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A cell growth inhibitory effect of drupanin and baccharin, in-
gredients of propolis, was found in human cancer cell lines.
These compounds induced apoptosis in the cells characterized
by morphological and nucleosomal DNA fragmentation analy-
sis. Their effects were less potent compared with that of
artepillin C, which is a known anticancer compound from
propolis. Importantly, HL60 cells were more sensitive to dru-
panin than were Con A-stimulated peripheral blood lympho-
cytes, whereas the potency of artepillin C was the opposite of
that of drupanin.
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Propolis is a sticky mixed substance that is collected from
plant materials by honeybees."” It has been considered that
propolis is a protective wall against the enemies of bees.
Propolis has been uesd as a folk medicine in Europe and
Japan, and it is believed that propolis exerts a therapeutic or
preventive effect in inflammation, heart disease, and even di-
abetes mellitus and cancer. Chemical analysis using GC-
mass spectrometry demonstrated that approximately 150
polyphenolic compounds including flavonoids and cinnamic
acid derivatives are present in propolis.” There have been
several reports indicating various biological activities of
propolis and its constituents, such as anticancer,™ antioxi-
dant,” antiinflammatory® and antibiotic” activities.

Evaluation of the biological activities of ingredients in
propolis and elucidation of the mechanisms of their functions
provide substantial clues for the development of new drug
candidates. In the course of phytochemical studies on biolog-
ically active compounds from propolis, we examined the an-
ticancer activity of the ethanol extract fraction from propolis
and found that two cinnamic acid derivatives showed growth
inhibitory activity against human tumor cell lines. It has been
reported that artepillin C (3,5-diprenyl-4-hydroxycinnamic
acid) from propolis exhibits antitumor activity by induction
of apoptosis in human tumor cell lines in vitro.*® In the pre-
sent study, we demonstrated cell growth inhibition by dru-
panin and (F)-3-prenyl-4-(2,3-dihydrocinnamoyloxy) cin-
namic acid, named baccharin by us, in human tumor cell
lines and compared them with artepillin C.

Brazilian propolis was extracted with 90% ethanol (EtOH)
at room temperature to yield the extract. The EtOH extract
was chromatographed over silica gel and the column (70 mm
1.d.X330mm) was eluted stepwise with 2—70% CHCl;—
methanol (MeOH). The 11 CHCl,—-MeOH-eluted fractions
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were evaporated and then solubilized with 100% EtOH. The
fractions were examined for cell growth inhibition and the
fractions showing growth inhibitory effect against human
tumor cell lines were further analyzed with HPLC (col-
umn: Shiseido AG120; gradient system-A solvent: 20%
CH,CN/2% AcOH and B solvent: 100% CH,CN/2% AcOH;
20—100%; 0—60 min; flow rate: 1 ml/min; detection: UV
280nm). After purification of the active compounds, their
structures were determined by nuclear magnetic resonance
('H-NMR) analysis. The human leukemia and cancer cell
lines were grown in RPMI-1640 medium supplemented with
10% (v/v) fetal bovine serum under an atmosphere of 95%
air and 5% CO, at 37°C. Cell viability following the treat-
ment with the compounds was determined using the trypan
blue dye-exclusion test. The cells were seeded at a concentra-
tion of 2X10°/ml. For examination of apoptosis induced by
baccharin and drupanin, Hoechst 33342 nuclear staining
(5 pg/ml) at 37 °C for 30 min and DNA fragmentation analy-
sis by agarose gel electrophoresis were performed. Differ-
ences were statistically evaluated by analysis of variance fol-
lowed by Sheffe’s F-test. A p value of less than 0.05 was con-
sidered to be statistically significant.

We found that the fractions 5 and 7 of ethanol extract ex-
hibited a cell growth inhibitory effect against colon cancer
cell line SW480 for 72h at a dose of 50 ug/ml. The active
compounds were identified to be artepillin C and baccharin
in fraction 5, and drupanin in fraction 7 by HPLC (Fig. 1),
and NMR analysis which showed the spectra consistent with
those previously reported.'®'" The structures of these three
compounds are shown in Fig. 2. Artepillin C, baccharin, and
drupanin were found to be contained in propolis in propor-
tions of approximately 10, 4, and 3%, respectively.

When cells were exposed to these compounds at concen-
trations between 30 and 200 um, the growth of all cell lines
including human gastric and colon cancer cell lines and
leukemia cell lines was markedly inhibited at 150 um (Table
1). Figure 3 shows the growth curves of SW480 and HL60
cells treated with the compounds at 150 pum, which were rela-
tively sensitive to the compounds. The order of growth in-
hibitory activity was artepillin C>baccharin>drupanin. The
IC,, of artepillin C, baccharin, and drupanin in HL60 cells
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Fig. 1. HPLC Profile of the Ethanol Elute after Extraction of the Compo-
nents from Propolis and Chromatographic Separation
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(starting cell number; 2X10°/ml) was 51.1, 78.8, and 85.6
1M, respectively (Table 2). We then examined whether the
growth inhibitory activity is due to apoptosis and observed
the typical morphologic characteristics of apoptosis, such as
nuclear condensation and fragmentation with Hoechst 33342
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Fig. 2. Chemical Structure of Artepillin C, Baccharin, and Drupanin
Table 1. Comparison of Cell Growth Suppression by Artepillin C, Bac-

