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This study was conducted to characterise the flavonoid components of total flavan glycoside from
Abacopteris penangiana rhizomes (TFA) and its acid hydrolysate (AHT) through HPLC–DAD–ESI–MS/MS
analysis, and to investigate the hypothesis that TFA and AHT exhibit anti-benign prostatic hyperplasia
(BPH) potential in castrated rats with testosterone-induced BPH. HPLC–MS/MS analysis indicated that
TFA is rich in flavan-4-ol glycosides and AHT mainly contains 3-deoxygenated anthocyanidin. After 4
weeks of administration, TFA and AHT successfully decreased the prostate index and prostate specific
antigen plasma concentrations in the rats. Histoarchitectural improvement in the prostate gland was also
observed. Reduced dihydrotestosterone, VEGF, bFGF, EGF, and KGF levels were observed both in TFA- and
AHT-treated rats. Furthermore, the prostatic expression of Blc-2 was inhibited, whereas that of Bax and
p53 was activated by TFA and AHT. In conclusion, TFA and AHT have anti-BPH properties. Hence, plants
with flavan glycosides have potential use in the treatment of BPH.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction including Sphaeranthus indicus (Nahata & Dixit, 2011), Echinacea
The prostate is the secondary endocrine organ of males. Benign
prostatic hyperplasia (BPH) is a progressive condition characterised
by prostate enlargement, accompanied by lower urinary tract
symptoms (Briganti et al., 2009). Considering the high incidence
of BPH in humans (Napalkov, Maisonneuve, & Boyle, 1995) and
the influence of this condition on the quality of life of patients, the
treatment of this disease is a priority for public health. The aetiology
of BPH is complicated and remains unclear to date; recent novel
findings highlight the key role of aging, hormonal alterations, met-
abolic syndrome, and inflammation (Briganti et al., 2009; Thompson
& Yang, 2009; Untergasser, Madersbacher, & Berger, 2005).

Abacopteris penangiana (Hook.) Ching (Thelypteridaceae) is a
fern widely distributed throughout the south of China, India, and
Nepal. For a long time now, the Tujia ethnic group has been using
A. penangiana rhizome, Jixuelian in Chinese, as a folk herbal medi-
cine to treat blood stasis, blood circulation barriers, oedema, and
inflammation in patients suffering from metabolic syndrome.
Furthermore, A. penangiana has been proven to contain many novel
flavan-4-ol glycosides (Zhao, Jin, Ruan, Cai, & Zhu, 2008; Zhao,
Ruan, Jin, Zhu, & Lin, 2010; Zhao, Ruan, Jin, Zhu, & Yu, 2011; Zhao
et al., 2006; Zhao et al., 2007).

Presently, phytotherapeutics has become a popular method for
the treatment of BPH. Studies have proven that many plants,
ll rights reserved.
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purpurea (Skaudickas, Kondrotas, Kevelaitis, & Venskutonis,
2009), and Roystonea regia (Pérez et al., 2008), possess anti-BPH
potential. As part of a bigger study that seeks to develop effective
anti-BPH drugs from Chinese herbal medicines, the present re-
search characterised the total flavan glycoside in A. penangiana rhi-
zomes (TFA, Fig. 1-I), as well as the acid hydrolysate (AHT, Fig. 1-I)
of the compound, through high performance liquid chromatogra-
phy–diode array detector–electrospray ionisation–tandem mass
spectrometry (HPLC–DAD–ESI–MS/MS) analysis, and investigated
the anti-BPH potential of TFA and AHT in castrated rats with tes-
tosterone-induced prostatic hyperplasia.

2. Materials and methods

2.1. Plant material

Dried A. penangiana rhizomes were collected in June 2010 in
Enshi County, Hubei, China, and authenticated by Prof. Ceming
Tan of the Jiujiang Forest Plants Specimen Mansion. The voucher
specimen (PZX0311) was deposited in School of Pharmacy, Tongji
Medical College, Huazhong University of Science and Technology.

