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The objective of this study was to evaluate the hepatoprotective effect of the honey bee
Apis mellifera ethanolic extract of the red propolis, obtained in four municipalities of the
Rio Grande do Norte semi-arid region, through an in vitro evaluation of the antineoplastic
potential in human hepatic carcinoma (HepG2) and normal cell lines (L929), and from the
comet assay in hepatic cell lines (ZF-L hepatocytes) to evaluate the genoprotective potential
of the extract. The hepatoprotective effect was also evaluated in vivo by the induction of
chronic experimental hepatic lesions in rodents (Rattus norvegicus Berkenhout, 1769),
Wistar line, by intraperitoneal administration of thioacetamide (TAA) at the dose of 0.2g/kg.
The animals were distributed in the following experimental groups: G1 (control), G2 (treated
with 500mg/kg ethanolic extract of propolis), G3 (treated with 500mg/kg of ethanolic
extract and TAA) and G4 (treated with TAA). All rats were submitted to serum biochemical,
macroscopic, histological and stereological biochemical exams of the liver. It was verified
the genoprotective effect of red propolis since the mean damages promoted to DNA in
cells tested with the extract were significantly lower than the mean of the positive control
damage (hydrogen peroxide). The red propolis extract did not present cytotoxic activity to
the tumor cells of human liver cancer, as well as to normal ones. The absence of cytotoxicity
in normal cells may indicate safety in the use of the propolis extract. The results of the serum
biochemical evaluation showed that the serum levels of the aminotransferase enzymes (AST)
did not differ significantly between G1, G2 and G3 when compared to each other. G4 showed
significant increase in levels compared to the other groups, indicating that the administration
of the extract did not cause liver toxicity, as well as exerted hepatoprotective effect against the
hepatic damage induced by TAA. The G3 and G4 animals developed cirrhosis, but in G3 the
livers were characterized by the presence of small regenerative nodules and level with the
surface of the organ, whereas in G4 the livers showed large regenerative nodules. The livers
of the G1 and G2 animals presented normal histological appearance, whereas the livers of
the G3 animals showed regenerative nodules surrounded by thin septa of connective tissue,
and in G4 the regenerative nodules were surrounded by thick septa fibrous connective tissue.
The analysis of the hepatic tissues by means of stereology showed that there was no statistical
difference between the percentage of hepatocytes, sinusoids, and collagens in G1 and G2.
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In G3 the percentage of hepatocytes, sinusoids, and collagen did not differ significantly from
the other groups. It was concluded that the ethanolic extract of the red propolis exerted a
hepatoprotective effect, because it promoted in vitro reduction of the damage to the DNA of
liver cells, antineoplastic activity in human hepatocellular carcinoma cell line (HepG2) and
did not exert cytotoxic effect in normal cells or was able to reduce liver enzyme activity and

the severity of cirrhosis induced by TAA in vivo.

INDEX TERMS: Hepatoprotection, antineoplastic potencial, red propolis, bees, Apis mellifera, Rio Grande
do Norte, Brazil, northeast, cytotoxicity, genoprotection, rodents, rats.

RESUMO.- [Potencial hepatoprotetor e antineoplasico da
propolis vermelha produzida pela abelha Apis mellifera
no semiarido do Rio Grande do Norte, Brasil.] Este estudo
objetivou avaliar o efeito hepatoprotetor do extrato etandlico
da prépolis vermelha da abelha Apis mellifera, obtido em
quatro municipios do semiarido do Rio Grande do Norte,
mediante avaliagdo in vitro do potencial antineoplasico em
linhagens de células de carcinoma hepatico humano (HepG2)
e em linhagens de células normais (L929), além do ensaio
cometa em linhagens de células hepaticas (hepatdcitos ZF-L)
para avaliar o potencial genoprotetor do extrato. O efeito
hepatoprotetor também foi avaliado in vivo através da indugdo
de lesGes hepatica experimental cronica em roedores da espécie
Rattus norvegicus (Berkenhout, 1769), linhagem Wistar, pela
administracdo intraperitoneal de tioacetamida (TAA) na dose
de 0,2g/kg. Os animais foram distribuidos nos seguintes grupos
experimentais: G1 (controle), G2 (tratados com 500mg/kg de
extrato etandlico da prépolis), G3 (tratados com 500mg/kg
de extrato etanélico e TAA) e G4 (tratados com TAA). Todos
os ratos foram submetidos aos exames bioquimico sérico,
anatomopatolégico macroscdpico, histolégico e esteriologico
do figado. Foi constatado o efeito genoprotetor da prépolis
vermelha uma vez que as médias dos danos promovidos ao
DNA em células testadas com o extrato foram significativamente
inferiores a média dos danos do controle positivo (peréxido de
hidrogénio). O extrato da propolis vermelha ndo apresentou
atividade citotéxica para células tumorais de cancer de
figado humano, bem como para normais. A auséncia de
citotoxicidade em células normais, tal como constatado, pode
indicar seguranca no uso do extrato da propolis. Os resultados
da avaliacdo bioquimica sérica demonstraram que os niveis
séricos das enzimas aminotransferase (AST) ndo diferiram
significativamente entre G1, G2 e G3, quando comparadas
entre si. No G4 houve aumento significativo dos niveis em
relacdo aos demais grupos, indicando que a administracao
do extrato ndo causou toxicidade hepdatica, bem como exerceu
efeito hepatoprotetor frente ao dano hepatico induzido pela
TAA. Os animais dos G3 e G4 desenvolveram cirrose, porém no
G3 os figados caracterizaram-se pela presenca de pequenos
noédulos regenerativos e nivelados com a superficie do 6rgao,
enquanto que no G4 os figados apresentaram grandes nédulos
regenerativos. Os figados dos animais G1 e G2 apresentaram
aspecto histolégico normal, enquanto que os figados dos animais
do G3 apresentaram nédulos regenerativos circundados por
finos septos de tecido conjuntivo, e nos do G4 os nédulos
regenerativos foram circundados por espessos septos de tecido
conjuntivo fibroso. A analise dos tecidos hepaticos por meio
de estereologia mostrou que nao houve diferenca estatistica
entre o percentual de hepatdécitos, sinusoides e colagenos
nos G1 e G2. No G3 o percentual de hepatocitos, sinusoides
e colageno ndo diferiu significativamente dos demais grupos.

