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Abstract

Purpose: To investigate the total polyphenolic and flavonoid contents, antioxidant power and cytotoxic
activity of ethanol extracts of Turkish propolis (EEP).

Methods: The total polyphenolic and flavonoid contents of EEP were determined by spectrometric
methods. Antioxidant power and cytotoxic activity of EEP were evaluated using ferric reducing
antioxidant power (FRAP) and MTT assays, respectively.

Results: The total polyphenolic and flavonoid contents, and FRAP value of EEP were 124.6 + 1.5 mg
gallic acid/g sample dry weight , 42.0 + 0.8 mg quercetin/g sample dry weight and 311.0 + 2.5 mg
trolox/g sample dry weight, respectively. EEP exhibited powerful cytotoxic effects against the five
human cancer cell lines. The highest cytotoxic activity of Turkish EEP was demonstrated on PC-3 cell
line (ICsp = 20.7+3.4 ug/mL).

Conclusion: The results demonstrate that EEP is a good source of antioxidant and a natural antitumor
agent capable of reducing cancer cell proliferation.
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INTRODUCTION

phenolic acids or their esters, flavonoids,
stilbenes, [(-steroids, terpenes, fatty acids and

Propolis is a natural honeybee product that has
long been used in traditional medicine [1].
Honeybees collect propolis from exudates and
buds of various plants and mix it with their own
salivary secretions and waxes [2]. The
composition of propolis varies depending on the
climate and geography of the region where it is
harvested [1]. Accumulated evidence has
demonstrated the presence of more than 300
compounds in different propolis samples [3]. The
main chemical groups present in propolis contain

inorganic compounds [2,4]. Propolis has many
biological and pharmacological properties,
including antibacterial, anti-cariogenic, anti-
inflammatory, anti-oxidative, anti-mutagenic and
anti-cancer, among others [2,5,6]. The biological
effects of propolis are attributed to its polyphenol
content [7]. Propolis is today widely used in
medicine, cosmetics and food industries due to
its versatile biological and pharmacological
activities [2].

Trop J Pharm Res, May 2015; 14(5): 777



Turan et al

Cancer is a universal health problem and the
most widespread cause of death.
Chemotherapeutic drugs may not be effective
against some cancer cells, and the efficacy of
such drugs may also decrease due to the
development of drug resistance in cancer cells
[8]. Researchers have focused on the potential
use of natural compounds as chemotherapeutic
or complementary agents in the treatment of
cancer due to the inefficacy of the drugs that are
currently available [9]. Numerous studies have
investigated the anticancer activity of propolis
from varying regions on different cancer cell lines
[4].

The number of studies investigating the
anticancer activity of Turkish propolis is limited
[10,11]. The purpose of this study is therefore to
identify the antioxidant properties and cytotoxic
activities of EEP.

EXPERIMENTAL
Chemicals

Dimethylsulfoxide (DMSO), sodium carbonate,
folin reagent, gallic acid, ethanol, aluminium
nitrate, potassium acetate, quercetin,
NaH,PO,.2H,0, Na,HPO,.2H,0O, potassium
ferricyanide, trichloroacetic acid, iron(lll) chloride,
trolox, cisplatin, trypan blue, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) from Sigma (St. Louis, MO,
USA). Penicillin-streptomycin and trypsin from
Gibco (Paisley, England), Eagle's Minimum
Essential Medium (EMEM), RPMI-1640 Medium
and Kaighn's Modification of Ham's F-12 Medium
(F-12K) from Lonza (Verviers, Belgium), fetal
bovine serum (FBS) from Biochrom (Berlin,
Germany), phosphate buffer saline (PBS) tablet
from Medicago (Uppsala, Sweden).

Quercetin (1 mg/mL) and cisplatin (1 mg/mL)
were dissolved in DMSO to prepare their stock
solutions.

