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Abstract. Bee products are best known as one of the benefi‑

cial natural products providing multiple pharmacological 

effects, such as antimicrobial, antiviral, anti‑inflammatory 
and anticancer effects. The present study aimed to identify 
potent products derived from the stingless bee Trigona spp. 

from Luwu Utara (South Sulawesi, Indonesia), focussing on 

the water‑soluble extract of propolis and bee pollen, against 

the proliferation of the human breast cancer MCF‑7 cell 

line. The results from DPPH (2,2‑diphenyl‑1‑picrylhydrazyl) 
method of antioxidant assay revealed that water‑soluble 
propolis and bee pollen had high antioxidant activity, with 
half‑maximal effective concentrations against DPPH radicals 

of 1.3 and 0.4 mg/ml, respectively. Additionally, water‑soluble 
propolis and bee pollen exhibited a significant antiprolifera‑

tive activity in MCF‑7 cells, with IC50 values of 10.8±0.06 and 
18.6±0.03 mg/ml, respectively (P<0.05). Significant cytotoxic 
effects were observed after 24 h of treatment via microscopic 

and flow cytometric analysis, where a morphological change 
toward late apoptosis was observed. By contrast, honey had 
low antioxidant activity and no antiproliferative effect in 
MCF‑7 cells. The water‑soluble propolis also exerted its anti‑

proliferative effect in the human keratinocyte HaCaT cell line. 
The antiproliferative activity was similar (P>0.05) at 24 and 
48 h of treatment, with IC50 at 2.7±0.06 mg/ml and <0.4 mg/ml, 
respectively. Notably, bee pollen was less toxic to HaCaT cells 
after 24 h of treatment than the water‑soluble propolis, with 

IC50>50 mg/ml. Its antiproliferative activity was significantly 

increased after 48 h of treatment, with IC50 at 9.6±0.07 mg/ml 
(P<0.05). In addition, similar to other poplar propolis, the 
high‑performance liquid chromatography‑ultraviolet and 
electrospray ionisation mass spectrometry analyses revealed 
that caffeic acid phenethyl ester was not the main bioactive 
compound of the samples examined. Furthermore, two major 

proteins (between ~50 and 75 kDa) were identified in the 

water‑soluble propolis and bee pollen. The present results 

suggested that water‑soluble propolis and bee pollen may have 
the potential to be elaborated further as a breast anticancer 

therapy.

Introduction

The World Health Organization reported that 627,000 women 
died globally in 2018 due to breast cancer, and the rate of new 
cases of breast cancer is predicted to increase in future years (1). 
The risk of developing breast cancer involves genetic factors, 

such as alterations in BRCA1/BRCA2 and hormonal exposure 
history, as well as unhealthy lifestyle behaviours, such as 
smoking, drinking alcohol or the reduction of melatonin levels 

and impaired cortisol secretion, which occurs due to changes 

in the sleeping pattern of night shift workers (2,3). Although 
there are >30 medicines available for breast cancer therapy, 
research into the potency of naturally‑derived compounds 
remains vital, in order to pave the way for the discovery of 
novel drugs to use in breast cancer therapy (3).

A number of naturally‑derived drugs, including paclitaxel 
and vincristine, have been applied in the clinical therapy of 
breast cancer (3‑5). One of the natural resource products that is 
known as an anticancer therapy includes bee products (6‑10). 
The bee products commonly consumed include honeycomb, 
honey, propolis, pollen, royal jelly and bee venom. Similar to 
other characteristics of natural products, the activity of each 
bee product depends on its bioactive constituents, which are 

affected by the species of the bee, the geographical origin of 
the beehive and the harvesting season of the products (8,10).

The district of Luwu Utara, in the South Sulawesi province 

in Indonesia, is one of the most productive apiculture areas 

in Indonesia. The Trigona spp. is mainly cultivated to obtain 
high‑quality honey as the primary valuable product, while the 
utilisation of its propolis and bee pollen is not as popular as 
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honey (11,12). As shown in Fig. 1, propolis is a mixture of bee 
saliva with resinous material derived primarily from resins of 
leaf buds, sap flows and other plant sources, and is used as 
the main material to repair the beehive. The propolis of the 

Trigona spp. is known to have a strong aroma compared with 

other propolis produced in different Indonesian provinces (11). 
In contrast to propolis, bee pollen is a granular material 

derived from the pollen of various flowers, while honey results 
from a complex process involving the sugary material secre‑

tions of plants, followed by enzymatic reaction and water 
evaporation (6,8).

In the research of propolis, numerous previous studies have 

utilised the ethanolic extract of propolis or another organic 

fraction (6,7). However, the present study focused on the effect 
of the water‑soluble fraction of propolis and bee pollen on 

the proliferation of the human breast cancer MCF‑7 cell line. 

Human epithelial keratinocytes (HaCaT) were also used in the 
present study to estimate the toxicity of water‑soluble propolis 
and bee pollen in normal cells.