2.2. Sample preparation

TFA was prepared following a reported method (Wei, Ruan,
Lei, & Yang, 2012). Powdered rhizomes (1 kg) were exhaustively
extracted with 80% EtOH (3 � 6 L) under reflux, and then
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Fig. 1. (I) Photograph of TFA and AHT; (II) HPLC chromatogram of TFA and AHT; (III) the chemical structures of compounds 1–15.
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concentrated to dryness under vacuum at 50 �C, to obtain crude ex-
tract (150 g). The extract was then dissolved in water (5 L), and the
resulting solution was poured into a chromatography column
(10 � 60 cm, porous polymer resins HPD500, Bonherb Technology
Company, Hebei, China). The absorbed resins were initially eluted
with water (35 L) to remove extraneous constituents with strong
polarity, then with 70% EtOH (30 L) to increase the amount of fla-
van glycosides obtained. The evaporation of the 70% EtOH eluate
under 50 �C yielded TFA (73.5 g).

AHT was prepared following a reported method (Zhao et al.,
2006). Briefly, a solution of TFA (35.5 g) and 10% HCl (700 mL)
was stirred at 95 �C for 6 h, and then at 45 �C overnight. The reac-
tion mixture was cooled at 4 �C for 1 h, and then filtered to collect
undissolved substances. AHT (25.9 g) was obtained after vacuum
desiccation under 35 �C.
2.3. HPLC–DAD–ESI–MS/MS analysis

Analysis was performed using liquid chromatography (LC) inter-
faced with ion trap mass spectrometry. The LC system (Agilent 1100
Series, Agilent Technologies, Waldbronn, Germany) was equipped
with a vacuum degasser, a binary pump, a column oven, an auto-
sampler, and a photodiode-array detector (DAD). Chromatography
was carried out in an amethyst C18-p column (Sepax-tech�,
4.6 mm � 20 mm, 5 lm) with the flow rate of the gradient elution
at 1 mL/min. The analytical column was thermostated at 30 �C.

The initial composition of the mobile phase was 17% A and 83%
B (A = acetonitrile; B = H2O + 0.2% acetic acid). Samples were ana-
lysed with the following gradient: 17% A for 3 min, from 17% to
19% A in 22 min, from 19% to 21% A in 13 min, from 21% to 29%
A in 13 min, from 29% to 30% A in 4 min, from 30% to 45% A
in 20 min, and 45% A for 5 min. Samples were filtered using a
0.45-lm filter. Injection volume was 10 lL, and detection was
carried out between 200 and 600 nm.

The LC/MSD Trap XCT ion trap mass spectrometer (Agilent) was
equipped with an electrospray ion source with a nebuliser spacer.
The operating conditions of the ESI interface in the positive-ion
mode were as follows: drying gas (N2) temperature, 325 �C; drying
gas flow 10 L/min; nebuliser gas (N2) pressure, 40 psi; and capillary
voltage, 3500 V. The trapping parameters were set to a maximum
accumulation time of 200 ms at an m/z range of m/z 100 to m/z
1000. A narrow isolation width of m/z 0.2 was selected. System con-
trol and data analysis were performed by Agilent LC ChemStation
and Bruker Daltonics Trap Control and QuantAnalysis, respectively.
2.4. Animal experiments for anti-BPH potential

2.4.1. Animals
A total of 84 adult male Sprague–Dawley rats weighing

170 ± 20 g were acquired from the Animal Center of the Tongji
Medical Center of Huazhong University of Science and Technology
(Wuhan, China). The animals were housed under controlled condi-
tions (temperature 25 ± 2 �C; relative humidity 65 ± 5%; and 12-h
light/dark cycles) and were allowed free access to water and food
pellets for 1 week before and during the experiments. All experi-
ments were performed in compliance with the Chinese legislation
on the use and care of laboratory animals and were approved by
the Committee on Animal Care and Use of the Huazhong University
of Science and Technology.
2.4.2. Animal treatments and experimental designs
BPH was induced in the rats by subcutaneous injection of

