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Summary The continual increase in mortality rates and num-
ber of cancer cases is a matter of serious concern in developing
countries. The incorporation of natural products into classical
cancer treatment approaches is a promising direction. The
mechanisms of A549 and HeLa cancer cell death induction
by ethanolic extracts of propolis samples from Phayao,
Chiang Mai, and Nan provinces in northern Thailand were
investigated in this study. The propolis extract from Chiang
Mai showed the highest antioxidant activity and the greatest
total phenolic content. The propolis extract from Nan also
exhibited the highest total flavonoid content. The proliferation
of A549 and HeLa cells grown in the presence of the propolis
extracts was suppressed in a dose- and time-dependent man-
ner. Moreover, treatment of both cancer cells with the propolis
extracts showed DNA fragmentation and significantly in-
creased the number of the apoptotic cells. On A549 cells,
the extrinsic and intrinsic pathways of caspase enzymes were
activated by the propolis extracts from Phayao and Chiang
Mai. In the case of the propolis extract from Nan, the mecha-
nisms involved apoptosis on the A549 cells were caspase-
independent pathway. The extrinsic pathway of the caspase
enzyme was triggered by all of the propolis extracts on HeLa
cells. Finally, oral administration of the propolis granule pro-
duced from the propolis extract fromNan resulted in extended

survival of tumour-bearing mice. Therefore, propolis extracts
from the northern region of Thailand demonstrated pharmaco-
logical properties, both antioxidant and anticancer activities.
From these findings, it is evident that propolis extracts can be
considered as a naturally obtained agent extremely useful in
cancer treatment.
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Introduction

Cancer is among the diseases that are widely found in devel-
oping countries. Radiotherapy and chemotherapy are normal-
ly used to treat cancer. However, these treatments often have
severe side effects on patients such as damage to skin and
intestinal epithelium and suppression of the immune system.
The finding of natural substances which have an effect on an
apoptotic induction, and an inhibition of cyclin-dependent ki-
nase, telomerase, and poly (ADP-ribose) polymerase or
PARP, has been studied [1]. Apoptosis, or programmed cell
death, is subject to clearance of abnormal cells without the
inflammatory response [2]. Several proteins are associated
with the apoptosis mechanism, including members of the cas-
pase and Bcl-2 families [3]. Caspase enzymes are grouped
according to their function. The caspase-3, 6, 7, 8 and 9 are
involved in apoptosis and the caspase-1, 4, 5 and 12 are also
involved in inflammation [4]. The caspase enzyme is general-
ly present as an inactive zymogen. After activation, the zymo-
gen or procaspase is cleaved into two small and two large
subunits with two active sites per molecule [3]. Members of
the Bcl-2 protein family are important molecules that can con-
fer induction or inhibition of apoptosis. The Bcl-2 proteins are
classified into two groups (anti-apoptotic and pro-apoptotic)
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according to their function [5]. The apoptosis pathway is di-
vided into extrinsic and intrinsic pathways. In the extrinsic
pathway, the tumour necrosis factor (TNF) is bound to the
TNF receptor. The intracellular domain of TNF recruits
the adaptor protein and forms complexes to initiate the
activation of procaspase-8. The intrinsic pathway cyto-
chrome C and other proteins are released from the
damaged mitochondria and activate caspase-9. The active
caspase-8 and caspase-9 also activate procaspase-3, which
results in cell death by the cleavage of cellular protein and
DNA [6].

Propolis is the resinous substance obtained from bees. It is
generally used as a sealant for unwanted open spaces in the
hive and as a protective substance against parasites and mi-
crobes [7]. It is composed of several chemical compositions
which have pharmacological properties including antioxidant
property, antimicrobial activity, anticancer activity, and
immunostimulant activity [8]. Studies on the biological activ-
ity of propolis are of interest for developing novel pharmaceu-
tical products for use as alternative medicine in the treatment
of cancer. Many studies have reported on the efficacy of prop-
olis to inhibit the growth of many types of cancer cells [9–11].
Two main bioactive compounds, cardanol and cardol, which
were identified in propolis from Nan, Thailand exerted
antiproliferation and cytotoxicity among duet carcinoma
(BT474), undifferentiated lung (Chaco), liver hepatoblastoma
(Hep-G2), gastric carcinoma (KATO-III) and colon adenocar-
cinoma (SW620) cancers. However, other potent compound
or the synergistic interaction of the propolis compound might
involve in the antiproliferative and cytotoxic properties [12].
Moreover, the anticancer activity of propolis obtained from
Northern Thailand, including its molecular mechanism on
the suppression of cancer cells has not been reported.
Therefore, propolis was collected from different sources in
Northern Thailand and the biological properties of 70 %
ethanolic extracts of propolis (EEP) that dissolved in dimethyl
sulfoxide (DMSO) were investigated for their antioxidant ac-
tivity and some mechanisms of cancer cell growth inhibition.

Materials and methods

Propolis extraction

Propolis samples from the northern region of Thailand were
obtained from bee keepers in Phayao, Chiang Mai, and Nan
provinces. All propolis samples were extracted using the mod-
ified method [13]. One hundred grams of the propolis samples
was cut into small pieces and frozen at −80 °C overnight. The
propolis was then blended and macerated with 70 % ethanol
for 72 hours in the dark. The suspension was filtered through
Whatman filter No.1. The filtrate was frozen for the removal
of the wax. Then, the ethanol was removed and the filtrate was

made into a concentrate in a rotary evaporator. After evapora-
tion, the filtrate was lyophilized to obtain the propolis extract.
The ethanolic extract of propolis (EEP) was dissolved in di-
methyl sulfoxide (DMSO) before use for the study.