Concluiu-se que o extrato etandlico da prépolis vermelha
exerceu efeito genoprotetor, por promover in vitro reducao
do dano ao DNA de células hepaticas, atividade antineoplasica
em linhagem celular de carcinoma hepatocelular humano
(HepG2) e ndo exerceu efeito citotdxico em células normais
ou efeito hepatoprotetor in vivo com diminuicdo da gravidade
da cirrose induzida por TAA.

TERMOS DE INDEXACAO: Hepatoprotecio, antineopldsicos, prépolis
vermelha, abelhas, Apis mellifera, Rio Grande do Norte, Brasil,
nordeste, citotoxicidade, genoprotecao, ratos.

INTRODUCTION

Propolis is composed of resinous and balsamic material
collected by bees on tree branches, flowers, pollen, buds, and
exudates. It is a complex mixture in which bees add salivary
secretions in the hive. The resin is used by bees to protect
the hive against the proliferation of microorganisms, and
to maintain internal temperature, repairing honeycombs,
embalming insects, and closing holes and cracks (Silva et al.
2006, Zilse & Silva 2012).

Depending on its color, odor, and consistency, the
characteristics of propolis are associated with its region of
origin, botanical source, and chemical composition. Thus,
propolis can range from green, red to brown, black, and yellow
(Bankova 2005, Lopes 2014). Red propolis is in the newest,
being the 13th type of cataloged propolis, which revealed
a chemical composition rich in isoflavonoids. Its botanical
origin is from the Dalbergia ecastophyllum plant, a legume
rich in flavonoids. This species is reported to be from Cuba
and Venezuela, originating from the plants Clusia nemorosa
and Clusia scrobiculata, Clusiaceae family (Li et al. 2008,
Bueno-Silva et al. 2013).

Brazil is the world’s second-largest producer of propolis,
exporting about 160 tons annually, being only after China.
Besides being good for health, the consumption of organic
products encourages rural producers to maintain good
agricultural practices for environmental preservation, using
soil, water; air and other natural resources responsibly (Lima
2006, Oldoni et al. 2015).

The literature often shows the biological properties of
propolis related to the presence of a variety of biologically
active compounds, especially the phenolic compounds,
which include flavonoids with outstanding antioxidant and
anti-inflammatory activities and components (Al Naggar et al.
2016). Different research has shown that the significant
amounts of antioxidants in the diet contribute to the prevention
of serious, chronic and inflammatory diseases, which are
associated with the formation of radicals during the oxidation
process, since natural antioxidants can decrease oxidative
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stress and consequently promote oxidative stress protection
against DNA damage (Carratd & Sanzini 2005, Horst & Lajolo
2012, Teerasripreechaetal. 2012, Daleprane & Abdalla 2013).

As theliver is the main organ of metabolism of compounds,
many liver diseases appear by its exposure to toxic substances,
and the oxidative stress promoted by these substances is very
important in the pathophysiological mechanisms of these
diseases (Voican et al. 2011). As the propolis has bioactive
substances with potential antioxidant, anti-inflammatory,
and genoprotective, the red propolis ethanolic extract may
prevent or minimize damage to liver cells when exposed to
hepatotoxic substances. Thus, the objective of this study was to
evaluate the hepatoprotective potential of the Apis mellifera red
propolis ethanolic extract obtained in the semiarid region of
Rio Grande do Norte, Brazil, through the chronic experimental
induction of liver damage in rodents (Rattus norvegicus
Berkenhout, 1769), Wistar strain, using thioacetamide, the
in vitro evaluation of the antineoplastic effect of human liver
carcinoma (HepG2) cell line extract, and the genoprotective
potential in liver cell lines (hepatocytes ZF-L).

