubated in biotinylated second-
ary antibody and developed using a diaminobenzidine (DAB)
peroxidase substrate kit (Vector Laboratories). PCNA-positive
nuclei were counted in 10 randomly selected fields (X400)
from each rat. Data are expressed as PCNA-positive nuclei per
100 cells.

Terminal Deoxynucleotidyl Transferase-Mediated Nick
End Labeling (TUNEL) Staining Prostate epithelial cell
apoptosis was detected using an in situ apoptosis detection
kit (Millipore, MA, U.S.A.). Positive cells were counted in 10
randomly selected fields (X400).

Determination of Testosterone and DHT Levels The
serum and prostate concentrations of DHT and testosterone
were determined using commercial ELISA (enzyme-linked
immunosorbent assay) kits (ALPCO Diagnostics, NH, U.S.A)),
according manufacturer’s instructions.

Protein Extraction and Western Blot Analysis LNCaP
cells or tissues were homogenized in RIPA lysis buffer (Cell
Signaling Technology, MA, U.S.A.) supplemented with prote-
ase inhibitors (Roche, Mannheim, Germany) and phosphatase
inhibitors (Roche). For immunoblotting, proteins (30—40 ug)
were separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) on 10% gels, and then trans-
ferred to nitrocellulose membranes at 40V for 2h. For ex-
periments using LNCaP cells, membranes were probed with
anti-androgen receptor (AR; Cell Signaling Technology), anti-
prostate specific antigen (PSA; Cell Signaling Technology),
or anti-f-actin (loading control; Sigma) antibodies in Tris-
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buffered saline with 0.05% Tween-20 (TBST) and 5% skim
milk. Prostate tissues were probed with antibodies against
PCNA, cyclin DI, caspase-3, caspase-9, AKT, phosphory-
lated-AKT (p-AKT), glycogen synthase kinase 35 (GSK3p),
phosphorylated-GSK34 (p-GSK3p; Cell Signaling Technol-
ogy), B-cell lymphoma 2 (Bcl-2), Bcl-2-like protein (Bax;
Santa Cruz Biotechnology, CA, U.S.A.), or f-actin (Sigma).
After washing, membranes were developed using an enhanced
chemiluminescence kit (Thermo Scientific, MA, U.S.A)).

RNA Isolation and RT-PCR The RNeasy mini kit (Qia-
gen, MD, U.S.A.) was used to extract total RNA from prostate
tissues and the A,q/4,5, ratio was used to determine RNA
purity. A commercially available reverse transcription kit
(Qiagen) was used to generate cDNA from 1 ug of total RNA.
Then, PCR was performed using an Applied Biosystems 7500
Real-Time PCR System (Life Technologies, CA, U.S.A.), with
the SYBR Green PCR Master Mix (Life Technologies). The
PCR primer for Sa-reductase type 2 was 5-ATT TGT GTG
GCA GAG AGA GG-3' (forward) and 5-TTG ATT GAC TGC
CTG GAT GG-3' (reverse); the primer for glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was 5'-TGA TTC TAC
CCA CGG CAA GT-3' (forward) and 5'-AGC ATC ACC CCA
TTT GAT GT-3' (reverse). The data were analyzed using Ap-
plied Biosystems 7500 Real-Time PCR System software, and
mRNA expression was calculated using the 272" method,
with f-actin as the control.

Toxicity Study Eight-week-old female Fischer 344 (F344)
rats were randomly divided into two groups (6 rats per group):
the NC group was given oral PBS and the QI group was given
oral QI at a dose of 2000mg/kg BW for 4 weeks. After 4
weeks, rats were sacrificed by CO, inhalation, and blood was
drawn from the vena cava. The major organs, including the
kidneys, liver, lungs, and spleen, were rapidly dissected out,
washed in PBS, and weighed. The isolated organs were then
cut into pieces and fixed in 10% formalin for subsequent his-
topathological examination.

Statistical Analysis All data are expressed as the
means*standard errors of the mean (S.E.M.). Data were
analyzed using a one-way ANOVA. SPSS 16.0 software (IBM,
NY, U.S.A.) was used for this analysis. Data were compared
using a multiple comparison test, with Tukey adjustment. A
p-value below 0.05 was considered significant.

