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Abstract—Several classes of flavonoids [flavanoids (1–10), flavonol (11), isoflavones (12–18), isoflavanones (19–22), isoflavans (23–
26), chalcones (27–30), auronol (31), pterocarpans (32–37), 2-arylbenzofuran (38), and neoflavonoid (39)] and lignans (40–42) iso-
lated from the MeOH extract of Brazilian red propolis were investigated for their cytotoxic activity against a panel of six different
cancer cell lines including murine colon 26-L5 carcinoma, murine B16-BL6 melanoma, murine Lewis lung carcinoma, human lung
A549 adenocarcinoma, human cervix HeLa adenocarcinoma, and human HT-1080 fibrosarcoma cell lines. Based on the observed
results, structure–activity relationships were discussed. Among the tested compounds, 7-hydroxy-6-methoxyflavanone (3) exhibited
the most potent activity against B16-BL6 (IC50, 6.66 lM), LLC (IC50, 9.29 lM), A549 (IC50, 8.63 lM), and HT-1080 (IC50,
7.94 lM) cancer cell lines, and mucronulatol (26) against LLC (IC50, 8.38 lM) and A549 (IC50, 9.9 lM) cancer cell lines. These
activity data were comparable to those of the clinically used anticancer drugs, 5-fluorouracil and doxorubicin, against the tested
cell lines, suggesting that 3 and 26 are the good candidates for future anticancer drug development.
� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Propolis, a natural resinous product collected by honey-
bees from the buds and exudates of various plant
sources, has been used empirically as a traditional rem-
edy in folk medicine for centuries.1 It is well known for
potential health benefit and is reported to possess valu-
able biological activities such as antioxidant,2 antibacte-
rial,3,4 antiviral,4 antifungal,4,5 anti-inflammatory,6 and
anticancer7,8 activities. Recently, propolis has been
extensively marketed by the pharmaceutical industries
as an alternative medicine and as the health-food in var-
ious parts of the world. Propolis has been claimed to im-
prove the health and prevent diseases such as diabetes,
heart diseases, and even cancer.1,7 The chemical compo-
sition of propolis is complex and largely depends on the
geographical origin and specific flora at the site of col-
lection. More than 300 compounds have been reported
so far from propolis.9,10 Propolis has become a subject
of increasing interest among the researchers owing to
its versatile biological activities.10–14 Artepillin C, a
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characteristic constituent found specifically in Brazilian
propolis, has been reported to possess antitumor activity
and apoptosis inducing activity.13 A compound PM-3,
3-[2-dimethyl-8-(3-methyl-2-butenyl)benzopyran]-6-prop-
enoic acid isolated from Brazilian propolis markedly
inhibited the growth of MCF-7 human breast cancer
cells.14 A clerodane-type diterpene PMS-1, also isolated
from Brazilian propolis, possessed the cytotoxicities
against human hepatocellular carcinoma HuH13 cells,
human lung carcinoma HLC-2, HeLa, KB, and rat
W3Y cells.1 As a part of our continued research in prop-
olis,8,10,15–20 we also found that a red-type propolis col-
lected from the Paraiba state of Brazil displayed
preferential cytotoxic activity against human pancreatic
PANC-1 cancer cell line in nutrient deprived medium
(NDM)8 at the concentration of 10 lg/mL. Thus, we
carried out a detailed phytochemical investigation. The
work led to the isolation of 42 compounds. The isolated
compounds comprised mainly flavonoids that could be
categorized into flavanones (1–10), flavonol (11), isoflav-
ones (12–18), isoflavanones (19–22), isoflavans (23–26),
chalcones (27–30), auronol (31), pterocarpans (32–37),
2-arylbenzofuran (38), neoflavonoid (39), and lignans
(40–42). In the present study, we further evaluated these
constituents for their cytotoxicity against a panel of six
different cancer cell lines including three murine cancer
cell lines (colon 26-L5 carcinoma,21 B16-BL6 mela-
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noma,22 Lewis lung carcinoma23) and three human can-
cer cell lines (lung A549 adenocarcinoma,24 cervix HeLa
adenocarcinoma,25 HT-1080 fibrosarcoma26). In this pa-
per, we report the cytotoxic activities of the constituents
from Brazilian red propolis and their structure–activity
relationships.
2. Results and discussion