MATERIALS AND METHODS

Red propolis extract

Acquisition and elaboration of propolis extract. Four
samples of red propolis produced by the bee Apis mellifera from
hives installed in the municipalities of Parnamirim (samples A and
B) and Mossoré (samples C and D) were collected from February
to March 2018. The preparation of the extracts used samples of
200g of propolis, subdivided into small portions, and submitted to
drying in an air circulation oven at 40°C for 48h, and then crushed
in a domestic blender. Cold maceration was performed at a ratio of
1:6.25 (m/v) for each 1g of crushed propolis, using 6.25mL of 70°GL
cereal alcohol. The samples were placed in properly identified amber
glass and shaken manually for 30 seconds daily for 20 consecutive
days of infusion, according to Garcia et al. (2004a). In the next step,
the filtering of the supernatant was performed on filter paper and
later on cotton, to retain all the insoluble particles. The filtration
was refrigerated in a freezer (-20°C) for 45 minutes to remove the
wax and then another supernatant filtration was done, followed
by centrifugation, obtaining the ethanolic extracts of the propolis.

Estimation of total phenol content. The Folin Ciocalteu method
(Singleton et al. 1999) was used to determine phenolic content.
Each propolis extract sample (5mL) was diluted into 50mL with
distilled water. This solution (0.5mL) was mixed with 2.5mL of 0.2N
Folin Ciocalteu reagent for 5 minutes and 2mL of 75g/L sodium
carbonate (Na,CO,).

After 2 hours of incubation at room temperature, the absorbance
of the reaction mixture was measured at 760nm against a methanol
blank in a spectrophotometer (Series 2000, CECIL Instruments,
Cambridge, England). Gallic acid (Sigma-Aldrich Chemie, Steinheim,
Germany) (0-200mg/L) was the standard used to obtain the
calibration curve. The mean of three readings was used, and the
total phenolic content was expressed in mg of gallic acid equivalents
(GAE)/100g of propolis.

Estimation of total flavonoid content. Total flavonoid content
was determined using the Dowd Method adapted by Grand et al.
(1994). Thus, there were 5mL of 2% aluminum chloride (AICI3)
(Labosi, Paris, France) mixed in methanol (Fluka Chemie, Switerland)
with the same volume as a propolis extract solution (0.01mg/mL).
Then, a blank solution of a 5mL propolis extract solution was added
to 5mL methanol without AlCI3, and then absorbance readings at
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415nm were taken on a spectrophotometer (Series 2000, CECIL CE
2041, Cambridge, England). Total flavonoid content was determined
using a standard quercetin curve (Sigma-Aldrich Chemie, Steinheim,
Germany) (0-50mg/L). The mean of three readings was used and
expressed as mg quercetin equivalents (QE)/100g of propolis.

Antioxidant activity by the DPPH method. For the assessment
of the antioxidant activity, the in vitro photocolorimetric method
of free radical DPPH (2.2-diphenyl-1-picrylhydrazine) was used,
described by Mensor et al. (2001). The extracts were diluted in
methanol at different concentrations (100, 50, 40, 20, 5, and 2ppm).
Then, 1mL of each concentration was placed in test tubes along with
1mL of a 60pumol /L DPPH methanolic solution. After 30 minutes, the
absorbance of the samples was measured by spectrophotometer at
a wavelength of 520nm, with only methanol as blank.

The inhibition percentage for each extract concentration was
obtained from the absorbance ratio with the absorbance of a solution
containing 1mL methanol and 1mL DPPH solution. All analyses were
triplicated. After the free radical percentage inhibition values, they
were analyzed in Origin 7.0 Software to obtain a graph showing
values, calculating the 50% inhibitory concentration of the DPPH
radical (IC50).

Genoprotective potential assessment. Sample A of the red
propolis extract was used to assess the genoprotective effect since
it presented better results in terms of total phenols, total flavonoids,
and antioxidant activity. The comet assay assessed the genoprotective
effectin liver cell line (hepatocytes ZF-L) (0.7x10° cells/mL) cultured
in DMUL (Dulbecco modification of Minimum Essential Media; GIBCO®)
supplied with 10% fetal cattle serum and 1% antibiotics. Liver
cells were exposed to hydrogen peroxide (H,0,; 150uM for 2 hours
exposure) for genotoxicity induction (positive control) and sterile
distilled water (negative control). Cell cultures were also co-treated
with increasing concentrations of propolis (100, 250 and 500pg/mL)
and H,0, (150uM) for 2 hours at 37°C in a 5% CO, atmosphere
(test group).