Caffeic acid phenethyl ester (CAPE) is known as one of 
the bioactive compounds of propolis, mostly in the Baccharis 
propolis (9,13). It has a mechanism of action to decrease the 
expression levels of NF‑κB in the apoptotic pathway of pancre‑

atic and colon cancer (14). Another known mechanism of CAPE, 
as well as propolis, is to cause an accumulation of acetylated 
histone proteins in MCF‑7 estrogen receptor‑positive (ER+) 

cells, resulting in decreases in ER and progesterone receptor 

(PR) expression in these cells, thus, decreasing MCF‑7 prolif‑

eration (7,9,14). Therefore, the present study also aimed to 
identify the presence of CAPE in the examined products of 
the Trigona spp.

Materials and methods

Samples. Propolis and bee pollen were collected from a sting‑

less bee of the Trigona spp. beehive in the district of Luwu 

Utara (South Sulawesi, Indonesia). These bee products were 

harvested from the same hive in September 2018. The prod‑

ucts were stored at 2‑8˚C in a lid‑closed plastic container until 
further use. CAPE with >98% purity was purchased from 
Santa Cruz Biotechnology, Inc.

MCF‑7 and HaCaT cell cultures. MCF‑7 cells and HaCaT 

cells were provided by The Faculty of Medicine, Padjadjaran 

University, Bandung‑Indonesia. MCF‑7 cells were cultured 
in DMEM and HaCaT cells were cultured in RPMI. Both 

cultures were supplemented with 10% FBS and 1% peni‑
cillin‑streptomycin solution (all Gibco; Thermo Fisher 
Scientific, Inc.). The cells were cultured in T25 tissue culture 
flasks at 37˚C in a 5% CO2 incubator and were subcultured 

every 2‑3 days before they reached confluency to keep the 
cultures healthy and actively growing. The experiments were 
performed with cells at 70‑80% confluence (15).

Preparation of water‑soluble propolis and bee pollen. The 

water‑soluble propolis was prepared by grinding 10 g propolis 
with the aid of an equivalent amount of 70% ethanol. This was 
transferred to a glass bottle containing 100 ml of 70% ethanol. 
The bottle was protected from light and was left at room 

temperature for 4 days with intermittent shaking. On the 
5th day, the solvent was collected and 100 ml fresh 70% ethanol 
was added to continue the extraction process for a further 24 h 

while shaking intermittently. This was repeated the next day. 
A total of 300 ml solvent was collected after 7 days of extrac‑

tion. The ethanol was removed using a rotary evaporator at 
40‑60˚C, at 40 rpm and pressure of 200‑250 bar (Rotavapor 
R‑215; BÜCHI Labortechnik AG). Once the ethanol was 
completely removed, the wax‑like water‑insoluble formed 
and completely separated from the water‑soluble fraction. 
The water‑soluble propolis was freeze‑dried in a Labconco 
freeze dryer (Thermo Fisher Scientific, Inc.) for ~40‑41 h in 
5 cycles. The initial process was to decrease the temperature 
from room temperature to ‑40˚C for ~5‑6 h. After reaching 
‑40˚C, the first cycle started by freezing at a constant of ‑40˚C 
for ~18 min. The subsequent cycles involved primary drying 
at ‑34˚C for ~16 h, first secondary drying at ‑23˚C for ~6 h, 
second secondary drying at 17˚C for ~8‑9 h and final drying at 
25˚C for ~4‑5 h. The freeze‑dried water‑soluble propolis was 
kept at 2‑8˚C until further use.

Bee pollen was prepared by dispersing it in water 1:10 (b/v) 
and filtered using Whatman® Grade 41 paper (Cytiva). The 
solution was freeze‑dried for 40‑41 h using the same protocol 
as the aforementioned preparation of water‑soluble propolis 

and kept at 2‑8˚C until further use.

Identification of CAPE by high‑performance liquid chroma‑

tography‑ultraviolet (HPLC‑UV) and electrospray ionisation 
mass spectrometry (ESI‑MS). The HPLC‑UV analysis was 
performed using a Prominence SIL‑20A autosampler equipped 
with a Shimadzu LC‑20AT pump (Shimadzu Corporation). 
Reverse‑phase chromatography analyses were performed 
using a Shodex RSpak RP18 (Showa Denko America, Inc.), 
4.6x150 mm ID x length, 6 µm particle size, 450 Å pore size 
and 20 µl volume injection. The mobile phase consisted of 
Solvent A [water: Formic acid (95:5)] and Solvent B (meth‑

anol). The linear gradient system was conducted at a flow 
rate of 1.0 ml/min, starting from 30% Solvent B for 15 min, 
increased to 40% Solvent B at 20 min, 45% Solvent B at 
30 min, 60% Solvent B at 50 min, 80% Solvent B at 52 min and 
80% Solvent B at 60 min. The CAPE standard was prepared 
in methanol at 0.1 mg/ml. Samples and standards solutions, as 
well as the mobile phase, were degassed and filtered through 
a 0.45‑µm membrane filter (EMD Millipore). The chromato‑

gram was recorded at 340 nm. Identification of the compounds 

Figure 1. Products of stingless bees of the Trigona spp. (propolis, bee pollen 

and honey) collected from the district of Luwu Utara (South Sulawesi, 
Indonesia).
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was performed by comparing their retention time and UV 
absorption spectrum with those of the standards (9,16).