RESULTS

Effect of QI on the Viability of Human Prostate Can-
cer Cells To examine the potential cytotoxicity of QI
on LNCaP cells, the MTT assay was performed. The cell
viability was not substantially different between cells treated
with QI (25 to 3200ug/mL) and control cells. However, the
exposure to 3200ug/mL concentration of QI significantly
decreased the viability by 72.5% (Fig. 1A), indicating that the
high concentration of QI inhibits cell growth by its toxicity.
Based on these results, we used the low concentration of QI
(=1600 ug/mL) to avoid the cytotoxic effects.

Effect of QI on Expression of AR and PSA in Prostate
Cancer Cells Androgens promote the development and pro-
gression of prostate cancer, and PSA is an androgen-responsive
gene that is widely used to assess progression of human pros-
tate cancer.”’® Finesteride is a type 2 Sa-reductase inhibitor
that downregulates the conversion of testosterone to DHT and
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interferes the binding of DHT to AR.?” Thus, we examined the
effect of QI treatment on AR and PSA expression in LNCaP
cells. The Western blotting results showed that TP treatment
significantly increased the expression of AR and PSA, and that
co-treatment with finasteride or QI (50 ug/mL) significantly at-
tenuated this effect (Fig. 1B). These findings suggest that QI
suppresses androgen signaling in prostate cancer cells.

Effect of QI on Prostate Weight in a Rat Model of BPH
Next, we determined the therapeutic potential of QI for treat-
ment of BPH by using a rat model of TP-induced BPH. In
BPH group, treatment of TP resulted in a significant increase
in prostate weights (absolute and relative) compared to the NC
group. In comparison to the BPH group, finesteride and QI
treatment significantly reduced the TP induced enlargement
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Fig. 2. Effects of QI on Histological Changes in Prostate Tissues in
BPH-Model Rats

(A) Representative photomicrographs of H&E-stained prostate tissues (magni-
fication, X200). (B) The epithelial thickness of prostate tissues. Abbreviations:
NC, corn oil-injected and PBS-treated rats; TP, TP (3mg/kg)- and PBS-treated
rats; TP+Fina, TP (3mg/kg)- and finasteride (10mg/kg)-treated rats; TP+QI,
TP (3mg/kg)- and QI (150mg/kg)-treated rats. Data are expressed as the
means+S.E.M. *p<0.05 and *p<0.01 compared with the NC group; *p<0.05 and
**p<0.01 compared with the TP group.
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of the prostate gland of rats (Table 1). Further, the prostate
growth inhibition ratio in the QI group was found to be 37.9%,
a value similar to that (36.2%) for the finasteride-treated group
(Table 1), indicating QI has potential for treatment of BPH.

Effect of QI on Histological Changes in the Prostate of
Rats with BPH Histological analyses of prostate tissues in-
dicated the rats in the NC group had normal cell morphology,
but those in the TP group had significant glandular hyperpla-
sia, with multiple layers of epithelial cells, and a decreased
glandular luminal area (Fig. 2A). Notably, finasteride and QI
treatment reversed the effects of TP (Fig. 2A). As shown in
Fig. 2B, rats in the TP-induced BPH group exhibited a signifi-
cant increase in the epithelial thickness of their prostates com-
pared with those in the NC group. However, treatment with fi-
nasteride or QI significantly reduced this increase in epithelial
thickness. These findings indicate that the reduced prostate
weight after QI treatment results from the attenuation of the
abnormal histological effects in the prostate of BPH rats.

Effect of QI on Testosterone, DHT, and Sa-Reductase Type
2 in Rats with BPH Serum testosterone acts on the prostate,
which produces growth factors that regulate cell growth, sur-
vival, and apoptosis.® In our study, TP injection significantly
increased the level of serum testosterone, and that finasteride
and QI partially reversed this effect (Fig. 3A). The prostate
produces DHT, which has a major effect on BPH progression,
by Sa-reductase-mediated conversion of circulating testoster-
one.'” The level of DHT was significantly higher in BPH group
compared to the NC group. However, treatment with finesteride
and QI significantly reduced the DHT level in BPH induced rats
(Fig. 3B). In addition, mRNA expression of Sa-reductase type
2 was up-regulated in TP-induced BPH group compared to the
NC group and this level was suppressed by both finasteride and
QI treatment (Fig. 3C). These data suggest that QI reduces the
androgen concentrations in BPH induced rats.