testosterone after castration (Naslund & Coffey, 1986; Sun et al.,
2008). Briefly, after anaesthetisation with chloral hydrate
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(350 mg/kg body weight, i.p.), the scrota of 10 rats in the negative
control group were cut open and then sewed up without cutting off
the testicles; 74 other rats were castrated. After the surgical oper-
ation, four rats died because of narcotic overdose. The other 70
were randomly divided into 6 groups. The following treatments
were administered through injection for 4 weeks: negative control
group, corn oil (i.h.; n = 10); BPH model group, corn oil mixed with
testosterone (i.h., 10 mg/kg per day; n = 11); positive control
group, testosterone mixed with finasteride (i.g., 1 mg/kg per day;
n = 11); TFA low/high dose group, testosterone mixed with TFA
(i.g., 100 or 200 mg/kg per day, respectively; each group, n = 12);
and AHT low/high dose group, testosterone mixed with AHT (i.g.,
100 or 200 mg/kg per day, respectively; each group n = 12). The
dosage of TFA and AHT was fixed based on the literature (Chen
et al., 2011; Jang et al., 2010). During the experiment, no external
morphological and behavioural changes were observed in the rats
treated at these dose levels.

After the final treatment, the rats were deprived of food over-
night, but were allowed free access to water. In the morning of
the next day, animals were weighed and then sacrificed. Blood
was collected and allowed to clot, and then the serum was sepa-
rated at 3500 rpm for 15 min and stored at �80 �C until the assess-
ment of prostate specific antigen (PSA) and dihydrotestosterone
(DHT) plasma levels was performed. Prostates were rapidly ex-
cised, weighed, and sectioned. A section of each prostate was
stored at �80 �C until Western blot analysis was performed. An-
other section was homogenised in 10 volumes of ice-cold physio-
logical saline and spun at 15,000 rpm for 20 min at 4 �C. The
supernatant was then stored at �80 �C for the ELISA of the levels
of growth factors. Another section of each prostate was fixed in
4% paraformaldehyde for 3 days, embedded in paraffin, serially
sectioned, and stained with haematoxylin–eosin. Immunohisto-
chemical analysis was performed on deparaffinised sections. The
sections were immersed in freshly prepared 3% H2O2 at 37 �C for
10 min and blocked with 5% goat serum for 10 min. Afterward,
the sections were washed with PBS and incubated at 37 �C for
1 h with a primary antibody (anti-VEGF), treated with secondary
antibody at 37 �C for 10 min, and immersed in diaminobenzidine
for 3 min. The haematoxylin-stained sections were dehydrated
with ethanol and visualised with an Olympus 1X71 optical micro-
scope (Olympus, Japan).

2.4.3. The prostate index
The prostate index of each rat was the ratio of prostate weight

to body weight (mg/g) (Babu, Veeresh, Patil, & Warke, 2010).

2.4.4. Assay for levels of PSA, DHT, epidermal growth factor (EGF),
basic fibroblast growth factor (bFGF), and keratinocyte growth factor
(KGF)

The assay for the levels of PSA, DHT, EGF, bFGF, and KGF was
performed using specific ELISA kits (R&D Systems, Minneapolis,
MN). All procedures were performed according to manufacturer’s
instructions. The results for PSA, DHT, EGF, bFGF, and KGF were ex-
pressed in pg/mL, nmol/L, pg/mL, pg/mL, and pg/mL, respectively.

2.4.5. Western blot analysis for Bax, Bcl-2, and p53
The expressions of Bax, Bcl-2, and p53 in the prostates were

evaluated using Western blot analysis. Briefly, tissue samples were
ground in liquid nitrogen, and protein concentrations were deter-
mined using a BCA protein assay kit (Pierce Biotechnology, Rock-
ford, IL). Protein samples (50 lg) were separated through
electrophoresis in 12% SDS–polyacrylamide gel, and then trans-
ferred onto PVDF membranes (Roche Diagnostics Corporation,
Indianapolis, IN) via electrophoretic transfer (Bio-Rad Laboratories,
Hercules, CA). Afterward, the membranes were blocked with 5%
non-fat milk in Tris-buffered saline containing 0.1% Tween 20
(TBST) for 1 h at room temperature, and then incubated overnight
at 4 �C with different primary antibodies (1:500 anti-Bax, anti-Bcl-
2, and anti-p53). The membranes were then washed thrice with
TBST, and then incubated with horseradish peroxidase-conjugated
secondary antibodies (1:3000) in TBST with 3% non-fat milk for 1 h
at room temperature. The immunoblots were developed on films
using the enhanced chemiluminescence technique (Super Signal
West Pico; Pierce Biotechnology, Rockford, IL). Data were norma-
lised using b-actin (1:1000) as internal control.
2.4.6. Statistical analysis
The values were presented as means ± SD. Results were statisti-

cally analysed by performing one-way ANOVA followed by Tukey’s
multiple comparison test using SPSS 11.5 software for Windows
(SPSS Inc., Chicago, IL). Differences were considered significant at
p < 0.05.
3. Results

