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RESUMEN

El veneno de abeja o apitoxina es un producto natural utilizado
tradicionalmente para tratar diversas enfermedades. Consiste en una mezcla
compleja de sustancias bioactivas con actividades antimicrobianas, antivirales,
citotoxicas y antiproliferativas. En el presente estudio se evaluaron las
actividades citotoxica y antiproliferativa de la apitoxina obtenida de la especie
Apis mellifera contra lineas celulares de carcinoma cervical. La citotoxicidad se
evalué mediante el método del MTT. Las células tumorales (SiHa, Hela) y no
tumorales (Vero CCL81, Vero E6) se trataron con diferentes concentraciones de
la apitoxina (100; 80; 50; 30; 20; 10; 5; 2,5 y 1 ug/mL) durante 48 hy 72 h. La
concentracion citotéxica media (CCsp) se determind mediante analisis de
regresion. Se realizd un ensayo clonogénico para evaluar el efecto de la
apitoxina en la formaciéon de colonias celulares durante 72 h. Se contaron los
clones celulares y se determind la eficiencia clonogénica (EC). Se observaron
efectos citotdxicos (lisis celular, desprendimiento de la monocapa) a
concentraciones superiores a 20 pug/mL y toxicidad selectiva contra las células
SiHa pero no contra las células Hela cuando se trataron monocapas
completamente confluentes durante 48 h. Se observd selectividad contra las
células Hela cuando se trataron monocapas de células semiconfluentes
durante 72 h. La proliferacién se inhibié a partir de una concentracion de 10
pug/mL. El veneno de abeja muestra efectos citotdxicos y antiproliferativos
contra las células tumorales cervicales, sin embargo, es necesario realizar mas
estudios para mejorar su selectividad e incorporarlo como candidato
terapéutico alternativo o complementario contra el cancer.

Palabras clave: veneno de abeja; apitoxina; tumoral; citotoxicidad;

antiproliferativo; clonogénico.
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VALCARCEL SORIANO ET AL.
ABSTRACT

Bee venom or apitoxin is a natural product traditionally used to treat several diseases and pathologies. It is a
complex mixture of bioactive substances with antimicrobial, antiviral, cytotoxic and antiproliferative activities. In
the present study the cytotoxic and antiproliferative activities of the apitoxin obtained from species Apis mellifera
were evaluated against cervical carcinoma cell lines. Cytotoxicity was evaluated by MTT cell viability assay.
Tumoral (SiHa, Hela) and non-tumoral (Vero CCL81, Vero E6) cells were treated with different concentrations of
the apitoxin (100; 80; 50; 30; 20; 10; 5; 2.5 and 1 ug/mlL) during 48 h and 72 h. The media cytotoxic
concentration (CCsy) was determined by regression analysis. A clonogenic assay was performed in order to
evaluate the effect of apitoxin on cell colony formation. After allowing adhesion to plate substrate, cells were
treated with different concentrations of apitoxin during 72 h. Cell clones were counted and clonogenic efficiency
(CE) was determined. Cytotoxic effects (cell lysis, monolayer detachment) were observed at concentrations above
20 ug/mlL. Apitoxin showed selective toxicity against SiHa cells but not against Hela cells when completely
confluent monolayer were treated during 48 h. Selectivity against HelLa cells was observed when semi-confluent
cell monolayers were treated after during 72 h. Proliferation of both tumoral cells was inhibited from 10 ug/mL
concentration. Bee venom shows cytotoxic and antiproliferative effects against cervical tumoral cells, however,
more studies need to be carried out to improve its selectivity and to incorporate it as an alternative or

complementary therapeutic candidate against cancer.

Keywords: bee venom; apitoxin; tumoral; cytotoxicity; antiproliferative; clonogenic .

