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a  b  s  t  r  a  c  t

Propolis  extracts  possess  beneficial  biological  effects,  such  as  antioxidant  activity.  However,  the  com-
position  of  propolis  and  biological  properties  of  its  extracts  depend  on many  factor,  including  time  of
harvesting.  The  main  purpose  of  this  study  was  to  evaluate  the  seasonal  effect  on the  phenolic  pro-
file  of  Polish  propolis  extracts  and  their  antioxidant  activity.  Propolis  samples  were  collected  from  the
same  apiary  during three  seasons  of the year. The  chemical  composition  (contents  of  phenolic  acids  and
flavonoids)  of ethanolic  propolis  extracts  was  determined  by ultra-performance  liquid  chromatography
equipped  with  a photodiode  detector  and  a triple  quadrupole  mass  spectrometer.  The  antioxidant  poten-
tial of  propolis  extracts  was  evaluated.  Additionally,  in  vitro  effects  of propolis  extracts  on  the  morphology
of  human  red blood  cells  and  the  selective  permeability  of  their  membrane  were  determined.  The  capac-
ity  of propolis  extracts  to protect  human  red blood  cells  against  free  radical-induced  hemolysis  was also
studied.  The  analyze  of the  chemical  composition  of  propolis  extracts  collected  in  three  season  of  the
year  indicated  that  the  sum  of  determined  flavonoids  and  phenolic  acids  was  the  highest  in the sample
harvested  in  the spring  (125.14  mg/g)  and it was  the  lowest  in the extract  of  material  collected  in  the
fall  (110.09  mg/g),  but  the  differences  were  slightly.  The  concentration  of  examined  phenols  in propolis
samples  collected  in different  seasons  was  similar  and  only  content  of seven  among  fifteen  determined
compound  was  significantly  different  in extracts  according  to  statistical  analysis.  The  propolis  extracts

possess  high  antioxidant  potential  and  significantly  protect  human  red blood  cells  from  oxidative  dam-
age.  There  was no significant  differences  with  regard  to  the  seasonal  effect  on the chemical  profile  and
antioxidant  potential  of Polish  propolis  extracts.  These  results  indicate  that the  time  of  Polish  propolis
harvesting  have  no influence  on  phenolic  profile  and  antioxidant  activity  of  its  extract.

©  2019  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
ntroduction

Reactive oxygen species (ROS) play a role in various physi-
logical conditions including the synthesis of thyroid hormones
r in cellular signaling as second messengers (Di Dalmazi et al.,
016). The free radicals are generated by human organism

nder the influence of both endogenous sources (e.g. mito-
hondria or endoplasmic reticulum) and exogenous sources
e.g. pesticides, heavy metals and drugs like paracetamol)
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102-695X/© 2019 Sociedade Brasileira de Farmacognosia. Published by Elsevier Edit
reativecommons.org/licenses/by-nc-nd/4.0/).
(Phaniendra et al., 2015). Overproduction of ROS can adversely
affect various biomolecules, such as lipids, proteins or nucleic acids,
leading to increased oxidative stress (Lobo et al., 2010; Phaniendra
et al., 2015). The oxidative stress has been associated with different
type of chronic diseases, such as diabetes mellitus, cardiovascu-
lar diseases, respiratory diseases or in various types of cancer (Cai
et al., 2004; Lobo et al., 2010; Phaniendra et al., 2015). Therefore,
a balance between free radicals and antioxidants, which possess
ability in scavenging radicals, is necessary for proper function of
human organisms (Lobo et al., 2010). The literature reports exten-

sive date on the antioxidant activity of phenolic compounds, mainly
flavonoids and phenolic acids (Havsteen, 2002; Leopoldini et al.,
2004).
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The rich source of phenols is propolis, which is a resinous mate-
ial collected by honeybees from the leaf buds of numerous trees,
hrubs and other plant species, to be modified and stored inside
heir hives. Propolis has a long history in traditional medicine in

any regions of world dating back at least to 300 BC (Ghisalberti,
979). Egyptians used the anti-putrefactive properties of propolis
o embalm cadavers. In the Middle Ages and among Arab physi-
ians propolis was used as an antiseptic and cicatrizant in wound
reatment and as a mouth disinfectant (Castaldo and Capasso, 2002;
oreti et al., 2013). Modern herbalists recommend this bee prod-
ct for its beneficial properties to increase the natural resistance of
uman organisms (Castaldo and Capasso, 2002). Numerous scien-
ific reports describe its biological activities, including antibacterial
Kalogeropoulos et al., 2009), antifungal (Salas et al., 2016), antitu-

oral (Ahn et al., 2007b), antioxidant (Kumazawa et al., 2004; Ahn
t al., 2007a) and anticancer (Li et al., 2009) properties. For this
eason, propolis is currently used in many applications, including
ver-the-counter preparations for cold syndrome, dermatological
reparations useful in wound, acne, boils and dermatitis treatment
Banskota et al., 2001; Castaldo and Capasso, 2002; Kuropatnicki
t al., 2013). Moreover, propolis is constituents of nutritional sup-
lements, health foods or alternative medicine products, such as
andy or syrup (Valencia et al., 2012). Propolis, mainly in form
f extracts, is also used in home remedies, both in internally and
xternally applications (Valencia et al., 2012; Wagh, 2013). It is
ommercially available in the form of extracts, capsules, a mouth-
ash solutions, powder or creams (Castaldo and Capasso, 2002;
agh, 2013).
Propolis contains over 500 constituents, including phenolic