3.1. Chemical analysis

HPLC–DAD–MS/MS was used to analyse the flavonoid compo-
nents of TFA and AHT. Fig. 1-II shows the results of HPLC of TFA
and AHT. UV peaks and HPLC–MS data are listed in Table 1. The
aglycone derivatives of flavan-4-ol glycoside, the main constituent
of plants belonging to the genus Abacopteris, were identified by
comparing the obtained UV characteristics and MS/MS fragmenta-
tion patterns of the compounds with data reported in previous
phytochemical studies on A. penangiana (Wei, Wu, Lei, Xiong, &
Ruan, 2011; Zhao et al., 2006; Zhao et al., 2007; Zhao et al.,
2008; Zhao et al., 2010; Zhao et al., 2011). Up to 15 compounds,
including 12 flavan-4-ol glycosides, were characterised. The
presence of triphyllin A, eruberin B, abacopterin K, abacopterin I,
60 0-O-acetyltriphyllin A, 60 0-O-acetyleruberin B, 7-hydroxy-40-
methoxy-6,8-dimethylanthocyanidin, and 5,20,50-trihydroxy-7-
methoxyflavanone in the tested samples was confirmed via
co-injection of corresponding standard compounds.

Based on the total ion chromatogram (TIC) of TFA (Fig. 2), the
typical m/z peaks of 297/299 were generally observed. These find-
ing indicated the presence of the aglycone of 7-hydroxy-40-meth-
oxy-6,8-dimethylanthocyanidin, a desaccharified derivative of
flavan-4-ol glycoside.

Peak 1 in the MS spectrum of TFA showed [M+Na]+ at m/z 679,
with MS2 at m/z 477 [M�Glc+H]+, m/z 459 [M�Glc–H2O+H]+, and
m/z 297 [M�2Glc+H]+, which are characteristic of triphyllin A
(Zhao et al., 2006). With 42 mass units (acetyl group) more than
triphyllin A, peak 5 showed [M+Na]+ at m/z 721, with MS2 at m/z
663 [M�2H2O+H]+, m/z 519 [M�Glc+H]+, m/z 501 [M�Glc–
H2O+H]+, and m/z 297 [M�Glc–acetylGlc+H]+, which are diagnostic
fragmentations of 60 0-O-acetyltriphyllin A (Zhao et al., 2010). The
identification of these peaks was confirmed via co-injection of cor-
responding standard compounds.

With 16 mass units less than triphyllin A, peak 2 showed
[M+Na]+ at m/z 663, with MS2 at m/z 623 [M�H2O+H]+, m/z 461
[M�Glc+H]+, and m/z 299 [M�2Glc+H2O+H]+. This fragmentation
pattern perfectly reflects the structure of eruberin B (Zhao et al.,
2007), which has one oxygen atom less than triphyllin A. Similar
to peaks 1 and 5, peak 6 appeared at m/z 705, indicating that the
compound it represents is an acetyl derivative of eruberin B. MS2

was at m/z 503 [M�Glc+H]+ and m/z 299 [M�Glc–acety-
lGlc+H2O+H]+; this fragmentation pattern is in accordance with
the structure of 60 0-O-acetyleruberin B (Zhao et al., 2008). The iden-
tification of these peaks was confirmed via co-injection of corre-
sponding standard compounds.



Table 1
UV absorption, mass spectral data and putative identity of TFA components.

