
Propolis is a resinous hive product collected by honeybees
from various plant sources. It has a pleasant aromatic odor
and yellow-green to dark brown color depending on its
source and age.1) Propolis has a long history of being used in
traditional medicine dating back at least to 300 BC1) and has
been reported to have a broad spectrum of biological activi-
ties, viz. anticancer, antioxidant, antiinflammatory, antibiotic
and antifungal activities.2) It has recently gained popularity
as a health drink and is used extensively in food and bever-
ages in various parts of the world including Japan, the United
States and Europe, where it is claimed to improve health and
prevent diseases such as inflammation, heart disease, dia-
betes and even cancer.

Nitric oxide (NO) is associated with inflammatory reaction
and is produced by inducible nitric oxide synthase (iNOS) in
certain cells activated by various proinflammotory agents
such as lipopolysaccharide (LPS), tumor necrosis factor
(TNF), interleukin-1 (IL-1) and interferon-g (IFN-g). NO
acts as a host defense by damaging pathogenic DNA and as a
regulatory molecule with homeostatic activities,3) however,
excessive production of NO is pathogenic for host tissue it-
self because NO per se as a reactive radical directly damages
function of normal tissue.4) Thus, effective inhibition of NO
accumulation by inflammatory stimuli represents a beneficial
therapeutic strategy. In this paper, we will report the NO in-
hibitory activity of the Netherlands propolis and its active
components.

MATERIALS AND METHODS

Chemicals RPMI and Eagle’s minimum essential
medium (EMEM) were purchased from Nissui Pharmaceuti-
cal Co. Ltd. (Tokyo, Japan). 3-(4,5-Dimethylthiazol-2-yl)-
2,5-dimethyltetrazolium bromide (MTT), LPS, penicillin G
and sterptomycin were purchased from Sigma Chemicals (St.

Louis, MO, U.S.A.). NG-Monomethyl-L-arginine (L-NMMA)
was from Funakoshi (Tokyo, Japan). Heat-inactivated fetal
calf serum (FCS) and trypsin were from Gibco BRL Prod-
ucts (Gaitherburg, MD, U.S.A.). Falcon primaria surface-
modified polystyrene 96-well culture plates (Becton Dickin-
son, NJ, U.S.A.) were used for NO experiments. Phenyl-
ethanol and cinnamyl alcohol were from Nacalai Tesque
(Kyoto, Japan). Sodium bicarbonate, glutamine, benzyl alco-
hol and caffeic acid were from Wako Pure Chemical Indus-
tries (Osaka, Japan).

Propolis The Netherlands propolis was collected in the
northeast of the Netherlands in 1998, by scraping it off from
the frames of beehives belonging to Honeybee Husbandry,
Rutten, the Netherlands. The voucher specimen (No. TMPW
19920) is preserved in the Museum for Materia Medica, In-
stitute of Natural Medicine, Toyama Medical and Pharma-
ceutical University, Toyama, Japan, as a reference.

Extraction and Isolation The powder of crude propolis
(400 g) was extracted with MeOH (3 l32) under reflux for
3 h to give a MeOH extract (210 g, 52.5%). The residue was
further extracted with water (3 l32) at 80 °C for 3 h and the
filtrate was lyophilized to give a water extract (3.6 g, 0.9%).
The isolation procedure of compounds 1—13 was described
in a previous paper.5)

Synthesis of CAPE Analogues Twenty caffeic acid
phenyl ester (CAPE) analogues were synthesized by one-pot
esterification of caffeic acid and alcohol either with thionyl
chloride in dioxane or acid-catalyzed esterification as de-
scribed in a previous report.6)

Nitrite Production in Murine Macrophage-Like J774.1
Cells The J774.1 cell line was purchased from Riken Cell
Bank (Tsukuba, Japan) and cultured in RPMI medium sup-
plemented with 0.1% sodium bicarbonate and 2 mM gluta-
mine, penicillin G (100 units/ml), streptomycin (100 mg/ml)
and 10% FCS. The cells were harvested with trypsin and di-
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luted to a suspension in fresh medium. The cells were seeded
in 96-well plastic plates with 13105 cells/well and allowed to
adhere for 2 h at 37 °C in a humidified atmosphere containing
5% CO2. Then the medium was replaced with fresh medium,
containing LPS (10 mg/ml) together with test compound at
various concentration and then incubated for 24 h. NO pro-
duction was determined by measuring the accumulation of
nitrite in the culture supernatant using Griess reagent.7)

