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a b s t r a c t

The estrogenic/antiestrogenic activity and the genotoxicity/antigenotoxicity of bee pollen from Salix alba
L. and Cystus incanus L. and its derivative extracts in yeast and human cells was investigated. All samples
showed a marked inhibitory effect on the activity of the natural estrogen 17 b-estradiol (higher than 90%
for extracts 2) and failed to cause estrogenic activity and chromosome damage. At least one preparation
from each species showed a marked antigenotoxic effect against the action of the anticancer drugs
mytomicin C, bleomycin, and vincristine. Bee pollens from C. incanus and S. albawere found to be neither
genotoxic nor estrogenic as well as effective estrogen inhibitors, and able to reduce the chromosome
damage induced by the three cancer drugs used, thus supporting their use as a safe food supplement and
future chemoprotective/chemopreventive agents.

� 2010 Elsevier Masson SAS. All rights reserved.
1. Introduction

The consumption of bee pollen or its derivative products as
a dietary supplement by humans has been rapidly increasing over
the last decade due to its high saccharide, lipid, protein and amino
acid contents. Bee pollen is also a very important source of vitamins
and polyphenolic compounds, particularly flavonoids [1,2]. Some
classes of these substances, similarly to natural estrogens (phy-
toestrogens), are able to bind intracellular estrogen receptors (ERs)
thus causing estrogenic/antiestrogenic effects [3,4]. In addition,
they exhibit a broad spectrum of biological effects which can be
beneficial or harmful for human health. Flavonoids, in fact, beside
having anti-inflammatory, antioxidant and anticancer activity,
were proven to be mutagenic, pro-oxidant and/or pro-apoptotic in
different in vitro cell systems, even though the effects are observed,
ytomicin C; BLM, bleomicin;
ouble strand breaks; CPI, cell
b-estradiol; b-gal activity,
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in general, at high concentrations [5e7]. Clinical and epidemio-
logical studies indicate that these compounds can also interact with
chemotherapeutic drugs during cancer treatment [8,9]. Thus,
considering that pollen preparations are generally made away from
medical examination regardless of any drug interactions (which are
often harmful), assessment of the potential genotoxic or estrogenic/
antiestrogenic activity can be of particular relevance to the safety of
any product intended for alimentary or medical use. At present, no
such data are available in literature, with the exception of two
works inwhich honeybee pollen showed no estrogenic activity [10]
or antiestrogenic and antioxidant properties [11].

With this background in mind, we aimed at investigating clear
bee pollen powder (BPP) collected from twoMediterranean species
(S. alba L. and C. incanus L.) and its derivative extracts for estrogenic
and antiestrogenic activity in a yeast reporter assay or for geno-
toxicity in human cells. The analysis of micronucleus (MN) forma-
tion in phytohaemagglutinin-stimulated and cytochalasin
B-blocked human peripheral lymphocytes which detects chromo-
some breakage and/or chromosome malsegregation, is commonly
used as a marker of genome damage [12]. To study its biological
profile in more depth, we further investigated the ability of pollen
to attenuate, in an antigenotoxicity assay, the chromosome damage
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induced by bleomycin (BLM), mitomycin C (MMC) and vincristine
(VCR), three anticancer drugs acting via different molecular
mechanisms. BLM is activated to form site specific radicals which
are able to directly generate single or double strand breaks (DSB),
thus resulting in a potent mutagenic and cytotoxic agent [13]. MMC
produce prevalently mono- and bifunctional alkylation of guanine
residues that irreversibly bind to DNA to form interstrand and
intrastrand DNA cross-links via a reductive metabolism [14]. VCR
binds to a site on the tubulin subunits, inhibiting their polymeri-
sation to form the mitotic spindle microtubules and possibly also
the centriole microtubules, thus causing chromosome malse-
gregation [15]. These three mutagenic drugs are regarded as sus-
pected human carcinogens, and VCR has been already included into
group 1 carcinogens (carcinogenic to humans) by IARC [16].

2. Results

2.1. Botanical identification and phenolic compound content

Melissopalynological analysis showed that the most abundant
species in C. incanus bee pollenwas C. incanus L. (70%). Pollen grains
from Quercus ilex, Quercus spp., Asphodelus spp., and family Bras-
sicaceae were also present at a lower extent. The most abundant
species in S. alba bee pollen was: S. alba more than 80%, Brassica L.
10% and at a lower extent, pollen grains of Salici populetum nigrae
and Quercus robur.