Compound Rt (min) UV wavelength (nm) MS (m/z) MS2/MS3 (m/z) Putative identity

1 36.11 228 276 679 477 459 297 Triphyllin A
2 39.74 39.74 226 276 663 623 461 299 Eruberin B
3 48.18 228 277 643 459 297 Abacopterin K
4 50.53 226 278 645 461 299 Abacopterin I
5 51.82 226 279 721 663 519 501 297 60 0-O-Acetyltriphyllin A
6 52.56 225 279 705 503 299 60 0-O-Acetyleruberin B
7 57.81 227 275 687 503 299 Acetylabacopterin I
8 59.43 280 325 501 297 7-Hydroxy-40-methoxy-6,8-dimethylanthocyanidin acetyl glucopyranoside

9a 64.67 278 330 297 297 7-Hydroxy-40-methoxy-6,8-dimethylanthocyanidin
10b 65.11 232 280 461 943 299 Abacopterin C/Eruberin A
11 68.04 220 290 303 167 5,20 ,50-Trihydroxy-7-methoxyflavanone

12b 69.20 230 280 461 943 299 Abacopterin C/Eruberin A
13b 75.01 227 275 503 299 Abacopterin A/Abacopterin B/60 0-O-Acetyleruberin A
14b 78.56 225 279 503 299 Abacopterin A/Abacopterin B/60 0-O-Acetyleruberin A
15b 79.57 228 280 503 297 Abacopterin A/Abacopterin B/60 0-O-Acetyleruberin A

a The HPLC–MS/MS analysis of AHT resulted in the same data (Rt, MS, MS2/MS3) as compound 9.
b These compounds are isomers.
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Peak 3 showed [M+Na]+ at m/z 643, with MS2 at m/z 459
[M�Glc+H2O+H]+ and m/z 297 [M�2Glc+2H2O+H]+. Peak 4 showed
[M+Na]+ at m/z 645, with MS2 at m/z 461 [M�Glc+H2O+H]+ and m/z
299 [M�2Glc+2H2O+H]+. These patterns reflect abacopterin K
(Zhao et al., 2011) and abacopterin I (Zhao et al., 2007), identified
via co-injection of corresponding standard compounds. Having
42 mass units (the acetyl group) more than abacopterin I, peak 7
showed [M+Na]+ at m/z 687, with MS2 at m/z 503 [M�Glc+H2O+H]+

and m/z 299 [M�Glc–acetylGlc+H2O+H]+. With this pattern, the
acetyl derivative of abacopterin I was tentatively identified, but
the presence of acetyl in the glucose could not be determined.

Peak 9 showed [M+H]+ at m/z 297 and peak 11 showed [M+H]+

at m/z 303, which were identified as 7-hydroxy-40-methoxy-6,8-
dimethylanthocyanidin (Zhao et al., 2006) and 5,20,50-trihydroxy-
7-methoxyflavanone (Wei et al., 2011), respectively, via co-injec-
tion of corresponding standard compounds. Peak 8 showed
[M+H]+ at m/z 501, with MS2 at m/z 297. Its loss of 204 mass units
indicated that it represents an acetyl glucose (–acetylGlc + H2O).
Hence, peak 8 was putatively identified as 7-hydroxy-40-meth-
oxy-6,8-dimethylanthocyanidin acetyl glucopyranoside. The
attachment site and the presence of acetyl in the glucose could
not be determined.

Previous studies have suggested that some isomers exist in A.
penangiana. In the present investigation, peaks 10 and 12 showed
the same MS peak at m/z 461 [M+H]+ and m/z 943 [2 M+Na]+ and
the same MS2 peak at m/z 299. These data were in accordance with
the structures of abacopterin C (Zhao et al., 2006) and eruberin A
(Zhao et al., 2007), respectively, which were previously isolated
from A. penangiana. The only difference in the structures of these
compounds is the spatial configuration at C-4. Similarly, peaks
13, 14, and 15 showed the same molecular ion peak at m/z 503
[M+H]+ (Fig. 2) and the same MS2 peak at m/z 299/297. The com-
pounds these peaks represent were tentatively identified as aba-
copterin A, abacopterin B, and 60 0-O-acetyleruberin A (Zhao et al.,
2006), respectively, which are isomers with different configura-
tions at C-4 or different acetyl positions in the glucose.

