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ABSTRACT

Our effort to find new material for anti cancer from natural resources leads us to focus on stingless bee
products such as honey, bee pollen, and propolis. The products were from seven stingless bees named
Homotrigona fimbriata, Heterotrigona itama, Heterotrigona bakeri, Tetragonula sarawakensis, Tetragonula
testaceitarsis, Tetragonula fuscobalteata, Tetragonula laeviceps. The stingless bee products were evaluated
for their cytotoxicity effect on MCF-7, HeLa and Caco-2 cancer cell lines. This is the first time to be
reported that the honey, ethanol extracts of bee pollen and propolis of H. fimbriata displayed more potent
cytotoxicity than other stingless bee products. By chromatography and biological activity-guided frac-
tionation, ethanol extract of propolis from H. fimbriata was fractionated and isolated its active compound
named mangiferonic acid. Mangiferonic acid showed a cytotoxicity effect with ICso values 96.76 uM in
MCF-7, >110.04 uM in HeLa, and > 110.04 uM in Caco-2, respectively. These results exhibited the poten-
tial of ethanol extracts from propolis of H. fimbriata to be further developed for drug and experiments to
verify the function are essential.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Cancer is the second leading cause of death in the world, with
9.6 million patients in 2018. Globally, about 1 in 6 deaths in the
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world are due to cancer. About 70% of cancer deaths occur in
low- and middle-income countries (WHO, 2018). Breast, colorectal
and cervical cancer is included in the top 10 cancers that often
occur in patients in the world. The number of breast cancer
patients was 11.6%, colorectal cancer 10.2% and cervical cancer
3.2% of all new cancer cases based on World Health Organization
(WHO) data in 2018 (International Agency for Research on
Cancer, 2018a,b). Breast, cervical, and colorectal cancer are among
the top 5 cancers that are often found in 2018 in Indonesia. The
number of breast cancer patients was 16.7%, cervical cancer 9.3%,
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and colorectal cancer 8.6% of all new cancer cases. The number of
cancer patients in Indonesia until 2018 reached 345,809 people
with 207,210 deaths (International Agency for Research on
Cancer, 2018a,b).

This study used the cancer cell lines MCF-7, HeLa, and Caco-2.
MCEF-7 is a cancer cell derived from breast cancer and is most fre-
quently studied the human breast cancer cell line (Lee et al., 2015).
Hela is a cancer cell that originates from cervical cancer and is the
first cancer cell line developed (Masters, 2002). Caco-2 is a cancer
cell that comes from colorectal cancer. Several natural products
have been shown to inhibit the proliferation of those cancer cell
lines (Kuppusamy et al., 2014) and including stingless bee products
(honey, bee pollen, and propolis) (Al-Hatamleh et al., 2020).

Stingless bees are belonging to the genus of Apidae, a family of
social bees from the superfamily Apoidea. These bees are the high-
est developed species that have been identified in 80 million years
old parts of amber. To date, stingless bees consist of over 600 spe-
cies in 61 genera found in tropical areas globally, and in South and
Central Americas are the highest abundance and diversity, tropical
Africa, Southeast Asia and Australia. These bees are highly eusocial,
produce wax, honey, and collect pollen and plant resin from the
foraging plants for their food, nest construction and defense. About
40 species have good potential as honey producers (Al-Hatamleh
et al,, 2020; Divya et al.,, 2016; Hrncir et al., 2016). Also, the per-
centages of honey, bee pollen, and propolis in the beehive are still
unknown and are assumed to be differed according to the species.
In general, propolis is the central part of a stingless beehive, as the
hive is constructed with it (Lavinas et al., 2019). Syafrizal et al.
(2012) have reported the percentages of stingless bee products in
beehives such as 15.4% of honey, 20.9% of bee pollen, and 63.7%
of propolis from nine Trigona species. In previous report, about
11 honey from the East and North Kalimantan showed DPPH rad-
ical scavenging activity (Syafrizal et al., 2020). In this study, seven
species of stingless bees products were chosen based on thier size,
the uniqueness of colony and taste of honey for evaluating their
honey, bee pollen, and propolis on their cytotoxicity effects and
isolate their active compound to find potential anti cancer
resources from these natural products.

