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The prostate cancer is the critical health problem, increasing of its related death in worldwide.
Unfortunately present surgery and chemotherapeutic choices seem to be impossible in curing or con-
trolling prostate cancer, because metastasis occasionally advances even after these potentially curative
therapies. Therefore, there is immediate need to alternative chemoprevention and chemotherapeutic
agents. Over one hundred species of dried medicinal herbs were tested for proliferation inhibitory ef-
fects on prostate cancer cell line, PC-3. One of them, Anthriscus sylvestris was selected because of po-
tent anti-proliferation effect. The dried root of A. sy/vestris was extracted with 100% methanol for 2-3
days and its extract was fractionated by using ethyl acetate. And ethyl acetate layer was subjected
to column chromatographies on silica gel, reverse phase-18 (RP-18) and Sephadex LH-20, in turn.
Finally, the pure compound was obtained by crystallization in methanol at 4°C for overnight and
identified as deoxypodophyllotoxin by NMR spectorscopic and physico-chemical analyses. In addition,
it was confirmed that deoxypodophyllotoxin clearly inhibits the proliferation of PC-3 cells in a dose-

and time-dependent manner.
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Introduction

Modern men are confronted with an increasing incidence
of cancer and cancer deaths annually. Statistics indicates that
men are largely taken by lung, colon, rectal, and prostate
cancer, while women increasingly suffer from breast, colon,
rectal, and stomach cancer [1,8]. The prostate cancer is a crit-
ical health problem in worldwide and it has been a recent
trend in Asia towards increasing accidences of prostate can-
cer, such as Korea and Japan, reporting a more rapid in-
crease than high risk countries [2]. Prostate cancer is the sec-
ond leading cause of cancer-related deaths among men in
the United States and many western countries [2,8]. In the
United States only, one of nine men over the age of 65 years
is diagnosed as prostate cancer.

Currently although potentially therapeutic options includ-
ing surgeric prostatectomy, radiotherapy and hormonal ther-
apy for the treatment of prostate cancer are used in clinical,
the general survival treatment of patients is still unsat-

isfactory once the disease is metastatic [18,19]. Because the
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molecular mechanism of prostate cancer is yet not defined
and metastasis problem occasionally happen after curative
therapies. Androgen ablation is a frequently treated option
for prostate cancer [13]. However, this treatment has limited
scope, especially, for hormone-refractory cancers. Moreover,
chemotherapy and radiation therapy are largely ineffective
against advanced prostate cancer that fails to respond to hor-
mone ablation therapy [6,20].

So many efforts have been focused on developing new
cancer targeted agents [4,11,12]. Many natural products are
available as chemoprotective agents against commonly oc-
curring cancer types [15,17]. Apoptosis mechanism is a tar-
get for reducing prostate cancer by chemopreventative and
anti-cancer agent from natural products [3,14,16]. These
natural products were discovered from vegetables, fruits,
plant extracts, tea and herbs through a routine examination
of terrestrial plants and microorganisms. Natural products
and theirs structural derivatives accounted for nearly 50%
of agents used in cancer chemotherapy [15,17]. Although
the mechanism of anti-cancer agent effect is not clear but
unique chemical structures of natural products is lead to
anti-cancer activity against tumor. A number of naturally
occurring compounds from herb, tea and plants applied to

chemoprevention properties against carcinogenesis. In the
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present study, methanol extracts of various medicinal
plants were used to screen for anti-proliferation and an-
ti-apoptotic agents. We selected A sylvestris because it
showed potent growth inhibitory effect on human prostate
cancer cell line, PC-3.

Materials and Methods

Materials

Air-dried root of A sylvestris was purchased from a
Korean medicinal market, Busan, Korea. Silica gel (Kiesel
gel 60, particle size: 0.045-0.063 nm), a precoated silica gel
plate 60F2s4 (0.25 mm in thickness) and an ODS RP-18 Fasy
(25 DC-Platten 5x10 cm) were purchased from Merck Co.
(Darmstadt, Germany). Also the ODS RP-18 gel (ODS-A,
120A, S-5 mm) was purchased from the YMC-Gel Co.
(Tokyo, Japan). 3-(4,5-Dimethyl-thiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) was purchased from Sigma
Chemical Co. (St. Louis, MO, USA).

Tumor cell lines and cell culture

Human prostate carcinoma PC-3 cell line (androgen in-
dependent cells) was obtained from the American Type
Culture Collection (ATCC, Manassas, VA, USA). These
cells were maintained and cultured in DMEM medium
(Hyclone Co., Logan, UT, USA) supplemented with 10%
fetal bovine serumn (FBS) (Hyclone Co.), 100 units/ml of
penicillin and 100 mg/ml of streptomycin (Hyclone Co.).
Cells were cultured at 37°C in a humidified atmosphere
with 5% CO..