Briefly, 50 m l of the supernatant from incubates were mixed
with equal volume of Griess reagent (0.5% sulfanilamide and
0.05% naphthylene-diamide dihydrochloride in 2.5% H3PO4)
and were allowed to stand for 10 min at room temperature.
Absorbance at 550 nm was measured using HTS 7000 mi-
croplate reader (Perkin Elmer, CT, U.S.A.). The nitrite con-
centration in the medium was determined from the calibra-
tion curve obtained by using different concentrations of
sodium nitrite (NaNO2) in the culture medium as standard.
The blank correction was carried out by subtracting the ab-
sorbance due to medium only from the absorbance reading of
each well. The percentage inhibition was calculated as fol-
lows: % inhibition5[(Ac2As)/Ac]3100, where Ac and As
are absorbance of control group treated with LPS alone and
absorbance of the sample, respectively. The data are ex-
pressed as mean6S.D. of four determinations and statistical
significance was calculated by Student’s t-test.

Cell Viability After taking 50 m l of supernatant from 96-
well plate for NO determination, the remaining medium was
replaced by 100 m l of MTT solution (0.40%) and incubated
for 3 h. The formazam formed was dissolved in dimethylsul-
foxide (DMSO) and the amount of formazan was measured
spectrophotometrically at 550 nm using HTS-7000 mi-
croplate reader. The cell viability was calculated as follows:
% cell viability5(As/Ac)3100, where Ac and As are ab-
sorbance of LPS-treated group and absorbance of the sample,
respectively. The cell viability less than 90% with respect to
the LPS treated group was considered to be toxic. The data
are expressed as mean6S.D. of four determinations. The sur-
vival rate of LPS (10 mg/ml)-treated cells were more than
90% of untreated cells.

RESULTS AND DISCUSSION

The Netherlands Propolis and Its Constituents The
Netherlands propolis was extracted successively with MeOH
and water and tested for their inhibitory effect toward NO
production in LPS-activated murine macrophage-like J774.1
cells. Both of these extracts inhibited significantly the pro-
duction of NO with IC50 values of 23.8 and 51.5 mg/ml, re-
spectively (Table 1). The IC50 value of the MeOH extract was
found to be less than that of polymixin B (IC50, 27.8 mg/ml),
a lipopolysaccharide inhibitor,8) which was used as positive
control. The MeOH extract, on chemical examination, led to
isolation of 13 phenolic components including flavonoids
(1—4), cinnamic acid derivatives (5—8), caffeic acid esters
(9—11) and glycerol derivatives (12, 13). These isolated
compounds were further tested for their NO inhibitory activ-
ity in the same in vitro experiment. CAPE analogues (9—11)
possessed the strongest NO inhibitory activity with IC50 val-
ues equal or less than 10.7 mM, at least three fold stronger
than the positive control, L-NMMA (IC50, 32.9 mM). Cin-
namic acid derivatives (5—8) with free carboxylic acid
groups, on the other hand, showed weak NO inhibitory activ-
ity having IC50 values greater than 100 mM, except for 3,4-
dimethoxycinnamic acid (8; IC50, 50.0 mM). This result led us
to conclude that the ester part of caffeic acid should play im-
portant role for the NO inhibition of caffeic acid esters. To
know the active parts, we further examined the NO inhibitory
activity of the both caffeic acid (17) and three alcohols (14—
16), which construct the potent NO inhibitors 9—11. Both
caffeic acid (17) and alcohols 14—16 showed much weaker
NO inhibitory activity compared to CAPE analogues (9—
11), indicating that the whole must be essential for NO inhi-
bition. Some extent of cytotoxicity toward J774.1 cells was
observed in the extract as well as in compound level at higher
concentration but not at the concentration around the IC50

