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Abstract

We isolated eight saponins, a hexacyclic lanosterol tetraglycoside (1), a 27-norlanosterol

tetraglycoside (2) and six spirostanol oligoglycosides (3–8), from the plants of the family

Liliaceae. In murine leukaemic L1210 cells, saponins 5 and 7 at a concentration of 1 l M showed

potent cytotoxic activity and the activities were in the following decreasing order: 5, 7, 1, 3, 2,

8, 4, 6. At a concentration of 10 l M, not only 5 and 7 but also 3 and 8 markedly caused cell death.

The � ow cytometric analysis indicated that 7 and 8 caused a concentration- and time-

dependent apoptosis of L1210 cells (EC50 value ¯ C 5 l M). The morphological observation

using a light microscope revealed that both 7 and 8 induced shrinkage in cell soma and

chromatin condensation, suggesting apoptotic cell death. Moreover, in agarose gel electro-

phoretic analysis, a typical apoptotic DNA ladder pattern was observed after treatment with

both 7 and 8. These results suggest that 7 and 8 caused the death of L1210 cells through the

apoptotic process. These compounds may become powerful pharmacological tools for studying

the molecular mechanism of apoptosis.

Introduction

A complex interplay of intracellular signals and metabolic process is involved in the

regulation of cell death (Orrenius 1995). Two principal patterns of cell death have

been described : necrosis and apoptosis. Necrosis is associated with in¯ ammation,

whereas apoptosis is a selective process of physiological cell deletion that plays an

important role in the balance between cell proliferation and death. Apoptosis is

characterized by cell shrinkage, membrane blebbing, chromatin condensation and

formation of a DNA ladder of multiples of 180 base pairs caused by inter-

nucleosomal DNA cleavage (Kerr et al 1972; Steller 1995). Since it has recently

been reported that cancer chemotherapeutics exert part of their pharmacological

eŒect by triggering apoptotic cell death, apoptosis-inducing compounds in tumour

cells have become useful as leading compounds for the development of anticancer

drugs.

Numerous natural products have been used as pharmacological tools for

pharmacological, physiological and biochemical studies (Ohizumi 1997). In our

screening programme for pharmacologically active substances from natural

resources, much attention has been given to compounds inducing apoptosis because

of their important roles in the development of new types of anticancer drugs and

in the basic study of signal transduction (Kugawa et al 1998). Liliaceae plants

are known as a rich source of saponins (Mahato et al 1982). It has been reported
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that saponins possess diverse biological and pharma-

cological activities, such as antitumour activity and

inhibitory activities of cyclic AMP phosphodiesterase

and Na+}K+ ATPase (Nagumo et al 1991; Kuroda et al

1995; Mimaki et al 1994, 1995, 1999, 2000). Recently,

we isolated eight saponins, a hexacyclic lanosterol tetra-

glycoside (1), a 27-norlanosterol tetraglycoside (2) and

six spirostanol oligoglycosides (3 ± 8), from Liliaceae

plants (Figure 1). Ginsenoside saponins have been

shown to inhibit tumour cell proliferation, invasion,

metastasis and tumour growth (Iishi et al 1997; Nakata

et al 1998) and induce diŒerentiation and apoptosis

(Kim et al 1999; Lee et al 2000). However, apart from

ginsenosides there have been few reports on saponins

having apoptotic activity. In this study we present the

® rst paper on the evaluation of apoptotic eŒects of

saponins from Liliaceae plants. Saponins 7 and 8, which

possess potent apoptotic activity, may become not

only leading compounds for anticancer drugs but also

useful pharmacological tools for studying the molecular

mechanism of apoptosis.

Materials and Methods

Materials

Saponin 3 was isolated from the rhizomes of Anemar-

rhena asphodeloides purchased from a wholesale ® rm in

Uchida-Wakanyaku (Tokyo, Japan). The rhizomes of

A. asphodeloides (dry weight 250 g) were extracted with

hot methanol (1 L) twice. The extract was concentrated

under reduced pressure and the residue (74 g)was passed

through a Diaion HP-20 (Mitsubishi-Kasei, Tokyo,

Japan) column eluted with stepwise gradient mixtures

of water}methanol (7 :3 ; 1 :1 ; 3 :7), methanol, ethanol

and ® nally ethyl acetate (each 1 L). The methanol eluate

fraction (12 g), which contained steroidal saponins

in abundance, was chromatographed over silica gel

(Fiji-Silysia Chemicals, Aichi, Japan) eluted with

trichloromethane}methanol}water (40 :10:1) to give

® ve fractions (I± V). Fraction II (3.4 g) was subjected to

column chromatography over octadecylsilanized silica

gel (Nacalai Tesque, Kyoto, Japan) with methanol}
water (4 :1) to yield 3 (459 mg) (Nagumo et al 1991). The