The cells were homogenized in 0.8% agarose and spread on
prepared slides and immersed in lysis solution for 1 hour, followed by
neutralization. Subsequently, the slides were kept in electrophoresis
buffer at 4°C for 20 minutes, followed by running for 20 minutes,
1.6Vem™. The slides were stained in an ethidium bromide solution
(20pg/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 the 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), representing the percentage
of DNA in the comet’s tail, showing the degree of damage in the cell
(Lovell et al. 1999).

The damage index (DI) was obtained by the following formula:

4
DI =73 nxi
i=0

In which #; is the number of cells with damage level i (0, 1, 2, 3, or 4).

The protective effect of test samples on H,0,-induced genotoxicity
(150uM for 2 hours exposure) was calculated according to Waters et al.
(1990), and the formula: % reduction = (A-B/A-C)x100, in which
A corresponds to the DI induced by H,0,, B corresponds to the DI
induced by genoprotective treatment (H,0, + test sample), and C
corresponds to the DI for the negative control (distilled water).

Statistical analysis. The ANOVA and Newman-Keuls tests were
used in the Prism® version 5.0 software (GraphPad Prism Software)
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for the statistical analysis of the genoprotective effect, and the results
were considered significant when p<0.05.

Antineoplastic effect. The red propolis extract sample A was
used to assess the antineoplastic activity through the cytotoxicity
assay in a human hepatocellular carcinoma cell line (HepG2). For the
comparison and evaluation of the selective effect of cytotoxicity, a
healthy cell line (fibroblasts-L929) was used.

The evaluation of the cytotoxic activity of the red propolis ethanolic
extract in neoplastic (HepG2) and normal cells (fibroblasts-L929)
was performed by the MTT (3-bromide (4.5-dimethyl2 thiazolyl)-
2.5-diphenyl-2H tetrazolium) according to the methodology
described by Mosmann (1983). The cells were added in a 96-well
plate (1.5x10° cells/well), supplied with 10% fetal bovine
serum and treated with red propolis extract at concentrations of
500, 250, 125, 62.5, 31.2, 15.6, 7.81, 3.90, 1.95, and 0.97pug/mL.
Subsequently, they were incubated for 24h in a 5% CO, greenhouse
at 37°C, and then 25pL of the MTT solution was added, and the
absorbance was read on a 595nm spectrophotometer.

Data analysis. The mean absorbance data from the samples
were compared by analysis of variance ANOVA followed by Tukey
post-test using the Prisma version 5.0 program (GraphPad Software),
with a significance level of p<0.05. The percentage of inhibition xlog
of concentration and its IC;, and respective confidence intervals
(95%) from nonlinear regression were also recorded using the
Prisma version 5.0 program (GraphPad Software).

In vivo hepatoprotective activity

Experimental animals and bioethics. Forty male adult rodents
(Rattus norvegicus Berkenhout, 1769), Wistar strain, 60-day-old,
weight of 200g were used, provided by the Rio Grande do Norte
State University (UERN) vivarium. The animals were housed in
propylpropylene cages, kept at temperature (21°C + 2°C) and controlled
humidity (55% + 10%) with 12 hours light/dark photoperiod, fed
with commercial food (Purina®) and ad libitum water throughout the
experimental procedure. According to the manufacturer (Purina®),
the food composition was approximately 23% of crude protein, 4%
of total lipid, 5% of fiber and 12% of minerals.

The experimental protocols used in this study were submitted
to the approval of the “Ethics Committee on Animal Use” of the “Rio
Grande do Norte State University” (CEUA-UERN), with protocol
number 002/2018.

Experimental design of liver cirrhosis. The animals were
divided into four experimental groups and the serum biochemical
parameters indicating liver damage, macroscopic and histopathological
liver parameters were evaluated.

Group I (Control): It had ten animals that received via oral only
water daily for 14 weeks.

Group II: It had ten animals that received via oral 500mg/kg
propolis red ethanolic extract daily for 14 weeks.

Group III: Ithad ten animals that received via oral 500mg/kg propolis
red ethanolic extract daily for 14 weeks and 0.2g/kg intraperitoneal
thioacetamide (TAA) three times a week during the same period.

Group IV: It had ten animals that received intraperitoneal 0.2g/kg
TAA three times a week for 14 weeks.

The sample of red propolis extract A was used to evaluate the
in vivo hepatoprotective effect. The route of administration and
the dose of TAA used to induce liver cirrhosis were established as
described by Amin etal. (2012). The choice of administration routes
and propolis extract doses were also based on previous studies in the
literature and established as described by Mahmoud et al. (2015).