ompounds (flavonoids, phenolic acids and their esters), fatty acids,
ugars, mineral elements and terpenoids (Melliou et al., 2007; Gong
t al., 2012; Huang et al., 2014; Kurek-Gorecka et al., 2014; Kasote
t al., 2017). The composition of propolis varies quantitatively and
ualitatively depending on many factors, such as geographical and
otanical origin, time and method of harvest or solvent used in
xtraction (Kumazawa et al., 2004; Ahn et al., 2007a; Simoes-
mbrosio et al., 2010; Teixeira et al., 2010; Papotti et al., 2012).
here are several studies involving the effect of time of propo-
is harvest to its chemical composition (Bankova et al., 1998; Isla
t al., 2012; Souza et al., 2016). Extracts of Argentinian propolis
ollected in the spring and summer contained greater amounts of
henols than samples of propolis collected in the other seasons of
he year (Isla et al., 2012). The HPLC analysis of Brazilian propolis
ndicated relatively similar qualitative profiles, but a huge varia-
ion in the levels of aromadendrin-4′-methyl ether, baccharin and
rtepillin C in propolis samples harvested in different parts of year
Simoes-Ambrosio et al., 2010). The seasonal effect on the chemical
omposition of Brazilian propolis was also confirmed by research
escribed by Neto et al. (2017) and Teixeira et al. (2010). On the
ther hand, the total content of flavonoids and phenolic compounds
n Mexican propolis collected during the four seasons of year was
imilar in all samples (Valencia et al., 2012).

The literature also described the effect of seasonality on bio-
ogical activities of propolis extracts. Isla et al. (2012) reported
hat Argentinian propolis collected during the summer exhibited
reater antibacterial and antifungal activity than propolis sam-
les collected in the other seasons. In turn, results described by
alas et al. (2016) indicated that extracts obtained from propolis
ollected in the same location in Argentine, but in two differ-
nt months (December and March), exhibited similar antifungal,
ntioxidant and nematicidal effects. Simoes-Ambrosio et al. (2010)
ound that seasonality plays an important role in the inhibitory

ffect of green propolis extract from Brazil on the oxidative
etabolism of neutrophils. Valencia et al. (2012) examined the

easonal effect on the antioxidant properties and antiprolifera-
ive activity of propolis samples from Mexico and claimed that the
armacognosia 29 (2019) 301–308

season of propolis collection had an important influence on the
antiproliferative activity and all propolis extracts possessed a weak
free-radical scavenging activity. In turn, Teixeira et al. (2010) eval-
uated the effect of seasonality on antioxidant activity of propolis
extracts obtained from propolis samples collected from the same
apiary over the period of 1 year at monthly intervals and found that
the date of harvest had an influence on this parameter.

The aim of this study was  to evaluate the effect of seasonality on
the chemical profile (contents of flavonoids and phenolic acids) of
Polish propolis extracts and their antioxidant potential. The antiox-
idant properties of extracts were determined by standard assays,
namely DPPH• free radical scavenging activity, Fe3+ reducing power
assay and ferrous ion (Fe2+) chelating activity. The effect of propo-
lis extracts on the morphology of human red blood cells (RBC) and
the selective permeability of their membrane was studied to esti-
mate their potential cytotoxicity. To estimate the cytoprotective
potential of propolis extracts, their ability to protect RBC against
free radical-induced hemolysis was  evaluated.

Materials and methods

Propolis samples and ethanolic extacts of propolis (EEP)

Raw propolis was  collected three times during 2014, in the
spring (from April to June), summer (from June to September)
and fall (from September to November). Propolis samples were
harvested from the same apiary from fifteen bee colonies using
propolis traps and they were stored at −4 ◦C. The apiary was  located
in central Poland in the protected area of the Nadwarciański Land-
scape Park (Trzcianki, 52.09◦ N, 17.45◦ E), characterized by a variety
of plant species. Numerous poplar (Populus sp.), willow (Salix sp.),
pine (Pinus sylvestris L.) and chestnut (Castanea sativa Mill.) trees
are found in this area. They are a potential source of resinous sub-
stances used by bees in propolis production. However, there is no
possibility of clearly identifying the botanical origin and possible
phenological effects of the propolis harvested for the study except
for the occurrence of tree species which are its potential sources
within the flight range of bees from the experimental apiary.

Frozen propolis samples were cut into small pieces and
extracted with a 10-fold volume of 70% ethanol under shaking
(Biosan, Riga, Latvia). The extraction was carried out for 5 days in the
dark at ambient temperature. The propolis extracts after filtration
were concentrated until constant weight on a rotary evaporator
(Buchi Labortechnik AG, Flawil, Switzerland) under reduced pres-
sure at 40 ◦C. The residues were dissolved in DMSO for antioxidant
assays and in methanol for chemical composition analysis.