Preparation and screening of methanol extracts

Over one hundred plants were extracted with methanol
at room temperature for 2-3 days. PC-3 cells were cultured
for overnight in 48-well plates at a density of 1x10°
cells/well. The cells were treated with an appropriate con-
centration of each methanol extract for 48 hr at 37°C in 5%
CO; incubator. After that, MTT solution of final concen-
tration 0.5 mg/ml in phosphate-buffered saline was added
and incubated for 3-4 hr at 37°C [5,21]. After the medium
was removed, dimethyl sulfoxide (DMSO) was added to
solubilize the MTT-formazan complex. The formazan com-
plex was analyzed at 540 nm in a microtiter plate reader
(Molecular Devices, Sunnyvale, CA, USA). The cell viability
was observed as percentage of control, comparing with one

of the untreated cells.

Purification of A sylvestris

The dried A. sylvestris (500 g) was soaked in methanol
at room temperature for 2-3 days and then extracted 3 times.
The methanol extract was evaporated, resuspended and ex-
tracted in water and ethyl acetate. And ethyl acetate layer
was then evaporated in vacuo and concentrated to yield a
crude extract. The ethyl acetate extract was chromato-
graphed on a silica gel column (@ 2.5x12 cm, 70-230 mesh)
using gradient solvent of hexane/ethyl acetate (3/1—1/1).
The fractions with growth inhibitory activity were pooled
and subjected to a reverse phase-18 (RP-18) column (&
1.5%x10 cm, 230-400 mesh). And each fraction was eluted by
using 60% methanol. The mixture of active fractions was fur-
ther chromatographed on a Sephadex LH-20 using 100%
methanol. If necessary, high-performance liquid chromatog-
raphy (HPLC) was applied to purify it. Finally pure com-
pound (50 mg) was obtained by crystallization in methanol
at 4°C for overnight.

Instrumental analysis

Silica gel TLC plate (silica gel 60F2ss) or RP-18 gel TLC
plate (RP-18 Fas4) were developed with hexane/ethyl acetate
(1/1, v/v) and 80% aqueous methanol, respectively. The
plates were colorized by heating for 10 min at 110°C after
spraying with anisaldehyde-sulfuric acid. HPLC was carried
out on a SCL-10A controller unit that includes SPD-M10A
UV, LC-10AT, FCV-10AL, and DGU-14A (Shimadzu
Scientific Co., Tokyo, Japan) using an YMC-PACK ODS C18
(0 4.6x250 mm, YMC-Gel Co., Tokyo, Japan). The injection
volume was 10 pl and the flow rate was 0.5 ml/min using
the solvent system of 60% aqueous methanol. The 'H- or
PC-NMR spectra were recorded on a JEOL Eclipse NMR
spectrometer (JEOL, Tokyo, Japan) at the frequency of 500
MHz or 125 MHz, respectively. Proton or carbon chemical
shifts were relative to tetramethylsilane (TMS) as an internal

standard.

Statistical analysis
All experiments were conducted in duplicate and stand-
ard deviations were indicated in the figures with bars.

Results and Discussion

Screening  of  growth  inhibitory  medicinal  extracts
on human prostate cancer cells

The growth inhibition of medicinal methanol extracts on



PC-3 cells was determined by MTIT assay. In order to screen
for anti-proliferation and anti-cancer agents, PC-3 cells were
treated with medicinal methanol extracts for 48 hr. As a re-
sult, the methanol extract of the root of A. sy/vestris showed
most potent inhibition on the growth of PC-3 cells, as com-
pared with control, as shown in Fig. 1. A sylvestris is a per-
ennial herb that grows in Europe, Caucasus, Siberia,
Kamchatka, Kuriles, Sakhalin, China, Manchuria, and Korea
[9]. The root of A. sylvestris has been used as therapy in
coughing, asthma, laryngitis and anti-cancer. Also, it has
been reported to exhibit anti-tumor activity, anti-platelet ag-
gregation activity, anti-viral activity, anti-proliferation activ-
ity and broad insecticidal activity [9].

Purification ~ and identification  of
from A sylvestis

deoxypodophyliotoxin

At first, to determine which fraction is active, the meth-
anol extract of A sy/vestris was resuspended in water and
extracted with organic solvents. And then inhibitory activity
of each layer was evaluted by MTT assay. As a result, the
ethyl acetate layer from methanol extract of A. sy/vestris was
highest inhibitory activity on the growth of PC-3 cells (Fig.
2). Its active compound in A. sy/vestris was purified by the
methods of methanol extraction, ethyl acetate extraction and
column chromatography on silica gel, reverse phase-18
(RP-18) and Sephadex LH-20, etc., as shown in Fig. 3. The
methanol extract of A sylvestris was extracted with water

and ethyl acetate to fractionate ethyl acetate layer. The
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Fig. 1. Screening of medicinal methanol extract exhibiting the
growth inhibition of PC-3 cells. PC-3 cells were cultured
for overnight in 48-well plates at a density of 1x10°
cells/well overnight. The cells were treated with 10 p
g/ml (W) and 30 pg/ml (L) of each methanol extract
for 48 hrs at 37°C in 5% CO; incubator. Inhibitory activ-
ity of methanol extracts was determined by MTT assay.
1: Control, 2-41: medicinal methanol extracts.
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Fig. 2. Inhibitory effect of solvent extracts of Anthriscus syl-
vestris on the growth in PC-3 cells. PC-3 cells were cul-
tured for overnight in 48-well plates at a density of 1x10*
cells/well overnight. The cells were treated with 1 pg
J/ml of each solvent extract for 48 hr at 37°C in 5% CO»
incubator. Inhibitory activity of solvent layer was de-
termined by MTT assay.