2.1. Chemicals

(2S)-7-Hydroxyflavanone (1), (2S)-liquiritigenin (2),
(2S)-7-hydroxy-6-methoxyflavanone (3), (2S)-naringenin
(4), (2S)-dihydrobaicalein (5), (2S)-dihydrooroxylin A
(6), (2R,3R)-3,7-dihydroxyflavanone (7), garbanzol (8),
(2R,3R)-3,7-dihydroxy-6-methoxyflavanone (9), alnusti-
nol (10), alnusin (11), daidzein (12), formononetin (13),
calycosin (14), xenognosin B (15), biochanin A (16), pra-
tensein (17), 2 0-hydroxybiochanin A (18), (3S)-vestitone
(19), (3S)-violanone (20), (3S)-ferreirin (21), (3R)-4 0-
methoxy-2 0,3,7-trihydroxyisoflavanone (22), (3S)-vesti-
tol (23), (3S)-isovestitol (24), (3S)-7-O-methylvestitol
(25), (3S)-mucronulatol (26), 2 0,4 0-dihydroxychalcone
(27), isoliquiritigenin (28), 4,4 0-dihydroxy-2 0-methoxy-
chalcone (29), (aS) � a,2 0,4,4 0-tetrahydroxydihydrochal-
cone (30), 2,6-dihydroxy-2-[(4-hydroxyphenyl)methyl]-3-
benzofuranone (31), (6aS,11aS)-medicarpin (32),
(6aS,11aS)-3,10-dihydroxy-9-methoxypterocarpan (33),
(6aR,11aR)-3-hydroxy-8,9-dimethoxypterocarpan (34),
(6aS,11aS)-6a-ethoxymedicarpin (35), (6aR,11aR)-3,4-
dihydroxy-9-methoxypterocarpan (36), (6aR,11aR)-4-
methoxymedicarpin (37), 2-(2 0,4 0-dihydroxyphenyl)-3-
Table 1. Structures and cytotoxic activity of flavanoids 1–10 and a flavonol
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R1 R2 R3 R4 Colon 26
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4 H2 OH H OH >100

5 H2 OH OH H 53.4

6 H2 OH OMe H 49.0

7 b-OH H H H >100

8 b-OH H H OH >100

9 b-OH H OMe H >100

10 b-OH OH OMe H >100

11 >100

Doxorubicinb 0.33

5-Fluorouracilb 0.46

a Cytotoxic activities are expressed as IC50 values in micromolar units.
b Doxorubicin, 5-fluorouracil were used as positive control.
methyl-6-methoxybenzofuran (38), (7S)-dalbergiphenol
(39), (+)-pinoresinol dimethyl ether (40), (+)-pinoresinol
(41), and (+)-syringaresinol (42) were obtained from the
MeOH extract of Brazilian red propolis.8 The purity of
these compounds was checked by TLC and 1 H
NMR spectra, which did not show the presence of any
impurity.

