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Abstract

Pueraria mirifica (PM) is a medicinal plant native to Thailand contained high amount of phytoestrogen and possesses anti-
cancer activity. This study reports the effect of P. mirifica extract, phytoestrogen of diadzein and genistein for its benign
prostate hyperplasia properties in testosterone-induced prostate hyperplasia in male Sprague Dawley rats. The P. mirifica
extract was evaluated for its total phenols, flavonoid and antioxidant activity using DPPH, FRAP and metal chelating assay.
The assessment of P. mirifica, diadzein and genistein against benign prostate hyperplasia was determined in testosterone-
induced prostate hyperplasia in male Sprague Dawley rats. The total phenol was higher than flavonoid but showed low
antioxidant activity of DPPH, FRAP and metal chelating. The aqueous PM extract at 1000 mg/kg significantly increased
testosterone levels in testosterone-induced rats by 13% while diadzein and genistein increased it by 11% and 17% respectively.
However, levels of FSH, LH, triglyceride and HDL are not affected by the oral administration of PM, diadzein and genistein
to the rats. Similarly, total protein, albumin, globulin, total bilirubin, conjugated bilirubin, alkaline phosphatase, alanine
aminotransferase, AST, and G-glutamyltransferase showed no significant difference as compared with negative control rats.
The body weight of the rats, testis, kidney and liver showed no toxic effect. The zinc content increased significantly and the
zinc transporter gen of ZnT4 and ZIP4 highly expressed suggesting that the PM, diadzein and genistein plays essential role
in modulating prostate zinc homeostasis. Similarly, the expression of IL-6, AR and ER was significantly reduced indicating
functioning in regulation of prostate growth and acts as anti-inflammatory role in preventing BPH. In conclusion, the results
indicated that PM reduced BPH and contributed to the regulation in the zinc transport expression of the prostate cells in the
benign prostate hyperplasia (BPH).
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Introduction

Benign prostatic hyperplasia (BPH) is an enlarged prostate
that most commonly occur in elderly men [1]. It causes
the lower urinary tract symptoms (LUTS) as a result of
an increase in the total number of stromal and epithe-
lial cells of the prostate gland. It has been reported that
50% men of more than 50 years of age show symptoms
of BPH, and 45 million men are expected to be suffer-
ing from BPH by 2020 [2, 3]. Although the exact patho-
genesis of BPH is still unclear, aging and androgens are
known features of the growth and development of BPH
in elderly men. A potent androgen DHT, which is pro-
duced from testosterone by the Sa-reductase [4] in the
prostate promotes the growth of the prostate cells. There-
fore, inhibition of Sa-reductase would lead to a reduction
of DHT formation and prevent the development of BPH.
Finasteride is a known synthetic Sa-reductase inhibitors
are commonly used for BPH treatment [5]. However, it
produced adverse effects such as gynecomastia due to its
similarity in structure to steroid hormones [6]. At present,
there are no natural plant compounds that are effective
for curing BPH, which has been universally recognized.
There are variety of dietary compounds has been shown
associated with the decreasing of prostate cancer and BPH
[7-10]. Therefore, new therapeutic methods are required,
such as using medicinal plants for BPH treatment without
adverse side effect from drug toxicity. There are several
medicinal plants that possess anti-androgenic properties
has been reported for the treatment of BPH [11-14] as
well as able to inhibit growth of prostatic cancer cells
sensitive to androgen and glucorticord hormones. Plants
containing phytoestrogen compounds, especially genistein
and diadzein, show the most potential for prostate hyper-
plasia treatment due to its ability to induce or mimic the
action of oestrogen receptors [15, 16] as well as possess-
ing anti-androgenic activities. Clemens et al. [17] reported
on genistein being involved in the pathogenesis of BPH.
Similarly, Denis et al. [18] and Griffiths et al. [19] has sug-
gested that phytoestrogen is also involved in the develop-
ment of BPH and prostate cancer. The genistein-inhibited
BPH human cell culture [20], while genistein and diaizein
induced apoptosis in prostate cancer [21]. There have been
many human studies showing that that phytoestrogens
inhibit BPH and the growth of prostate cancer in vitro and
in vivo [22, 23]. Studies have also shown that phenols and
flavonoids possessed an effects on BPH and prostate can-
cer. These compounds contributed its effects to BPH and
prostate cancer via antioxidant properties in scavenging
free radical produced by the cancer cells [24, 25].

The zinc is an important mineral required by the body
metabolism process for growth and development [26]. The
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regulation of mechanism of zinc homeostasis involved
the zinc transporter family of ZnT of solute link car-
rier 30(SLC30) and ZIP family of solute-linked carrier
39(SLC39) [27]. The SLC30 main role is to regulate the
zinc ion to efflux from the cell cytoplasm into the intracel-
lular lumen of organelles or outside of the cells. While for
SLC39, it’s responsible to lets the zinc ions from extracel-
lular space or organelle lumen influx into the cytoplasm
[28, 29]. Hurley [30] reported that lack of zinc in the body
may lead to stunted growth and serious metabolic disorder
such as high rate of apoptosis in rapid cell turnover tis-
sues. Several researches has reported that a low amount of
zinc in cancer patient, indicating that there is correlation
between amount of zinc and cancer development [31-33].
Kristal et al. [10] has suggested that the use of zinc sup-
plement able to decrease the risk of prostate cancer. The
prostate organ possess high amount of zinc as compared
to other tissues organ in the body. In order to maintain a
normal differential regulation of zinc intake in the cell, the
ZnT and ZIP family of zinc transport expression must be
activated to zinc cellular level. There was a down regula-
tion of gene expression of ZIP and ZnT in prostate cancer
tissue [34] and decreased in protein expression of ZnT4
[35] in prostate cancer tissue as compared to BPH tissue.
This indicating that there is a decrease in expression of
ZnT with the prostate cancer development. Therefore, it is
essential to maintain high zinc content for prostate health
and a low accumulation of zinc level may result in prostate
cancer [34, 36].