2. Materials and methods
2.1. Chemicals

Eagle’s Minimum Essential Medium (EMEM), Dulbecco’s Modi-
fied Eagle’s Medium (DMEM), dimethyl sulfoxide (DMSO),
penicillin-streptomycin solution and 5-fluorouracil (5-FU) were
from Wako (Osaka, Japan). 3-(4,5-dimethyl-thiazol-2-y1)-2,5-diphe
nyl tetrazolium bromide (MTT) were from Tokyo Chemical Indus-
try (Tokyo, JAPAN), Fetal Bovine Serum (FBS) was from Hyclone
(Chicago, USA), Other chemicals used in this experiment were of
the highest grade and commercially available.

2.2. Honey, bee pollen, and propolis

All honey, bee pollen, and propolis of the stingless bees (H. fim-
briata, H. itama, H. bakeri, T. sarawakensis, T. testaceitarsis, T. fus-
cobalteata, T. laeviceps, Fig. 1) were collected in January -
February 2018 at Rendy’s meliponiculture Samarinda, East Kali-
mantan, Indonesia (Syafrizal et al., 2020). Dr. Syafrizal of the Fac-
ulty of Mathematics and Sciences, Mulawarman University
identified the bees, and the bees were deposited in the Biology Lab-
oratory, Biology Department at the same university. The honey,
bee pollen, and propolis were kept in a refrigerator in the Forest
Product Chemistry Laboratory of the Forestry Faculty, Mulawar-
man University.
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2.3. Extraction, fractionation, and isolation of the active compounds

The fresh bee pollen of H. fimbriata, H. itama, H. bakeri, T.
sarawakensis, T. testaceitarsis, T. fuscobalteata, and T. laeviceps were
extracted 2 x 24 h with ethanol (300-600 ml). The fresh propolis
of H. fimbriata, H. itama, H. bakeri, T. sarawakensis, T. testaceitarsis,
T. fuscobalteata, and T. laeviceps was cut into small parts and
extracted 2 x 24 h with ethanol (300-600 ml). After extraction
of the bee pollen and propolis by ethanol, the solution was filtered
and concentrated by rotary evaporator under vacuum at 40 °C to
obtain the crude extracts. The extracts quantity of each bee pollen
and propolis were shown in Table 1. Then, the extracts were keep
in room temperature (25 °C) before further use in experiment.

The propolis extract of H. fimbriata (10.0 g) was mixed with
40.0 g silica gel, then fractionated by silica gel column chromatog-
raphy (150.0 g Wakogel C-200, 4.0 x 40 cm) and eluted with n-
hexane/EtOAc in ratios of 10:0, 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8,
1:9, 0:10 (v/v) and EtOAc/MeOH in ratios of 8:2, 6:4, 4:6, 2:8,
0:10 (v/v) to yield 32 fractions (F1 - F32). About 137.1 mg of F3
was used for isolating active compound by Biichi reveleris prepar-
ative MPLC (Medium Pressure Liquid Chromatography), with FP
ID C18 (40 g) and elution with gradient of H,O/MeOH, 60/40 -
0/100 (v/v), 40 ml/min. Seven fractions were obtained, including
F3-7 (15.1 mg). Based on NMR ('H, '3C, DEPT, HSQC and HMBC)
spectroscopic data and TOFMASS, fraction F3-7 was determined
as mangiferonic acid, Fig. 6 (Escobedo-Martinez et al., 2012).

