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ABSTRACT

Bee pollen is a complete food containing comprehensive nutrients and therapeutic properties 
that could eliminate free radicals. Three stingless bee species native to Malaysia were used 
to prepare bee pollen ethanolic extracts (BPE): Geniotrigona thoracica, Heterotrigona 
itama, and Tetrigona apicalis. The methodology used in this study was a trypan blue 
exclusion assay for cell proliferation activity in cultured breast adenocarcinoma human 
cell lines (MCF-7) and mammary epithelial human cell lines (MCF-10A). In addition, 
the therapeutic index (TI) was analyzed to assess the relative antiproliferative activity of 
BPE on cancer versus normal cells. Geniotrigona thoracica BPE exhibited the highest 
therapeutic index (TI = 3.12) compared to H. itama (TI = 1.16) and T. apicalis (TI = 0.90) 
BPE. Each species represents different bioactive compounds due to different pollen foraging 
activities. Therefore, the highest TI species (G. thoracica) could be a potential candidate 
to be developed as a potential chemotherapeutic agent. 
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INTRODUCTION

Environment, nutrition, and lifestyle factors 
play a significant role in influencing cancer 
development. Cancer could be considered 
a leading cause of mortality globally, 
including breast cancer. It is the most 
common cancer to cause mortality in women 
(Azamjah et al., 2019; Seely & Alhassan, 
2018). Therefore, there is a lot of research 
on cancer chemoprevention and therapy 
using nutritional supplementation and 
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traditional medicines to treat cancer using 
various natural compounds (Cha et al., 2005; 
Choudhari et al., 2013).

Compounds in natural products, such as 
herbal and bee products, offer many research 
opportunities in developing anticancer 
agents that have nutraceutical properties, 
are non-toxic, and safe for human health 
(Kuppusamy et al., 2014; Premratanachai & 
Chanchao, 2014; Wang et al., 2012). Natural 
compounds in bee products, including 
honey, propolis, and bee pollen, were found 
to significantly inhibit cell growth and 
reduce tumor cells proliferation (Ahmad et 
al., 2019; Choudhari et al., 2013; Franchi et 
al., 2012; Kustiawan et al., 2014; T-Johari 
et al., 2019). In Malaysia, 45 stingless bee 
species from 14 genera were documented 
(Norowi et al., 2010; Samsudin et al., 
2018), including Geniotrigona thoracica, 
Heterotrigona itama, and Tetrigona apicalis, 
which are commonly domesticated for 
honey production. 

Other than honey, stingless bee 
produces bee pollen that serves as a source 
of nutrients for both adult bees and larvae. 
It is known as a complete food since the 
food energy produced is relatively high, 
ranging from 396.4 to 411.1 kcal/100 g 
of pollen (Kocot et al., 2018). Bee pollen 
is also a popular health supplement for 
maintaining health and longevity. Studies 
have demonstrated that 70% of bee pollen 
compositions are biologically active and 
exhibit numerous benefits, including 
cardioprotection, hepatoprotection, 
antioxidation, anticarcinogen, antibacterial, 
antiosteoporosis, antiprostatitis, anti-

anemia, anti-aging, anti-inflammatory, and 
immunostimulant (Campos et al., 2010; 
Rzepecka-Stojko et al., 2015; Yang et al., 
2013).

In vitro antiproliferative activity of 
bee pollen extract can be determined based 
on the minimum effective concentrations 
(EC50) in cancer cells and the minimum 
inhibitory concentrations (IC50) in normal 
cells. EC50 and IC50, however, are often 
used interchangeably. The terms determine 
the tested compounds or drugs with the 
desired properties and qualities (Sebaugh, 
2011). EC50 is expressed as the effective 
concentration of a molecule where 50% of 
the bioactivity is observed and is commonly 
used to describe the stimulation of responses 
(MarÉchal, 2011). IC50, on the other hand, 
is defined as the inhibitor concentration 
that decreases the response to 50% of its 
maximum. That maximum response (or 
binding) is inhibited due to an inhibitor’s 
action that binds to a receptor (MarÉchal, 
2011). 

