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Potential repositioning of GV1001 as a therapeutic agent
for testosterone-induced benign prostatic hyperplasia
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Abstract. Benign prostatic hyperplasia (BPH) is one of the
leading causes of male reproductive disorders. Therapeutic
agents currently in use have severe side effects; therefore, alter-
native drugs that exhibit improved therapeutic activity without
side effects are required. The present study investigated the
protective effect of GV1001 against testosterone-induced
BPH in rats. BPH in castrated rats was established via daily
subcutaneous (s.c.) injections of testosterone propionate (TP,
3 mg/kg) dissolved in corn oil for 4 weeks. GV1001 (0.01,
0.1 and 1 mg/kg, s.c.) was administered 3 times per week for
4 weeks, together with TP (3 mg/kg) injection. The rats were
sacrificed on the last day of treatment, and their prostates
were excised and weighed for biochemical and histological
studies. Serum levels of testosterone and dihydrotestosterone
(DHT) were also measured. In rats with TP-induced BPH,
a significant increase in prostate weight (PW) and prostatic
index (PI), accompanied by a decrease in antioxidant enzyme
activity, was observed. Histological studies revealed clearly
enlarged glandular cavities in rats with BPH. GV1001 (0.01
and 0.1 mg/kg) treatment significantly decreased PW and PI in
rats with TP-induced BPH. In addition, GV1001 demonstrated
a potent inhibitory effect on Sa-reductase in prostate. The
present data suggest that the protective role of GV1001 against
testosterone-induced BPH is closely associated with its anti-
oxidant potential. Additional studies are required to identify
the mechanisms by which GV1001 protects against BPH to
determine its clinical application.
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Introduction

Benign prostatic hyperplasia (BPH) is the most common pros-
tate disease in elderly men and affects nearly one-half of all
men aged >50 years (1-3). Previous studies have demonstrated
that an imbalance between androgens and estrogens serves
an important role in the development and progression of
BPH (4,5). The growth and enlargement of prostatic tissue are
dependent on androgenic stimulation by the potent androgenic
receptor agonist dihydrotestosterone (DHT), which is gener-
ated by the conversion of testosterone by the Sa-reductase
enzyme. Therefore, Sa-reductase inhibitors (finasteride and
dutasteride) or al-adrenergic blockers are typically used for
clinical management of BPH (5,6). However, these drugs incur
side effects including impotence, ejaculatory dysfunction,
painful ejaculation, decreased libido, dizziness, headache
and fatigue (7-9). Furthermore, post-marketing studies clearly
suggested that certain patients exhibited side effects including
rashes, tachycardia and chest pain (10).

Although there has been much effort during the previous
decade to gain insight into the etiology of BPH, a detailed under-
standing of the pathophysiological processes is lacking. DHT
increases the mitochondrial activity in prostatic cells, resulting
in excessive free radical formation and oxidative damage to
the prostate (11). This oxidative stress is caused by an imbal-
ance between the production and scavenging of free radicals in
the system, resulting in damage to cellular components. Data
suggest that oxidative stress is associated with BPH (12), and
various studies have indicated the role of oxidative stress in either
the initiation or the progression of BPH (13-15). Augmenting
the function of antioxidants and redox systems against oxida-
tive stress in male reproductive tissues has been previously
described, and a number of types of antioxidants may prevent
BPH development induced by oxidative stress (13). Vitamin E,
selenium, diallyl sulfide and black tea extract have been demon-
strated to significantly modulate testosterone-induced oxidative
stress due to their antioxidant potential (14-16). Therefore, the
use of exogenous antioxidant therapy may be protective in BPH.

