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Abstract

Detection of antiproliferative activity and bioactivity-guided fractionation of viscin, a lipophilic

extract from Viscum album L., led to the isolation of betulinic acid, oleanolic acid and ursolic acid

as active components. Viscin, betulinic acid, oleanolic acid and ursolic acid inhibited growth and

induced apoptotic cell death in Molt4, K562 and U937 leukaemia cells. The growth inhibitory effect

of viscin was more pronounced in Molt4 and U937 cells (IC50 (concentration that inhibited cell

proliferation by 50%): 118 –24 and 138– 24mgmL---1) than in K562 cells (IC50: 252– 37mgmL---1).

Oleanolic acid was the least effective in all cell lines (7.5–45.5% inhibition at 10mgmL---1) and ursolic

acid the most active in Molt4 and U937 cells (81.8 and 97.8% inhibition, respectively, at 5mgmL---1).

A dose-dependent loss of membrane phospholipid asymmetry associated with apoptosis was

induced in all cell lines as shown in flow cytometry by the externalization of phosphatidylserine

and morphological changes in cell size and granularity. There were differences in individual cell

lines’ response towards the apoptosis-inducing effect of viscin, betulinic acid, oleanolic acid and

ursolic acid. The triterpenoids b-amyrin, b-amyrinacetate, lupeol, lupeolacetate, b-sitosterol and

stigmasterol, and the fatty acids oleic acid, linoleic acid, palmitic acid and stearic acid were also

present in the lipophilic extract.

Introduction

Most observations of the pharmacological effects of Viscum album (mistletoe) are based
on its water-soluble components (Büssing 2000). However, ethnological investigations
report the medicinal application of a lipophilic fraction from V. album used as bird-lime
since ancient times (Tubeuf 1923). This extremely sticky mass, named viscin by Macaire
(1833), was in medical use in medieval times (Matthiolus 1586) and has been introduced
in a commercial preparation claimed to be effective for the topical treatment of eczema,
ulcers, burns and granulating wounds (Riehl 1900, Klug 1906). Pharmacological proper-
ties of mistletoe lipophilic extracts have been described in fractionation experiments
identifiing antitumoral substances of V. album. Chloroform extracts exerted moderate
inhibitory activity on tumour growth in mice but they have not been further analysed
(Selawry et al 1961).

Phytochemical studies on mistletoe lipoids revealed the presence of different triter-
penoids, among them betulinic acid (Krzaczec 1977), oleanolic acid (Bauer & Gerloff
1936; Wollenweber et al 2000) and ursolic acid (Krzaczek 1977). Preclinical studies
have indicated that the pentacyclic triterpenes betulinic acid, oleanolic acid and ursolic
acid isolated from various plants show cytotoxic and antitumour activity (Tokuda et al
1986; Fulda & Debatin 2000; Lee et al 2001; Zuco et al 2002). However, the pharma-
cological importance of these triterpenoids in mistletoe has never been evaluated.

Betulinic acid, oleanolic acid and ursolic acid are known to exert apoptosis-indu-
cing activity against different malignant cells (Assefa et al 1999; Fulda & Debatin 2000;
Kim et al 2000). Apoptosis is a process that regulates cell number or eliminates
damaged cells. It differs morphologically and biochemically from cellular necrosis
(Kerr et al 1972) and occurs in both normal and neoplastic tissues. As an active process
apoptosis is characterized by condensation of nuclear chromatin, reduction of cell
volume and internucleosomal DNA fragmentation (Arends et al 1990). An important



prediction of the relevance of apoptosis to malignancy is
that the rate of apoptosis versus mitosis should influence
the behaviour of a tumour (Arends et al 1994).

Since the composition of the lipophilic complex of
mistletoe viscin has not been analysed previously the aim
of our study was to characterize the biological activity of
viscin and to identify active substances by phytochemical
techniques, using bioactivity-oriented fractionation. We
demonstrated the antiproliferative and apoptosis-inducing
activity of viscin on lymphoblastic Molt4, erythroblastic
K562 and monoblastic U937 leukaemia cells and isolated
and identified the active components betulinic acid, olea-
nolic acid and ursolic acid. Further phytochemical char-
acterisation of viscin detected the presence of nine
triterpenoids and four fatty acids.