Reagents

The standards of compounds for chromatographic analyses
(apigenin, quercetin, chrysin, myricetin, galangin, kaempferol,
rutin, naringenin, pinobanksin, pinocembrin, epicatechin, genis-
tein, pinostrobin, caffeic acid, coumaric acid, sinapinic acid, ferulic
acid, p-hydoxybenzoic acid, vanillic acid and syringic acid) were
purchased from Sigma Aldrich Chemie GmbH (Steinheim, Ger-
many). Ethanol, dimethyl sulfoxide (DMSO) were purchased from
Avantor Performance Materials Poland SA (Gliwice, Poland). Formic
acid, acetonitrile and methanol were of LC–MS grade and pur-
chased from Sigma Aldrich Chemie GmbH (Steinheim, Germany).
The water used in study was of Milli-Q quality (Millipore, Bed-
ford, MA,  USA). The standard antioxidants – Trolox, BHT (butylated

hydroxyltoluene) and 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-
azobis(2-methylpropionamidine) dihydrochloride (AAPH), fer-
rozine, poly-l-lisine, ethylenedinitrilotetraacetic acid (EDTA),
trichloroacetic acid were purchased from Sigma Aldrich Chemie
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mbH (Steinheim, Germany). PBS buffer compounds (NaCl, KCl,
a2HPO4, KH2PO4), glucose, paraformaldehyde, glutaraldehyde,
lycerol, K3Fe(CN)6, FeCl2 and FeCl3 were purchased from Avantor
erformance Materials Poland SA (Gliwice, Poland).

PLC/PDA/TQD analysis

The UPLC/PDA/TQD analyses were performed on an Aquity UPLC
hromatograph (Waters, Manchester, MA,  USA) equipped with a
hotodiode detector (PDA e� Detector) (Waters, Manchester, MA,
SA) and coupled to an electrospray ionization triple quadrupole
ass spectrometer (TQD) (Waters, Manchester, MA,  USA). All sam-

les of propolis extracts were filtered through a 0.20 �m syringe
lter (Chromafil, Macherey-Nagel, Duren, Germany) before analy-
es. Phenolic compounds were separated at a temperature of 25 ◦C
n an ACQUITY UPLC HSS T3 (Waters, Manchester, MA, USA) 1.8 �m
article size column (2.1 × 150 mm).  The injection volume was 3 �l
ith the flow rate of 0.3 ml/min. Gradient elution was carried out
ith a binary system consisting of line A – 0.1% aqueous formic acid,

nd line B – 0.1% formic acid in acetonitrile, which were previously
egassed and filtered. The solvent gradient was  modified as fol-

ows: 0–5 min  25% B, 5–20 min  40% B, 20–30 min  60% B, 30–35 min
0% B, 35–40 min  100% B followed by the return to the initial con-
itions. Nitrogen above 99% purity was used. The instrument was
perated in the negative-ion mode with the full scan in the mass
ange from m/z 100 to 1000. The molecular ion for each compound
as selected by the selective ion mode and then its area was  inte-

rated. The MSn  data were simultaneously acquired for the selected
recursor ion. The collision induced decomposition was run using
elium as the collision gas, with a collision energy of 25–40 eV. All
amples were injected in triplicate.

ntioxidant assays

PPH free radical scavenging activity

The solution (0.1 mM)  of DPPH• in ethanol (0.2 ml)  was  added to
.2 ml  of propolis extracts at two different concentrations (0.01 and
.1 mg/ml) and vortexed (Bio Vortex V1, Biosan, Riga, Latvia). Trolox
nd BHT were used as the reference compounds. The samples were
ncubated in the dark for 30 min  at room temperature. Following
ncubation the absorbance (Abs) was measured at 517 nm in an
POLL 2000 ECO spectrophotometer (PZ EMCO, Warszawa, Poland).
he percentage DPPH• scavenging effect was calculated using Eq.
1).

PPH•scavengingactivity(%) = [(Abs0 − Absl)/Abs0] × 100 (1)

here Abs0 is absorbance of the control sample and Abs1 is the
bsorbance in the presence of samples tested. Each sample was
ade in triplicate and three independent experiments were per-

ormed.

e3+ reducing power assay

Selected concentrations (0.1 and 0.01 mg/ml) of propolis
xtracts (0.06 ml)  were gently mixed with 0.1 ml  of 0.20 M PBS
phosphate buffered saline) (6.6 pH) and 0.1 ml  of 1% potassium
erricyanide [K3Fe(CN)6]. Trolox and BHT were used as the ref-
rence compounds. The samples were vortexed (Bio Vortex V1,
iosan, Riga, Latvia) and incubated for 20 min  at 50 ◦C. Following
ncubation 0.1 ml  of 10% trichloroacetic acid was added to the sam-
les to acidify the reaction medium. Finally, 0.04 ml  of 0.6 M FeCl3
as added to the medium and absorbance (Abs) was measured

t 700 nm in an EPOLL 2000 ECO spectrophotometer (PZ EMCO,
armacognosia 29 (2019) 301–308 303

Warszawa, Poland). Each sample was  tested in triplicate and three
independent experiments were performed.