value (Table 2).
In the case of flavonoids, they showed mixed type of re-

sults. Flavonoids 1 and 2 had strong NO inhibitory activity
with IC50 values of 14.4 and 25.8 mM, respectively, while
flavonols 3 and 4 showed moderate NO inhibitory activity
with IC50 values greater than 70 mM. Thus, the C-2(3) double
bond may enhance the NO inhibitory activity. 2-Acetyl-1,3-
dicoumaroylglycerol (12) also possessed equal strength of
the NO inhibitory activity to that of L-NMMA but weaker
than CAPE analogues. The NO inhibitory activity of 12 was
reduced by a presence of methoxyl group, i.e., 2-acetyl-1-
coumaroyl-3-feruloylglycerol (13; IC50, 57.6 mM). Moreover,
esters 9—11 were predominant components of the Nether-
lands propolis and were contained by 1.0539, 0.0592 and
0.0512%, respectively, in the dry propolis.5) All these results
led us to conclude that the CAPE analogues are the main
components responsible for the NO inhibitory activity of the
Netherlands propolis.

Synthetic Analogues of CAPE CAPE (10) and its ana-
logues (9, 11) had potent NO inhibitory activity, and thus we
further tested the NO inhibitory activity of 20 more CAPE
analogues (Table 3), which were synthesized in our labora-
tory to establish the structure–activity relationship.6) All the
CAPE analogues possessed strong NO inhibitory activity
with IC50 values equal to or less than 20 mM, which is more
potent than L-NMMA (IC50, 32.9 mM) and polimixin B (IC50,
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Fig. 1. Structures of the Isolated Compounds from the MeOH Extract of
the Netherlands Propolis



27.8 mg/ml) used as positive controls (Tables 1 and 3). The
LPS alone produced 20—25 mM nitrite, which was reduced to
2 mM by the treatment of CAPE at 50 mM (data not shown)
and other CAPE analogues also had similar extent of reduc-
tion of nitrite. The esters are mainly divided into four differ-
ent groups according to the nature of their alcoholic part: es-
ters having an alkyl group with a phenyl group at the end of
the alkyl chain (9, 10, 18—23), esters having an alkyl group
with a stylyl group at the end of the alkyl chain (11, 24, 25),
an ester having an alkyl group with a cyclohexyl group at the
end of the alkyl chain (26) and esters having a straight alkyl

chain (27—35). It was observed that elongation of alkyl side
chain of the alcoholic part of esters enhance the NO in-
hibitory activity: IC50 values decrease from 9 to 21 (9.10.
18.19.20.21) and from 27 to 32 (27.28.29.30.31.
32). This was also observed in the esters having an alkyl
chain with a stylyl group at the end (11.24). But almost all
the CAPE analogues having longer carbon chain (.C5) in al-
coholic part showed toxic effects toward J774.1 cells (Table
4), indicating the possibility that the NO inhibitory activity
of these compounds (20—23, 31—35) may be due to their
toxic effects. Accordingly the most potent NO inhibitory
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Table 1. Inhibitory Effects of Compounds 1—17 and Propolis Extract on NO Production in LPS-Activated Murine Macrophage-like J774.1 Cells

% Inhibition of NO production
Compound IC50 (mM)

200 mM 100 mM 50 mM 20 mM 2 mM

1 109615**,a) 135610** 13863** 73.8618.7** 23.067.1 14.4
2 127611**,a) 14267** 12066** 33.3611.2** 2.4612.4 25.8
3 11167** 66.167.4** 38.769.8** 20.8616.5* 10.7610.4 70.6
4 11468** 56.5610.9** 31.5614.9** 10.766.3 14.3626.7 87.0
5 38.7614.7*,a) 19.468.3a) 22.4612.7a) 216.9617.1a) 211.3615.0a) .200
6 79.868.1**,a) 45.2612.6**,a) 25.0613.0 0.8621.6 213.7624.0 114
7 65.364.8**,a) 35.567.9* 20.267.2 17.7615.0 14.5619.8 149
8 12668** 74.269.5** 50.065.6** 13.767.2 2.4610.3 50.0
9 11863**,a) 12064**,a) 11365**,a) 10365** 26.0616.1** 7.61

