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Background: Gold nanoparticles (AuNps) are promising agents for prostate cancer therapy.
Herein, the in vivo effects of 20 and 50 nm sized AuNps on experimentally induced benign
prostatic hyperplasia (BPH) was examined.

Materials and methods: Adult male rats were divided into four groups (n=6-8 each).
A negative control group and three groups were injected daily with testosterone (3 mg/kg/
subcutaneously) to induce BPH. Animals receiving testosterone were randomized to
untreated BPH group and two BPH groups which were treated intraperitoneally with 20
and 50 nm AuNps (5 mg/kg/daily) in addition to testosterone. After three weeks, histopatho-
logical changes and serum levels of testosterone and dihydrotestosterone (DHT) were
analyzed. In addition, the prostate tissue levels of transforming growth factor-p; (TGF-B,),
vascular endothelial growth factor-a (VEGF-A) and interleukin-6 (IL-6) were measured
using ELISA.

Results: There were significant increases in the prostate weight/body weight ratio, serum
testosterone and DHT and in the prostate tissue content of TGF-f,, IL-6 and VEGF-A in the
untreated BPH group. histological examination showed morphological abnormalities with more
proliferation in the glandular epithelial and stromal area and with abundant epithelial papillary folds
in the BPH group. Simultaneous administration of 50 nm AuNps with testosterone tended to
increase the prostate weight/body weight ratio and increase the tissue level of IL-6 in compared to
the BPH group. Conversely, treatment with 20 nm AuNps significantly reduced the elevated tissue
content of TGF-f, IL-6, and VEGF-A. Histopathological examination also showed that 20 nm but
not the 50 nm AuNps administration ameliorates testosterone-induced prostatic hyperplasia.
Conclusions: In experimentally induced BPH, AuNps can inhibit the progression of BPH in
a size-dependent manner. while 20 nm AuNps ameliorate BPH by its inhibitory effects on the
prostatic cell proliferation, inflammation and angiogenesis, the 50 nm AuNps could potentially
exacerbate the development of BPH in rats, mainly through enhancing the inflammatory process.
Keywords: gold nanoparticles, prostatic hyperplasia, testosterone, rats

Introduction

Benign prostatic hyperplasia (BPH) is defined as out of control growth of the prostate
accompanied by lower urinary tract symptoms (LUTS) such as urinary retention and
bladder dysfunction.'" The prevalence of BPH increases with age and it has been
found in ~50% of the male population when they are over the age of 40s.” BPH can
be identified histologically by a progressive nodular increase in the number of
epithelial and stromal cells that inflicting the prostate extent expansion and BPH.'*
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Despite the fact that the pathogenesis of BPH is still
not well understood yet, numerous lines of evidence sug-
gested that the stimulation of prostatic cellular prolifera-
tion with the aid of hormonal and vascular changes
appears to be involved in the development and progression
of the BPH." The development of BPH can be related to
stromal growth due to the activation of mesenchymal-
stromal cell proliferation, and epithelial cells overgrowth
because of the reduction in the glandular apoptosis.®*
Furthermore, chronic inflammation might also play
a major role in BPH and prostate cancer improvement. >

Several growth factors associated with cellular growth,
differentiation, apoptosis and epithelial/stromal interaction
had been described in the pathophysiology of BPH.*’
Transforming growth factor-f; (TGF-B;) is one of the
most pro-inflammatory cytokines that play a critical func-
tion in the regulation of cells proliferation and cellular
apoptosis.” Similar to its role in the regulation of the
inflammatory process in BPH, it has been shown that the
TGF-B; level became elevated in BPH samples, which
induced stromal and epithelial cells proliferation.®’
Increased expression of vascular endothelial growth factor
(VEGF), an angiogenic factor, has additionally been
observed in BPH."

Currently, the most commonly prescribed medications
for the treatment of BPH are the al-adrenergic receptor
antagonists and So-reductase inhibitors which improve
LUTS associated with BPH by relaxation of smooth mus-
cle in the prostate and the neck of the bladder, and through
a reduction in dihydrotestosterone (DHT) production,
respectively.'''? However, using these drugs are limited
because many patients are not able to tolerate their sexual
side effects, together with reduced libido and erectile
dysfunction.""!*> Considering this, the search for sub-
stances that effectively inhibit the development of BPH
and without inducing the side effects associated with the
BPH drugs has high priority in biomedical research.

