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ABSTRACT. Hydrangea angustipetala Hayata (Saxifragaceae) is an anti-malaria folk medicine and grows
in mountains of northern Taiwan. The leaves of H. angustipetala were extracted with 70% acetone and
column chromatography was combined with cytotoxic bioassay-guided fractionation to isolate the cytotoxic
compounds. The Diaion HP-20 column 40% MeOH eluted fraction (D40M) of H. angustipetala inhibited
the growth of P-388D, cells in vitro and prolonged the survival days of P-388D,-bearing CDF1 mice.
Furthermore, (+)-febrifugine (1) and #rans-3-p-coumaroylquinic acid (2) were isolated from the D40M, and
both compounds induced apoptosis in AGS and SNU-1 cells. However, the cytotoxicity of 1 was stronger
than 2 and IC;, values of 1 were 0.17 and 0.05 ug/ml in AGS and SNU-1 cells after treatment for 48 h,
respectively. The two compounds both induced decreases in PARP and pro-caspase 3 of AGS and SNU-1
cells, and pre-treatment of cells with a caspase-3-specific inhibitor reduced cytotoxicity by 1 and 2 in AGS and
SNU-1 cells. We suggested that the activation of caspase-3 may provide a mechanistic explanation for their (1
and 2) cytotoxic effects in AGS and SNU-1 cells. (+)-Febrifugine was a good lead compound as development
an anticancer drug.

Keywords: Apoptosis; (+)-febrifugine; Hydrangea angustipetala; P-388D,-bearing CDF,| mice; trans-3-p-

coumaroylquinic acid; Saxifragaceae.

INTRODUCTION

Taiwan is located in the subtropics and there are many
endemic plants in the mountains of this island. The unique
biodiversity may potentially hold new drugs waiting
to be discovered. Malignant tumors are a major cause
of death in humans. In clinical studies, many tumors
have expressed drug resistance, and serious side-effects
can be caused by chemotherapeutic drugs. Hydrangea
angustipetala Hayata (Saxifragaceae) grows in mountains
of northern Taiwan, and its roots were used as an anti-
malaria folk medicine. However, the anticancer effects
of its leaves have not been explored before. Therefore,
we selected it as the primary material in this study and
explored the principal constituents of its antitumor effects
by chromatography following in vivo and in vitro models
(Pezzuto, 1997).

The principal constituents of H. angustipetala extract
were isolated by cytotoxicity-guided chromatography.

*Corresponding author: E-mail: crystal@tmu.edu.tw; Tel:
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Second, the potential in vivo antitumor effects of the
active fraction determined in the in vitro study were then
evaluated by using P-388D, bearing mice in an in vivo
study. The principal compounds were isolated from the
active fraction, and the mechanism of the cytotoxicity was
analyzed by biochemistry.

Chemicals can induce cell death through two ways:
necrosis and apoptosis. Apoptosis is an energy-dependent
form of programmed cell death that differs from necrosis
(Koh et al., 2005). Necrosis is an acute form of cell
death and causes cell lysis that is typically followed by
an inflammatory response, which then can produce side
effects. Therefore, new types of antitumor drugs should
induce apoptosis, not necrosis, in tumor cells. The
cleavage of poly(ADP-ribose) polymerase (PARP) by
activated caspase 3 provides one of the most recognizable
characteristics in early apoptosis (Nuiiez et al., 1998;
Nicotera et al., 2000). In the present study, PARP and
caspase 3 expression by tumor cells treated with natural
products were measured by Western blot analysis, and
these results provided evidence of activation of cell death
mechanisms.
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MATERIALS AND METHODS