Blood samples collection and processing. The animals were
anesthetized using ketamine hydrochloride solution (100mg/kg)
and xylazine hydrochloride (100mg/kg) by intraperitoneal route.
Then, a laparotomy was performed through an incision over the
alba line to allow access to the hepatic vein. From each animal, 3mL
of blood was collected using a 30x0.7 syringe and needle, placed
in tubes without the addition of anticoagulant and then tilted and
kept at rest to obtain blood serum. The serum obtained was stored
in a freezer (-80°C) for further biochemical analysis.

Biochemical analysis of liver function. Blood serum samples
were analyzed to determine the following liver damage markers:
aspartate aminotransferase (AST), alanine aminotransferase (ALT),
albumin (ALB), total protein (TP), glucose (GLUC), triglycerides
(TRIG) and total bilirubin (BILT). The samples were tested by
commercial reagents (LABTEST, Belo Horizonte/MG) and then read
in a biochemical analyzer by spectrophotometry (BIOPLUS 2000).

Pathological examination. Immediately after the blood
collection, the animals were euthanized by cervical dislocation
under deep anesthesia. Then, the animals were individually
weighed with precision scales and submitted to necropsy, using
the technique proposed by Vasconcelos (1996), with an external
examination of the animal, followed by the opening of the thoracic,
abdominal and cranial cavities and the macroscopic examination
of the organs. Each animal’s liver was weighed and examined to
identify possible changes from the normal pattern, especially
considering changes in weight, size, color, and consistency, as well
as the presence of nodules.

Analysis of the results. The mean + standard deviation was used
to express the data obtained from serum biochemical parameters and
liver weight. To evaluate possible differences between treatments,
the data obtained were submitted to one-way ANOVA analysis
of variance, followed by Tukey’s multiple comparison post-test,
considering p<0.05 as significant. Data were analyzed using the
SAS statistical program (2002).

Histopathological examination. Organ fragments were fixed
in 10% formaldehyde buffered solution and routinely processed
for histology, embedded in paraffin, cut to 5um in thickness and
stained with hematoxylin-eosin (HE). Liver tissue specimens were
also subjected to Gomori trichrome staining to identify collagen
fibers, as established by Andrade et al. (1999).

Stereological assessment. The livers were sectioned following
a uniform and systematic random sampling pattern, as described
by Marcos et al. (2012). In two liver fragments stained by the
hematoxylin-eosin and Gomori trichrome method, five microscopic
fields were randomly evaluated per animal and captured on the
20x objective using a video microscope system (Leica). A total
of 20 blindly microscopic fields for each animal were analyzed.
A test system composed of 50 test points (PT) was superimposed
over the image of each field using the Pro-Plus Image software
(Version 4.5.0.29.), evaluating hepatocytes, sinusoids and collagen
fibers. The volumetric density (Vv) of these parameters was evaluated
by the following formula: Vv =PP/PT (%) (PP represents the points
reaching the structure).

The values were expressed as mean * standard deviation, and
the minimum and maximum values were expressed using the SAS
version 8.0 statistical program. After analyzing the parametric
assumptions, statistical differences between the different experimental
groups were obtained by analysis of variance (One-Way ANOVA),
followed by Tukey’s test. Percentage of data underwent sine arc
transformation vx.

Pesq. Vet. Bras. 39(9):744-756, September 2019



748 Jardel B. Silva et al.

RESULTS AND DISCUSSION

Phenols and total flavonoids contents

The phenol and total flavonoid contents ranged from
74.92+0.51 to 141.07+1.27mg GAE/100g and 2.42+0.17 to
8.35+0.28mg QE/100g, respectively (Table 1). The extracts
made with red propolis from Parnamirim had higher levels
of phenols and total flavonoids, observing that the levels vary
according to the location of the propolis. Thus, this data is
similar to those data published in the literature, which stated
that the phenol and total flavonoid contents in a propolis
sample are closely related to the flora ecology of each region
visited by the bees (Cardinaultetal. 2012, Nunes & Guerreiro
2012). Other studies also showed that the red propolis
collected in Alagoas (Frozza et al. 2013), Cuba (Piccinelli etal.
2005) and China (Hatano et al. 2012) had a varied chemical
composition and contained significant amounts of phenols
and total flavonoids. Several studies highlight that many
biological functions of the propolis can be attributed to its
antioxidant and anti-inflammatory components, promoted
by phenolic compounds (Freitas et al. 2008, Lustosa et al.
2008, Araujo et al. 2016). Thus, the finding of high levels of
phenols and total flavonoids are indicators of the quality of
red propolis from Rio Grande do Norte.