Materials and Methods

Reagents and extracts

Triterpene acids betulinic acid, oleanolic acid and ursolic
acid (each C30 H48O3; MW 456.70) were purchased from
ICN Biochemicals (Aurora OH) and �-amyrin and lupeol
(each C30H50O; MW 426.68) from Extrasynthèse (Geney,
France). The 3-O-acetyl-11-keto-�-boswellic acid (AKBA;
C32H48O5; MW 512.35) isolated from Boswellia serrata
was kindly provided by Dr H. Safayhi (Tübingen,
Germany).

Viscum album ssp. austriacum (Wiesb.) Vollm.
(Viscaceae) growing on Pinus sylvestris L. was collected
in November in the Alpes de Hte Provence (France).
Viscin was extracted from stems and leaves of this plant
according to an old procedure (Tubeuf 1923): plant mate-
rial (2 kg fresh) was repeatedly crushed in a mill. After
kneading the wetted plant material viscin clots were col-
lected and thoroughly washed under cold water to elim-
inate water-soluble material and fibres. This crude extract
viscin (batch no. 5, 15.4 g) was stored at �20�C before
TLC, GCMS and activity analysis.

Cell growth studies

Cytotoxicity was measured with human lymphoblastic
Molt4, erythroblastic K562 and monoblastic U937 leu-
kaemia cells from the American Type Culture Collection
(Rockville, MD) and Yoshida sarcoma cells adapted for
in-vitro cultivation in our laboratory (Urech et al 1995).
The leukaemia cells were grown in RPMI 1640 medium
(Sigma, Buchs, Switzerland) supplemented with 10%
heat-inactivated fetal calf serum (FCS), and 1% penicil-
lin–streptomycin (Sigma) in a 5% CO2–95% air fully
humidified atmosphere at 37�C. The medium for
Yoshida cell growth was RPMI 1640 with 20% FCS,
1mM pyruvate, 1�gmL�1 biotin, and 1% penicillin–strep-
tomycin. The portion of FCS was reduced to 2% in the
assay medium for all cells tested. Cells were maintained in
exponential growth and withdrawn for the tests at a con-
centration of 2–4� 105 cells/mL.

Cell proliferation was indirectly measured by use of a
colorimetric assay based on the cleavage of the tetrazolium
salt WST-1 (Roche Diagnostica, Rotkreuz, Switzerland) in
viable cells (Ishiyama et al 1996). Cells (5� 103 in 100�L)
were plated in triplicates in 96-well plates and kept for 1 h at
37�C before adding 10�L tested substances. Cells were then
incubated for 44h at 37�C, and after this time 10�L of
WST-1 reagent was added per well and allowed to react
for 4 h at 37�C. Absorbance at 450 nm and 650nm (refer-
ence) was measured against a background control in a
microtitre plate ELISA reader. Each experiment was
repeated three times. The cell growth inhibition was calcu-
lated as follows: Inhibition (%)¼ 1� (absorbance of treated/
untreated control)� 100.

The concentration of substances that inhibited cell pro-
liferation by 50% (IC50) was calculated from the dose–
response curves by regression analysis. All components
tested were solubilized in dimethyl sulfoxide (DMSO).
The final concentration of DMSO was 0.5%.