Nanotechnology is a brand-new subject of technology
that has a vast range of applications in biology and bio-
medical fields. Nanomaterials were utilized in numerous
biomedical applications for their unique properties, which
include their small sizes, biocompatibility and their poten-
tial ability to penetrate cellular membrane for carrying
drugs."*'> Nowadays, gold nanoparticles (AuNPs) are
widely used as therapeutic due to their interesting proper-
ties from surface reactivity to their low cytotoxicity
effect.'> There are several reports that imply that AuNPs

16,17 18-20

exhibit anti-proliferative, anti-angiogenic and

1821 activities in a number of disease

anti-inflammatory
models, including prostate cancer.’*** Since targeting
inflammation and angiogenesis processes might be crucial
to the development of new therapies to prevent BPH
progression, AuNPs may be useful for the treatment of
BPH. Therefore, the goal of the present study is to address
the effects of 20 nm, and 50 nm sized AuNPs on the
histopathological changes related to proliferation, angio-
genesis and inflammation in experimentally induced BPH

in Sprague-Dawley (SD) rats.

Materials and methods
Fifty nanometer AuNPs synthesis

Fifty nanometer AuNPs synthesis uses a modified sodium
citrate approach. In brief, 30 mL of ultra-pure H,O and
300 pL of a freshly prepared aqueous solution of 1% (w/v)
HAuCl; (Sigma—Aldrich) were added to a 250 mL
Erlenmeyer flask (rigorously cleaned with a copious
amount of water). The solution was rapidly brought to
boil while gently stirring at 150 rpm at ambient tempera-
ture. Once the solution reaches boiling (roughly takes
around 15 mins), 900 pL of freshly prepared aqueous 1%
(w/v) sodium citrate trihydrate (Sigma—Aldrich) solution
was added to the reaction mixture. The reaction was left to
proceed for 10 mins where the AuNPs formation was
completed as indicated by the color transformation to
ruby-red. The UV-visible spectrum was used as an indica-
tion on the reaction completion.

Twenty nanometer AuNPs synthesis
Similar approach as described previously was adopted to
synthesize the ~20 nm AuNPs. In brief, 5 mL of a 1%
HAuCl; aqueous solution was added to a 250 mL
Erlenmeyer flask followed by the addition of the
HAuCl, solution, and 4 mL of 0.1 M aqueous solution of
K,COs;. The volume was adjusted to 100 mL with deio-
nized water. The solution was then mixed well by stirring
vigorously (1,000 rpm benchtop vortex) and cooled on
ice. With the rapid mixing of the HAuCl/K,COj3, 1 mL
of a 7% aqueous sodium ascorbate solution was added,
the reaction mixture was maintained in an ice bath for
almost 30 mins. The color of the solution at this point
turned to a purple-red. This was followed by volume
adjustment to 400 mL (total volume) with deionized
water, followed by boiling the reaction mixture in
a water bath until the color of the suspension turns from
purple to red (roughly takes an hour).
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Characterization of nanoparticles
Determination of gold content

The concentration of AuNPs was determined spectrophoto-
metrically at ambient room temperature (24-28 °C) using
quartz cuvettes with an optical path length of 1 cm using
Beer—Lambert law with an extinction coefficient of 1.8x10'°
M '.em™! for a particle diameter of 50 nm and of 6.3x10®
M '.em ™, respectively as reported in the literature.***’
Surface charge measurement

Zeta potential ({) measurements were determined on
a Malvern Instruments Zetasizer-Nano ZS. Where 1 mL of
0.2 mg of the generated particles suspended in 0.1 M sodium
phosphate buffer pH 7.0. Zeta cells were pre-equilibrated at
21°C with the buffer. Three independent measurements were
recorded each of 12 runs from every batch. The generated
data were fitted using the Smoluchowskis approximation
assuming Henrys function f(Ka) of 1.5.

Dynamic light scattering (DLS)

DLS measurements were recorded on a DynaPro Titan
Wyatt Technology Corporation equipped with a laser wave-
length of 4 =830 nm, scattering angle of 2 degrees equipped
with Dynamics software version 6.9.2.11. AuNPs sus-
pended in 0.1 M sodium phosphate buffer pH 7.0 at

a concentration of 0.5-1 mg' cm™’

were filtered through
0.1-0.4-micron filters (Millipore) before analysis. The pre-
sented data represent four independent measurements every
single measurement composed of ten measurements. Data

were recorded at ambient room temperature.