Antioxidant activity

The ethanolic extract of red propolis was submitted to the
antioxidant activity test, using the DPPH radical sequestration
methodology. As the antioxidant activity is the ability to
eliminate reactive oxygen/free radical species by hydrogen
donation, the DPPH reduction test is used as a stable free
radical to verify the antioxidant activity of different propolis
extracts of different bees (Ahn etal. 2007). The sequestering
capacity of the DPPH radical is represented by the IC_ values
(%) of the samples compared to pure quercetin, used as a
reference standard. Thus, the lower the IC_ value (%), the
greater the sequestering capacity of the radical and the higher
the antioxidant activity.

The antioxidant activity ranged from 141.07+0.21pg/mL
to 54.14+1.50pg/mL for propolis samples collected from
Mossoro6 and Parnamirim, respectively (Table 1). Melo et al.
(2010) classified the antioxidant activity of an extract as
good (IC, <65ug/mL), moderate (IC50 <152pg/mL) and low
activity (IC50 >152pg/mL). This classification showed that
in general, the red propolis of this study had an antioxidant
activity that ranged from good (samples A and B) to moderate
(samples C and D). In a study by Frozza et al. (2013), the red
propolis collected in Sergipe had an IC, of 270ug/mL. Similar
results were obtained by Pinheiro (2009) with red propolis

from the same geographical region, with an IC_ of 294ug/mL.
Thus, the red propolis samples of this study had expressive
IC,, (%), when compared with these authors.

After finding a high antioxidant activity of red propolis
from Alagoas, Aguiar et al. (2018) suggested that it can
be used to help in the treatment of degenerative diseases,
including Alzheimer’s. From the point of view of chemical
composition and antioxidant activity, the results in this
study are very promising, and the red propolis of Rio Grande
do Norte can be a viable alternative economically and with
pharmacological efficacy.

Genoprotective effect

Considering that DNA damage can interfere with essential
cellular processes such as replication and transcription and
can lead to cell death and induce cancer-causing mutations
that contribute to the aging process, it is important to evaluate
possible events that may lead to genomic instability as well
as those linked to maintaining genome stability (Hoeijmakers
2009). Genotoxicity studies play an important role in the
development of new drugs and should be carried out in the
early stages of their development to identify potential genotoxic
and/or carcinogenic activity and to assist in obtaining new,
less toxic chemical structures. Thus, genotoxicity tests are
used as a scan of the toxicological spectrum of natural or
synthetic substances capable of producing genotoxic effects
and assisting in the discovery of genoprotective substances
for the everyday use of DNA mutation prevention (Aquino
2010, Niwa et al. 2013).

The comet assay is used to detect DNA damage. In this
assay, the genetic material of the cell is fragmented using
chemicals or radiation and then submitted to an electrophoresis
process, so the fragmented DNA migrates over the agarose
gel and the broken ends of the DNA molecule of negative
charge become free to migrate in the electric field towards
the anion, forming a structure similar to a comet. The length
and amount of DNA in the comet’s tail reflect damage to the
genetic material (Fikrova et al. 2011).

Thus, the results when using the red propolis ethanolic
extract demonstrated a genoprotective effect since when the
means of the cell DNA damage indices (hepatocytes ZF-L) were
compared in all the tested concentrations of the extract, no
significant differences were observed in the negative control
(sterile distilled water) (Table 2).

It was also found that the means of DNA damage at all
tested concentrations of the red propolis ethanolic extract
was significantly lower than the positive control (H202)
mean, which is often used as a standard genotoxic substance
in vitro exposure, enable to promote DNA fragmentation.

Table 1. Mean + standard deviation of phenol contents, total flavonoids and antioxidant activity of four samples of Apis
mellifera red propolis obtained from the semiarid of Rio Grande do Norte, Brazil

Sample Geographic origin Total phenols Total flavonoids RSAIC,,
(mg GAE/100g + SD) (mg QE/100g = SD) (ng/mL + SD)
A Parnamirim/RN 141.07 £ 1.27 8.35+0.28 61.04 + 0.31
B Parnamirim/RN 120.41+1.13 6.12+0.30 54.14 + 1.50
C Mossord/RN 74.92 +0.51 242 +0.17 141.07 £ 0.21
D Mossor6/RN 86.09 + 0.47 3.60 £ 0.40 129.10 + 0.49

GAE = equivalent gallic acid, IC, | = inhibitory concentration of 50%, QE= quercetin equivalent, RSA (CI, ) = radical sequestration activity, SD = Standard

deviation.
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The percentages of genotoxicity reduction were 90.17+3.01,
71.15+£2.64 and 43.07+4.99, respectively, for the extract
concentrations of 500, 250 and 100ul/mL (Table 3), proving
the genoprotective effect of ethanolic extract of red propolis.