Determination of antioxidant activity

The antioxidant activity of the EEP was evaluated using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) method. The EEP was
mixed with 0.1 mM DPPH (Sigma-Aldrich, MO, USA). The
absorbance of solution was measured at a wavelength of
517 nm after 20 minutes of incubation at room temperature.
The antioxidant activity was calculated and compared to
Gallic acid (Sigma-Aldrich, MO, USA) which was considered
as the antioxidant standard. The antioxidant activity of the
propolis extract is represented as milligram Gallic acid equiv-
alent per gram extract (mg GAE/g extract) [14].

Determination of total phenolic compounds

The total phenolic content of the EEP was determined by
Folin–Ciocalteu assay. The EEP was mixed with 50 %
Folin–Ciocalteu reagent (Merck, NY, USA) for 5 minutes.
5 % Sodium carbonate, was added, and it was further in-
cubated for 1 hour. The absorbance of the reaction was
measured at wavelength 725 nm. The total phenolic com-
pound content was calculated from the Gallic acid standard
curve. The total phenolic content of the propolis extract
was presented as milligram Gallic acid equivalent per gram
extract (mg GAE/g extract) [14].

Determination of total flavonoid compounds

The total flavonoid content of the EEP was determined. The
EEP was mixed with 10 % aluminium chloride and 1 M po-
tassium acetate. After incubation at room temperature for
30 minutes, the absorbance of the reaction was measured at
a wavelength of 415 nm. The total flavonoid content was
calculated from the Quercetin (Merck, NY, USA) standard
curve. The total flavonoid content of the propolis extract
was presented as milligram Quercetin equivalent per gram of
extract (mg QAE/g extract) [14].

Cultivation of cancer cells

Human lung adenocarcinoma epithelial cell line (A549)
was kindly provided by Dr. Khanittha Punturee of The
Division of Clinical Chemistry, Department of Medical
Technology, Faculty of Associated Medical Sciences,
Chiang Mai University. Human cervical adenocarcinoma
cell line (HeLa) was kindly provided by Prof. Dr. André
M. Lieber, University of Washington, Seattle, Washington,
USA. A549 and HeLa cells were cultured in Dulbecco’s
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Modified Eagle Medium (DMEM) (Gibco, CA, USA) sup-
plemented with 10 % heat-inactivated fetal bovine serum
(Hyclone, UK), penicillin (100 units/mL), and streptomy-
cin (100 μg/mL) (Gibco, CA, USA) at 37 °C in a 5 % CO2

incubator. Prior to the experiment, the cells were harvested
using 0.05 % trypsin-EDTA (Gibco, CA, USA) solution
and washed with sterile PBS. The cells were then resus-
pended, stained with trypan blue exclusion test and count-
ed with a haemocytometer to adjust to a desired cell
number.

Detection of cytotoxic effect of EEP on cancer cells using
MTTassay

The antiproliferative activity of the propolis extract was
determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide (MTT) assay [15]. Briefly,
the cells (5 × 103 cells) were seeded on a 96-well tissue
culture plate (Corning Incorporated, NY, USA) at 37 °C
in a humidified atmosphere of 5 % CO2. The cells were
allowed to adhere for 24 hours, and the EEP was added
to the cells. DMSO, 0.6 % was also used as a vehicle
control. The cells were maintained in a humidified atmo-
sphere of 5 % CO2 at 37 °C for 24, 48, and 72 hours.
Subsequently, MTT solution (2 mg/mL), 15 μL (Bio
Basic INC., Canada), was added. Finally, the blue
formazan crystal was dissolved with 200 μL of DMSO.
Absorbance values at wavelengths of 540 nm and
630 nm were measured. The percentage of cell prolifer-
ation was calculated by comparing it to that of the cell
control.

Detection of DNA fragmentation of cancer cells
after treatment with EEP

DNA fragmentation of the cancer cells was observed
after incubation with the EEP. Cancer cells (1 × 106 cells)
were seeded on a 24-well tissue culture plate at 37 °C in a
humidified atmosphere of 5 % CO2 for 24 hours. Then, the
cells were washed with sterile PBS and treated with the EEP at
37 °C in a humidified atmosphere of 5 % CO2 for 48 hours.
DMSO, 0.6 % was also used as a vehicle control. The cells
were extracted with a lysis solution containing 10 mM Tris
pH 7.4, 100 mM NaCl, 25 mM EDTA, 1 % SDS, and 10
mg/mL proteinase K solution (AMRESCO, OH, USA), and
further incubated at 45 °C for 90 minutes. Next, RNaseA
(10 mg/mL) (AMRESCO, OH, USA), 2 μL, was added, and
the cells were placed at room temperature for 60 minutes. The
fragmented DNAwas obtained and separated on 2 % agarose
gel in a 0.5X TBE buffer [16]. The gel was photographed
under gel documentation (Syngene, MD, USA).

Determination of procaspase-3, procaspase-9, and Bcl-2
protein expressions in cancer cells after treatment
with EEP using SDS-PAGE and Western blotting

Cancer cells (1 × 106 cells) were placed on a 6-well tissue
culture plate and allowed to attach at 37 °C in a humidified
atmosphere of 5 % CO2 incubator overnight. The cells were
treated with the EEP for 48 hours. DMSO, 0.6%was used as a
vehicle control. Then, the apoptotic proteins of the treated
cells were extracted using a RIPA buffer with 1X of protease
inhibitor cocktail (Roche, Switzerland). The protein concen-
tration was measured using the Bio-Rad Protein Assay Dye
Reagent Concentrate (Bio-Rad, CA, USA). Sixty micrograms
of protein were loaded on 4–20 % of the Mini-PROTEAN
TGX™ Precast Gels (Bio-Rad, CA, USA). The separated
protein on the polyacrylamide gel was transferred into the
nitrocellulose membrane by Western blotting. The membrane
was probed with anti-procaspase-3, anti-procaspase-9, and
anti-Bcl-2 (Bio Legend, CA, USA), overnight. Themembrane
was then probed with anti-mouse conjugated with horseradish
peroxidase. After 1 hour of incubation, 1 mL of a detection
reagent, Amersham ECL Prime Western Blotting Detection
Reagent (GE Healthcare Life Sciences, PA, USA), was added
on the membrane and incubated at room temperature for
3–5 minutes before exposure to an X-ray film.

