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INTRODUCTION

Among the products of apiculture origin, 
apitoxin has stood out for presenting important 
therapeutic properties and aroused interest from 

the pharmaceutical industry for the extraction of 
new bioactive principles to be used in medicine 
manufacturing (CHERNIACK, 2010; RATCLIFFE 
et al., 2011). Apitoxin is the poison produced by Apis 
mellifera through two glands located inside the worker 

1Departamento de Ciências Animais, Centro de Ciências Agrárias, Universidade Federal Rural do Semi-Árido (UFERSA), 59625-900, 
Mossoró, RN, Brasil. E-mail: tiagosteofilo@gmail.com. *Corresponding author.

ABSTRACT: The objective was to evaluate the in vitro antioxidant, genotoxic, antigenotoxic, and antineoplastic activities of apitoxin produced 
by the bee Apis mellifera. The antioxidant activity of the apitoxin solution was evaluated using the DPPH (2,2-diphenyl-1-picrilhydrazyl) 
method. Genotoxic potential of apitoxin was analyzed by comparing the mean DNA damage indices (idDNA) of L929 strain fibroblasts exposed 
to hydrogen peroxide (H2O2 - genotoxic substance), distilled water, or apitoxin. The antigenotoxic effect of apitoxin was analyzed by assessing 
the percentage decrease in H2O2-induced genotoxicity in L929 fibroblasts co-treated with three concentrations of the aqueous apitoxin solution 
and subjected to comet assay. In vitro antineoplastic activity in human tumor cell lines of prostate adenocarcinoma (PC3), hepatocellular 
carcinoma (HEPGE2), melanoma (MAD-MB435), and astrocytoma (SNB19), were verified by MTT [3- (4) bromide colorimetric method, 
5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium]. Apitoxin had no genotoxic effect on L929 cells at concentrations of 30, 10, and 5 µg/
mL after 24 hours of exposure. This effect was only evident at 50 µg/mL. Apitoxin promoted a significant reduction in DNA damage index 
(idDNA) at all concentrations tested. At 30 µg/mL, apitoxin attenuated the genotoxic effects induced by H2O2. Apitoxin also demonstrated in vitro 
antineoplastic potential, since the cytotoxic effect was observed at concentrations of 50 µg/mL and 25 µg/mL, with significant reduction in viability 
percentage of PC3 tumor cell lines, HEPGE2, MAD-MB435, and SNB19. The high antioxidant activity associated with the absence of genotoxic 
effect and the genoprotective and antineoplastic effect demonstrated by apitoxin here provide indications of apitoxin’s therapeutic potential.
Key words: Bee venom, Genoprotection, In vitro antitumor activity.

RESUMO: O objetivo deste estudo foi avaliar as atividades antioxidantes, genotóxicas, antigenotóxicas e antineoplásicas in vitro da 
apitoxina produzida pela abelha Apis mellifera. A atividade antioxidante da solução da apitoxina foi avaliada pelo método DPPH (2,2-difenil-
1-picrilhidrazil). O potencial genotóxico da apitoxina foi analisado através dos índices médios de dano ao DNA (idDNA) dos fibroblastos 
da linhagem L929 expostos à peróxido de hidrogênio (H2O2 - substância genotóxica), água destilada ou apitoxina. O efeito antigenotóxico 
da apitoxina foi analisado através da avaliação da diminuição percentual na genotoxicidade induzida por H2O2 nos fibroblastos L929 co-tratados 
com três concentrações da solução aquosa de apitoxina e submetidos ao ensaio cometa. A atividade antineoplásica in vitro em linhagens celulares 
tumorais humanas de adenocarcinoma da próstata (PC3), carcinoma hepatocelular (HEPGE2), melanoma (MAD-MB435) e astrocitoma (SNB19), 
foram verificadas pelo método colorimétrico do brometo de MTT [3- (4), 5-dimetiltiazol -2-il) -2,5-difeniltetrazólio]. A apitoxina não teve efeito 
genotóxico nas células L929 nas concentrações de 30, 10 e 5 µg / mL após 24 horas de exposição. Este efeito foi apenas evidente a 50 µg / mL.  A 
apitoxina promoveu uma redução significativa no índice de danos ao DNA (idDNA) em todas as concentrações testadas. A 30 µg / mL, a apitoxina 
atenuou os efeitos genotóxicos induzidos por H2O2. A apitoxina também demonstrou potencial antineoplásico in vitro, uma vez que o efeito citotóxico 
foi observado em concentrações de 50 µg / mL e 25 µg / mL, com redução significativa na porcentagem de viabilidade das linhagens celulares 
de PC3, HEPGE2, MAD-MB435 e SNB19. A alta atividade antioxidante associada à ausência de efeito genotóxico e o efeito genoprotetor e 
antineoplásico demonstrado pela apitoxina aqui fornecem indicações do potencial terapêutico da apitoxina.
Palavras-chave: Veneno de abelha, Genoproteção, Atividade antitumoral in vitro.
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bee’s abdomen. It protects the colony against a wide 
variety of predators ranging from other arthropods to 
vertebrates (SCIANI et al., 2010; ORŠOLIĆ, 2012; 
RATCLIFFE et al., 2011).