Table 1 shows phenolic compound composition of extract 1 and
extract 2 from C. incanus and S. alba BPP. In extract 1 of C. incanus,
only pinocembrin and chrysin reached at least 1 mmol/g (total
phenolic compound content ¼ 4.28 mmol/g), while S. alba concen-
tration of pinocembrin, chrysin, galangin were 3.30, 3.90 and
2.05 mmol/g, respectively (total phenolic compound content,
12.30 mmol/g). The most represented compounds of extract 2were:
isorhamnetin (6.70 mmol/g), quercetin (3.25 mmol/g), kaempferol
(1.56 mmol/g) for C. incanus (total phenolic compound content,
13.80 mmol/g); coumaric acid (7.40 mmol/g), kaempferol (4.80 mmol/
g), taxifolin (2.85 mmol/g) and caffeic acid (2.05 mmol/g) for S. alba
(total phenolic compound content, 23.65 mmol/g).

2.2. In vitro estrogenic/antiestrogenic activity

Both BPP and the two derivative extracts of C. incanus showed
a weak dose-dependent increase in estrogenic activity, however
less than 20% with a maximum b-gal activity of 13.2% of 17
Table 1
Phenolic compound content of C. incanus L. and S. alba L. bee pollen samples

C. incanus L. S. alba L.

Extract 1
(mmol/g)

Extract 2
(mmol/g)

Extract 1
(mmol/g)

Extract 2
(mmol/g)

Caffeic acid 0.35 0.60 1.30 2.05
Coumaric

acid
ND ND 1.30 7.40

Galangin 0.86 0.40 2.05 0.70
Isorhamnetin ND 6.70 0.20 1.20
Kaempferol 0.30 1.56 0.25 4.80
Myricetin ND ND ND ND
Quercetin ND 3.25 ND ND
Luteolin ND ND ND 1.65
Chrysin 1.35 0.79 3.90 1.80
Daidzein ND ND ND ND
Genistein ND ND ND ND
Naringenin ND ND ND 0.65
Pinocembrin 1.42 0.50 3.30 0.55
Taxifolin ND ND ND 2.85

ND ¼ non detectable.
b-estradiol (E2). Significant differences (p < 0.01) were seen
between extract 2 and BPP or extract 1. At the highest concentration
tested (660 mg/ml), the E2 relative activity was higher for extract 2
(10.76 � 1.50%) than for extract 1 (7.32 � 0.82%) or BPP
(7.13 � 0.03%). The results of the in vitro antiestrogenic activity are
reported in Fig. 1 for C. incanus (panel A) and S. alba (panel B),
respectively. Both BPP and the two derivative extracts of C. incanus
showed a dose-dependent inhibitory effect on b-gal expression
induced by 1 nM E2. 4-hydroxytamoxifen (4-OHT) exhibited strong
inhibitory effect (65.13% inhibition) on b-gal activity induced by E2.
As shown in Fig. 1A, under the conditions when 4-OHT inhibited
the E2-mediated activity by 65.13%, bee pollen inhibited the activity
by 62.6� 2.64% (BPP), 62.6� 4.27% (extract 1), and by 92.8 � 4.21%
(extract 2), at a concentration of 660 mg/ml (about 200 fold higher).
Also in this case, the strong inhibitory effect of extract 2 was
significantly different (p < 0.001) from the effects observed for the
two other pollen preparations.

All preparations from S. alba exhibited a moderate increase in
the E2-like activity never exceeding 20%. Estrogenic activity of
extract 2 detected at 660 mg/ml (13.20 � 2.06%) was significantly
more elevated (p < 0.001), as compared to that of BPP
(6.59 � 0.02%) or extract 1 (6.28 � 0.53%). The antiestrogenic
activity of S. alba bee pollen samples are showed in Fig. 1, panel B.
Once again, at final concentration of 660 mg/ml, extract 2 showed
the highest inhibition value (91.82� 7.46%, p< 0.01) with respect to
BPP (70.35 � 3.34%) or extract 1 (78.61 � 0.67%). At the highest
concentration tested both extracts 2 strongly inhibited the yeast
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Fig. 1. Inhibitory activity of different concentrations of bee pollen samples from
C. incanus L. (A) and S. alba L. (B), its derivative extracts and 4-hydroxytamoxifen
(4-OHT) on b-gal activity induced by 1 nM E2 in yeast. To test for antagonistic activity,
the yeast strain was incubated with E2 in the presence or absence of samples. The
activity is expressed as a percentage of the b-gal activity induced by E2 (100%). Values
are the means � SE.
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cell growth (data not shown). Fig. 2 graphically visualizes the
antiestrogenic activity of the four phenolic compounds which were
found at higher concentrations in extracts of both pollen species.
All compounds significantly inhibited the E2 activity, the most
effective concentration being 0.1 mM for pinocembrin
(96.05 � 0.5%), isorhamnetin (60.22 � 5.51%), and coumaric acid
(61.16 � 2.48%), or 1 mM, for chrysin (70.61 � 0.57%).
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Fig. 3. Induction of micronuclei (MN) in human peripheral lymphocyte cultures
treated by three concentrations of C. incanus L. bee pollen powder (BPP) or extract 1
and extract 2 together with the anticancer drugs (A) bleomycin (BLM), (B) mytomicin C
(MMC), and (C) vincristine (VCR) (antigenotoxicity assay). Each bar represents the
average MN frequency � SE from three independent experiments (two replicate
cultures per experiment) pooled together. Significance versus MN level induced by
each mutagen alone (Dunnett test).
2.3. In vitro MN assay: genotoxic and antigenotoxic activity