Cell death analysis

Apoptosis was assessed using three methods.
Morphological changes consistent with apoptosis were
inspected by oil-immersion light microscopy of Giemsa
stained cytospin slides (Del Vecchio et al 1991).
Quantification of apoptosis was performed by flow cyto-
metric analysis. To determine phosphatidylserine exter-
nalization by Annexin V adherence cultured cells
(2� 104mL�1, 48 h) were pelleted and suspended in bind-
ing buffer (1mL; composition in mM: 10HEPES pH 7.4,
150NaCl, 5KCl, 1MgCl2, 1.8CaCl2) containing Annexin
V as described previously (Vermes et al 1995; Hostanska
et al 2003). Plasma membrane permeability was estimated
by propidium iodide (PI; 1�gmL�1) uptake. The percent-
ages of undamaged cells (not binding Annexin V and
excluding PI) and of apoptotic cells (binding Annexin V;
early apoptotic cells: PI-negative; late apoptotic cells: PI-
positive) were quantified. Simultaneously, cell morphol-
ogy based on light-scattering characteristics, cell size
according to forward (FSC) and granularity to side scatter
(SSC), was investigated. The measurements were per-
formed on 104 cells analysed by use of a FACScalibur
cytofluorometer (B-D, Basel, Switzerland) equipped with
the CellQuest program. Vehicle-treated cells (0.5%
DMSO) were always included and were not found to be
affected in cell growth and apoptosis.

Phytochemical techniques

All solvents were distilled before use and removed from
the extracts by rotary evaporation under reduced pressure
at temperatures up to 40�C. Silica gel (LiChroprep 40–
63�m and LiChroprep 15�m; Merck, Darmstadt,
Germany) was used for vacuum liquid chromatography
(VLC). Thin-layer chromatography (TLC) was performed
on silica gel (Kieselgel 60 F254; Merck), reversed-phase
C18 (HPTLC-plates RP18, F254; Merck). HPLC was
performed on a diol modified silica gel column (Merck
LiChrospher 100, diol, 250� 4mm2, 5�m, mobile phase
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1.4mLmin�1, RI-detection) and a reversed-phase RP18
column (Luna C18, 5�m 250� 4mm2, mobile phase
1.0mLmin�1, RI-detection). CI-MS, DCI-MS data were
recorded on a Finnigan MAT 90 spectrometer. 1H and
13CNMR spectra were performed at 500MHz (1HNMR)
or 125MHz (13CNMR) on a Bruker DRX 500 (in CDCl3
and C5D5N at 25�C).

Viscin was silylated by the method of Sweely et al
(1963): viscin (0.5 g) was dissolved in chloroform (20mL)
and filtered. The solvent was evaporated in-vacuo and the
residue dissolved in 4mL pyridine. One millilitre of this
solution was treated with pyridine–hexamethyldisilazane–
trimethylchlorsilane (1:2:1) in a 5-mL graduated flask.
The mixture was shaken vigorously for 30 s and then
allowed to stand at least for 15min at room temperature
before chromatography. Gas chromatography–mass spec-
trometry (GCMS) was performed with a Hewlett Packard
G1800A GCD system fitted with a split injection and a
flame ionization detector. Separation was achieved using
a HP-5 fused silica column (15m� 0.25mm) using He as
carrier gas (1mLmin�1; oven temperature 180�C for
2min and then increased at 2�Cmin�1 up to 270�C; injec-
tor and detector temperatures: 300�C). In the chromato-
gram of the viscin (batch no. 5) the following peaks could
be assigned: linoleic acid 11 (Rt 4.82min), stearic acid
9 (Rt 5.37min), lupeol 4 (32.66min), �-amyrinacetate
2 (Rt 35.60min), lupeolacetate 5 (Rt 37.11min), oleanolic
acid 3 (Rt 39.06min) and betulinic acid 6 (Rt 39.67min);
numbers in bold types correspond to the chemical struc-
tures given in Figure 1. Peaks at Rt 4.10, 11.20, 11.69,
22.90, 33.18, 34.13min could not be identified.

Statistical analysis

Student’s two-tailed test was employed to assess the sta-
tistical significance of differences between the untreated
controls and viscin-treated samples (Sachs 1992).
Experiments performed in triplicate were repeated three
times. IC50 values were obtained by regression analysis of
data using the Microsoft Excel software. The exerted
growth-inhibitory effect of the lipoid extract viscin and
fractions on three leukaemia cells was analysed statisti-
cally with the Statistica/Mac software (Statsoft, USA).
Mean differences were evaluated by running a one-way
analysis of variance test (Sachs 1992). Post-hoc comparisons
were performed with Newman–Keuls test (Horn & Vollandt
1995). P� 0.05 was considered to be statistically significant.
The comparison of histograms was evaluated statistically
using the Kolmogorov–Smirnov (K-S) two-samples test for
overlaid histograms (Young 1977).