The literature often highlights that the biological properties
of propolis are related to the presence of a variety of biologically
active compounds, mainly phenolic compounds, which include
flavonoids (Al Naggar et al. 2016). This finding fits in the red
propolis analyzed in this study since in the evaluation of the
chemical composition of the extract, high levels of phenolic
compounds and flavonoids, and high antioxidant activity
was found. Phenolic compounds have been reported to have
genoprotective activity because of their antioxidant activity
(Gontijo et al. 2014). Thus, the antioxidant activity of red
propolis could be the possible explanation for genoprotective
effect. The bioactive substances with antioxidant capacity
in the extracted sample analyzed probably interacted with
H,0,, blocking its deleterious effect on DNA, and exerting
genoprotective activity. There are no studies in the literature
evaluating the genoprotective effect of red propolis using a
comet assay, highlighting the novelty of this study. The finding
of the genoprotective effect on ZF-L hepatocyte lineage
suggested that the red propolis obtained in Rio Grande do
Norte may be able to assist in the prevention of diseases
triggered by DNA damage.

Antineoplastic activity assessment

Although the studies and investments held in research,
cancer chemotherapy still discourages scholars due to multiple
drug resistance and serious side effects from morphological
and physiological similarities between normal and transformed
cells (Kamb 2005). Therefore, it is of great importance to
identify natural molecules with potential therapeutic activity
for future clinical studies and as a source of knowledge for
the synthesis of new compounds with more effective and less
toxic antitumor activity (Sawicka et al. 2012).

In vitro cytotoxicity tests are part of the initial screening
to determine the possible antitumor potential of a natural
product (Oliveira et al. 2012). The antineoplastic activity of
the ethanolic extract of the red propolis of Rio Grande do Norte
was evaluated by the human hepatocellular carcinoma cell
line (HepG2) cytotoxicity assay, by the MTT test developed by
Mosmann (1983) to estimate proliferation and cell survival.

The literature defined the assay as appropriate to estimate
cytotoxicity quickly and accurately, and it is considered one
of the most widely used tests by the National Cancer Institute
(NCI) for its use in antineoplastic activity screening programs
for anticancer drug screening (Oliveira et al. 2012). The test
is based on the ability of succinate dehydrogenase, a Krebs
cycle enzyme active in viable cell mitochondria, to convert the
soluble and yellowish soluble water tetrazolium salt (MTT) into
purple color formazan crystals. Thus, the amount of formazan
measured by spectrophotometry is directly proportional to
the number of viable cells (Porto et al. 2011).

Several in vitro and in vivo studies have demonstrated
the antiproliferative potential of Brazilian propolis and its
isolated constituents, and some results are favorable for its
use (Miguel & Antunes 2011, Salatino et al. 2011, Sforcin &
Bankova 2011, Cardinault et al. 2012). One of these studies
is from Li et al. (2008), who showed that red propolis from
northeastern Brazil exhibited antitumor potential, related to
the presence of flavonoids and Pterocarpus. In the compounds
evaluated, flavanone 7-hydroxy-6-methoxiflavanone and
isoflavone mucronulatol showed a potent cytotoxic action
against the lines of melanoma (B16-BL6), Lewis lung
carcinoma (LLC), human pulmonary adenocarcinoma
(A549), metastatic fibrosarcoma (HT-1080) and LLC, A549,
respectively. In flavanones, the absence or presence of hydroxyl
on carbon 3 (C-3) may be involved in the cytotoxic potential
of these compounds. Regarding isoflavones, the increase in the
number of methoxyl groups in the base structure necessarily
increased the cytotoxic potential.

Also, Awale et al. (2008) evaluated the cytotoxic activity
of methanolic extract of red propolis and some of its isolated
compounds revealing that both the total extract and a
pterocarpane (6aR, 11aR) -3,8-dihydroxy-9-methoxypterocarpane)
showed high cytotoxicity against human pancreatic cancer
cells (PANC-1). The mechanism of death is associated with
a non-apoptotic time-dependent process that does not lead
to deoxyribonucleic acid (DNA) fragmentation but necrotic
morphological changes. The work by Frozza (2016) is also
highlighted for finding a cytotoxic effect of the ethanol extract
of red propolis from the states of Sergipe and Alagoas, against
tumor cells of the Hep-2 strain. Based on this result, the authors
concluded that red propolis became a promising candidate

Table 2. Mean * standard deviation of DNA damage indexes (idDNA), analyzed by comet assay for the assessment of the
genoprotective effect of Apis mellifera red propolis ethanolic extract after liver cell exposure (hepatocytes ZF-L), for 2h in three
different concentrations of the extract, hydrogen peroxide (H,0,) and sterile distilled water

The concentration of ethanolic extract of red propolis (ul/mL)

Parameter
500 250

Control + Control -

100

IdDNA 8.15 +2.05a 7.99 + 2.32a

6.97 £2.42a 158.38+13.25b 7.80£2.32a

a,b = Means followed by different lowercase letters on the line means statistical difference (p<0.05) and the means of the same line followed by equal
letters are statistically equal, positive control (+) = H,0,, negative control (-) = distilled water.