The ESI‑MS method was performed using the ACQUITY® 

triple quadrupole detector (Waters Corporation) using cone 

source start at 41 V in positive mode and 43 V in negative 
mode at capillary voltage 3.00 kV. The collision gas flow rate 
was set at 0.20 and 0.25 ml/min for positive and negative mode, 
respectively. The source and desolvation temperatures were 
100 and 300˚C, respectively. Mass spectra of water‑soluble 
propolis and bee pollen were further analysed in the negative 
ion mode scanning from 0 to 1,000 m/z. Data were analysed 
using the MassLynx™ 4.1 software (Waters Corporation).

Protein identification via SDS‑PAGE. A 12% polyacrylamide 
gel was used to identify the presence of proteins in the 
water‑soluble propolis, bee pollen, honey and a commercial 
bee pollen powder (local company) as additional information. 
Raw bee pollen, honey and commercial bee pollen powder 
were dissolved in purified water to a concentration of 

0.1 mg/ml. The prior freeze‑dried water‑soluble propolis was 
used as a sample. A total of 50 µl of each sample were mixed 
with SDS loading buffer (0.756% Tris buffer pH 6.8 containing 
2% SDS, 20% bromophenol blue, 10% glycerol and 0.715 M 
mercaptoethanol) and heated at 90˚C for 5 min. A total of 
20 µl of samples and 2 µl of marker (Precision Plus Protein™ 
Dual colour standard; Bio‑Rad Laboratories, Inc.) was 
loaded into each lane. Electrophoresis was performed using 

a Mini‑Protean® Tetra Cell apparatus (Bio‑Rad Laboratories, 

Inc.) at a constant voltage of 150 V for 45‑60 min. The gel 
was then stained with Coomassie blue and the bands were 

observed visually and documented by gel imaging system 
(Azure Biosystems).

In vitro antioxidant activity assay using the 2,2‑diphenyl‑1‑pic‑

rylhydrazyl (DPPH) radical scavenging assay. The radical 

scavenging activity (RSA) of the bee products was examined 
using the DPPH method. DPPH (0.05 mM) was prepared 

by dissolving 10 mg DPPH reagent (Sigma‑Aldrich; Merck 
KGaA) in 250 ml acetonitrile: Methanol mixture (1:1, v/v), 
followed by the addition of 250 ml acetate buffer (pH 5.5; 
100 mM). Concentrations were prepared in water as follows: 
76, 152, 227 and 303 µg/ml of water‑soluble propolis; 125, 250 
and 500 µg/ml of bee pollen; and 3.75, 7.5 and 15 mg/ml of 
honey. A quantity of 0.077 ml of the samples was added to 3 ml 
DPPH solution and allowed to stand for 15‑30 min in the dark 
at room temperature. The absorbance was measured at λmax 

515‑517 nm, using 0.05 mM DPPH solution as a blank. The 
percentage of DPPH scavenging (% RSA) was estimated using 
the following equation: % RSA = [(A0‑A1)/A0]x100, where A0 

is the absorbance of the initial DPPH solution as the blank 

and A1 is the absorbance of the samples. The half‑maximal 

effective concentration (EC50) value was calculated using 

GraphPad Prism 7.05 software (GraphPad Software, Inc.).

In vitro antiproliferative assay in MCF‑7 cells. The antip‑

roliferative activity of water‑soluble propolis and bee pollen 
was evaluated via MTT assay. The data was analysed in 
normalization method to negative control (without cells) and 
positive control (untreated cells). The dose‑effect curves were 

analysed using GraphPad Prism 7.05 software in non‑linear 

regression (sigmoidal) method. The antiproliferative activity 
of honey was also determined in this experiment as additional 
information. MCF‑7 cells at a density of 2x104 cells/well were 
seeded in treated 96‑well plates and cultured for 24 h at 37˚C 
with 5% CO2 to let the cells adhere to the bottom of the plates. 

The cultures were then treated with different concentrations 

(0.7, 1.3, 2.7, 5.3, 10.7, 21.4 and 42.7 mg/ml of water‑soluble 
propolis, and 0.8, 1.7, 3.3, 6.6, 13.3, 26.5 and 53 mg/ml of bee 
pollen), and cultured for 24 h at 37˚C with 5% CO2. Each 

concentration was tested in triplicate, and untreated cells 

were used as the positive control and a well without cells as 

the negative control. After 24 h of incubation, the medium 
was aspirated and replaced with 100 µl of freshly prepared 
medium containing 0.5 mg/ml MTT reagent, followed by 
further 3‑4 h incubation at 37˚C with 5% CO2. The MTT solu‑

tion was removed from the well and 100 µl DMSO was added 
in each well to solubilise the formazan crystals. Finally, the 
absorbance was measured at a wavelength of 450 nm using the 

Multiscan® Ex multiplate reader (Thermo Labsystems).