Determination of apoptosis induction by EEP on cancer
cells using flow cytometer

The cancer cells (5 × 104 cells) were seeded on a 24-well tis-
sue culture plate and incubated in a humidified atmosphere of
5%CO2 at 37 °C for 24 hours. The EEPwas then added to the
cells and the cells were maintained in a humidified atmo-
sphere of 5 % CO2 at 37 °C for 48 hours. After incubation,
the cells were harvested and stained with AnnexinV-FITC and
7-amino-actinomycin D (7-ADD) according to the manufac-
turer’s instruction (Bio Legend, CA, USA). The stained cells
were counted and grouped using a flow cytometer (Becton
Dickinson, NJ, USA). The apoptotic index of the cells was
calculated as follows [17].

Apoptotic index AIð Þ ¼ %annexinVpositivecellsð Þ
%annexinVpositivecellsþ%annexinVnegativecellsð Þ

The caspase enzymes were studied using 25 μM of a pan-
caspase inhibitor (z-VAD-fmk), caspase-3 inhibitor (z-
DEVD-fmk), caspase-8 inhibitor (z-IETD-fmk), and
caspase-9 inhibitor (z-LEHD-fmk) [18, 19]. After seeding
the cells, the cells were pre-incubated with these caspase in-
hibitors in a humidified atmosphere of 5 % CO2 at 37 °C for
2 hours, and the cells were consequently treated with the EEP
for 48 hours. The treated cells were stained with AnnexinV-
FITC and 7-ADD, and the apoptotic indices were calculated.
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Determination of orally administered propolis granules
on tumor growth

The propolis granules were produced from the EEP. Twenty-
five milligrams of EEP was mixed with lactose as a binder.
The mixture was ground and dried at 50 °C overnight for
reduction of the moisture. The dried propolis granules were
obtained. The tumour suppression activity of propolis gran-
ules was determined on tumour bearing mice. All procedures
about animal testing were performed according to the
Institutional Animal Care and Use Committee (IACUC),
Office of Animal Welfare, University of Washington
(Approved protocol No. 3108-01). This approved protocol cov-
ered all procedure such as the animal care, route of exposure and
euthanasia method throughout the experiments. The local allow-
ance of animal use was also authorized according to the Animal
Ethics Committees, Department of Biology, Faculty of Science,
Chiang Mai University (Approved protocol No. 001/14).

The female CB-17 SCID mice were maintained under spe-
cific pathogen free (SPF) controlled humidity and tempera-
ture. The HeLa cells (5 × 105 cells) were selected to resuspend
in matrigel coating in DMEM (Becton Dickinson, NJ, USA)
and were injected subcutaneously on the right mammary fat
pad once. After the tumour volume reached 100–200 mm3,
the control and treatment mice were orally fed sterile PBS and
the propolis granule at 24 mg/mouse every other day until the
tumour volume reached the cut-off (1 × 103 mm3). The
tumour size was measured by caliper every other day and
the tumour volume was calculated using the formula: length
x (width)2 [20]. When the tumour volume reached the cut-off
(1 × 103 mm3), the mice were sacrificed and the tumour nod-
ules were collected. Histopathological study by haematoxylin
& eosin (H&E) and TUNEL staining were performed [21].

Statistical analysis

All the experiments were performed as three independent ex-
periments. All the data is represented as mean ± SD. The in-
dependent sample t-test and the ANOVA analysis were used
to analyse and compare between the treatment group and the
control group. A Kaplan-Meier survival fraction was used to
compare the percentage of survival mice between the treat-
ment and control groups.

Results

Physical appearance of the propolis samples

All the northern Thai propolis samples were dark brown in
colour and sticky. The solution after extraction was light to
dark yellow, and the sticky extracts were observed to be light
to dark brown after evaporation and lyophilization. The

percentage yields of the propolis extracts were calculated from
the weight of the dried extract × 100 and divided by the weight
of the original propolis sample. The results showed that the
percentage yields of the propolis extracts from the Phayao,
Chiang Mai, and Nan provinces were 18.08, 11.46, and
22.64, respectively.

Antioxidant activity, total phenolic and flavonoid
compound content of the EEP

The antioxidant activity of the EEP demonstrated that the EEP
from Chiang Mai had the highest antioxidant activity, at 7.98
± 0.63 mg GAE/g extract, and a total phenolic compound
content of 34.82 ± 1.55 mg GAE/g extract, compared to the
EEP from other sources. However, the EEP from Nan showed
the highest total flavonoid compound content of 25.05 ±
2.57 mg QAE/g extract. The results are shown in Table 1.

Cytotoxicity of the EEP on A549 and HeLa cells

In order to assess the cytotoxicity of the EEP on cancer cells,
proliferation of A549 and HeLa cells was continuously ob-
served after treatment with various concentrations of the EEP
for 24, 48, and 72 hours. Proliferation of the A549 and HeLa
cells was suppressed by the EEP in a dose-dependent and
time-dependent manner. The A549 cell viability in the pres-
ence of the EEP from Phayao ranged from 1.10 ± 0.93 to
138.45 ± 8.44 %. The A549 cell viability after treatment with
the EEP from Chiang Mai was between 0.74 ± 0.33 and
134.44 ± 7.84 %. After the treatment of the cells with the
EEP from Nan, the cell viability was in the range of 0.42 ±
0.08 to 108.13 ± 9.36 %. HeLa cell viability in the presence of
the EEP from Phayao ranged from 0.79 ± 0.44 to 90.62 ±
3.34 %. After the treatment of the HeLa cells with the EEP
from Chiang Mai and Nan, the cell viability was found to
range from 0.92 ± 0.53 to 110.94 ± 2.65 % and from 0.35 ±
0.25 to 91.55 ± 1.18 %, respectively (Fig. 1). The 50 % inhib-
itory concentration (IC50) of the EEP was calculated for com-
paring the toxicities of the EEP from different sources after
treatment on both the cancer cells.