Both pollen species did not induce any significant variation in
the spontaneous MN frequency (3.83 � 0.88& and 6.83 � 0.67&)
up to the maximum tested dose, whereas the positive control BLM
(33.00� 1.33& and 55.50 � 5.13&) did so significantly (p < 0.001).
In addition, all tested samples did not affect cell cycle progression
with the exception of C. incanus extract 2 which was able to induce
a severe toxicity at 355.6 mg/ml.

The results of the antimutagenesis assay are graphically visu-
alized, separately for each anticancer drug, in Figs. 3 and 4 for
C. incanus and S. alba, respectively. Neither BPP nor extracts of
C. incanus did significantly reduce MN frequency of BLM treated
cultures. With regard to MMC, extract 2 was able to strongly
decrease the induced MN level (64.00 � 5.10&, p < 0.001): the
reduction was of 75.0%, 72.1% or 55.5% at 1 mg/ml (16.00 � 2.16&),
10 mg/ml (18.00 � 1.89&) or 100 mg/ml (28.33 � 3.66&), respec-
tively (panel B). Panel C indicates that both 10 and 100 mg/ml of
extract 1 significantly lowered (p < 0.001) MN frequency induced
by VCR (82.00 � 8.06&) to 54.00 � 3.74& (�65.9%) and
49.33 � 4.91& (�60.4%). When a reduction of the induced MN
levels was observed, cell proliferation index (CPI) did not increase
significantly with respect to that of cultures treated with the
mutagens alone. While BPP and extract 2were inactive, all doses of
the S. alba extract 1 significantly decreased (p< 0.001), irrespective
of CPI recovery, MN frequencies induced by BLM (29.67 � 3.78&):
to 13.00 � 1.41& (�43.8%), 12.67 � 1.19& (�42.7%) and
13.33 � 2.41& (�44.9%) for 1, 10 and 100 mg/ml, respectively. Bee
pollen and extract 1 caused very high decreases of the MN induced
by MMC at all tested concentrations, the maximum reductions
being observed at 1 mg/ml (from 79.00 � 5.44& to 31.67 � 4.25&,
�59.9%, p < 0.001) and 100 mg/ml (from 64.67 � 6.40& to
37.33 � 5.04&, �42.3%, p < 0.001), respectively (Fig. 4, panel B). In
these cases we observed a recovery of the cell cycle progression:
CPI increased from 1.29 � 0.05 to 1.43 � 0.06 to 1.48 � 0.08, for bee
pollen and extract 1, respectively. VCR MN induction (97.67 � 8.24)
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Fig. 2. Inhibitory activity of different concentrations of standard phenolic compounds
on b-gal activity induced by 1 nM E2 in yeast. To test for antagonistic activity, the yeast
strain was incubated with E2 in the presence or absence of samples. The activity is
expressed as a percentage of the b-gal activity induced by E2 (100%). Values are the
means � SE.
was effectively lowered (p < 0.001), in the absence of any CPI
variation, by extract 2 treatment: to 53.67 � 5.36& (�55.0%) at
1 mg/ml, to 40.00 � 4.19& (�41.0%) and to 38.67 � 5.26& (�39.6%)
at 100 mg/ml.