Scanning electron microscopy (SEM)

The morphology and the shape of the generated AuNPs
were investigated on Quanta FEG SEM, operating at
25 kV in a vacuum with the accelerating voltage set to 1
kV and the working distance was adjusted to 3 mm. The
contrast and brightness of the images were adjusted to
optimal values, so the AuNPs could be easily distin-
guished. The length scale with 10-6 nm connected to
FEIs MAPS software. Particles were imaged on various
magnifications ranging from 1 to 25 k times. Image
J version 1.48 was used from 20 particles to determine
the shape and the size of dried particles.

Animal studies

All animal experimental procedures were carried out in
accordance with the National Institutes of Health guide for
the care and use of laboratory animals and approved by the
committee of animal ethics at Yarmouk University. Male

SD rats aged 3 months and weighing 220-250 g were
obtained from animal house/Yarmouk University. After 1
week of acclimation to the laboratory environment, rats
were divided into four experimental groups (n=6—8 each).
A negative control group received vehicle (corn oil) and
three groups were injected daily with testosterone (3 mg/
induce BPH.
Animals receiving testosterone were randomized to

kg/subcutaneously/for three weeks) to

untreated BPH group and two BPH groups which were
treated intraperitoneally with 20 and 50 nm AuNPs (5 mg/
kg/daily) in addition to testosterone. The dose of AuNPs
was chosen depending on a pilot study as a dose that not
shows any toxicity based on liver and kidney functions
parameters with maximal inhibitory effects on the prostate
abnormal histological changes (data not shown).

At the end of the experiment, animals were sacrificed
under ecther anesthesia and their prostates were immedi-
ately removed, washed with normal saline solution and
divided into two symmetrical parts. The first part was
stored in liquid nitrogen, and the second part was fixed
in 4% buffered formaldehyde for 4 hrs, and then routinely
processed and embedded in paraffin.

Prostate weight/body weight ratio and prostate
histology

Serial sections of 5 um thickness from every set of the
experiment were deparaffinized in the dissolving agent
(xylene), rehydrated in descendent series of alcohol con-
centrations and so stained with hematoxylin and eosin.
The prostate weight/body weight ratios (PW/BW) of
each rat was calculated by dividing prostate weight over
body weight (mg/g) and multiplied by 100.

Serum testosterone and DHT levels

Serum testosterone and DHT levels were determined by
using testosterone ELISA kit (Biocheck, USA) and DHT
ELISA kit (Abnova, USA) following the manufacturer’s
instructions.

Measurements of TGF-B1, VEGF-A and IL-6 in the
prostate

Prostate tissues were homogenized in phosphate buffer saline
using a motorized tissue homogenizer (Talboys Engineering
Corporation, Montrose, USA). The homogenate was centri-
fuged for 5 mins at 1,000g to remove cell debris and then the
supernatant was recentrifuged at 10,000g for 10 mins.
Commercially available ELISA kits were used according to
the manufacturer protocols to identify prostate tissue levels
of TGF-B1 (Aviscera Bioscience, USA), VEGF-A (Abcam,
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Cambridge, MA) and interleukin-6 (IL-6: Aviscera
Bioscience, USA). Protein concentrations were measured
by using bicinchoninic acid (BCA) protein assay kit

(Sigma, USA) according to the manufacturer’s instructions.

Statistical analysis

Statistical analyses of data were performed using the SPSS
version 14.0 for Windows (SPSS Inc., Chicago, IL). All
data were expressed as means + SEM. One-way analysis
of variance was used to identify the differences between
the groups followed by least significant difference post-
P-value <0.05 was
a statistically significant difference.

hoc test analysis. considered

Results
The characterization of the generated AuNPs particles
revealed that the generated particles mainly consist of
spherical particles (SEM images, Figure 1) with an aver-
age hydrodynamic diameter of 51.8+0.7 and 20.2+0.5 nm
and with a polydispersity index of 0.26% and 0.19%,
respectively, which is consistent with monodisperse and
narrow size distribution of the generated AuNPs as shown
in Figure 2. Furthermore, the surface zeta potential related
to the surface charge of the two sizes of the generated
particles was very similar to —40.0+0.2 and —42.2+0.5 mV,
respectively (Figure 3). Eliminating any surface charge
influence on this study finding and confirming that parti-
cles have similar surface properties.