GV1001 is a 16-amino acid hTERT peptide that was
selected based on computer algorithms predicting strong HLA
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class II binding properties and multiple nested HLA class I
binding motifs (17,18). GV1001 was first developed as a chemo-
therapeutic drug for the treatment of various types of cancer,
including advanced pancreatic cancer, melanoma, non-small
cell lung cancer, advanced hepatocellular carcinoma and
prostate cancer (19-22). Previous studies have suggested that
GV1001 also exerts a protective effect against ischemia-reper-
fusion injury through antioxidant effects, by reducing reactive
oxygen species (ROS) and suppressing the inflammatory
cascade (23). GV1001 exhibits neuroprotective effects in
neural stem cells following treatment with H,O, that appear
to be mediated by the scavenging of free radicals, increased
survival signals and decreased death signals (24). GV1001
exhibited anti-inflammatory activity in LPS-stimulated pulpitis
without significantly affecting cell viability (25). Although the
pharmacological activities of GV1001 have been extensively
investigated with regard to its anti-inflammatory, antipyretic
and antioxidant activities (23,26), to the best of our knowledge
there have been no studies evaluating the effect of GV1001 in
testosterone-induced BPH. In particular, the mechanisms by
which GV1001 regulate steroid hormone synthesis have not yet
been elucidated.

The present study investigated whether GV1001 protected
rats from testosterone-induced BPH and explored the protec-
tive mechanism of GV1001 in a model of testosterone-induced
BPH in castrated rats. The results revealed that GV1001 injec-
tion significantly inhibited a testosterone-mediated increase
in prostate weight and relative prostate weight. Therefore,
the results of the present study may be used to support future
clinical applications of GV1001 in BPH prevention or therapy.

Materials and methods

Materials. GV1001 was kindly provided by GemVax & KAEL
(Seongnam, South Korea). Finasteride, testosterone propionate
(TP) and all other reagents used in the present study were
purchased from Sigma Aldrich; Merck KGaA (Darmstadet,
Germany). Assay kits for glutathione (GSH), SOD, CAT and
MDA were purchased from Abcam (Cambridge, MA, USA).
All other assay kits were purchased from Cayman Chemical
Company (Ann Arbor, MI, USA).

Castration procedures and experimental animal model.
Specific pathogen-free male Sprague-Dawley rats aged
10 weeks (n=42; 280+5 g) that were routinely screened sero-
logically for relevant respiratory pathogens were purchased
from Central Lab. Animal, Inc. (Seoul, Korea). The rats were
maintained in an animal facility under standard laboratory
conditions for 1 week prior to the experiments and subjected
to a 12 h light-dark cycle in a room with controlled tempera-
ture (22+1°C) and humidity (55+10%), as well as free access
to rodent chow and tap water. All experimental procedures
were performed in accordance with the Korea Food and
Drug Administration (FDA) Guidelines for the Care and Use
of Laboratory Animals, and animal handling followed the
dictates of the National Animal Welfare Law of Korea. After
1 week of acclimation, the rats were randomly distributed
into experimental groups. All experimental procedures were
performed in accordance with guidelines of the Committee
for the Purpose of Control and Supervision of Experiments
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on Animals of Sungkyunkwan University. The present study
was reviewed and approved by the Sungkyunkwan University
Animal Ethics Committee.

To exclude the effect of intrinsic testosterone, castra-
tion was performed in all rats by removing the testes and
epididymis through the scrotal sac. BPH was induced in rats
by subcutaneous (s.c.) injections of TP (3 mg/kg) for 4 weeks
following castration (27,28). Castrated rats were divided into
six groups (n=6 for each): Group 1, the castration group, which
received corn oil s.c.; Group 2, the BPH group, which received
TP (3 mg/kg) s.c.; Groups 3-5, the GV1001 groups, which
received GV1001 (0.01, 0.1 or 1 mg/kg) and TP (3 mg/kg) s.c.;
Group 6, the positive control group, which received finasteride
(10 mg/kg) orally and TP (3 mg/kg) s.c. for 4 weeks following
castration. Animals from all groups were examined every
other day for morphological changes, and body weight (BW)
was measured. The dosage of GV1001 was based on data from
our previous dose-escalation study in patients with pancreatic
cancer without toxicity (18). Subsequent to a treatment period
of 4 weeks and overnight fasting, the rats were anesthetized
with tribromoethanol (250 mg/kg BW, i.p.). Blood samples
were collected and centrifuged at 300 x g for 10 min at 4°C.
Prostate and seminal vesicles from each animal were excised,
weighed and immediately washed with ice-cold saline. A part
of the ventral lobe of the prostate was stored in neutral buff-
ered formalin for the histological studies, and the remainder of
the prostate was used for the biochemical assays. A 2% tissue
homogenate was prepared in ice-cold phosphate buffer
containing 0.15 M KCl for use as the enzyme source.