2.4. Cell culture

The human breast cancer (MCF-7) cells and human cervical ade-
nocarcinoma (Hela) cells were maintained in EMEM (Eagle’s Mini-
mum Essential Medium) supplemented with 10% FBS and 1%
penicillin-streptomycine. Human colon cancer (CaCo-2) cells were
maintained in DMEM high glucose medium supplemented with
10% FBS. The cancer cell lines were obtained from RIKEN BioRe-
source Center (Tsukuba, Ibaraki, Japan) and were cultured at
37 °C in a humidified atmosphere containing 5% CO,.

2.5. Cell viability

The determination of cell viability was conducted by the micro
culture tetrazolium technique (MTT). In brief, confluent cells in a
96-well plate were treated with either vehicle or samples of differ-
ent concentrations for 24 h and were then subjected to checks for
the cell viability using MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-dip
henyltetrazolium bromide] solutions. Extracts of propolis and bee
pollen were dissolved in DMSO before adding (20 pl) to cell cul-
ture. The honey was filtered with 0.20 pum before injected (20 pl)
into the cells culture. After four hours incubation period, the MTT
solution was removed and HCl-isopropanol solution was added
to each well. The plate was incubated in the dark for four more
hours and the resulted solution was measured for absorbance at
570 nm with a microplate reader ELx800, Biotech (Winooski, Ver-
mont, USA) (Arung et al., 2018). The purple solution in well-plate
indicate the viable cells and the colorless solution in the well-
plate indicate the death cells. Cell viability was calculated by the
ratio of absorbance of the sample-treated well and vehicle-
treated well. The fluoro uracil (FU) was used as positif control in
100 pg/ml of concentration. The 50% inhibitory concentration
(ICs0) was inferred from the viability-dose dependent curve.

2.6. Statistical analysis
The viable cells in MCF-7, HeLa, and Caco-2 cells were per-

formed in triplicate (n = 3), and the data were represented as the
means + standard deviation.
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Fig. 1. Colony [A] and photo of stingless bees species (Syafrizal et.al.,2020) [B].

Table 1
Yield of ethanol extracts of bee pollen and propolis from stingless bees.

Species Bee pollen (g) Extract (g) Propolis (g) Extract (g)

H. fimbriata 13.32 42 (31.5%) 27.56 20.66 (74.9%)
H. itama 18.19 9.93 (54.6%) 17.19 10.72 (62.4%)
H. bakeri 15.66 9.44 (60.3%) 89.62 33.56 (37.4%)
T. sarawakensis 14.44 9.16 (63.4%) 36.62 22.14 (60.5%)
T. testaceitarsis 26.17 17.71 (67.7%) 28.08 19.18 (68.3%)
T. fuscobalteata 1332 4.02 (30.2%) 20.02 14.41 (71.9%)
T. laeviceps 11.01 6.55 (59.9%) 24.87 15.02 (60.4%)