Furthermore, the examination of the UV spectra of the samples
supported the above identifications. Peaks 1–7, 10, and 12–15
showed very similar UV spectra, with absorption peaks at around
228 and 276 nm. These data are characteristic of flavan-4-ol
glycosides.

HPLC of AHT showed only one main peak, which had the same
retention time and mass characteristics as that of 7-hydroxy-40-
methoxy-6,8-dimethylanthocyanidin in TFA. This identification
was confirmed via co-injection with a corresponding standard
compound. Results indicated that 7-hydroxy-40-methoxy-6,
8-dimethylanthocyanidin is the main product of the acid hydroly-
sis of TFA. The said compound belongs to 3-deoxygenated anthocy-
anidins, which are rarely found in nature.

3.2. Histological and immunohistochemical analysis

The effects of TFA and AHT on prostate gland morphology are
shown in Fig. 3. There was no change in the histoarchitecture of
the prostate gland of rats in the negative control group; tissues
were tightly packed and epithelium cells were cuboidal and regu-
lar in size (Fig. 3A). The glands of rats in the BPH model group
(Fig. 3B) showed typical patterns of glandular hyperplasia: papil-
lary fronds in epithelial cells with vacuolated (multiple vacuoles)
cytoplasm projecting into the glandular lumen, and decreased
glandular luminal area. After 4 weeks of administering finasteride,
TFA, and AHT, a marked increase in the luminal volume was
observed (Fig. 3C–G). The glandular epithelial height of the groups
given these treatments was significantly reduced compared with
that of the BPH model group.

The expression of VEGF in the rat prostates was examined
through immunohistochemical analysis. As shown in Fig. 3, VEGF
was rarely expressed in normal prostatic glandular epithelial cells.
A significant increase in VEGF expression was detected in the pros-
tatic glandular epithelial cells of the BPH model group. Conversely,
the expression was reduced in the rats administered with TFA and
AHT, especially those given a dose of 200 mg/kg per day.

3.3. Prostate index changes

Prostate index is commonly used to evaluate the development
of BPH. Compared with rats in the negative control group, those in-
jected with testosterone had significantly higher prostate indices
(Table 2), suggesting that testosterone successfully induced BPH
in the castrated rats. Compared with rats in the BPH model group
however, testosterone-treated rats given TFA (200 mg/kg per day,
P < 0.05) and AHT (200 mg/kg per day, P < 0.01) had remarkably
lower prostate indices. This result indicated that TFA and AHT have
potential for treatment of BPH.

3.4. ELISA for PSA, DHT, EGF, bFGF, and KGF

The levels of PSA, DHT, and prostatic growth factors EGF, bFGF,
and KGF were determined via ELISA. Data in Table 2 indicate that
the prostates of rats in the BPH model group had increased levels
of PSA, DHT, and growth factors (all three). PSA is a biomarker that
indicates the occurrence of BPH and prostate cancer. In this study,



Fig. 2. Total ion chromatogram and selective ion chromatograms of TFA (I) and AHT (II).
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daily administration of TFA and AHT for 4 weeks decreased the
serum PSA and DHT levels. In addition, long-term administration
of TFA and AHT reduced prostatic levels of EGF, bFGF, and KGF,
which were considered to play key roles in BPH.

3.5. Western blot analysis for Bax, Bcl-2, and p53

The disruption of apoptotic equilibrium is an important factor
in the pathogenesis of BPH. Western blot analysis was performed
to investigate the effects of TFA and AHT on prostatic cell apopto-
sis. As shown in Fig. 4, the expression of Bcl-2 was markedly
upregulated in the prostates of rats in the BPH model group, com-
pared with rats in the negative control group. In addition, the
expressions of Bax and p53 in the prostates of rats treated with
TFA and AHT were significantly increased, compared with rats in
the BPH model group, indicating that TFA and AHT enhance cell
apoptosis in hyperplastic prostates.

4. Discussion

In this study, the chemical constituents of TFA and AHT were
first determined via HPLC–DAD–ESI–MS/MS analysis. Results



Table 2
Results of prostatic index changes and ELISA.