Prostatic index (PI) and percent inhibition. The Pl was
determined as the ratio of prostate weight (PW) to BW of
each rat using the formula: PW/BW. After 4 weeks, each rat
was weighed and then sacrificed by cervical dislocation. The
prostates were removed and weighed immediately. Percent
inhibition was calculated as 100-[(treated group-negative
control)/(positive control-negative control) x100].

Histopathological examination. All prostate specimens from
each group were fixed with 10% neutral-buffered formalin for
24 h at room temperature. To assess morphological changes in
the prostate, tissues were embedded in paraffin, cut into 4-ym
thick sections, and stained with hematoxylin and eosin for
1 min at room temperature. Tissues were subsequently mounted
and cover-slipped using mounting medium (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA), and then
examined by light microscopy (Nikon Corporation, Tokyo,
Japan). The prostatic epithelial height (xm) was measured
by manually drawing a line through the acinar epithelia
[30 measures/field (20 fields in total)]. The acinar luminar area
(pm?) was measured by drawing a line around the luminar
perimeter and calculating the acinar area.

Measurement of testosterone and DHT in the prostate. For
protein extraction, prostate tissues were washed once with PBS
and resuspended in lysis buffer (pH 8.0, 50 mM Tris, 150 mM
NaCl, 5 mM EDTA, 1% NP-40, 0.1% SDS and 1 mM phenyl-
methane sulfonyl fluoride). The homogenates were centrifuged
at 12,000 x g for 25 min at 4°C, and protein concentration in
the supernatant fractions was determined using a Bradford
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Table 1. Effect of GV1001 and finasteride on BW, PW and PI of rats with benign prostate hyperplasia.

Body weight (g)

Treatment groups Dose, (mg/kg) Initial Final PW, mg PI (mg/g) Inhibition %
Vehicle control 0 287.9+3.97 351.4+8.81 14.5+4.62 0.04 -

BPH model 0 293.5+3.86 381.1+5.37 242 .8+36.53 0.63 -
GV1001 0.01 322.0+5.32 400.8+10.1 141.4+10.92* 0.35* 47 .4
GV1001 0.1 328.3+8.26 399.5+11.1 63.6£11.1° 0.15° 81.3
GV1001 1 330.3+5.01 4043134 224 442531 0.55 13.6
Finasteride 10 293.3+9.41 389.7+17.8 93.6+12.35" 0.24° 66.1°

All data are presented as mean + standard deviation of 6 experimental animals. *P<0.05 and "P<0.01 vs. BPH group. PI, PW (mg)/BW (g). BW,

body weight; PW, prostate weight; PI, prostatic index.

reagent (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
Testosterone (cat. no. 582701; Cayman Chemical Company)
and DHT (cat. no. 11-DHTHU-EO1; ALPCO, Salem, NH,
USA) levels were measured using ELISA kits according to
their corresponding manufacturer's protocol. The values were
expressed per ng or pg per mg protein in the prostate.

