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Abstract

In this paper, the qualitative and quantitative separation and determination of the polyphenolic component of propolis preparations in the form of
ethanolic extract, usually used for commercial pharmaceutical preparations, has been investigated by means of on-line HPLC-ESI/MS technique.
Propolis of different origin have been evaluated for their components and a specific fingerprint has been determined potentially useful for the
quality control of extracts in pharmaceutical preparations.

The ethanolic extracts of propolis from Argentina, Italy and Spain shows approximately the same total ion chromatogram (TIC) profile
due to the presence of the same molecular species, identified by the negative ESI-MS. On the contrary, the samples from Azerbaijan, China,
Ethiopia and Kenya show a very peculiar TIC profiles. By using many purified flavonoids and calibration curves over a wide concentration
range, from 0.05 (5 pg/ml) to 5 pg (500 wg/ml), an accurate assessment of the contents of several bioactive compounds in extract samples
was performed. The propolis from Argentina, Italy and Spain show a great amount of pinocembrin (approximately 49%, 48% and 39% of the
total identified flavonoids, respectively) and variable but similar percentages of the other species. On the contrary, the propolis from China,
Azerbaijan and Ethiopia have a great amount of pinocembrin (approximately 63%, 46% and 62%, respectively) but no presence of genistein,
kaempferol, apigenin and chrysin for the sample from China, genistein, kaempferol, acacetin and chrysin for the propolis from Azerbai-
jan, and no kaempferol and acacetin for the sample from Ethiopia. The ethanolic extract from propolis of Kenya has no identified flavonoid
species but just a peak possessing a m/z of 253.0. Finally, an evaluation of the presence of total flavonoids for the various propolis sam-
ples was performed, with extracts from Argentina, Italy and Spain more rich in polyphenols than those from Azerbaijan, China, Ethiopia and
Kenya.

The HPLC-ESI/MS under the experimental conditions illustrated represents a valuable method for the qualitative and quantitative assay of the
most relevant components of propolis. On-line HPLC-ESI/MS analysis constitutes an alternative to obtain typical fingerprints of propolis and a
reliable identification of a large number of propolis polyphenolic components.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction mainly from the poplar (Populus) genus and, to a lesser extent,

beech, horsechestnut, birch and conifer trees. Propolis has

Propolis is a resinous substance collected by honeybees
from leaf buds and cracks in the bark of various plants,

Abbreviations: API, atmospheric pressure ionization; APCI, atmospheric
pressure chemical ionization; APPI, atmospheric pressure photoionization;
ESI, electrospray ionization; FAB, fast atom bombardment; HPLC, high-
performance liquid chromatography; RP, reverse phase; SIM, selected ion mon-
itoring; TIC, total ion chromatogram
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been used extensively in folk medicine for many years, and
there is substantial evidence to indicate that propolis has anti-
septic, antifungal, antibacterical, antiviral, anti-inflammatory
and antioxidant properties [1]. Current applications of propolis
include over-the-counter preparations, mainly based on ethano-
lic extracts, for cold syndrome (upper respiratory tract infec-
tions, common cold, flu-like infection) as well as dermato-
logical preparations useful in wound healing, treatment of
boils, acne, herpes simplex and genitalis, and neurodermatitis
[1,2].
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Research of the polyphenols (flavonoids and related pheno-
lic acids) has been prompted by their visible beneficial effects
on health, for example their antimutagenic, anticarcenogenic,
antiatherogenic effects. Primarily flavonoids aroused great inter-
est after they had been found to have effects in inhibit-
ing the copper-catalyzed oxidation of low-density lipopro-
tein, inhibiting platelet clotting and arachidonate metabolism,
reducing liver injury from peroxidized oil, and having cancer-
chemopreventative properties [3,4].

