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The cytotoxic activity of methanol extracts of 25 leguminous seeds in vitro was evaluated by sul-
forhodamine B assay, using the five human solid A549 lung, SK-OV-2 ovarian, SK-MEL-2
melanoma, XF-498 CNS and HCT-15 colon tumor cell lines. The responses varied with both cell
line and leguminous seed used. Extracts of Canavalia lineata and Glycine soja revealed potent cy-
totoxic activity against A549 and SK-MEL-2 cell lines. Moderate activity was observed in the ex-
tracts of Cassia obtusifolia and Glycine max var. chungtae, and C. lineata and Vigna angulasis
against SK-MEL-2 and HCT-15 cell lines, respectively. The other seed extracts were ineffective
against model tumor cell lines. Because of their potent cytotoxic activities, the activity of each
solvent fraction from C. lineata and G. sgja was determined and the potent activity was pro-
duced from their chloroform fractions. As a naturally occurring therapeutic agent, leguminous
seeds described could be useful for developing new types of anti-tumor agents.
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Carcinogenes are divided into three types; physical
agent, chemical carcinogen and infectious agent such as
bacteria or virus. Chemical carcinogenesis can be divided
into two-defined stages, carcinogenic initiation and cancer
promotion. Both initiators and promoters of carcinogenesis
are both found in human environments.” Recent investi-
gations on enviromental carcinogenesis have indicated
that naturally occurring tumor promoters play a great role
on the development of human cancer than initiators.>”
Therefore, tumor-promoting inhibitors in the two-stage car-
cinogenesis may be highly effective on cancer control.
Since the establishment of the short-term in vitro color-
imetric assay with reproducible results by National Canc-
er Institute, this assay has been used to detect tumor pro-
moters in the environment.>”

Current cancer chemotherapy is primarily dependent
upon repeated administrations of synthetic anti-cancer
agents. Their continued or repeated use has led to the de-
velopment of resistance to the agents in the tumor cell
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Abbreviation: SRB, sulforhodamine B.

lines*'® and adverse effects on human health such as alo-

pecia, leucopenia, sterility and secondary malignancies in
clinical trials."’ Decreasing efficacy and increasing con-
cern over possible adverse effects of chemotherapeutic
agents have brought about the need for the development
of new types of selective alternatives with lower toxic
and more inhibitory effects.

Plants constitute a rich source of bioactive chemicals.
Since many of them are largely free from adverse effects
and have excellent pharmacological actions, they could
lead to the development of new classes of possibly safer
anti-cancer agents. Additionally, some of plant-derived
materials are found to be effective against cancer. cells
resistant to current chemotherapeutic agents.” Therefore,
much efforts have been focused on the plants for po-
tentially useful products as commercial anti-cancer agents
or as lead compounds. However, relatively little work has
been done on the anti-tumor activities of leguminous seed
extracts compared to food"*' and plant origins'*"” i

12,13)

in spite
of their excellent nutritional, pharmacological and industrial
significances.'®*"

In this study, we assessed the in vifro cytotoxic activity
of 25 leguminous seeds to develop potentially new safer
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types of anti-tumor agents.

Materials and Methods

Plant materials and sample preparation. The legumi-
nous seeds were rapdomly and anecdotally collected
(Table 1). They Wer+ dried in an oven at 60°C for 3
days and finely powdered using a blender. Each sample
(50 g) was extracted two times with 500 ml methanol at
room temperature anql filtered (Toyo filter paper No. 2,
Toyo Roshi, Japan). The combined filtrate was concentrat-
ed in vacuo at 35°C ué;ing a rotary vacuum evaporator.

Chemicals. SRB, benzylpenicillin potassium, and strep-
tomycin sulfate were‘ purchased from Sigma (St. Louis,
USA) Chemical. Fetal bovine serum and RPMI 1640
were supplied by Gil‘Bco (Gaithersburg, USA). All other
chemicals were of reagent grade.