In drug development, the therapeutic 
index (TI) is expressed as the ratio of dosage 
with the maximum exposure that is not toxic 
(with fewer adverse effects) to the dosage 
that indicates the preferred pharmacological 
outcome (Muller & Milton, 2012). TI is 
a quantitative relationship between the 
drug’s safety (toxicology) and efficacy 
(pharmacology). In vitro safety assays, 
such as cytotoxicity tests, determine the 
IC50 (minimum toxic concentrations), and 
in vitro efficacy assays, such as growth 
inhibition of tumor cells, determine the EC50 
(minimum effective concentrations) (Muller 
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& Milton, 2012). IC50/EC50 is typically used 
to measure the effectiveness of a compound 
in biochemical or biological studies in cells.

TI  provides  a  semiquant i ta t ive 
evaluation of the concentrations used to 
attain the expected response with a tolerable 
level of adverse effects. It is expressed as 
the ratio of the IC50 of normal/non-tumor 
cells to the EC50 of tumor cells (Deepa et al., 
2012). TI with a high value indicates more 
safety and specificity in targeting cancer 
cells (Abughazaleh & Tracy, 2014; Muller 
& Milton, 2012). The United States Food 
and Drug Administration (FDA) describes 
drugs with a low TI as less than a 2-fold 
difference in the IC50 and EC50 (Abughazaleh 
& Tracy, 2014). However, there is no clear 
FDA guidance on the use of TI for clinical 
trials, believing that each drug is unique. 

In antiproliferative or cytotoxicity assay, 
in vitro cell cultures are frequently identified 
as alive or dead based on membrane integrity. 
Different assays can detect dead cells 
accumulation, including the measurement 
of cytoplasm’s component leakage into the 
culture medium  (by enzyme or fluorescent 
marker) or non-permeable dye penetration 
into cells with damaged membranes (trypan 
blue or fluorogenic DNA binding dyes) (Riss 
et al., 2019).

By using the trypan blue exclusion 
method, the toxicity of compounds and 
inhibition of tumor cells can be evaluated. 
This method observes cell membrane 
integrity and detects nonviable cells in 
non-dividing cell populations (Aslantürk, 
2018). The number of viable cells can be 
determined based on the fundamental that 

intact membranes of living cells exclude 
trypan blue dye, exhibiting a perfect 
cytoplasm. Meanwhile, a nonviable cell 
exhibits blue ruptured cytoplasm. 

Antiproliferative and cytotoxicity are 
terms that are being used interchangeably. 
The term cytotoxic refers to chemicals 
that cause cell toxicity, such as anticancer 
agents or chemotherapy treatments that aim 
to kill cancer cells and stop their growth 
(Kandaswami, 2014). On the other hand, 
the antiproliferative assay determines cell 
viability and cell proliferation, a measure 
of mammalian cell growth and survival 
(Kandaswami, 2014). Thus, the trypan 
blue exclusion method is better known 
as an antiproliferative viability assay that 
can estimate the rate of proliferation and 
the percentage of viable/nonviable cells 
(Strober, 2015).

This study evaluated the antiproliferative 
effect of three stingless bee pollen extracts, 
G. thoracica, H. itama, and T. apicalis, on 
two cell lines (MCF-7 and MCF-10A). In 
addition, the therapeutic index was analyzed 
to assess the relative antiproliferative 
activity of BPE on cancer versus normal 
cells. 

MATERIALS AND METHODS

Preparation of Bee Pollen Extract 
(BPE)

Malaysian stingless bee species were 
collected from Syamille Agrofarm, Kuala 
Kangsar, Perak, Malaysia, i.e., Geniotrigona 
thoracica (G. thoracica), Heterotrigona 
itama (H. itama), and Tetrigona apicalis 
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(T. apicalis). The pollen samples were 
collected from two different colonies for 
each species. They were extracted in ethanol 
(10% w/v), sonicated in an ultrasound bath 
at 41°C (90 min), centrifuged at 2,800 × 
g (5 min), filtered, and dried in a rotary 
evaporator (EYELA OSB-2100, Japan). 
The BPE was then freeze-dried for four 
days (Martin Christ Alpha freeze dryer, 
Germany) and kept at 4°C to be used later 
in the experiment.