3. Discussion

In the context of anticancer drug research, besides the devel-
opment of new potent cytotoxic compounds, increasing interest is
now devoted to cancer chemoprevention, a clinical approach based
on the ability of compounds to reverse or suppress the multistage
process of carcinogenesis [17]. Thus, the detection of no to mild
toxicity, of antiinitiation or antiprogression properties, as well as of
protective effects against the action of DNA-damaging anticancer
drugs, can assume great relevance for natural products of plant
origin designed not exclusively for alimentary use. For example,
one study reports that administration of EGb 761 extract from
Ginkgo biloba neutralized genotoxic damage induced by 131I radi-
oiodine treatment in hyperthyroid patients, without affecting the
clinical outcome [18]. On this basis, special consideration on the
activity of natural compounds being able to bind to the hormone
receptors, in particular estrogen receptors, should be taken into
account. It is well known that breast tumors during their initial
state depend on estrogens for growth, and overexpression of ER is
considered to be a predictive and prognostic factor in breast cancer
[19,20]. Consequently, inhibition of ER has become a major strategy
for preventing and treating breast cancer. In addition, estrogen-like
compounds, especially certain soy isoflavones such as genistein and
daidzein, are proven to trigger DNA damage via ROS generation
after they have undergone extensive oxidative metabolism [21,22].
Thus, antiestrogenic compounds can antagonize estrogen-depen-
dent processes in their target tissue, being able to counteract the
growth of estrogen-related cancers. However, biological data on
these substances are sometimes controversial. This can depend, as
well as on the nature of the compound, on the concentration range
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Fig. 4. Induction of micronuclei (MN) in human peripheral lymphocyte cultures
treated by three concentrations of S.alba L. bee pollen powder (BPP) or extract 1 and
extract 2 together with the anticancer drugs (A) bleomycin (BLM), (B) mytomicin C
(MMC), and (C) vincristine (VCR) (antigenotoxicity assay). Each bar represents the
average MN frequency � SE from three independent experiments (two replicate
cultures per experiment) pooled together. Significance versus MN level induced by
each mutagen alone (Dunnett test).
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at which they are analyzed, on the cell system and the biomarker
used and if a single phytochemical is assayed in an extract con-
taining other identified or undetermined secondary metabolites. In
this view, previous evidence indicates that single polyphenols or
extracts can be simultaneously estrogenic and antiestrogenic
[4,23,24] or exert antigenotoxic or genotoxic activity at low or high
concentrations, respectively [6,25].

In order to evaluate their safety and efficacy as food supplement
or medical adjuvant, bee pollen from C. incanus and S. alba and their
derivative extracts were screened in vitro for estrogenicity/anti-
estrogenicity and genotoxic/antigenotoxic activity. C. incanus and S.
alba pollen preparations shared approximately the same behaviour
with respect to estrogenic and antiestrogenic activity. In general,
both species displayed a very low or no estrogenic activity and
a more relevant E2 inhibition, although the reference compound
4-OHT was shown to be effective in a very low concentration range,
and both extracts 2weremore active than the extracts 1. Moreover,
when we compared the pattern of activity of BPP with the extracts
within each species, we detected a substantial variation. In partic-
ular, the difference of C. incanus extract 2 from extract 1 and BPP
was less pronounced in the case of estrogenic activity and more
pronounced for antiestrogenicity while exactly the opposite
occurred for S. alba extract 2 which is relatively more estrogenic
than less antiestrogenic. In general, S. alba was proven to be the
most effective species in inducing inhibitory activity of E2, and this
could be because of its higher flavonoid content. The estrogenic and
antiestrogenic properties of many flavonoids is well known. Among
flavonoids contained in the two studied species, luteolin, quercetin,
chrysin, and kaempferol were previously demonstrated to be
antiestrogenic [4,24,26e28].

Differences in the total phenolic compound content in the two
species can explain the different degree of inhibitory action
observed for extract 2 and extract 1. The C. incanus phenolic
compound content of extract 2 was more than doubled compared
with extract 1, and this results in a higher difference in anti-
estrogenic activity between the two extracts than that observed for
S. alba, where the phenolic compound levels of the two extracts
differ by less. However, the only total content cannot explain the
antagonistic activity of the extracts, in particular of extract 2, and
the flavonoid pattern should also be taken into account. For this
reason, the antiestrogenic properties of the main phenolic
compounds contained in the two pollen extracts were analyzed. All
compounds tested were shown to be antiestrogenic and this was in
agreement with the inhibitory activity induced by both BPP and
extract 2 or extract 1. In particular, pinocembrin could justify the
observed antiestrogenicity, especially of S. alba extract 1. Phenolic
compound content could therefore be partly responsible for the
observed effect, giving rise to a synergistic rather than an additive
action.