10 12264**,a) 11968**,a) 11665** 11662** 34.567.0** 5.44
11 12466**,a) 12267**,a) 95.068.1** 85.568.9** 17.064.8** 10.7
12 13269**,a) 12663**,a) 79.563.8** 28.065.4** 28.067.1 32.8
13 11462**,a) 89.062.2** 43.062.3** 4.864.6 29.262.2 57.6
14 25.066.3** 11.063.0** 4.463.7 22.264.8 211.0614.1 .200
15 18.966.8** 6.665.2 2.269.5 29.669.6 29.266.0 .200
16 10163** 58.861.0** 30.763.4** 11.062.6** 21.368.6 84.3
17 52.763.2** 35.564.3** 16.464.5** 5.560.9 25.562.0 184

MeOH ext.b) 90.661.3**,a) 98.062.0** 88.360.9** 44.567.3** 20.868.1 23.8
H2O ext.b) 10262** 89.5614.5** 48.862.7** 16.464.5** 1.664.6 51.5
Polymixin Bb) 94.4611.5**,a) 93.861.1**,a) 73.966.3**,a) 36.7615.4**,a) 19.464.4**,a) 27.8

Each value represents the mean6S.D. of four determinations. Significantly different from the control: * p,0.05, ** p,0.01. a) Cytotoxic effect was observed. b) Concen-
trations are in mg/ml.

Table 2. Cell Viability of J774.1 Cells on Treatment of LPS and Samples (1—17) during NO Inhibitory Experiment

Cell viability (% of Control)
Compound

200 mM 100 mM 50 mM 20 mM 2 mM

1 71.0613.8 105616 112617 112619 96.863.5
2 75.367.6 94.3621.3 102613 10169 105623
3 95.467.5 107616 97.4612.4 91.969.3 112613
4 10669 98.8611.7 96.769.8 95.467.8 91.869.7
5 63.5615.2 72.1622.3 87.9623.1 78.7626.7 76.4620.6
6 88.9615.0 88.4617.2 97.169.5 99.1616.1 98.169.8
7 84.867.9 93.262.9 92.966.7 98.0615.0 95.466.1
8 10967 10265 99.769.9 10464 91.3610.7
9 15.366.8 56.4610.0 83.067.9 103611 10569

10 18.566.7 67.568.5 90.166.4 11566 111612
11 8.161.9 60.466.5 94.4610.8 103615 108613
12 4.660.7 76.669.1 119612 120611 124618
13 26.665.3 91.168.7 95.268.8 10169 108615
14 97.1612.2 94.967.8 97.1611.0 92.369.9 84.465.1
15 102610 99.367.3 96.0613.1 108613 107610
16 109611 10865 10365 10768 91.8611.6
17 11468 110611 11267 10667 100612

MeOH ext.a) 28.265.3 102612 11066 10865 95.7611.2
H2O ext.a) 11766 10965 10362 10565 99.468.6
Polymixin Ba) 9.461.4 38.968.8 68.169.8 85.5612.0 85.6611.8

Each value represents the mean6S.D. of four determinations. a) Tested concentration and IC50 values are in mg/ml.
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Table 3. Inhibitory Effects of CAPE Analogues on NO Production in LPS-Activated Murine Macrophage-like J774.1 Cells

% Inhibition of NO production
Compd. R IC50 (mM)