Pueraria mirifica, from the family Leguminosae [37] has
tuberous root containing many active phytoestrogens com-
pounds such as diadzein, diadzin genestin, genistein, and
puerarin [38—40]. In Thailand, it is traditionally consumed
to treat menopausal symptoms. It possesses oestrogenic
activity on rat bone [41], monkeys [42], and breast cancer
in rats [43] by exerting its effect through estrogen receptor
(ER) [44] and regulates the release of estrogen in BPH and
prostate cancer [45, 46].

It has been reports that the phytoestrogen is effective in
reducing prostate cancer and BPH [47]. The effect of phy-
toestrogen of diadzein and genistein in reducing BPH might
involve in the gene expression of ZnT and ZIP family of zinc
transporter to regulate the zinc homeostasis in the prostate
organ.

In our previous work, we have reported the preven-
tive effect of P. mirifica on testosterone induced prostatic
hyperplasia in Sprague Dawley rats which showed that a
dose-dependent reduction of prostate enlargement in testos-
terone-induced rats. The preventive effect is likely due to
Sa-reductase inhibitory activity of the PM extract, daidzein
and genistein [48]. In this study, the effect of the PM aque-
ous extract on testosterone-induced prostate hyperplasia in
male Sprague—Dawley rats were evaluated.
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Materials and methods
Plant materials

The dried tuberous root of P. mirifica was purchased from
Anhui Bozhou Qiaocheng, Chinese Herbal Medicine Trad-
ing Center, Guangzhou, China. The distributor has con-
firmed it authentic and 100% purity. The root was ground
into a fine powder and kept in airtight container prior to
further study.

Preparation of PM extracts

The powdered PM was macerated with distilled water for
12 h at 40 °C. Aqueous extracts were filtered with What-
man filter paper (No.1) and the aqueous extract powder
was obtained through vacuum-drying (yield—4.3% w/w).

High pressure liquid chromatography (HPLC)

The method used to separate diadzein and genistein was
following as described by [43] with slight modification.
The standards daidzein and genistein were purchased from
Sigma (USA). The organic solvents for chromatography
(HPLC grade) were purchased from Merck, Germany.
Water with over 16 MQ/cm for a component of the mobile
phase of HPLC was prepared by ultrapure water system.
HPLC system control and data processing were carried out
using JASCO instrument. The reversed phase C18 column
(250 nm x 4.6 nm) was used and 10 uL of PM extract was
injected with the linear gradient system for 55 min from
100:0 to 55:45 with 0.1% acetic acid: acetonitrile at a flow
rate of 1 mL/min and the compounds were detected at a
wavelength of 254 nm.

Determination of total phenolic content

Total phenol content (TPC) was measured by the
Folin—Ciocalteu method, as described by [49] with some
modification. Briefly, 20 pL of sample extracts was mixed
with 100 pL of Folin—Ciocalteu reagent (diluted 10-fold
with distilled water) in a 96-well microplate and left
incubated for 5 min at room temperature. Then, 75 pL of
sodium carbonate solution (75 g/L) was added. After an
incubation period of 2 h in darkness at room temperature,
absorbance was measured at 740 nm with a microplate
reader (Tecan Sunrise, Austria). Gallic acid monohydrate
(1.0-20.0 mg/100 mL) was applied as a standard for cali-
bration and construction of a linear regression line and
water was used as blank. The total phenolic content was

estimated as mg gallic acid equivalent (mg GAE)/g of dry
extract.

Determination of total flavonoid content

Total flavonoid contents (TFC) were measured accord-
ing to the method as described by [50]. Briefly, extracts
(10 pL) were added with 60 pL of methanol and 10 pL of
10% aluminium chloride solution in a 96-well microplate.
The solutions were well mixed and incubated for 6 min
at room temperature. Then, 10 pL of potassium acetate
(1 M) and 120 pL of methanol were added into the mix-
ture. After 30 min of incubation, absorbance was measured
at 415 nm with a microplate reader (Tecan Sunrise, Aus-
tria). Total flavonoid contents were estimated from querce-
tin (1.0-20.0 mg/100 mL) standard curve, and the results
were expressed as mg quercetin equivalent (mg QE)/g of
dry extract.

Antioxidant activity assays
DPPH radical scavenging activity

The free radical scavenging activity of the extracts was
measured in terms of hydrogen donating ability, using DPPH
radical as described by the [51]. with slight modification.
Briefly, 40 pL of sample extracts of different concentrations
(0.05-2 mg/mL) were mixed with 200 pL of 50uMDPPH
solution in ethanol. The mixture was immediately shaken
and incubated for 15 min in the dark at room temperature.
The quenching of free radicals in absorbance was measured
at 517 nm by a microplate reader (Tecan Sunrise, Austria).
Ascorbic acid (1.56-200 pg/mL) was used as a standard and
ethanol as the control. The percentage of scavenging activ-
ity of the extracts was calculated according to the following
equation:

Acontrol — Asample

DPPH radical scavenging activity (%) = x 100

Acontrol

Percentage of scavenging activity for each concentration
of the active extract was estimated from the graph plotted
against the percentage inhibition and compared with the
standard. The entire test was performed in triplicate.

Ferric reducing antioxidant power (FRAP)

The FRAP activities of the extracts were measured with a
previously-described method by [52] with some modifica-
tion. 20 mL of extracts in ethanol were mixed with 200 pL
of daily prepared FRAP reagent, which contained 5 ml
10 mM TPTZ in 40 mM HCI, 5 mL of 20 mM FeCl;, and
50 mL of 0.3M acetate buffer (pH 3.6) in 96-well micro-
plate. After 8 min of incubation time, the absorbance was
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measured at 595 nm with a microplate reader (Tecan Sun-
rise, Austria). Ethanol was used as blank. Ferrous sulfate
(FeSO,) solution (0.2 mM-1 mM) was used for a standard
calibration curve. The FRAP value was calculated accord-
ing to the linear regression between standard solutions and
the results were estimated as mmol Fe?*/g of dry extract
from triplicated tests.