The composition of apitoxin consists 
of 88% water, and the remaining 12% contains 
several components (LEANDRO et al., 2015). This 
composition may vary depending on age, seasonality, 
and geographical regions. Among the components 
that stand out the most are melithin and phospholipase 
A2, which together represent about 75% of the dry 
weight (FERREIRA-JUNIOR et al., 2010; SCIANI 
et al., 2010).

Studies showed that bee venom has several 
therapeutic activities, including hemolytic, analgesic, 
anti-inflammatory, antibacterial, antifungal (ZHOU 
et al., 2010; ORŠOLIĆ, 2011; YANG et al., 2011), 
antinociceptive (KIM et al., 2003), hepatoprotective 
(PARK et al., 2010) antiviral, and antitumor effects 
(ZHOU et al., 2010; ORŠOLIĆ, 2012; RATCLIFFE 
et al., 2011; YANG et al., 2011). Apitoxin has 
also shown significant therapeutic potential in 
the treatment of neurodegenerative diseases like 
amyotrophic lateral sclerosis (ALS) (YANG et al., 
2011; LEE et al., 2012), Alzheimer’s (SUN et al., 
2004) and Parkinson’s disease (DOO et al., 2010; 
KIM et al., 2011a; KIM et al., 2011b; CHUNG et al., 
2012, YOON et al., 2013). Its use in the cosmetics 
industry has also been widely explored, mainly as an 
aid in delaying aging (HAN et al., 2012).

Greater knowledge of the biological activity 
of apitoxin extracted from beehives in Northeast 
Brazil may contribute to confirm its therapeutic value 
and improve its application for various purposes. 
Thus, the study aimed to evaluate the potential of 
apitoxin produced by bee Apis mellifera, specifically 
focusing on its antioxidant, genotoxic, antigenotoxic, 
and antineoplastic activity in vitro.

MATERIALS   AND   METHODS

Obtaining Apitoxin Samples
Apitoxin samples from Apis mellifera bees 

were collected in Maxaranguape city, State of Rio 
Grande do Norte, beginning in July 2017. Apitoxin 
was collected by electrical stimulation according to 
the methodology adapted from GRAMACHO et al., 
(1992). Glass collecting plates were placed above 
the hives and connected to a device that promotes 
electrical impulses of 45 V, with 1-second pulse 
interval and 14 mA ampere. 

After drying in a forced air oven at 40 °C 
for 48 hours, the poison was scraped from the glass 

and weighed on a precision analytical balance. 1g of 
the venom was collected and a 50mg/mL solution 
was prepared using distilled water as a diluent. 
The finished solution was stored in an amber glass 
container, wrapped in laminated paper, and frozen 
(-20 °C) until use.

The collection techniques used followed 
the determinations of Normative Instruction No. 3 
of January 19, 2001 of the Ministry of Agriculture, 
aiming at a sample with standard quality.

Evaluation of antioxidant activity
The in vitro photocolorimetric method of the 

free radical DPPH (2,2-diphenyl-1-picrylhydrazine) 
described by MENSOR et al. (2001) was used to 
evaluate the antioxidant activity. 1 mg/mL apitoxin 
solution was gradually diluted in methanol, resulting 
in different concentrations (1, 0.8, 0.6, 0.4, 0.2, and 
0.1 mg/mL). 1 ml of each concentration was placed in 
test tubes together with 1.5 mL of a 60 µmol/L DPPH 
methanolic solution. After 15 minutes the absorbance of 
the spectrophotometer was measured at a wavelength 
of 517 nm with only methanol as blank.