structure of 3 was identi® ed as that shown in Figure 1 by

the comparison of its physical and nuclear magnetic

resonance (NMR) spectral data with those reported in a

previous paper (Nagumo et al 1991). The compounds 1,

2, 4, 5, 6, 7 and 8 were isolated from Scilla peruviana,

Eucomis bicolor, Allium chinense, Allium jesdianum,

Paris polyphylla var. chinensis and Tritelia lactea, re-

spectively, and were identi® ed as previously reported

(Mimaki et al 1994, 1995, 1999, 2000; Kuroda et al

1995). The purity of these compounds was con® rmed by

NMR analysis. The following reagents and serum were

used : 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-

lium bromide (MTT) (Dojindo, Kumamoto, Japan),

calcium ionophore A23187 (Sigma, St Louis, MO),

proteinase K (Takara, Tokyo, Japan), RNase A (Sigma,

St Louis, MO), fetal calf serum (FCS) (Cell Culture

Laboratory, Cleveland, OH) and RPMI 1640 (Nissui

Pharmaceuticals, Tokyo, Japan). All other reagents or

drugs were of analytical grade.

Cell culture

L1210 and C6 cells were maintained in RPMI 1640

supplemented with 10% (v}v) FCS, 4 m m l -glutamine,

50 units mL 1 penicillin and 50 l g mL 1 streptomycin

at 37° C in a 5% CO2 and 95% air-humidi® ed incubator.

Cell viability assay

L1210 and C6 cells were seeded in 96-well plates at a

density of 1¬ 104 cells per well. After 24 h, cells were

treated with saponins for 24 h, then 0.5 mg mL 1 MTT

was added to each well and the cells were incubated at

37° C for 4 h. The plates were centrifuged at 170 g for

5 min and the medium was replaced with dimethyl-

sulfoxide. After 15 min, the plates were read on the

microplate reader (Model 450, Bio-Rad) at a test wave-

length of 595 nm.

Flow cytometric analysis

Apoptotic cells were detected according to the method

of Darzynkiewicz et al (1992) with slight modi® cations.

L1210 cells were seeded in 6-well plates at a density of

2 ¬ 105 cells per well. After 24 h, the cells were treated

with saponins at diŒerent concentrations and time

periods as described below. Cells were washed with

phosphate-buŒered saline (PBS) and ® xed with 70%

ethanol at ± 20 ° C for 3 h. Cells were rinsed with PBS,

incubated with 50 l g mL 1 RNase A at 37 ° C for 15 min

and stained with 50 l g mL 1 propidium iodide for

10 min. Apoptotic analysis was performed using a ¯ ow

cytometer (FACSCan and FACSCalibur, Becton

Dickinson Immunocytometry Systems, Franklin Lakes,

NJ).

Morphological analysis

L1210 cells were seeded in 24-well plates at a density of

2.5 ¬ 104 cells per well. After 24 h, the cells were treated

with saponins for 24 h. The cells were ® xed with 1%

glutaraldehyde at 37° C for 15 min and rinsed with PBS.
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Figure 1 Chemical structures of saponins.

The morphology of the cells was examined using a

phase-contrast microscope (IMT-2, Olympus, Tokyo,

Japan).

DNA fragmentation analysis

DNA analysis was carried out as previously reported

(Fujiwara et al 2000). Brie¯ y, L1210 cells were seeded in

6-well plates at a density of 2 ¬ 105 cells per well and

were treated with saponins for 24 h. Cells were washed

with PBS and resuspended in cell lysis buŒer at 50 ° C for

2 h. DNA was precipitated in ethanol, rinsed with 70%

ethanol and dissolved in tris-EDTA buŒer. The DNA

preparation was incubated with RNase A. Electro-

phoresis was carried out in a 2% (w}v) agarose gel at

50 V for 90 min in tris-borate-EDTA buŒer. The gel

was stained with ethidium bromide and visualized under

UV light.

Statistical analysis of the data

The data are expressed as means ³ s.e.m. Statistical

comparisons were made by using Student’ s t-test.

P ! 0.05 was considered signi® cant.

Results and Discussion

Apoptosis is a mechanistically driven form of cell death

that is either developmentally regulated or activated in

response to speci® c stimuli or various forms of cell

injury. There are three criteria for judging apoptosis :

morphology of cells, detection of DNA fragmentation

and subdiploid DNA content measured by ¯ ow cyto-

metry. Apoptosis can be induced by various intracellular

signals, including growth factor deprivation (Araki et al

1990) and activation of cytokine receptor (Laster et al

1988; Nagata & Golstein 1995). Several compounds

have been reported to cause apoptosis by enhancing or

suppressing these signals (Muthukkumar et al 1995;

Yao & Cooper 1995; Stefanis et al 1999).

