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ABSTRACT
Objective: To evaluate the antioxidant and antifewdtive effect of methanolic bee pollen extr&RE) of Malaysian
stingless beellepidotrigona terminata (L. terminata)] and its synergistic effect with cisplatin (a ofatherapeutic
drug) onMCF-7 cancer cell line.
Methods: The antioxidant activity &PE from L. terminata was measured by using 1,1-diphenyl-2-picrylhydrazy
radical OPPH assay. Antiproliferative activity at different mmentrations ofBPE and cisplatin was determined
through usingTT assay omMCF-7 and L929 cell lines. An interaction effect (syristig, additive and antagonistic)
betweerBPE and cisplatin was determined by CompuSyn softlvased oMTT assay data.
Results: The Eg (50% decrement obPPH inhibition) of BPE was 0.5 mg/mL.L. terminata BPE exhibited
antiproliferative activity on both cancer and nolegll lines. The 1G, (concentration of drug that was required for 50%
of cell inhibitionin vitro) of BPEonMCF-7 was 15 mg/mL whereas in normal cell line L929 ®&sng/mL. The IG,
for cisplatin onMCF-7 was 20 pmol/L. The combination effect®#E and cisplatin omCF-7 cells showed tha&PE
at 15 mg/mL was able to potentiate the inhibitdfga of cisplatin at all different concentratio(®&5-20.0 mg/mL).
The average of cancer cells inhibition which wateptiated byBPE was around 50%. A combination index values of
less than 1 reported in the CompuSyn software durfitoved the synergistic effect betwesPE and cisplatin,
suggesting tha8aPEwas working synergistically with cisplatin.

Conclusions: Our study therefore suggested BrE of Malaysian stingless beé, terminata is a potential
chemopreventive agent and can be used as a suppéeyneatment for chemotherapy drugse might be able to
be used to potentiate the effect of chemotherapgsdwith the possibility to reduce the requirededo&the drugs.

The molecular mechanisms of how e exerts antiproliferative activity will be a muattéresting area to look for
in future studies.



1. Introduction

Bee pollen is considered as a functional fooeltdlits compositions of carbohydrates, proteinsna acids, lipids,
sugars, fibres, vitamins and mineral gal§ It is a collection of pollen grains collected the bees from various
botanical sources, mixed with nectar and secrédtmm the hypopharyngeal glands suctpaglycosidase enzymes.
Its beneficial effect on health is due to the pneseof phenolic compounds with high antioxidanivé@s1,3].

Oxidative damage and carcinogenesis may gradiealtl to the formation of tumors through severathanisms.
Polyphenols present in bee pollen and other bedupte contain antioxidant and antiproliferativeiaiiés that can
regulate cell proliferation and induce apopt@sisBee pollen has the antioxidative capacity and ahdity to
neutralize active oxygen species, extensively duthé action of polyphenols combination. Previouglies have
demonstrated that bee pollen can inhibit tumor gn@amd alleviate the pain of chemotherapy in capagents.s).

In China, bee pollen dBrassica campestris L. (B. campestris) has been widely used as food supplement to
strengthen body resistance against cdricér steroid fraction of bee pollen chloroform extra€B. campestris was
shown to strongly induce apoptosis in human prestahcer PC-3 celf$. A study by lzuteet al. showed that bee
pollen was able to suppress cells proliferatiomivitro model of vascular endothelial growth factor-indiit@iman
umbilical vein endothelial cells proliferation amdigratioris]. Constituents of bee pollen such as polysaccharide
were also shown by Wargjal. to have significant antiproliferative activity @olon cancer cell lin€s. Thus the aim
of the study is to evaluate the antiproliferativivaty of bee pollen extractBPE) from Malaysian stingless bee,

Lepidotrigona terminata (L. terminata) and its effect when combined with cisplatinne@F-7 cancer cell lines.

2. Materials and methods

2.1. Samples and reagents

Bee pollen or bee bread sample was acquired &dmcal stingless bee company, K.B meliponini. $barce of

bee pollen was from the speciesLoferminata. The species was identified by the Entomology iBecMalaysian

Agriculture and Research Development Instituted&egy, Malaysia. Bee pollen sample was dried atC3for two

consecutive days and once dried, was kept@tuhtil further use.

2.2. Bee pollen crude extract

The crudeBPE was prepared by using modified method from LeBletrat. by extracting 10 g of bee pollen in 25

mL of 100% methan@il. The mixture was vortexed for 10 min and sonicéded h at 4TC before kept overnight at



4°C. The mixture was then centrifuged at 6 000 r/foirLO min and the precipitation was discarded. Jingernatant
was filtered by using a 0.2 um sterile filter uiitillipore, USA). Once filtered, it was dried in the rotary evagor at

41°C and freeze dried. The freeze dris®Ewas kept at 4C until further analysis.