Ferrous ion (Fe2+) chelating activity

The propolis extracts (0.2 ml)  at 0.01 and 0.1 mg/ml were added
to a solution of 0.6 mM FeCl2 (0.05 ml). EDTA was used as the stan-
dard metal chelator. The reaction was  started by the addition of
5 mM ferrozine (0.05 ml)  in ethanol and the mixture was immedi-
ately vigorously shaken (Bio Vortex V1, Biosan, Riga, Latvia). The
samples were stored for 10 min at room temperature. Following
incubation the absorbance (Abs) of the solutions was  measured
at 562 nm in an EPOLL 2000 ECO spectrophotometer (PZ EMCO,
Warszawa, Poland). The percentage of inhibition of ferrozine–Fe2+

complex formation was  calculated using Eq. (2).

Fe2+chelatingeffect(%) = [1 − (Abs1/Abs0)] × 100 (2)

where Abs0 is absorbance of the control sample and Abs1 is
absorbance in the presence of the samples tested. Each sample
was tested in triplicate and three independent experiments were
performed.

Erythrocyte preparation

Fresh human erythrocyte concentrates (65%) were purchased
from the blood bank in Poznań. The erythrocytes were washed
three times (960 × g, 10 min, +4 ◦C) (Sigma 3-30K Sartorious AG,
Göttingen, Germany) in 7.4 pH phosphate buffered saline (PBS)
supplemented with 10 mM glucose. After washing the cells were
suspended in the buffer at 1.65 × 109 cells/ml, stored at +4 ◦C and
used within 5 h.

Hemolysis assay
Erythrocytes (1.65 × 108 cells/ml, ∼1.5% hematocrit) were incu-

bated in PBS (7.4 pH) supplemented with 10 mM glucose and
containing propolis extracts tested at the concentration of
0.01 mg/ml  for 60 min, 240 min  and 24 h at 37 ◦C in a thermo-shaker
(BioSan Thermo-Shaker TS-100C, Biosan, Riga, Latvia). Samples
with erythrocytes incubated in PBS without propolis extracts were
taken as the controls. Each sample was repeated three times and
the experiments were repeated four times with erythrocytes from
different donors. After incubation, the erythrocyte suspensions
were centrifuged (Sigma 3-30K Sartorious AG, Göttingen, Ger-
many) (960 × g, 10 min, 4 ◦C) and the degree of hemolysis was
estimated by measuring absorbance of the supernatant in an EPOLL
2000 ECO spectrophotometer (PZ EMCO, Warszawa, Poland) at
540 nm.  The results were expressed as the percentage (%) of hemol-
ysis. Hemolysis percentage (equal to 0%) was  taken as absorbance
of the supernatant of erythrocyte suspensions in PBS only, while
total hemolysis (100%) was  determined when PBS was  replaced
with cold distilled water.

Microscope studies of erythrocyte shape transformation
Following incubation with propolis extracts at the concentra-

tion studied (0.01 mg/ml) cells were fixed in 5% paraformaldehyde
(PFA) with 0.01% glutaraldehyde (GA) for 1 h at room temper-
ature (∼22 ◦C). Fixed cells were gently washed by exchanging
the supernatant with PBS. After washing, erythrocytes were set-
tled on poly-l-lysine-treated (0.1 mg/ml, 10 min) cover glasses and
mounted on 80% glycerol. The cover slips were sealed with nail
polish. A large number of cells in several separate experimental

samples was  studied under a Zeiss LSM 510 microscope (Axiovert
Zoom) (Oberkochen, Germany) (100 × /1.4 aperture immersion oil
objective, 10 × ocular). The RBC shape was  estimated according to
the Bessis classification (Bessis et al., 1973).
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Table 1
The contents of the constituents in ethanolic extacts of propolis (EEP) samples.

Phenols Concentration [mg/g of EEP]

EEP1 (spring) EEP2 (summer) EEP3 (fall)

Apigenin 6.03c ± 0.51 7.94b ± 0.38 10.01a ± 0.84
Quercetin 4.29a ± 0.49 4.03a ± 0.36 3.83a ± 0.22
Chrysin 19.51a ± 0.68 14.40b ± 0.31 15.32b ± 0.47
Myricetin 0.63a ± 0.16 0.39a ± 0.04 0.83a ± 0.20
Galangin 26.89b ± 0.90 32.53a ± 0.32 20.14c ± 0.83
Kaempferol 10.43a ± 0.38 11.51a ± 0.36 5.01b ± 0.20
Rutin 0.72a ± 0.12 0.56a ± 0.12 0.49a ± 0.05
Naringenin 0.88a ± 0.26 0.83a ± 0.06 0.83a ± 0.16
Pinobanksin 4.21a ± 0.51 3.83a ± 0.50 3.29a ± 0.37
Pinocembrin 51.55a ± 3.23 41.55b ± 0.65 50.34a ± 0.56