2.2. Cytotoxic activity

To investigate the cytotoxic activities of compounds 1–
42 isolated from Brazilian red propolis, an in vitro assay
was performed using three murine cancer cell lines [co-
lon 26-L5 carcinoma (colon 26-L5),21 B16-BL6 mela-
noma (B16-BL6),22 Lewis lung carcinoma (LLC)23]
and three human cancer cell lines [lung A549 adenocar-
cinoma (A549),24 cervix HeLa adenocarcinoma
(HeLa),25 HT-1080 fibrosarcoma (HT-1080)26]. The re-
sults expressed as IC50 values are listed in Table 1–5.
The conventional anticancer drugs in clinical use, 5-flu-
orouracil and doxorubicin, were used as positive con-
trols in the present study. All the tested compounds
exhibited different potency of cytotoxic activities in a
concentration-dependent manner, although this effect
varied among the cell types (see Table 1–5). Among
them, a flavanone, (2S)-7-hydroxy-6-methoxyflavanone
(3), showed the most potent activities against all the
tested cancer cell lines (colon 26-L5, IC50 5.85 lM;
B16-BL6, IC50 6.66 lM; LLC, IC50 9.29 lM; A549,
IC50 8.63 lM; HeLa, IC50 5.56 lM; HT-1080, IC50

7.94 lM). The observed IC50 data were comparable to
those of positive controls, 5-fluorouracil and doxorubi-
cin, against B16-BL6, LLC, A549, and HT-1080 cell
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5.78 2.59 9.19 0.77 9.45



Table 2a. Structures and cytotoxic activity of isoflavones 12–18a
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Compound substitution IC50 (lM)

R2 R4 R5 R6 Colon 26-L5 B16-BL6 LLC A549 HeLa HT-1080

12 H H H OH 88.1 >100 >100 >100 >100 >100

13 H H H OMe 83.6 >100 >100 >100 >100 >100

14 H H OH OMe 98.0 >100 >100 >100 >100 >100

15 H OH H OMe 49.3 34.1 >100 >100 69.8 >100

16 OH H H OMe 98.0 >100 >100 >100 >100 >100

17 OH H OH OMe >100 >100 >100 >100 >100 >100

18 OH OH H OMe 93.6 >100 >100 >100 >100 >100

Doxorubicinb 0.33 8.05 8.04 7.88 0.68 9.32

5-Fluorouracilb 0.46 5.78 2.59 9.19 0.77 9.45

a Cytotoxic activities are expressed as IC50 values in micromolar units.
b Doxorubicin, 5-fluorouracil were used as positive control.

Table 2b. Structures and cytotoxic activity of isoflavanones 19–22a
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Compound substitution IC50 (lM)

R1 R2 R4 R5 Colon 26-L5 B16-BL6 LLC A549 HeLa HT-1080

19 b-H H OH H 67.0 >100 >100 >100 >100 >100

20 b-H H OMe OH >100 >100 >100 >100 >100 >100

21 b-H OH OH H 71.3 >100 >100 >100 >100 >100

22 a-OH OH OH H 88.4 >100 >100 >100 >100 >100

Doxorubicinb 0.33 8.05 8.04 7.88 0.68 9.32

5-Fluorouracilb 0.46 5.78 2.59 9.19 0.77 9.45

a Cytotoxic activities are expressed as IC50 values in micromolar units.
b Doxorubicin, 5-fluorouracil were used as positive control.

Table 2c. Structures and cytotoxic activity of isoflavans 23–26a
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Compound substitution IC50 (lM)

R3 R4 R5 R6 Colon 26-L5 B16-BL6 LLC A549 HeLa HT-1080

23 OH OH H OMe 67.0 57.4 92.3 >100 72.6 >100

24 OH OMe H OH 49.8 33.6 >100 >100 77.1 75.3

25 OMe OH H OMe 29.8 24.1 24.0 46.0 44.3 50.1

26 OH OMe OH OMe 7.3 30.4 8.4 9.9 24.2 18.2

Doxorubicinb 0.33 8.05 8.04 7.88 0.68 9.32

5-Fluorouracilb 0.46 5.78 2.59 9.19 0.77 9.45

a Cytotoxic activities are expressed as IC50 values in micromolar units.
b Doxorubicin, 5-fluorouracil were used as positive control.
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Table 3. Structures and cytotoxic activity of chalcones 27–30 and a auronol 31a
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Compound
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IC50 (lM)