In vitro antiproliferative assay in HaCaT cells. The antipro‑

liferative activity of water‑soluble propolis and bee pollen in 
HaCaT cells was evaluated via MTT assay similar to in vitro 

antiproliferative assay in MCF‑7; however, cells were used at 
the density of 5x103 cells/well. The cultures were treated with 
water‑soluble propolis and bee pollen at concentrations of 0.4, 

0.8, 1.6, 3.1, 6.3, 12.5 and 25 mg/ml, and cultured for 24 or 
48 h at 37˚C with 5% CO2, in order to observed the effect of 

different treatments over time.

Flow cytometric analysis. MCF‑7 cells were seeded in a 6‑well 
plate at a density of 5x105 cells/well and were cultured for 24 h at 
37˚C with 5% CO2. The cultures were treated with 10.8 mg/ml 
water‑soluble propolis and 18.6 mg/ml bee pollen, and incu‑

bated for 24 h at 37˚C with 5% CO2. After 24 h of treatment, 
cells were observed by inverted phase contrast microscope 
(Olympus Corporation) at x100 and x200 magnifications. The 
cells were harvested using 0.01% trypsin at 37˚C for 5 min. 
The cells were collected in 2‑ml tubes and were washed twice 

with cold PBS via centrifugation for 5 min at 300 x g at room 
temperature. The cells were gently resuspended in 1X binding 
buffer at a concentration of 1x106 cells/ml. Further analysis 
was performed using the FITC‑Annexin V apoptosis detec‑

tion kit I (BD Pharmingen; BD Biosciences), according to the 
manufacturer's protocol. Briefly, 100 µl of the samples solution 
(1x105 cells/ml) was transferred to a 5‑ml culture tube. A total 
of 5 µl FITC‑Annexin V and 5 µl PI was added to the tube 
for 15 min in the dark at room temperature. Finally, 400 µl 
1X binding buffer was added to the tubes. The samples were 
analysed immediately within 1 h by using flow cytometer (BD 
Accuri™ C6 instrument; BD Biosciences) and were analysed 
by using BD Accuri™ C6 software (version 1.0.264.21; BD 
Biosciences).

Statistical analysis. The in vitro experiments to measure 

the antioxidant and antiproliferative activities in MCF‑7 and 

HaCaT cells were performed in triplicate (n=3) and repeated 
in three independent experiments. The data were represented 

as the means ± standard deviation. The antioxidant activity 
assay was analysed by GraphPad Prism 7.05 software. The 
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in vitro antiproliferative assays in MCF‑7 cells was analysed 
by GraphPad Prism 7.05 software for the IC50 determination, 

followed by one‑way ANOVA by SPSS v23.0 (IBM Corp.). The 
in vitro antiproliferative assay in HaCaT cells was analysed by 
GraphPad Prism 7.05 software, followed by two‑way ANOVA 
and Tukey's post hoc test by SPSS v23.0 (IBM Corp). The 
flow cytometric results were analysed by one‑way ANOVA 
followed by Tukey's post hoc test by SPSS v23.0. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Preparation of water‑soluble propolis and bee pollen. The 

freeze‑dried water‑soluble propolis and bee pollen formed a 
solid, hard, flake‑like material at 2‑8˚C. These samples were 
easily dissolved in water and medium. They must be stored at 
2‑8˚C, as storing at room temperature for >8 h will melt the 
flake‑like material into a sticky viscous material.

Total antioxidant properties. The antioxidant activity analysis 
revealed that the half‑maximal effective concentration (EC50) 

values against DPPH radicals of water‑soluble propolis and 

bee pollen were 1.3±0.4 and 0.4±0.07 mg/ml, respectively, 
while the EC50 of honey was 6.2±0.6 mg/ml. This indicated 
that the antioxidant activity of bee pollen was 3 times higher 
than that of water‑soluble propolis and 15 times higher than 
that of honey (Fig. 2).

Identification of CAPE via HPLC‑UV and ESI‑MS. The 

HPLC‑UV analysis was performed to identify the presence 
of CAPE in water‑soluble propolis and bee pollen, as well 
as in honey and raw propolis. However, the present study 
revealed that honey and bee pollen of the Trigona spp. did 

not contain CAPE, as no peak of CAPE was identified in its 
chromatogram. Meanwhile, peak of CAPE was identified only 
in trace values in raw propolis, as well as in water‑soluble 

propolis, estimated as 2 ppb. Further analysis was conducted 
using ESI‑MS in source positive ion and negative ion spectra 

to confirm the reason for the absence or traces result in the 
HPLC‑UV analysis. As shown in Fig. 3, the source nega‑

tive ion spectra of CAPE (C17H16O4), which has a molecular 

weight of 284.3 g/mol, was not identified as a major bioactive 
constituent in water‑soluble propolis nor in bee pollen. The 

weak spectrum of CAPE was identified in bee pollen with 
m/z 283.45. Mass spectra of water‑soluble propolis in the 
negative ion mode scanning from 0 to 1,000 m/z exhibited 
similar major compounds to bee pollen, having a spectrum 

with m/z 195.26[M‑H]‑, 255.46[M‑H]‑, 279.5[M‑H] and 
339.38[M‑H]‑. Meanwhile, the mass spectra of bee pollen 
acquired using electrospray in the negative ion mode scan‑

ning from 0 to 1,000 m/z exhibited several major compounds 
having a spectrum with m/z 195.26[M‑H]‑, 339.46[M‑H]‑ and 
431.36[M‑H]. The major constituent was assumed to be flavo‑

noids. However, further experiments are required to identify 
the major constituents in these natural products as observed in 

the ESI‑MS spectra.