Effect of QI on Prostate Cell Proliferation in Rats with
BPH Next, we investigated the anti-proliferative effect of
QI by measuring expression of PCNA in the prostate. Rats in
the NC group had very low expression of prostatic epithelial
PCNA, but rats in the TP group had an increased number of
PCNA-positive cells (Figs. 4A, B). Finasteride and QI partially
reversed the effect of TP. Consistent with these results, West-
ern blotting results indicated the TP group had significantly
increased levels of PCNA and cyclin D1 compared to the NC
group, and treatment with QI and finasteride significantly at-
tenuated this effect (Figs. 4C, D). These data suggest that QI
attenuates BPH through anti-proliferative activity.

Effect of QI on Apoptosis in Rats with BPH To deter-
mine whether the inhibitory effect of QI on prostate growth

Table 1. Effect of QI on Prostate Weights
Prostate weight
Group Treatment % inhibition
Absolute (g) Relative (%)
NC Corn 0il/PBS 0.595+0.036 0.15120.009
TP TP/PBS 1.532£0.089** 0.434=0.019**
TP+Fina TP/Finasteride 1.193+0.047% 0.339+0.013% 36.2
TP+QI TP/QI 1.177+0.050% 0.334+0.017% 37.9

The % inhibition was calculated by using absolute prostate weight as follow: 100—[(treated group—negative control)/(positive control—negative control)x100]. Abbre-
viations: NC, corn oil-injected and PBS-treated rats; TP, TP (3mg/kg)- and PBS-treated rats; TP+Fina, TP (3mg/kg)- and finasteride (10mg/kg)-treated rats; TP+QI, TP
(3mg/kg)- and QI (150 mg/kg)-treated rats. Results are expressed as the means+S.E.M. #p<0.01 compared with the NC group; ** p<<0.01 compared with the TP group.
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Fig. 3. Effect of QI Administration on Testosterone, DHT, and Sa-Reductase Type 2 in BPH-Model Rats

(A, B, C) The serum concentrations of testosterone (A) and the levels of DHT (B) in prostate tissue were examined by ELISA. (C) The mRNA levels of 5a-reductase
type 2 in prostate tissue were analyzed by RT-qPCR. Abbreviations: NC, corn oil-injected and PBS-treated rats; TP, TP (3mg/kg)- and PBS-treated rats; TP+Fina, TP
(3mg/kg)- and finasteride (10mg/kg)-treated rats; TP+QI, TP (3 mg/kg)- and QI (150 mg/kg)-treated rats. Data are expressed as the means=S.E.M. #p<0.05 and **p<0.01
compared with the NC group; *p<0.05 and **p<<0.01 compared with the TP group.
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Fig. 4. Effect of QI Administration on Prostate Cell Proliferation in BPH-Model Rats

(A) Representative photomicrographs of prostate tissues immunostained with an anti-PCNA antibody (magnification, X200). (B) Number of PCNA-positive cells (Arrows)
in the prostate. PCNA-positive nuclei were counted in 10 randomly selected fields (magnification, X400) from each rat; results are expressed as PCNA positive nuclei/100
cells. (C) The expression levels of PCNA and cyclin D1 (D) were determined by Western blotting; f-actin was used as an internal control. Abbreviations: NC, corn oil-injected
and PBS-treated rats; TP, TP (3mg/kg)- and PBS-treated rats; TP+Fina, TP (3mg/kg)- and finasteride (10mg/kg)-treated rats; TP+QI, TP (3mg/kg)- and QI (150 mg/kg)-
treated rats. Data are expressed as the means*S.E.M. #p<0.05 and *p<0.01 compared with the NC group; *p<<0.05 and ** p<<0.01 compared with the TP group.