3. Results T. testaceitarsis (67.7%), respectively. In addtion, the lowest and

Table 1 summarized the scientific name and the number of bee
pollen and propolis extracts from 7 stingless bee species. Tabel 1
shows the amount of extract both in quantity and % of yeild from
bee polen and propolis. This tabel gives the information of the low-
est and highest extract of bee pollen are T. fuscobalteata (30.2%) and
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highest extract of propolis are H. bakeri (37.4%) and H. fimbriata
(74.9%). All the extracts in Table 1 used for evaluating its cytotox-
icity in three cancer cell lines named MCF-7, HeLa, and Caco-2.
Fig. 2 shows the cytotoxicity effect of stingless bees honey in three
cancer cell lines. Honey of H. fimbriata depicted cytotoxicity about
60.0% in MCF-7, 53.6% in Hela, and 51.3% in Caco-2 cells which
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more than 5-FU as a positive control. Fig. 3 exhibits the cytotoxic-
ity of bee pollen extracts from seven stingless bees. Bee pollen
extracts of H. fimbriata displayed more cytotoxicity than extracts
of T. testaceitarsis, T. laeviceps, T. sarawakensis, H. bakeri, H. itama,
and T. fuscobalteata. The cytotoxicity of H. fimbriata was 82.2% in
MCF-7, 55.5% in HeLa, and 61.4% in Caco-2 cells, which was higher
than 5-FU as a positive control. Fig. 4 displays the effect of propolis
extracts from seven stingless bees on MCF-7, HeLa and Caco-2 can-
cer cell lines. Propolis extracts of H. fimbriata and T. laeviceps pre-
sented more cytotoxicity than extracts of T. testaceitarsis, T.
sarawakensis, H. bakeri, H. itama, and T. fuscobalteata in term of
MCF-7 cell with a value of 62.2%. Based on the data in Fig. 4 and
Table 1, TLC data (not shown), and unique feature and the smell
of propolis, we chose H. fimbriata (see Fig. 5 the colony picture)
propolis for isolating the active compound. About 32 fractions
were obtained by using column chromatography. Based on TCL
data (not shown), fractions F1, F2, F3, F4 and F7 were evaluated
for the cytotoxicity effect in cancer cell lines as shown in Fig. 5.
In Fig. 5, fraction 3 displayed the most potent cytotoxicity on
MCF-7, Hela, and Caco-2 cells with concentration of 100 ug/ml
(55.2%, 83.9% and 76.9% respectively). Based on these results, we
selected fraction 3 to isolate the active compound by using Biichi
reveleris preparative MPLC. By chromatographic methods (LC-
TOFMAS) and NMR measurements ('H, '3C, DEPT, HSQC and
HMBC), mangiferonic acid (Fig. 6) was identified (Escobedo-
Martinez et al., 2012). We determined the cytotoxicity effect of
Mangiferonic acid, as seen in Table 2. In Table 2, mangiferonic acid
showed strong cytotoxicity with ICso = 96.76 uM (43.96 pg/ml) in
MCF-7 cell, >110.04 uM (50.00 pg/ml) in HeLa cell, and > 110.04 p
M (50.00 pg/ml) in Caco-2 cell respectively. In addition, mangifer-
onic acid displayed more cytotoxic effect than 5-FU as a positive
control (ICsp = >1,537 puM in MCF-7, >1,537 pM in Hela,
and > 1,537 uM in Caco-2, respectively).

4. Discussion

Based on Tabel 1, revealed the % yeild of bee pollen extracts
ranging 30.2-67.7%, and propolis extracts from 37.4 to 74.9%.

3
a
0 25 50 75 100 125
% Viable cells (MCF-7)
o
K]
;
w
0 25 50 75 100 12

% Viabel cells (CaCo-2)
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These result are higher than reported by Carneiro et al. (2019)
regarding bee pollen extracts from stingless bee named M. com-
pressipes manaosensis was 8.1-24.2% in 24 h extraction proces with
ethanol and almost similar Pujirahayu et al., (2019) regarding pro-
polis extracts from singles bee (T. sapiens) was 56.6 - 66.5% maser-
ated in ethanol. In Fig. 2, honey of H. fimbriata shows more
cytotoxic than others. This cytotoxicity effect might be influenced
by their phytochemicals. As reported by Syafrizal et al., (2020), the
H. fimbriata honey contained some phytochemicals such as tannin,
alkaloid, flavonoid, triterpenoid, coumarin, and saponin. These
results are also more potent than the honey of H. itama, H. bakeri,
T. iridipennis, T. sarawakensis, T. testaceitarsis, T. fuscobalteata, and T.
laeviceps. There is no report of honey from H. fimbriata with cyto-
toxicity effect in these cancer cell lines to the best our knowledge.
Some scientist have reported on stingless bees honey on cancer cell
lines, such as Kustiawan et al., (2014) who have screened honey of
T. insica, T. apicalis, T. fuscobalteata, and T. fuscibasis in human colon
(SW620), liver (HepG2), gastric (KATO-III), lung (Chago) and breast
(BT474) cancer derived cell lines. Yazan et al. (2016) have found
the potential of stingless bee honey for chemoprevention of colon
cancer in the rat. Ahmad et al. (2019) have reported the honey of H.
itama showed a cytotoxicity effect on malignant glioma (U-87)
cells.