Protein identification via SDS‑PAGE. The present study 
examined the presence of protein primarily in water‑soluble 
propolis and bee pollen, as well as in honey, in the insoluble 
part of propolis (wax fraction), which was collected during the 

preparation of the water‑soluble propolis, and in commercial 

bee pollen powder. As shown in Fig. 4, no protein bands 
appeared in the lanes of honey, the wax fraction of propolis 
and the commercial bee pollen powder. Notably, protein bands 
were observed in the lane of bee pollen and water‑soluble 

propolis. Two major bands were identified with a size between 
50 and 75 kDa. Further studies are required to evaluate the 

characteristics of proteins or enzymes present in bee pollen 
and water‑soluble protein.

In vitro antiproliferative assay in MCF‑7 cells. The MTT 

assay revealed that water‑soluble propolis and bee pollen 
induced inhibitory effects against MCF‑7 cell proliferation 
in a concentration‑dependent manner after 24 h of treatment. 

The samples exhibited significant activity (P<0.05) with IC50 

values of 10.8±0.06 and 18.6±0.03 mg/ml, respectively (Fig. 5). 
Furthermore, honey did not exhibit any cytotoxic activity 
against MCF‑7 cell proliferation after 24 h (data not shown).

In vitro antiproliferative assay in HaCaT cells. The experi‑

ment revealed that HaCaT cell treatment with water‑soluble 

propolis for 24 h giving IC50 of 2.7±0.06 mg/ml. The cytotoxic 
effect was higher after 48 h of treatment than 24 h, with an 
IC50 of <0.4 mg/ml. Fig. 6 shows that there were significant 
differences at concentrations of 0.4 (P<0.0001), 0.8 (P<0.001), 
1.6 (P<0.01) and 25 mg/ml (P<0.05). Nevertheless, the 
two‑way ANOVA with Tukey's post hoc test revealed that 

there was no significant difference between the treatment with 
water‑soluble propolis at 24 and 48 h (P>0.05) at concentra‑

tions of 3.1, 6.3 and 12.5 mg/ml. By contrast, the treatment of 
cells with bee pollen for 24 h indicated that bee pollen was 

less toxic to the cells compared with water‑soluble propolis at 

concentration <25 mg/ml with an IC50 >50 mg/ml (estimated 
as ~975.2 mg/ml using GraphPad Prism 7.05 software). The 
antiproliferative activity increased after 48 h of treatment at 
higher concentrations, with an IC50 of 9.6±0.07 mg/ml.

Furthermore, the antiproliferative activities of the samples 

were observed at 24 and 48 h. Regarding the IC50 values 

resulting from each treatment, there were significant differ‑
ences in antiproliverative activity between water‑soluble 

Figure 2. Antioxidant activity of propolis, bee pollen and honey. Bee pollen 
exhibited the highest antioxidant activity with EC50 0.394±0.067 mg/ml, 
while water‑soluble propolis and honey had EC50 values of 1.273±0.399 and 
6.173±0.579 mg/ml, respectively. DPPH, 2,2‑diphenyl‑1‑picrylhydrazyl.
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Figure 3. Electrospray ionization‑mass spectrometry spectra of (A) bee pollen and (B) water‑soluble propolis in source negative ion. Caffeic acid phenethyl 
ester (molecular weight 284.31) spectra was not identified as the main bioactive constituent in these products.
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propolis and bee pollen at 24 h (P<0.05) and 48 h (P<0.05). 
The results from Fig. 6 revealed that there were significant 
differences between treatment with water‑soluble propolis and 

bee pollen at 24 h using concentrations 0.4, 0.8, 1.6, 3.1, 6.3, 
12.5 and 25 mg/ml (P<0.0001). Significant differences were 
also observed between treatment with water‑soluble propolis 

and bee pollen at 48 h using concentrations 0.4, 0.8, 1.6, 3.1, 6.3 
and 12.5 mg/ml (P<0.0001). Interestingly, a higher dose of bee 
pollen (25 mg/ml) resulted in significant difference (P<0.05) 
compared with water‑soluble propolis at the same concentra‑

tion of 25 mg/ml. The result revealed that the antiproliferative 
activity of bee pollen increased in a time‑ and dose‑dependent 
manner.

Flow cytometric analysis. Flow cytometric analysis results 
were reported as the percentage of live, necrotic or apoptotic 

cells (early or late apoptosis). Fig. 7A represents a summary 
of the flow cytometric analysis as a bar chart, exhibiting a 
decrease of live cells and an increased proportion of apoptotic 

cells after treatment with water‑soluble propolis and bee 

pollen compared with in the untreated cells used as a control. 