Sum of flavonoids 125.14 117.57 110.09
Caffeic acid 3.90a ± 0.34 3.26a ± 0.45 3.68a ± 0.36
Coumaric acid 10.00a ± 0.59 9.17a ± 0.52 10.04a ± 0.52
Ferulic acid 3.80a ± 0.33 2.61b ± 0.40 3.63a ± 0.22
Vanillic acid 0.46a ± 0.06 0.31b ± 0.05 nd
Syringic acid 1.18a ± 0.17 0.83a ± 0.24 1.01a ± 0.17

Sum of phenolic acids 19.34 16.18 18.36
04 M. Woźniak et al. / Revista Brasileir

nhibition of free-radical-induced hemolysis
Erythrocytes (1.65 × 108 cells/ml, ∼1.5% haematocrit) were

re-incubated in PBS (pH 7.4) supplemented with 10 mM
lucose and containing propolis extracts tested at the concen-
ration of 0.01 mg/ml  for 20 min  at 37 ◦C in a thermo-shaker
BioSan Thermo-Shaker TS-100C, Biosan, Riga, Latvia). After pre-
ncubation, 2,2′-azobis(2-methylpropionamidine) dihydrochloride
AAPH) was added at the final concentration of 60 mM.  Samples
ere incubated for the next 4 h at 37 ◦C in a shaking water bath.

rythrocytes incubated in PBS and in the presence of AAPH without
ropolis extracts were taken as the control. After incubation, the
rythrocyte suspensions were centrifuged (1280 × g 5 min, +4 ◦C)
Sigma 3-30K Sartorious AG, Göttingen, Germany) and the degree
f hemolysis was determined by measuring absorbance (Abs) of
he supernatant at 540 nm in an EPOLL 2000 ECO spectrophotome-
er (PZ EMCO, Warszawa, Poland). The percentage of hemolysis
nhibition was calculated using the following Eq. (3).

Inhibition of erythrocytes hemolysis (%)

= 100 − [(Abssample − Absblank/Abscontrol − Absblank) × 100] (3)

here Abssample is the absorbance value of the supernatant
btained from samples incubated with samples tested, Absblank
s the absorbance of supernatant obtained from samples without
amples tested and AAPH, and Abscontrol is the absorbance of the
upernatant obtained from samples with AAPH and in the absence
f the samples tested. Each sample was prepared in triplicate and
he results are presented as a mean value (±SD) of ten independent
xperiments with erythrocytes from different donors.

tatistical analysis

The results were analyzed using the one-way analysis of
ariance (ANOVA). Groups were compared by Tukey’s Honest
ignificant Differences (THSD) Test. Statistical significance was
efined as p < 0.05. All of the statistical analyses were performed
sing Statistica 12.0 software (Tallahassee, USA).

esults and discussion

he seasonal effect on the chemical composition of propolis

The samples of Polish propolis were collected throughout three
easons of the year. The highest amount of material was  harvested
uring the summer (79.92 g) and the lowest amount was  sourced

n the fall (11.94 g). Also, the yield of extraction varied between
ropolis samples, amounting to: spring – 41.7%, summer – 66.6%
nd fall – 46.6%.

Table 1 presents the concentrations of flavonoids and phenolic
cids in propolis samples, identified by UPLC analysis with PDA and
QD detection.

The results of the quantitative analysis of propolis samples
ollected in three seasons during the year showed that the concen-
rations of most constituents identified in all samples were similar.
inocembrin was detected in all samples in the largest amounts,
ith the content of this flavonoid higher in propolis collected in

he spring (51.55 ± 3.23 mg/g of EEP) and fall (50.34 ± 0.56 mg/g of
EP) than in propolis harvested in the summer (41.55 ± 0.65 mg/g
f EEP). High concentrations among flavonoids identified in propo-
is samples were also recorded for chrysin and galangin, which
ogether with pinocembrin are common flavonoids identified in
olish propolis (Kedzia, 2009; Szliszka et al., 2013; Socha et al.,

015; Popova et al., 2017). These compounds are also found in
ropolis samples coming from other regions, including samples
rom Spain, Australia, Bulgaria, New Zealand or China (Kumazawa
t al., 2004, 2013). In EEP1 (spring) and EEP2 (summer) kaempferol
nd, not detected.
Values in the same row followed by the same letter are not significantly different
by Tukey’s Honest Significant Differences (THSD) Test (p < 0.05).