On the A549 cells, the lowest IC50 value of the EEP was
observed after the treatment of the cells with the EEP from
Nan for 72 hours (Table 2). However, the highest IC50 value of
the EEP was also found on the incubation of the cells with the
EEP from ChiangMai for 24 hours. Similar, consistent results
were found in the case of HeLa cells as well. Upon taking into
consideration the IC50 values obtained in the two cancer cells,
the IC50 values of all of the EEP on HeLa cells were lower
than the IC50 values of all of the propolis extracts on the A549
cells. Thus, it can be concluded that i) the EEP fromNan is the
most potent propolis in suppressing cancer cells proliferation
and ii) HeLa cells are more sensitive to all of the EEP than
A549 cells.
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Alteration in cancer cell morphology after treatment
with the EEP

To study cancer cell morphology after incubation with
the EEP, both the cancer cells were cultured in the pres-
ence of various concentrations of the EEP and evaluated

under an inverted microscope. In the presence of the
EEP, there was a change from adherent and epithelial
cells to round and small cells. Eighty percent of the cells
floated in the medium which is indicative of dead cells
after treatment with the highest concentration of the EEP
(Fig. 2).

Fig. 1 The cytotoxicity of the EEP on A549 and HeLa cells after
treatment with the EEP. The cells were treated with EEP for 24 hours,
48 hours, and 72 hours. Control and vehicle control cells were also treated
with DMEM and 0.6 % DMSO, respectively. The cell viability was

measured using the MTT assay and calculated to compare with the
control cells. The data is expressed as mean ± SD. a The EEP from
Phayao, b The EEP from Chiang Mai, and c The EEP from Nan

Table 1 Antioxidant activity,
total phenolic and flavonoid
compound contents of the EEP

EEP Antioxidant activity, total phenolic and flavonoid compound contents#

Antioxidant activity
(mg GAE/g extract)

Total phenolic
compound content
(mg GAE/g extract)

Total flavonoid
compound content
(mg QAE/g extract)

Phayao 2.69 ± 0.18 17.17 ± 2.19 18.61 ± 0.52

Chiang Mai 7.98 ± 0.63* 34.82 ± 1.55* 20.37 ± 2.50

Nan 1.91 ± 0.06 12.42 ± 1.74 25.05 ± 2.57*

# The data are presented as mean ± SD of three independent experiments. *For the statistical difference, the
antioxidant activity, total phenolic or flavonoid compound contents of the extracts were compared between the
different sources of propolis (p ≤ 0.05)
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Induction of DNA fragmentation in cancer cells
by the EEP

Detection of DNA fragmentation which is indicative of the
late apoptosis in the A549 and HeLa cancer cell lines after
treatment with the EEP from different sources are shown in
Fig. 3. A549 cells were treated with the EEP from Phayao at
concentrations of 0.125 mg/mL and 0.25 mg/mL, the EEP
from Chiang Mai at a concentration of 0.5 mg/mL, and the
EEP from Nan at concentrations of 0.125 mg/mL and
0.25 mg/mL for 48 hours; this treatment induced visible
DNA fragmentation, compared to the control and the vehicle
control. For HeLa cells, the EEP from Phayao at concentra-
tions of 0.125 mg/mL and 0.25 mg/mL, the EEP from Chiang
Mai at concentrations of 0.25 mg/mL and 0.5 mg/mL, and the
EEP from Nan at concentrations of 0.125 mg/mL and
0.25 mg/mL induced DNA fragmentation (Fig. 3).

Expression of apoptotic proteins after treatment of cancer
cells with the EEP

To investigate the apoptotic protein expression in the cancer
cells after treatment with the EEP, the apoptotic proteins
procaspase-3, procaspase-9, and Bcl-2 were chosen for the
study. The EEP from Phayao and Nan at a concentration of
0.125 mg/mL and from Chiang Mai at a concentration of
0.25 mg/mL were used to investigate this effect. Incubation
of A549 cells with the EEP from Nan showed the lowest
procaspase-3 level, followed by the EEP from Chiang Mai.
The procaspase-9 level was found to have reduced in the
A549 cells with the EEP from both Phayao and Chiang Mai.
However, evidence for the same was not found in the case of
A549 cells which were treated with the EEP from Nan. At the
same time, none of EEP was observed to suppress Bcl-2 pro-
tein in A549 cells. Incubation of HeLa cells with all of the
EEP demonstrated complete reduction in the procaspase-3

level. However, the EEP was not found to suppress the
procaspase-9 and the Bcl-2 protein in HeLa cells (Fig. 4).

Induction of apoptosis in cancer cells by the EEP

To evaluate the mechanism of the EEP induced cell death,
cells were detected by staining themwith two fluorescent dyes
(AnnexinV-FITC and 7-ADD) after treatment with the EEP
for 48 hours. The stained cells were counted using a flow
cytometer and grouped into viable cells, early and late apo-
ptotic cells, as well as necrotic cells according to the fluores-
cent staining pattern. The viable cells were not stained with
both fluorescent dyes. The early apoptotic cells were merely
stained with annexinV-FITC. The late apoptotic cells were
also stained with both fluorescent dyes. In addition, the ne-
crotic cells were merely stained with 7-ADD.