100 mM 50 mM 20 mM 10 mM 1 mM

9 –CH2Ph 90.262.9**,a) 85.365.1**,a) 67.365.5** 39.560.5** 24.964.5 13.8
10 –(CH2)2Ph 92.861.6**,a) 94.260.9**,a) 88.662.5** 65.264.1** 7.267.6 7.64
18 –(CH2)3Ph 90.266.0**,a) 93.761.6**,a) 90.960.9**,a) 66.164.8** 11.768.4* 7.34
19 –(CH2)4Ph 93.560.0**,a) 94.960.5**,a) 91.461.4**,a) 67.161.9** 19.464.8** 6.77
20 –(CH2)5Ph 86.965.3**,a) 90.661.9**,a) 90.162.9**,a) 78.261.6**,a) 10.466.2* 6.26
21 –(CH2)6Ph 89.967.9**,a) 91.162.9**,a) 93.163.6**,a) 86.962.0**,a) 23.0610.6** 4.80
22 –(CH2)8Ph 94.661.0**,a) 89.965.3**,a) 92.663.1**,a) 85.665.4**,a) 16.1612.2* 5.39
23 –(CH2)12Ph 91.662.4**,a) 88.962.2**,a) 80.965.5**,a) 45.065.7** 9.765.5* 11.4
11 –CH2CH5CHPh 87.862.4**,a) 89.762.1**,a) 78.562.6** 52.767.5** 0.567.0 9.53
24a –(CH2)6CH5CHPh 70.065.2**,a) 77.062.0**,a) 87.065.0**,a) 83.062.0**,a) 19.063.8** 5.36
24b –(CH2)6CH5CHPh 94.068.3**,a) 96.063.3**,a) 93.069.5**,a) 94.064.0**,a) 35.069.5** 3.29
25a –(CH2)10CH5CHPh 78.0610.6**,a) 85.066.0**,a) 87.065.0**,a) 76.065.7**,a) 28.065.7** 5.13
25b –(CH2)10CH5CHPh 88.068.0**,a) 92.066.5**,a) 81.068.2**,a) 59.063.8**,a) 34.062.3** 6.76
26 –(CH2)2-c-Hex 94.361.9**,a) 91.863.7**,a) 88.062.8**,a) 62.063.8** 9.867.6 7.93
27 –CH3 90.861.1** 79.363.2** 49.566.0** 22.8614.5** 25.468.1 20.5
28 –CH2CH3 91.361.5** 78.368.2** 56.864.6** 39.166.1** 9.568.5 16.2
29 –(CH2)2CH3 91.461.9**,a) 86.461.1** 65.361.4** 43.6611.7** 1.767.1 12.9
30 –(CH2)3CH3 93.961.1**,a) 90.363.7**,a) 75.365.4** 56.162.3** 8.166.0 8.86
31 –(CH2)7CH3 90.362.1**,a) 94.260.6**,a) 91.961.4**,a) 73.166.6**,a) 20.664.2* 6.04
32 –(CH2)9CH3 93.662.5**,a) 91.463.2**,a) 91.964.4**,a) 80.362.1**,a) 29.269.6** 4.66
33 –(CH2)11CH3 89.762.7**,a) 90.762.5**,a) 86.362.6**,a) 81.761.0**,a) 9.8610.0 6.03
34 –(CH2)13CH3 90.661.4**,a) 85.361.7**,a) 78.665.8**,a) 57.568.9**,a) 13.1619.3* 8.48
35 –(CH2)15CH3 86.763.3**,a) 84.463.3**,a) 61.962.8*,a) 32.668.9** 13.9611.8* 15.9
L-NMMA 78.164.0** 58.363.4** 43.867.2** 20.8614.0 19.865.2* 32.9

Each value represents the mean6S.D. of four determinations. Significantly different from the control: * p,0.05, ** p,0.01. 24a and 25a are Z-isomer, and 24b and 25b are E-
isomer. a) Cytotoxic effect was observed.

Table 4. Cell Viability of J774.1 Cells on Treatment of LPS and CAPE Analogues during NO Inhibitory Experiment

Cell viability (% of Control)
Compd. R

100 mM 50 mM 20 mM 10 mM 1 mM

9 –CH2Ph 76.762.7 93.765.4 11167 11362 10366
10 –(CH2)2Ph 67.466.4 82.362.9 11065 11560 99.462.5
18 –(CH2)3Ph 54.7612.8 63.564.3 81.467.9 11167 10765
19 –(CH2)4Ph 56.467.5 45.062.9 67.966 10765 10066
20 –(CH2)5Ph 39.164.7 31.764.2 38.664.6 75.464.3 10363
21 –(CH2)6Ph 5.960.4 20.263.7 16.662.6 32.266.4 10363
22 –(CH2)8Ph 7.262.0 10.660.6 10.061.6 21.367.6 10660
23 –(CH2)12Ph 14.561.9 14.363.3 37.765.7 92.166.3 10263
11 –CH2CH5CHPh 51.962.0 69.265.3 98.863.1 10760 10264
24a –(CH2)6CH5CHPh 4.860.3 4.460.2 4.460.2 10.562.7 98.762.9
24b –(CH2)6CH5CHPh 4.360.3 4.460.4 4.060.2 5.760.7 99.864.7
25a –(CH2)10CH5CHPh 4.360.8 4.060.3 4.660.5 13.762.1 10162
25b –(CH2)10CH5CHPh 4.460.3 4.460.6 9.961.5 62.767.6 99.662.5
26 –(CH2)2-c-Hex 42.663.0 34.061.5 60.762.8 10562 10364
27 –CH3 10466 10562 10760 10465 10264
28 –CH2CH3 10463 10662 10760 10760 10164
29 –(CH2)2CH3 86.362.2 10262 10460 10362 10361
30 –(CH2)3CH3 76.665.8 89.369.7 10460 10460 10164
31 –(CH2)7CH3 38.964.5 25.964.0 30.866.4 80.4612.2 10460
32 –(CH2)9CH3 28.762.5 21.766.8 15.664.9 32.6613.6 10361
33 –(CH2)11CH3 11.061.5 17.561.6 18.462.0 30.263.4 10462
34 –(CH2)13CH3 15.763.4 17.162.3 30.967.4 65.2615.1 10361
35 –(CH2)15CH3 22.565.9 31.862.4 64.468.0 94.260.5 10261
L-NMMA 10163 10063 99.462.1 97.261.0 98.261.7