Preparation of propolis extracts

The propolis samples used in this study were
produced by honey bees (Apis mellifera L) in the
region of Trabzon, Turkey, and were provided
the by Trabzon Agricultural Development
Cooperative. For preparing stock EEP (50,000
pg/mL), 1 g propolis was dissolved in 20 mL
absolute ethanol and then incubated at 60 °C
and 150 rpm for 24 h. After incubation, the
sample was centrifuged at 4000 rpm for 10
minutes. Supernatants were filtered through filter
paper and 0.22 ym filters. [12]

Evaluation of total
(TPC)

polyphenolic content

Total polyphenols in the EEP were determined
using Folin-Ciocalteu reagent in a 96-well
microplate, as previously described [13]. Gallic
acid was used as standard and values were
stated as mg gallic acid equivalents (GAE)/g
sample dry weight.

Determination of total flavonoid content (TFC)

Total flavonoids in the EEP were evaluated in a
96-well microplate using aluminum nitrate
colorimetric method [14]. Quercetin was used as
standard and values were stated as mg quercetin
equivalents (QE)/g sample dry weight.

Determination of ferric reducing antioxidant
power (FRAP)

The ferric reducing antioxidant power of EEP
was determined using the method based on
ferric to ferrous ion reduction at low pH [7].
Trolox was used as a standard, and values were
expressed as mg trolox equivalents (TE)/g
sample dry weight.

Cell culture

Prostate adenocarcinoma (PC-3), hepatocellular
carcinoma (HepG2), colon adenocarcinoma
(WiDr), cervix adenocarcinoma (HelLa) and
mammary adenocarcinoma (MCF-7) human
cancer cell lines were obtained from the America
Type Culture Collection (ATCC, USA).

WiDr, MCF-7 and Hela cells were maintained in
EMEM. PC-3 cells in F-12K medium, and HepG2
cells in RPMI-1640 medium. All the media
contained L-glutamine, 10 % FBS, 1 % penicillin
and streptomycin and the cells were grown in T-
75 flasks, with 5 % CO, supply at 37 °C in an
incubator. The cells were passaged when they
reached 70 — 80 % growth in flasks.

Cytotoxicity studies

EEP, quercetin (one of the major flavonoids in
EEP) and cisplatin (positive control) cytotoxicity
were tested on five human cancer cell lines. Cell
viability was determined as previously described
[15]. All cells were plated at 5 x 10° cells/well in
96-well cell culture plates and allowed to adhere
for 24 h at 37 °C. At the end of 24 h, cells were
treated with different concentrations of EEP (0-
200 pg/mL), quercetin (0-25 pug/mL) and cisplatin
(0-10 ug/mL). The final concentrations of ethanol
and DMSO in the medium did not exceed 1 %
and these concentrations of ethanol and DMSO
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were not harmful to cell Vviabilities and
morphologies. After 72 h incubation 190 L
medium and 10 pL MTT dye and a final
concentration of 0.25 mg/mL were added to wells
and cells were incubated for 2 h. After
incubation, well contents were removed and 200
uL of DMSO was added to all wells and
incubated for 60 min. Absorbance was measured
using a microplate reader (Versamax, Molecular
Devices, USA, California) at 570 nm. All
absorbance were compared to control samples
(cells without any test compound) which
represented 100 % viability. Cell viability was
determined as in Eq 1 [16].

Cell inhibition (%) = [As/Ac]x 100 ... (1)

where As and Ac are the absorbance of the
sample and control, respectively. From the plot of
log-concentration versus cell viability, half-
maximal inhibitory concentration (ICsy) values
were determined.

RESULTS

TPC, TFC and FRAP values of EEP were found
124.6 £ 1.5 mg GAE, 42.1 £ 0.8 mg QE, and 311
t 25 mg TE per to g sample dry weight,
respectively (mean £ SD, n=3). The cytotoxicity
results, expressed as ICsg, are listed in Table 1.
The results indicate that the highest cytotoxic
effect of EEP was exerted on PC-3 cell line (ICsg
=20.7 £ 3.4 pg/mL).