R1 R2 Colon 26-L5 B16-BL6 LLC A549 HeLa HT-1080

27 OH H 7.4 44.3 39.5 41.6 23.1 34.0

28 OH OH 21.8 80.5 84.0 98.9 82.6 76.7

29 OMe OH 12.3 56.3 69.1 62.1 67.9 51.2

30 >100 >100 >100 >100 >100 >100

31 25.9 >100 >100 >100 >100 >100

Doxorubicinb 0.33 8.05 8.04 7.88 0.68 9.32

5-Fluorouracilb 0.46 5.78 2.59 9.19 0.77 9.45

a Cytotoxic activities are expressed as IC50 values in micromolar units.
b Doxorubicin, 5-fluorouracil were used as positive control.

Table 4. Structures and cytotoxic activity of pterocarpans 32–37 and a 2-arylbenzofuran 38a
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Compound substitution IC50 (lM)

R1 R2 R3 R4 R5 Colon 26-L5 B16-BL6 LLC A549 HeLa HT-1080

32 H b-H H H b-H 11.3 42.4 17.2 39.5 23.4 28.4

33 H b-H H OH b-H 68.1 47.5 57.2 >100 61.2 >100

34 H a-H OMe H a-H 44.5 64.9 >100 >100 84.3 >100

35 H a-OEt H H a-H >100 >100 >100 >100 >100 >100

36 OH a-H H H a-H 54.1 >100 >100 >100 >100 >100

37 OMe a-H H H a-H 29.4 >100 97.6 97.3 47.1 96.3

38 27.8 44.8 34.4 42.6 36.1 38.7

Doxorubicinb 0.33 8.05 8.04 7.88 0.68 9.32

5-Fluorouracilb 0.46 5.78 2.59 9.19 0.77 9.45

a Cytotoxic activities are expressed as IC50 values in micromolar units.
b Doxorubicin, 5-fluorouracil were used as positive control.
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lines. Interestingly, in our previous work, compound 3
has induced 100% cell death, preferentially under the
nutrient deprived condition at the concentration of
50 lM against human pancreatic PANC-1 cells.8 In
addition, an isoflavan-type flavonoid, (3S)-mucronula-
tol (26), also possessed the potent cytotoxic activities
(Table 2c) against colon 26-L5 (IC50 7.28 lM), LLC
(IC50 8.38 lM), and A549 (IC50 9.9 lM) cells, while
2 0,4 0-dihydroxychalcone (27) displayed the potent activ-
ity against colon 26-L5 cells with an IC50 value of
7.43 lM (Table 3).

Upon careful inspection of the activity data (Table 1–5),
good correlations between the structure and
cytotoxic activity could be deduced for each class of
compounds.

2.2.1. Flavanones and flavonol. Flavanones in general
were selectively cytotoxic to colon 26-L5 carcinoma cell
line (Table 1). Among the tested flavanones, 7-hydroxy-
6-methoxyflavanone (3), and dihydrooroxylin A (6) were
active against all the tested cancer cell lines. The most
apparent structure–activity relationship in flavanones
is the presence or absence of hydroxyl group at C-3.
Flavanones possessing a hydroxyl group at C-3 (7– 10)
were found to be virtually inactive against all the tested
cell lines with IC50 > 100 lM (Table 1). Alnusin (11), a
flavonol possessing a hydroxyl group at C-3, was also



Table 5. Structures and cytotoxic activity of a neoflavonoid 39 and lignans 40–42a
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Compound

substitution

IC50 (lM)

