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The Copey tree (Clusia rosea) has a large distribution in Cuba and its floral resin is a
rich source of polyisoprenylated benzophenones. To determine the presence of these natural
products, we carried out a study by HPLC of 21 propolis samples produced by honey bees
(Apis mellifera) from different provinces of Cuba. Nemorosone resulted to be the most abun-
dant polyisoprenylated benzophenone and the mixture of xanthochymol and guttiferone E
was also observed, but in minor proportion. We studied the biological activity of the pure
natural product nemorosone and its methyl derivatives. We found that nemorosone has cyto-
toxic activity against epitheloid carcinoma (HeLa), epidermoid carcinoma (Hep-2), prostate
cancer (PC-3) and central nervous system cancer (U251). It also exhibited antioxidant capac-

ity. Methylated nemorosone exhibited less biological activity than the natural product.

Introduction

Flavonoids, organic acids and its derivatives
have been isolated as the major components in
propolis from temperate regions; the flavonoids
pinocembrin, galangin, chrysin and the caffeic, fer-
ulic, and cinnamic acids are the most frequently
reported (Marcucci, 1995; Gonzélez and Orzaez
1997; Marcucci et al., 2000;). The influence of the
genus Populus in the chemical constitution of
propolis, has been reported in the propolis ob-
tained in different regions of the world (Bankova
et al., 1994; Kurkin et al., 1992; Greenaway et al.,
1988). Polyisoprenylated benzophenones in prop-
olis samples from the tropical regions of Venezu-
ela and Cuba have been isolated (Tomas-Barberdn
et al., 1993; Cuesta et al., 1999). The isolation of
propolona A (1) from a Cuban propolis sample,
suggested that bees collect floral resins from genus
Clusia to produce propolis. This possibility has
been proposed for the Venezuelan propolis (To-
mads-Barberan et al., 1993). Considering the large
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distribution of the Copey tree (Clusia rosea) in
Cuba and that its floral resin is a rich source of
polyisoprenylated benzophenones (Bisse, 1988;
De Oliveira et al., 1996; De Oliveira et al., 1999),
we carried out an HPLC study in order to deter-
mine the presence of these kind of compounds in
21 samples of propolis produced by Apis mellifera
from different provinces of Cuba. Nemorosone
(2)* was found to be the most abundant polyiso-
prenylated benzophenone and the mixture of xan-
thochymol (4a) and guttiferone E (4b) was also
observed but in minor amounts. Recently, it has
been reported the bactericide activity of the meth-
ylated isomer of nemorosone 3b (known as nem-
orosone II, Lokvam et al., 2000), showing that this
product could be responsible of the bactericide ac-
tivity of propolis. With this idea in mind, we
studied the cytotoxic and antioxidant activity of
the pure natural product nemorosone (2) and the
mixture of methyl derivatives 3.

* The natural product nemorosone is a mixture of the
tautomers 2a and 2b which can not be separated, see
Cuesta-Rubio et al., 2001.

0939-5075/2002/0300—-0372 $ 06.00 © 2002 Verlag der Zeitschrift fiir Naturforschung, Tiibingen - www.znaturforsch.com - D



O. Cuesta-Rubio et al. - Polyisoprenylated Benzophenones in Propolis 373

2aR=H
3a R=Me

Scheme 1

Experimental

Propolis samples were provided by La Estacion
Apicola Experimental “La Habana” or collected
by one of us (O. C.) in the studied provinces. The
HPLC analyses were performed by a Waters Delta
prep 4000 equipped with a 486 UV-Vis detector.
The chromatographic column was a puBondapak C-

4a: R=

4b: R=

18 (300 x 3.9 mm). Organic solvents were HPLC
grade from J. T. Baker (55320, Xalostoc, Edo. de
Méx., México) and water was purified with the
Milli-Q Water System (Millipore Corp., Bedford,
MA, USA).
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Standard isolation