Metal chelating activity

The ferrous ion chelating activity of the extracts at dif-
ferent concentration was investigated according to the
procedure as described by [51] by measuring the forma-
tion of the Fe?*-ferrozine complex. In this assay, extracts
(100 pL) at different concentrations (20-100 pg/mL) were
mixed with 120 pL distilled water and 10 pL FeCl, (2 mM)
in a 96-well microplate. The reaction was initiated by the
addition of ferrozine (5 mM, 20 pL) to the mixture. The
reaction mixture was incubated at room temperature for
20 min and absorbance at 562 nm was measured along
with EDTA-Na2 (5-80 ug/mL) as a standard metal chela-
tor. Ethanol (100 pL) was used as a control; blank was
without ferrozine (20 pL of distilled water instead of fer-
rozine). The percentage inhibition of Fe’*—ferrozine com-
plex formation was calculated according to the following
formula:

Acontrol — Asample

Ferrous ion chelating activity (%) = x 100

Acontrol

The concentration of extracts required to chelate 50% of
the Fe?* ion (IC50) was calculated from the graph against
the percentage of inhibition. All tests were performed in
triplicate.

Experimental animals

Adult (12 weeks old) male Sprague Dawley rats, weighing
200-250 g, were purchased from Faculty of Veterinary,
Universiti Putra Malaysia were used in this study. The rats
were housed in polypropylene cages at room temperature
(25 =2 °C) with light/dark cycles of 12 h in Animal House,
University Malaya. The rats were fed with phytoestrogens
deficient pellet diets (Altromin, Germany) and water ad libi-
tum. After 7 days acclimatization, the rats were randomly
distributed into experimental groups. This study was car-
ried out in strict accordance with the recommendations in
the Guide for the Care and Use of Laboratory Animals of
National Institute of Health. The protocol was approved by
the University of Malaya Animal Care and Use Committee
(No: ISB/30/05/2012/SSM(R)). All efforts were made to
minimize animal suffering.
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Acute toxicity studies

Acute toxicity studies were carried out following OECD
guidelines (OECD 423, Acute Toxic Class Method) [53].
In all cases, 2000 mg/kg oral dose of the P. mirifica extract,
200 mg/kg diadzein and genistein was found to be safe as
no mortality was observed during the study. On the basis of
this study, the doses of 10, 100, 1000 mg/kg were selected
for P. mirifica. Whereas doses of 10, 100 mg/kg for diadzein
and genistein respectively.

Administration and dosage

The powdered PM aqueous extract was suspended in dis-
tilled water for oral administration. Rats were given an
oral dose of 10, 100 and (1000 mg/kg, p.o.) once daily for
30 days. Testosterone propionate was diluted in corn oil and
injected subcutaneously at 3 mg/kg, daily for 30 days as
described by [54]. Finasteride was suspended in Tween-20
(0.2% v/v) and administered per orally (1 mg/kg, p.o.). Daid-
zein and genestein were also included in the study in doses
of 10 and (100 mg/kg, p.o.) and suspended in t

ween-20 (0.2% v/v) for p.o. administration.

Experimental design

The rats were divided in 10 groups consists of six rats
in each group. Group 1: Sham (Control); Group 2: BPH
(Testosterone induced BPH); Group 3: TFEN (BPH + Fenis-
teride); Group 4: TLP (BPH +PM 10 mg/kg); Group 5: TMP
(BPH+PM 100mg/kg); Group 6: THP (BPH+PM 1000mg/
kg); Group 7: TLD (BPH + Diadzein 10 mg/kg); Group
8: THD (BPH + Diadzein 100 mg/kg); Group 9: TLG
(BPH + Genistein 10 mg/kg); Group 10: THG (BPH + Gen-
istein 100 mg/kg). The P. mirifica extract was suspended
in distilled water for oral administration. Rats were given
oral doses of 10, 100 and 1000 mg/kg once daily for 30
days. Testosterone propionate was diluted in corn oil and
injected subcutaneously at 3 mg/kg, daily as described by
[54]. Finasteride was suspended in Tween-20 (0.2% v/v) and
administered orally (1 mg/kg, p.o). Daidzein and genistein
were administered orally at doses of 10 and 100 mg/kg by
suspending in Tween-20 (0.2% v/v). Prostate hyperplasia
was induced by subcutaneous administration of testosterone
(3 mg/kg) for 30 days in all groups except the control group.
The rats were treated with vehicle Tween-20 (0.2% v/v, p.o.)
or finasteride (1 mg/kg, p.o.), PM (10, 100 or 1000 mg/kg,
p.o.), daidzein (10 or 100 mg/kg, p.o.) or genistein (10 or
100 mg/kg, p.o.) before administration of corn oil or testos-
terone (3 mg/kg), subcutaneously. Animals were weighed
a day before the starting of the treatment and weekly
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thereafter. On day 30, animals were anesthetised ketamine
and xylazine cocktail. The blood was collected by cardiac
puncture and the organs were immediately dissected out and
weighed.

Hormonal analysis

Blood was collected in the SST tube for hormonal analy-
sis consists of testosterone, oestradiol, FSH and luteiniz-
ing hormone (LH). Serum was obtained by blood sample
centrifugation at 1000 RCF for 10 min at 4 °C. The serums
were taken to the Biohealth Science Laboratory, Institute of
Biological Sciences, University Malaya for further analysis.

Biochemical tests

Blood was collected in the plain tubes. Serum was obtained
through centrifugation at 1000 RCF for 10 min at 4 °C.
Lipid profiles [total cholesterol, triglycerides, high-density
lipoprotein (HDL) and low-density lipoprotein (LDL)] and
liver function test (total protein, albumin, globulin, total bili-
rubin, conjugated bilirubin, alkaline phosphatase, alanine
aminotransferase, AST and G-glutamyltransferase) were
analyzed using the assay rat kit at the Biohealth Science
Laboratory, Institute of Biological Sciences, University
Malaya.

Prostate zinc analysis

Zinc concentration in the prostate tissue was determined
by using an atomic absorption spectrophotometer (AAS),
according to the method as described by [55]. Sample oxi-
dation is accomplished by boiling 50 mg of formalinized
prostate tissue in 25 mL water and 10 mL of a mixture of
concentrated nitric acid (HNO;) and 60% perchloric acid
(HCIO,) in a ratio of 1:2. The samples were boiled until a
clear solution appears. A final dilution of 50 mL with deion-
ized water is performed and the sample is ready for AAS
analysis.