DISCUSSION

There is considerable interest in the anti-
proliferative properties of natural products,
because these are believed to be relatively non-
toxic and have been used as traditional
medicines for hundreds of years worldwide [9].
Nowadays, over 70 % of anticancer agents are
derived from natural products [17]. Propolis is a
natural bee product widely used in traditional
medicine for the treatment of various illnesses
since ancient times [18]. Today, propolis is
consumed as an extract due to its complex
resinous structure. The type of solvent and
extraction procedures employed therefore further

affect its composition and biological effects [19].
In addition, several studies [20,21] have
confirmed that different compounds may be
found in propolis content, depending on varieties
of the plants and geographical areas from which
the resin is collected and the races of bees
involved.

Several methods have been used for the
extraction of active components from propolis.
These methods are maceration, ultrasonic
(sonication), soxhlet and microwave extraction.
In maceration technique, organic solvents are
used to dissolve the components directly without
producing heat, so this technique is suitable for
heat labile and heat stable substances. Many
solvents (water, ethanol, methanol, ethyl acetate,
dimethyl sulfoxide, hexane and acetone) have
been used in preparing propolis extracts [22].
The most common formulation of propolis in
traditional medicine is the ethanol extract [23].
The ethanol extract of Turkish propolis was
therefore prepared using maceration technique.

The determination of TPC and TFC are important
in various natural products. Physicochemical
methods are frequently used for evaluating
antioxidant capacities of propolis samples from
various different regions since these are
practicable, rapid and cheap assays [24]. In our
study TPC of EEP was measured at 124.6 + 1.5
mg GAE/g sample dry weight using the Folin-
Ciocalteu method. TPC in ethanolic extracts of
propolis have been reported at 174.7 mg GAE/g
sample dry weight from China [25], 151.5 mg
GAE/g sample dry weight from Brazil [1] and
31.2 - 299 mg GAE/g sample dry weight from
other parts of the world [24]. TFC of EEP in this
study was 42 £ 0.8 QE/g sample dry weight. TFC
in ethanolic extracts of propolis of 45.1 mg QE/g
sample dry weight have been reported from
China [25] and 2.5 - 176 mg QE/g sample dry
weight from other parts of the world [24]. The
FRAP method was used to determine total
antioxidant capacities of a compound. This is
considered a good indicator for total antioxidant
power [26].

Table 1: Cytotoxic activity (ICso, ug/mL)* of EEP and other test compounds

Test HepG2 WiDr PC-3 HeLa MCF-7
compound

EEP 27.0£0.8 62.012.0 20.7+1.3 36.020.7 28.0£2.0
Quercetin 8.3£0.5 8.040.1 4.00.04 1.6+0.08 8.840.15
Cisplatin 2.4+0.2 0.99+0.06  0.54+0.02  0.66:0.02  0.41+0.04

*Mean £+ SD, n =3
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In the present study, FRAP value of EEP was
311 £ 2.5 mg TE/g sample dry weight. FRAP
values of ethanol extracts of propolis from
different regions of Iran are in the range 31.5 -
1650 mg TE/g sample dry weight [14]. The
results from the present study are thus largely in
agreement with those of other studies; small
differences may have arisen due to different
methods of propolis extraction, geographic
region, harvest season and races of honeybee
involved.

Many studies have reported antiproliferative
activity of both propolis and various bioactive
compounds from  propolis [4,21]. The
effectiveness of anti-cancer therapy is evaluated
by the ability to initiate apoptosis or cell cycle
arrest in cancer cells [27]. Apoptosis induction
and cell cycle arrest are recommended as main
mechanisms of the anticancer activities of
propolis [21].