Propolis samples 1 and 5 (ca. 50 g) were ex-
tracted three times individually with MeOH
(100 ml) for 1 hr. The extracts (ca. 7 g) were fil-
tered and subjected to vacuum liquid chromatog-
raphy on silica gel with mixtures of hexane:EtOAc
(100:0 to 0:100 v/v) to give 61 fractions (50 ml):
60-61 (315 mg; mixture of xanthochymol 4a and
guttiferone E, 4b). Fractions 10-15 were subjected
to exhaustive column chromatography with mix-
tures of hexane:EtOAc. From the fractions 47-51
(520 mg) nemorosone (2) was isolated. The mix-
ture of methyl-nemorosone derivatives (3) was ob-
tained by methylation with diazomethane (Cuesta-
Rubio et al., 2001). The compounds found were as
expected according to the chemical and physical
characteristics reported in literature (Cuesta-
Rubio et al., 2001; Gustafson et al., 1992; Blount
and Williams, 1976).

HPLC analyses

All propolis samples for HPLC analyses (ca.
5g) were extracted three times with EtOAc:
hexane (1:1 v/v) for 1hr. The residues were
treated with boiling MeOH (3 x 100 ml) for 10 min
and filtered. The extracts obtained were concen-
trated and analyzed by HPLC. The HPLC analy-
ses were achieved using a gradient from MeOH:A-
cOH 2% (50:50) to MeOH 100% in 15 min with a
solvent flow rate of 1 ml min~' at 20 °C. The UV
detector was set at 280 nm. Nemorosone (2)
showed a retention time of 16.4 min under these
experimental conditions. Quantification of nem-
orosone was carried out by interpolation with a
standard curve generated by injection of nemoro-
sone samples of known concentration. Detector
response was linear over the range of concentra-
tion used. In Table I mean and the standard error
(SE) of three independent experiments are listed.

Cell culture and assay for cytotoxic activity

The human cervix carcinoma (HeLa), the hu-
man larynx carcinoma (HEp-2), prostate carci-
noma (PC-3) and central nervous system carci-
noma (U251) cell lines were supplied by Facultad
de Medicina, UNAM, México and National Can-
cer Institute (NCI), USA. The human tumor cyto-
toxicities were determined following protocols
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established by the NCI (Monks et al., 1991). The
cell lines HeLLa and Hep2 were cultured in a mini-
mal essential medium with Earle’s salts (MEN)
and PC-3 and U251 cell lines in RPMI 1640 me-
dium, all supplemented with 10% fetal bovine se-
rum, 2mMm L-glutamine, 100 IU/ml penicillin,
100 ug/ml streptomycin and 1% non-essential
amino acids. They were maintained at 37 °C in a
5% CO, atmosphere with 95% humidity. For the
assay, cells were detached with 0.1% trypsin-
EDTA to make single-cell suspensions, and viable
cells were counted using a hematocytometer and
diluted with medium to give 7.5 x 10* cells/ml.
100 ul/well of these cells suspensions were seeded
in 96-well microtiter plates and incubated to allow
for cell attachment. After 24 hr the cells were
treated with logarithmic concentrations of the test
products and the positive controls, doxorubicin
(2.5 x 1073 to 2.5 x 1072 m) and actinomycin D
(2.5 x 1073 to 2.5 x 10~Y m). They were initially
dissolved in DMSO (20 mm) and further diluted in
medium to produce six concentration test solu-
tions (100, 31, 10, 3.1 1.0 and 0.31 um). 100 pl of
each test solution with the compound to evaluate
were added to each well. The final volume in each
well was 200 ul and the plates were incubated for
48 hr.

