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Analysis of Chemical Constituents of Saccharides and
Triterpenoids in the Korean Native Mistletoes™

~ 1. Screening the Extractives of Korean Camellia Mistletoe
(Pseudixus japonicus) for Cytotoxicity -
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1. INTRODUCTION

The mistletoe is perenial evergreen parasitic

plant which occurs on branches and stems of
either trees or shrubs. There are some 1,300
species of mistletoe and what is called the
‘common mistletoe’ varies from country to
country(Anderson & Phillipson. 1982). The
word mistletoe is generally applied to plants
with a similar lifestyle and a certain degree of
taxonomical relationship in three families(Loran-
thaceae, Viscaceae and Ermolepidaceae)(Bec-
ker. 1986). Mistletoes are hemiparasitic. i.e.
they depend for water and mineral nutrition on
their respective host but are able to produce car-
bohydrates by photosynthesis(Beecher et al,
1989).

While a prodigious amount of papers on Euro-
pean mistletoe(Viscum album 1,.) has been pub-
lished, attracting special interest in folklore and
medicine. there hasbeen scarcity of publication
on camellia mistletoe(Pseudixus japonicus Haya-
ta){Franz. 1986).

Camellia mistletoe inhabits the subtropical
forest. ranging from Australia to China and is
parasitic on Camellia japonica var. hortensis,
Camellia sasanqua, Cinnamomum japonicum,
Ligustrum ovalifolium, Ligustrum japonicum,
Masakia japonica, Ilex integra, Ilex crenata var.
microphylla, Eurya japonica and so forth. Camel-
lia mistletoe has been called as ' Pseudicis
Herba' in the field of pharmacognosy and pre-
scribed for the treatment of paralysis and high
blood pressure in herb medicine. But there has
beenlack of scientific investigation on the phar-
macological activities of components in camellia
mistletoe(Song. 1985).

In this study. extractives of Korean camellia
mistletoe(Pseudixus japonicus Hayata) were frac-
tionated into 5 fractions and screened for cyto-
toxicity in vitro. using primary and secondary
assay systems. And the fundamental structures
of the constituents in the fraction showing the

highest cytotoxicity among 5 fractions were elu-
cidated.

2. MATERIALS & METHODS

2.1 Experimental Material

Aerial shoots of Korean camellia mistletoe
(Pseudixus japonicus Hayata) were collected
from heavily infected camellia(Camellia japoni-
ca L.) growing in the vicinity of Arboretum of
Chonnam National University. situated on
Bogil Island. Wando-gun. Chollanam-do on
Jan. 4. 1994. Both twigs and leaves were used
as vouched sample.

2.2 Tumor cell lines

To assay cytotoxic activityin vitro. 5 cell lines
were used. as follows :

P388D:(mouse T cell lymphoma. non-adher-
ent: ATCC HB 8065). MSB1(chicken T cell lym-
phoma induced by Marek' s disease virus (MDV).
non-adherent | Veterinary Research Institute.
Anyang, Korea). NIH/3T3(transformed mouse
embryo fibroblast. adherent : ATCC CRL 1658).
SNU-1thuman gastric cancer cell line. non-
adherent : Cancer Research Institute, College of
Medicine. Seoul National University. Seoul,
Korea) and SNU-C2A (hu-man colon cancer cell
line, adherent : ATCC CCL 250.1). All the cell
lines were maintained in suspension in complete
RPMI 1640 tissue culture medium{Gibco) and
cultivated in a humidified CO3(5%) incubator at
377¢C.

2.3 Preparation of mistletoe extracts

The pulverized mistletoe sample was extract-
ed with 40 ¢ of aqueous methanol(80%), 31 of
diethyl etherand 5 { of aqueousaceticacid(2%)
sequentially by continuous agitation and fil-
tered through Whatman No. 2 filter paper. The
extract with aqueous methanol was concentrat-
ed to 1! invacuo. Water insoluble precipitate
was separated from the extract by filtrationand
dissolved in 1! of methanol(fraction M). The
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diethyl ether extract was condensed to syrup.
combined with the extract solutions of aqueous
methanol and acetic acid. and left to stand for
24hr. The combined solution was concentrated
to 1.6 1 (Kjwajaetal, 1980 - 1986).

2.4 Fractionation of the extract solution

The aqueous extract solution was extracted
with 19! of petroleum ether(fraction P) and
brought to pH 9 with saturated aqueous NaHCQs.
And then the aqueous layer was extracted with
131 of chloroform(fraction C). pH was adjust-
ed to 7.5 with acetic acid and extracted repeat-
edly with 81 of ethyl acetate (fraction E).

Five solvent fractions were filtered through
Whatman No. 2 filter paper. respectively. The
filtrates were concentrated and the concentra-
tion of each solvent fraction was measured.