In spite of possible differences in composition due to propolis
collecting bees that use resins from different plant sources, most
propolis samples share considerable similarity in their overall
chemical nature. Raw propolis is composed of 50% resin, com-
posed of flavonoids and related phenolic acids and known as the
polyphenolic fraction, 30% wax, 10% essential oils, 5% pollen
and 5% various organic compounds [5]. Propolis cannot be used
as raw material, and it must be purified by extraction with sol-
vents. This process should remove the inert material and preserve
the polyphenolic fraction. A multi-step extraction with ethanol
is particularly suitable to obtain dewaxed propolis extracts rich
in polyphenolic components [5]. These last compounds are con-
sidered to contribute more to the visible healing effects than
the other propolis constituents. Flavonoids and phenolic acids,
especially caffeates, are known for their antibacterial, antiviral
and antioxidant action [6].

Several methods have been developed to analyse the
polyphenols in various matrices: thin-layer chromatography,
gas chromatography, high-performance liquid chromatography
(HPLC), HPLC-mass spectrometry [7], and capillary elec-
trophoresis (CE) [8,9] are the most powerful analytical sep-
aration methods. In particular, the advent of fast atom bom-
bardment (FAB), atmospheric pressure chemical ionization
(APCI), and electrospray ionization (ESI) combined with tan-
dem mass spectrometry (MS/MS) has permitted ready study
of the flavonoids, their ion chemistry, and the determination of
flavonoids in low concentrations in several extracts [7,10]. Fur-
thermore, liquid chromatography (LC)-MS technique is able
to separate each other single components in complex mix-
tures and to perform their identification and quantification
[7,10].

Due to these several advantages, LC-MS has gained
widespread interest as a favourable technique for the determina-
tion of pharmacologically interesting compounds in biological
matrices, such as wood pulp [10], plants [11], shoots [12], fibres
[13], various extracts [14—17], human urine [18].

However, very few studies have been reported on the char-
acterization of flavonoids from propolis by LC-MS [11,19]
with no application to the quality of different propolis extracts.
This paper aims to gain new insight into the qualitative and
quantitative separation and determination of the polyphenolic
component of propolis preparations in the form of ethanolic
extract, usually used for commercial pharmaceutical prepara-
tions, by means of the HPLC-ESI/MS technique. Furthermore,
propolis of different origin have been evaluated for their compo-
nents and a specific fingerprint has been determined potentially
useful for the quality control of propolis extracts in pharmaceu-
tical preparations.

2. Materials and methods
2.1. Materials

Various flavonoids (see Scheme 1 for the identified species
in propolis extracts by means of HPLC-ESI/MS), acacetin,
apigenin, baicalein, catechin, chrysin, galangin, genistein,
kaempferol, luteolin, myricetin, naringenin, pinocembrin, pon-
cirin, quercetin and vanillin, were purchased by Sigma. Samples
were prepared by dissolving the standard in ethanol at a concen-
tration of 1 mg/ml and diluting 1:10, 1:50 and 1:100 to obtain a
final concentration of 0.1, 0.02 and 0.01 mg/ml, respectively. In
order to test the linearity of the selected ion monitoring (SIM)
response under the negative ion mode, the different polyphenol
solutions prepared as reported above were injected at increasing
concentration, from 0.05 (5 pg/ml) to 5 g (500 pg/ml). The cal-
ibration graphs were constructed by plotting the SIM response
of flavonoids against their concentration. The limit of detection
was estimated as the signal-to-noise ratio=3 [7] and calculated
at 0.025 pg (2.5 pg/ml).

Accuracy and precision were determined by repeating six
times the HPLC quantitative evaluation for all standards. The
values were reported as means and standard deviation (S.D.).
Furthermore, the coefficient of variation (CV%) for each stan-
dard was determined.

The precision of the HPLC/MS method with SIM under
negative mode was also performed by injecting a propolis
extract (from Argentina) six times. The standard deviation (S.D.)
and coefficient of variation (CV%) values for the identified
flavonoids were determined.