INTRODUCTION

Every year around 20 million people are diagnosed
with cancer worldwide and 10 million die from the
disease (Chhikara and Parang, 2023). Cervical cancer is
one of the most prevalent cancers among women and
in 2020 a total of 604 127 cases was diagnosed for an
incidence of 6.5% of all cancer cases affecting women
worldwide (Sung et al., 2021). The annual number of
global new cases of this type of cancer is predicted to
increase by 2030 from 570,000 to 700,000 while the
number of deaths from 311 000 to 400 000 (Uddin et
al., 2023). At present, chemotherapy remains the main
option in combination with surgical treatment in cases
where the latter is possible. However, resistance to
chemotherapeutic drugs (Bukowski et al., 2020),
serious side effects or the impossibility of
administering them due to the deterioration of the
health of affected patients, are recurrent challenges
(Drury. et al., 2022; Sliwa-Tytko et al.,2022).

In the last decades researches have focused on the
search and development of new antitumoral drugs
from natural sources such as plants, animals and
microorganisms (Ajayi et al., 2023; Barzkar et al., 2024;
Librizzi et al., 2024). Toxins from animal venoms have
gained attention among the studied natural
substances as a source of biologically active

compounds with multiple therapeutic potentials
(Pascoal et al., 2019; Fischer and Riedl|, 2022). Such is
the case of bee venom or apitoxin, whose cytotoxic,
antiproliferative and antitumor effects has been
reported in numerous studies (Lim et al., 2019; Hwang
etal., 2022; Rocha et al., 2022).

In Cuba, cancer is the second leading cause of death,
and in 2022, 711 women were diagnosed with cervical
cancer. Traditional treatments imply surgery and
chemotherapy with the subsequent occurrence of side
-effects and diminution of life quality. Novel specific
medications are needed against these tumours
(Sanchez Ed. 2023) as well as appropriate drug delivery
systems. Considering animal toxins potentiality in this
field, the present work aims to evaluate the in vitro
cytotoxic and antiproliferative activity of Apis mellifera
venom against cervical carcinoma SiHa and Hela cells.

MATERIALS AND METHODS
Bee venom (apitoxin)

The bee venom or apitoxin was kindly provided by
the Cuban Beekeeping Company (APICUBA, Havana,
Cuba). The material consisted in a lyophilized form of
the bee venom obtained from Cuban bee specie Apis
mellifera.

REVISTA CUBANA DE CIENCIAS BIOLOGICAS
RNPS: 2362 « ISSN: 2307-695X « VOL. 12 + N°1 « ENERO — JUNIO « 2024 + pp. 1 —11



CYTOTOXIC AND ANTIPROLIFERATIVE ACTIVITY OF APITOXIN AGAINST CERVICAL TUMORAL CELLS 3

Cell lines

Tumoral cells (SiHa, ATCC® HTB-35 TM and Hela,
ATCC® CCL-2 TM) and non-tumoral cells (Vero ATCC®
CCL-81™ and Vero E6, ATCC® CCL- 81™) used in the
present study belong to the Cell Culture Laboratory of
the Institute of Tropical Medicine “Pedro Kouri”. They
were originally acquired from the American Type
Culture Collection (ATCC, USA). Cells were grown in
Minimum Essential Medium (MEM) supplemented
with 10 % of Inactivated Fetal Bovine Serum (IFBS), 1 %
solution of non-essential amino acids and 2 mM of
glutamine (GibcoTM). Cells were incubated in
humidified atmosphere at 37°C and 5 % of CO,.

Cytotoxicity assays by MTT method

Cytotoxicity of apitoxin was evaluated by the MTT
(SIGMAZ®) cell viability method (Mosmann, 1983). For
this purpose, a stock solution of the lyophilized
apitoxin was prepared with non-supplemented cell
culture medium at a final concentration of 100 pg/mL.
Cells were seeded in 96-well plates at a concentration
of 2.5.10" cells/mL and incubated at 37°C, 5% of CO,.
Two independent assays were carried out, the first
one with completely confluent cell monolayers and a
second one with 50-60% confluent cell monolayers,
the latter in order to additionally evaluate the effect of
the apitoxin on cell multiplication.