The results demonstrated that the EEP could induce early
and late apoptotic cell death in a dose-dependent manner. In
A549 cells, control and the vehicle control cells showed 2.58
± 0.28 % and 3.05 ± 0.16 % of early apoptotic cells, respec-
tively. The percentages of late apoptotic cells of the control
and the vehicle control were 2.11 ± 0.09 % and 2.86 ± 0.34 %,
respectively. After the treatment with the EEP, a dose-
dependent increase in the early and the late apoptotic cells
was found on both cancer cell lines that were incubated with
the EEP. In the A549 cells, the highest percentage of the early
and late apoptotic cells was clearly found on the cells which
were incubated with the EEP from Phayao at a concentration
of 0.125 mg/mL by 41.25 ± 0.07 % and 27.00 ± 1.27 %, re-
spectively. After exposure of A549 cells treated with the EEP
from Chiang Mai at concentration of 0.25 mg/mL, the highest
percentages of the early and the late apoptotic cells were ob-
served by 20.55 ± 1.62 and 18.00 ± 0.57 %, respectively. In
addition, the highest percentages of the early and the late ap-
optotic cells were 46.6 ± 0.71 and 20.7 ± 0.28 %, respectively
in the presence of the cells with the EEP from Nan at a con-
centration of 0.125 mg/mL (Fig. 5). Similarly, the control and
the vehicle control of the HeLa cells showed the percentages
of early apoptosis to be 14.30 ± 1.98 % and 14.60 ± 1.70 %,
respectively. The percentages of the late apoptotic cells of the
control and the vehicle control were 5.20 ± 0.75 % and 5.09 ±
0.35 %, respectively. The highest percentage of the early ap-
optotic cells was found in the presence of the EEP from
Phayao at a concentration of 0.0625 mg/mL by 37.8 ±
2.97 %. After the incubation of the HeLa cells with the EEP
fromChiangMai at a concentration of 0.25mg/ml, the highest
percentage of the early and late apoptotic cells was also observed
by 36.85 ± 1.78 and 18.35 ± 2.76 %, respectively. Additionally,
the HeLa cells that were incubated with the EEP from Nan at a
concentration of 0.125 mg/mL showed the highest percentages
of the early and the late apoptotic cells to be in the value of
32.3 ± 1.98 and 41.6 ± 7.92 %, respectively (Fig. 5).

Table 2 The 50 % inhibitory concentration (IC50) of the EEP after
treatment of cells with the EEP for 24, 48, and 72 hours

Cells 50 % inhibitory concentration (IC50; mg/mL)#

Times
(hours)

Phayao Chiang Mai Nan

A549 24 0.106 ± 0.004 0.199 ± 0.009 0.087 ± 0.012

48 0.096 ± 0.004 0.175 ± 0.007 0.079 ± 0.009

72 0.085 ± 0.001 0.180 ± 0.025 0.077 ± 0.009

HeLa 24 0.081 ± 0.006 0.116 ± 0.023 0.061 ± 0.001

48 0.084 ± 0.005 0.104 ± 0.009 0.054 ± 0.005

72 0.080 ± 0.004 0.105 ± 0.013 0.056 ± 0.006

# The data are presented as mean ± SD of three independent experiments
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Fig. 2 Morphology of the A549 and HeLa cells after incubation with the
EEP from different sources for 48 hours. The cell morphology was
observed and photographed under an inverted microscope at a final
magnifying power of × 100. a Control, b vehicle control, c-f the EEP
from Phayao at concentrations of 0.03125 mg/ml, 0.0625 mg/ml,

0.125 mg/ml, and 0.25 mg/ml, g-j the EEP from Chiang Mai at
concentrations of 0.0625 mg/ml, 0.125 mg/ml, 0.25 mg/ml, and
0.5 mg/ml, and k-n the EEP from Nan at concentrations of
0.03125 mg/ml, 0.0625 mg/ml, 0.125 mg/ml, and 0.25 mg/ml
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The apoptotic rate on the A549 and the HeLa cancer cells
after treatment with the EEP was determined by the apoptotic
index (AI) [17]. The AI was calculated to compare the rate of
apoptotic cell induction on the control and the EEP-treated
cells. The AI was calculated from the proportion of
annexinV-stained apoptotic cells, in the total cell population
in the sample. The AI of the A549 cells which were treated
with the EEP was observed to have increased in a dose-
dependent manner. Significant increase in the AI was ob-
served after the treatment of the cells with the EEP from
Phayao at concentrations of 0.0625 mg/mL and 0.125 mg/
mL with AI of 0.0686 ± 0.0057 and 0.6827 ± 0.0118, respec-
tively. Moreover, a significant increase in the AI was found on
the cells treated with the EEP from Chiang Mai at concentra-
tion of 0.25 mg/ml when compared to 0.6 % DMSO treated
cells (vehicle control), at an AI of 0.1192 ± 0.0052. A signif-
icant increase in the AI was also found after the treatment of
the cells with the EEP from Nan at a concentration of
0.125 mg/mL, at an AI of 0.4755 ± 0.0333 (Fig. 6).

With regard to HeLa cells, the AI of the HeLa cells which
were treated with the EEP was observed to have increased in a
dose-dependent manner. A significant increase in the AI was
observed after the treatment of cells with the EEP from

Phayao at concentrations of 0.0625 mg/mL and 0.125 mg/
mL with AI of 0.6331 ± 0.0161 and 0.5307 ± 0.0046, respec-
tively. Treatment with the EEP from Chiang Mai at a concen-
tration of 0.25 mg/mL produced a significant increase in the
AI, by 0.5522 ± 0.0103. Additionally, a significant increase in
the AI was observed after the treatment of the cells with the
EEP from Nan at concentrations of 0.0625 mg/mL and
0.125 mg/mL with AI of 0.4717 ± 0.0095 and 0.7394 ±
0.0595, respectively (Fig. 6).

Based on a comparison of the potencies to induce apoptosis
on both cancer cells, the concentration of 0.125 mg/mL of the
EEP from different sources was considered. Incubation of the
A549 cells with the EEP from Phayao showed the highest po-
tency to induce apoptosis, with the AI of 0.6827 ± 0.0118. In
addition, the EEP from Nan also showed the highest potency to
induce apoptosis on HeLa cells, with the AI of 0.7394 ± 0.0595.
However, the EEP fromChiangMai showed the lowest potency
to induce apoptosis on both cancer cells (Fig. 6). From these
results, it is evident that the EEP from Phayao and Nan showed
the highest potency to induce apoptotic cell death on A549 and
HeLa cells. In contrast, the EEP from Chiang Mai showed the
lowest potency to induce apoptosis. These results were
consistent with the cytotoxicity of EEP on both cancer cells.