Cell Lines  

Mammary epithelial human cell lines 
(MCF-10A) were maintained in a 75 cm3 
cell culture flask containing Dulbecco’s 
Modified Eagle Medium/Nutrient Mixture 
F-12 (DMEM/F-12) medium supplemented 
with serum from the horse (5% v/v), 
recombinant insulin from human (10 
μg/mL), recombinant epidermal growth 
factor from human (hEGF, 20 ng/mL), 
hydrocortisone (0.5 µg/mL) and penicillin-
streptomycin (1% v/v). 

Breast adenocarcinoma human cell 
lines (MCF-7) were grown in a 75 cm3 cell 
culture flask containing RPMI 1640 medium 
supplemented with serum from fetal bovine 
(10% v/v) and penicillin-streptomycin (1% 
v/v). All media and supplements were 
purchased from Sigma (USA) and Gibco 
(USA).

Cell lines were preserved in humidified 
air with 5% CO2 at 37°C and subcultured 
every two to three days. Trypsin was used 
to detach cells with 80% viability for trypan 
blue exclusion assay. MCF-10A and MCF-
7 ATCC cell lines were obtained from 

Advanced Medical and Dental Institute, 
Universiti Sains Malaysia (USM). 

Trypan Blue Exclusion Assay

Antiproliferative activity was evaluated 
using the trypan blue dye exclusion assay. 
MCF-10A and MCF-7 cells were seeded at 
5.0 × 104 cells/well in 24-well plates and 
allowed to adhere for 36 h to 48 h. After 
reaching 70% to 80% confluency, cells 
were treated for 24 h with different BPE 
concentrations ranging from 0.3 to 5.0 mg/
mL dissolved in the growth medium, while 
in control cells, no BPE treatment was 
applied. 

After 24 h treatment with BPE, 
phosphate-buffered saline (PBS) was used 
to wash the cells, followed by centrifuging 
the cells at 112 × g (5 min) and discarding 
the supernatant. PBS was used again to 
resuspend the cell pellet and mixed with 
trypan blue (0.4%, 10:10 μL) in a microplate 
well. Ten μL of the trypan blue/cell mixture 
was taken into a hemocytometer, and cells 
were observed under a microscope. The 
unstained (viable) and stained (nonviable) 
cells attached to the hemocytometer were 
calculated. The viable cells’ total number 
was multiplied by the trypan blue dilution 
factor (×2) to obtain viable cells per mL. The 
percentage of viable cells was estimated as 
(viable cells number per mL/total number of 
cells per mL) × 100 (Strober, 2019).

A dose-response curve of sample 
concentration versus cell viability was 
consequently plotted. Finally, the 50% 
inhibitory concentration in MCF-10A cells 
(IC50) and 50% effective concentration in 
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MCF-7 were calculated by interpolating 
the plotted graph using Microsoft Excel 
(version 16.37). All three experiments were 
done as independent experiments, each 
performed in duplicate. 

Therapeutic Index

The therapeutic index (TI) was estimated 
as follows: TI = (IC50 non-neoplastic cell) / 
(EC50 neoplastic cell) (Deepa et al., 2012). 
MCF-10A was non-neoplastic (normal) cells 
and MCF-7 was neoplastic (cancer) cells. 
A compound with a high therapeutic index 
is potent compared with a low therapeutic 
index compound.

Statistical Analysis 

All experiments were duplicated and 
presented as mean ± standard deviation 
(SD). The significant differences between 
experimental groups were assessed by 
Student’s t-test using IBM SPSS Statistics 
version 24.0. (IBM Corp., USA). Statistically 
significant data was presented with P values 
≤ 0.05.