Results and Discussion

Cell-growth-inhibitory and -death-inducing

activity of viscin

The effect of viscin on cell growth was measured in three
haematological cell lines (Molt4, K562, U937). Cell
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Figure 1 Structures of the pentacyclic triterpenes �-amyrin (1),

�-amyrinacetate (2), oleanolic acid (3), lupeol (4), lupeolacetate (5),

betulinic acid (6) and ursolic acid (7) and of the fatty acids palmitic

acid (8), stearic acid (9), oleic acid (10) and linoleic acid (11) identified

in viscin from Viscum album.
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growth was assessed indirectly by measuring the cleavage
of tetrazolium salt WST-1 to formazan. This assay gives
an indication of undisturbed mitochondrial, and also
extramitochondrial, NADH- and NADPH-dependent
redox enzyme systems. The effect of viscin was studied
as a dose–response experiment after 48 h at concentra-
tions of 25–500�gmL�1. All three cell lines exhibited
significant viscin-induced suppression of growth above
a concentration of 100�gmL�1 (Figure 2). There were
differences between leukaemia cell lines in susceptibility
towards growth inhibition by viscin (Figure 2). The IC50
of viscin in K562 cells was about two-fold higher and
differed significantly in comparison with Molt4
(P<0.05) and U937 (P<0.05) cells. No significant differ-
ence in sensitivity towards viscin could be detected
between Molt4 and U937 cells. Viscin at a concentration
of 250�gmL�1 almost completely abrogated the meta-
bolic activity of these two cell lines. As positive control
the pentacyclic triterpene AKBA from the gum resin of
Boswellia serrata was chosen, for which antiproliferative

and apoptosis-inducing action in leukaemia cells has been
reported (Shao et al 1998; Hostanska et al 2002). AKBA
(10�gmL�1) caused 68.4%, 75.7% and 59.3% down
regulation of Molt4, K562 and U937 cells growth,
respectively.

A first approach to the mode of cell death by viscin was
conducted by light microscopic analysis of Giemsa stained
slides. Comparison with untreated controls showed that
after 48 h treatment of Molt4, U937 and K562 cells with
200�gmL�1, the number of cells decreased significantly
and the remaining cells reduced in size with chromatin
clumping (Figure 2). These microscopic observations of
morphological changes typical for apoptosis corres-
ponded to flow cytometric cell-scatter characteristics
FSC (cell size) and SSC (cell granularity) (data not
shown).

To further substantiate the cell-growth-inhibitory
effect of viscin, the cells were stained by Annexin V and
plasma membrane permeability was estimated with PI.
Annexin V is a Ca2þ-dependent phospholipid-binding
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Figure 2 Antiproliferative activity of viscin in Molt4,U937 and K562 leukaemia cells. Cell growth inhibition was monitored by microscopic

analysis of Giemsa-stained slides of the cultured cells (A, control cells 48 h incubated without viscin; B, cells 48 h exposed to 200�gmL�1

viscin) and by measuring dose dependency of cell viability by WST-1 assay after 48 h viscin treatment (C, % inhibition of cell growth and IC50

calculated from viability data). Values are mean� s.d. *P<0.05, compared with untreated control.
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protein with high affinity for phosphatidylserine. In viable
cells, phosphatidylserine is located on the cytoplasmic
surface of the cell membrane; in apoptotic cells, it is
translocated from the inner to the outer leaflet of the
plasma membrane, thus exposing phosphatidylserine
(Vermes et al 1995). By these staining techniques the por-
tions of intact, apoptotic and necrotic cells after 48 h
incubation with viscin were quantitatively analysed.
Viscin induced apoptosis in all three cell lines in a dose-
dependent manner (Figure 3). K562 appeared to be less
sensitive than Molt4 or U937. Only about 30% of K562
cells exposed phosphatidylserine at the highest concentra-
tion (500�gmL�1) of viscin compared with about 50% of
apoptotic cells for Molt4 and U937 after 250�gmL�1