In the present study, we demonstrated the
cytotoxic effects of Turkish EEP on five human
tumoral cell lines. There are few previous studies
of the cytotoxic effects of propolis against human
tumoral cell lines. EEP exhibited powerful
antiproliferative effects against all studied human
cancer cell lines investigated, and the ICsy values
ranged from 20.7 + 1.3 to 62.2 £ 2.2 pg/mL.
Vatanserver et al demonstrated that ethanol
extracts of Turkish propolis have dose-
dependent antiproliferative effects on the MCF-7
cell line [11].

One recent study similarly reported that propolis
has a dose- and time-dependent cytotoxic effect
against HelLa cells [28]. Szliszka et al
demonstrated that EEP (5 - 50 uyg/mL) induces
apoptosis in HelLa cell line in a dose dependent
manner [29]. Cytotoxic activities of extracts of
propolis from different regions against various
human cancer cell lines have been reported in
the literature [30,31]. Another study has
investigated the toxicities of ethanolic extracts of
Thai propolis prepared using the maceration
technique on the A549 and Hela cell lines. Thai
EEPs exhibit anti-proliferative effects against
A549 and Hela cells and their ICs, values have
been calculated at 85.05 and 79.83 pg/mL,
respectively [22]. These results show that
Turkish propolis is a good natural product due to
its antioxidative and cytotoxic activities among
the various types of propolis across the world.

Our data show that ICsy values of EEP were
higher than those of quercetin. The cytotoxic
effect of propolis on cancer cell lines may not
therefore derive from quercetin alone, and this
result may explain the synergistic effect of all

propolis constituents. Additionally some phenolic
compounds of propolis (caffeic acid phenethyl
ester (CAPE), quercetin, chrysin) have been
investigated in terms of antiproliferative effects
[21].

Polyphenolic compounds found in propolis are
known to exhibit antioxidant activities, and these
activities may play a pivotal role in the cytotoxic
effect. The solubilities of Turkish propolis in
different solvents have previously been
investigated, and ethanol extracts of Turkish
propolis was found to have high antioxidant
capacities and high quercetin levels [32].
Erdogan et al observed content of Anatolian
propolis and reported that it is rich in phenolic
compounds, such as caffeic acid, gallic acid, p-
coumaric acid, chlorogenic acid, myricetin,
catechine and luteolin [33]. Uzel et al evaluated
chemical compositions and  antimicrobial
activities of different Anatolian propolis samples.
They found that the ethanol extract of propolis
samples from Trabzon was rich in flavanones
(pinocembrin, naringenin, chrysin) and
flavonones (pinobanksin, quercetin, galangine,
apigenin and their derivatives) [34].

CONCLUSION

Although much is known about the cytotoxic
effects of propolis from different regions, there
have been few studies of Turkish propolis. It is
probable that the constituents of propolis are
responsible for its anti-proliferative activities due
to its phenolic content; although these were not
isolated in this study, the present work provides a
new perspective for further research. Further

investigations are required to clarify the
molecular mechanism(s) involved in its
anticancer effects and to identify individual

constituents of Turkish propolis.
ACKNOWLEDGEMENT

This work was supported by Foundation of
Scientific Research of Karadeniz Technical
University (Project numbers: 2007.114.001.3
and 2008.114.001.5), Trabzon, Turkey.

REFERENCES

1. Da Silva Frozza CO, Celi Garcia CS, Gambato G,
Oliveira de Souza MD, Salvador M, Moura S, Padilha
FF, Seixas FK, Collares T, Borsuk S, Dellagostin OA,
JAP, Roesch-Ely M.
characterization, antioxidant and cytotoxic activities of

Henriques Chemical

Brazilian red propolis. Food Chem Toxicol 2013; 52:
137-142.

Trop J Pharm Res, May 2015; 14(5): 780



10.

11.

12.

13.

14.

15.