Growth medium was removed and 100 pL of apitoxin
were added at different concentrations (100; 80; 50;
30; 20; 10; 5; 2.5 and 1 pg/mL). For cell controls 100 pL
of non-supplemented culture medium were added.
Apitoxin semiconfluent treated cells were incubated
during 72 h while apitoxin totally confluent treated
cells were incubated during 48 h, both at 37°C, 5% of
CO,. Subsequently effect of apitoxin on cell viability
was measured. For this, 10 uL of a MTT solution (5 mg/
mL) was added to cells and plates were incubated at
379C, 5% of CO, protected from light for 4 hours.
Subsequently, media was removed and formazan salts
were dissolved with 100 pL of isopropanol. Finally, the
absorbance was read at 520 nm with a reference filter
at 630 nm, in an multiwell plate reader
spectrophotometer (Dynex Technologies®, Unite
State) with the Dynex Revelation 4.02 integrated
program.
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The percentage of cell viability associated with each
concentration of the apitoxin was calculated as
follows: ODs CC(t)/ DOsg CC(C) +100.

ODsq CC(t): Mean absorbance value of treated cell
cultures.

ODsg CC(c): Mean absorbance value of cell controls
considered as 100 % cell viability.

Calculation of the Selective Index

To determine the presence or absence of specific
toxicity of the apitoxin on tumoral cell lines, the
Selective Index (SI) was calculated using the following
formula:

SI— CC50 non tumoral cells
~ CC50 tumoral cells

An Sl value greater than 1 indicates that the product
is more cytotoxic to tumoral cells than to non-tumoral
cells while less than 1 means the cytotoxic effect on
non-tumoral cells exceeds the effect on tumoral cells
(Churampi, 2016).

Antiproliferative activity by clonogenic assay

The clonogenic assay was performed to evaluate the
antiproliferative activity of apitoxin. For this 3.10°
cells/mL were seeded in 24-well plates with 10 % IFBS
supplemented medium and incubated at 37°C, 5 % of
CO, for four hours to allow cell adhesion to plate
substrate. After this time 1 mL of apitoxin (50, 30, 20,
10 and 5 pg/mL) was added while 1 mL of media was
added to cell controls. Then plates were incubated for
72 hours at 37°C and 5 % CO, (Piloto-Ferrer, 2017).
Later, cells were fixed and stained with a 1 % solution
of violet crystal in 4 % paraformaldehyde for 30
minutes. The plates were washed under running water
and allowed to dry. Cell clones were counted using a
Miotic® inverted microscope. Only clones with more
than fifty cells were considered according to Piloto-
Ferrer, 2017. Clonogenic Efficiency (CE) for each cell
line was determined by the percentage of cells that
formed colonies with respect to the cells control.

REVISTA CUBANA DE CIENCIAS BIOLOGICAS
RNPS: 2362 « ISSN: 2307-695X « VOL. 12 + N°1 « ENERO — JUNIO « 2024 + pp. 1 —11



CYTOTOXIC AND ANTIPROLIFERATIVE ACTIVITY OF APITOXIN AGAINST CERVICAL TUMORAL CELLS 4

No. of cell colonies of the treatments
= 100

No. of cell colonies of controls

Statistical analysis

The cytotoxicity of the apitoxin was expressed as the
mean of the cytotoxic concentrations (CCso) with the
corresponding standard deviations. This value was
determined by linear regression analysis using
Microsoft Office Excel 2013 program and considering a
regression coefficient value (R?) greater than 0.85. In
order to compare the results obtained for the different
cell lines, the Kruskal-Wallis nonparametric test was
performed, with a significance level of p<0.05. The
statistical program used was Statistica version 8.
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RESULTS AND DISCUSSION

Cytotoxicity of apitoxin in tumoral and non-
tumoral cell lines

The cytotoxicity assay showed a dose-dependent
effect, since the higher the concentration of the
apitoxin, the lower the percentage of viable cells and
conversely for the lower concentrations (Fig.1).