viscin treatment (Figure 3). This difference in sensitivity
corresponded to the difference in reactivity towards the
antiproliferative action of viscin. However, sensitivity of
all three cell lines was much higher for the growth-inhibi-
tory effect. Reduction of cell growth can reflect either a
decreased proliferation rate or an enhanced cell death by
either necrosis or apoptosis or a combination of these
mechanisms. Apoptotic cell death is most likely not the
only mechanism involved in down regulation of cell
growth by viscin. Necrosis remained at a low level
(<10%) over the whole dose range (Figure 3). Only
U937 cells showed a considerable portion of necrotic
cells at the highest dose of 500�gmL�1. Therefore
the cells were possibly arrested in their cell division
cycles. The active components of viscin, betulinic acid,
oleanolic acid and ursolic acid, described below, are
known to arrest the growth of various malignant cells
predominantly in the G1 phase (Es-Saady et al 1996; Li
et al 2002).

Previous reports demonstrated that mistletoe lectin
induces apoptosis in various tumour cells (Janssen
et al 1993; Hostanska et al 1996; Büssing & Schietzel
1999). Experiments with heat-treated viscin were con-
ducted to exclude the presence of active lectin in viscin.
Heating viscin solubilised in 100% DMSO at 80�C for
30min did not reduce its cytotoxic activity on Molt4
cells. Therefore heat-sensitive and apoptosis-inducing

mistletoe lectin did not contribute to the inhibitory effect
of viscin. The viscotoxin-sensitive Yoshida sarcoma
cell line was resistant to the cytotoxic activity of viscin
at a concentration of 100�gmL�1, which inhibited
Molt4 cells about 40%. As Yoshida sarcoma cells are
about 22 times more sensitive towards viscotoxins than
Molt4 cells (Urech et al 1995), interfering amounts of
contaminating viscotoxins in viscin could also be
excluded.

Fractionation and phytochemical analysis

of viscin

The green gum viscin (5.0 g) was subjected to normal-
phase VLC (5.0 g precoated on 20 g silica gel), fractio-
nated in 250-mL steps from 100% hexane through
EtOAc to methanol. The fractions were combined accord-
ing to the accompanying TLC into 7 fractions (1–7) and
tested for inhibition of proliferation of Molt4 cells.
Fraction 5 showed the highest specific activity
(IC50¼ 25�gmL�1), followed by fraction 4 (IC50¼
72�gmL�1). The other fractions were much less active
or inactive (IC50>500�gmL�1). Only fractions 2, 4 and
5 were further analysed.

Fraction 5 showed, on TLC, a non-UV-active pink
spot when sprayed with anisaldehyde–H2SO4 (hexane–
EtOAc, 7:3; Rf 0.2). Fractionation of fraction 5 was
performed by diol HPLC (hexane–EtOAc–HCOOH,
89:10:1). Compound 3 (Figure 1) eluted with tR 7min
(fraction 5.2) and a mixture of compound 6 and 7 eluted
with tR 6min (fraction 5.3). This mixture was separated
into fraction 5.3.1 (compound 7) and fraction 5.3.2 (com-
pound 6) by RP18-HPLC (MeOH–H2O–HCOOH,
89:10:1). High specific antiproliferative activity was
found for the three fractions: 5.2 (oleanolic acid 3), 5.3.1
(ursolic acid 7) and 5.3.2 (betulinic acid 6) (Figure 4).
Their purity was determined by NMR and GCMS after
silylation.

�-Amyrinacetate 2 and lupeolacetate 5 were isolated
from fraction 2 by diol HPLC (hexane–EtOAc, 99.5:0.5).
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Compound 2 eluted with tR 11min and compound 5 with
tR 10min.

Fraction 4 was subjected to VLC on silica gel, devel-
oped in steps from hexane to hexane–EtOAc (80:20) to
yield three fractions (fractions 4.1–4.3). The two triter-
penes �-amyrin 1 and lupeol 4 and the two fatty acids
oleic acid 10 and stearic acid 9 were detected by GCMS in
fraction 4.1. Furthermore, palmitic acid 8 was detected in
fraction 4.2. The main components of fraction 4.3 were
purified by diol HPLC (hexane–EtOAc, 95:5). �-Sitosterol
eluted with tR 10.5min and linoleic acid 11 with tR 13min.
Furthermore, stigmasterol was detected in fraction 4.3 by
GCMS.