As shown in Table 1 and after three weeks of testoster-
one and AuNPs treatments, the prostate weight/body weight
ratio was significantly higher in the BPH and BPH +20 and

det HV

Spot| WD
BSED 30.00 kV| 2.0 6.9 mm|160 000 x

Mag O 500 nm

JUST Nano Institute

50 nm AuNPs groups in compared to the control rats
(P<0.05). However, the prostate weight/body weight ratio
tended to be higher in the BPH +50 nm AuNPs group
compared to the BPH and BPH +20 nm groups (Table 1;
P<0.1). The prostate epithelial thickness was significantly
higher in all groups in comparison to the control rats after
three weeks of testosterone treatment (Table 1; P<0.05).
However, the prostate epithelial thickness was significantly
lower in the BPH +20 nm AuNPs group in comparison to
the BPH and BPH +50 nm AuNPs groups.

Serum DHT and testosterone levels were increased in
the BPH, BPH +20 nm AuNPs and BPH +50 nm AuNPs
groups in comparison with the control group (Table 1;
P<0.05). Additionally, there were significant increases in
the serum DHT and testosterone levels in both the BPH
+20 nm AuNPs and BPH +50 nm AuNPs groups com-
pared to the BPH group.

The histological analysis revealed no microscopic anato-
mical alterations within the prostate gland in the control
group as shown in Figure 4. On the other hand, histological
microscopic anatomical examination of the prostate in the
BPH group showed morphological abnormalities including
a higher degree of proliferation in the glandular epithelial
and stromal area with focal areas with intraluminal papillary
folds and secretion-filled distended ducts. Treatment of the
BPH rats with 20 nm but not 50 nm AuNPs ameliorated the
above histological abnormalities. Interestingly, dilation of
the prostate lumen and an increase in the accumulation of
secretory material were observed in the BPH +20 nm
AuNPs group, indicating that 20 nm AuNPs enhanced the
secretory activity of epithelial cells.

RV [Spot WD
BSED 130.00 kV| 1.5 5.6 mm|500 000 x

Mag O

Figure | Scanning electron microscopy (SEM) representative images of the generated AuNPs deposited on Si surface. (A) 50 nm AuNPs and (B) 20 nm AuNPs.
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Figure 2 Size distribution of AuNPs as determined by dynamic light scattering (DLS). (A) 50 nm AuNPs and (B) 20 nm AuNPs. X-axis shows the particles diameter, and the

Y-axis represents the nanoparticles size as measured by intensity.
Abbreviations: AuNPs, gold nanoparticles; Diam, diameter.

Moreover, in comparison to the control group, there were
significant increases in the prostate tissue content of TGF-3
(Figure 5; P<0.05), VEGF-A (Figure 6; P<0.05) and IL-6
(Figure 7; P<0.05) in the untreated BPH group.
Simultaneous administration of 20 nm AuNPs and testosterone
significantly reduced the elevated tissue content of TGF-,
VEGF-A and IL-6. Conversely, treatment with 50 nm AuNPs
significantly increased the prostatic tissue level of IL-6 in
compared to the BPH group. Fifty nanometer AuNPs were
shown to be less effective in blocking the angiogenesis induced
by VEGF-A.

Discussion
Considering the anti-inflammatory and the anti-angiogenic
properties of AuNPs, as well as their potential to inhibit
most cancer cell proliferation, the present study is asses-
sing the in vivo effects of two different sizes of AuNPs on
BPH animal model. The main finding of this study is that
AuNPs can inhibit the progression of prostatic hyperplasia
in a size-dependent manner.

Within the adult prostate, androgens and many polypeptide
growth factors are necessary for maintaining the structural and
functional integrity of the prostate through controlling of

homeostasis between the processes of cell proliferation and
cell death (ie, apoptosis).! With advancing age, however, over-
growth of the prostate happens in humans as BPH because of
the imbalance among promoting and inhibiting cell-death
signals.* It has been suggested that the development of BPH
may be associated with both stromal growth, due to active
mesenchymal-stromal cell proliferation, and epithelial growth,
because of reduced glandular apoptosis.**®

Many growth factors and inflammatory cytokines are
associated with epithelial/stromal interaction have been
described within the pathogenesis of BPH. It was reported
that the level of TGF-B,, the predominant TGF-f isoform
in the prostate, was upregulated in BPH.**’ TGF- has
a critical role in the regulation of stromal cell proliferation,
differentiation and apoptosis during BPH development.?®
More recent, Hu and his colleagues showed that TGF-,
mediated epithelial-mesenchymal transition in BPH-1 cell
line.?* This phenomenon which is one of the theories that
have been proposed to explain the pathogenesis of BPH
involves the accumulation of mesenchymal-like cells
and the
endothelium.*® Unmodified AuNPs reverse the epithelial-

derived from the prostatic epithelium

mesenchymal transition and downregulate TGF-B1 protein
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Figure 3 The zeta potential () distribution of the generated AuNPs.
Abbreviation: AuNPs, gold nanoparticles.