Sulforhodamine B assay: After the 48 hr, adher-
ent cell cultures were fixed in situ by adding 50 ul
of cold 50% (wt/vol) trichloroacetic acid (TCA)
and incubated for 60 min at 4 °C. The supernatant
was discarded and the plates were washed three
times with water and air-dried. 100 ul of SRB solu-
tion (0.4% wt/vol in 1% acetic acid) was added to
each microtiter well and the culture was incubated
for 30 min at room temperature. Unbound SRB
was removed by washing three times with 1% ace-
tic acid and the plates were air-dried. The bound
and stained SRB was solubilized with Tris (tris[hy-
droxymethyl]aminomethane) buffer, and the opti-
cal densities were read on an automated spectro-
photometric plate reader at a single wavelength
of 515 nm. The ICsy (concentrations required to
inhibit cell growth by 50%) was calculated accord-
ing to the protocol previously established (Monks
et al., 1991). Mean and the standard error (SE) of
three independent experiments for each selected
concentration of the studied compound are listed
in Table II.
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Assay for antioxidant activity

The potential antioxidant activity was assessed
on the basis of the scavenging effect of the tested
compound on the stable free radical of 1,1-diphe-
nyl-picrylhydrazyl (DPPH) (Cottele et al., 1996).
In 96-well microtiter plates, the reaction mixtures
containing different concentrations of the test
samples in EtOH and 100 mm DPPH in ethanolic
solution, were incubated at 37 °C for 30 min. The
absorbances were subsequently measured at
515 nm. Measurements were performed in tripli-
cate in at least three independent experiments.
The percent of inhibition of each compound was
determinated by comparison with a DPPH etha-
nolic blank solution. ICs, values are the concentra-
tion of sample required to scavenge 50% of DPPH
free radicals. The data shown in Table III repre-
sents the mean plus and standard error (SE) of
three independent experiments for each selected
concentration of the studied compound.

Results and Discussion
Chemical composition of Cuban propolis

The two standards, nemorosone (2) and the mix-
ture of xanthochymol (4a) and guttiferone E (4b)
were isolated by conventional procedures from the
MeOH extracts of two propolis samples (Sample
1 and Sample 5, see Table I). The structural identi-
fication was carried out by comparison with the
NMR data reported previously for these com-
pounds (Cuesta-Rubio et al, 2001; Gustafson et
al.,, 1992; Blount and Williams, 1976). Propolis
samples from different provinces of Cuba were in-
vestigated by HPLC, in order to evaluate the pres-
ence of 2. The HPLC study of nemorosone (2)
showed a retention time of 16.4 minutes for this
product, with the experimental conditions de-
scribed in the experimental section. The chroma-
tographic signal of nemorosone was an asymmet-
ric peak, with a little shoulder on the tail of the
peak. We attributed this shoulder to the presence
of the two nemorosone keto-enol isomers (2a and
2b) from the enolizable 1,3-diketone system pre-
sent in the compound (Cuesta-Rubio et al., 2001).

For the HPLC analyses, the propolis samples
were extracted with hexane: EtOAc (1:1 v/v) to
facilitate the selective extraction of the benzophe-
nones and the solvent was evaporated in vacuo.
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The residues obtained were dissolved in MeOH to
eliminate the beeswax and the methanolic extract
was injected to the HPLC equipment. Samples 1
and 5 were included as positive controls of the
presence of nemorosone. The HPLC analyses of
the extracts obtained in this way, showed a very
simple chromatogram with only few signals. The
biggest signal corresponds in shape and retention
time with the observed for the nemorosone stan-
dard. This result confirms the selectivity for the
extraction of the prenylated benzophenones by
the method previously described and the large
quantity of nemorosone present in the sample.
The same chromatographic characteristics of nem-
orosone were observed with 17 propolis samples.

Some crystals of nemorosone were added in all
the samples that showed the presence of a chro-
matographic signal with the characteristic of nem-
orosone. We observed an increment of absorbance
value without lose of the observed shape of the
peak. In all the cases where nemorosone was de-
tected, both facts were observed confirming the
presence of nemorosone in the analyzed samples.

The nemorosone standard used previously, was
employed to construct a standard curve to interpo-
late the observed absorbance values, which led us
to perform the quantitative study of nemorosone
in Cuban propolis. The same experimental condi-
tions used for the qualitative analysis were em-
ployed in the quantitative study. The results are
summarized in Table I.