When treated with concentrations of apitoxin higher
than 20 pg/mL, Vero and Vero E6 cells, in contrast to
non-treated cells, showed cell monolayer detachment,
loss of the characteristic epithelial morphology and
lysis (Fig. 2). The media cytotoxic concentrations
values were 22.00 + 0.26 pg/mL and 22.22 + 1.95 ug/
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Figure 1. Effect of apitoxin on viability of non-tumoral Vero (A) and Vero E6 (B) cells and tumoral SiHa (C) and
Hela (D) cells by MTT method. Orange curves: completely confluent cell monolayers treated during 48 h, blue
curves: semi-confluent cell monolayers treated during 72 h. Data are the mean + standard deviation (n = 3).
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mL respectively. Cell damage caused by the apitoxin in
SiHa and Hela cells consisted in a remarkable cell
retraction and lysis at concentrations above 30 pug/mL
with CCspvalues of 30.65 + 1.73 pug/mL and 17.72 *
1.56 ug/mL respectively (Fig. 2). For tumoral cells, a
longer time of apitoxin-exposition (72 h) of semi-
confluent cell monolayers, showed lower media
cytotoxic concentrations values (SiHa: 12.52 + 1.56
and Hela: 17.25 £ 1.53) and therefore higher toxicity.

The selective index (SI) values were determined
between tumoral and non-tumoral cells treated with
apitoxin during 48 and 72 hours respectively in the
next combinations: Vero/SiHa, Vero/Hela, Vero E6/
SiHa and Vero E6/Hela (Table ). After 48 h of
treatment, apitoxin showed selective activity against
SiHa tumoral cells respect to the non-tumoral cells
due to Sl values greater than 1 while not selectivity
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was observed for Hela cells. After 72 h of treatment,
besides the toxicity effects already described, apitoxin
inhibited cell multiplication in both tumoral cell lines
and showed selectivity for Hela cells compare to non-
tumoral cells. Significant statistical differences were
found in CCsq values among tumoral and non-tumoral
cell lines when treated during 48 h and 72 h, while no
differences were found for Vero E6 and SiHa at 72 h.

As shown in figure 3, when semi-confluent cells
monolayers were treated with different
concentrations of apitoxin, cell multiplication was
affected compared to untreated cells, which showed a
complete confluence after 72 h of treatment,
treatments with apitoxin caused a decrease in cell
viability and multiplication. For concentrations above
20 pg/mL, changes in morphology and cell death were
observed while cells treated with the 5 ug/mL survived

Figure 2. Effect of apitoxin on morphology and viability of HelLa (1), SiHA (2) and Vero (3) cells. A. Non-
treated cells. B. Cells treated with 100 pug/mL of apitoxin. C. Cells treated with 30 ug/mL of apitoxin. D.
Cells treated with 2.5 pug/mL of apitoxin. Magnification 40X.
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Table I. Selective Index (SI) values determined
between tumoral and non-tumoral cells treated
with apitoxin during 48 and 72 hours on complete
and semi-confluent cell monolayers respectively.

Selective Index (48h / 72h)

Cells SiHa Hela
Vero 1.24/1.77 0.71/1.28
Vero E6 1.25/1.70 0.72/1.23

and multiplied similarly to untreated cells (Fig. 3).
Cytotoxicity of apitoxin at concentrations above 20 pg/
mL was confirmed by the absence of formazan salts
formation as an indicator of mitochondrial activity in
viable cells.

Clonogenic assay

In the present study, a decrease in the number of
tumoral and non-tumoral colonies cells was observed
after 72 hours of treatment with apitoxin compared

Al
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to the untreated cells. Colonies formation was
inhibited at 20 ug/mL while at higher concentrations
cells were no viable.