Total RNA extraction, purification
and quantifications

Purification of total RNA was carried out using formalin-
fixed, paraffin embedded of a prostates tissue sample with
RNeasy FFPE kit (Qiagen, Germany) according to the man-
ufacturer’s protocol. The RNA was quantified by its absorp-
tion at 260 nm and its purity was determined by Nanodrop
ND-100 spectrophotometer (Wilmington, USA). The puri-
fied RNA were aliquot before store at — 70 °C prior use.

Two step reverse transcriptase polymerase chain
reaction (RTL PCR)

The expression of androgen receptor (AR), ER, interleukin
6, ZnT2 and Zip4 genes were evaluated by two steps RT-
PCR (Qiagen, Germany). Expression of B-actin gene was
used as internal control to ensure cDNA quality and loading
accuracy. The specific primers (sense and antisense) used
in the reaction were designed from NIH GenBank database.
For each sample, 250 ng/uL of RNA solution were reverse
transcripted into cDNA according to the manufacturer’s
instructions (Invitrogen, USA). The reaction mixture was
incubated at 42 °C for 30 min and then heated at 95 °C for
3 min. The resultant cDNA was used for PCR. The PCR
reaction mix was prepared according to the manufacturer’s
instructions with slight modification; 20 pL volume reac-
tions were used instead of 50 pL volume reaction. Qualita-
tive PCR amplification was performed with a 20 pL final
volume consisting of 2 pL. cDNA, 10 pL. master mix (One-
PCR, Taiwan), 1 pL of 10 pmol of each sense and antisense
primer and 6 pL deionized water. The PCR was performed
using BioRad iCycler (Bio-Rad) with reaction profile of;
initial denaturation for 5 min at 940 °C and 30 cycles PCR
amplification of denaturation at 940 °C for 40 s, annealing
at 560 °C for 1 min and elongation at 720 °C for 2 min with
a final elongation at 720 °C for 5 min. Subsequently, the
PCR-amplified products were resolved by 2% agarose gel
electrophoresis stained with ethidium bromide (Sigma, St
Louis, USA) and visualized by UV transillumination (Vilber
Lourmat, France). AR, ER, IL-6, ZnT2 and Zip4 expression
in the test samples were normalized to the corresponding
B-actin level and were reported as the relative band intensity
to the p-actin gene expression.

Statistical analysis

Statistical analysis was performed with the use of Statistical
Package for Social Science (SPSS) version 22.0. Signifi-
cantly differences between means were analyzed by ANOVA
test followed by Duncan’s and Dunnet’s post hoc test when
appropriate. All results were expressed as the mean =+ stand-
ard error (SEM). P <0.05 was considered to be statistically
significant.

Table 1 Antioxidant activity of Puereria mirifica water extract

Total phenol Total flava- % DPPH FRAP % Metal
(mg GAE/g  noid (mg inhibition at absorbance chelating
dry extract) QE/gdry 200 pg/ml at 1000 pM  inhibition at
extract) 100 pg/ml
84.30+0.12 0.62+0.14 2491+0.16 0.28+0.11 12.45+0.12

Data are mean + SEM (n=23)
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Results

The results in Table 1 showed that the phenol contents
of the PM aqueous extract (84.30 +0.12 mg GAE/g dry
extract) are higher than flavonoid contents (0.62 +0.14 mg
QE/g dry extract). The water extracts showed low antioxi-
dant activity, with DPPH, FRAP and metal chelating at
2491+0.16%, 0.28 +0.11%, and 12.45 +0.12%, respec-
tively, when compared with the antioxidant of standard
gallic acid for DPPH, BHP for FRAP and EDTA for metal
chelating with antioxidant activity at 82.09%, 1.389 and
99.89% respectively. The total phenols and total flavonoids
do not correlate with the DPPH, FRAP and metal chelating
activity. Cherdshewasart and Sutjitb [56] have reported
that only isoflavonoid puerarin correlated with the antioxi-
dant activity of DPPH in PM tubers and not with diadzein
and genistein. The low antioxidant activity of the water
extract could be due to the low content of the isoflavonoid
puerarin in the PM [43, 56]. The low antioxidant activity
of PM extract has been reported by [57].

The Sprague Dawley rats were induced to cause pro-
static hyperplasia and treated with oral administration
of PM extract, genistein and diazein. In, a testosterone-
induced rats, the testosterone level increased significantly

when compared with negative control and the testosterone-
induced group treated with PM, diadzein and genestein,
as illustrated in Table 2. The PM extracts at 1000 mg/kg
increased significantly by 13%, whereas diadzein and gen-
istein each at 100 mg/kg increased the testosterone level by
11% and 17% respectively. This showed that PM extracts
at 1000 mg/kg have the capability to inhibit the high level
of testosterone in the testosterone-induced rats. However,
diadzein and genistein at 100 mg/kg demonstrated an abil-
ity to increase testosterone, which was slightly lower than
PM extracts.

The total proteins were not significantly increased in
the P. mirifica extract, diadzein and genistein as shown in
Table 3. The total proteins were not significantly increased
in the P. mirifica extract, diadzein and genistein as shown
in Table 3. This shows that it had no effect on protein con-
tents. Similarly, albumin and globulin do not show any sig-
nificantly different after 30 days treatment with PM extract,
diadzein and genistein. This gives indication that there are
no damaged or infection of the liver of the rats. However,
total bilirudin is slightly increased when treated with PM,
diadzein and genistein. However, conjugated bilirudin
remained constant and does not show significant difference
level. PM, diadzein and genistein does not significantly
alter the level of ALP, ALT and AST in the rats. Similarly,

Table 2 Hormone and lipid profile of testosterone-induced rats treated with the P. mirifica water extract

Group Hormonal analysis Lipid profile
Testosterone  Oestradiol level FSH (IU/L) LH (IU/L) Triglyceride Total HDL
level (nmol/L) (pmol/L) (mmol/L) cholesterol cholesterol
(mmol/L) (mmol/L)