R1 R2 Colon 26-L5 B16-BL6 LLC A549 HeLa HT-1080

39 60.3 53.8 >100 73.7 60.1 >100

40 OMe H >100 >100 >100 >100 >100 >100

41 OH H >100 >100 >100 >100 92.5 >100

42 OH OMe >100 >100 >100 >100 >100 >100

Doxorubicinb 0.33 8.05 8.04 7.88 0.68 9.32

5-Fluorouracilb 0.46 5.78 2.59 9.19 0.77 9.45

a Cytotoxic activities are expressed as IC50 values in micromolar units.
b Doxorubicin, 5-fluorouracil were used as positive control.
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inactive against all the tested cell lines. Similarly, the
presence of a 5-hydroxyl group in phenyl ring A on flav-
anones significantly decreased the activity (2 > 4; 3 > 6).
In contrast, the presence of a methoxyl group at C-6 is
strongly favored for the activity (3 > 1, 6 > 5). On the
other hand, the presence of a 4 0-hydroxyl group on ring
B of flavanones did not show any significant difference
in activity (1 � 2). Based on these observations, the pres-
ence of a methoxyl group at C-6, without a hydroxyl
group at C-3 and C-5, on flavanone skeleton is con-
cluded to be the most essential criteria for the enhance-
ment of activity.

2.2.2. Isoflavones, isoflavanones, and isoflavans . The iso-
flavones (12–18) displayed cytotoxicity selectively against
human colon 26-L5 cancer cells (Table 2a). Isoflavones
having a hydroxyl group at C-2 0 were active (15 > 13),
while the presence of a methoxyl group is favored than
a hydroxyl group at C-4 0 (13 > 12). However, hydroxyl-
ation at C-5 diminished the activity (13 > 16; 14 > 17;
15 > 18). Similarly, hydroxylation at C-3 0 also reduced
the activity (13 > 14). Based on these observations, it
is concluded that the combination of 2 0-hydroxyl and
4 0-methoxyl groups, without hydroxyl group at C-5
and C-3 0, on isoflavone skeleton seems to enhance the
cytotoxic activity. Isoflavanones (19–22) also showed
cytotoxicity selectively against the colon 26-L5 cells (Ta-
ble 2b). As in isoflavones or in flavanones, the presence
of a 2 0-hydroxyl group is favorable, but hydroxylation
at C-3, C-3 0, or C-5 reduced the activity
(19 > 21 > 22). Isoflavans (23–26) in general are active
against all the tested cell lines (Table 2c). It is clearly ob-
served that the increase in the number of the methoxyl
group on the isoflavan skeleton enhances the activities
against all the tested cancer cell lines (25, 26 > 23, 24).
The different potency of cytotoxicity between isoflavans
7-O-methylvestitol (25) and mucronulatol (26) indicated
that the methoxyl substituent is favored at C-2 0

(26 > 25). Among the tested isoflavonoids, mucronulatol
(26) displayed the most potent activity, especially
against LLC (IC50 8.38 lM) and A549 (IC50 9.9 lM)
cells with the comparable IC50 values to those of positive
controls (Table 2c). However, its isoflavanone analogue
20 was found to be inactive against all the tested cell
lines. The same trend was also observed in isoflavan
23 and its isoflavanone analogue 19. Based on these
observations, the absence of ketone carbonyl group in
isoflavanoids strongly favors the cytotoxic activities
against all the tested cell lines.

2.2.3. Chalcones. Chalcones also showed cytotoxic
activities against all the tested cell lines with an excep-
tion of a,2 0,4,4 0-tetrahydroxydihydrochalcone 30 (Ta-
ble 3). All the chalcones possessing a conjugated
double bond showed strong cytotoxic activity. How-
ever, when the double bond is reduced to a single
bond, the activity is totally diminished in all the tested
cell lines (27, 28, 29 > 30). Further, the presence of a
methoxyl group at C-2 0 was found to be more favor-
able than that of a hydroxyl group for the cytotoxicity
(29 > 28). As for ring B, chalcones without having any
substitution preferred for activity increase (27 > 28).
Interestingly, cyclization of dihydrochalcone (30) to
auronol (31) showed slight improvement in the activity
against colon 26-L5 cells (31, IC50 25.85 lM; 30 ,
IC50 > 100 lM).