was attributable to apoptosis, we examined its effect on apo- finesteride and QI treated groups (Figs. 5A, B). Moreover,
ptosis in BPH-model rats using TUNEL staining. The number ~ Western blotting revealed significantly increased expression
of TUNEL-positive cells in the prostate was reduced in the of cleaved caspase-3 and -9 with finasteride and QI treat-
BPH group compared with the NC group (Figs. 5A, B). How- ment compared with the BPH group (Fig. 5C). In addition,
ever, an increased number of positive cells were observed in  the expression of anti-apoptotic protein, Bcl-2 was decreased,
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Fig. 5. Effect of QI Administration on Prostate Cell Apoptosis in BPH-Model Rats

(A) Representative photomicrographs of prostate tissue showing apoptotic cells (Arrows), determined by TUNEL staining (magnification, X400). (B) Number of
TUNEL-positive cells in the prostate. TUNEL-positive nuclei were counted in 10 randomly selected fields (magnification, X400) from each rat; results are expressed
as TUNEL-positive nuclei/100 cells. The expression levels of caspase-3 and -9 (C) and Bcl-2 and Bax (D) were determined by Western blotting; f-actin was used as an
internal control. The results were obtained in two different gels by calculating the average of six independent prostates per group. Abbreviations: NC, corn oil-injected
and PBS-treated rats; TP, TP (3 mg/kg)- and PBS-treated rats; TP+Fina, TP (3 mg/kg)- and finasteride (10 mg/kg)-treated rats; TP+QI, TP (3 mg/kg)- and QI (150 mg/kg)-
treated rats. Data are expressed as the means=S.E.M. #p<0.05 and **p<0.01 compared with the NC group; *p<<0.05 and ** p<<0.01 compared with the TP group.
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Fig. 6. Effects of QI on the AKT/GSK3p Pathway in Prostate Tissues

The results were obtained in two different gels by calculating the average of six independent prostates per group. Abbreviations: NC, corn oil-injected and PBS-treated
rats; TP, TP (3mg/kg)- and PBS-treated rats; TP+Fina, TP (3mg/kg)- and finasteride (10 mg/kg)-treated rats; TP+QI, TP (3mg/kg)- and QI (150 mg/kg)-treated rats. Data
are expressed as the means+S.E.M. *p<<0.05 and *p<<0.01 compared with the NC group; *p<0.05 and ** p<<0.01 compared with the TP group.
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Table 2. Body Weights of Rats in 4-Week Oral Toxicity Study
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Week

Group

0 1 2 3 4
NC 128.25%1.60 139.50%2.33 151.10%2.75 160.73%£3.37 162.05%2.74
QI 129.00£2.00 138.80%2.14 149.34*1.79 159.00*1.53 161.00%1.51
NC, PBS-treated rats; QI; QI (2000 mg/kg)-treated rats. Results are expressed as the means=S.E.M.

Table 3. Relative Organ Weights after a 4-Week Oral Toxicity Study
Relative organ weight
Group
Liver Lung Kidney (right) Spleen

NC 3.174%x0.153 0.579%0.033 0.389+0.014 0.275%+0.007
QI 3.105%+0.042 0.648+0.030 0.3890.004 0.297%0.007

NC, PBS-treated rats; QI; QI (2000 mg/kg)-treated rats. Results are expressed as the means=S.E.M.

Table 4. Clinical Chemistry Values Following a 4-Week Oral Toxicity
Study

Group
Parameters
NC QI

ALT (IU/L) 56.00+1.55 50.00+3.42
AST (IU/L) 104.75+3.04 103.00£2.52
ALP (IU/L) 578.50+22.59 589.86+12.41
TG (mg/dL) 58.75+7.16 53.43+7.33
CHO (mg/dL) 114.75+£5.26 96.67+4.80
BUN (mg/dL) 20.15+0.65 19.89+0.84
Crea (mg/dL) 0.40%0.00 0.37%0.02
ALB (g/dL) 5.20*0.08 4.79+0.08

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline
phosphatase; TG, triglyceride; CHO, cholesterol; BUN, blood urea nitrogen; Crea,
creatinine; ALB, albumin. Results are expressed as the means*=S.E.M.

whereas pro-apoptotic Bax was increased in QI treated rats.
Subsequently, QI treatment significantly reduced Bcl-2/Bax
ratio in BPH induced rats (Fig. 5D), indicating QI prevents
BPH by promoting apoptosis in the prostate.