The different propolis samples were from Argentina, Azer-
baijan, China, Ethiopia, Kenya, Italy and Spain. Preparations
were performed in the form of ethanolic extracts used to prepare
various products such as oral sprays and syrups, at a concentra-
tion of 1 mg/ml. Samples of propolis were extracted by means
of ethanol (10 mg per 10 ml ethanol) under continuous mixing at
room temperature for 6 h. After extraction and centrifugation at
10,000 rpm for 10 min, the ethanolic preparations were directly
used for the HPLC-ESI/MS analysis.

2.2. HPLC-ESI/MS

The high-performance liquid chromatography equipment
was from Jasco (pump mod. PU-1580, Rheodyne injector
equipped with a 10l loop, software Jasco-Borwin rel. 1.5).
The flavonoids from propolis were separated by using a
150 mm x 4.6 mm stainless-steel column Synergi 4 um Fusion-
RP (C18) 80A. The eluents were (A) 0.25% acetic acid and (B)
methanol. Separations were performed at room temperature by
solvent gradient elution from O min at 50% A/50% B to 60 min
at 100% B at a flow rate of 0.5 ml/min.

An Agilent 1100 VL series mass spectrometer (Agilent Tech-
nologies Inc.) was used on-line with HPLC equipment. The
electrospray interface was set in negative ionization mode with
the capillary voltage at 3500 V and a source of temperature of
350 °C in full scan spectra (2002200 Da, 10 full scans/s). Nitro-
gen was used as a drying (9 /min) and nebulizing gas (11 p.s.i.).
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Scheme 1. Structure of the separated and identified flavonoids by means of HPLC/ESI-MS. The structures of polyphenols were from SciFinder Scholar Database,

ver. 2002.1, by 2002 American Chemical Society.

Software versions were 4.0 LC/MSD trap control 4.2 and Data
Analysis 2.2 (Agilent Technologies Inc.).

3. Results and discussion

Fig. 1, from A to G, illustrates the total ion chromatogram
(TIC) of the propolis extracts under negative ion mode. As evi-
dent, the ethanolic extracts of propolis from Argentina (Fig. 1A),
Italy (Fig. 1F) and Spain (Fig. 1G) shows approximately the
same TIC profile due to the presence of the same molecular
species, also considering that the migration times for the dif-
ferent molecular species changed depending on the column
conditions according to a percentage calculated to be lower
than approximately 10%. In fact, for each peak (identified in
Fig. 1A-G with 1-17), the negative ESI-MS was able to iden-
tify the same ion species (Table 1). Fig. 2 shows as example
the negative ESI-MS spectra of peaks 2, 3, 4, 5 and 7. Further-
more, in Fig. 2 is also illustrated the negative ESI-MS spectrum
of the peak 8, showing the three main ions at m/z 253.1, 283.1

and 313.1, while Fig. 2B-D shows the spectra of the peaks 10,
11 and 14, respectively. By using many purified flavonoids, we
were able to identify several species in the propolis extracts by
performing coelution with standards and by comparing the reten-
tion time and the ESI/MS spectrum of each standard with those
of each peak separated by on-line HPLC-ESI/MS. The results
are illustrated in Table 1. Other ions with higher ratio m/z were
found to be present for example in peaks 11 and 14 (see Fig. 2).
However, we can exclude that these ions could be precursors of
the main ions at m/z 283.1 and 327.1 (peak 11) and 253.1 and
341.1 (peak 14) by means of MS/MS experiments (not shown).

From a qualitative point of view, by considering the peaks
from 1 to 17 detected by HPLC-ESI/MS, the propolis samples
from Argentina (Fig. 1A), Italy (Fig. 1F) and Spain (Fig. 1G)
appear quite similar, while the samples from China (Fig. 1C),
Azerbaijan (Fig. 1B), Ethiopia (Fig. 1D) and Kenya (Fig. 1E)
show a very peculiar TIC profiles. This aspect is more evident by
considering the quantitative evaluation of the TIC species from
1 to 17 (see below).
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For LC/MS with SIM under the negative ion mode, we
selected the [M — H]™ ion peak to quantify identified flavonoids
in propolis extracts. Under this negative mode, at the energy
level of 100%, the drying temperature at 350 °C, the [M — H]~
were observed as the major ion peaks for identified flavonoids
illustrated in Table 1, thereby allowing these ions to be selected
for use in the quantitative analysis. We found this method to be
very sensitive and accurate in achieving a linearity over a wide
concentration range, from 0.05 (5 pg/ml) to 5 pg (500 pg/ml)
(Table 2), and as a consequence quantification was based on
the LC/MS peak areas and standard curves of known flavonoids
were used for calculation (Table 2).