There have been few reports on the apoptotic activity

of saponins, apart from for ginsenosides. In the present

experiment the cytotoxic and apoptotic eŒects of sap-

onins from Liliaceae plants were examined. The eŒects

of eight saponins from Liliaceae plants on the viability

of L1210 cells are summarized in Figure 2A. At a

concentration of 1 l m , 5 and 7 showed potent cyto-

toxicity and the other six saponins weakly induced cell
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1 lM

10 lM

1 lM

10 lM

Figure 2 EŒect of saponins on the viability of L1210 cells (A) and C6 cells (B). Cells were treated as described in Materials and Methods.

L1210 and C6 cells were treated with 1 l m and 10 l m saponins. Cell viability is expressed as percentage against the control viability (100% )

in the absence of saponins. Values represent means³ s.e.m. from ® ve independent experiments. Calcium ionophore A23187 (CI) was used as

a positive control. *P ! 0.05 and **P ! 0.01 compared with the control viability.

1 lM

10 lM

Control

Figure 3 Flow cytometric analysis of the apoptotic eŒect of sap-

onins. L1210 cells were treated with 1 l m and 10 l m saponins for 24 h.

Cells with apoptotic DNA were quanti® ed by propidium iodide

staining and ¯ ow cytometric analysis. Apoptosis is expressed as the

percentage of the number of apoptotic cells to the total number of

cells. Values represent means³ s.e.m. from three independent exper-

iments. Calcium ionophore A23187(CI) was used as a positive control.

*P ! 0.05 and **P ! 0.01 compared with the control.

death. At a higher concentration (10 l m ), potent cyto-

toxic eŒects were observed in four saponins : 3, 5, 7 and

8. The cytotoxic potency of these saponins in C6 cells

was also similar to that obtained from L1210 cells

(Figure 2B). Examination of the cytotoxic eŒect of the

saponins on normal cells is under way. The marked

in¯ uence of saponins on the viability of L1210 cells led

us to examine whether cell death by these compounds

Figure 4 Concentration-dependentincrease in apoptosis induced by

7 and 8 in L1210 cells. Cells were treated with several concentrations

of 7 (D) and 8 (E) for 24 h. Apoptosis is expressed as the percentage

of the number of apoptotic cells to the total number of cells. Values

represent means³ s.e.m. from three independent experiments.

*P ! 0.05 and **P ! 0.01 compared with the control.

was a result of apoptosis. In L1210 cells the ¯ ow

cytometric analysis showed that 7 and 8 (10 l m ) caused

marked apoptotic cell death (Figure 3). 7 or 8 caused

concentration-dependent apoptosis in the range 0.3 to

10 l m with an EC50 value around 5 l m (Figure 4).

Apoptosis was induced by 7 and 8 within 6 h and the

apoptotic cells reached around 90 and 70% of the total

cell number after 48 h in L1210 cells treated with 7 and
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Figure 5 Time-dependent increase in apoptosis in the presence or

absence of 5 l m of 7 and 8 in L1210 cells (E, control ; D, 7 ; ^, 8).

Apoptosis is expressed as the percentage of the number of apoptotic

cells to the total number of cells. Values represent means³ s.e.m. from

three independent experiments. *P ! 0.05 and **P ! 0.01 compared

with the control.

8, respectively (Figure 5). The apoptotic eŒects of both

the compounds were almost equal, suggesting that a

hydroxyl group at C-17 in the spirostanol moiety of 7

and 8 is not important for exerting apoptotic eŒect.

Furthermore, 6, which has a diŒerent structure to that

of 8 in the triglycoside moiety, did not induce apoptosis,

indicating that the triglycoside moiety in saponins that

have a spirostanol part, such as 7 and 8, plays an

important role in apoptotic activity.

To characterize the mode of cell death more clearly,

morphological change was observed by a light micro-

scope and the apoptotic eŒects of these compounds on

Figure 6 Morphological change. Phase-contrast views are shown in the absence (A) or presence of 10 l m of 7 (B) and 8 (C). Arrows indicate

condensed and fragmented nuclei. Scale bar ¯ 50 l m.

Figure 7 DNA fragmentation of L1210 cells. The 180 bp band can

be seen on the agarose gel electrophoresis (M, marker; lane 2, 10 l m

calcium ionophore A23187; lane 3, 10 l m 7 ; lane 4, 10 l m 8) while

DNA from untreated cells remains intact (lane 1).

DNA were examined using agarose gel electrophoresis.

7- and 8-treated cells expressed the morphological char-

acteristics of apoptosis, including chromatin conden-

sation and cell shrinkage (Figures 6B and 6C) in contrast

to the untreated L1210 cells (Figure 6A). An apoptotic

DNA ladder was observed in the cells treated with

10 l m of 7 and 8 (Figure 7). We can con® rm that

compounds 7 and 8 apparently induced apoptosis using

¯ ow cytometry and morphological and DNA ladder

experiments.
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In conclusion, 7 and 8 caused the death of L1210 cells

through an apoptotic mechanism. Both the compounds

may provide valuable leading compounds for anticancer

drugs, as well as being pharmacological tools for clari-

fying the apoptotic molecular mechanism.
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