Turan et al

Zizic JB, Vukovic NL, Jadranin MB, Andelkovic BD,
Tesevic VV. Kacaniova MM, Sukdolak SB, Markovic
SD. cytotoxic
antioxidative activities of ethanolic extracts of propolis
on HCT-116 cell line. J Sci Food Agric 2013; 93:
3001-3009.

Kamiya T, Nishihara H, Hara H, Adachi T. Ethanol
Extract of Brazilian Red Propolis Induces Apoptosis

Chemical ~ composition, and

in Human Breast Cancer MCF-7 Cells through
Endoplasmic Reticulum Stress. J Agric Food Chem
2012; 60: 11065-11070.

Watanabe MAE, Amarante MK, Conti BJ, Sforcin JM.
Cytotoxic constituents of propolis inducing anticancer
effects: A review. J Pharm Pharmacol 2011; 63:
1378-1386.

Pereira AD, Andrade SF, Oliveira Swerts MS, Maistro EL.
First in vivo evaluation of the mutagenic effect of
Brazilian green propolis by comet assay and
micronucleus test. Food Chem Toxicol 2008; 46:
2580-2584.

Aliyazicioglu Y, Deger O, Ovali E, Barlak Y, Hosver |,
Tekelioglu Y, Karahan SC. Effects of Turkish pollen
and propolis extracts on respiratory burst for K-562
cell lines. Int Immunopharmacol 2005; 5: 1652-1657.

Barlak Y, Deger O, Colak M, Karatayli SC, Bozdayi AM,
Yucesan F. Effect of Turkish propolis extracts on
proteome of prostate cancer cell line. Proteome Sci
2011; 9: 74.

Gottesman MM. Mechanism of cancer drug resistance.
Annu Rev Med 2002; 53: 615-627.

Fauzi AN, Norazmi MN, Yaacob NS. Tualang honey
induces apoptosis and disrupts the mitochondrial
membrane potential of human breast and cervical
cancer cell lines. Food Chem Toxicol 2011; 49: 871-
878.

Gunduz C, Biray C, Kosova B, Yilmaz B, Eroglu Z, Sahin
F, Omay SB, Cogulu O. Evaluation of Manisa
propolis effect on leukemia cell line by telomerase
activity. Leuk Res 2005; 29: 1343-1346.

Vatansever HS, Sorkun K, Gurhan SID, Kurt FO, Turkoz
E, Gencay O, Salih B. Propolis from Turkey induces
apoptosis through activating caspases in human
breast carcinoma cell lines. Acta Histochem 2010;
112: 546-556.

Aliyazicioglu Y, Demir S, Turan I, Cakiroglu TN, Akalin |,
Deger O, Bedir, A. Preventive and Protective Effects
of Turkish Propolis on H,O-induced DNA Damage in
Foreskin Fibroblast Cell Lines. Acta Biol Hung 2011;
62(4): 388-396.

Slinkard K, Singleton VL.
automation and comparison with manual methods.
Am J Enol Viticult 1977; 28: 49-55.

Mohammadzadeh S, Sharriatpanahi M, Hamedi M,
Amanzadeh Y, Ebrahimi SES, Ostad SN. Antioxidant
power of Iranian propolis extract. Food Chem 2007;
103: 729-733.

Mosmann, T. Rapid colorimetric assay for cellular growth

application

Total phenol analyses:

and survival: to proliferation and

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

cytotoxicity assays. J Immunol Methods 1983; 65: 55-
63.

Abdi K, Hadadzadeh H, Weil M, Salimi M. Mononuclear
copper(ll) complex with terpyridine and an extended
phenanthroline base, [Cu(tpy)(dppz)]2+: Synthesis,
crystal structure, DNA binding and cytotoxicity
activity. Polyhedron 2012; 31: 638-648.

Karikas, GA. Anticancer and chemopreventing natural
products: Some biochemical and therapeutic aspects.
J Buon 2010; 15: 627-638.