Accurate assessment of the contents of bioactive compounds
in extract samples requires the validation of certain analytical
parameters such as precision, recovery, linearity and limit of
detection. The accuracy and precision of this HPLC/MS method
with SIM under negative mode were determined by repeating
six times the HPLC quantitative evaluation for all standards. The
coefficient of variation (CV %) for each standard was determined
at different points of concentration and it was found to be always
lower than 10%. The precision was also performed by injecting
a propolis extract (from Argentina) six times. The coefficient
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of variation (CV%) for the identified flavonoids was found to
be lower than 10%, suggesting that the method is suitable for
quantitative and routine analysis. The recovery was validated
by spiking from ethanolic extract of propolis (from Argentina)
one sample (chrysin) with known concentrations and then cal-
culating recovery rate. Results showed that approximately 90%
of the theoretical amounts of chrysin were recovered. The cal-
ibration curves (Table 2) of this method were constructed by
injecting the standard solution across eight different concentra-
tions (from 0.05 to 5 pg). The coefficients of correlation for the
known flavonoids were found to be greater than 0.996 (Table 2).
Furthermore, the limit of detection for the standards was deter-
mined at 0.025 ng (2.5 pg/ml). These validation studies show
that the recommended method is reliable and sensitive allowing
for the quantitative analysis of propolis extracts.

The propolis from Argentina, Italy and Spain show a great
amount of pinocembrin (approximately 49%, 48% and 39% of
the total identified flavonoids, respectively) and variable but sim-
ilar percentages of the other species. On the contrary, the propolis
from China, Azerbaijan and Ethiopia have a great amount of
pinocembrin (approximately 63%, 46% and 62%, respectively)
but no presence of genistein, kaempferol, apigenin and chrysin
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Fig. 1. Total ion chromatograms (TIC) of ethanolic extracts of propolis of various origin. For the identification of peaks signed from 1 to 17 see Table 1. Peaks having
a retention time greater than approximately 35 min or lower than about 15 min are identified by their mass values.
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Fig. 1. (Continued).

for the sample from China, genistein, kaempferol, acacetin and
chrysin for the propolis from Azerbaijan, and no kaempferol and
acacetin for the sample from Ethiopia (Table 3). The ethano-
lic extract from propolis of Kenya has no identified flavonoids
species but just the peak 9 at m/z 253.0 (see Fig. 1E). Further-
more, by using the calibration curves for identified flavonoids
and a semiquantitative approach for the unknown peaks, in par-
ticular peaks number 1, 6, 8, 9, 12, 13, 15, 16 and 17 in Fig. 1
from A to G and Table 1, we were able to give an evaluation
of the presence of total flavonoids for the various propolis sam-
ples, with extracts from Argentina, Italy and Spain more rich in
polyphenols than those from Azerbaijan, China, Ethiopia and
Kenya.

As evident from the TIC profiles of propolis extracts (Fig. 1
from A to G), several peaks having retention times greater than
approximately 35 min were detected. The identity of these peaks
is different depending on the propolis samples as evaluated by
their mass values. However, due to their HPLC behaviour as they
are strongly retained by the hydrophobic column, we assume that
these molecular species are indeed hydrophobic compounds, in
particular wax or essential oils, or probable, acylated, methy-
lated or prenylated derivatives [7]. Furthermore, samples from
Azerbaijan (Fig. 1B), Ethiopia (Fig. 1D) and Kenya (Fig. 1E)

show the presence of molecular species (identified in the figures
by their mass values) having retention times lower than about
15 min (the propolis from China shows unidentified species at
retention times between 17 and 20 min), probably very polar
molecules possibly glycosylated [7].