charin, and Drupanin

Artepillin C (um) Baccharin (um)  Drupanin (um)
Cell line
30 150 30 150 30 150
Colon cancer ~ SW480 + +++ + +4++ + ++
DLD-1 - 4+ - + - +
COLO201 + ++ - + - +
Gastric cancer MKN1 - +++ - ++ - ++
MKN28 - 4+t - + - +
MUGC4 - +++ - + - +
Leukemia HL60 + +++ + ++ + ++
NB4 + o+t - ++ + ++
K562 - + - + - -
U937 - + - + - +
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staining in SW480 and HL60 cells treated with baccharin or
drupanin 150 um for 48 h (Fig. 4A). In the same samples, nu-
cleosomal DNA ladder formation was also observed during
the 24 h following treatment (Fig. 4B). The period of appear-
ance and the intensity of DNA ladders which reflect apopto-
sis-inducing activity, were virtually corrected with the order
of potency of cytotoxicity: artepillin C>baccharin>dru-
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Fig. 3. Effects of Artepillin C (O), Baccharin (@), and Drupanin (A) on
Cell Growth of the Human Leukemia Cell Line HL60, Colon Cancer Cell
Line SW480, and Mitogen-Stimulated Human Blood Lymphocytes at the
Concentration of 150 um

Human peripheral blood lymphocytes (PBLs) from healthy donors were stimulated
with concanavalin A (75 pug/ml) for 48 h and used for control and growth suppression
of the compounds. Viable cell numbers of the cells after treatment with artepillin C,
baccharin, and drupanin were evaluated by the trypan blue dye-exclusion test and ex-
pressed as a percentage of the number in untreated cultures (control). The values repre-
sent the mean=*S.D. of three independent experiments, each carried out in duplicate.
Differences of ones from another are statistically significant at p<<0.01.

Table 2. ICy, Values of Artepillin C, Baccharin, and Drupanin against
HL60 and Con-A-Stimulated PBLs

Cell Artepillin C Baccharin Drupanin
HL60 51.1%6.2 78.8+7.2 85.6x7.8
PBLs 19.2%2.1 70.3£6.8 164.810.1

The cells were cultured for 72h and cytotoxicity evaluated. +, 0—50%; ++, 50—
75%; +++, 75—100%; —, no effect.

(A) Control Baccharin

PBLs, Con-A-stimulated peripheral blood lymphocytes. The starting number of cells
was 2X 10°/ml. The values represent the mean+S.D. of three independent experiments.

Drupanin

(B) M1 234567

Fig. 4. Apoptosis Induced by Baccharin and Drupanin in SW480 and HL60 Cells

(A) Morphological aspects of the cells. The cells were stained with Hoechst 33342 (5 pg/ml) for 30 min and then observed under fluorescence microscopy. Left panel, cells be-
fore treatment; center and right panels, after treatment with each compound at 150 um for 48 h in each cell line. (B) Nucleosomal DNA fragmentation of HL60 cells after exposure
to artepillin C, baccharin, or drupanin 150 um. Three micrograms of DNA was loaded into each lane. Lane 1, cells before treatment; lanes 2, 3, and 4, cells treated with artepillin C,
baccharin, and drupanin for 24 h, respectively; lanes 5, 6, and 7 cells treated with artepillin C, baccharin, and drupanin for 48 h, respectively. Lane M is a DNA size marker.
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panin. Thus these findings indicate that drupanin and baccha-
rin inhibited cell growth through the induction of apoptosis
in tumor cell lines. Considering the application of both com-
pounds in chemopreventive medicine, we examined their ef-
fects on normal human peripheral blood lymphocytes (PBLs)
stimulated with concanavalin A (Con-A) in comparison with
those of artepillin C. As shown in Fig. 3 and Table 2, al-
though drupanin exhibited no marked growth inhibition at
lower doses than 150 um, artepillin C markedly decreased
cell number at the same concentration. Drupanin was ob-
served to be more potent against HL60 cells than against
Con-A-stimulated PBLs, whereas the potency of artepillin C
was the opposite to that of drupanin.

In the present paper, we first showed that two cinnamic
acid derivatives from propolis, baccharin and drupanin, ex-
hibited antitumor activity in vitro at doses higher than 30 um
and that the effect is due to apoptosis in human tumor cell
lines. It is speculated that the tertiary structures including the
prenyl group may contribute to the activity. The anticancer
activity of baccharin and drupanin was slightly less than that
of artepillin C in HL60 cells. Artepillin C has been reported
to exert antitumor activity by induction of apoptosis in
human tumor cell lines in vitro and in vivo®>>'*!® and to be
safe in animal models.'*'? However, the cytotoxic effect of
drupanin on normal blood lymphocytes stimulated with Con-
A was found to be less than that of artepillin C. To evaluate
the chemopreventive potency, it should be explored whether
these two compounds prevent tumor occurrence or inhibit
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tumor growth in animal experiments, which are in progress
in our laboratory.
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