The bee pollen extracts of H. fimbriata depicted more cytotoxi-
city than others as seen in Fig. 3. These cytotoxicity effects might
be connected with groups of compounds in this extract. According
to Sari (2020), the H. fimbriata extract contained some phytochem-
icals such as tannin, flavonoid, and coumarin. There is no report on
bee pollen extract of H. fimbriata on cancer cell lines up to now. The
reports on the effect of bee pollen extracts on cancer cells were
limited. Omar et al. (2016) have shown antiproliferation of sting-
less bee (Lepidotrigona terminata) bee pollen extract on breast can-
cer (MCF-7) combination with cisplatin. The water-soluble extract
of bee pollen from Trigona spp. exhibited antiproliferation activity
in MCF-7 cells with an apoptosis mechanism (Amalia et al., 2020).

Among other propolis extracts in this study, the H. fimbriata
propolis showed the most cytotoxicity. This effect might be related
to the compound in the extract of propolis. Khairunnisa (2020)

T fuscobalteata

H.itama

H bakeri

T.sarawakensis

T. Laeviceps

Samples

Ttestaceitarsis

H fimbriata

5FU

Control

o
N
o
3
3
I~

50 75
% Viable cells (HeLa)

Fig. 2. Cytotoxicity effect of honey from stingless bees in some cancer cell lines [control = DMSO; 5-FU = 5 fluoro uracil (100 pg/ml)].
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Fig. 3. Cytotoxicity effect of bee pollen from stingless bees in some cancer cell lines [control = DMSO; 5-FU = 5 fluoro uracil (100 pg/ml)].
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Fig. 4. Cytotoxicity effect of propolis from stingless bees in some cancer cell lines [control = DMSO; 5-FU = 5 fluoro uracil (100 pg/ml)].

mentioned that the propolis extract of H. fimbriata contained some
phytochemicals named tannin, alkaloid, flavonoid, and triter-
penoid. This is the first report that H. fimbriata propolis extract
showed cytotoxicity potential in MCF-7 cancer cells. Many reports
on stingless bees propolis have shown cytotoxicity on cancer cells
against erythroleukemic cells from propolis of Scaptotrigona depilis
and Melipona quadrifasciata from Brazil (Bonamigo et al., 2017);
propolis extracts from India showed cytotoxic effect in four differ-
ent cancer cell lines, namely, MCF-7 (human breast cancer), HT-29
(human colon adenocarcinoma), Caco-2 (human epithelial colorec-
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tal adenocarcinoma), and B16F1 (murine melanoma) (Choudhari
et al.,, 2013). Utispan et al., (2017) have displayed the cytotoxicity
effect of propolis extracts from Trigona sirindhornae in head and
neck squamous cell carcinoma (HNSCC) cell lines, and stingless
bee propolis extract of Trigona minor from Vietnam exhibited cyto-
toxicity to PANC-1 human pancreatic cancer cells (Nguyen et al.,
2017). Cinegaglia et al., (2013) have studied the cytotoxic effect
of geopropolis of stingless bee named Melipona fasciculata on
canine osteosarcoma (OSA) cells which is a primary bone neoplasm
diagnosed in dogs. Cisilotto et al. (2018) have investigated the stin-
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22

Fig. 6. Mangiferonic acid.

Table 2

Cytotoxicity effect of isolated compound from propolis H. fimbriata in different cancer
cell lines.