2.2.4. Pterocarpans. All the pterocarpans (32–37) in this
study possessed 3-hydroxyl and 9-methoxyl substituents
in their structures (Table 4). The observed activity data
indicated that an increase in the number of the hydroxyl
group results in the decrease in activity for the same par-
ent structure (33 < 32). Conversely, the increase of the
number of the methoxyl group at C-4 and C-8 on the
parent structure seemed to enhance the activity (34,
37 > 36). Moreover, the activity effects produced by
the position of the additional methoxyl group were dif-
ferent among the cell types. 4-Methoxylated medicarpin
(37) showed weaker activity than 8-methoxylated medi-
carpin (34) against B16-BL6 cells, but for the other
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tested cancer cells 37 showed stronger activities than 34.
In addition, the presence of an ethoxyl group at C-6a in
(6aS,11aS)-6a-ethoxymedicarpan (35) diminished the
activities against all the tested cell lines (IC50 > 100 lM).
The cleavage of a pyran ring in 32 to form 2-aryl-
benzofuran (38) also led to the slight loss in activity
(32 > 38).

2.2.5. Neoflavonoid and lignans. (7S)-Dalbergiphenol
(39), the only one neoflavonoid isolated from Brazilian
red propolis, was moderately active for colon 26-L5,
B16-BL6, A549, and HeLa cells, and inactive against
LLC and HT-1080 cells (Table 5). The three lignans
(40–42) did not show any cytotoxicities against all
the six different tested cancer cell lines in this study
(Table 5).
3. Conclusion

In the present study, the cytotoxic activities of 39
flavonoids and three lignans isolated from Brazilian
red propolis were tested against six different cancer
cell lines in vitro, and deduced their structure–activity
relationships. All the tested compounds displayed the
different potency of activity in a concentration-depen-
dent manner. Flavanones, isoflavones and isoflava-
nones are selectively cytotoxic against colon 26-L5
carcinoma. The presence of the hydroxyl groups at
C-3 and C-5 in flavanones, isoflavones, and isoflava-
nones reduces the activity. However, the presence of
a methoxyl group at C-6 and without a hydroxyl
group at C-3 in flavanones dramatically increased
the activity not only in colon 26-L5, but also in
B16-BL6, LLC, A549, HeLa, and HT-1080 cancer cell
lines. Isoflavans, chalcones, and pterocarpans are ac-
tive in all the tested cell lines, although their potency
varies with regard to its substituents. Reduction of
the C-4 carbonyl group in isoflavones and isoflava-
nones is favorable for inducing cytotoxic activity in
B16-BL6, LLC, A549, HeLa, and HT-1080 cancer cell
lines. Again, the presence of the methoxyl groups at
C-7, C-2 0/C-4 0 in isoflavans dramatically enhances
the cytotoxicity, comparable to those of positive con-
trols, 5-fluorouracil and doxorubicin. In fact, the
presence of methoxyl substituent has modulated the
cytotoxicity of flavonoids.27–29 In chalcones, the pres-
ence of a conjugated double bond plays an important
role for their activity. Among the tested compounds,
(2S)-7-hydroxy-6-methoxyflavanone (3), (3S)-mucron-
ulatol (26), 2 0,4 0-dihydroxychalcone (27), and
(6aS,11aS)-medicarpin (32) showed the most potent
activities among the flavanones, isoflavoids, chalcones,
and pterocarpans, respectively. The potency of 7-hy-
droxy-6-methoxyflavanone (3) against B16-BL6,
LLC, A549, and HT-1080 cell lines is comparable
to those of the clinically used anticancer drugs, doxo-
rubicin and 5-flurouracil. Similarly, mucronulatol (26)
also displayed potent activity against LLC, A549, and
HT-1080 cell lines. These data suggest that 7-hydro-
xy-6-methoxyflavanone (3) and mucronulatol (26) are
the good candidates for future anticancer drug
development.
4. Experimental