Assay for Sa-reductase enzyme activity. The dorsolateral
prostate (100 mg) was homogenized in 1 ml of 40 mM sodium
phosphate buffer (pH 6.5) containing sucrose and DTT (1 mM)
in 1X PBS. The homogenate was centrifuged at 5,000 x g for
10 min at 4°C. The supernatant was further centrifuged for 1 h
at 10,500 x g at 4°C. The resulting precipitate was resuspended
in 1 ml 40 mM sodium phosphate buffer (pH 7.4) containing
sucrose (0.3 M) and DTT (1 mM). This was used as the enzyme
source, as previously described (29). The protein content in the
supernatant fractions was determined using a Bio-Rad Protein
Assay kit (Bio-Rad Laboratories, Inc.). Each enzyme reaction
was conducted in duplicate. The activity of enzyme was evalu-
ated with SRD5al ELISA detection kit (cat. no. MBS700746)
according to the manufacturer's protocol (Biocompare, San
Francisco, CA, USA). Absorbance was measured at 450 nm
with a microplate reader. The concentration of SRD5al in
the samples was subsequently determined by comparing the
optical density of the samples to the standard curve.

Assay for antioxidant enzymes. Prostate tissue was homog-
enized (1/10 w/v) in tissue lysis/extraction reagent containing
protease inhibitors. Homogenates were centrifuged at
12,000 x g for 25 min at 4°C. The protein content in the
supernatant fractions was determined using a Bio-Rad Protein
Assay kit (Bio-Rad Laboratories, Inc.). The activities of
superoxide dismutase (SOD; cat. no. ab65353) and catalase
(CAT; cat. no. ab118184) and GSH (cat. no. ab65322) levels
were quantified using commercial kits according to the manu-
facturer's protocols (Abcam), and the results were expressed as
U/mg protein, as described previously (30).

Lipid peroxidation assay. Concentration of malondialdehyde
(MDA), an index of lipid peroxidation, was determined based
on thiobarbituric acid reactive species production. MDA
concentrations were calculated using a TBARS Assay kit

(cat. no. KGEO13) according to the manufacturer's protocol
(R&D Systems, Inc., Minneapolis, MN, USA) and normalized
to protein levels. In brief, equal volumes (100 ul) sample and
SDS were added to a 5 ml conical vial. Following vortexing,
samples were mixed with 0.4 ml of 1% thiobarbituric acid
in 50 mm NaOH and 0.2 ml (20%) H,PO,. The mixture was
heated to 100°C for 15 min. After 10 min incubation on ice,
vials were centrifuged at 1,600 x g for 10 min at 4°C. The
samples (100 ul) were loaded onto 96-well assay plates, and
the absorbance of each well was measured at a wavelength of
540 nm using a microplate reader.

Evaluation of apoptosis in prostate tissues. Apoptosis in
the prostate tissues was evaluated using a terminal deoxy-
nucleotidyl-transferase-mediated dUTP nick end labelling
(TUNEL) assay. Cell apoptosis was analyzed using an in situ
cell death-detection kit (Promega Corporation, Madison,
WI, USA) according to the manufacturer's protocol. Slides
were de-waxed with 100% xylene and rehydrated with pure
ethanol. The slides were fixed overnight at room temperature
in 100 g/l formaldehyde, treated with proteinase K and H,O,
and labeled with dUTP in a humidified chamber at 37°C for
1 h. TUNEL-positive cell number was counted in 10 fields
of view in each slide. Images were captured using a confocal
microscope (magnification, x50; LSM510; Carl Zeiss AG,
Oberkochen, Germany).

Statistical analysis. Statistical analyses were performed
with GraphPad Prism software v5.03 (GraphPad Software,
Inc., La Jolla, CA, USA). All numerical data are presented
as mean + standard deviation. P<0.05 and P<0.01 were
considered to indicate a statistically significant difference.
Statistical analyses were performed using Student's t-test or
Mann-Whitney U test. One-way analysis of variance with
Tukey's post hoc test was used for comparison among multiple
groups.