2.3. Antioxidant activity

The free radical-scavenging capacity of beeepothethanolic extract was determined by its abittpleach the
stable 1,1-diphenyl-2-picrylhydrazyl radicadRPH and was expressed as the percentage of its lieatican. A
modification of a method reported by Baharetmal. was employeido]. The reaction mixture contained 150 pL of
DPPH (600 pmol/L) with 7.5 uL of different concentrations 8PEs (3.125, 6.250, 12.500, 25.000, 50.000 and
100.000 mg/mL). The final concentrations of bedguoivere 0.15, 0.30, 0.60, 1.20, 2.40 and 4.80 mgAtfter 30
min at room temperature, the reaction mixture wassured by the absorbancelat 517 nm. Trolox, a water-
soluble derivative of vitamin E at concentration 26—600 umol/L, was used as standamPPH free radical
scavenging activity was calculated through usimgftfiowing formula:

% Scavenging = (Absorbance of control - Absorbaridest sample/Absorbance of contrel}00

2.4. Céll culture

MCF-7 and L929 cell lines used in this study were oletdifrom the Advanced Medical and Dental Institute,
Universiti Sains Malaysia. The cell lines were eréd in a complete Dulbecco’s modified Eagle’s med{DMEM)
containing 4 mmol/LL-alanyl-glutamine (GlutdAX ™) and supplemented with 10% (v/v) fetal bovineusgr100
IU/mL of penicillin and 0.1 mg/mL of streptomycifthe cells were grown in humidified atmosphere uritier

conditions of 37C with 5% (v/v) CQ.

2.5. Céll counts

MCF-7 and L929 cells were harvested by removing the amediwashed with phosphate buffer saline (pH 7.45
without C&"and Md") and then incubated with 1 mL of 0.25% trypsin 2omin. The flask was gently tapped to
detach them from the plastic surface. Five millit of medium was added to the cell suspensiorewd remaining
cells were vigorously washed from the bottom ofdhture vessel. The suspended cells were theectetl in a 15
mL centrifuge tube and an aliquot of 10 pL was tadet prior centrifugation for cell count by usingemocytometer.
The number of cells per milliliter and the totall ceimber were calculated. Subsequently after fegation, an

appropriate volume of complete medium was addédetaell pellet.

2.6. Preparation of compound treatments



BPE stock solution (100 mg/mL) was prepared by dilgiinl g of crude extracts in 1 niMEM. The solution was
then filtered by using a 0.2 pL sterile filter uMillipore, usA) and diluted with culture medium to the final
concentration of 2.5 mg/mL, 5 mg/mL, 10 mg/mL, 2§/mL and 40 mg/mL for treatments.

Cisplatin stock solution (10 mol/L) was prephigy dissolving 6 mg of cisplatin (molecular weight300.01
g/molL) in 2 mLDMEM. The stock solution was then diluted with cultamedium to the final concentration of 2.5
pmol/L, 5 pmol/L, 10 pmol/L, 20 pmol/L and 40umol/L for treatments. The working solutions of ttheig were

freshly prepared prior usage.

2.7. Cytotoxicity determination by using MTT assay

Briefly, the cells were seeded at density of iGkcells per well of flat-bottomed 96-well microplafhe cells were
incubated at 37C in a humidified 5% (v/v) C®for 24 h to let the cells attach to the bottomeath well. The
cultured cells were then treated with differentcamtrations oBPE and cisplatin, alone and with combination when
the cells reached 70% confluence.

The cells were treated with 5 different concaiins ofBPE (2.5, 5.0, 10.0, 20.0 and 40.0 mg/mL) and 5 differ
concentrations of cisplatin (2.5, 5.0, 10.0, 266 40.0 umol/L). A total of 200 pL of medium comiag compound
treatments was added into each well. Treatmente wamried out in triplicate. Well with only treatntesolution
(either BPE or cisplatin) was used as blank or backgroundrohnvhereas well containing cells without treatinen
was used as negative control. Once treated, cefis iwcubated for 48 h.

The percentage of cell proliferation was detaediby usinguTT assay with the VybraatMTT cell proliferation
assay kit (Thermo Fisher ScientifiosA). In brief, the fresh medium was replaced afterh48f incubation. Ten
microlitres of the 12 mmol/lMTT stock solution were added into each well. Thescefith MTT solution were
incubated in the C&Qncubator for 4 h. The medium was then removenhfiite well after the cells were labelled with
MTT. DMSO (50 uL) was added to each well and mixedathghly with a pipette. The plate was incubatedraga
37°C for 10 min. Finally the absorbance was read atr54. The percentage of cell proliferation was waked by
using the formula below:

% Cell proliferation = (Absorbance sample - Absoit®blank)/ (Absorbance negative control - Absochbariank)x