Untreated MCF‑7 cells represented a normal cell population, 

where most cells (88.0%) were live cells and small proportions 
of cells were in early apoptosis, late apoptosis or necrosis (0.2, 
9.5 and 2.3%, respectively; Fig. 7B). MCF‑7 cells treated with 
water‑soluble propolis at the IC50 concentration (10.8 mg/ml) 

for 24 h exhibited a significant decrease in live cells (P<0.001; 
Fig. 7A). Flow cytometric analysis revealed that the percent‑
ages of live cells and late apoptotic cells were 8.2 and 89.8%, 
respectively, while cells in early apoptosis and necrosis were 
0.8 and 1.2%, respectively (Fig. 7C). In the present study, 
MCF‑7 cells treated with bee pollen at IC50 concentration of 

18.6 mg/ml, for 24 h exhibited a notable result where a progres‑

sion of cells towards late apoptosis. Flow cytometric analysis of 
the sample treated with bee pollen revealed that the percentage 

of live cells was 78.8%, and necrotic cells represented 0.8% 
of the cell population. Compared with untreated cells, the 

percentages of early and late apoptotic cells increased to 3.5 
and 16.9%, respectively. (Fig. 7D). Observation of the MCF‑7 
cell culture after 24 h of treatment by inverted phase contrast 
microscope at x100 and x200 magnification showed results 
similar to the flow cytometric analysis. The results from the 
present study demonstrated that MCF‑7 cell treatment with 
water‑soluble propolis and bee pollen lead to decreased cell 

density (Fig. 8C and D). Furthermore, untreated cells showed 
normal proliferation and reached confluency in 24 h (Fig. 8A). 
As presented in Fig. 8B, untreated MCF‑7 cells, which grew 
as normal and healthy cells, had a cobblestone‑like phenotype 
with 25‑30 µm length. However, MCF‑7 cells treated with 
bee pollen presented with early apoptosis according to cell 
shrinkage to rounded cells (Fig. 8D). Treatment of MCF‑7 cells 
with water‑soluble propolis resulted in cells in late apoptosis, 

where blebbing cells, formation of apoptopodia and apoptotic 

bodies were observed (Fig. 8C).

Discussion

A number of natural products have been used as traditional 
medicines to maintain the quality of life and to contribute 
to the development of novel drugs. Natural product‑derived 

drug discoveries have demonstrated their pharmacological 

activity, for example as cardiovascular (digoxin obtained from 
Digitalis purpurea), anti‑malaria (quinine from Cinchona offi‑

cinalis) and antineoplastic agents (paclitaxel derived from 

Figure 4. Protein identification of bee products. Two major bands (between 
50 and 75 kDa) were identified in bee pollen and water‑soluble propolis.

Figure 5. Antiproliferative activity of water‑soluble propolis and bee pollen 
in the breast cancer MCF‑7 cell line after 24 h of treatment. The samples 

exhibited an IC50 of 10.8±0.06 and 18.6±0.03 mg/ml, respectively. P<0.05 
between IC50 value of water‑soluble propolis and bee pollen.

Figure 6. Antiproliferative activity of water‑soluble propolis and bee pollen 
in the HaCaT cell line after 24 and 48 h of treatment in different doses 
presented as the means ± standard deviation from 3 biological replicates. A 
two‑way ANOVA with Tukey’s post‑hoc test was performed using GraphPad 
Prism 7.05 software, by performing multiple comparisons to assess the 
antiproliferative activity at a specific dose in each group. *P<0.05, **P<0.01, 
***P<0.001 and ****P<0.0001 vs. 24 h of the same treatment (water‑soluble 
propolis or bee pollen) and same concentration. #P<0.05 and ####P<0.0001 vs. 
treatment with bee pollen at the same time point and same concentration.
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the pacific yew tree Taxus brevifolia) (4,5) Among natural 
products, bee products are considered to have numerous 

pharmacological effects, such as antimicrobial, antiviral, 

anti‑inflammatory and anticancer (6,7,9). The unique charac‑

teristics of these products are mostly affected by the species 
of the bee and geographical factors, as well as the harvesting 

time (8,10). Therefore, understanding the specific character‑
istics and pharmacological effects of bee products from each 

region is essential.

During the initial study, it was revealed that the ethanolic 
extract and water‑insoluble propolis (wax fraction) had a 

strong cytotoxic activity on MCF‑7 cells, with IC50 values of 

0.2±0.09 and 0.04±0.003 mg/ml, respectively; these in vitro 

activities were higher than that using the water‑soluble prop‑

olis, which had an IC50 of 10.8±0.06 mg/ml (P<0.05; data not 
shown). However, considering that the water‑insoluble prop‑

olis (wax fraction) contain resinous substances, which are 

practically insoluble in water and spontaneously form coagu‑

lation in an aqueous environment, this could hamper the 

ethanolic extract and wax fraction to be further developed in 

the future. Therefore, the water‑soluble phase of the extract 

was further investigated in the present study, in order to 
elaborate the potency of water‑soluble bioactive materials 
in propolis which have polar or moderate polarity charac‑