Groups Prostate index (mg/g) ELISA

PSA (pg/mL) DHT (nmol/L) EGF (pg/mL) bFGF (pg/mL) KGF (pg/mL)

I 3.09 ± 0.15 158 ± 16.01 3.11 ± 0.11 61.2 ± 4.73 2.83 ± 0.10 98.6 ± 10.5
II 5.53 ± 0.20a 336 ± 6.44a 5.34 ± 0.49b 203 ± 2.02a 6.29 ± 0.05a 210 ± 16.5a

III 4.82 ± 0.16c 202 ± 19.2d 2.08 ± 0.10d 72.1 ± 2.39d 2.81 ± 0.38d 93.0 ± 9.89d

IV 5.15 ± 0.15 198 ± 28.4c 2.88 ± 0.14d 115 ± 11.62d 3.48 ± 0.16d 99.3 ± 6.44d

V 4.90 ± 0.18c 183 ± 15.5d 2.47 ± 0.12d 74.0 ± 4.90d 3.07 ± 0.25d 93.4 ± 10.4d

VI 5.03 ± 0.22 189 ± 33.4c 3.32 ± 0.20c 90.7 ± 11.02d 3.18 ± 0.29d 100 ± 2.73d

VII 4.44 ± 0.22d 160 ± 21.7d 2.56 ± 0.17d 73.6 ± 1.60d 2.97 ± 0.27d 77.7 ± 1.96d

Data were presented as means ± SD of six rats. Group I: negative control group; Group II: BPH model group; Group III: positive control group; Group IV: TFA (100 mg/kg per day)
treated group; Group V: TFA (200 mg/kg per day) treated group; Group VI: AHT (100 mg/kg per day) treated group; Group VII: AHT (200 mg/kg per day) treated group. PSA,
prostate-specific antigen; DHT, dihydrotestosterone; EGF, epidermal growth factor; bFGF, basic fibroblast growth factor; KGF, keratinocyte growth factor.

a P < 0.01.
b P < 0.05 versus negative control rats.
c P < 0.05.
d P < 0.01 versus model rats.

Fig. 3. Histological and immunohistochemical findings from prostate sections in the rat model of BPH. (A) Negative control group; (B) BPH model group; (C) positive control
group; (D) TFA (100 mg/kg per day) treated group; (E) TFA (200 mg/kg per day) treated group; (F) AHT (100 mg/kg per day) treated group; (G) AHT (200 mg/kg per day)
treated group. HE, haematoxylin eosin; VEGF, vascular endothelial growth factor.
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indicate that TFA mainly contains flavan-4-ol glycosides, whereas
the main constituent of AHT is 7-hydroxy-40-methoxy-6,8-dime-
thylanthocyanidin, a desaccharified derivative of flavan-4-ol glyco-
sides. Afterwards, the anti-BPH potential of TFA and AHT in rats
with testosterone-induced prostatic hyperplasia was evaluated.
Results showed that the administration of TFA or AHT for 4 weeks
significantly inhibits the development of testosterone-induced
prostatic hyperplasia, as proven by the reduction in prostatic
indices and PSA levels, as well as histopathological findings.

BPH is a multifactorial disease and the most common non-can-
cerous abnormal prostate cell growth. Hormonal changes and
enhanced proliferation and suppression of apoptosis of prostatic
cells are believed to play important roles in BPH (Briganti et al.,
2009; Liu et al., 2007; Novara, Galfano, Berto, Ficarra, Navarrete,
& Artiban, 2006). In this study, the effects of TFA/AHT on these
three factors were investigated.

Testosterone and other related hormones have been demon-
strated to be involved in BPH. The main prostatic androgen is
DHT, which is formed by the steroid enzyme 5a-reductase from
testosterone. The production and accumulation of DHT in the pros-
tate encourage cell growth and induce hyperplasia (Sun et al.,
2008). This investigation was performed in BPH rat models gener-
ated by subcutaneous injection of testosterone after castration. The
increased prostatic indices of the rat models confirmed the influ-
ence of androgens on BPH. Decreased serum DHT levels in TFA/
AHT-treated rats indicated that TFA and AHT inhibit the activity
of 5a-reductase. Finasteride (positive control) was used to inhibit
BPH by serving as an enzyme blocker against 5a-reductase.