Vero E6 cells showed a similar number of cell clones
compared to untreated cells, when treated with 5 ug/
mL of apitoxin, while treatment with 10 pg/mL
inhibited 38.24% of colony formation in relation to
non-treated cells. Vero cells colonies formation was
not inhibited at both apitoxin concentrations. In the
case of tumoral cells, treatment with 10 pg/mL
apitoxin inhibited Hela and SiHa proliferation by 39.76
% and 36 %, respectively (Fig. 4). Statistical differences
in the number of cellular colonies were found at this
concentration between non-tumoral Vero cells and
tumoral SiHa and Hela cells respectively, as well as for
combinations Vero-Vero E6 and SiHa-Hela. At 20 pg/
mL, independent stained cells and small clusters of
less than 50 cells were observed, indicating loss of the
ability to proliferate.

A2 B2

c2 D2

Figure 3. Effect of apitoxin on multiplication of semi-confluent monolayers of Hela (1) and SiHa (2) cells after
72 hours of treatment. A. Semi-confluent cells monolayer before treatment. B. Non-treated cells monolayer
completely confluent after 72 hours. C. Cells monolayer treated with 10 pg/mL (HelLa) and 20 pg/mL (SiHa).
D. Cell monolayer treated with 50 ug/mL. Magnification 40X.
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Figure 4. Effect of apitoxin on Vero, Vero E6, Hela and SiHa cellular proliferation when treated with non-
cytotoxic concentrations. Data is presented as the percent of colonies of treated cells related to the untreat-
ed cells. Values represent the mean of three independent experiments and their standard deviation.

DISCUSSION

Cervical cancer is among the most common diseases
affecting women worldwide, especially in developing
countries. So far around of 200 HPV genotypes have
been identified and the number of those that
contribute to cervical cancer has increased. Currently,
cervical cancer treatment implies methods such as
surgery, radiotherapy, and chemotherapy. However,
patients suffer remarkable side effects and can face
drug resistance and therefore cancer recurrence (Sisin
etal., 2023).

Natural products exert a wide versatility in terms of
biological activities against infectious and non-
infectious diseases. Their application in cancer therapy
is supported by several in vitro and in vivo studies
(Wang et al., 2024a; Wang et al., 2024b; Qin et al.,
2024). Venoms obtained from different organisms
have been widely used in traditional medicine (Diaz-
Gomez et al. 2024). Among them, the venom from bee
Apis mellifera, is one of the most extensively studied
(Gajski et al., 2024). This species was introduced in
Cuba in the 17th century (Benitez et al., 2014) and is
the main honey bee producer in the country (Alvarez-
Suarez et al., 2018).

Apitoxin or bee venom represents a natural defense
of bees and consist in a complex mixture that includes
peptides such as melittin and mast cell degranulating
peptide, proteins, biogenic amines (histamine,
dopamine, noradrenalin), phospholipids, sugars,
pheromones, minerals as well as enzymes such as
phospholipase A2 and B and hyaluronidase (Pucca et
al., 2019; Pascoal et al., 2019; Gajski et al., 2024).

Apitoxin peptides target ion channels, receptors and
form pores in the lipid membranes of cells (Hung et al.,
2017). Although the therapeutic use of bee venom is
not widely accepted due to the secondary effects, the
purified components show promising activities
(Aufschnaiter et al., 2020). Variables such as
geographic region, environmental conditions and the
bee species from which the venom is extracted
determine its composition and therefore influence
their toxicity effects (Pucca et al.,, 2019). Apitoxin
cytotoxicity has been reported for tumoral and non-
tumoral cell lines (El Mehdi et al., 2021; Viana et al.,
2021). Considering the importance of cervical cancer
in  women population and the antitumoral
potentialities of bee venom, in this study, both
cytotoxic and antiproliferative activities of apitoxin,
obtained from Cuban bee species, Apis mellifera, were
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evaluated against tumoral uterine and cervical

adenocarcinoma cells.