Negative control 11.53+1.14% 58.67+1.74° 0.30+0.00 0.10+0.00 0.78+0.05 1.35+0.04 1.08 +£0.08

Testosterone-Induced 85.31+5.86" 40.17+1.08° 0.32+0.02 0.10+0.00 0.78+0.06 1.4+0.05 1.19+0.06
(T

TI+ Finasteride 126.29+0.92* 96.08 +5.59* 0.30+0.00 0.10+£0.00 0.52+0.07 1.31+0.03 0.99+0.03

TI+ P. mirifica 87.42+1.73% 71.83+3.63%® 0.38+0.04 0.10+0.00 0.93+0.08 1.35+0.04 1.1+£0.08
(10 mg/kg)

TI+ P. mirifica 96.83+3.85% 77.17+4.97° 0.30+0.00 0.10+0.00 1.48+0.15% 1.29+0.00 0.86+0.05"
(100 mg/kg)

TI+ P. mirifica 96.63+2.30 70.67 +7.24% 0.30+0.00 0.10+£0.00 1.78+0.31%® 129+0.00  0.57+0.15®
(1000 mg/kg)

TI+low Daidzein 92.95+1.37% 72.33+£4.21% 0.38+0.08 0.10£0.00 0.75+0.06 1.30+0.00 0.96+0.07
(10 mg/kg)

TI+ high Daidzein 93.87+1.24" 63.17 +6.42% 042+0.05 0.10+0.00 0.87+0.11 1.34+0.13 0.96+0.10
(100 mg/kg)

TI+low Genestein 95.78 +1.69% 75.00+7.84% 0.40+0.08 0.10+0.00 0.75+0.05 1.33+0.04 1.12+0.10
(10 mg/kg)

TI+high Genestein 98.57+0.56* 66.00+£4.87% 0.38+0.08 0.10+£0.00 0.85+0.07 1.29+0.00 0.99+0.03
(100 mg/kg)

Data are mean+ SEM (n=6). The means with different lower case letters (a and b) in the same column are significantly different at P<0.05

(ANOVA, followed by Duncan’s multiple comparison test)
P <0.05 compared to testosterone group

P <0.05 compared to finasteride group
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Table 4 The effect of P. mirifica water extract on organs of testosterone-induced male rats

Group Body (g) Prostate (mg) Testis (g) Liver (g) Kidney (g)

0 week 4 weeks Right Left Right Left
Negative control ~ 236.83+1.54 394.83+6.87® 1521.52+46.93° 1.33+£0.05° 1.33+0.07° 15.97+0.62° 1.49+0.12 1.48+0.11
Testosterone- 231.67+2.16 362.17+9.04  3427.80+76.12°  1.25+0.08° 1.26+0.08° 1551+0.56 1.65+0.10° 1.68+0.09°
induced (TT)
TI+Finasteride  242.00+2.96 344.00+0.89  1691.33+16.11° 1.78+0.06* 1.80+0.05* 11.93+0.22* 1.19+0.03* 1.26+0.03
TI+ P. mirifica 228.00+1.13 344.67+8.87  2526.73+166.81®* 1.25+0.12° 123+0.12° 12.69+0.55® 1.50+0.07 1.52+0.05
(10 mg/kg)
TI+P. mirifica  227.83+3.57 360.33+13.45 2352.00+95.06° 1.11+0.14* 1.11+0.14° 14.82+131° 1.65+0.11° 1.65+0.11°
(100 mg/kg)
TI+ P. mirifica 228.00+0.78 313.83+5.46" 1851.30+75.45* 0.80+0.11° 0.80+0.11° 12.70+0.84* 1.45+0.11 1.45+0.11
(1000 mg/kg)
TI+low Daid- 228.67+3.07 319.17+10.19* 1707.17 +£94.10° 1.56+0.11 1.55+0.19 11.78+0.84* 1.44+025 1.44+0.02
zein (10 mg/kg)
TI+high Daid- 231.00+1.03 369.17+10.40 1889.40+151.93* 1.17+0.06° 1.18+0.07° 13.21+0.73 1.33+0.07 1.35+0.08"
zein (100 mg/
kg)
TI+1low Genest- 225.00+4.33 322.67+10.80* 1729.5+66.51° 1.36+0.14> 1.47+0.14 12.30+0.28 1.49+0.08 1.52+0.08
ein (10 mg/kg)
TI+high Gen- 229.00+3.28 358.67+9.39  2027.10+13.65% 1.00+0.13°  1.04+0.14* 12.69+0.75* 1.48+0.09 1.40+0.09
estein (100 mg/
kg)

Data are mean+ SEM (n=6). The means with different lower case letters (a and b) in the same column are significantly different at P<0.05

(ANOVA, followed by Duncan’s multiple comparison test)
P <0.05 compared to testosterone group

P <0.05 compared to finasteride group

the GGT level remained the same throughout the treatment
period. This indicates that the PM extract, genistein and
diazein do not cause toxic effect of the organ of the rats.

The body weight of the rats in all groups was increased
significantly within the period of 4 weeks (Table 4). The
body weight of the rats in all groups was increased signifi-
cantly within the period of 4 weeks. This showed that the
PM extract promotes the growth and development of the
rats. Similarly, the diadzein and genistein increased the body
weight of the rats. However, the weight of the right and left
testis reduced at high dose of PM as compared with the oth-
ers rats group. The weight of the prostate organ, reduced
significantly when treated with PM, diadzein and genistein,
compared to testosterone-induced groups. This demonstrates
that it gives effect to reduced benign prostatic hypertrophy
(BPH) or prostate cancer in rats. The weight of kidney and
liver did not show significant changes in weight compared
with others in groups. This suggested that the intake of the
PM extract, diadzein, and genistein does not cause damage
to the organs of the rats.