General

Dimethyl sulfoxide (DMSO), MTT
(3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl- tetrazolium
bromide), trypan blue, adriamycin, nutrient mixture
F-12 HAM, Kaighn’s (F12 K) and other chemicals
were purchased from Sigma (St. Louis, MO, USA).
The caspase-3-specific inhibitor (Ac-Asp-Glu-Val-Asp-
aldehyde, H-2496) was purchased from BACHEM
Company. Dulbecco’s modified Eagle medium
(DMEM), RPMI medium 1640, fetal bovine serum
(FBS), antibiotics, and glutamine were purchased from
Gibco (Grand Island, NY, USA). Western blotting was
performed using antibodies specific to human poly(ADP-
ribose)polymerase (PARP, sc-7150), pro-caspase 3
(sc-7148), a-actin (sc-8432), anti-rabbit IgG-AP (sc-2007),
and anti-mouse IgG-AP (sc-2008) which were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Reversed-phase high-performance liquid chromatography
(HPLC) was performed on a LiChrospher RP-18e column
(4.0 x 250 mm, 5 pm) (Merck, Darmstadt, Germany)
using 0.05% trifluoroacetic acid: CH;CN (80: 20) as the
mobile phase. The flow-rate was 1.0 ml/min with UV
absorbance detection at 280 nm. The column temperature
was maintained at 40°C. Column chromatography was
carried out on Diaion HP-20 (Mitsubishi Chemical, Japan)
and LiChroprep RP-18 (40~63 um, Merck). All other
reagents and chemicals were of analytical grade.

Plant material

The fresh leaves of Hydrangea angustipetala Hayata
(Saxifragaceae) was collected from Yangmingshan
National Park in Taipei, Taiwan, in May 2004 and dried
at below 40°C to yield 950 g of dried leaves. A voucher
specimen (HA001) was deposited in the Graduate Institute
of Pharmacognosy Science, Taipei Medical University.

Extraction and isolation

Dried leaves (950 g) of H. angustipetala were
homogenized in 70% aqueous acetone (19 1) and filtered.
The filtrate was concentrated under a vacuum using a
rotary evaporator to remove the acetone. The aqueous
solution was partitioned with an equal amount of
n-hexane. The aqueous layer was chromatographed over
a 45 x 9.5-cm i.d. Diaion HP-20 column (Mitsubishi,
Japan) with a stepwise series of H,0 — 20% MeOH
— 40% MeOH — 60% MeOH — 80% MeOH — 70%
acetone — 100% acetone. The 40% MeOH eluate
(3.895 g) was rechromatographed over a LiChroprep
RP-18 column eluted with 0.05% TFA: MeOH (88:12)
to yield (+)-febrifugine (1, 139.5 mg) and trans-3-p-
coumaroylquinic acid (2, 25.6 mg) (Figure 1). Tests of the
two compounds showed them to be greater than 95% pure
by normal and reversed-phase HPLC chromatography.
Retention times for the reversed-phase HPLC were 27.6
and 28.4 min for 1 and 2, respectively. The structure was
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unambiguously identified by comparing these data with the
literature (Kobayashi et al., 1999; Lu et al., 2000; Norback
et al., 2002).

Cell cultures

The human gastric carcinomas (AGS and SNU-1),
and the mouse lymphoid macrophage (P-388D)) cell
lines were obtained from American Type Cell Culture
(ATCC, Rockville, MD, USA) and were maintained in
F-12K, RPMI 1640, and DMEM (Gibco), respectively,
supplemented with 10% FBS, 100.0 mg/l streptomycin,
and 100 IU/ml penicillin (Gibco). All cell cultures were
incubated at 37°C in a humidified atmosphere of 5% CO,.

Cytotoxicity assays

A stock solution of test samples (2 x 10* ug/ml) was
prepared by dissolving the test samples in dimethyl
sulfoxide (DMSO), and then storing the mixture at 4°C
until use. Serial dilutions of the stock solution were
prepared in the culture medium in 96-well microtiter
plates. Test samples at the appropriate concentrations
were added to cell cultures for 12, 24, and 48 h without
renewing the medium. The number of surviving cells
was then counted using the tetrazolium (MTT) assay
(Bruggisser et al., 2002). The cytotoxicity index (CI%)
was calculated based on the following equation: CI%
= [1-(T/C)] x 100%; where T and C represent the
mean optical density of the treated and vehicle control
groups, respectively. In accordance with the CI% of the
concentration-response curve, the concentration of the
test compound producing 50% cell growth inhibition (ICs,
value) was estimated. Doxorubicin was used as a positive
control.