Fraction P was dissolved in aqueous dimethyl
sulfoxide(DMSOQ), fractions of Cand M in aque-
ous ethanol, and fractions of A and E in dis-
tilled water. respectively.

The sample for cytotoxicity assay was pre-
pared by filtration through sterilized disposable
membrane filter (0. 2um : Korea green crosscorp.)
and twofold serial dilution.

2.5 Cytotoxicity assay on tumor cell lines

P388D; was adopted as primary screening
tumor cell line to select the most efficacious
fraction among b fractions of mistletoe extrac-
tives.

MSB1. NIH/3T3. SNU-1 and SNU-C2A were
used as secondary screening tumor cell lines to
test the cytotoxic activity of the fraction select-
ed by primary screening system.

All experiments were performed in triplicate.
using 96-well micro titer plate.

The percentage of cytotoxicity on non-adher-
ent tumor cell was determined with the follow-
ing formula, by means of trypan blue exclusion
method.

o viable cells in test,
% Cytotoxicity = (1- — - )X 100
viable cells in control

Adherent cell was stained with crystal violet
and the absorbance in each well was read at
540nm with a microplate spectrometer (ELISA
reader: Titer Multiskan MCC/340).

The percentage of cytotoxicity was calculated
by the following equation(Woo. 1988).

Abs. at 540nm with sample
%100

% Cytotoxicity =(1— <
T Y Abs. at 540nm with control

2.6 Structural analysis of components in C
fraction

2.6.1 Elementary analysis

FElementary composition of fraction C. dried
up under reduced pressure was analysed by
Perkin Elmer Model 240C.

2.6.2 IR spectrum

Fraction C of mistletoe extract was evaporat-
ed to dryness and acetylated with pyridine/
acetic anhydride(1 : 1) at 40°C for 24hr. The IR
spectra of fraction C with and without acetyla-
tion were recorded by Perkin Elmer System 2000
FT-IR.

2.6.3 Color reaction with spray reagents

Fraction C was subjected to TLC(silica gel
#Fys4. Merck), developed with methanol/chlo-
roform(2:15, v/v) system and sprayed with a
variety of spray reagents. These reagents
include Dragendorff’s, Mayer’ s and Marquis’
for alkaloids and ninhydrin for amino acids
(Browning. 1967).

2.6.4 GC-MS analysis

Fraction C was analysed by gas chromatogra-
phy-mass spectrometry(GC-MS). And GC-MS
conditions were as follows: Hewlett-Packard 5980
II GC equipped with 30m + 0.25mm DB-1 capil-
lary column and Hewlett-Packard 5971 A MSD
with an ionizing energy of 70eV. Column tem-
perature was programmed from 50C to 290T.

2.6.5 BC-NMR spectrum

Fraction C was dried up under reduced pres-
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sure and dissolved in CDCj3. To investigate the
carbon structure of major components in frac-
tion C, BC-NMR spectrum was taken using FT-
NMR Bruker AMX500(125. TMHz) .

3. RESULTS & DISCUSSION

3.1 Primary cytotoxicity screening
Fivesolvent fractions of extractives. obtained
from Korean camellia mistletoe(Pseudixus ja-
ponicus Hayata) were primarily screened for
cytotoxicity against P388D); to select the frac-
tion showing the highest cytotoxicity among 5
fractions. Fraction C was selected as the most
efficacious fraction. Some of the P388D); cells
were necrotized by treating with fraction Cand
cell fragments were observed by microscopy.
Cytotoxicity was increased in proportion to the
sample concentrations, as shown in Fig. 1.

3.2 Secondary cytotoxicity screening
Comparison of the effect of fraction C on 5
celllines. P388D;. MSB1. NIH/3T3. SNU-1 and
SNU-C2A is shown in Fig. 2. Fraction C had
wide spectrum of cytotoxicity on various tumor
cell lines, but possessed specific cytotoxicity

against lymphoma cell lines. P388D; and MSBI1.

Cytotoxicity was expressed dose-dependently.
It isinteresting that in low concentration, frac-
tion C was more active on human colon cancer
cell line than on human gastric cancer cell line
but in high concentration. vice versa.

3.3 Structural analysis of componentsin frac-
tion C

3.3.1 Elementary analysis

Elementary composition of fraction CwasC:
59.74%, H : 7.82% and N : 1.37%. From the
result. it is conjectured that fraction C contains
nitrogeneous compounds.

3.3.2 IR spectrum

Hydrogen bonded OH stretching vibration
was detected around 3427cm'(Fig. 3(A)). To
discriminate amine peak from broadened hydrox-
yl peak. fraction C was acetylated with pyri-
dine and acetic anhydride. IR spectrum of
acetylated fraction C(Fig. 3(B)) showed N-H
stretching vibration around 3451cm™. Amine
group presumably belongs to secondary amine,
based on the pattern of N-H stretching vibra-
tion.
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3.2.3 Color reaction with spray reagents spray reagent did not induce color reaction with

When TLC chromatogram was sprayed with TLC chromatogram.