Toxicity exhibited by apitoxin against the cells
employed in this study was verified through the
decrease in viability, changes in morphology and
cellular death. These effects can be explained by a set
of mechanisms well described by other authors for
apitoxin's components such as melittin and
phospholipase A2, such as disruption of biological
membranes via the formation of pores and the
hemolytic activity (Hung et al., 2017). In addition, it
has been reported that apitoxin triggers apoptosis
mechanisms mediated by an increase in reactive
oxygen species. Additionally, melittin inhibits
calmodulin protein binding activity which causes an
increase in intracellular Ca®*, attenuation of the
mitochondrial membrane potential and subsequent
release of cytochrome C and caspase-3 proteins and
DNA fragmentation (Chaisakul et al., 2016).

The morphological changes observed in the present
study in apitoxin-treated cells are very similar with
those described by Zarrinnahad et al. 2018. These
authors reported that at a concentration of 4 pg/mL
melittin caused cell shrinkage, condensation of the
cytoplasm, disordered cell structure and significant
loss of morphology of Hela cells. Another study
showed a remarkable cytotoxicity of apitoxin in Hela
cells and others cervical cancer cell lines such as Caski
and C33A. It was suggested that cytotoxicity was
mediated by antiviral mechanisms of action such as
the suppression of Human papilloma virus proteins
expression (Kim D. et al., 2020). An in vivo study in
model mice demonstrated that bee venom has a
significant inhibitory effect on the growth of cervical
tumors (Lee H. L. et al., 2015). In relation to SiHa cells,
there are few studies about the effect of animal toxins
(Pinotti et al, 2018). This work represents a
preliminary approach to the cytotoxic and anti-
proliferative activity of bee venom on these tumoral
cells.

Some studies have shown a selective cytotoxic effect
against tumoral cells but not against no-tumoral cells
(Viana et al. 2021), while others have demonstrated a
general toxicity on both types (Lee Y.J. et al., 2007).
These differences are suggested to be related from a
molecular perspective with the positive charges of
melittin that that might preferentially favor the

VALCARCEL SORIANO ET AL

binding to cancer cells membranes, highly negative
charged compared to non-tumoral cells (Riedl et al.,
2011; Jamasbi et al., 2015).

In the present study apitoxin showed selectivity
against SiHa cells but not Hela cells, compared to non-
tumoral cells, when completely confluent cells were
treated during 48 h. However, selectivity was observed
for Hela cells when semi-confluent (50-60%)
monolayers were treated with apitoxin during 72. This
result suggests inhibition of cell proliferation and a
selective effect influenced by the number of treated
cells and the time of exposure to the product.

Lack of selectivity represents a disadvantage for
pharmacological uses of apitoxin components,
however, there are alternatives to increase the
specificity against tumor cells. One example is the
chemical modification of melittin that guarantees its
effect in response to the acidic pH characteristic of
tumor microenvironments and then promotes
targeted action as well as enhanced biocompatibility
(Luo et al., 2018). Another novel approach is the
incorporation of melittin into nanoliposomes. This
formulation showed efficient activity against
hepatocellular carcinoma and at a high dose showed
less toxicity in mouse liver tissue than free melittin
(Mao et al., 2017). Approaches such as alginate-based
nanomaterials to enhance the therapeutic potentials
of bee products have been explored as well (Al
Hatamleh et al., 2022). Melittin conjugates with tumor
-targeting proteins or compounds have been
formulated and functionalized based on cervical
cancer microenvironment characteristics as the
overexpression of glutathione and the folate receptor.
These conjugates may be potential anticancer drug
candidates with fewer adverse effects and greater
specificity (Sahsuvar et al.,2023).