In vivo antitumor assays

P-388D, cells (1 x 10° cells/mouse) were transplanted
intraperitoneally (i.p.) into 5-week-old CDF; male mice
(DBA male x BALB/c female) on day 0. The D40M was
dissolved in 10% DMSO. The test samples or 1% DMSO
were administered i.p. once a day, on days 0 to 8. DMSO
(1%) was used as solvent control. Idarubicin (Zavedos®)
was dissolved in distilled water and administered i.p. once
a day, on days 0 to 4. The antitumor effect was defined
as the percent increase in life span (%ILS) calculated
according to the following equation: %ILS = [(T/C)-1]
x 100%; where T and C represent the mean survival
times (day) of the treated and vehicle control groups,
respectively. The body weight of each CDF, mouse
was determined every day using an animal scale. Data
are presented as the mean + standard deviation (SD).
Student’s #-test was used to compare survival times (days)
between the test and blank groups (Yang et al., 2003).

Western blot analysis

AGS and SNU-1 cells (5 x 10° cells/well) exposed to
test samples for 12 or 48 h were collected into tubes, and
then washed with PBS. Protein samples were prepared
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and resolved by denaturing SDS-PAGE, using standard
methods (Yang et al., 2003). The proteins were transferred
onto an Immobilon-P PVDF 0.45-um membrane
(IPVHO00010, Millipore, USA), and Western blotting
was performed using antibodies specific to human PARP,
pro-caspase, and a-actin. A goat anti-mouse antibody
conjugated to alkaline phosphatase and BCIP/NBT (BCIP/
NBT, Gibco) were used to visualize the protein bands.

RESULTS AND DISCUSSION

The leaves and flowers of H. angustipetala were
extracted with 70% acetone after homogenization and the
cytotoxic effects were measured by an MTT assay in AGS
cells. The leaves of 70% acetone H. angustipetala extract
(70A) exhibited the stronger cytotoxicity against AGS
cells than the flowers (Table 1). The 70% acetone extract
of its leaves (70A) was more cytotoxic than 50% EtOH
extract in AGS cells. Furthermore, the 70A inhibited
the growth of AGS and SNU-1 cells in dose- and time-
dependent manners (Figure 1A, B, Table 2).

The chemical prescreening tests for H. angustipetala
indicated that the flowers were richer in polyphenols than
the leaves (Table 1) and suggested that the 70A contained
phenol groups. Therefore, the 70% aqueous extract of
H. angustipetala leaves was portioned with n-hexane to
give n-hexane and aqueous (H,O) layers. Based on the
cytotoxicity assay guide for the three fractionations, the
H,0 layer was more cytotoxic than the n-hexane one
(Figure 2). The H,0 layer was chromatographed on a

Table 1. Chemical and bioactivity prescreening tests of
Hydrangea angustipetala leaves and flowers.

Extracted solvent 70% Acetone 50% EtOH
Used part Flower Leaf Leaf
10% NaOH* +H+ ++ +
FeCl, solution® +++ - -
Cytotoxicity* 49.31 21.43 31.08

+, the tested solution turned yellow.

®+ the test solution turned blackish-green.

‘ICs, values (png/ml) of extracts in AGS cells for 48 h. Data
were used from three separate experiments.

Diaion HP-20 column to give seven eluted fractions,
and their cytotoxic effects in AGS and SNU-1 cells are
shown in Figure 2. Of the seven fractions, fraction III (the
40% MeOH-eluted fraction, D40M) displayed strongest
cytotoxic effect. Therefore, the antitumor effects of D40M
were evaluated using P-388D, cells in in vitro and in vivo
models. As shown in Table 3, D40M strongly inhibited the
growth of P-388D, cells and the ICs, value was 0.72 pg/ml.
Moreover, D40M at 10 mg/kg body weight significantly
prolonged the life span of P-388D; tumor-bearing CDF,
mice by 21.4% compared to the 1% DMSO solvent-treated
mice. According to the above results, we suggested that
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Figure 1. Cytotoxic effects of tested samples used to treat AGS
and SNU-1 cells in dose- and time-dependent manners. The
70% actone extract (70A)-treated AGS (A) and SNU-1 cells
(B); (+)-febrifugine (1)-treated AGS (C) and SNU-1 cells (D);
and frans-3-p-coumaroylquinic acid (2)-treated AGS (E) SNU-1
cells (F).