Results
Effects of GVI001 on BW changes and clinical signs. There

were no significant differences in BW between BPH rats
treated with vehicle control or GV1001 (Table I).
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Figure 1. Effect of GV1001 on testosterone and dihydrotestosterone (DHT) concentrations in prostate tissues. (A) Testosterone and (B) DHT concentrations
were measured in prostate homogenates. s.c., subcutaneous; TP, testosterone propionate; VC, vehicle control; BPH, benign prostatic hyperplasia; Fin, oral
administration of finasteride (10 mg/kg) and s.c. injection of 3 mg/kg TP. Values are presented as mean + standard deviation (n=6). "P<0.05 vs. the BPH group

and **P<0.01 vs. the VC group.
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Figure 2. Effect of GV1001 on 5o-reductase enzyme activity in the prostate. (A) Sa-Reductase activity was measured using rat dorsolateral prostate treated
with GV1001. All data are presented as mean + SD of duplicate experiments. "P<0.05 and “P<0.01 vs. the vehicle control group. (B) Enzyme activity was
measured using prostate homogenate. Inhibitory activity (% of control) against Sa-reductase was determined using an ELISA assay kit. All data are presented
as mean + SD of duplicate experiments (n=6). **P<0.01 vs. the VC group, and "P<0.05 and “P<0.01 vs. the BPH (TP, 3 mg/kg) group. SD, standard deviation;

TP, testosterone propionate. BPH, benign prostate hyperplasia.

Effects of GV1001 on PW and PI. Animals treated with
TP exhibited significant increases in PW and PW:BW ratio
compared with animals treated with vehicle. Compared with
the TP-induced BPH rats, rats treated with 0.01 and 0.1 mg/kg
s.c. GV1001 exhibited significantly decreased PW, by 41.73
and 73.7%, respectively. Similarly, 0.01 and 0.1 mg/kg GV1001
treatment significantly decreased PI to 0.35 and 0.15, respec-
tively, compared with TP treatment (P<0.01). However, these
effects were not dose-dependent, as the high dose (1 mg/kg) of
GV1001 did not significantly decrease PW and PI, compared
with the BPH group (Table I). As a positive control, finasteride
(10 mg/kg, orally) markedly decreased PW and PI to 61.4 and
66.1%, respectively, compared with vehicle treatment (Table I).

Effects of GVIOO0I on the levels of testosterone and
DHT in prostate. The major prostatic androgen is DHT,
which is formed from testosterone by the Sa-reductase
enzyme (6,31). Significantly increased levels of testos-
terone were identified in rats of the TP-induced BPH group
(1.36+0.07 ng/mg protein) compared with the vehicle control
group (0.38+0.17 ng/mg protein; P<0.01; Fig. 1A). By contrast,
rats in the finasteride-treated group (0.78+0.14 ng/mg protein)
showed significantly decreased testosterone levels compared

with those in the BPH group (P<0.05). Similarly, rats in the
GV1001 (0.1 mg/kg)-treated group (0.76+0.18 ng/mg protein)
indicated a marked decrease in testosterone levels compared
with those of the BPH group.

The DHT level in the prostate of BPH rats was mark-
edly increased compared with that in vehicle control rats
(524.24+78.69 vs. 149.09+12.60 pg/mg protein). However,
the prostatic DHT level in the finasteride-treated group
(267.43+29.63 pg/mg protein) was significantly decreased
compared with that of the BPH-treated group. The level of
prostatic DHT in the GV1001 (0.1 mg/kg)-treated group
(297.17+£43.05 pg/mg protein; P<0.05) was also markedly
decreased compared with that of BPH rats (Fig. 1B).