Effect of QI on AKT/GSK3 Signaling in Rats with
BPH The AKT/GSK3p pathway is important for regulation
of cell proliferation and apoptosis.”” As shown in Fig. 6, TP
administration substantially increased the phosphorylation of
prostatic AKT and GSK3p, and that finasteride and QI treat-
ment reversed this effect. These results demonstrate that QI
suppresses the development of BPH by regulating AKT/GSK3
signaling in rats.

Toxicity of QI Treatment of F344 rats with QI alone
(2000mg/kg) had no significant effect on body weight after 4
weeks (Table 2). QI-treated rats also had no changes in clini-
cal signs or symptoms, mortality, or gross pathology (data not
shown). In addition, QI treatment had no significant effect on
the weights of 4 different organs (Table 3) or blood chemistry
(Table 4) of these rats. H&E staining of the organs indicated
no histopathological abnormalities associated with QI treat-
ment (data not shown). These data indicate that QI causes no
evident toxicities in rats at a dose of 2000 mg/kg.

DISCUSSION

Despite significant progress in available treatments, BPH

remains the most common prostatic disease affecting older
men.” Given the many side effects of surgery and pharmaco-
logical therapy, and the long latency of BPH, natural products
from plants have emerged as alternative treatments because
they may provide therapeutic efficacy with fewer adverse
effects. The present study assessed the protective role of QI on
BPH using a human prostate cancer cell line and a rat model
of BPH. Our in-vitro results showed that QI treatment sig-
nificantly inhibited the TP-induced increases of AR and PSA
expression in LNCaP cells. In agreement, the TP-induced in-
creases in prostate weight, serum testosterone, prostatic DHT
concentration, and Sa-reductase type 2 mRNA expression in
prostate tissue were significantly attenuated in QI-treated rats.
A 4-week toxicity study in rats further showed that QI had no
adverse effects at a dose of 2000 mg/kg.

Overall enlargement of the prostate is a sign of BPH,***)
which is characterized by increased proliferation of epithelial
and stromal cells in the prostate. Hyperplasia of these cells
leads to increased prostate weight and compression of the
urethral canal, thereby blocking urine flow.*® Previous studies
indicated that animals with experimentally induced BPH have
significantly greater prostate weight than controls, and that
finasteride treatment decreases BPH.’** In line with these
previous reports, our present findings revealed that TP injec-
tion contributed to a significant increase in prostatic weights
of BPH induced rats compared to the control rats. In contrary,
the rats treated with QI showed significantly decrease prostatic
weights compared with BPH induced rats. Our histopathologi-
cal examinations of rat prostate tissues are consistent with this
result. More specifically, rats in the TP group had greater
epithelial hyperplasia and epithelial thickness than rats in the
TP/QI group. These findings suggest that QI effectively inhib-
ited the development of prostatic hyperplasia and BPH.

Prostate DHT levels increase as BPH progresses, and
prostatic Sa-reductase converts testosterone into DHT.!%!D
DHT increases hyperplasia of prostatic stromal and epithelial
cells, resulting in the enlargement of prostate.'” Therefore,
So-reductase inhibitors are effective treatments for men with
BPH. Finasteride is a type 2 5a-reductase inhibitor that down-
regulates plasma and intra-prostatic DHT concentrations, and
reduces prostate size, epithelial cell height, and the synthesis
of DHT.** In agreement with previous studies, our results
indicate that finasteride significantly reduced testosterone and
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DHT levels in the serum and prostates of rats, and that QI had
a similar effect. In addition, QI and finasteride also decreased
the expression of Sa-reductase type 2 mRNA in the pros-
tate. These results indicate that the QI-induced reduction of
prostatic epithelial hyperplasia is closely associated with the
reduced DHT level.