Fig. 3 DNA fragmentation of the
A549 and HeLa cells after
incubation of the cells with the
EEP from the different sources for
48 hours. The DNA fragments
were isolated and separated using
2 % agarose gel electrophoresis. a
The EEP from Phayao, b The
EEP from Chiang Mai, and c The
EEP from Nan
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The EEP-induced apoptosis through activation of caspase
enzyme

To investigate whether caspase enzymes were implicated in
cancer cell apoptosis in the presence of propolis, an irrevers-
ible pan-caspase inhibitor (z-VAD-fmk) was used to inhibit
the apoptosis. Pre-treatment the A549 cells using z-VAD-
fmk showed significant decreases in an AI, by 0.0491 ±
0.008 and 0.0574 ± 0.0020, in cells treated with EEP from
Phayao and Chiang Mai compared to the cells that were treat-
ed with EEP only. In contrast, the AI of the cells after incuba-
tion with or without z-VAD-fmk and the EEP from Nan were
not found to be different. A significant reduction in the AI was
observed upon pre-incubation of the HeLa cells with z-VAD-
fmk and the EEP from all sources, when compared to the
treatment with EEP only (Fig. 7a). Therefore, it can be in-
ferred that the EEP triggered the apoptotic cell death in both
the A549 and the HeLa cancer cells through the caspase en-
zyme, except in the case of the EEP from Nan. We conclude
that the EEP from Nan might induce apoptosis in A549 cells
via a caspase-independent pathway.

To assess which members of caspase enzymes were
involved in the apoptosis induction by EEP, specific in-
hibitors for specific caspases were used. Cancer cells were
pre-incubated with 25 μM each of z-DEVD-fmk (caspase-
3 inhibitor), z-IETD-fmk (caspase-8 inhibitor) and z-

LEHD-fmk (caspase-9 inhibitor). The AI of the A549
cells pre-incubated in the presence of caspase-3, cas-
pase-8, and caspase-9 inhibitors and subsequently treated
with the EEP from Phayao were 0.0612 ± 0.0006, 0.0430
± 0.0030, and 0.0535 ± 0.0001, respectively. The AI of the
A549 cells when pre-incubated with the caspase-8 or the
caspase-9 inhibitor, and the EEP from Phayao, were found
to be significantly lower than the AI of the cells that were
treated with the EEP from Phayao only. Interestingly, a
statistically significant reduction in an AI of the A549
cells after treatment with the EEP from Chiang Mai was
observed when the cells were pre-treated with the cas-
pase-3, caspase-8, and caspase-9 inhibitors, with an AI
of 0.0567 ± 0.0005, 0.0699 ± 0.0003, and 0.0592
± 0.0030, respectively. However, no statistic reduction
was observed in an AI on treatment with the EEP from
Nan (Fig. 7b). The results from the evaluation of the cas-
pase enzymes on the HeLa cells demonstrated that an AI
of the HeLa cells in the presence of the EEP from Phayao
with the caspase-3 and the caspase-8 inhibitors were
0.1099 ± 0.0047 and 0.1061 ± 0.0034, respectively. There
was a significant decrease in these AI, compared to the
EEP-treated cell control. Similarly, a significant reduction
in an AI of the HeLa cells was observed after treatment
with the EEP from Chiang Mai on pre-treatment of the
cells with caspase-8 inhibitors compared to the EEP-

Fig. 4 The apoptotic protein
expression of the A549 and HeLa
cells after treatment with the EEP
for 48 hours. The proteins were
detected with specific antibodies
(procaspase-3, procaspase-9, and
Bcl-2 antibodies). The β-actin
protein was used as the internal
protein loading control
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treated cell control. Pre-incubation of the HeLa cells with
the EEP from Nan and the caspase-3 inhibi tor
(AI = 0.1784 ± 0.0008) or the caspase-8 inhibitor
(AI = 0.1031 ± 0.0136) was found to have caused signifi-
cant reduction in the apoptotic index, compared to the
EEP-treated cell control (Fig. 7b). From these results, it
is evident that EEP-induced apoptosis was mostly medi-
ated through caspase activation. The EEP from Phayao
and Chiang Mai caused apoptosis through both extrinsic
and intrinsic pathways. In the case of the EEP from Nan,
the mechanisms involved on apoptosis in the A549 cells
were caspase-independent pathway, while, the caspase-
dependent apoptosis in extrinsic pathway was found in
the HeLa cells.

Improvement of survival time on tumour-bearing mice
by propolis granule

According to cytotoxicity test of EEP on cancer cells, the
EEP from Nan province, Thailand showed the most po-
tent activity to suppress cancer cells proliferation.
Moreover, HeLa cells were sensitive to the EEP more
than A549 cells. Therefore, the effect of propolis gran-
ules produced from propolis extract from Nan province
on the survival time of tumour-bearing mice that were
subcutaneously injected with the HeLa cells was deter-
mined. The result found that the percentage of survival
mice after treatment with the propolis granules was sig-
nificantly higher than control mice. After euthanizing the

Fig. 5 The apoptosis induction on the A549 and HeLa cells after
treatment with the EEP for 48 hours. The treated cells were stained with
Annexin V-FITC and 7-ADD. The stained cells were grouped and

counted using a flow cytometer. The data is presented as mean ± SD.
The observations with; a The EEP from Phayao, b The EEP from
Chiang Mai, and c The EEP from Nan
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treated mice, the tumour nodules of mice were stained
with H&E and TUNEL assay. The tumour tissues
contained many of the cancer cells which were stained
with H&E. Although, the TUNEL positive cells on tu-
mour tissue in propolis-treated mice were not found. The
result is shown on Fig. 8.