The results in Fig. 1 shows that there was a signifi-
cant decrease in prostatic zinc levels in the BPH group
in comparison to sham and TFN group (P <0.05). The
TFN group have a significant similar level of prostatic
zinc levels with the sham group. These indicated that the

@ Springer

zinc concentrations in the prostate tissue were increased
compared to the BPH group by 175%. Prostatic zinc lev-
els in the testosterone-induced rat treated with P. mirifica
extract were increased with increased dose compared to
BPH group. TLP, TMP and THP group showed significant
different when compared the prostatic zinc level with the
BPH group at p <0.05. Prostatic zinc levels in the TLP,
TMP and THP were increased compared to BPH group
at 113.46%, 213.46% and 155.77%, respectively. In com-
parison to the BPH group, the TLD, THD, TLG and THG
groups showed a significant different at p <0.05, where,
the prostatic zinc levels were also increased at 119.23%,
71.15%, 148.07% and 94.23%, respectively. These results
suggested that treatment with PM, phytoestrogen diadzein
and genistein increase the zinc intake in the prostate cell.

Induction of BPH in rats significantly increased the
number of mRNA tissue levels of IL-6 (Fig. 2), AR
(Fig. 3) and ER (Fig. 4). The BPH group significantly
showed a tremendous increase by 93.4% in IL-6 levels
(Fig. 2) when compared to the sham group expression
(P <0.005). AR gene expression level also increased by
78.8% (Fig. 3) and oestrogen receptor (ER) gene level
increase 78.2% (Fig. 4) in BPH group when compared to
the sham group. The level of IL-6, AR and ERa genes in
the TFN group significantly decreased when compared to
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Fig. 1 Prostatic zinc content of rat groups. The histogram bars with
different lower case letters (a, b, c) are significantly different at
P<0.05 (ANOVA, followed by Dunnett multiple comparison tests).

BPH group (P <0.005) by 90% (Fig. 2), 78% (Fig. 3) and
68% (Fig. 4), respectively.

P. mirifica water extract treatment significantly decreased
the IL-6 (Fig. 2), AR (Fig. 3) and ER (Fig. 4) with increased
dose. The highest reduction between three doses of P. miri-
fica water extract can be seen in THP group (1000 mg/kg
BW), where the reduction were 89% for IL-6, 64% for AR
and 66% for ERax when compared to BPH group (P <0.005).
The medium dosage of P. mirifica water extract, the TMP
group (100 mg/kg BW), showed an 88% reduction in IL-6,
55% reduction in AR and 39% reduction in ERa. While,
the lowest dose of P. mirifica water extract, the TLP group
(10 mg/kg BW) showed 63% reduction in IL-6, 45% reduc-
tion in AR and 8% reduction in ERa when compared to
BPH group.

Daidzein treatment of testosterone-induced BPH rats
showed a reduction in IL-6 mRNA tissue levels of 60%,
43% reduction in AR and 58% reduction in ERa for low
dosage (TLD). While, 54% reduction in IL-6, 17% reduc-
tion in AR and 56% reduction in ERa for high dosage
(THD). Whereas, for genistein treatment of testosterone-
induced BPH rat groups showed that a reduction in IL-6
mRNA tissue levels of 47%, 23% reduction in AR and
58% reduction in ERa for low dosage (TLG). While, for
high dosage (THG), 54% reduction in IL-6 level expres-
sion, 14% reduction in AR gene level expression and 50%
reduction in ERa when compared to the BPH group. All
observation was significantly differed when compared to

dAILL

dHL
aiL
aHL
o1L
OHL

a=P<0.05 compared to sham control. b=P <0.05 compared to BPH
group. c=P <0.05 compared to TFN group

the BPH group at p <0.05. This results clearly suggested
that the treatment of the testosterone-induced rats with
PM, diadzein and genistein reduced the gene expression of
IL-6, AR and ER in reducing BPH development.

The induction of BPH was significantly changed the
amount of mRNA level of ZIP4 (Fig. 5) and ZnT2 (Fig. 6)
between the group. Based on the Fig. 4, the Zip4 gene
level of all treatment of testosterone-induced BPH rats
group showing an increased level of Zip4 except in BPH
group. The BPH group showed a significant decrease of
Zip4 gene level compared to the sham group (P <0.05).
While the TFN group, showed an increased level of Zip4
when compared to BPH group with 96% increment. The
P. mirifica water extract treatment (TLP, TMP and THP)
showed similar pattern to TFN group, where zip4 level
were increased compared to BPH group with 56%, 82%
and 58% increment, respectively. The outcome in the daid-
zein and genistein-treated groups also showed an increased
level of Zip4 when compared to BPH group (P <0.05).

Based on the Fig. 6, the ZnT?2 gene level of all treatment
of testosterone-induced BPH rats group showed a signifi-
cant increased level of ZnT2 when compared to the sham
group (P <0.05). The BPH group showed an increase of
ZnT2 level compared to sham group. While the TFN, P.
mirifica water extract treated group (TLP, TMP and THP),
daidzein and genistein-treated groups showed insignificant
differences in level of ZnT2 mRNA when compared to
BPH group (P <0.05).
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Fig.2 Expression of IL-6 target A
genes in the ventral prostate of Byl
testosterone-induced rats after
treatment. a The PCR product 3000bp — s
of IL-6 of all treated groups. (1) 1500bp Pl ——
Sham group, (2) BPH, (3) TFN, —
(4) TLP, (5) TMP, (6) THP, (7) 1000bp § =
TLD, (8) THD, (9) TLG, and -— e
(10) THG. b The histogram 500bp vorin po
bars with different lower case p— - ™
letters (a,b,c) are significantly 200bp -

100bp

different at P <0.05 (ANOVA,

followed by Dunnett’s multiple

comparison tests). All values

are expressed as mean + SEM of

relative band intensity (R.B.I)

using f-actin as references.

a=P<0.05 compared to sham

control. b=P <0.05 compared

to BPH group. c=P <0.05 B 1

abc
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Discussion

The uses of medicinal plants for the treatment of prostate
hyperplasia have become one of the important treatments.
There are many medicinal plants which have been shown to
be effective for the treatment of prostate hyperplasia, such
as Saw palmetto and Ganoderma lucidum. In most cases,
these are taken in the form of aqueous extracts, either as
decoction or as infusions. Since this commonly practice
method due to its easy, cheap and simple way of intake in
traditional medicinal plants for prostatic hyperplasia treat-
ment, in this study, the aqueous extract of PM tuberous root
was fed into testosterone-induced prostate hyperplasia in
male Sprague—Dawley rats to evaluate its effectiveness for
prostatic hyperplasia treatment. At present, there is no report
or research has been carried out of PM tuberous root on