BPH is characterized by an increased number of prostatic
stromal and epithelial cells due to uncontrolled proliferation,
and increased prostate volume.>® Our in vitro data showed
that QI inhibited cell viability in prostate cancer cells at the
high concentration (=3200ug/mL). We further evaluated the
mechanism responsible for the inhibitory effects of QI on BPH
by measuring the expression of PCNA in the prostate tissue
of TP-treated rats. PCNA expression is significantly elevated
in patients with BPH or prostate cancer, and the extent of cell
proliferation is related to the clinical grade of prostate can-
cer.’” Animals with experimentally induced BPH also have
significantly increased prostatic PCNA expression.’®**? We
found that rats with BPH that were given QI treatment had
significantly reduced expression of PCNA and cyclin DI, as
well as fewer PCNA-positive cells. This indicates that QI pro-
tected against BPH development due to its anti-proliferative
activity. Our data also revealed that QI increased the apopto-
sis of prostate epithelial cells. Moreover, treatment with QI
decreased the expression of the anti-apoptotic protein, Bcl-2,
and increased the expression of the pro-apoptotic protein, Bax.
Hence, the QIl-treated rats have a decreased Bcl-2/Bax ratio,
as well as increased levels of prostatic caspase-3 and -9. Vari-
ous diseases, including BPH, are characterized by disruption
of processes that regulate cell proliferation and cell death.***)
Epithelial cells in normal prostate tissue express little or no
Bcl-2 or caspase-3, but hyperplastic changes are associated
with increased levels of Bcl-2 and a decreased levels of Bax in
the prostate.*>*> The Bcl-2/Bax ratio is an important measure
of cell fate, and an increased ratio (resulting from aberrant
expression of these proteins) is common in BPH. Therefore,
agents that promote prostate cell apoptosis have potential as
treatments for BPH. We hypothesize that the pro-apoptotic
activity of QI, together with its anti-proliferative activity, were
responsible for the suppression of prostate cell proliferation
and reduction in prostate volume.

We also investigated the effects of QI on the AKT/GSK3p
pathway to elucidate the mechanism by which QI inhibits
TP-induced cell proliferation in the prostate. Activation of the
AKT pathway is known to play key roles in cell proliferation,
apoptosis and survival in various cell types. AKT increases
cyclin DI levels by stimulating its mRNA translation.*”
Phosphorylation/inactivation of GSK3f by AKT also results
in elevated levels of cyclin DI, thus allowing progression
through the G1 phase of the cell cycle.*” Additionally, AKT
inactivates Bad and caspase-9, two pro-apoptotic proteins,'®
whereas inhibition of AKT signaling induces cell death by
reducing the expression of Bcl-2 and enhancing the expression
of Bax or Bad." Our results show that QI treatment decreased
the TP-induced activation of AKT and GSK3p. We also found
that these QI-induced decreases in p-AKT and p-GSK34 lev-
els paralleled reduced cyclin DI expression and a decrease in
the Bcl-2/Bax ratio. These results suggest that the QI-induced
increase in apoptosis and suppression of prostate cell prolif-
eration may be mediated via alterations in the AKT pathway.

The two most widely accepted classes of medications for
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treatment of BPH are S5a-reductase inhibitors and alpha —1
(al)-adrenergic receptor antagonists.*” However, the utility
of these drugs is limited by their side effects, which include
decreased libido, ejaculatory or erectile dysfunction, and nasal
congestion.*® Our results show that oral administration of
QI to rats, at a dose of 2000mg/kg/d for 4 weeks, produced
no clinical signs or evident treatment-related adverse effects.
However, further studies of potential chronic toxicity and
genotoxicity are needed to establish the safe oral dose of QI.

In conclusion, the present study provides the first evidence
that QI protects against TP-induced BPH in rats, as indicated
by its ability to reduce prostate size and hyperplasia. These
effects can be attributed, at least in part, to the decreased
prostatic levels of DHT and the anti-proliferative and pro-
apoptotic activities of QI. Use of QI as a therapeutic agent for
the treatment of BPH warrants further exploration.
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