Effects of GVI1001 on 5a-reductase activity. To compare the
inhibitory activity of GV1001, an enzyme assay was performed
using finasteride (steroidal positive control) against an enzyme
suspension of Sa-reductase prepared from prostates of rats. This
assay exhibited high sensitivity and excellent specificity for the
detection of human SRD5A2 (Fig. 2A). As demonstrated in
Fig. 2B, GV1001 exhibited a dose-dependent inhibitory activity
(GV1001 1 mg, 40.5+£5.2% inhibition), whereas finasteride
positive controls indicated potent inhibition.
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Figure 3. Effects of GV1001 on benign prostate hyperplasia. (A) Histological examination of prostate tissue was performed 24 h after the final TP injection.
Prostate tissues were fixed, sectioned at 4 ym thickness and stained with hematoxylin & eosin solution. Scale bars=100 ym. (a) Castration: Corn oil injection
(s.c.) + oral administration of PBS; (b) BPH: TP (3 mg/kg, s.c.) injection; (c) GV1001 injection (0.01 mg/kg, s.c.) of + TP (3 mg/kg) injection; (d) GV1001
injection (0.1 mg/kg, s.c.) of + TP (3 mg/kg) injection; (¢) GV1001 injection (1 mg/kg, s.c.) of + TP (3 mg/kg) injection; (f) oral administration of finasteride
(10 mg kg/kg, Fin) + TP injection. GV1001 or finasteride (Fin) treatment was performed 1 h prior to TP injection. BPH, benign prostate hyperplasia. (B) Effects
of GV1001 on prostate size. The rat model of BPH was generated by injection of TP for 4 weeks after castration. Castration involved corn oil injection (s.c.) +
oral administration of PBS; BPH treatment involved TP (s.c.) injection + oral administration of PBS; GV1001 treatment [injection of GV1001 (0.01 mg/kg) +
TP (3 mg/kg, s.c.) injection] was performed 1 h prior to TP injection. (C) Effect of GV1001 on proliferation of columnar epithelial cells. Values are presented
as mean = standard deviation. **P<0.01 vs. vehicle control group and "P<0.05 vs. BPH group (TP, 3 mg/kg). BPH, benign prostate hyperplasia; Fin, finasteride;

TP, testosterone propionate; s.c., subcutaneous.

Effect of GVIOOI on prostate histopathological examination.
Sections from the control group demonstrated normal histo-
logical architecture of the prostate (Fig. 3A). The tissues were
tightly packed with flattened cuboidal regular sized epithelium
with a regular acinar folding arrangement. In BPH rats, irregular
acinar folding with intraluminar projections, hemorrhage, cystic
spaces and nuclear conglomerates with marked hyperplasia,
congestion and vacuolation were observed as evidence of disrup-
tion of the histoarchitecture (Fig. 3A-a). The prostates from the
TP-treated group also exhibited luminal epithelial hyperplasia
with intraluminal polyps and engorged blood vessels (Fig. 3A-b).
Co-treatment with GV1001 (0.01 and 0.1 mg/kg) attenuated
the pathological alterations induced by testosterone (Fig. 3A-c
and A-d). These effects were similar to those observed in the
finasteride-treatment group (Fig. 3A-f). Treatment with finas-
teride also resulted in regular unfolded acini. However, these
histopathological data did not reveal a dose-dependent restoration
of the histoarchitecture (Fig. 3A-e). Fig. 3B indicates the repre-
sentative prostate size following GV1001 treatment in BPH rats.
Injection of TP increased the epithelial height of the prostate to
175x10? um compared with that of vehicle control rats. However,
treatment with GV1001 at 0.01 mg/kg significantly decreased
epithelial height to 75.5x10? ym, compared with that of BPH rats
(P<0.05). Finasteride also significantly decreased the prostatic
epithelial height to 61.5x10? gm compared with BPH (Fig. 3C).

Effect of GVI00I on prostatic antioxidant enzyme activity. In
BPH rats, the activities of SOD and CAT and the level of GSH

were significantly (P<0.01) decreased by 65.6, 68 and 85.95%
of vehicle control-treated rats. By contrast, GV1001 0.1 mg/kg
significantly restored SOD and CAT activity and GSH levels
by 87.7, 75.8 and 79.3%, respectively, compared with vehicle
control. Finasteride also significantly restored SOD, CAT and
GSH by 85.8, 79.01 and 84%, respectively, compared with the
vehicle control (Fig. 4).

Effect of GVI00I on prostatic lipid peroxides. To inves-
tigate the effect of GV1001 on oxidative stress in BPH, the
concentration of MDA, an indicator of lipid peroxidation, in
the prostate was measured. MDA concentration was signifi-
cantly increased in the TP-induced BPH group compared
with the vehicle control group, as previously described (32)
(Fig. 4D). By contrast, MDA concentration was significantly
decreased in the 0.1 mg/kg-treated GV1001 group and the
finasteride-treated group compared with the TP-induced BPH
group. These data suggest that GV1001 injection prevented
BPH by protecting the prostate from oxidative stress.