Tumor cell lines and culture conditions. Five human
tumor cell lines used{ in this study were SK-MEL-2 hu-
man melanoma, A54? lung, SK-OV-3 ovarian, HCT-15
colon and XF-498 central nerve system (CNS) tumor cell
lines. They have beq‘n maintained in the laboratory as
stocks in RPMI 164Q supplemented with 10% fetal bo-
vine serum. Cell cultures were passaged once or twice
weekly using trypsin-EDTA to detach the cells from their
culture flasks. |

Bioassy for cytoto‘yxicity. SRB assay was applied for
the measurement of the cytotoxicity of the test materials

Table 1. List of legumi}mus plants tested.

against model tumor cell lines.”” The rapidly growing
cells were harvested, counted, and inoculated at the ap-
propriate concentrations (1-2x 10* cells/well) into 96 well
microtiter plates. After incubation for 24 hr, the materials
dissolved in culture medium were applied to the culture
wells in triplicate followed by incubating for 48 hr at
37°C under 5% CO, atmosphere. The cultures fixed with
cold TCA were stained by 0.4% SRB dissolved in 1%
acetic acid. After solubilizing the bound dye with 10 mM
unbuffered Tris base by gyratory shaker, the absorbance at
520 nm was measured with a microplate reader (Dynatech
Model MR 700). All tests were replicated three times.
Fifty percent inhibitory dosage (EDsy) was defined as the
dosage which reduced absorbance by 50% of untreated
wells as of the control in the SRB assay.

It has been generally acknowledged that plant extracts
having cytotoxic effect at <40 pg/ml may be useful for
developing anti-tumor agents. Therefore, cytotoxic activity
was classified as follows: very strong activity ++++, <EDs
10 pg/ml; strong +++, EDso 11~40 pg/ml; moderate ++,
EDs 40~100 pg/ml; weak +, EDsy 100~200 ug/ml; and
little or no activity -, >EDsp 200 pg/ml.

Results and Discussion
The in vitro cytotoxic activity of methanol extracts of

25 leguminous seeds was determined by sulforhodamine B
assay, using the five human solid tumor cell lines (Table

Chracteristics
Scientific name
Seed colour Flower colour Size (cm) Shape Yield® (%)

Amphicarpaea edgeworthi Purple Light-purple 0.5 Ellipse 10.7
Arachis hypogaea Dark-brown Yellow 13 Ellipse 53
Canavalia lineata Brown Purple 0.9 Rod 12.0
Cassia obtusifolia Dark-brown Yellow 04 Rod 133
Dunbaria villosa Light-brown Yellow 0.9 Ellipse 5.6
Glycine max var. solitae Black White 1.1 Ellipse 10.0
Glycine max var. yagkong Black White 0.5 Spherical 5.5
Glycine max var. hooktae Black Purple 0.8 Spherical 6.6
Glycine max var. bangkong Dark-brown Purple 1.1 Ellipse 5.4
Glycine max var. geumdu Dark-purple Purple 0.6 Spherical 4.8
Glycine max var. chungtae Light-green White 0.8 Spherical 111
Glycine max var. wooltalikong Purple Purple 1.1 Ellipse 1.9
Glycine max var. mejukong Yellow White 0.8 Spherical 71
Glycine soja Brown Light-purple 2.0 Rod 10.7
Lathyrus japonica Black Red 1.5 Ellipse 12.0
Phaseolus multiflorus Dark-purple Red 1.2 Rod 53
Phaseolus nipponensis Dark-green Yellow 2.1 Ellipse 57
Phaseolus radiatus var. geodu Black White 0.5 Spherical 78
Phaseolus radiatus var. ayrea Green Yellow 0.5 Rod 52
Pisum sativum Light-green ‘White-blue 0.7 Spherical 3.6
Rhynchosia volubilis Brown Yellow 11 Ellipse 53
Vicia hirsuta Black Light-purple 1.2 Ellipse 11.8
Vicia tetrasperma Light-purple Light-purple 11 Ellipse 12.3
Vigna angulasis Red Yellow 0.6 Spherical 4.8
Vigna sinensis Light-yellow Yellow 0.7 Ellipse 6.2
*(Dried weight of methanol extract/dried weight of sample) x 100.
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Table 2. In vitro cytotoxic activity of leguminous seed extracts against the five human tumor cell lines.

Cytotoxic Activity,” EDs (jg/ml)

Legume
& A549 SK-OV-3

SK-MEL-2

edgeworthii - -
hypogaea - -
lineata
obtusifolia - . -
villosa - -
max vat. seolitae - -
max var. yagkong - -
max var. hooktae - -
max var. bangkong - -
max var. geumdu - -
max var. chungtae - -
max var. wooltalikong - -
max vat. mejukong - -
soja +H+ -
japonica - -
multiflorus - -
nipponensis - -
radiatus var. geodu - -
radiatus var. aurea + -
sativum - -
volubilis - -
V. hirsuta - -
V. tetrasperma - -
V. angulasis
V. sinensis - -

P IIIFQOQAQAQAQQOQQADOAA> >

+++ - ++

*++++, <EDs, 10 pg/ml; +++, EDsy 11~40 pg/ml; ++, EDs, 40~100 pg/ml; +, EDs, 100~200 pg/ml; -, >EDso 200 pg/ml.