RESULTS 

Antiproliferative Activity of T. apicalis 
BPE in MCF-7 and MCF-10A Cells

Different concentrations of T. apicalis BPE 
on the viability of MCF-7 and MCF-10A 
cells treated at 24 h were demonstrated in 
Figure 1. The effect of BPE from T. apicalis 
showed a dose-dependent increase in MCF-
7 cell inhibition. Both colonies of T. apicalis 
BPE inhibited MCF-7 cells at EC50 of 1.60 
+ 0.10 mg/mL (Figure 1a). Meanwhile, the 

IC50 of T. apicalis in MCF-10A cells was 
1.46 + 0.51 mg/mL (Figure 1b). 

When the EC50 and IC50 values were 
evaluated using Student’s t-test, no 
significant difference was seen with p-values 
of 0.161 and 0.567 for both colonies of T. 
apicalis (i) and (ii), respectively. In addition, 
the result showed no difference in EC50 value 
in MCF-7 cells compared with the IC50 value 
in MCF-10A cells. 

Antiproliferative Activity of H. itama 
BPE in MCF-7 and MCF-10A Cells

Extrapolation from Figure 2a showed that 
the EC50 for MCF-7 cells was 1.72 + 0.28 
mg/mL for H. itama. In MCF-10A cells, 
the IC50 was 1.91 + 0.72 mg/mL for H. 
itama as depicted in Figure 2b. Comparing 
IC50 of MCF-10A and EC50 of MCF-7 in 
two colonies of H. itama did not show any 
statistically significant difference [p = 0.212 
in H. itama (i) and p = 0.172 in H. itama 
(ii)].  

Antiproliferative Activity of G. 
thoracica BPE in MCF-7 and MCF-10A 
Cells

Geniotrigona thoracica BPE showed the 
MCF-7 EC50 mean value of 1.61 + 0.30 mg/
mL (Figure 3a). While in MCF-10A, the IC50 
was 4.93 + 0.81 mg/mL for colony i and the 
IC40 was 4.93 + 0.51 mg/mL for colony ii 
(Figure 3b).

The IC40 value was used in the second 
colony of G. thoracica because the IC50 
value was outside the data range (Figure 
3b). All variables were standardized in 
each experiment, where the maximum 
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Figure 3. Antiproliferation of G. thoracica BPE against MCF-7 and MCF-10A cells
Note. (a) Antiproliferation of G. thoracica BPE in MCF-7 cells, mean = 1.61 + 0.30 mg/mL; (b) 
Antiproliferation of G. thoracica BPE in MCF-10A cells at 24 h treatment, mean = 4.93 + 0.51 mg/mL. 
The results presented are means of three separate experiments + SD

(a)

(b)

concentration was 5.0 mg/mL. Both IC50 and 
IC40 values were applicable and consistent 
with treatment doses of less than 50% 
inhibition used in the clinical setting (Stordal 
et al., 2006). 

A significant difference was found in 
EC50 values in MCF-7 cells compared with 
the IC50/IC40 values in MCF-10A cells for 
both colonies of G. thoracica species. In 

colony i, the p-value was 0.018, while in 
colony ii, the p-value was 0.001. Only G. 
thoracica species indicated a significant 
result compared to the other two species.

Therapeutic Index (TI)

The therapeutic index is a ratio of 
concentration that inhibits 50% proliferation 
of normal cells (IC50) to the concentration 
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that inhibits 50% proliferation of tumor cells 
(EC50). The TI values of each colony of BPE 
species differed from each other. The order 
of TI values is as follows: G. thoracica > H. 
itama > T. apicalis.

The average of two colonies of each 
species was calculated, where G. thoracica 
showed the highest TI value of 3.12, 
followed by H. itama (1.16), and T. apicalis 
(0.90) (Figure 4).

DISCUSSION

Antiproliferative Assay

In this study, a trypan blue exclusion assay 
has been used to assess the antiproliferative 
activity of T. apicalis, H. itama, and G. 
thoracica BPE in MCF-7 and MCF-10A cell 
lines. The minimum effective concentrations 
(EC50) in MCF-7 cells and the minimum 
inhibitory concentrations (IC50) in MCF-10A 
cells were determined from the graph based 
on extrapolation from the antiproliferative 
curve after 24 h treatment. 