Table | Effects of AuNPs treatment on prostate weight/body weight ratio, prostate epithelial thickness and serum of DHT and
testosterone levels

PW/BW ratio Epithelial thickness (um) Serum DHT (ng/mL) Serum testoster-
one (ng/mL)

Control 0.14+0.01 5.14+0.12 1649.3+52.8 7.30+0.44

BPH 0.28+0.01* 11.53+0.15% 1865.4+25.3* 12.47+0.99*
BPH +20 nm AuNPs 0.27+0.01* 6.95+0.16* 1925.3+21.1% 15.58+0.24"#
BPH +50 nm AuNPs 0.34+0.02%" 10.1+0.7 1* 1933.5+20.1% 15.63+0.32"%

Notes: Data represent the mean + SEM. *P<0.05 compared to the control group. #P<0.05 compared to the BPH group. *P<0.10 compared to the BPH group.
Abbreviations: AuNPs, gold nanoparticles, DHT, dihydrotestosterone; BPH, benign prostatic hyperplasia; PW/BW, prostate weight/body weight ratio.

in ovarian cancer cells.'” In the present study, we observed  of TGF-B, signaling pathways may play an important role
that treatment with 20 nm AuNPs significantly decreased in the inhibitory effect on the progression of prostatic
TGF-B, levels in the prostate, indicating that the inhibition  hyperplasia using the 20 nm AuNPs.
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Control

BPH

BPH+20nm AuNPs

BPH+50nm AuNPs

Figure 4 Effect of AuNPs treatment on the histomorphological changes of prostate sections (hematoxylin staining; magnification, x100). Control group shows no histological
alteration in the prostate gland. BPH group exhibit more proliferation in the glandular epithelial and stromal area with several papillary projections into the lumen. BPH +20 nm
AuNPsgroup but not BPH +50 nm AuNPs show marked reduction in the epithelial hyperplasia, and the intraluminal papillary folds induced by testosterone.

Abbreviations: BPH, benign prostatic hyperplasia; AuNPs, gold nanoparticles.
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Figure 5 Effect of AuNPs treatment on the prostatic tissue level of TGFf,. Data
represent the mean * SEM.*P<0.05 compared to the control group.
Abbreviations: BPH, benign prostatic hyperplasia; AuNPs, gold nanoparticles;
TGF-B,, transforming growth factor-p,.
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Figure 6 Effect of AuUNPs treatment on the prostatic tissue level of VEGF-A. Data
represent the mean * SEM.*P<0.05 compared to the control group. #P<0.05
compared to the BPH group.

Abbreviations: BPH, benign prostatic hyperplasia; AuNPs, gold nanoparticles;
VEGF-A, vascular endothelial growth factor-A.

Angiogenesis, which is defined by the formation of
new blood vessels from pre-existing vasculature, has
been recognized as a key factor in the pathogenesis of
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Figure 7 Effect of AuNPs treatment on the prostatic tissue level of IL-6. Data
represent the mean * SEM.*P<0.05 compared to the control group. *P<0.05

compared to the BPH group.
Abbreviations: BPH, benign prostatic hyperplasia; AuNPs, gold nanoparticles; IL-6,
interleukin-6.

BPH.'® Given that VEGF is the major driver in the angio-
genesis process, increase in the VEGF expression is impli-
cated in the BPH development.?’ Substantial experimental
accumulating evidence shows that AuNPs exert anti-
angiogenic effects in vitro.'>'®'®1? AuNPs specifically
bound vascular permeability factor/VEGF-165 and basic
fibroblast growth factor, two pro-angiogenic heparin-
binding growth factors resulting in inhibition of endothe-
lial/fibroblast cell proliferation.'>'* In the present study,
the usefulness of AuNPs as an antiangiogenic is being
further confirmed. Our finding as shown in Figure 6
clearly shows that the 20 nm AuNPs inhibits the increase
in the prostatic tissue level of VEGF-A in BPH. The
current study also showed that the size of AuNPs is
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a critical parameter in the mechanism by which AuNPs
inhibit angiogenesis. In line with that, 20 nm AuNPs
maximally inhibited the VEGF165 induced proliferation
of human umbilical vein endothelial cells as compared to 5
and 10 nm AuNPs.'