teristics. It was expected that the bioactive materials in 

water‑soluble propolis and bee pollen would fulfil class 1 (the 
bioactive materials have high solubility and extensive metab‑

olism) or class 2 (the bioactive materials have low solubility, 

Figure 7. (A) Bar chart displaying a decrease of live cells and an increased proportion of apoptotic cells after treatment with water‑soluble propolis and bee 
pollen compared with untreated cells used as a control. Bar graph represents the percentages of cells in different stages (live, early apoptotic, late apoptotic 
and necrotic cells). The data are presented as the mean ± SD (n=3). One‑way ANOVA with Tukey's post hoc test was performed for each stage using SPSS. 
*P<0.05 and ***P<0.001 vs. control group. ##P<0.01 vs. water‑soluble propolis. Representative flow cytometric plots of (B) untreated MCF‑7 cells, (C) MCF‑7 
cells treated with water‑soluble propolis and (D) MCF‑7 cells treated with bee pollen.

Figure 8. Morphological analysis of MCF‑7 cells following treatment with 
water‑soluble propolis and bee pollen. Inverted microscopy of untreated 
MCF‑7 cells observed at a magnification of (A) x100 (scale bar, 50 µm) and 
(B) x200 (scale bar, 25 µm) showed normal confluency after 24 h of incuba‑

tion. The black spots observed in healthy cells are debris derived from dead 
cells as occurs in the normal cell cycle. Cells treated with (C) 10.8 mg/ml 
water‑soluble propolis and (D) 18.6 mg/ml bee pollen for 24 h at their IC50 

values exhibited a decrease in cell density as indicated by black arrows. The 
red arrow indicates shrunken and rounded cells. The blue arrows indicate 

suspended cells with apoptotic blebbing. The yellow and green arrows indicate 
cell fragmentation in late apoptosis via the formation of beaded apoptopodia 

and apoptotic bodies, respectively. Magnification, x200; scale bar, 25 µm.
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extensive metabolism) criteria of the Biopharmaceutical 

Drug Disposition and Classification System (17,18). Bioactive 
materials with class 1 or class 2 characteristics are consid‑

ered as promising candidates in drug discovery and could 
be investigated in further research, since they have good 
solubility and permeability in the gastrointestinal membrane 
in oral administration (17,18).

Among the products examined, bee pollen had a high 
antioxidant activity with EC50 against DPPH radicals of 

0.4±0.06 mg/ml. This value is one‑fourth that of vitamin C 
and is considered as having mild antioxidant activity (19). 
Additionally, the water‑soluble propolis had lower antioxi‑
dant properties than bee pollen, with EC50 of 1.3±0.4 mg/ml. 
Furthermore, honey was found to have a low antioxidant prop‑

erties of EC50 6.2±0.6 mg/ml.
To date, 500 compounds have been identified in propolis (13). 

Flavonoid content is commonly found in poplar propolis, which is 
produced in Europe, North America and non‑tropical regions of 
Asia, while the Brazilian propolis, known as the Baccharis type, 
is abundant in cinnamic acid derivatives (13). CAPE is known 
as the bioactive compound found in New Zealand, Brazilian and 
Romanian propolis; this natural phenolic compound is an ester 
of caffeic acid, which is a hydroxycinnamic acid and phenethyl 
alcohol (13,20). Using an HPLC‑UV detector, the present study 
revealed that CAPE was not the main bioactive compound 
in Trigona spp. bee pollen, water‑soluble propolis and honey. 
CAPE was identified in trace values in raw propolis, as well as 
in water‑soluble propolis, estimated as 2 ppb. However, due to 

the below detection limit of HPLC, the present results should 

be confirmed using more specific LC‑MS instruments. The 

preliminary results using ESI‑MS indicated that the spectrum 
of CAPE was identified as weak in bee pollen. Several intensive 
spectrums indicated that other compounds may serve a role in 
the antiproliferative activity of water‑soluble propolis and bee 
pollen from the Trigona spp. SDS‑PAGE was used to identify 
protein constituents in samples. Two primary water‑soluble 
proteins were identified in bee pollen and water‑soluble propolis 
between 50 and 75 kDa. These proteins were not identified 

in honey, wax propolis or the commercial bee pollen powder. 
However, the specific proteins remain unknown.