100

2.8. Analysis of synergistic effects

To determine the synergistic, additive or antégie effect, experiment with non-constant combaraof BPE and

cisplatin concentrations was done following the hmdtby Qiacet al. with some maodificationist]. The cells were



treated with cisplatin at concentrations of 2.8, 80.0, 15.0, 20.0 umol/L in combination with fikeoncentration of
ICso of BPE at 15 mg/mL. The data from this experiment weraly@ed through using CompuSyn software to
determine the synergistic, additive and antaganistiect of the drugs combination. The statistaahlysis was
performed and the result was presented as comtinatdex (Cl). A Cl value is a mathematical and rjiiative
representation of the pharmacological interplayted drugs (Cl > 1: antagonism; Cl = 1: additive; €I1:

synergismii2].

2.9. Satidtical analysis

All values were expressed as the mea®D. The differences in the mean of treated andeated cells were
analysed by usingM spssstatistics 22 (US).

3. Results

3.1. Antioxidant capacity of BPE

In this study, the antioxidant activity of metledic crude extract of. terminata BPE measured by usinDPPH
assay showed a concentration dependent mannex dotfe response curve (Figure 1). The,E&0% decrement of

DPPHinhibition) of BPEwas 0.5 mg/mL.

3.2. Antiproliferative effect in vitro

The potential antiproliferative effect BPEwas assayed by using the surrogate cell viahility assay. CrudBPE
was shown to inhibit the growth of both cancer andmal cell lines. The inhibition of cell growth dhe breast
cancemMCF-7 and normal L929 cell lines BPE of L. terminata was in dose—dependent manner (Figure 2). The IC
of BPEonMCF-7 was 15 mg/mL, whereas in normal cell line was 2#mh.. BPE at 20 mg/mL inhibited 70% of cell
viability in the MCF-7 cells (Figure 2A) whereas in normal L929 cell inehibition of 70% of cell viability was

observed with much higher concentration of 40 mg(Figure 2B).

3.3. Cytotoxic synergism of BPE with chemotherapy drug

To determine the combination effectB#fE and cisplatin (an anticancer chemotherapy drug)hawve designed a
non-constant combination treatment of cisplatin apg on MCF-7 cells. Serial concentrations of cisplatin were
combined with the fixed concentration of BPE atr§/mL. HighermCF-7 cells inhibition was seen iBPE (15
mg/mL) and cisplatin at all concentrations when pared to cisplatin alon&PE combination with 2.5 pmol/L
cisplatin inhibited 55% of1CF-7 cells proliferation when compared with 2.5 pmadiplatin alone. WhereaPE in
combination with 20 umol/L cisplatin could furthexduce cell proliferation up to 76% compared to S2%uction



seen in treatment of 20 umol/L cisplatin alonehalgh it was not statistically significant. Theuleshowed that the
BPE was able to potentiate the inhibitory effect afpdatin in breast cancer cells when combined wgplatin at all
concentrations (Figure 3).

To further confirm the interaction between ciiol andBPE, the data was computed in CompuSyn software. Cl
values of less than 1 were seen in all interactlmtsveenBPE and cisplatin. Reported results in the CompuSyn
software were between 0.46 and 0.97 (Table 1)IdWwest Cl value was seen in combinatiorBBE and cisplatin at

10.0 pmol/L dose.

4, Discussion

Our study showed that the antioxidant activityLoterminata BPE exhibited much higher percentage #PH
inhibition than other Malaysian stingless bee sgeaieported recenthBPE from speciesTrigona apicalis and
Trigona itama at concentration of 1 mg/mL showed 39% and 19%RefHinhibition, respectively, compared to 70%
DPPH inhibition of 1 mg/mL methanoliBPE from L. terminata[13]. However, the result of this study showed lower
inhibition than that of Silvat al. which reported that crudgPE from the Brazilian stingless bee spediddipona
rufiventris at concentration 0.1 mg/mL was shown to exhib¥#®PPH inhibition[14].

The difference in antioxidant activity seen ur study could be due to the difference of theeawsed (methanol
in this studyvs. ethanol in the study by Silvet al.), which may give different compounds extractioficaty,
therefore contributed to the different chemicalivatés(14,151 Furthermore specific pollen foraging activities,
different pollen species and different diets ohgless bee itself may give different compoundsviiets found in
BPH14,16]. Previous studies have shown that bee pollen bad gntioxidant properties related to the presefce
phenolic compounds17].

The antiproliferative activity of. terminata BPE againstMCF-7 and L929 cell lines was evaluated by usingr
assay. The concentrationBFPE required to inhibit 50% af1CF-7 cells growth was 15 mg/mL. At 20.0 mg/mL, 70%
inhibition of MCF-7 cells was seen. Whereas in normal L929 cell Réemg/mL was required to exhibit 50% cells
inhibition. The response different between nornral aancer cells may suggest tB®E can be relatively safe in
normal cells and considered to be a useful agerarficancer application in future. The much low&y, of BPEin
cancer cells suggests tiB®E may be specifically targeting theCF-7 cancer cells.