was also determined in relatively large amounts. The content of
this compound in propolis collected in the fall was over half lower
than in the other samples. The concentrations of quercetin and
pinobanksin were similar in all propolis samples, as confirmed by
statistical analysis, and they were lower than in propolis samples
sourced in Italy, Australia and Bulgaria (Kumazawa et al., 2004;
Papotti et al., 2012). Moreover, pinobanksin is one of most abundant
flavonoids determined in propolis originating from Europe, includ-
ing Bulgaria and Hungary (Kumazawa et al., 2004; Ahn et al., 2007a).
On the other hand, the content of apigenin was  the highest in the
fall propolis and the lowest in the spring propolis. The amounts of
this constituent in all examined propolis samples were higher than
in samples collected in Italy or Ukraine and much lower than in
propolis samples from New Zealand, Argentine or Chile (Kumazawa
et al., 2004; Papotti et al., 2012). All propolis extracts also contained
low and comparable amounts of myricetin, naringenin and rutin.
Moreover, in all propolis extracts the concentrations of epicatechin,
genistein and pinostrobin were below the UPLC/PDA/TQD detec-
tion limits. The significant differences in flavonoids concentrations
in propolis depending on the season of its collection were observed
in half of the analyzed compounds. The sum of flavonoids in propo-
lis extracts was  the highest in the sample collected in the spring
(125.14 mg/g of EEP) and it was  the lowest in the material harvested
in the fall (110.09 mg/g of EEP), but the differences were slightly.

Among the aromatic acids, coumaric acid was found in the
largest amounts in all analyzed propolis extracts, ranging from
9.17 ± 0.52 mg/g of EEP1 (summer) to 10.04 ± 0.52 mg/g of EEP3
(fall). The high concentration of this acid was previously reported
in other propolis samples collected from Poland (Szliszka et al.,
2013; Socha et al., 2015). A significantly greater range of coumaric
acid contents in propolis collected in Brazil (27.40 mg/g of EEP)
was reported by Kumazawa et al. (2004), while lower contents
were reported by Papotti et al. (2012) in propolis samples from
Italy (8.31–11.01 mg/g of EEP). Another identified aromatic acid
was caffeic acid, which content in Polish propolis was  lower
than in Italian propolis (5.39–7.85 mg/g of EEP) and higher than
in Brazilian (1.6 mg/g of EEP) or Argentinian (0.7 mg/g of EEP)
propolis (Kumazawa et al., 2004; Papotti et al., 2012). Ferulic

acid was  also determined in all propolis extracts, with higher
concentrations, recorded in propolis collected in the spring
(3.80 ± 0.33 mg/g of EEP) and fall (3.63 ± 0.22 mg/g of EEP) than in
the sample from summer (2.61 ± 0.40 mg/g of EEP). Much lower
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ig. 1. DPPH• free radical scavenging activity of propolis extracts and standard ant
ndicate samples that were significantly different (p < 0.05).

mounts of this phenolic acid in propolis samples were reported
y Kalogeropoulos et al. (2009) and Papotti et al. (2012). Another
henolic acid identified and quantitatively determined in all
ropolis extracts was syringic acid, the content of which ranged
rom 0.83 ± 0.24 mg/g of EEP2 (summer) to 1.18 ± 0.17 mg/g of
EP1 (spring). Syringic acid was previously reported in propolis
amples originating e.g. from Greece and Cyprus (Kalogeropoulos
t al., 2009). Moreover, in propolis extracts obtained from the
aterial collected in the spring and summer vanillic acid was

etected in trace amounts. This phenolic acid was  previously
dentified in propolis e.g.  from Poland and Brazil (Andrade et al.,
017; Popova et al., 2017). All propolis extracts did not contain
inapinic acid and p-hydroxybenzoic acid. Among all the examined
cids significant differences in concentrations were observed only
n two acids (ferulic and vanillic acids) from all examined acids.
he highest amount of acids (19.34 mg/g of EEP) was determined
n spring propolis, similarly as in the case of flavonoids contents.

Slightly differences in the sum of flavonoids and phenolic acids
etermined in propolis extracts suggest that the time of harvest of
ropolis had no significant effect on the relative amount of analyzed
onstituents in its extracts. Also, Valencia et al. (2012) observed that
amples of Mexican propolis collected during four seasons of the
ear were characterized by similar relative abundance of the main
nalyzed constituents. On the other hand, the results described by
eto et al. (2017), Simoes-Ambrosio et al. (2010) and Teixeira et al.

2010) indicated that the time of propolis collection has an effect
n its chemical composition. Also, Isla et al. (2012) reported that
xtracts of propolis collected in the summer and spring showed
igher concentration of phenolic compounds than the material col-

ected in the other seasons.

he seasonal effect on antioxidant activity of propolis
Biological properties of propolis extracts obtained from the
aterial collected in three seasons during the year were stud-

ed using three different cell-free antioxidant assays and in vitro
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ig. 2. Fe3+–Fe2+ reductive potential of propolis extracts and standard antioxidants Trolo
amples that were significantly different (p < 0.05).
nts Trolox and BHT. Results are presented as average ± SD (n = 9). Different letters

RBC-based assays. As demonstrated in Fig. 1, propolis extracts scav-
enge DPPH• in the dose-dependent manner (0.01 and 0.1 mg/ml).
At higher concentration the scavenging activity of all extracts
(27.8–31.0%) was similar to the standard antioxidant BHT (30.9%).
However, the highest activity was recorded for propolis collected
in the spring. The values of antiradical activity of propolis extracts
toward DPPH• at a concentration of 0.01 mg/ml  ranged from 13.8 to
21.2%. A high DPPH• scavenging activity was also observed in differ-
ent propolis samples collected in Spain, Argentina, Brazil and China
(Ahn et al., 2007a; Lima et al., 2009; Righi et al., 2011; Kumazawa
et al., 2013).