Ascorbic acid was used in this experiment 
as a positive control at the same concentrations as 
the test samples. The inhibition percentage for each 
concentration of apitoxin solution was obtained from 
the ratio of its absorption to the absorbance of a solution 
containing 1 mL methanol and 1.5 mL DPPH solution.

The ability to inhibit the DPPH radical 
(% antioxidant activity) was calculated using the 
equation:

 
The standard DPPH curve was constructed 

by plotting the mean value of the absorbance obtained 
by the solution concentrations. After obtaining 
the free radical percentage inhibition values, they 
were analyzed in Oringin 7.0 Software to obtain a 
graph showing values ​​by which the 50% inhibitory 
concentration of the DPPH radical (IC50) would 
be calculated, which is the sample concentration 
required to consume 50% of the DPPH.

Evaluation of the genotoxic and antigenotoxic 
potential of apitoxin 

The genotoxic effect of apitoxin solution 
on L929 fibroblasts (0.7x105 cells/mL) cultured 
in DMEM (Dulbecco modification of Minimum 
Essential Media; GIBCO®) supplemented with 10% 
fetal bovine serum and 1% antibiotics was evaluated 
and subjected to comet assay. The cells were exposed 
to hydrogen peroxide (H2O2; 150 µM for 2 h) to 
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induce genotoxicity (positive control) or sterile 
distilled water (negative control). Cell cultures were 
also co-treated with increasing concentrations of 
apitoxin (50, 30, 10, and 5 µg/mL) and H2O2 (150 
µM) solution samples for 2 h at 37 °C in a 5% CO2 
atmosphere (test group).

The cells were homogenized in 0.8% 
agarose and spread on prepared slides, which were 
immersed in lysis solution for 1 h before neutralizing. 
Subsequently, the slides were kept in electrophoresis 
buffer at 4 °C for 20 minutes, followed by running for 
20 minutes at 1.6 V/cm. The slides were stained in an 
ethidium bromide solution (20 µg/mL) and analyzed 
using a fluorescence microscope.

The degree of DNA damage was visually 
identified by analyzing the tail formed by the DNA 
fragments, and the tail size was proportional to the 
extent of damage caused (MEZZALIRA et al., 2014). 
One hundred comets per slide were analyzed and 
classified by visual analysis into five categories (0, 1, 
2, 3, and 4), which represent the percentage of DNA 
in the comet’s tail, indicating the degree of injury 
sustained by the cell (LOVELL et al., 1999).

The damage index (DI) was obtained using 
the following formula: DI = in

i
i ×∑

=

4

0
, where ni is the 

number of cells with damage level i (0, 1, 2, 3, or 4).
The protective effect of test samples on 

H2O2-induced genotoxicity (50 µM per 2 h exposure) 
was calculated according to WATERS et al. (1990) 
according to the formula: % Reduction = (AB / AC) 
x100, where A corresponds to the DI induced by H2O2, B 
corresponds to the DI induced by antineotoxic treatment 
(H2O2 + test sample), and C corresponds to the DI 
assigned to the negative control (distilled water).

In vitro antineoplastic activity evaluation
The in vitro antineoplastic potential of 

apitoxin was evaluated by the cytotoxic effect of 
apitoxin on four human tumor cell lines: prostate 
adenocarcinoma (PC3), hepatocellular carcinoma 
(HEPGE2), melanoma (MAD-MB435), astrocytoma 
(SNB19), and non-neoplastic healthy fibroblast line 
(L929), which were used to compare and evaluate 
the selective effect of apitoxin cytotoxicity between 
tumor and normal cells. The tumor lines were from 
the Rio de Janeiro Cell Bank (BCRJ) and supplied 
by Biotechcell®, a company incubated at the Federal 
University of Ceará (UFC).

Evaluation of cytotoxic activity was 
performed using the colorimetric MTT [3- 
(4,5-dimethylthiazol-2-yl) -2,5-diphenyltetrazolium 
bromide] method using the methodology described 
by MOSMAN in 1983. The cells were distributed 

in plates of 96 wells and exposed at different 
concentrations of the aqueous apitoxin solution: 50, 
25, 12.5, 6.25, 3.125, 1.5625, and 0.78125 µg/mL. 
The plates were incubated for 72 h at 5% CO2 at 
37 °C. Subsequently, 10 μL of the MTT reagent at 
5 mg/mL was added to all wells, and the plate was 
incubated again for 4 hours at 5% CO2 at 37 °C.