Interestingly, different samples from the same
province (1, 3 and 6) either showed or did not
show the presence of nemorosone 2 in propolis.
Apparently this is due to different geographic re-
gions with different vegetation. Four samples of
propolis (3, 4, 11 and 18) did not contain nemoro-
sone. We observed that nemorosone was con-
tained in 17 propolis samples of the 21 evaluated.
The quantities of nemorosone were in a range be-
tween 3.7 and 46% in relation to the weight of the
propolis sample. The differences can be attributed
to factors such as: number of Copey trees near to
the beehive, their flowering, the resin recollection
season, other available plant exudates. These re-
sults suggest that the nemorosone is one of the
major constituents of the Cuban propolis and that
it can be produced initially from floral resins of C.
rosea, from where it has been isolated (Cuesta-
Rubio et al., 2001).
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Table I. Nemorosone quantification in Cuban propolis.

Sample  Province of Cuba Mass of crude Mass of the Quantity Quantity (%) Nemorosone*
propolis [g] methanolic extracted (%) injected mean + SE
residue [g] [mg/ml]

1 Holguin 5.001 2.470 49.5 0.97 +

2 Ciudad Habana 5.010 2.086 41.6 1.66 6.7 £ 022

3 Holguin 5.070 2.150 42.4 215 -

4 Ciudad Habana 5.100 1.006 19.7 40.24 -

5 Guantdnamo 5.060 2.560 50.5 1.02 +

6 Holguin 5.040 1.620 321 1.94 52 £ 0.01

7 Santi Spiritus 5.100 2.373 46.5 0.94 13.1 £ 0.02

8 Santiago de Cuba 5.000 1.316 26.3 0.52 9.0 £ 0.10

9 Las Villas 5.070 2.634 51.9 0.84 12.2 £ 0.39

10 Cienfuegos 5.007 3.130 62.5 0.62 28.5 £ 0.53

11 Habana 5.009 1.179 235 47.16 -

12 Guantanamo 5.001 3.218 64.3 0.64 223 £ 19

13 Habana 5.011 1.383 27.5 2.76 37 £023

14 Pinar del Rio 5.040 3.830 759 0.76 352 £ 0.01

15 Santiago de Cuba 5.006 3.910 78.1 0.78 18.8 £ 0.18

16 Pinar del Rio 5.001 1.900 379 3.80 +

17 Santiago de Cuba 5.018 2912 58.0 0.58 18.4 £ 0.07

18 Santiago de Cuba 5.029 0.581 11.5 23.24 -

19 Pinar del Rio 5.009 3.822 76.3 0.76 36.8 £ 0.11

20 Pinar del Rio 5.014 4.660 92.9 0.46 46.4 £ 0.85

21 Pinar del Rio 5.003 2.049 40.9 0.81 113 £ 0.15

(+) non quantified. (-) non detected. * Each dilution in standard curve and each propolis sample determination
was injected in triplicate and the result corresponds to the mean = SE.

Nemorosone was identified in propolis samples
obtained from the occidental, central and oriental
regions of Cuba, suggesting that this polyisopreny-
lated benzophenone is a common compound in
Cuban propolis. In these cases, the Copey trees (C.
rosea) are the principal sources of resins to pro-
duce propolis as confirmed by the recollection of
this floral resin by the bees.® The polyprenylated
benzophenones xanthochymol (4a) and guttifer-
one E (4b) have not been isolated from the floral
resins of C. rosea, but they have been found in the
yellow resins that secrete the young fruits of C.
rosea (Gustafson et al., 1992). Our observations
and those of the beekeepers confirm, that bees
also recollect this resin.