2). The responses varied with both leguminous see and
cell line used. In tests with A549 lung tumor cell line, the
strong cytotoxicity was produced by extracts of Canavalia
lineata (EDso, 39 pg/ml) and Glycine soja (EDs, 31 ug/
ml). However, the other leguminous seeds exhibited little
or no cytotoxic activity against the cell line (EDso, >300
pg/ml).

For tests with SK-MEL-2 melanoma tumor cell line,
extracts from G. soja and C. lineata revealed highly effec-
tive (EDs, 9 pg/ml) and strong (EDss, 37 pg/ml) cyto-
toxic activity, respectively, whereas moderate activity (ED
s0, 40~100 pg/ml) was obtained in extracts from Glycine
max var. chungtae and Cassia obtusifolia (Table 2).

In tests with HCT-15 colon tumor cell line, extracts
from C. lineata and Vigna angulasis exhibited moderate
cytotoxicity, whereas the other test leguminous seeds ex-
hibited very weak or no cytotoxic activity (Table 2).

The results from SK-OV-3 ovarian and XF-498 CNS
tumor cell lines showed that extracts from all the legumi-
nous seeds used exhibited little or no cytotoxic activity
(Table 2).

Because of their potent cytotoxic activity against A549
and SK-MEL-2 cell lines, the activity of each solvent
fraction from the extracts of C. lineata and G. soja was
evaluated (Table 3). Chloroform fraction from the extract
of C. lineata showed potent cytotoxic activity. In the

fractionation of the methanol extract from G. soja, strong
cytotoxic activity was not observed in any . fraction,
whereas potent cytotoxic activity was detected by appli-
cation of chloroform+ethyl acetate fractions (1:1, v/v).
These results suggest that various compounds including
alkaloids, phenolics and terpenoids exist in leguminous
seeds and jointly contribute to anti-tumor activities.

In our study, significant differences between cytotoxic
activities of the test materials were observed. Cytotoxic
activity of extracts from C. lineata, C. obtusifolia, G. max
var. chungtae and V. angulasis which have the determi-
nate nodule with ureide-exporting structure™ indicated that
the ureide-exporting plants might posses higher cytotoxic
activity against human tumor cell lines than amide-export-
ing plants such as Pisum sativum, Rhynchosia volubilis
and Vicia tetrasperma. Furthermore, although the cytotoxic
activity was observed in four ureide-exporting plants test-
ed in this study, these results suggest that certain metab-
olites and enzymes induced by ureide-exporting metab-
olism might be considered for cytotoxic activity.

It has been well acknowledged that plant-derived ex-
tracts and phytochemicals are potential alternatives to syn-
thetic anti-cancer agents.”>'® Barclay and Perdue' suggest-
ed that the most promising botanicals as sources of nov-
el plant-based anti-tumor agents to use at present (1976)
and in the future are species of the families Cephalo-
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Table 3. Cytotoxic activity of solvent fractions of methanol extracts from Canavalia lineata and Glycine soja.
Legume Cytotoxic Activity, EDs, (Hg/ml)
Fraction A549 SK-OV-3 SK-MEL-2 XF498 HCT15
C. lineata
Hexane - - - - +
Chloroform +4+ - + - R
Ethyl acetate (EtOAc) - - - - -
Butanol ' - - - . .
Water - - - - -
G. soja
Hexane - - - -
Chloroform + - ++ - +
Ethyl acetate - - - + -
Butanol - - - - -
Water - - - - -
Chloroform+EtOAc (1:1) ++ - +++ - -

taxaceae, Podocarpacejhe, Taxaceae, Aunonaceae, Menisper-
maceae, Thymelacaceae, Celestraceae, Celestraceae, Euph-
orbiaceae, Rutaceae,i Simanubaceae, Apocynaceae, and
Liliaece. In our studty, C. lineata and G. soja (Family
Apiaceae) seeds sho ved potent cytotoxic activity against
A549 and SK-MEL-‘;' cell lines, suggesting an indication
of at least one of their pharmacological actions. Al-
though the active principles of these seeds remain un-
known at present, soy‘;&bean seed-derived isoflavone B-gly-
coside conjugates and‘ aglucones inhibit mammary tumor-
igenesis in animal models.”

In conclusion, the istrong cytotoxic activity of legumi-
nous seeds described; confirms their superiority and use-
fulness on an anti-tumor agent. Additionally, natural pro-
duct-derived materials are found to be effective against
cancer cells resistant o current chemotherapeutic agents.”
The isolation and characterization of their antitumori-
genic components are| in progress.
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