After this period, the absorbance of the 
resulting solutions was measured using a plate 
spectrophotometer at a wavelength of 595 nm. 
The assay was performed in triplicate using three 
independent experiments. Chemotherapeutic 
doxorubicin was used at a concentration of 5 µg/mL 
as a positive control, and the sample solvent (distilled 
water) as negative control was used. Results are 
expressed as percentage of mean ± standard deviation 
of cell viability relative to negative control (compared 
to 100% viability). Cell viability (percentage of cell 
survival) was estimated using the following equation: 

Cytotoxicity and tumor selectivity index 
From the viability data obtained for each 

concentration of the evaluated samples, the 50% 
cytotoxicity index (IC50) corresponding to the sample 
concentration capable of inducing 50% cytotoxicity 
was determined for each cell line tested. These 
were compared with the doxorubicin IC50.  The 
tumor selectivity index (STI) was determined by the 
ratio between the IC50 obtained for non-neoplastic 
fibroblasts (L929) and the human neoplastic strains 
prostate adenocarcinoma (PC3), hepatocellular 
carcinoma (HEPGE2), astrocytoma (SNB19) and 
melanoma (MAD-MB435), according to HORII et 
al. (2012).

Statistical analysis 
The mean absorbance data obtained from 

the test, positive control, and negative control samples 
were compared using ANOVA analysis of variance 
followed by Tukey post-test using the Prisma version 
5.0 program (GraphPad Software) with a significance 
level of P<0.05.

RESULTS   AND   DISCUSSION

Antioxidant activity
The graph obtained by the inhibition 

percentages (% DPPH consumed) in the different 
concentrations of apitoxin showed a linear pattern. 
Higher solution concentrations corresponded to higher 
DPPH consumption and lower the absorbances. The 
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highest percentages of DPPH inhibition were obtained 
at concentrations of 1 mg/mL and 0.8 mg/mL, which 
were respectively 74.92% and 60.85% (Figure 1). 

The sequestering capacity of the DPPH 
radical can be represented by the IC50 values ​​(%), 
which is an indicative parameter of the inhibitory 
concentration required to decrease the free radical 
DPPH (IC50) by 50% (NASCIMENTO et al., 
2015). In general, lower IC50 values (%) correspond 
to higher the sequestering capacity of the radical 
and higher antioxidant activity (CAMPOS et al., 
2012). Results showed that the inhibitory capacity 
of apitoxin solution (IC50) was 0.648 mg/mL. We 
concluded that apitoxin had good antioxidant activity 
compared to standard ascorbic acid antioxidant (IC50 
= 0.255 mg/mL), a reference substance frequently 
used in antioxidant activity analyzes due to its ability 
to rapidly reduce DPPH. Similar values (IC50 = 0.225 
µg/mL) were reported by SOBRAL et al. (2016) in 
samples of the poison produced by Apis mellifera 
iberiensis from Northeast Portugal. 

Genotoxic and antigenotoxic activity
Exposure to so-called genotoxic agents, 

which interact with DNA and produce changes in 
its structure or function, can interfere with essential 
cell processes like replication and transcription. As 
a consequence, they lead to cell death and induce 
cancer-causing mutations (HOEIJMAKERS, 2009). 
In this context, genetic toxicology is an area that has 

been dedicated to the identification and study of the 
mechanisms of action of agents that produce toxic 
effects to genetic material (AQUINO, 2010).

Therefore, genotoxicity studies help to 
evaluate the safety and effectiveness of natural 
products (BAST, 2002). Thus, the search for agents 
that can reduce the frequency of DNA changes has 
been promising, and it has important implications 
for therapeutic practices due to the possibility 
of reducing the mutation rate and decreasing the 
incidence of diseases linked to genetic material 
changes (MARTINI et al., 2012).

Here, we used the comet assay to 
determine the genotoxic effects of apitoxin compared 
to the genotoxic substance H2O2, which promotes 
oxidative DNA damage. Also, L929 fibroblasts were 
exposed to H2O2 and co-treated with three different 
concentrations of the aqueous apitoxin solution after 
24 h of incubation, to evaluate the antigenotoxic 
effect of apitoxin.