The samples of propolis used in this study were utilized with
no pretreatment as the different commercial preparations are in
the form of ethanolic extracts and are used to prepare various
products such as oral sprays and syrups. As a consequence, a
rapid qualitative and quantitative HPLC-ESI/MS separation of
these products is of interest and this technique can be applied to
separate and quantify polyphenols in propolis extracts used in
medicine. As already reported in a previous work by using cap-
illary zone electrophoresis [9], the ethanol alone in the extrac-
tion solvent is unable to extract the most polar component of
polyphenols, contrary to the acqueous-ethanolic solvent. As a
consequence, the most polar flavonoids, such as caffeic acid,
are not detected in these preparations.

By performing a micellar electrokinetic capillary chromatog-
raphy separation of propolis alcoholic extracts, Hilhorst et al.
[20] and Fontana et al. [21] found pinocembrin, chrysin and
galangin to be the flavonoids at the highest concentration, in
good agreement with the present study. Furthermore, Bankova
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et al. [22,23] also found that pinocembrin, galangin and chrysin
are the main flavonoids in other propolis samples. In another
study conducted by means of HPLC, several propolis extracts
were analysed for their flavonoid component, and the most
abundant species were found to be galangin, pinocembrin,
chrysin, quercetin, kaempferol and naringenin, yet differing in
the content of specific components [5]. Furthermore, several
non-identified molecular species were detected for the ethanolic
propolis extract [5] probably derivatives of the most representa-
tive polyphenols.

Gas chromatography/MS is not widely used in flavonoid
analysis owing to the limited volatility of flavonoids. Since the
development of atmospheric pressure ionization (API) sources,
LC/MS coupling became more efficient and easy to use, mak-
ing it by far the most popular technique for on-line flavonoid

analysis nowadays. LC/MS is rarely used for full structure char-
acterization, but it provides the molecular mass of the different
constituents [7]. Additionally, it can be used to determine the
occurrence of previously identified compounds, and so mini-
mizes the effort lost in their isolation. It is also employed for
quantitative analysis or is suited to the identification of labile
compounds in solution, such as acylated flavonoids. The effi-
ciency of different API sources, i.e., ESI, APCI and atmospheric
pressure photoionization (APPI), has been compared by Rauha
et al. [24]. The highest sensitivity is obtained using ESI in the
negative ion. Both APCI and ESI (see [7] for review) appear to
be favored for the analysis of flavonoids with the eluent system
usually consisting of an acidified aqueous solvent and acetoni-
trile or methanol. Acidification provides a better retention and
separation on the Cg- and C;g-RP columns which are almost
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Fig. 2. The ESI-MS spectrum in the negative mode of the peaks 2, 3, 4, 5, 7, 8, 10, 11 and 14 separated by HPLC and detected in the total ion chromatograms of

Fig. 1.
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Table 1
LC-ESI/MS data for ethanolic propolis extracts (see Fig. 1 from A to G)
Peak Molecular Exact Major ions m/z HPLC retention
species mass for [M —H]™ time (min)
1 nd 285.1 14.6
2 Naringenin 272.1 271.1 16.4
3 Genistein 270.1 269.1 18.2
4 Kaempferol 286.1 285.1 19.4
5 Apigenin 270.1 269.1 20.2
6 nd 269.1 21.3
7 Pinocembrin 256.1 255.1 224
8 nd 253.1 229
nd 283.1
nd 313.1
9 nd 253.0 242
10 Galangin 270.0 269.0 24.8
nd 295.1
11 Acacetin 284.1 283.1 25.4
nd 327.1
12 nd 417.2 26.3
nd 475.2
13 nd 268.8 27.1
nd 279.1
14 Chrysin 254.1 253.1 27.6
nd 341.1
15 nd 355.2 29.6
16 nd 268.8 30.4
nd 3553
nd 403.1
17 nd 268.8 31.2

nd: unidentified.

exclusively employed. Formic, acetic and trifluoroacetic acid
and ammonium acetate and formate are volatile and thus com-
patible with LC/MS systems. Acetic acid was found to have
weak ion-pairing capacity and it slightly increases the ESI effi-
ciency [7].