The propolis extracts at a lower concentration (0.01 mg/ml)
showed no significant differences in DPPH• free radical scavenging
activity depending on time of its collection. At a higher concen-
tration (0.1 mg/ml), the propolis extract obtained from the spring
material shows a higher activity than samples collected in the
other seasons. These differences may  be explained by the slightly
higher content of some flavonoids and phenolic acids in the spring
material (Table 1). There are many studies describing a direct cor-
relation between antioxidant activity of propolis extracts and their
contents of phenolic compounds (Nieva Moreno et al., 2000; Ahn
et al., 2007a; Kalogeropoulos et al., 2009; Benhanifia et al., 2013;
Kumazawa et al., 2013). In our study DPPH• scavenging capacity
of propolis extracts at a 0.1 mg/ml  concentration showed signifi-
cant positive correlation with chrysin (r = 0.9943), rutin (r = 0.8378),
syringic acid (r = 0.9654) and caffeic acid (r = 0.9101).

The results presented in Fig. 2 indicate that all the propolis
extracts exhibited a strong reducing power (reduction Fe3+ to Fe2+),
comparable to that of the standard antioxidant BHT.

The propolis extracts at the higher concentration (0.1 mg/ml)
showed significant differences in their reductive potential. Sim-
ilarly as in the DPPH• assay, a greater reductive capacity was

observed for the extract of spring propolis than in the other sam-
ples. The values of reductive power (as the value of absorbance
at 700 nm)  of propolis extracts at 0.01 mg/ml  ranged from 1.12
to 1.25, while at 0.1 mg/ml  it was 1.19 to 1.39, respectively. The
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ig. 3. Ferrous chelating activity of propolis extracts and standard antioxidants Trolo
hat  were significantly different (p < 0.05).

esults are in line with the data presented in Table 1. High reducing
ower values were also observed in propolis extracts from Greece,
yprus, Slovenia, Poland and China (Kalogeropoulos et al., 2009;
ang et al., 2011; Mavri et al., 2012; Socha et al., 2015). The results
btained in the reducing power assay at the propolis concentration
f 0.1 mg/ml  showed a significant positive correlation with chrysin
r = 0.9864), rutin (r = 0.9536), quercetin (r = 0.8993) and syringic
cid (r = 0.8599).

As shown in Fig. 3, the propolis extracts at both concentrations
lso exhibited a significant, dose-dependent Fe2+-chelating activ-
ty, equal to ∼50% activity of the standard chelator EDTA.

No significant differences were observed in the chelating activ-
ty of propolis extracts at the concentrations used. However, the
apacity of propolis to chelate Fe2+ is significantly lower when
ompared to standard EDTA. The extracts of Polish propolis at a
oncentration of 0.1 mg/ml  showed a greater chelating activity than
ethanolic extracts (4.33–29.68%) of Portugal propolis and lower

han aqueous extracts (41.11–82.35%) of this propolis (Miguel et al.,
012). Also propolis extracts from Turkey exhibited a stronger
helating effect on ferrous ions (Gulcin et al., 2010). The chelating
ctivity of propolis extracts at a concentration of 0.1 mg/ml  showed

 significant positive correlation only with apigenin (r = 0.9816).
ome flavonoids, including apigenin presents good chelating prop-
rties in contrast e.g. to hesperitin or naringin, which exhibit no
helating activity (Van Acker et al., 1996). Taking together, all stud-
ed propolis extracts are very effective as free radicals scavengers
nd Fe3+ reducing agents in a dose-dependent manner. Although
he chelating activity on ferrous ions (Fe2+) of the studied propo-
is extracts seems to be significantly lower when compared to the
tandard chelator EDTA.

Another set of experiments focused on the estimation of the
ffects of propolis extracts on RBC shape and their membrane
ermeability. Erythrocytes play a key role in the oxygen trans-
ort in the body, and their changes of shape influence on blood
ow and thus in oxygen delivery within the systemic microcir-

ulation (Silva-Herdade et al., 2016). To study the cytotoxic effect
f propolis toward RBC the lower concentration (0.01 mg/ml) was
elected. Microscopic evaluation of RBC shape after standard incu-
ation (1 h, 37 ◦C) with propolis extracts showed mainly discocytes

able 2
he effect of propolis extracts on human erythrocytes at concentration of 0.01 mg/ml.