4.1. Agents

5-Fluorouracil was purchased from Tokyo Kasei Kogyo
Co. Ltd (Tokyo, Japan) and doxorubicin HCl was from
Kyowa Hakko Co. Ltd (Tokyo, Japan). Eagle’s mini-
mum essential medium (EMEM) and RPMI 1640 med-
ium were purchased from Nissui Pharmaceutical Co.,
Ltd (Tokyo, Japan), while 25% glutaraldehyde solution
and LL-(+)-glutamine were obtained from Wako Pure
Chemicals Ind., Ltd (Osaka, Japan), sodium bicarbon-
ate was from Nacalai Tesque Inc. (Kyoto, Japan), and
fetal bovine serum (FBS) from Gibco BRL Products
(Gaithersburg, MD). Penicillin G and streptomycin sul-
fate were from Sigma Chemical Co. (St. Louis, MO,
USA). 3-(4,5-Dimethylthiazol-2-yl)-2,5-dimethyltetrazo-
lium bromide (MTT) and crystal violet were purchased
from Nacalai Tesque. Cell culture flasks and 96-well
plates were from Corning Inc. (Corning, NY, USA).

4.2. Cancer cell lines

Highly liver metastatic murine colon 26-L5 carcinoma
cell line,21 highly liver metastatic murine B16-BL6 mela-
noma cell line,22 and highly lung metastatic murine Le-
wis lung carcinoma (LLC)23 cell line were available and
maintained in our laboratory. Highly metastatic human
HT-1080 fibrosarcoma cell line (ATCC#CCL-121)26

was obtained from American Type Culture Collection
(Rockville, MD, USA). Human lung A549 adenocarci-
noma (RCB0098)24 and human cervix HeLa adenocarci-
noma (RCB0007)25 cell lines were purchased from
Riken Cell Bank (Tsukuba, Japan).

All the cancer cell lines were maintained in EMEM, ex-
cept for murine colon 26-L5 carcinoma cell line, which
was maintained in RPMI 1640 medium. Both of these
media were supplemented with 10% fetal bovine serum
(FBS), and 0.1% sodium bicarbonate and 2 mM LL-(+)-
glutamine.

4.3. Cytotoxic activity assay

Cell viability other than LLC, in the presence or ab-
sence of tested compounds, was determined using the
standard MTT assay30 as described previously.31 In
brief, exponentially growing cells were harvested and
2 · 103 cells suspended in 100 lL of medium per well
were plated in 96-well plate. After 24 h incubation at
37 �C under a humidified 5% CO2 to allow cell attach-
ment, the cells were treated with varying concentrations
of test specimens in their respective medium (100 lL)
and incubated for 72 h under the same conditions.
After 2 h of the MTT (0.5 mg/mL, 100 lL) addition,
the formazan formed was extracted with DMSO and
its amount was measured spectrophotometrically at
550 nm with Perkin-Elmer HTS-7000 Bio Assay Reader
(Norwalk, CT, USA). In the case of LLC cells, stan-
dard crystal violet staining assay was used in following
the literature procedure.32 In brief, exponentially grow-
ing cells were harvested and 1 · 103 cells suspended in
100 lL of medium per well were plated in 96-well plate.
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After 24 h of incubation at 37 �C under a humidified
5% CO2, 100 lL of medium containing various concen-
tration of test specimen was added to each well and
incubated for 72 h under the same conditions. After fix-
ation with 25% glutaraldehyde solution (20 lL), the
cells were stained with 0.5% crystal violet in 20% meth-
anol/water for 30 min. After gentle rinsing with water,
the retained crystal violet was extracted with 30% acetic
acid and measured spectrophotometrically at 590 nm.

Each compound was dissolved by DMSO (1 · 104 lg/
mL), and then diluted by the medium; final concentra-
tion of DMSO was less than 0.25%. 5-Fluorouracil
and doxorubicin were used as positive controls, and
IC50 values were calculated from the mean values of
data from three wells.
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