ethyl acetate extract of A. sy/vestris was subjected to column
chromatography on silica gel to give 7 fractions using hex-
ane/ethyl acetate as an elution solvent. Active fractions with
strong inhibitory activity were pooled and further purified
by using RP-18 gel with 60% aqueous methanol and
Sephadex LH-20 column chromatography with 100%
methanol. The each fraction was monitored on normal or
reverse phase TLC analysis by using a developing solvent
(hexane/ethyl acetate=1/1 or 80% aqueous methanol, re-
spectively). Active fractions with inhibitory activity were
further purified by HPLC (YMC-Gel C18, @ 4.6x250 mm),
if necessary, which the active compound was eluted at re-
tention time of approximately 14 min (Fig. 4). Final pure

Anthriscus sylvestris (8 &, 500 @)

MeCOH extraction
l evaporated & suspended in DW

EtOAc extraction

|
i '
Water layer EtOAc layer

Silica gel column chromatography
eluted with hexane/EtOAc (3/1)
RP-18 column chromatography
i eluted with 60% MeOH
Sephadex LH-20 column chromatography
l eluted with 100% MeOH
HPLC prep
lYMC-Pack C18(4.6*250 mm), 60% MeOH
Deoxypodophyllotoxin

Fig. 3. Purification scheme of deoxypodophyllotoxin from meth-
anol extract of A. sylvestris.
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Fig. 4. High-performance liquid chromatography of active
fractions eluted from Sephadex LH-20 column.
Column: YMC-Gel C18, @ 4.6x250 mm; mobile phase:
60% methanol; flow rate: 0.5 ml/min; UV wavelength:
240 nm; injection volume: 10 ml. The arrowed peak
represents major active compound with retention time
of about 14 min.
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Fig. 5. '"H-NMR and “"C-NMR analysis of deoxypodophyllotoxin
purified from A. sylvestris. Spectra were taken at 500
MHz for proton (A) and 125 MHz for carbon (B).
Chemical shifts were assigned on the basis of the relative
shift to TMS as an internal standard.

compound (50 mg) was obtained as crystal form in meth-
anol at 4°C for overnight. 'H-NMR and “C-NMR spectra
were analyzed (Fig. 5) and chemical shift of the compound
was assigned as ppm relative to internal standard TMS.
Instrumental data were compared to previously reported
results [7,9,10]. In addition, physico-chemical properties
were analyzed to be colorless 0il; UV Amax (in methanol),
241, 293 nm. Taken together, the crystal was identified as
deoxypodophyllotoxin (Fig. 6), which has been reported to
be anti-mitotic and anti-cancer activities in a variety of tu-
mor cell lines.

Growth  inhibitory  activity  of
on human prostate cancer cells

deoxypodophyliotoxin

Deoxypodophyllotoxin is a anti-tumor agent isolated
from A. sylvestris which exhibits potent cytotoxity against
a wide variety of tumor cell line [7,9]. To assess growth in-
hibition of deoxypodophyllotoxin on PC-3 cells, the cells
were treated with a different concentration (0.8-800 nM) of
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Fig. 6. Chemical structure of deoxypodophyllotoxin.
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Fig. 7. Dose- and time-dependent inhibition of deoxypodophyllo-
toxin on the growth of PC-3 cells. The PC-3 cells were
exposed with deoxypodophyllotoxin at a concentration
of 0.8, 8, 80 and 800 nM for 12, 24, 36 and 48 hr. The
cell viability was analyzed by MTT assay.



deoxpodophyllotoxin for 0-48 hr. As shown in Fig. 7, deoxy-
podophyllotoxin isolated from A. sy/vestris significantly re-
duced cell proliferation in a dose-dependent manner. Its ICs
(50% inhibitory concentration) was measured to be approx-
imately 80 nM at 24 hrs treatment. Also, the anti-pro-
liferation potential of deoxypodophyllotoxin was observed,
depending on treatment time (Fig. 7). Remarkably, these re-
sults suggested that deoxypodophyllotoxin potently inhibits
the proliferation of PC-3 cells, in a dose and time-dependent
manner. In conclusion, our experiments demonstrated that
deoxypodophyllotoxin exhibited significant anti-cancer ac-
tivity in human prostate cancer cell, PC-3 cells.

Finally, deoxypodophyllotoxin might be useful in the
search for new potential chemotherapeutic agents and un-
derstanding the molecular mechanisms of anti-cancer on hu-
man prostate cancers. Therefore, inn vivo anti-cancer actions
and clinical applications of the deoxypodophyllotoxin will
be demanded for further investigation. In further study, an-
ti-cancer effect of deoxypodophyllotoxin on human prostate
cancer cell will be elucidated by investigating the apoptotic
mechanisms on the prostate cancer cells by deoxy-
podophyllotoxin, such as proliferation, morphological
changes, cell cycle progression and the expression of the

apoptosis related proteins.
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