In contrast to manuka honey derived from the UK, which 
has been reported to induce apoptosis at a concentration of 4.7% 
(w/v) in MCF‑7 cells, and Tualang honey from Malaysia, which 
also induced apoptosis in a breast cancer animal model, our 

experimental results revealed that honey from the Trigona spp. 

examined had no anticancer properties in MCF‑7 cells (10,21).
Flow cytometric analysis of the MCF‑7 cell line treated for 

24 h with water‑soluble propolis and bee pollen at their IC50 

concentrations revealed the highest distribution cell population 

in Annexin V and PI areas. This condition explained that there 
were changes in cells physiology due to treatments, which may 
lead to apoptosis. At early apoptosis stage, the cells lose the 
plasma membrane asymmetry and externalisation of phospha‑

tidylserine to outer membrane occurs. This allows cells to be 
labeled with Annexin V. The translocation of phosphatidyl‑
serine results in loss of membrane cell integrity, which allows 
PI to enter cells and bind to DNA (22,23). This stage is known 
as the late apoptosis of the cell. The result was confirmed 
by cell morphological observation using an inverted phase 
contrast microscope. The MCF‑7 cell line has been originally 

isolated from breast tissue of a 69‑year old Caucasian woman 
with metastatic disease (24,25). The characterised cells display 
ER and PR expression, which may represent the luminal A 
type of breast cancer, which occurs in 80% of patients with 
breast cancer (3,24). The untreated MCF‑7 cells incubated 
for 24 h exhibited normal, healthy and confluent cells, with 
a cobblestone‑like phenotype, a size of 25‑30 µm and strong 
cell‑cell adhesion (26). On the other hand, MCF‑7 cells treated 
with bee pollen and water‑soluble propolis exhibited a marked 

morphological change in the apoptotic cells. Characteristics 

of apoptotic cell morphology include chromatin condensation 
and cell shrinking, the formation of rounded cells, plasma 

membrane blebbing and disintegration of organelles, the 

collapse of the nucleus and organelles, membrane protrusion 

formation into apoptopodia and the formation of cell frag‑

mentation of apoptotic bodies (27,28). In the present study, 
treatment with water‑soluble propolis for 24 h induced typical 
changes of cells in late apoptosis, such as membrane blebbing, 

formation of apoptopodia and apoptotic bodies, while treat‑

ment with bee pollen for 24 h resulted in the shrinkage of cells 

to form rounded cells. Furthermore, water‑soluble propolis 

and bee pollen treatment resulted in a decrease in cell density. 
The population doubling time of MCF‑7 cells is ~38 h (15). 
Since the significant activity of water‑soluble propolis and bee 
pollen to induce apoptosis was observed within 24 h, this indi‑

cated that water‑soluble propolis and bee pollen may have a 
cytotoxic effect in MCF‑7 cells. In the future, further study to 
investigate the mechanism of action of water‑soluble propolis 

and bee pollen which contains of polar bioactive material will 

be important to understand the potency of these natural prod‑

ucts as anticancer therapy.
The water‑soluble propolis and bee pollen exhibited 

similar antiproliferative activities in the MCF‑7 cell line; 
however, these products exhibited markedly different toxicity 
in HaCaT cells. Water‑soluble propolis was toxic to HaCaT 

cells after 24 h of treatment and even more after 48 h of treat‑
ment. Notably, bee pollen resulted less toxic to the cells than 
water‑soluble propolis, with an IC50 >50 mg/ml after 24 h of 
treatment. A longer treatment for 48 h revealed that the antipro‑

liferative activity of bee pollen was dose‑ and time‑dependent. 
The antiproliferative activity of bee pollen was not observed 
after 24 and 48 h of treatment with ≤3.1 mg/ml. Notably, this 
activity was observed after 48 h of treatment, with an IC50 

of 9.6±0.07 mg/ml. The current findings could be a prelimi‑
nary step for future investigation of bioactive compounds in 
water‑soluble propolis and bee pollen for the development of 

breast anticancer drugs.

This study presented some limitations. Firstly, the ESI‑MS 
analysis was not completed with reference standard analysis 
or library compounds information. Therefore, we were not 
able to identify the presence of the estimated compounds in 
water‑soluble propolis or bee pollen. Secondly, the proteins 
present in water‑soluble propolis and bee pollen are still 

unknown. Thirdly, current flow cytometric analysis was 
performed 24 h after treatment at the IC50 concentration of 

water‑soluble propolis, where majority of the cell (89.9%) is 
already in the late apoptosis stage. Therefore, shorter analysis 
treatment (6 or 12 h after treatment) could be performed to 
obtain the profile of the apoptosis stage. Forthly, the in vitro 

antiproliferative assay in MCF‑7 cells of water‑soluble propolis 
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and bee pollen were conducted at different concentrations. 

Therefore, the comparison of significant difference at each 
concentration of samples could not be analysed.

In conclusion, water‑soluble propolis and bee pollen of the 

Trigona spp. from the district of Luwu Utara (South Sulawesi, 

Indonesia) demonstrated antioxidant and antiproliferative 

properties against MCF‑7 cell proliferation. The antiprolifera‑

tive activity was observed using a cytotoxic analysis method 
after treatment for 24 h, and the cytotoxic activity was identified 
as an apoptosis mechanism. However, the bee products exerted 

a different toxicity activity in the normal HaCaT cell line, in 
which the water‑soluble propolis resulted toxic, but the bee 

pollen resulted less toxic. In contrast to propolis products from 

other countries, CAPE was not the main bioactive compound. 
The present results suggested that water‑soluble propolis and 

bee pollen may have the potential to be elaborated further as 
a breast anticancer therapy. Further research is required to 
understand the bioactive compounds in water‑soluble propolis 

and bee pollen, and their potential mechanisms of action as a 

breast anticancer therapy.
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