Each value represents the mean6S.D. of four determinations. 24a and 25a are Z-isomer, and 24b and 25b are E-isomer.



compounds were considered to be 4-phenylbutyl caffeate
(19; IC50, 6.77 mM) and butyl caffeate (30; IC50, 8.86 mM) in
their respective group. Of course these caffeates were also
toxic at higher concentration but did not have any cytotoxic-
ity at the concentration around the IC50 value (Table 2). Es-
ters with phenyl ring at the end of side chain in their alco-
holic part possessed stronger NO inhibitory activity than the
straight chain counterparts (IC50 values, 9,27; 10,28;
18,29 and 19,30), indicating that the phenyl ring may play
important role for the NO inhibition. 2-cycloHexylethyl caf-
feate (26; IC50, 7.93 mM), on the other hand, possessed similar
extent of NO inhibitory activity to that of CAPE (10; IC50,
7.64 mM), which indicates that six-member ring is enough for
enhancement of the NO inhibitory activity.

The present study could not explain the exact mechanism
of the NO inhibition of the Netherlands propolis. But propo-
lis and its various components were reported to possess
strong antioxidative properties and strong scavenging activi-
ties toward 1,1-diphenyl-2-picrylhydrazyl (DPPH), superox-
ide and hydroxyl radicals.9—11) They suggested that the NO
inhibition by the Netherlands propolis may be due to scav-
enging of NO radical generated in the cell broth. The other
possible mechanism is the blocking of iNOS induction. It is
well established that CAPE strongly and selectively inhibits
the activation of nuclear transcription factor (NF)-kB in-
duced by TNF and other inflammatory agents including
phorbol, ceramide, hydrogen peroxide and okadaic acid.12) In
addition, Song et al. demonstrated that CAPE inhibits the
iNOS promoter activity induced by LPS and IFN-g through
the NF-kB sites of the iNOS promoter.13) Thus, the active
principles of the Netherlands propolis, i.e., CAPE and its
analogues, should block the activation of iNOS through the
suppression of NF-kB activation and resulted in potent NO
inhibition.

CONCLUSION

The MeOH extract of the Netherlands propolis possessed
potent NO inhibitory activity in LPS-activated murine
macrophage-like J774.1 cells, which led to isolation of ben-
zyl caffeate (9), CAPE (10) and cinnamyl caffeate (11) as po-
tent NO inhibitors. Further study on the synthetic analogues
of CAPE led us to conclude that on elongation of alkyl side

chain of alcoholic part of caffeic acid esters enhance the NO
inhibitory activity. Both of 3-phenylpropyl caffeate (18) and
4-phenylbutyl caffeate (19) possessed stronger NO inhibitory
activity than CAPE (10). But CAPE analogues having longer
carbon chain (.C5) in alcoholic part showed toxic effects to-
ward J774.1 cells. The NO inhibitory effect of the CAPE
analogues and the Netherlands propolis were probably due to
blocking of the activation of iNOS. This NO inhibitory effect
by the CAPE analogues, main components of the Nether-
lands propolis, may directly correlate with antiinflammatory
properties of the Netherlands propolis.
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