The inflammation role in BPH development was
reported in several studies.”® In a large cohort of surgi-
cally treated BPH patients, Robert et al, reported that there
is a strong association between the inflammatory process
and BPH progression.’! Increased production of pro-
inflammatory cytokines such as IL-6, IL-17 and IL-18
has frequently been reported in prostatic tissues of patients
with BPH.>*? Elevated expression of proinflammatory IL-
17 stimulates the production of IL-6 and IL-8, key execu-
tors of stromal and epithelial growth in BPH.'>**
Therefore, inflammation is a therapeutic target for BPH.
It has been shown that AuNPs downregulated, in a size-
dependent manner, the inflammatory process induced by
IL-1B dependent pathways in both in vitro and in vivo.?'
A significant down-regulation of abdominal fat tissue
TNFa and IL-6 mRNA expression was also observed by
the presence of uncoated spherical AuNPs of 21 nm in
mice.>* Our study provides direct evidence that AuNPs
treatments can downregulate the prostatic IL-6 level in an
experimental animal model of BPH in a size-dependent
manner. Besides, the current study showed that IL-6 con-
centrations in the 20 nm AuNPs + BPH prostate were
significantly lower compared to the BPH and 50 nm
AuNPs + BPH groups. These findings suggest that the
anti-inflammatory effect of 20 nm AuNPs may play
a major role in the protective effect of 20 nm AuNPs
against BPH. In contrast, AuNPs of 50 nm in size
increased the prostatic tissue level of IL-6 significantly
compared to the BPH, suggesting that 50 nm AuNPs
may induce inflammatory responses that could potentially
exacerbate the development of BPH. In the liver and
kidney, 50 nm AuNPs caused more severe acute phase
expression of proinflammatory cytokines (IL-6 and TNF-
o) as compared to smaller sized (10 nm) AuNPs.**

We report herein that both 20 and 50 nm sized AuNPs
increased serum DHT and testosterone levels. This finding
is consistent with the previous report showing that AuNPs
treatment elevates blood testosterone levels in male mice
without affecting fertility.*> Moreover, 20 nm but not 50
nm sized AuNPs decreased the epithelial proliferation rate,
and this was accompanied by increase in the prostatic
secretion activity which might explain the insignificant
effect of 20 nm AuNPs on prostate weight/body weight

ratio. In our study, the molecular mechanisms behind this
antiproliferative effect were not fully investigated.
However, it is clear that the inhibitory effect of 20 nm
AuNPs on the progression of prostatic hyperplasia was
independent of the circulating DHT. Glucose-capped
AuNPs activate cyclin-dependent kinases in human pros-
tate carcinoma cell line DU-145 cells leading to cell cycle
acceleration in the GO/G1 phase and the accumulation in
the G2/M phase.”” Additionally, the study by Reznikov
et al,>> demonstrated that AuNPs suppressed human pros-
tate carcinoma cell line DU-145 cells proliferation without
causes apoptosis or necrosis. Further studies are still
needed to determine the mechanisms of the anti-
proliferative effect of AuNPs in both the benign and
malignant prostate cells.

Another point worth mentioning is that the variation in
the effect of the 20 and 50 nm sized AuNPs in the present
study could be attributed to the particle size. Smaller
nanoparticle had higher penetration rates in tissues, higher
blood concentration post administration and wide biologi-
cal distribution.*® In ovarian cancer cells were incubated
with 5, 20, 50 and 100 nm AuNPs, the highest intracellular
uptake was seen for 5 and 20 nm AuNPs size, and the anti-
proliferative effect of AuNPs was correlated with their
intracellular uptake.!” Here and by using inductively
coupled plasma mass spectrometry; we have found that
the 20 nm AuNPs accumulated greater than 50 nm AuNPs
in the prostate, as expected (data not shown).

Conclusion

This study is the first to demonstrate that in experimentally
induced BPH, AuNPs can inhibit the progression of pro-
static hyperplasia in a size-dependent manner. While 20
nm AuNPs ameliorate BPH by its inhibitory effects on the
prostatic cell proliferation, inflammation and angiogenesis,
the 50 nm AuNPs could potentially exacerbate the devel-
opment of BPH in rats, mainly through enhancing the
inflammatory process.
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