Discussion

The mechanism of Thai propolis of suppressing A549
and HeLa cancer cells was evaluated for the very first
time in this study. After extraction, it was observed that
the EEP from Nan showed the highest percentage of
yield, followed by the EEP from Phayao and that from
Chiang Mai. The harvesting season and the bee species
might have had an influence on the extraction yield of
the propolis extract [22, 23]. Moreover, the use of dif-
ferent solvents to extract the propolis also affected the
percentage yield after extraction. The aqueous extract of
propolis showed a percentage yield that was lower than

that of the ethanolic extract. This is because the polarity
index of water is higher than that of ethanol. The more
polar solvents such as water merely liberate only the
polar compounds in propolis. In contrast, solvents with
intermediate polarity such as ethanol liberate both polar
and non-polar compounds in propolis [24]. In addition,
flavonoids which are found in propolis in abundance are
readily extracted by solvents like alcoholic solutions
[25].

We demonstrated that the EEP from Chiang Mai ex-
hibited the highest antioxidant activity and total phenolic
compound content. The EEP from Nan showed the
highest total flavonoid compound content. Previously
consistent results reported that the highest DPPH and
reducing power activity was found in propolis from
Chiang Mai, followed by propolis from Chiang Rai,
Lamphun, and Nan. Propolis from Chiang Mai showed
different amounts of eight major compounds. Chrysin
was predominated in this propolis followed by galangin,
quercetin, kaempferol, rutin, myricetin, apigenin and
pinocembrine. In contrast, two major compounds such
as kaemferol and galangin were present in propolis from
Nan [26]. Propolis from Nan has also been reported to
contain the highest amount of flavonoid compounds, for
example rubin, quercetin, and naringenin, which also
exerted antioxidant activity [27]. In addition, other re-
ports discovered that the propolis from Chiang Mai com-
posed of new phenyl allyl flavanone ((7″S)-8-[1-(4′-hy-
d roxy-3 ′ -me thoxypheny l )p rop -2 -en -1 -y l ] - (2S ) -
pinocembrin (1), (E)-cinnamyl-(E)-cinnamylidenate) and
other compounds belonging to flavonoids and phenolic
ester such as (E)-cinnamyl-(E)-p-methoxycinnamate,
phenethyl caffeate, (2S)-pinocembrin and chrysin [28].
A sugars and sugar derivatives, triterpenes and phenolic
lipids in high amounts were detected in propolis from the
northern region of Thailand (Chiang Rai, Lamphun, Nan,
Phayao and Phrae). Nevertheless, the highest amounts of
the triterpenes compound were found in propolis from
Nan. The most active compound in Phayao propolis
was found to be several triterpenes and phenolic acid
(cardols, cardanols, and anacardic acids). These
compounds in Phayao propolis may be originated from
Mangifera indica [29].

In our study, cancer cell growth was suppressed by the
EEP in a dose- and time-dependent manner. A comparison
of the IC50 values of the EEP with regard to suppressing
cancer cell growth showed that the EEP from Nan had the
highest toxicity on both A549 and HeLa cells. However,
the EEP from Chiang Mai showed the lowest toxicity on
both the cancer cell lines. Additionally, all of the EEP
showed toxicity and sensitivity more to HeLa cells than
to A549 cells. According to a previous report, they dem-
onstrated the toxicity of chrysin, which was isolated from

Fig. 6 The apoptotic index of the A549 and HeLa cells after incubation
with the EEP for 48 hours. The cells were harvested for fluorescent
staining. After analyzing using a flow cytometer, the apoptotic index
was calculated and expressed as mean ± SD. *Statistically significance
between in AI of EEP-treated cells compared to control cells (p ≤ 0.05)
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Chiang Mai propolis, on TRAIL-resistant HeLa cells that
was higher than the toxicity on A549 cells [30].
Moreover, we found that the EEP from Nan showed the
highest total flavonoid compound content and gave the
highest cytotoxicity on both cancer cells. Several re-
searches have demonstrated that toxicity on cancer cells
is positively correlated with the presence of flavonoid
compounds such as quercetin, caffeic acid, and clerodane
diterpenoid [31]. Previous reports demonstrated the toxic-
ity of flavonoid, the main constituent in propolis,
depended on its structure. The increasing of the hydroxyl
group might decrease the cytotoxicity of flavonoid in co-
lorectal carcinoma cells [32].

Our experiment illustrated that both A549 and HeLa
cancer cells, after treatment with the EEP at concentrations
that induce late apoptosis, respond strongly with DNA
fragmentation within those cells. This was because the
DNA cleavage process occurred after the activation of the
caspase cascade and the cell death. Similarly, it has been
reported that the ethanolic extract of propolis from Turkey
was able to induce the phenotype of apoptosis in the breast

cancer cell line by increasing the number of TUNEL pos-
itive cells [33]. Incubation of both A549 and HeLa cells
with EEP resulted in an increase in the number of the ap-
optotic cells in a dose-dependent manner. The EEP from
Phayao had the highest potency to induce apoptosis on the
A549 cells. In contrast, the EEP from Nan had the highest
potency to trigger apoptosis on the HeLa cells. The poten-
cy of propolis for inducing apoptosis may be associated
with the antioxidant activity. The lower antioxidant activ-
ity was found in the EEP from Phayao and Nan and result-
ed in an increase of intracellular oxidative stress.
Furthermore, the production of reactive oxygen species
from the reaction between intracellular transition ion and
flavonoid compound also triggered apoptosis [34–36].
Activation of caspase enzymes played an important role
in apoptosis. We confirmed that the caspase enzymes were
implicated in the cancer cell apoptosis by the EEP. A sig-
nificant decrease was observed from an AI upon the treat-
ment of both A549 and HeLa cells with all of the EEP.
Previous studies have shown that co-incubation of
nymphaeol-A and z-VAD-fmk showed complete inhibition

Fig. 7 The apoptotic index of the A549 and HeLa cells, which were pre-
incubated with; a 25 μM of z-VAD-fmk, and b 25 μM each of z-
DEVD-fmk (caspase-3 inhibitor), z-IETD-fmk (caspase-8 inhibitor) and
z-LEHD-fmk (caspase-9 inhibitor) for 2 hours following treatment with
the EEP from different sources for 48 hours. #Statistically significance

between AI of EEP-treated cells compared to control cells (p ≤ 0.05).
*Statistically significance between in AI of the cells that were treated
with the caspase inhibitor and EEP compared to the treatment with EEP
only (p ≤ 0.05)
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of nymphaeol-A-induced apoptosis [37]. Additionally, co-
treatment between chrysin and z-VAD-fmk demonstrated
that the activation of caspase enzymes, especially caspase-
8 and caspase-3, was inhibited [38].