Results showed that apitoxin had no 
genotoxic effect on murine fibroblasts (L929) at 
the 30, 10, and 5 µg/mL concentrations tested. This 
effect was only shown at 50 µg/mL after 24 h of 
exposure. No significant differences were observed 
in mean DNA damage index (idDNA) values ​​of L929 
cells treated with aqueous apitoxin solution (test 
group) at concentrations of 30, 10, and 5 µg/mL and 
sterile distilled water (negative control). Meanwhile, 
apitoxin promoted significant reduction of idDNA 

Figure 1 - Antioxidant activity (%)  as a   function  of  the  concentration  of  the  apitoxin  solution, 
analyzed by the DPPH method. 

https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/antioxidant
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/activity
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/as
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/a
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/function
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/of
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/the
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/concentration
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/of
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/the
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/solution
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/the
https://dictionary.cambridge.org/pt/dicionario/ingles-portugues/method
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at the mentioned concentrations compared to the 
positive control, which included cells treated with the 
genotoxic substance H2O2 (Table 1).

In addition, apitoxin at a concentration of 
30 µg/mL moderately attenuated the H2O2-induced 
genotoxic effects. The percentage reduction in 
genotoxicity was 51.2 ± 10.6 at this concentration, 
demonstrating a satisfactory protective effect against 
cellular DNA damage and antigenotoxic potential 
(Table 2). The percentage reduction in genotoxicity 
indicated that apitoxin reduces genetic damage caused 
by free radicals. This effect seems to be mediated by 
the antioxidant activity of apitoxin, as shown here, 
where apitoxin had good antioxidant activity (AI50 
= 0.648 mg/mL). Thus, apitoxin probably interacted 
with H2O2, blocking its deleterious effect on DNA, 
exerting genoprotective activity, and protecting DNA.

The finding that apitoxin may act as an 
antioxidant is very interesting, since the literature shows 
that deleterious effects on DNA and other endogenous 
molecules are common in diseases like cancer, diabetes, 
arthritis, cardiovascular disease, brain dysfunction, 
aging, and others (OLIVEIRA et al., 2011).

Antineoplastic activity
We evaluated the in vitro cytotoxic effect 

of apitoxin on human tumor cell viability of prostate 
adenocarcinoma (PC3), hepatocellular carcinoma 
(HEPGE2), astrocytoma (SNB19), and melanoma 
(MAD-MB435) to determine the antineoplastic 
activity of apitoxin.

Apitoxin was reported to be cytotoxic for 
all neoplastic strains, demonstrating that the ability 
to decrease viability was concentration dependent. 
Low percentages of cell viability were observed in 
all tested neoplastic cell lines at concentrations of 50 
µg/mL and 25 µg/mL. When comparing the viability 
percentages in the different concentrations tested, it 
was observed that there was a significant reduction in 
cell viability percentages at concentrations of 50 µg/

mL and 25 µg/mL compared to the values ​​obtained in 
the other concentrations in all tested strains. Also, it 
was found that apitoxin exerted moderate cytotoxic 
activity at the 12.5 µg/mL concentration in all strains 
tested. In this concentration, the viability percentage 
differed significantly compared to the other 
concentrations. In all cell lines tested, it was observed 
that from the concentration of 6.25 µg/mL apitoxin 
did not present cytotoxic activity. High cell viability 
values ​​and the absence of significant differences in the 
percentage viability values ​​between the two cells were 
observed at the concentrations of 6.25 µg/mL, 3,125 
µg/mL, 1.5625 µg/mL and 0.78125 µg/mL (Table 3).

The MTT assay is a test that analyzes 
cell viability or proliferation via cell damage as 
the succinate dehydrogenase enzyme present 
in living cell mitochondria reduces the MTT 
salt [3- (4,5-dimethylthiazol-bromide) 2-yl) 
-2,5-diphenyltetrazolium]}, which is yellow in color, 
to a product called formazana, which is blue or violet 
in color. Thus, the amount of formazan measured 
by spectrophotometry is directly proportional to the 
number of viable cells (PORTO et al. 2011).

By analyzing the cytotoxic activity of 
apitoxin it was reported that in concentrations of 
50 µg/mL and 25 µg/mL there was a significant 
increase in cell viability in on non-neoplastic normal 
cells (L929) compared to the cell viability in human 
tumor cells of prostate adenocarcinoma (PC3), 
hepatocellular carcinoma (HEPGE2), astrocytoma 
(SNB19), and melanoma (MAD-MB435) strains. 