Dragendorff’ s, Mayer sand Marquis reagents. From the result of color reaction. it is con-
alkalnidal components visualized as red, white cluded that the nitrogeneous compounds in frac-
and brown bands respectively. But ninhydrin tion C belong to not proteineous compound but
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alkaloid.

3.3.5 GC-MS analysis

A wvariety of compounds were isolated from
fraction C by gas chromatography(Fig. 4) and
mass fragmentation pattern of each compound
was recorded by mass spectrometer.

Several methyl ester of fatty acids and
phthalides were identified by Wiley138 library
of MS spectra. These compounds includes
methyl hexadecanoate, methyl 9. 12, 15-octade-
catrienoate, methyl 8, 11-octadecadiencate, me-
thyl 15-octadecenoate, methyl octadecanoate,
dibutyl phthalate. bis(2-ethylhexyliphthalate
and butyl phthalate, ester with butylglycolate.

The unknown compounds. having odd num-
ber of molecular ion fragment, amounted to ca
78% of fraction C on the basis of integrated GC
peak areas. These major componentsin fraction
C are categorized into alkaloid in view of the
result of elementary analysis. color reaction
with spray reagents and IR spectra.

According to the mass fragmentation pattern,
they can be divided into 3 types of alkaloids and
postulated to comprise of odd number of nitro-
gen in accordance with ‘nitrogen rule . In the
MS spectra of these compounds, M+2 peak does
not aillow for the presence of sulfur, chlorone or
bromine.

Among 3 types of alkaloids. type I alkaloids
were main components of fraction Clabout 62% .
based on integrated GC peak areas). In the MS
spectrum of type 0l alkaloid. methyl fragment
cluster proves the presence of long aliphatic side
chain(Fig. 4).

3.3.6 BC-NMR spectrum

Judging from the intense peaks around
30ppm in the spectrum. the carbon skeleton of
major components in fraction C is supposed to
be made up of mainly secondary carbon. Sever-
al peaks around 60ppm may result from the
carbons bonded with amine or hydroxyl group.
Triplet around 76ppm is the peak of CDCy3 sol-
vent(Fig. b).

4. CONCLUSION

Chloroform soluble fraction. obtained from
Korean camellia mistletoe(Pseudixus japonicus
Hayata) showed the highest cytotoxicity on pri-
mary screening tumor cell line. P388D,; among
5fractions. By treatment of chloroform extract,
lymphoma cells were necrotized strongly and
the growth of transformed mouse embryo
fibroblast and human cancer cell lines were
inhibited to some extent.

Through elementary analysis, color reaction
with spray reagent and spectra of IR, GC-MS
and "C-NMR. major components of chloroform
extract were ascertained to be 3 types of alka-
loids. and a minority of methyl ester of fatty
acids and phthalides were identified.

In the sequel. it can be carefully surmised
that synergistic effect of alkaloids. methyl ester
of fatty acids and phthalides might be respon-
sible for the cytotoxicity of chloroform extract,
isolated from Korean camellia mistletoe,

It is highly recommended that purification.
cytotoxicity test and in vivo assay of indivicual
compounds in chloroformsoluble fraction should
be followed to elucidate the component showing
anticancer activity on molecular level.

REFERENCES

1. Anderson. L.A. and J.D. Phillipson. 1982,
Mistletoe - the magic herb. The Pharmaceuti-
cal J. 228 1 437~439

2. Becker. H. 1986. Botany of European mistle-
toelViscum album 1.3, Oncology 43 : 2~7

3. Beecher. C.W.W. N.R. Fransworth and C.
Gyllenhaal. 1989. Pharmacologically Active
Secondary Metabolites from Wood. In : Nat-
ural Products of Woody Plants 1. ed. J. W.
Rowe. Springer-Verlag Heidelberg @ 1069~
1061

4. Browning. B.L. 1967. \Methods of Wood
Chemistry Vol. 1. John Wiley & Sons Inc.

- 93 —



New York : 264~ 267
. Franz, H. 1986. Mistletoe lectins and their
A and B chains. Oncology 43 : 23~34
6. Kjwaja. T.A.. J.C. Varven, S. Pentecost and
H. Pande. 1980. Isolation of biologically

o

active alkaloids from Korean mistletoe Vis-

cum album, coloratum. Experientia 36 @ 599~
600
7. Kjwaja. T.A.. C.B. Dias and S. Pentecost.

9.

— 04 —

1986. Recent studies on the anticancer activ-
ities of mistletoe(Viscum album) and its alka-
loids. Oncology 43 : 42~50

. Woo. H.J., O. Shimoda. Y. Imai and T.

Osawa. 1988. Homologous human macroph-
age factor in their culture supernatants.
Microbiol. Immunol. 32(1) : 97~114

e 1985, MBe thAld, ABETAL - 194