@ Springer
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neither prostate hyperplasia nor prostate cancer. The increas-
ing of the testosterone level could be due to the inhibition of
Sa-reductase that will prevent DHT being synthesized from
testosterone by the PM extract. This agreed with reports [54]
which also showed that administration of Ganoderm lucidum
in rats increased the testosterone level. Similarly, Agraval
et al. [58] reported that Echinops echinatus increased serum
testosterone concentration in adult male Sprague—Dawley
rats. The PM, diadzein and genistein may also show antian-
drogenic activity in the testosterone-induced rats by inhibit-
ing the Sa-reductase enzyme that reduced the formation of
DHT from testosterone. The PM extracts, diadzein and gen-
istein, significantly increased the oestradiol level when com-
pared to the testosterone-induced rat group. This may be due
to the activation of aromatease CYP19A1 to convert the tes-
tosterone into estradiol. This indicates that the oestradiol is
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Fig.3 Expression of AR target
genes in prostate rats after treat-
ment. Expression of AR target
genes in the ventral prostate of
testosterone-induced rats after
treatment. a The PCR product
of IL-6 of all treated groups. (1)
Sham group, (2) BPH, (3) TEN,
(4) TLP, (5) TMP, (6) THP, (7)
TLD, (8) THD, (9) TLG, and
(10) THG. b The histogram
bars with different lower case
letters (a, b, c) are significantly
different at P <0.05 (ANOVA,
followed by Dunnett’s multiple
comparison tests). All values
are expressed as mean+ SEM of
relative band intensity (R.B.I)
using P-actin as references.
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indirectly involved in the regulation of prostate hyperplasia
through the repression of the hypotalamine—pituitary—gonad
axis and directly affect the testis [59] in reducing the devel-
opment of prostate cancer. The previous researcher reported
that estrogen may help keep the prostate gland from prolifer-
ating abnormally. They also showed that PM, diadzein, and
genistein have an effect on the alpha estrogen receptor (ERa)
in releasing oestradiol hormone. The PM extract activates
the ERa more than diadzein and genistein in testosterone-
induced rats. The genistein has been shown to inhibit the
growth of human and rat prostate cell lines, preventing the
development of prostate cancer [60].

The PM extracts, diadzein and genistein does not show
any significant effect on the FSH and LH hormones. This
gives an indication that it maintained FSH and LH level in
preventing the formation of prostate hyperplasia. However,

abc abc
abc
abc abc
abc
abc
b I
TFN TLP TMP THP TLD THD TLG THG

genistein of soy phytoestrogen decreased serum levels of LH
in polycystic ovary syndrome (PCOS) women [61]. How-
ever, observations by Amani et al. [62] have shown that
FSH, HDL and triglyceride level did not change significantly
in hypercholesterolemic men treated with purified alcohol-
extract soy protein isoflavones (SFI). The result in Table 2
showed the amount of triglycerides is increased slightly with
P. mirifica at high doses, but not with diadzein and genistein.
Total cholesterol showed no effect with Pueria mirifica,
diadzein and genistein. Similarly, Pueria mirifica, diadzein
and genistein did not make any significant difference in HDL
level of testosterone-induced rats. This demonstrates that
during the development of prostate hyperplasia, the treat-
ment with PM, diadzein and genistein does not affect triglyc-
erides, total cholesterol, and HDL level, but keep maintain
during the treatment period. This would help to suppress
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Fig.4 Expression of ER target A
genes in prostate rats after treat-
ment. Expression of ER target

genes in the ventral prostate of 3000bp
testosterone-induced rats after

treatment. a The PCR product 1500bp
of IL-6 of all treated groups. (1) 1000bp
Sham group, (2) BPH, (3) TEN,

(4) TLP, (5) TMP, (6) THP, (7) 500bp
TLD, (8) THD, (9) TLG, and

(10) THG. b The histogram 200bp
bars with different lower case 100b

letters (a, b, c) are significantly
different at P <0.05 (ANOVA,
followed by Dunnett’s multiple
comparison tests). All values
are expressed as mean+ SEM of
relative band intensity (R.B.I)
using P-actin as references.

P <0.05 compared to sham
control. °P < 0.05 compared to
BPH group. ‘P <0.05 compared

to TEN group 0.6

abc

ER/p-actin (R.B.I)

abC

Sham

the development of the prostate hyperplasia. In this way it
could help prevent the triglycerides and cholesterol from
being used or converted to testosterone during the choles-
terol metabolism that eventually lead to an increase in the
circulating testosterone level which may further convert into
dihydrotestosterone (DHT). Kalo et al. [63] reported that
cholesterol biosynthesis simvastatin reduces the testosterone
level in normal rats. The genistein and diadzein inhibited
hepatocyte apof in cultures, human hepatoma (HepG2) cell
in cholesterol synthesis [64].

It is known that 5a-reductase catalyses the testosterone
conversion into DHT [65—-67] and then DHT binds to AR
within the prostate to regulate the prostate growth. There-
fore, when the expression of AR becomes excessive, it may
associate with the pathogenesis of BPH in aging men [68,
69]. The oestrogen receptor increases the expression with
increasing age. In the normal prostate, ERa is not expressed
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in the prostate epithelial cells. However, the expression of
ERa is elevated in BPH [70]. In current study, RT-PCR
results revealed that P. mirifica water extracts administered
groups showed a significant reduction in AR and ER expres-
sion in the prostate tissue of the testosterone-induced BPH
rats when compared to the BPH model group. The daid-
zein groups and the genistein groups, as well as finasteride
group also showed a significant reduction in the AR and
ER expression. This suggested that P. mirifica water extract
able to down-regulate the gene expression of AR and ER in
BPH. Inflammation plays a crucial role in BPH. Differential
expressions of cytokine have been highlighted in BPH tissue
suggesting a role for inflammation in the BPH propagation
[71, 72]. However, in the current study revealed an increase
of IL-6 expression levels in the prostate samples harvested
from the BPH model rat compared to the sham animals.
In contrary, the administration of P. mirifica water extracts,
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Fig.5 Expression of Zip4 target A
genes in prostate rats after treat-
ment. Expression of Zip4 target