Table 2. ICy, values of the 70% acetone extract (70A), (+)-febrifugine (1) and trans-3-p-coumaroylquinic acid (2) in gastric

carcinoma cell lines (AGS, SNU-1).

1Cso (ng/ml)
AGS SNU-1
Time (h) 70A 1 2 DOX* 70A 1 2 DOX*
12 - 5.20 76.97 - 0.43 40.52 -
24 71.49 0.43 40.84 43.87 0.19 5.98 0.04
48 21.43 0.17 8.88 0.06 30.18 0.05 7.78 -

*DOX was doxorubicin as a positive control. -, Not detected.
Data were used from three separate experiments.



48

the D40M had potential antitumor effects. Therefore,
D40M was loaded to the ODS column and eluted with
0.05% TFA:MeOH (88:12), and (+)-febrifugine (1) and
trans-3-p-coumaroylquinic acid (2) were obtained (Figure
3). Both compounds showed strong cytotoxic effects
and greater sensitivities in SNU-1 than AGS cells (Table
2). Moreover, they also inhibited the growth of AGS and
SNU-1 cells in dose- and time- dependent manners (Figure
1C ~F), and 1 exhibited greater cytotoxicity than 2.

The highly proteolytic cleavage of PARP and
procaspase 3 is a hallmark of apoptosis of tumor cells
(Lazebnik et al., 1994; Nufiez et al., 1998). In Figure 4,
degradation of PARP during treatment with the compounds
was investigated by Western blotting in AGS and SNU-1

Table 3. ICj, values of the active fractions in cultured P-388D,
cells and the percentage increase in the lifespan (%ILS) of
extract-treated P-388D,-bearing CDF, mice.

In vitro assay In vivo assay

ICs (ug/ml) ILS%
D40M 0.72 20.2+7.49%*
Idarubicin - 51.1£20.37*
-, Not detected.

The dosages of D40M and idarubicin were 10 and 0.1 mg/kg,
respectively in vivo assay.

Tested groups: There were 6 mice in each D40M and 1%
DMSO group. *Student’s ¢-test, p < 0.05.

Positive control groups: There were 3 mice in each idarubicin
and distillation water group. *Student’s #-test, p < 0.05.

Dry leaves of Hygrangea angustipetala H. (950 g)

70% Acetone extract

}

H,O n-Hexane
(- 91.21)

(35.34; 8.40)

45x9.5-cm i.d. Diaion HP-20 column

IR

H,O 20% MeOH 40% MeOH 60% MeOH  80% MeOH  70% Acetone 100% Acetone
(44.99;-) (37.15;9.00) | (3.47;3.48) (3-) (5-) (3-) (82.98; 65.30)

40% 2.5-cm i.d. ODS column
(0.05% TFA: MeOH, 88:12)

| |

1 (140 mg) Fr. 1 Fr.2 Fr.3
(0.17; 0.15) (2.60; -) (15.46; -) (52.36;-)

30% 1.5-cm i.d. ODS column
(0.05%TFA: EtOH:EA, 300:5:5)
2 (26 mg)

(8.88;7.78)

Figure 2. Isolation flowchart of Hydrangea angustipetala using
bioassay-guided fractionation. (X; y): x is the ICs, (ng/ml) value
of the eluted extract on AGS cells for 48 h; y is the same for
SNU-1 cells. Data were used from three separate experiments.
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Figure 3. Chemical structures of (+)-febrifugine (1) and
trans-3-p-coumaroylquinic acid (2) isolated from Hydrangea
angustipetala.
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Figure 4. Western blot analysis of PARP, pro-caspase 3, and
o-actin proteins in (+)-febrifugine (1)-treated AGS (A) and
SNU-1 (B) cells for 12 h; trans-3-p-coumaroylquinic acid
(2)-treated AGS (C) and SNU-1 (D) cells for 48 h. a-Actin was
used as an internal control to identify equal amounts of proteins
loaded in each lane. C, solvent control. Data were used from
three separate experiments, the picture of one of which is shown.
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cells. Moreover, the 116-kDa protein was cleaved to give
a typical 85-kDa fragment, which demonstrated dose-
and time dependences after treatment with 1 and 2 for 12
and 48 h. On other hand, cleavage of pro-caspase 3 was
clearly observed after treatment with 1 and 2 in AGS and
SNU-1 cells (Figure 4), and 1 showed stronger activity
than 2. Pretreatment of AGS and SNU-1 cells with a
caspase-3-specific inhibitor in a serial dosage, did slightly
reduce cytotoxicity induced by 1 and 2 (Figure 5). We
suggest that 1 and 2 can induce apoptosis in AGS and
SNU-1 cells, and that activation of caspase-3 may provide
a mechanistic explanation for their cytotoxic effects. In
conclusion, 1 and 2 were isolated from the active fraction,
the D40M of the 70% acetone extracts, and 1 was more
cytotoxic than 2 in gastric tumor cells. Therefore, 1 may
be a good lead compound for developing an anti-cancer
drug.