Similar antiproliferative effect dPE had been reported in the study by Kustiaetaad. by using four stingless bee
specieBs]. The result revealed that all four species wermtoyic to different cell lines tested although ithe
antiproliferative activities were rather low comparto the chemotherapeutic drugs used. Anothey stydVu and
Lou also showed strong antiproliferative activifyBo campestris bee pollen chloroform extract in inducing apogosi
in human prostate can¢@r The observed cytotoxic activity exhibited by lpedien varied with the different solvent
used, bee species and different cell lines.

In cytotoxic synergism assay, the averag®I©F-7 cells inhibition byBPE in combination of cisplatin was around



50%. This study shows th&PE is able to potentiate and enhance the cisplafiectefon MCF-7 cells at all
concentrations.

Active compounds in thBPE might either enhance (synergistic) or decreasedanistic) the therapeutic activity
of chemotherapy drugs. There was a great concatrstime compounds present in the natural produgtitraiork
antagonistically instead of synergistically witle ttherapeutic activity of drugsl. In this study, Cl values reported in
all interactions betweeBPE and cisplatin were less than 1. These Cl valugheu proved the synergistic effect
between the two compounds.

This study may suggest thBPE from Malaysian stingless bde terminata can be used to supplement the
chemotherapeutic agents due to its antiprolifegasietivity and its ability to enhance the effe€tcbemotherapy
agent, even at low concentration. In a recent vetig Komosinska-Vasseat al., bee pollen supplement can help to
improve the condition of early prostate cancer wiieen together with chemotherapeutic deog Furthermore, bee
pollen as supplement can be combined with cheneglgetreatment to treat side effects of cancer psried in a
recent study by Sallest al. which showed that bee pollen was able to impnowescle mass and metabolism in
undernourished rdes]. Decreasing muscle mass and poor metabolisms e@renonly seen in patients with
canceiR2]. The combination of chemotherapy drug and naforadiuct such aBPE may be potentially effective in
cancer treatment in future.

The data of this study suggest that bee pollerac of Malaysian stingless bee is a potenti@necbpreventive
agent and can be used as a supplement during diemeyoy treatment. The same data indicate Birat works
synergistically with chemotherapy drug, cisplatid @nhances the effect of cisplatin even at lowacentration. The
molecular mechanisms of how tBEE exerts its antiproliferative and synergistic atit¢ with cisplatin will be a

promising area to further explore in future studies
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Table 1

Cl data for combination effect of cisplatin and BBEMCF-7 cells.
Cisplatin dose (umol/L)BPE dose (mg/mL) Effect Cl
25 15.0 0.454 1 0.970 6
5.0 15.0 0.4115 0.947 2
10.0 15.0 0.289 3 0.463 2

15.0 15.0 0.265 2 0.849 5




20.0 15.0 0.236 0 0.905 7

Figure legends:
Figure 1. Scavenging effect of methanolic extremtfL. terminata BPE at different concentrations (0.15, 0.3, 0.8, 2.4 and

4.8 mg/mL) on the stable DPPH.
Results were expressed as percentage of DPPHetinhikiith respect to control; Each value represémsmean + SD.
Figure 2. Antiproliferative effect of BPE at diffart concentrations on MCF-7 cell lines and L929 loeds.

A: MCF-7 cell lines; B: L929 cell lines; Each valtgpresents the mean + SD from three separateimqrés.
Figure 3. The effect of cisplatin alone and combtiamaof cisplatin and BPE on MCF-7 cells.

The percentage of cell proliferation was measutedBah post-treatment; Each value represents ttenmeSD from three
separate experiments; Statistical analysis wasrdited by using Studenttstest with™: P < 0.001;": P < 0.05.
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Figure 1. Scavenging effect of methanolic extract from L. terminata BPE

at different concentrations (0.15, 0.3, 0.6, 1.2, 2.4 and 4.8 mg/mL) on the
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Results were expressed as percentage of DPPH inhibition with respect to

control; Each value represents the mean + SD.
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Figure 2. Antiproliferative effect of BPE at different concentrations on MCF-7 cell lines and L.929 cell lines.
A: MCF-7 cell lines; B: L9209 cell lines; Each value represents the mean + SD from three separate experiments.
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Figure 3. The effect of cisplatin alone and combination of cisplatin and
BPE on MCF-7 cells.

The percentage of cell proliferation was measured at 48 h post-treatment;
Each value represents the mean + SD from three separate experiments;
Statistical analysis was determined by using Student’s t-test with " P <
0.001; ": P <0.05.
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