=
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Wil

e
e
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genes in the ventral prostate of 3000bp
testosterone-induced rats after 1500bp
treatment. a The PCR product 1000bp
of IL-6 of all treated groups. (1)
Sham group, (2) BPH, (3) TEN, 500bp
(4) TLP, (5) TMP, (6) THP, (7)
TLD, (8) THD, (9) TLG, and 200bp
(10) THG. b The histogram 100bp
bars with different lower case
letters (a, b, c) are significantly
different at P <0.05 (ANOVA,
followed by Dunnett’s multiple
comparison tests). All values
are expressed as mean+ SEM of
relative band intensity (R.B.I)
using P-actin as references. B 035
P <0.05 compared to sham
control. °P < 0.05 compared to
BPH group. ‘P <0.05 compared 03
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daidzein and genistein, as well as finasteride significantly
reduced IL-6 levels. This concluding that P. mirifica has an
anti-inflammatory role in preventing BPH.

Zinc is one the essential markers for normal function of
prostate. Mamalian prostate gland contains extremely high
levels of zinc compared to the other organs [73]. There is a
strong association between zinc and prostate cancer devel-
opment been reported, where low zinc status been observed
in cancer patients [74]. Low zinc levels in the prostate also
associated with aging and decreased fertility [75]. The Zip4
is one of the important zinc transporters. The expression of
Zip4 gene have been expressed in BPH and prostate can-
cer samples in human [76]. The zinc concentration in the
prostate as shown in Fig. 7 revealed that BPH model rats
significantly reduced when compared to the sham group.
Whereas the P. mirifica water extracts, daidzein and gen-
istein, as well as finasteride groups showed significantly

ab
dbL
abc ‘ abc
TFN TLP  TMP

abc

TLD THD THG
increased zinc level in the prostate compared to the BPH
rats’ model. This showed that the treatment improved the
prostate zinc concentration level and it suggests maintain-
ing the prostate health well-being. Our study consistent with
the previous study reported that tissue zinc is substantially
lowered in the BPH compared to the normal prostate [77,
78]. Michelle et al. [79] have also reported that zinc contrib-
uted in the prevention of prostate cancer and benign prostate
hyperplasia. In our study, the Zip4 level was significantly
decreased in BPH model rats when compared to sham rats.
The administration of P. mirifica water extracts, daidzein
and genistein, as well as finasteride significantly increased
the Zip4 level when compared to the BPH model rats. While
for ZnT2 gene expression result showed BPH model rats as
well as the rats that receive P. mirifica water extracts, daid-

zein and genistein, and finasteride significantly increased
the ZnT2 level compared to the sham group. The HPLC

THP TLG
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Fig.6 Expression of ZnT2 A
target genes in prostate rats
after treatment. Expression of

ol |

ZnT?2 target genes in the ventral 3000bp =
prostate of testosterone-induced 1500b i
rats after treatment. a The PCR P iy
product of IL-6 of all treated 1000bp 1
groups. (1) Sham group, (2) -
BPH, (3) TEN, (4) TLP, (5) 500bp —
TMP, (6) THP, (7) TLD, (8) 200bp .
THD, (9) TLG, and (10) THG. 100bp

b The histogram bars with dif-
ferent lower case letters (a, b,
c) are significantly different at
P<0.05 (ANOVA, followed by
Dunnett’s multiple comparison
tests). All values are expressed
as mean + SEM of relative
band intensity (R.B.I) using

o
=
o

e

f-actin as references. *P <0.05 B 025
compared to sham control.
P <0.05 compared to BPH
group. ‘P <0.05 compared to
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& :
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Sham

analysis of the PM water extract showed the presence of
daidzein and genistein (Fig. 6) which clearly suggesting that
the zinc transporter expression is due the contribution of
diadzein and genestein. The reverse transcription polymerase
chain reaction (RT-PCR) analysis was carried out to study
the effect of the treatment on IL-6, AR, ERa, Zip4 and ZnT2
expression. IL-6 is one of the major physiologic mediators
of acute phase reaction that influence immune response and
inflammatory reactions. AR plays a key role in the androgen
signal transduction system, mediating the androgen biologi-
cal activity and plays a role in BPH development and occur-
rence. Oestrogen level are elevated with increase of age may
result in increase of ER-a expression. In normal prostate,
ERa is not expressed but the expression increase with the
incidence of BPH.

In summary, the present findings showed that the testos-
terone-induced rats in hyperplasia prostate when treated with
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P. mirifica, diadzein and genistein showed increased in zinc
concentration in the prostate cells. The increased of zinc was
supported by the increased of ZnT and ZIP expression that
activated the zinc transporter to influx zinc into the pros-
tate cell. Similarly, the expression of IL-6, AR and ER was
decreased indicating that there is reducing of inflammation
in the BPH development.

Conclusion

The P. mirifica extract showed that it possessed the ability to
reduce the testosterone that indirectly inhibited the growth
of prostate hyperplasia. It increased the eostradiol level that
leads to the decrease the formation of prostate cancer and
does not affect the FSH, LH, triglycerides, total cholesterol,
HDL and liver function enzymes indicating that there was
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Fig.7 HPLC profile of a P. A
mirifica aqueous extract and

b standard (1) daidzein (2)
genistein. This figure Shows
the HPLC profile of the PM
aqueous extract and it con-
tained diadzein at 5.1 mg/100 g
dry weight and genistein at

2.3 mg/100 g dry weight. These
were used as bookmaker to
characterize and calibrated the
concentration of the doses of
the PM aqueous extracts that
was administered to the rats

at 10 mg/kg, 100 mg/kg and
1000 mg/kg body weight
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no damage to the liver. The weight of the rats’ body, testis,
prostate, kidney and liver were not affected by intake of P.
mirifica extract. Thus, the results of the study showed that
the P. mirifica extract able to reduce benign prostate hyper-
plasia (BPH) and prostate cancer.
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