The negative ion mode provides the highest sensitivity and
results in limited fragmentation [25,26], making it most suited to
infer the molecular mass of the separated flavonoids, especially
in cases where concentrations are low. The peak at the highest
m/z ratio is not always the molecular ion species ([M —H]™ in
the negative mode), because adducts with solvent and/or acid
molecules and also molecular complexes can be generated [7].
However, an increase in cone voltage reduces the incidence of
both adduct and complex formation [27].

Table 2

Equations of calibration curves and the coefficients of correlation calculated
for flavonoid standards at a concentration ranging from 0.05 (5 pg/ml) to 5 pg
(500 pg/ml)

Flavonoid standard Calibration curves R?

Naringenin y=2490.6x — 18.0 0.999
Genistein y=2337.9x+110.0 0.996
Kaempferol y=2430.6x+45.9 0.999
Apigenin y=2557.6x+11.9 0.999
Pinocembrin y=2590.0x — 104.0 0.998
Galangin y=2579.7x —72.1 0.999
Acacetin y=2499.8x — 34.6 0.996
Chrysin y=2617.4x—53.0 0.997
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Table 3

g (ng/ml) = standard deviation (S.D.) of identified flavonoids in propolis extracts of different origin

Molecular species  Argentina China Italy

Spain Azerbaijan Ethiopia Kenya

Naringenin 0.51(51)£0.043 021 (21)£0.017  0.57(57)£0.051 048 (48)£0.037  0.39(39)£0.035 0.12(12)£0.001  nd
Genistein 0.21 (21)£0.015 nd 0.03 (3) +0.003 0.05 (5) & 0.004 nd 0.12(12)+£0.001  nd
Kaempferol 0.05 (5) & 0.004 nd 0.10 (10)£0.009  0.16 (16)£0.013  nd nd nd
Apigenin 0.09 (9) & 0.006 nd 0.13(13)£0.010  0.17(17)£0.012  0.12(12)£0.012  0.12(12)£0.001  nd
Pinocembrin 1.65(165)£0.160  1.12(112)£0.090  1.66 (166)£0.120  1.34 (134)£0.121  0.79 (79)£0.066  1.10 (110)£0.095 nd
Galangin 0.72(72)£0.064  0.38(38)£0.027  0.40(40)£0.040  0.83(83)£0.071 043 (43)£0.034  022(22)£0.022  nd
Acacetin 0.09 (9) & 0.006 0.07 (7) £ 0.007 031 (31)£0.025  0.31(31)£0.022 nd nd nd
Chrysin 0.05 (5) & 0.004 nd 0.26 (26)£0.006  0.12(12)£0.011  nd 0.10 (10)+£0.009  nd

nd: not detected.

Structural information can also be obtained from the chro-
matographic retention times. For the Cyg- or Cg-RP columns
generally used, the more polar compounds are eluted first. Thus,
retention times are inversely correlated with increasing glyco-
sylation, whereas acylation, methylation or prenylation have the
opposite effect [7]. Furthermore, an on-column limit of detec-
tion of around 10 ng is attainable for LC/MS in the TIC mode,
whereas a limit of detection <1 ng can be achieved in the SIM
mode using negative ionization [7]. In this study we evaluated a
limit of detection at 25 ng.

4. Conclusions

At our knowledge, this is the first paper describing the on-
line HPLC-ESI/MS analysis in the negative mode of propolis
extracts of various origin performed by a solvent generally used
to prepare various pharmaceutical products. On the basis of the
results of this study, it may be concluded that HPLC-ESI/MS
under the experimental conditions illustrated represents a valu-
able method for the qualitative and quantitative assay of the
most relevant components of propolis. On-line HPLC-ESI/MS
analysis constitutes an alternative to obtain typical fingerprints
of propolis and a reliable identification of a large number of
propolis polyphenolic components.
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