Pollen samples from both species failed to cause chromosome
damage or to induce toxicity in cultured peripheral cells up to
a concentration of 660 mg/ml (the maximum possible according to
pollen solubility), with the exception of extract 2 from C. incanus
which severely impaired lymphocyte proliferation already at
355.6 mg/ml. Other studies show that natural plant extracts are
generally not genotoxic in bacterial or eukaryotic cell systems
[29,30], even though some of them can give positive results at very
high concentrations [31,32] The results of the antimutagenesis
assay indicated that at least one preparation of both species showed
a marked antigenotoxic effect against the action of at least one
anticancer drug, even though, in general, C. incanus was less
effective than S. alba. In fact, only C. incanus extract 1and extract 2
were able to consistently reduce the number of damaged cells
induced byMMC and VCR, respectively. Conversely, all preparations
from S. alba protected against the three mutagenic drugs. In
particular, BPP and extract 2 improved the antigenotoxic response
to MMC or VCR, respectively, while extract 1 attenuated the DNA
damage induced by both BLM andMMC, thus resulting in being the
most potent among S. alba samples. In general, the observed anti-
genotoxic effect occurred irrespective either of a recovery of cell
division or of the pollen sample concentration. Only for VCR we
observed a nearly dose-dependent reduction in chromosome
damage as in the case of S. alba extract 2, where the percentage of
protection increased from 39.5% to 54.8%. At variance to this, the
antigenotoxic effect of C. incanus extract 1which appeared at 10 mg/
ml, gave no more than a 4% increase at the ten-fold higher
concentration.

Polyphenols can act via a scavenger action directed towards
either active chemicals or the enzymes responsible for detoxifica-
tion/bioactivation of mutagens or they can check their entry into
the cells. In addition, phytochemicals are proven to modulate the
expression of genes encoding for the above mentioned enzymes or
involved in the DNA repair and apoptosis pathways [9,33e37]. Once
again, the total phenolic compound content, as well as variation in
their composition, could explain the observed antimutagenic
effects, and the higher phenolic compound content of S. albawould
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justify the higher protection elicited towards the mutagenic drugs.
Genotoxic properties of flavonoids recovered in our samples have
already been investigated. Galangin and pinocembrin, the most
abundant flavones detected in extract 1 together with chrysin, as
well as isorhamnetin 3-O-neohesperidoside, a derivative of iso-
rhamnetinwhich was also found at high concentration in C. incanus
extract 2, were proven to effectively contrast the DNA-damaging
activity of several mutagens/carcinogens without exhibiting any
genotoxic activity [38e41].

On the other hand, luteolin, chrysin and quercetin showed
both antimutagenic and genotoxic activity [40e46], while
taxifolin was inactive [45]. In addition, relatively low concen-
trations of extracts from five Equisetum species containing
quercetin, kaempferol or caffeic acid derivatives increased MN
formation in human lymphocytes [47]. Also vitamins, which are
relatively abundant in pollen samples, can play a role in
modulating the genotoxicity induced by the anticancer drugs.
For example, it is well known that vitamin C and its synthetic
derivatives effectively oppose to chemical mutagens and UV
irradiation [48,49].

In our study, BLM resulted in being the hardiest anticancer
drug to be contrasted by pollens. This finding is in line with
other reports in the literature showing that, in general, natural
products of plant origin exhibited negative or even adverse
effects against BLM genotoxicity [48,50e52]. Unlike MMC and
VCR, BLM is able to directly induce DSB which are considered by
far the most dangerous DNA lesions for human cells. DSB, in
fact, if not eliminated or properly repaired, can lead to either
cell toxicity or genome instability which in turn may initiate
carcinogenesis [53].

4. Conclusion

In conclusion, despite the presence of toxicity at a relatively high
concentration of extract 2, bee pollen of C. incanus L. and S. alba L.
and their derivative extracts were found to be neither genotoxic for
human lymphocytes nor estrogenic in our yeast reporter assay. It is
also worth noting that they were able to counteract undesirable
outcomes of DNA-damaging or chromosome malsegregation
inducing cancer drugs, as well as to be effective estrogen inhibitors.
Most importantly, pollen samples of both species can be considered
as full antagonists. Some phytochemicals or plant extracts may act
as partial estrogen agonists or antagonists, depending on the
concentrations of the circulating endogenous estrogens [28]. As
a consequence, they potentially might be breast cancer initiators
and/or promoters [54]. Moreover, natural compounds with only
antagonistic activity may offer an effective protection towards
environmental and dietary estrogens. All together, our findings
contribute to support the use of bee pollen as a safe food
supplement.