Aptxin showed a selective effect for 
strains PC3, SNB19 and MAD-MB435. According to 
HORII et al. (2012), the selectivity index equal to 1 
means that there is no selectivity between the strains 
studied, less than 1, means that the treatment is more 
selective for the fibroblast lineage (L929) than for the 
neoplastic strains and greater than 1 , means that there 
is selectivity for the tumor line studied. This result 
is quite expressive since doxorubicin (chemotherapy 

 

Table 1 - Mean ± standard deviation of DNA damage indices (idDNA), analyzed by comet assay for evaluation of the genotoxic effect 
of apitoxin after exposure of L929 fibroblasts for 24 h in three concentrations of the aqueous apitoxin solution to peroxide, 
hydrogen peroxide (H2O2), or sterile distilled water. 

 

Parameter ---------------------Concentration of apitoxin aqueous solution (µg/mL )---------------------- Control+ Control - 

 5 10 30 50   
IdDNA 8.15 ±2.36c 8.66 ±2.50c 12.33 ±2.87c 29.11 ±3.88b 176.33±21.00a 7.88±2.66c 
 

a, b, c Means followed by different lower case letters on the line means statistical difference (P <0.05). Means on the same line followed by 
equal letters are statistically equal. IdDNA: DNA damage index; positive control (+): hydrogen peroxide (H2O2); negative control (-): 
Distilled water. 
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used as a control) induced greater cytotoxicity in non-
neoplastic cells (Table 4).

Our study demonstrated more satisfactory 
results than previous studies, where growth of 
hepatocellular carcinoma neoplastic cells was inhibited 
by bee venom with IC50 greater than 10 μg/ml (WANG 
et al., 2009). Moreover, it corroborated the study 
developed by PARK et al. (2011), who demonstrated 
that bee venom and melittin inhibited prostate cancer 
cell growth at similar or higher doses (1–15 μg/ml).

Despite the studies carried out and the 
investments made in research in the areas of chemistry 
and pharmacology of antineoplastic chemotherapy 
drugs, conventional chemotherapy drugs currently 
used in cancer treatment are highly toxic because they 
are poorly selective (CHEN et al., 2013). In this context, 
the main objective of chemotherapy studies is the search 
for new selective drugs capable of destroying only 
tumor cells and preserving normal cells (ANAZETTI 
et al., 2003). Thus, apitoxin’s selective effect is an 
extremely important finding for possible use as a 
natural agent with antineoplastic activity.

Determining the IC50 value is an 
important step in cytotoxicity studies. As described, 
the cells were subjected to varying concentrations 
of the aqueous apitoxin solution to determine the 
concentration that caused significant death in 50% 
of the total cells tested. When analyzing the IC50 
values ​​reported here, values ​​ranging from 3.97 µg/
mL to 9.85 µg/mL were found for HEPG2 to MAD-
MB435 strains, respectively. The IC50 value was 
9.45 µg/mL for non-neoplastic L929 cells (Table 4). 
Doxorubicin, used as a reference chemotherapy, also 
had IC50 values ​​ranging from 0.10 µg/mL to 0.48 
µg/mL for PC3 to SNB19 strains, respectively. In 
analyzing these results, we considered IC50 values ​​as 
satisfactory for all neoplastic strains tested.

The low IC50 values ​​obtained can be 
translated as a higher sensitivity of these cells to 
apitoxin. Importantly, as an antitumor activity 
parameter, the United States National Cancer 
Institute (NCI)  anticancer drug screening program 
considers compounds with antineoplastic activity as 
compounds with IC50 <30 µg/mL (ITHARAT et al., 

 

Table 2 - Mean ± standard deviation of the percentage reduction of genotoxicity induced by H2O2 in L929 fibroblasts co-treated with 
three concentrations of the aqueous apitoxin solution analyzed by the comet assay. 

 

Parameter ------------------------------Concentration of apitoxin aqueous solution (µg/mL)------------------------------ 

 5 10 30 
% genotoxicity reduction 7.29 ± 6.67 18.47 ± 2.64 51.20 ± 10.60 

 
 

 

Table 3 - Cytotoxic effect of apitoxin produced by Apis mellifera bee in semiarid Rio Grande do Norte analyzed using the MTT 
technique on human tumor strains prostate adenocarcinoma (PC3), hepatocellular carcinoma (HEPGE2), astrocytoma 
(SNB19), melanoma (MAD-MB435), and non-neoplastic fibroblast cells (L929). Cells were treated with different 
concentrations of apitoxin solution for 72 hours. Results are expressed as mean percentage ± standard deviation of cell 
viability. 