Moreover, our data indicated that the induction of ap-
optosis in A549 cells by EEP from Nan involved caspase-
independent pathways because there was no evidence of a
decrease in an AI after pre-treatment with z-VAD-fmk.
Proteins such as apoptosis-inducing factor (AIF) and en-
donuclease G (EndoG) might also have been involved in
the caspase-independent pathway. The AIF is a flavin ad-
enine dinucleotide-containing protein, and it activates
chromatin condensation and large-scale DNA degradation
[39]. Furthermore, the EndoG, was released from the
damaged mitochondria and translocated to the nucleus. It
cooperates with exonucleases and DNase to generate
internucleosomal DNA fragments [40].

These investigations indicated that caspase-3, caspase-
8, and caspase-9 were implicated with the apoptosis-
induction of the EEP. The distinct activation of the caspase
enzyme might have resulted from the chemical constitution

of the EEP. Flavonoid is found to be the dominant com-
pound in propolis and it has been reported to be involved in
apoptosis induction which ultimately affects cellular re-
sponse [41]. Treatment of human colon cancer cells using
cinnamic acid derivatives found in propolis induces apo-
ptosis through both extrinsic and intrinsic pathways by the
up-regulation of active caspase-8, caspase-9, and FADD
[42]. Whilst, HeLa cells apoptosis through both extrinsic
and intrinsic pathways was activated by genistein, it found
that the genistein-induced apoptosis on HeLa cells was
blocked in the presence of z-VAD-fmk, z-IETD-fmk, z-
DEVD-fmk and z-LEHD-fmk [43].

The expressions of procaspase-3, procaspase-9, and Bcl-2
on EEP-treated cells were investigated. A reduction of
procaspase-3 and procaspase-9 levels was found in propolis-
treated A549 cells, while a reduction of procaspase-3 level
was observed in propolis-treated HeLa cells only. However,
the EEP from Nan had a procaspase-9 level similar to those of
the control. This is in accordance with the findings in the case
of the A549 cells, where the cells did not show any significant
reduction in the number of apoptotic cells after the incubation
of the cells with this EEP and the pan-caspase inhibitor.
However, the procaspase-3 expression on the A549 cells treat-
ed with the EEP from Nan was partially suppressed because
the AIF was an alternative molecule used to activate caspase-3
and EndoG without the activation of caspase-9 or cytochrome
c [44]. A decrease in the levels of procaspase-8, Bid, and
procaspase-3 were found after treatment of the human mela-
noma cells with Taiwanese propolis [11, 45]. Similarly, the
ethanolic extract of propolis from Turkey could induce the
phenotype of apoptosis in breast cancer cell lines by increas-
ing the caspase-6, caspase-8, and caspase-9 activities [33].
According to previous finding, cardanol, that was isolated
from dichloromethane extract of propolis from Nan,
Thailand, showed the induction of cell cycle arrest and apo-
ptosis in BT-474 cells. The G/S phase in cell cycle was
arrested by the up-regulation of the cell cycle gene p21
through ERK, JNK and p38 phosphorylations. In addition,
the up-regulation of apoptotic genes such as the DR5 and
Bcl-2 genes in extrinsic and intrinsic pathways of the apopto-
sis process was also found in these cells [46].

Therefore, the cancer cell apoptosis was induced after in-
cubation cancer cells with all of the EEPs. The EEP from Nan
showed the highest toxicity on HeLa cells when compared to
other sources. Likewise, HeLa cells were more sensitive to
this EEP than A549 cells. Consequently, the propolis granules
produced from the EEP of Nan were evaluated on the suppres-
sion of HeLa cell proliferation in tumour-bearing mice. We
demonstrated that the extended lifespan of mice that were
given propolis granule, was significant. Other studies demon-
strated the consistent results on the extended survival time of
mice after administration with propolis or its components [21,
47]. Moreover, the combination between propolis and

Fig. 8 The percentage of survival mice, which were treated with propolis
granule (blue line) at 24 mg/mouse every other day by oral gavage was
analyzed by Kaplan-Meier survival fraction. The tumor volume was
measured and the percentage of survival mice was calculated. The
tumor sections of mice in control, propolis granule, and positive control
(H2O2) were stained with H&E and TUNEL
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chemotherapy significantly reduced tumor progression and
side effects induced by the chemotherapeutic agents alone
[48–50].

Conclusion

This current study demonstrated that propolis from Northern
region of Thailand exhibited the biological activities of anti-
oxidant activity and anticancer activity. The mechanism of
propolis inducing cancer cell apoptosis was involved in
caspase-dependent and –independent pathway depending on
its source and cell lines (Fig. 9). On A549 cells, the extrinsic
and intrinsic pathways of caspase enzymes were activated by
the propolis extracts from Phayao and Chiang Mai. In con-
trast, the A549 cells that were incubated with propolis from
Nan involved caspase-independent pathway. The extrinsic
pathway of caspase enzyme was only triggered by all of prop-
olis extracts on HeLa cells. All of these finding suggested that
propolis should be developed as a natural supplementary
product or combined with synthetic chemotherapy drugs for
use in treatment as an alternative medicine to suppress cancer
cells.
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