Fig. 4. Effects of TFA and AHT on the expression of Bax, Bcl-2 and p53. Group I:
negative control group; Group II: BPH model group; Group III: positive control
group; Group IV: TFA (100 mg/kg per day) treated group; Group V: TFA (200 mg/kg
per day) treated group; Group VI: AHT (100 mg/kg per day) treated group; Group VII:
AHT (200 mg/kg per day) treated group.

H. Wei et al. / Food Chemistry 134 (2012) 1959–1966 1965
Increasing evidence suggests that androgens have a permissive
role in the growth of prostate (Ilio, Sensibar, & Lee, 1995). By con-
trast, other evidence also suggests that prostate growth is under
the indirect control of androgens through the mediation of differ-
ent growth factors (Levine et al., 1998).

There is a possibility that fibroblast growth factors (FGFs) play
an important role in prostate growth because they exhibit mitogen
and angiogenic activities. The main FGFs in the prostate are KGF
and bFGF (Ittmann & Mansukhani, 1997). The concentrations of
bFGF and KGF have been proven to be increased in hyperplastic tis-
sues compared with levels in normal prostate tissues (Boget, Leri-
che, & Rovel, 2001). This finding was confirmed in this study by the
greatly elevated levels of bFGF and KGF in the prostates of BPH rat
models observed. The reduced concentration of bFGF and KGF in
the TFA/AHT-treated rats suggests that TFA and AHT exert anti-
BPH effects by decreasing the levels of prostatic growth factors.
DHT has been reported to increase the transcription of VEGF and
the secretion of biologically active VEGF from human prostatic
stroma (Sun et al., 2008). VEGF is a major inducer of angiogenesis
as it influences endothelial cell growth (Neufeld, Cohen, Gengri-
novitch, & Poltorak, 1999). EGF, a mitogen of rat prostatic epithelial
cells (in vivo and in vitro), has been proven to greatly enhance the
expression of VEGF in BPH (Ravindranath, Wion, Brachet, & Dja-
kiewe, 2001). Hence, the attenuated VEGF expression in the pros-
tatic gland epidermal cells of TFA/AHT-treated rats observed in
this study may have been due to the reduced levels of EGF.

BPH is a slow progressive disease characterised by the abnormal
enlargement of prostate glands, leading to heterogeneous gland
morphology. The disruption of apoptotic pathways has been sug-
gested to be an important regulatory mechanism in this common
disease, which has significant morbidity. This mechanism leads
to the pathological accumulation of cells and perpetuation of
abnormal gene expression (Gandour-Edwards, Mack, deVere-
White, & Gumerlock, 2004). Some of the major regulatory apopto-
tic proteins that have been identified are the anti-apoptotic factor
Bcl-2, and the pro-apoptotic factors Bax and p53. The p53 tumour
suppressor gene plays an important role in the control of the cell
cycle (Schlechtea et al., 1998). In addition, Bax and Bcl-2 are noted
to form homo- and heterodimers, and the ratio of their dimeric
forms determine whether cells would continue to survive or un-
dergo apoptosis (Basu & Haldar, 1998). In the prostates of the
BPH rat models, Bcl-2 expression was markedly upregulated com-
pared with rats in the negative control group. The overexpression
of Bcl-2 reduced apoptosis and eventually resulted in BPH. More-
over, the expressions of Bax and p53 in the prostates of TFA/
AHT-treated rats were significantly increased compared with BPH
rat models, indicating that TFA/AHT administration enhances
apoptosis, leading to the attenuation of BPH.

In summary, TFA and AHT exert anti-BPH effects via three major
mechanisms. First, TFA and AHT reduce serum DHT concentrations
by inhibiting the activity of 5a-reductase enzyme. Second, TFA and
AHT ameliorate BPH by decreasing the levels of prostatic VEGF,
EGF, bFGF, and KGF. Lastly, TFA and AHT attenuate the disruption
of apoptosis, which occurs in BPH. Generally, the anti-BPH effect
of AHT is stronger than that of TFA (administered at the same
dose). Further work should be conducted to determine the anti-
BPH potential of flavan-4-ol glycosides and 7-hydroxy-40-meth-
oxy-6,8-dimethylanthocyanidin, which are the main constituents
of TFA and AHT, respectively.
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