The clonogenic assay is considered one of the most
accurate methods to determine the effects of a
product on cell proliferation due to it measures the
ability of a cell to divide and form a colony (Kabakov y
Gabai, 2018). In the present study apitoxin significantly
inhibited the proliferation of tumoral cells and non-
tumoral Vero E6 cells at concentration of 10 pg/mL.
Interestingly, Vero cells proliferation was not affected
at this concentration compared to Vero E6. Vero cell
line, which contains chromosomal anomalies and are
interferon-deficient is a continuously culturable cell
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lines that does not enter senescence. All of these
make it extensively used in virus isolation and the
study of antiviral drugs (Sene et al.,, 2022). On the
other hand, Vero E6 is a Vero-derived cell line that
exhibit contact inhibition in culture and therefore
grow to a lower density. Genetic differences among
the Vero sublines have been reported and it is
suggested that those influence Genetic differences
between Vero sublines have been described and it is
suggested that these influence their biological
responses (Konishi et al., 2022).

The antiproliferative activity of apitoxin is suggested
by other authors to be determined by a set of
mechanisms related to the regulation of apoptosis or
cell death. Cells treated with apitoxin showed an
increase in the expression of the cell death receptors
DR3 and DR6, a decrease in the expression of the
antiapoptotic protein Bcl-2 and an increase in the
expression of proapoptotic proteins (Lee H. L. et al.,
2015). Apitoxin and melittin antiproliferative activity in
in B16F10 melanoma cells was verified at a
concentration of 5 pg/mL (Lim et al.,, 2019). Other
studies report that apitoxin and melittin induced cell
death in aggressive breast cancer cells (Duffy et al.,
2020), reduce cell viability in acute lymphoblastic
leukemia (CCRF-CEM) and chronic myelogenous
leukemia (K-562) cell lines (Ceremuga et al., 2020) and
mediated cell membrane changes within one minute
of exposure in AGS, COLO205, and HCT-15 cell lines
(Soliman et al., 2019). Melittin-induced effects such as
suppression of the matrix metalloproteinase-2
expression in non-small cell lung cancer (Sisakht et al.,
2017), induction of death receptors and inhibition of
the JAK2/STAT3 pathway, were describe in ovarian
cancer cells (Jo et al., 2012), Hela (Zarrinnahad et al.,
2018) and pancreatic ductal adenocarcinoma cells
(Wang et al., 2018).

More studies are required to determine the
mechanisms involved in the antiproliferative activity of
apitoxin on the tumoral cells observed in our work.
Although the cytotoxicity and antiproliferative assays
remains the gold standard methodology for the
evaluation of the sensitivity of cells to radiation and
various anticancer drugs (Kabakov and Gabai, 2018),
does not inform about the mechanisms by which
apitoxin causes death or loss of the proliferative
capacity of the cells. The advantage of this method is
the possibility of precisely quantifying the number of
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metabolically active cells that survive treatment with
the product of interest to be evaluated, as well as
determining cell proliferation at the population level
or the number of total viable cells in a well (Olmedo et
al.,, 2016; Kim D. H. et al., 2020). Taking into account
that tumoral and no-tumoral cells have noticeably
different  metabolism, using  additional and
complementary methods is recommended (Galluzzi et
al.,, 2009) in order to evaluate the tumoral-specific
cytotoxicity and antiproliferative activity of apitoxin.
While the MTT assays allows determination of the
percentage of metabolically active cells, the
clonogenic assay informs how many of the viable cells
are capable to proliferate. In the present study, even
though viable cells were observed in the presence of
apitoxin, the absence of clones may be due to a
negative regulation of mitosis (Yao et al., 2020; Haque
et al.,, 2023).

In the present study was confirmed that apitoxin
induce cell death and inhibits cell proliferation of
cervical carcinoma cells. Despite unspecific cytotoxicity
against both non-tumoral and tumoral cells, some
selectivity was observed for SiHa and Hela cells. The
ability to effectively inhibit cell proliferation, makes it a
substance of interest for future in vitro and in vivo
studies, including the purification and evaluation of its
components. In Cuba, hundreds of cases of cervical
cancer are reported annually (Sanchez Ed. 2023). This,
together with the limitations presented by
conventional anticancer therapies (Tolossa et al,
2021), motivates the search and development of
alternative or complementary antitumoral candidates
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