272

Table 3. Mean + standard deviation of the percentage reduction in genotoxicity analyzed by the comet assay for the
evaluation of the genoprotective effect of the Apis mellifera red propolis ethanolic extract in ZF-L hepatocyte lineage,
co-treated with three concentrations of propolis and hydrogen peroxide samples (H,0,)

The concentration of ethanolic extract of red propolis (ul/mL)

Parameter analyzed
500

250 100

% genotoxicity reduction 90.17 £3.01

71.15 + 2.64 43.07 £4.99
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to inhibit cell growth and contributed to the different steps
related to the carcinogenesis process.

As an antitumor activity parameter, the NCI in its
anticancer drug screening program considers compounds
with antineoplastic activity when they have IC, | <30pug/mL
(Itharat et al. 2004). The IC,, index = cytotoxicity index
corresponding to the concentration reducing the number of
cells to 50%, the ethanolic extract of Rio Grande do Norte red
propolis presented IC, >500ug/mL for the normal cell line
(L929) and 358ug/mL for human liver cancer (HepG2) tumor
cells. Doxorubicin as a reference drug showed cytotoxicity in
all cell lines tested, with IC_ values ranging from 0.4818ug/mL
to 2.343pg/mL for L929 and HepG2 strains, respectively
(Table 4). Red propolis was not toxic to normal cells, even at
the highest concentration tested (500pg/mL). This fact may
indicate safety for the use of the red propolis ethanolic extract.

Serum biochemistry

The evaluation of liver function in rodents (Rattus
norvegicus Berkenhout, 1769), Wistar strain, in the different
experimental groups in this study was the determination of
serum biochemical parameters, which demonstrated that
the mean values of AST enzyme were within normal limits
for the species and did not differ significantly between
G1, G2, and G3 when compared to each other. However,
there was a significant increase in levels in G4 compared to
the other groups. Regarding ALT serum levels, there was no
significant difference between G1 and G2, and there was a
significant increase in the mean values G3 and G4 than the
other groups (Table 5).

The liver produces more than 60 transaminases, two of
which are of major clinical importance, AST and ALT (Kwo et al.
2017). Their levels may cause liver damage because when
liver cells are damaged or destroyed, these enzymes are
released into the bloodstream, being sensitive indicators of

liver damage (Hasan etal. 2013). Thus, the analysis of serum
biochemical parameters confirmed the deleterious effect
of TAA, considering that the mean values of these enzymes
were significantly higher than the values in the other groups.
The results obtained in the evaluation of the enzyme AST showed
thatits levels did not change in G1, G2, and G3, indicating that
the administration of the red propolis ethanolic extract did
not cause liver toxicity, and exerted hepatoprotective effect
against the TAA-induced liver damage.

The hepatoprotective effect of red propolis obtained in
Cuba was evaluated by Remirez et al. (1997) by induction of
liver toxicity by the administration of 64mg of ethyl alcohol in
mice, pretreated at the doses of 25, 50 and 100mg of ethanolic
extract of propolis. In the study, the authors found that in the
propolis-treated group, there was a significant reduction in
serum ALT levels and that the hepatoprotective effects of
propolis were dose-dependent. The authors suggested that
red propolis exerted a hepatoprotective effect due to its
antioxidant properties, which exerted free radical scavenging
effects, capable of promoting deleterious effects on the liver.
Harrizul et al. (2018) also observed a reduction in serum
enzyme indicating ALT liver damage, and a reduction in
liver cell degeneration scores and inflammatory reaction in
pre-treated rodents with 280mg/kg of propolis obtained in
Indonesia, which were experimentally submitted to hepatic
damage induced by hepatotoxic drug valproic acid at a dose
of 350mg.

Regarding the mean values of serum albumin and total
protein levels, the values were also within the normal range
for the species, and no significant difference was observed
between G1, G2, and G3.In G4 there was a significant reduction
in values (Table 5). Measurements of albumin and total
proteins are also markers often used as a test of liver function
since most plasma proteins are produced exclusively by the
liver (Schinoni 2006). Thus, this result could also indicate

Table 4. Inhibitory concentration values (IC_ ) promoted by the ethanolic extract of Apis mellifera red propolis and
doxorubicin chemotherapy against cell lines L929 and HepG2 by MTT after 72h exposure

CIL, Cell lines uG/mL*

Compounds
L929 HepG2
Hydroethanolic extract of red propolis >500 pg/mL 358 pg/mL
Doxorubicin 0.4818 pg/mL 2.343 pg/mL

*Values of three independent experiments and presented in IC,; values obtained by nonlinear regression with 95% confidence interval.

Table 5. Mean * standard deviation values of serum biochemical parameters in rodents (Rattus norvegicus Berkenhout,
1769), Wistar strain in experimental groups G1 (control), G2 (treated with ethanolic extract of red propolis), G3 (treated with
ethanolic extract