Diaz-Carballo D, Malak S, Bardenheuer W, Freistuehler
M, Reusch HP. The contribution of plukenetione A to
the anti-tumoral activity of Cuban propolis. Bioorg
Med Chem 2008; 16: 9635-9643.

Rajoo M, Parolia A, Pau A, Amalraj FD. The Role of
Propolis in Inflammation and Orofacial Pain: A
Review. Annu Res Rev Biol 2014; 4(4): 651-664.

Silici
antibacterial activity of propolis collected by three

S, Semiramis K. Chemical composition and
different races of honeybees in the same region. J
Ethnopharmacol 2005, 99: 69-73.

Sawicka D, Car H, Borawska MH, Niklinski J. The
anticancer activity of propolis. Fol Histoc Cyto 2012;
50(1): 25-37.

Khacha-ananda S, Tragoolpua K, Chantawannaku P,
Tragoolpua Y. Antioxidant and Anti-cancer Cell
Proliferation Activity of Propolis Extracts from Two
Extraction Methods. Asian Pac J Cancer Prev 2013;
14(11): 6991-6995.

Aso K, Kanno S, Tadano T, Satoh S, Ishikawa M.
Inhibitory Effect of Propolis on the Growth of Human
Leukemia U937. Biol Pharm Bull 2004; 27(5): 727-
730.

Kumazawa S, Hamasaka T, Nakayama T. Antioxidant
activity of propolis of various geographic origins.
Food Chem 2004, 84: 329-339.

Yang H, Dong Y, Du H, Shi H, Peng Y, Li X. Antioxidant
Compounds from Propolis Collected in Anhui, China.
Molecules 2011; 16: 3444-3455.

Aliyazicioglu R, Sahin H, Erturk O, Ulusoy E, Kolayli S.
Properties of phenolic composition and biological
activity of propolis from Turkey. Int J Food Prop 2013;
16: 277-287.

Reed JC. Mechanism of apoptosis. Am J Pathol 2000;
157: 1415-1430.

Szliszka E, Czuba ZP, Domino M, Mazur B, Zydowicz G,
Krol W. Ethanolic extract of propolis (EEP) enhances
the apoptosis-inducing potential of Trail in cancer
cells. Molecules 2009; 14: 738-754.

Barbaric M, Miskovic K, Bojic M, Loncar MB, Smolcic
Bubalo A, Debeljak Z, Medic-Saric, M. Chemical
composition of the ethanolic propolis extracts and its
effect on Hela cells. J. Ethnopharmacol 2011; 135:
772-778.

Friébn-Herrera Y, Diaz-Garcia A, Rodriguez-Sanchez H,
Ruiz-Fuentes J, Monzote-Fidalgo L, Morier-Diaz L,
Setzer WN. Cytotoxic effect of Cuban propolis

Trop J Pharm Res, May 2015; 14(5): 781



Turan et al

extracts against tumor cells lines. Am J Essen Oils
Nat Prod 2013; 1(1): 112-117.

31. Kouidhi B, Zmantar T, Bakhrouf A. Anti-cariogenic and
anti-biofilms activity of Tunisian propolis extract and
its potential protective effect against cancer cells
proliferation. Anaerobe 2010; 16: 566-571.

32. Cakiroglu TN. Investigation of solubility of Turkish
propolis in different solvents. Master Thesis,
Karadeniz Technical University, Institute of Health
Sciences, 2010, Trabzon, Turkey.

33. Erdogan S, Ates B, Durmaz G, Yilmaz I, Seckin T.
Pressurized liquid extraction of phenolic compounds
from Anatolia propolis and their radical scavenging
capacities. Food Chem Toxicol 2011; 49: 1592-1597.

34. Uzel A, Sorkun K, Oncag O, Cogulu D, Gencay O, Salih
B. Chemical compositions and antimicrobial activities
of four different Anatolian propolis samples. Microbiol
Res 2005; 160: 189-195.

Trop J Pharm Res, May 2015; 14(5): 782