Compound Hemolytic
activity (%) 1 h,
37 ◦C

Dominate RBC
shape 1 h, 37 ◦C

Hemolyti
activity (%
37 ◦C

Control/PBS 0–2 D 0–3 

EEP1  (spring) 0–3 D 0–3 

EEP2  (summer) 0–2 D/DE,S 0–3 

EEP3  (fall) 0–2 D/DE 0–3 

he predominant erythrocyte shape: D, discocytes; DE, discoechinocytes; S, stomatocyte
re  presented.
 BHT. Results are presented as average ± SD (n = 9). Different letters indicate samples

for EEP1 (spring), discocytes, discoechinocytes and stomatocytes
for EEP2 (summer), and dysocytes and discoechinocytes for EEP3
(fall) (Table 2). Extension of incubation time to 4 h or 24 h did not
modify the RBC shape any further. The changes in the RBC shape
may  be explained by the incorporation of components into the
leaflets of the lipid bilayer in the RBC membrane (Jasiewicz et al.,
2014). Therefore, it could be concluded that the weak echinocy-
togenic effect observed after short-term incubation (1 h and 4 h)
and stomatocytogenic effects recorded after long-therm incuba-
tion (24 h) were induced by the time-dependent incorporation of
propolis components into exo- and/or endoplasmic leaflets of the
bilayer, respectively. As a consequence of such incorporation, the
molecular organization in the lipid bilayer may  be stabilized and/or
modified.

The propolis extracts at the concentration of 0.01 mg/ml  did not
enhance the RBC membrane permeability either after 1 and 4 h
incubation (hemolysis ≤ 3%), or after 24 h (hemolysis from 2 to 4%).

In line with the results presented above, the lower concentra-
tion (0.01 mg/ml) of propolis extracts was  selected to study their
cytoprotective activity against free radicals generated from AAPH.
As shown in Fig. 4, all propolis extracts were found to significantly
protect RBC against AAPH-induced oxidative hemolysis by approx-
imately 70%, namely from 70.2 to 73.6%. The protective activity
of the reference antioxidant BHT was significantly lower (47.3%)
under the same conditions. It should also be noted that no statis-
tically significant differences were observed between the propolis
extracts from the different harvesting times. The anti-hemolytic
activity of propolis under oxidative stress conditions was  also
shown by other researches, e.g. Bonamigo et al. (2017), Campos
et al. (2014), and Dos Santos et al. (2017). The inhibition of AAPH-
induced hemolysis may  be explained both by the incorporation
of propolis components into the RBC lipid bilayer and its stabi-
lization against damage factors, and the antioxidant potential of
propolis components, mostly by the high activity against the DPPH
free radicals and Fe3+ reducing activity. It should be noted that

our results obtained with human erythrocytes are different from
obtained by others using nucleated cells, e.g. neutrophils (Simoes-
Ambrosio et al., 2010) or the B-cell lymphoma cancer cell line
M12.C3.F6. (Valencia et al., 2012), regarding the seasonal effect on

c
) 4 h,

Dominate RBC
shape 4 h, 37 ◦C

Hemolytic
activity (%)
24 h, 37 ◦C

Dominate RBC
shape 24 h,
37 ◦C

D 2–5 D
D/DE 2–3 D/DE
D/DE,S 2–4 D/DE,S
D/DE 2–3 D/DE

s. Mean values from three independent experiments (n = 3) prepared in triplicate
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Fig. 4. In vitro protective effects of propolis extracts and standard antioxi-
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Zieba, G., 2014. Structure and antioxidant activity of polyphenols derived from
ge ± SD (n = 9). Different letters indicate samples that were significantly different
p  < 0.05).

he antioxidant activity of propolis. Therefore, it can be concluded
hat the antioxidant activity of propolis is the cell type-dependent,

oreover, the seasonal effects is dependent on the place of harvest
climate, type of soil, sun exposure).

It is known that excessive production of reactive oxygen species
ROS) may  induce the oxidative stress that may  be involved in
arious ROS-related disorders, including cardiovascular and neu-
odegenerative diseases, cancer and diabetes (Bonamigo et al.,
017). In vivo ROS-induced RBC morphological and functional dam-
ge may  stimulate hypoxia and the Fenton reaction, therefore the
xogenic antioxidants present in the blood stream are important
ools for RBC defense. Considering that natural products are inten-
ively studied nowadays as potential antioxidants which may  use in
arious applications, we propose propolis, a bee product, as a source
f flavonoids and phenolic acids that can synergically protected
ells against ROS detrimental effects.

onclusions

The results demonstrated that the extracts of Polish propolis
ollected in three seasons during the year are rich source of pheno-
ic compounds. Pinocembrin, chrysin, galangin and coumaric acid

ere the main phenols found in all the propolis extracts. The con-
entrations of examined constituents in all propolis samples were
omparable and only seven among fifteen determined compo-
ents were significantly different (THSD test, p < 0.05). The results
emonstrate also that the propolis extracts collected in three sea-
ons during the year possess similar and high antioxidant potential,
hich may  be explained by scavenging free radicals and reducing

ctivity of Fe2+. The propolis extract showed high radical scaveng-
ng activity and reducing power, whereas the ferrous ion chelating
ctivity was lower. Moreover, the significant cytoprotective activity
f all propolis extracts against free radicals induced RBC hemolysis
as observed. Based on the obtained results it may  be stated, that

ytoprotective effects of all propolis extracts are a consequence of
oth the antioxidant potential and the incorporation of their com-
onents into the RBC membrane and its stabilization against ROS

njuries.
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