Taking into account that additive, synergistic or antagonistic
interactions can modify the biological properties of each single
compound, the favourable properties of pollen samples are very
likely due to the presence of a mixture of some bioactive
flavonoids that can also act in cooperation with vitamins.
C. incanus bee pollen has already been showed to be an anti-
oxidant agent in mice, being able to decrease lipid peroxidation
and to modulate genes involved in the apoptosis pathway [11].
Thus, the present findings, if confirmed in further in vivo studies,
can support the possibility for some bee pollen preparations to
be employed as future chemoprotective and/or chemopreventive
agents, especially for mammary or other estrogen-dependent
cancers whose risk can be increased by compounds with
agonistic activity or acting via non-genomic pathways of cancer
progression.
5. Experimental

5.1. Samples

In our study, we used a bee pollen obtained from apiaries
located in naturally preserved parts of Croatia. C. incanus pollenwas
collected at coastline areas exposed to the sun in the offshore
islands of Middle Dalmatia (Bra�c Hvar), S. alba pollen was collected
in the continental part of the Country (Slavonia). A voucher spec-
imen of each species is deposited at Herbarium Croaticum (ZA).
Pollenwas collected by bees during flowering from April until June.
After being dried up bee pollenwas pulverized and performedwith
no chemical refinement. Five 0.10 g pollen samples were analyzed
according to the method of Louveaux et al. [55]. Microscopic
examination of pollen grains morphometry was carried out on
a Hund h 500 (Wetzlar, Germany) light microscope attached to
a digital camera (Motic m 1000) and coupled to an image analysis
system (Motic images plus software). Pollen grains were identified
according to the literature data [56,57] and personal pollen
collection.

5.2. Chemistry

5.2.1. Analytical determination
Chemical analysis of bee pollen was performed according to

standard methods as described elsewhere [11]. C. incanus bee
pollen contained 12.50% water, 6.92% fat, carbohydrates 58.61%,
cellulose 1.83%, 18.42 protein, 1.72% ashes, and the following
minerals: lead 0.060 mg/kg, iron 99.90 mg/kg, copper 7.330 mg/kg,
mercury (Hg) 0.013 mg/kg, zinc 74.70 mg/kg, manganese 31.50 mg/
kg, chrome 0.379 mg/kg, calcium 997.0 mg/kg, cadmium 0.060 mg/
kg, magnesium 564.0 mg/kg, selenium 0.999 mg/kg, molybdenum
>0.005 mg/kg, potassium 4.006 mg/kg, sodium 192.0 mg/kg,
chlorine 654.0mg/kg, phosphor 3.084mg/kg, arsenic<0.01mg/kg..
S. alba bee pollen contained 7.50% water, 7.34% fat, 60.33% carbo-
hydrates, 1.55% cellulose, 21.7% protein, and 3.13% ashes, and the
following minerals: lead 0.034 mg/kg, iron 89.50 mg/kg, copper
0.276 mg/kg, mercury 0.004 mg/kg, zinc 98.5 mg/kg, manganese
53.50 mg/kg, chrome <0.001 mg/kg, calcium 2700 mg/kg,
cadmium 0.144 mg/kg, magnesium 1790 mg/kg, arsenic
<0.001 mg/kg. The vitamin content in these bee pollens was as
follows: vitamin E 12.80 mg/100 g, a carotene 11.90 mg/100 g,
b carotene 11.91 mg/100 g, vitamin C 3.44 mg/100 g, vitamin B1
1.10 mg/100 g, B2 0.44 mg/100 g, vitamin B6 0.30 mg/100 g.

5.2.2. Preparation of extracts
For extracts preparation, 1 g bee pollen powder (BPP) was

homogenized in a ceramic cup on ice (�20 �C), mixedwith 9ml 70%
ethanol, placed in aluminium foil and then left at room temp for
72 h. After 72 h the extract, a 70% ethanol extract reported in the
text as extract 1, was centrifuged for 31 min at 4 �C on 11 000 rpm,
then supernatant was aliquoted on 1.5 ml and stored at �20 �C. For
hydrolysis, 1 ml of extract 1 supernatant and 4 ml of hydrochloric
acid (2 M) were boiled in a water bath for 30 min. After cooling, the
mixture was extracted three times by diethylether (3 � 4 ml). The
ethereal phases were collected and evaporated, residue was dis-
solved in 1 ml of 96% ethanol, filtered through a nylon filter
(0.22 mm) and then stored at �20 �C. This extract is a 96% ethanol
soluble material in ether extract of HClehydrolyzed BPP and is
reported in the text as extract 2.