GV100I induces apoptosis in prostate tissues. To determine
whether the inhibitory effect of GV1001 on prostate growth
was due to the apoptotic cell death pathway, the effect of
GV1001 on apoptosis in BPH rats was measured by immu-
nohistochemical staining using TUNEL. The number of
TUNEL-positive cells in the control group was 13.21+1.57,
and that in the prostatic hyperplasia-induced group was
1.25+0.54. The numbers of positive cells in the 0.01, 0.1 and
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Figure 4. Effect of GV1001 on oxidative stress in the prostates of BPH rats. (A) SOD, (B) CAT, (C) GSH and (D) MDA concentrations were measured in
prostate homogenates. Values are presented as mean + standard deviation (n=6). **P<0.01 vs. the VC group, and “P<0.05 vs. the BPH group. VC, vehicle control;
BPH, benign prostatic hyperplasia; Fin, oral administration of finasteride and s.c. injection of TP (3 mg/kg); GV1001, injection of GV1001 (0.01, 0.1, and
1 mg/kg) and injection of TP (3 mg/kg). SOD, Superoxide dismutase; CAT, catalase, GSH, glutathione; MDA, malondialdehyde; TP, testosterone propionate.
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Figure 5. Immunohistochemical analysis of apoptotic cell death in the prostate tissues. Cells undergoing apoptosis were measured using the TUNEL
assay. (A) Representative sections are presented for the VC, BPH and GV1001+TP co-treatment groups. Magnification, x50 using Image Hub software.
TUNEL-positive cells are indicated by white stars. (B) Mean numbers of positive TUNEL cells in the VC, BPH-induced, finasteride and GV1001-injected
groups. Data are presented as mean + standard deviation. **P<0.01 vs. the VC group, and “P<0.01 vs. the BPH (TP, 3 mg/kg) group. TUNEL, terminal
deoxynucleotidyl-transferase-mediated dUTP nick end labelling; VC, vehicle control; TP, testosterone propionate; BPH, benign prostatic hyperplasia.

1 mg/kg GV1001 groups were 25.67+2.36, 6.58+2.49 and
19.42+4.21, respectively. Compared with the control and
the BPH-induced groups, injection of GV1001 resulted in a
significantly higher number of apoptotic cells (Fig. 5). GV1001

treatment increased the proportion of TUNEL-positive cells
compared with the BPH-induced groups, demonstrating that
the GV1001-mediated inhibition of prostate growth is accom-
panied by induction of apoptosis.
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Discussion

The progression of BPH is dependent on several factors
including growth factors, adrenergic stimulation and chronic
inflammation (32,33). In particular, the cumulative production
of ROS and reactive nitrogen species serves a major role in
the development of BPH, which is considered a premalignant
condition that evolves into prostate diseases (12,30). In clinical
studies, chronic oxidative stress and an imbalance in antioxidant
activity are more prominent in patients with BPH compared
with normal controls (11,12). It has been hypothesized that
BPH is an inflammatory disease, and that inflammation may
directly contribute to prostate cell proliferation (34); however,
an association between prostatic inflammation and BPH has
not been demonstrated conclusively.

GV1001 is an anticancer drug and insulin sensitizer that
inhibits glycogenolysis and gluconeogenesis. Although the
anti-inflammatory, antipyretic and antioxidant activities of
GV1001 have been extensively investigated, to the best of our
knowledge there have been no studies examining the effect of
GV1001 in the development of BPH. Therefore, the aim of the
present study was to investigate the protective effect of GV1001
in a testosterone-induced BPH model, with an emphasis on its
roles in antioxidant balance and the inflammatory cascade.