The isolated compounds were identified by
comparison of their 1H, 13C and mass spectra with pub-
lished data: �-amyrinacetate 2 (Bhattacharyya &
Barros 1986), betulinic acid 6 (Idrayanto et al 1983),
linoleic acid 11 (Zimmer 1997), lupeolacetate 5

(Wenkert et al 1978), oleanolic acid 3 (Zhang et al 1999),
�-sitosterol and stigmasterol (De-Eknamku & Potduang
2003) and ursolic acid 7 (Lin et al 1987). The volatile
compounds �-amyrin and lupeol were identified by GC
comparison with the authentic compounds. Oleic acid 10,
linoleic acid 11, palmitic acid 8 and stearic acid 9 were
identified by comparison of their mass spectra (GCMS)
with literature and the Wiley database. The chemical
structures of the identified compounds are given in
Figure 1.

Response of leukaemia cells towards the

triterpenoidal fractions

The inhibitory activity in the Molt4 proliferation assay
of compounds 3 (oleanolic acid), 6 (betulinic acid) and
7 (ursolic acid) isolated from mistletoe showed good
agreement with corresponding commercial compounds
isolated from other sources (data not shown). A
comparative study showed characteristic differences
between the patterns of the antiproliferative responses
of the three cell lines towards the three triterpene acids
(Figure 4). Fraction 5.2 (oleanolic acid) was the least
active in all three cell lines and fraction 5.3.2 (ursolic
acid) the most active in Molt4 and U937. Fraction 5.3.1
(betulinic acid) showed intermediate activity in Molt4
and U937 cells. In K562 cells fraction 5.3.1 (betulinic
acid) and fraction 5.3.2 (ursolic acid) exerted identical
activity. Reactivity depended on the structure of the
triterpenes used and was individually modulated in a
cell-line-specific manner. Our findings on oleanolic acid
and ursolic acid are in accordance with published data on
their effect on colon carcinoma HCT15 cells and leukae-
mia K562 and U937 (Li et al 2002; Chiang et al 2003).
Both compounds share many common pharmacological
properties (Liu 1995). The antiproliferative activity of
betulinic acid in this study corresponds well with its
activity on a panel of neoplastic cell lines reported by
Zuco et al (2002).

The three structural isomeric (C30H48O3) pentacyclic
triterpenes, betulinic acid (3�-hydroxy-lup-20(29)-en-28-
oic acid), oleanolic acid (3�-hydroxy-olea-12-en-28-oic
acid) and ursolic acid (3�-hydroxy-urs-12-en-28-oic
acid), have been well characterized for their apoptosis-
inducing potency (Assefa et al 1999; Choi et al 2000;
Fulda & Debatin 2000; Lauthier et al 2000; Zuco et al
2002). In this study the fractions 5.2 (oleanolic acid),
5.3.2 (ursolic acid) and 5.3.1 (betulinic acid) have been
tested for their apoptotic effect by measuring the cell
parameters size and granularity and by double staining
of the cells with Annexin V-FITC and PI after 48 h incu-
bation. Representative results on Molt4 cells are given in
Figure 5. All three compounds showed apoptosis-inducing
activity. Thus, at least part of the apoptotic potential of
viscin has to be attributed to betulinic acid, oleanolic acid
and ursolic acid.

Conclusion

Our study of the antiproliferative and apoptosis-inducing
activity of viscin gives a first experimental basis for phar-
macological evaluations of lipophilic extracts from
V. album. Triterpene acids proved to be active constituents
of viscin with antileukaemic activity in cell culture. The
relevance of these mistletoe components for possible
pharmacological applications can only be estimated after
evaluation of the quantitative proportions in V. album and
its extracts. Development of reliable methods for quantify-
ing triterpenes in V. album is the subject of our current
investigation.
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