These facts establish the relationship between
the Copey tree (Clusea rosea) and the presence of
polyisoprenylated benzophenones in Cuban prop-
olis. It seems that the floral and fruit resins of C.
rosea are the source of choice for propolis pro-
duction when these are available. We have quanti-
fied between 0.3 and 0.5 g of resin in each flower,

§ QOur observation and confirmed by the beekeepers.

suggesting that only an adult Copey tree near to
the bee-hive can be a very important source of
starting material for the propolis production.

The role of C. rosea in the chemical composition
of Cuban propolis should not be considered as
essential, because it is known that bees can recol-
lect plant exudates from other plant species. This
fact can explain the absence of nemorosone in
four of the propolis samples (samples 3, 4, 11,
and 18).

The quantities of polyisoprenylated benzophe-
nones in the floral resins of Clusia species have
been determined using methyl derivatives (De Ol-
iveira et al., 1996; De Oliveira et al., 1999; Lokvam
et al., 2000). Our study propose an alternative to
quantify this kind of benzophenones without deri-
vatization. The reported data and the results ob-
tained in our investigation suggested, that nemor-
osone (2) is a major component in the majority of
the Cuban propolis.

Biological activity of nemorosone (2) and methyl
derivatives (3)

We found that the natural product 2 was active
against the four cell lines (Table II). When the
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Table II. Cytotoxicity activity of nemorosone and methyl derivative (ICsy mean = SE n = 3).
Cellular line: HELA HeP-2 PC-3 U2sl1

um ug/ml um ug/ml um ug/ml um ug/ml
Nemorosone (2) 33+£017 16+008 31+017 15+008 72+13 36=%065 39+140 19 +0.70

Methyl-nemorosone (3) 571 £0.10 294 +0.05 945+ 015 487 £0.07 851 +15 439+077 329 +410 17.0 +2.11

Reference: Doxorubicin (HELA: 1.9 x 1073 + 4.3 x 10~* mwm; HeP-2: 2.06 x 1073 + 3.4 x 10~ mwm; U251: 9.28 x
1074 £ 2.2 x 10~* mm; PC-3: 3.2 x 1073 + 1.7 x 1073 mwm).
Reference: Actinomycin D (HELA: 1.9 x 107° £ 2 X 1077 mm = 2.38 x 1073 + 2.5 x 10~* pg/ml ; HeP-2: 1.3 x

10°©+ 2x 103 mum = 1.6 x 1073 + 2.5 x 10~* pg/ml).

mixture of methyl derivatives 3 was used, the re-
quired concentration to reach the ICs, in the cel-
lular lines, was between ten times and thirty times
more concentrated, showing a very important
decrease for the cytotoxic activity. Following the
recommendation of the Natl. Cancer Institute-
USA, we consider that a product is active when
the ICsy is reached with a concentration lower
than 4 pg/ml for pure compounds (Cordell et. al.,
1993).

The antioxidant properties of nemorosone (2)
and it’s methyl derivative (3) were also studied.
We observed that 2 is active to scavenge the
DPPH free radical in the same order of magnitude
than the reference o-tocopherol (Table III). As
observed in the cytotoxic assay, the methylation of
nemorosone abolishes the antioxidant properties
of this natural compound.

These studies showed that the 1,3-diketone sys-
tem is a very important molecular region for the
activity of 2. Probably lack of the tautomeric equi-
librium or an hysterical hindrance in this region

Table III. Antioxidant activity of nemorosone and
methyl derivative (ICso mean + SE n = 3).

Scavenging of the free radical of DPPH

um ug/ml
Nemorosone (2) 44.1 £ 0.08 222 £ 0.04
Methyl-nemorosone (3) >200 >103.2
Reference: a-tocopherol 244 £ 0.33 10.5 £ 0.14

affect severely the biological behavior of nemoro-
sone. This fact is very important, because the pre-
viously reported biological tests for nemorosone
have been performed only with the methyl deriva-
tives of this compound (Lokvam et al., 2000), be-
cause the separation of the compounds is facili-
tated by forming these methyl derivatives during
the phytochemical study.
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