Castration will lead to an imbalance of endogenous
hormones; however, injection of exogenous testosterone is an
easier method of inducing BPH in animals (35). As this method
is also more similar to the pathogenesis of clinical BPH, the
protective effects of GV1001 against testosterone-induced BPH
in rats was evaluated. Animals in the BPH model group exhib-
ited an increased PI compared with the control animals, which
confirmed that the model was successfully established. In the
present study, oral administration of finasteride (10 mg/kg) as
a positive control resulted in a significant decrease in relative
PW compared to BPH animals. The PW, PI and hormone
levels were measured in TP-induced BPH rats. BPH rats
exhibited an increased relative PW, elevated testosterone
level, prostatic epithelial hyperplasia, and decreased activities
of antioxidant enzymes in the prostate. Injection of GV1001
(0.01 and 0.1 mg/kg) effectively prevented the development
of BPH, as observed by decreased relative PW and PI values,
and reduced serum testosterone and DHT levels. Histological
changes also indicated that GV1001 (0.01 mg/kg) injection
markedly decreased prostatic epithelial hyperplasia.

Chronic inflammation leads to prostatic cell prolif-
eration by stimulating growth factors through oxidative
stress resulting from the endogenous production of ROS.
Similarly, an inverse correlation between the activities of
antioxidant enzymes and ROS generation, which activates
the defense system of the body against the damage caused
by oxidative stress, has been demonstrated previously (36,37).
Therefore, potentiation of antioxidant enzyme activities may
prevent damage to target organs by alleviating oxidative
stress. GV1001 treatment significantly increased the activi-
ties of the antioxidant enzymes responsible for the decrease
of testosterone-induced oxidative damage in prostatic tissue.
Therefore, GV1001 may effectively reverse the changes in the
activities of antioxidant enzymes during BPH, particularly at
doses >0.1 mg/kg. Previous studies have suggested that tumor
necrosis factor (TNF)-a increases levels of intracellular ROS,
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which may exacerbate inflammatory processes (36,37). The
suppressive effects of these antioxidant compounds on the
production of these inflammatory mediators are due to their
antioxidant activities. Therefore, changes in the activities of
prostatic antioxidant enzymes were investigated in the present
study.

The present study identified that the activities of SOD
and CAT were decreased in the BPH model group, whereas
treatment with GV1001 significantly increased the activities
of these enzymes. Furthermore, regions of prostatic inflam-
mation will produce free radicals, which attack the plasma
membrane and result in lipid peroxidation and MDA produc-
tion (36). The level of MDA was elevated in the model group
compared with the sham group; however, treatment with
GV1001 attenuated the increase in MDA. Therefore, GV1001
may successfully reverse the changes in antioxidant enzymes
and lipid peroxidation, suggesting that its anti-BPH effects
were associated with its antioxidant activities. Furthermore,
the apoptotic index measured by TUNEL assay demon-
strated low levels of apoptotic cells following induction
of BPH by TP. Injection of 0.01, 0.1 and 1 mg/kg GV1001
restored normal apoptotic activity, as indicated by an exten-
sive degree of apoptotic body formation. In addition, the data
of the present study indicated a lower rate of apoptosis in
the rats that received the highest dose of GV1001 (1 mg/kg),
compared with 0.01 and 0.1 mg/kg GV1001. The increased
number of apoptotic bodies within the prostate tissues from
rats treated with GV1001 may be considered to be the effect
of the induction of apoptosis by the antioxidant activity of
GV1001, resulting in suppression of the proliferation of
prostate cells. Therefore, t the best of our knowledge, the
present study has demonstrated for the first time that GV1001
inhibited prostate growth in vivo by promoting apoptosis in
prostatic cells. The results indicated that GV1001 prevented
the development of BPH in the testosterone-induced BPH
model. This preventive effect is likely due to its potent anti-
oxidant capacity. Therefore, low dose GV1001 (0.1 mg/kg)
may represent a novel complementary therapy and may be
used as a novel therapeutic agent to prevent BPH in older
men. However, additional experimentation is required to
conclusively determine that the antioxidant reaction of
GV1001 induced the apoptosis of prostate cells.
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