Compound 1Cs0 (M)
MCEF-7 Hela Caco-2
Mangiferonic acid 96.76 £ 0.01 >110.04° + 0.03 >110.04" + 0.09

5-FU (positive control) >1,537+0.04 >1,537¢+0.10 >1,537 ©+0.15

Cytotoxicity 21.2% at 110.04 pM.
Cytotoxicity 38.9% at 110.04 puM.
Cytotoxicity 24.5% at 1,537 uM.
Cytotoxicity 14.5% at 1,537 uM.
Cytotoxicity 9.1% at 1,537 pM.
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gless bee propolis extracts named Scaptotrigona bipunctata and
Melipona quadrifasciata on their cytotoxicity and its mechanism
in melanoma cancer cells. da Cunha et al., (2013) have evaluated
stingless bee propolis extract of Melipona scutellaris and showed
a cytotoxic effect in eight human cancer cell lines such as U251
(glioma), UACC-62 (melanoma), MCF-7 (breast), NCI-ADR/RES
(multidrug-resistant ovarian), 786-0 (kidney), NCI-H460 (lung,
non-small cells), PC-3 (prostate)) and OVCAR-03 (ovarian).
Umthong et al. (2011) have used five cancer such as the human
colon (SW620), liver (HepG2), gastric (KATO-III), lung (Chago)
and breast (BT474) cancer derived cell lines to evaluate the cyto-
toxicity of stingless bee propolis extract from Trigona laeviceps.
Kustiawan et al., (2015) have studied stingless bee propolis extract
of T. incisa and evaluated its cytotoxicity against human colon
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(SW620), liver (HepG2), gastric (KATO-III), lung (Chago), and breast
(BT474) cancer derived cell lines.

Some propolis extracts from stingless bees were reported the
isolated compound/s with the cytotoxicity effect on cancer cells.
Nguyen et al., (2017) have shown 15 isolated compounds from pro-
polis of Trigona minor such as cycloartane-type triterpenoids and a
lanostane-type triterpenoid. Two of them, such as 23-
hydroxyisomangiferolic acid B and 27-hydroxyisomangiferolic
acid, exhibited cytotoxicity effect on PANC-1 (human pancreatic)
cancer cells. Cisilotto et al. (2018) have detected piperidinic alka-
loids in Scaptotrigona bipunctata and Melipona quadrifasciata propo-
lis extract together with c-glycopyranoside flavonoids and have a
cytotoxicity effect on melanoma cells. Kustiawan et al. (2015) have
isolated cardol from propolis of T. incisa with cytotoxicity effect in
human colon (SW620), liver (HepG2), gastric (KATO-III), lung
(Chago), and breast (BT474) cancer cells.

Mangiferonic acid, the isolated compound from H. fimbriata
propolis, showed cytotoxic effect the most in MCF-7 cancer cell.
This results revealed the cytotoxic effect in MCF-7 cancer cells at
least cause by this compound. We do not know what is the mode
of action of this compound that lead cytotoxic to cancer cells.
Therefore, further experiments are needed to clarify this mecha-
nism. Ahmad et al., (2019) have isolated mangiferonic acid from
the kernel, stem bark, and leaves of Mangifera pajang and this com-
pound showed ICsg on MCF-7 > 30 ug/ml and 16.25 ug/ml on Hela.
Some researcher have reported the other biological function of
mangiferonic acid, such as inhibition activity of oa-Glucosidase
(Pujirahayu et al, 2019), showed anti Trypanosoma brucei (Omar
et al, 2017), and scavenged DPPH radical activity (Talla et al.,
2017).

In summary, honey, bee pollen, and propolis from seven sting-
less bees from East Kalimantan, Indonesia, have exhibited cytotox-
icity effect in cancer cell lines (MCF-7, HelLa, and Caco-2). The
honey, bee pollen and propolis from H. fimbriata showed more
cytotoxicity in three cancer cell lines than other stingless bee prod-
ucts. Also, the active compound mangiferonic acid was observed to
have cytotoxicity in those cancer cell lines. These facts indicate
that H. fimbriata products may be have beneficial ingredients as
anti cancer, but further experiments such as its mechanism and
safety should be done in the future.
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