MCF-7, the breast adenocarcinoma 
human cell line, was developed in 1970, and 
since then, more than 25,000 publications 
have been reported (Lee et al., 2015). In 
addition, MCF-7 is a frequently studied cell 
line that serves as a valuable model system 
in hormone-receptor-positive breast cancer 
research (Lee et al., 2015).

Among the commonly used normal 
breast cells as an in vitro model is MCF-10A, 
the mammary epithelial human cell line 
that was isolated in 1984 (American Type 
Culture Collection [ATCC], n.d.). These 
cells originated from benign immortalized 
breast tissue proliferation, no estrogen 
receptors expression, and exhibited some 
features of normal breast epithelium (Qu 
et al., 2015).

Antiproliferative Activity of BPE 

In the present study, the antiproliferative 
activity revealed that three BPE species 
demonstrated the capacity to decrease 

Figure 4. Comparison of therapeutic index (TI) in different BPE species with respect to MCF-10A cells
Note. Bars illustrate the TI values of three BPE species
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the MCF-7 and MCF-10A cell viability 
in a dose-dependent manner. However, T. 
apicalis (EC50 = 1.60 mg/mL, IC50 = 1.46 
mg/mL, TI = 0.90) and H. itama (EC50 = 
1.72 mg/mL, IC50 = 1.91 mg/mL, TI = 1.16) 
showed a lower antiproliferative effect 
compared to G. thoracica (EC50 = 1.61 mg/
mL, IC50 = 4.93 mg/mL, TI = 3.12). 

The antiproliferative effect of G. 
thoracica (colonies i and ii) strongly 
increased by reaching a maximum of 92-
95% inhibition in MCF-7 and only 39-49% 
inhibition in MCF-10A cell lines. Among 
the three species, G. thoracica showed a 
significant result (p < 0.05) with the highest 
antiproliferative effect on MCF-7 and the 
least antiproliferative activity seen in MCF-
10A [p = 0.018 in G. thoracica (i), p = 0.001 
in G. thoracica (ii)]. According to FDA, the 
TI value of more than a 2-fold difference in 
the IC50 and EC50 gives the distinction that 
G. thoracica is better than T. apicalis and 
H. itama; thus, G. thoracica could act as a 
potent antiproliferative agent (Tamargo et 
al., 2015). 

Kustiawan et al. (2014) showed that 
the proliferation of five cancer cell lines 
was inhibited by four different species 
of stingless bee products, i.e., honey, 
bee pollen, and propolis (Kustiawan et 
al., 2014). The result showed BPE from 
n-hexane and ethyl acetate (EtOAc) extract 
from two species gave <50% relative viable 
cell number after 48 h treatment on two 
cancer cell lines. In their study, T. apicalis 
was the least cytotoxic species with a lower 

antiproliferative effect on cancer cells than 
other species. Our data showed a similar 
finding (EC50 of T. apicalis = 1.60 mg/mL, 
TI = 0.90).

BPE’s ability to inhibit the growth of 
cancer cells depends on the bee species 
and cell line in in vitro study, representing 
different bioactive compounds due to 
different pollen foraging activities displayed 
by each species. In addition, it was 
previously shown that BPE contained 
different antioxidant activity and phenolic/
flavonoid content (Harif Fadzilah et 
al., 2017), which could contribute to its 
bioactivity and antiproliferative effects on 
cell lines tested in this study.

CONCLUSION

Geniotrigona thoracica BPE showed a 
strong antiproliferative effect on MCF-7 
cells, and less antiproliferative activity was 
seen on MCF-10A cells. The calculated 
therapeutic index in this study showed 
that the specificity of G. thoracica BPE 
was more effective in killing MCF-7 
cells with less toxicity to MCF-10A cells 
compared with T. apicalis and H. itama. 
The therapeutic index of G. thoracica BPE 
was the highest, potentially developing as a 
chemotherapeutic agent. 
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