5.2.3. HPLC analyses
Qualitative and quantitative chromatographic analysis of

phenolic compounds was performed on an HPLC system (Agilent
1100 Series) equipped with a quaternary pump, multiwave UV/Vis
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detector, autosampler, and fraction collector. The column used was
a 5 mm Zorbax RX-C18 (250 � 4.6 mm, Agilent Technologies).
Injection volumewas 200 mL, flow rate 1.0ml/min, and temperature
was 45 �C. The bee pollen was fractionated. Fractions 1 (tR
9.3e10.8 min), 2 (tR 12.9e14.3 min), 3 (tR 18.4e19.7 min), 4
(tR 22.5e23.7 min), 5 (tR 24.2e25.9 min), 6 (tR 27e28 min), 7 (tR
28.3e29 min), 8 (tR 33e34 min), 9 (tR 34.6e36.8 min) were
obtained using elution profile consisting of solvent A (5% formic
acid) and solvent B (methanol). Linear gradient from 10% to 90% B
within 45 min was used. The identification of phenolic compounds
was made by comparing their retention times and UV spectra with
those of the standards and finally by re-chromatography of extracts
with authentic standards. Fractions 1, 2, 3, 4, 5, 6, 7, 8 were analyzed
using solvents A and B (acetonitrile) on linear gradients from 5% to
53% solvent B within 30 min. Fractions 8 and 9 were analyzed using
isocratic separation on 33.5% solvent B in 30 min.

5.2.4. Phenolic standards
The following compounds, representatives of various subclasses

of polyphenols, were used in our study: flavonols (quercetin, iso-
rhamnetin, kaempferol, galangin, myricetin, taxifolin), flavones
(chrysin, luteolin), flavanones (pinocembrin, naringenin), iso-
flavones (genistein, daidzein), and phenylpropanoids (caffeic acid).
All of the standards were dissolved in ethanol (96%, v/v) to give
0.01 mg/ml solutions. For the yeast assay, compounds were dis-
solved in DMSO. Phenolic compound standards were obtained from
SigmaeAldrich (Milano, Italy).

5.3. Biology

5.3.1. Estrogenic/antiestrogenic activity
Estrogenic/antiestrogenic activity of pollen samples was tested

using the Saccharomyces cerevisiae yeast strain RMY326 containing
the human estrogen receptor a and a Xenopus laevis vitellogenin
ERE sequence linked to the lacZ reporter gene encoding for the
enzyme b-galactosidase [58]. The induction of transcription of the
reporter gene by the complex receptoreligand was detected and
quantified by spectrophotometry (ULTROSPEC�2100 pro, Amer-
sham Pharmacia Biotech). The yeast method was previously
described [59,60]. Briefly, recombinant yeast cells were grown at
30 �C on selective agar plates. Yeast cultures were incubated at
28 �C for 7 h in an orbital shaker (210 rpm). After incubation,
OD600 nm was measured and adjusted to <0.1 nm by diluting with
fresh medium. To test for estrogenic activity, yeast cultures were
incubated overnight in the presence of 10 nM 17 b-estradiol (E2)
(SigmaeAldrich, Milano, Italy) as a positive control, vehicle (nega-
tive control) and increasing concentrations (final concentration
range: 0.33 mg/ml to 660 mg/ml) of pollen samples alone. The
enzymatic reaction was started by adding O-nitrophenyl b-D-gal-
actopyranoside (ONPG) (SigmaeAldrich, Milano, Italy) and incu-
bating at 30 �C for 5e10 min. The reaction was stopped by adding
Na2CO3 and the absorbance was measured at 420 nm. The b-gal
activity was normalized to the number of cells assayed (OD600 nm).

To test for antiestrogenic activity, yeast cells were cotreatedwith
a subeffective dose (1 nM) of E2. Samples that were able to inhibit
the activity of the natural ligand E2 led to a dose-dependent
decrease in b-gal expression, that was associated with a concurrent
decrease in the rate of change in the colour of the medium. The
drug 4-OHT (SigmaeAldrich, Milano, Italy), widely regarded as
a partial antagonist of estrogen activity in yeast [58,61], was added
at final concentration ranging from 0.00387 mg/ml up to 3.87 mg/ml
to E2 and used as a reference control to measure antiestrogenic
activity. E2, 4-OHT and tested samples were dissolved in DMSO
(DMSO:water, 1:1 for extract 2 samples) and added to the yeast
culture so that the concentration of solvent did not exceed 1% (v/v).
At least three independent experiments with three replicates were
conducted. The results are expressed as percent of the b-gal activity
obtained with E2. Each value represents the mean � SE. The anti-
estrogenic properties of the four main phenolic compounds con-
tained in the two pollen extracts namely, isorhamnetin, coumaric
acid, chrysins, and pinocembrin, were analyzed in the yeast
bioassay at concentrations ranging from 0.001 to 1 mM.