 

Concentration  (µg/ml) ------------------------------------------------------------Cell lines------------------------------------------------------------ 

 PC3 HEPG2 SNB19 MAD-MB435 L929 
50 0.40 ± 0.28Db 0.41 ± 0.17Db 0.44 ± 0.25Cb 0.41 ± 0.25Cb 53.23 ± 1.98Ca 
25 4.18 ± 1.59Cc 8.47 ± 6.11Cd 0.54 ± 0.31Ce 2.64 ± 0.31Cc 56.25 ± 4.48 CBa 
12.5 45.6 ± 5.55Ba 39.14 ± 3.8Ba 39.35 ± 7.6Ba 39.35 ± 7.60Ba 87.00 ± 5.41Ba 
6.25 78.07 ± 2.95Ab 72.77 ± 3.9Ab 78.48 ± 3.18Aa 72.28 ± 3.18Aa 94.94 ± 4.21Aa 
3.125 76.52 ± 1.08Ac 74.52 ± 8.15Aa 79.63 ± 2.48Ab 75.22 ± 2.48Ab 95.52 ± 3.11Aa 
1.5625 88.99 ± 4.96Ab 78.09 ± 5.89Aa 76.24 ± 2.94Ac 79.32 ± 2.94Ac 90.56 ± 4.17Aa 
0.78125 87.65 ± 6.49Aa 82.76 ± 11.57Aa 75.72 ± 7.15Aa 81.55 ± 7.15Aa 94.23 ± 2.60Aa 

 
A, B, C Averages followed by different upper case letters in the column and a, b, c different lower case letters in the row mean statistical 
difference (P<0.05 - Tukey). 
 



Antioxidant, genotoxic, antigenotoxic, and antineoplastic activities of apitoxin produced by Apis mellifera in Northeast, Brazil.

Ciência Rural, v.51, n.4, 2021.

7

2004). Also, according to the Institute, compounds 
with such IC50 values ​​should undergo more detailed 
cytotoxicity analyses. It is also worth noting that there 
was a significant reduction between the IC50 values ​​
of the SNB19 and MAD-MB435 strains compared to 
the IC50 values ​​obtained for L929 cells. These results 
confirmed that apitoxin shows selectivity over normal 
and neoplastic cell lines.

Other studies also showed satisfactory 
results regarding the antitumor potential of apitoxin. 
LIU et al. (2002) demonstrated that in vivo bee venom 
inhibited the proliferation of B16 melanoma cells and 
promoted the death of neoplastic cells by inducing 
apoptosis and DNA fragmentation. These factors are 
considered by the authors as possible mechanisms 
through which bee venom inhibits tumor growth. 
ORŠOLIĆ (2012) suggested that the fundamental 
mechanism of the cytotoxic effect of bee venom 
occurs through the activation of phospholipase A2 by 
melitin. MIRAN et al. (2012) reported that bee venom 
and its main component, melitin, inhibited human 
ovarian cancer epithelial cell growth (SKOV3 and 
PA-1) by inducing apoptosis in a dose concentration-
dependent manner with an IC50 value of 1.5 and 3.8 
μg/ml in SKOV3 cells and 1.2 and 2.6 μg/ml in PA-1 
cells, respectively.

CONCLUSION

The apitoxin produced by Apis mellifera 
bee in Northeast of Brazil showed good antioxidant 
activity. The comet assay indicated that apitoxin 
had no genotoxic effect except at 50 µg/mL, and 
it promoted the antigenotoxic effect by reducing 
oxidative damage in L929 cells. Apitoxin also 

demonstrated in vitro antineoplastic potential, since 
the cytotoxic effect was observed with significant 
reduction of viability percentages of human prostate 
adenocarcinoma (PC3) tumor cell lines, hepatocellular 
carcinoma (HEPGE2), melanoma (MAD-MB435), 
and astrocytoma (SNB19) at concentrations of 50 
µg/mL and 25 µg/mL. In addition, apitoxin showed 
an antineoplastic selective action for PC3, MAD-
MB435 and SNB19.
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