According to Dr. Newman’s review article about natural
products as sources of new drugs, major developments
of natural products as anticancer drug lead compounds
occurred in the period 1981~2002 (Newman et al.,
2003). The isolation of 1 and 2 from the leaves of H.
angustipetala were first described in this paper. However,
1 was first isolated from Dichroa febrifuga Lour and is
abundant in Hydrangea species such as: H. macrophylla
var. Otaksa and H. Arten (Chou et al., 1948; Ablondi et
al., 1951; Ishih et al., 2003). The structured core of 1 is a
4-quinazolone alkaloid, and it shows strong antimalarial
effects against Plasmodium falciparum (Kobayashi et al.,
1999; Hirai et al., 2003; Jiang et al., 2005). Because 1
shows strong liver toxicity, several new derivatives have
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Figure 5. Caspase-3-specific inhibitor pretreatment for
2 h ameliorated the (+)-febrifugine (1) and trans-3-p-
coumaroylquinic acid (2)-induced cytotoxicity in AGS and
SNU-1 cells. 1 induced cytotoxicity in AGS cells at 10 pug/ml
for 12 h (A) and in SNU-1 cells at 1 pg/ml for 12 h (B); 2
induced cytotoxicity in AGS cells at 20 ug/ml for 48 h (C) and
in SNU-1 cells at 2.5 pg/ml for 48 h (D). Data were used from
three separate experiments. * Student’s #-test, p < 0.05.

been synthesized based on febrifugine (Kikuchi et al.,
2006; Zhu et al., 2006). In this paper, we found 1 also
showed strong cytotoxicity against gastric tumor cells and
induced apoptosis via activation of caspase 3. The data
indicated that 1 is also a good lead compound from which
to develop a new anti-cancer drug.

The other compound, 2, has a phenolic structure and
contains hydroxycinnamic acid and coumaroyl groups.
Furthermore, constituent 2 has previously been isolated
from green coffee beans (Iwai et al., 2004), Cichorium
intybus (Norbaek et al., 2002), Onobrychis viciifolia Scop.
(Lu et al., 2000), H. Macrophylla (Takeda et al., 1985),
Loropetalum chinense (Yoshida et al., 1993), and Prunus
domestica L. (Nakatani et al., 2000). The antioxidant
effects (Sato et al., 1993; Ohnishi et al., 1994; Basnet et
al., 1996; Nakatani et al., 2000; Nagaoka et al., 2001),
tyrosinase inhibition (Iwai et al., 2004), and human
leukemic HL-60 cell inhibition (Chen et al., 2001) of 2
were also previously reported. We clearly demonstrated
that 2 induced apoptosis in gastric tumor cells via
activation of caspase 3, but its cytotoxicity was less than
that of 1.

Apoptosis is an efficient strategy for cancer
chemotherapy. Both 1 and 2 could induce apoptosis in
gastric tumor cells and were isolated from the D40M.
Moreover, the D40M could prolong the survival time
of P-388D,-bearing mice. The results showed that 1
and 2 are the principal antitumor constituents of the
D40M and are suitable to serve as bioactivity substance
markers for control quality. While many compounds have
been shown to inhibit the proliferation of mammalian
cells in culture, only a small proportion of these have
demonstrated significant selectivity in vivo even in the
most chemosensitive animal tumor models. Therefore,
we suggested that the D40M of H. angustipetala has the
potential for development into chemoprevention products.
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