5.3.2. Cell cultures and chemical treatments
Heparinized peripheral blood samples were obtained from

three healthy young non-smokingmale donors. After adding 0.3 ml
of whole blood to 4.7 ml of RPMI 1640 (Invitrogen, Milano, Italy)
supplemented with 20% foetal bovine serum (Invitrogen, Milano,
Italy), 1.5% phytohaemagglutinin (Invitrogen, Milano, Italy) and
1.0% penicillin/streptomycin (Invitrogen, Milano, Italy), stimulated
lymphocytes were incubated and cultured at 37 �C for 72 h. Bee
pollen powder and their derivative extracts were assayed from
0.2 mg/ml up to 666.7 mg/ml final concentration according to a semi-
log interval. Bleomycin (BLM, Sanofi-aventis, Milano, Italy) was
used as a positive control. In the antigenotoxicity assay, we planned
to test pollen samples at three concentrations, separated by
different orders of magnitude, the maximum of which was proved
to be either non genotoxic or non-toxic for stimulated lymphocytes.
Thus, according to the obtained results, we assayed preparations
from both species at 1 mg/ml, 10 mg/ml and 100 mg/ml final
concentration. Pollen samples required DMSO not exceeding 0.7%
final concentration. The anticancer drugs BLM, mitomycin C (MMC,
SigmaeAldrich, Milano, Italy) and vincristine sulphate (VCR, Crinos,
Milano, Italy) were dissolved in sterile distilled water and used at
2.5 mg/ml, 0.17 mg/ml and 0.01 mg/ml, respectively. Negative
controls were also set up according to the maximum amount of
solvent used. All treatments were performed in duplicate at 24 h
until harvest (72 h); for assessment of antimutagenic activity,
pollen preparations were added simultaneously (cotreatment) to
the reference mutagens.

5.3.3. Cytogenetic assay
Cytochalasin B (6 mg/ml; SigmaeAldrich, Milano, Italy) was

added at 44 h to all culture tubes to block cell cytokinesis. As
described in details elsewhere [62], lymphocytes were harvested at
the end of cell culturing by 4 min centrifugation at 2400 rpm,
treated with 10 ml of 0.075 mM KC1 for a few min to lyse eryth-
rocytes, prefixed in methanol/acetic acid 3:5, fixed in 100% meth-
anol, washed twice in methanol/acetic acid 5:1, and dropped onto
clean glass slides. The air-dried slides were then stained in 5%
Giemsa. For each experimental point, 2000 binucleated cells (1000
cells from replicate cultures) were scored for the presence of MN
according to standard criteria [12]. MN frequency was expressed as
the number of micronucleated binucleates per 1000 binucleated
scored cells. Toxicity and/or cell cycle delay were expressed as cell
proliferation index (CPI) which was calculated according to the
following formula: (Mþ 2Bþ 3P)/(Mþ Bþ P), whereM, B and P are
the number of cells that have not yet entered the first mitosis (M,
mononucleated), and cells that have divided once (B, binucleated)
and twice (P, plurinucleated, these latter comprising both tri- and
tetranucleated), respectively. Mþ Bþ P represents a total of at least
1000 scored cells.

5.3.4. Statistical analysis
Statistical analyses were performed on data from three inde-

pendent experiments pooled together by the STATGRAPHICS Plus
version 5.1 softwarepackage (Statistical Graphics Corporation, 2001,
Rockville, USA). Estrogenic/antiestrogenic activity wasmeasured by
first order regression analysis, and each activity was considered
significant when it reached, at the maximum dose tested, at least
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a 20% increase or a 40% decrease, respectively. The Dunnett test
which performs a multiple comparative calculation of each param-
eter from treated versus control cultures was used to elaborate
genotoxic data or to assess differences among experimental points.
Data from the antigenotoxicity assaywere analysedby the c2 test: in
this case we assayed differences in the distribution of binucleated
lymphocytes with MN versus those not containing MN between
cultures received each mutagen alone and cultures cotreated with
the single mutagen and each pollen sample concentration.
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