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Resumo

O objetivo deste trabalho foi testar o efeito toxico de diferentes concentracbes de extrato
hidroalcodlico da planta Baccharis dracunculifolia, utilizando larvas de zebrafish (Danio
rerio) de 8 dias pos-fertilizacdo. No primeiro ensaio, 50,0, 25,0, 12,5, 6,25, 3,125, 1,563 e
0,781 mg/mL de extrato foram diluidos em H.O e foram realizadas observacdes em 0, 1 e 2
horas das larvas expostas ao extrato. No segundo ensaio, as dilui¢bes foram 2,0; 1,0; 0,40 e
0,20 mg/mL do extrato em H>O e exposic¢do das larvas no extrato em 0, 4, 8 e 12 horas. A
partir do desenvolvimento dos dois testes pode-se verificar que quando as larvas foram
expostas a extratos de B. dracunculifolia com dilui¢cdes superiores a 2,0 mg/mL, obteve-se
100% de mortalidade assim que a larva foi exposta. A exposicdo de larvas de zebrafish (Danio
rerio) aos oito dias pés-fertilizacdo nos diferentes niveis de diluigdo do extrato hidroalcoodlico
de B. dracunculifolia apresentou efeitos letais. Porém, quando foram testadas diluicdes a
partir de 0,40 mg/mL, obteve-se um baixo percentual de mortalidade.

Palavras-chave: Compostos fenolicos; Flavonoides; Modelo animal; Mortalidade;

Toxicologia.

Abstract

The objective of this work was to test the toxic effect of different concentrations of
hydroalcoholic extract of the Baccharis dracunculifolia plant, using Zebrafish (Danio rerio)
larvae of 8 days’ post fertilization. In the first assay, 50.0, 25.0, 12.5, 6.25, 3.125, 1.563 and
0.781 mg mL™? of extract were diluted in H>O and observations at 0, 1 and 2 hours of the
larvae exposed to the extract were made. In the second assay, the dilutions were 2.0, 1.0, 0.40
and 0.20 mg mL™ of extract in H20 and exposure of the larvae on the extract at 0, 4, 8 and 12
hours. From the development of the two tests it can be seen that when the larvae were
exposed to extracts of B. dracunculifolia with dilutions higher than 2.0 mg mL™?, 100%
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mortality was obtained as soon as the larvae was exposed. The exposure of larvae of
Zebrafish (Danio rerio) to eight days after fertilization at the different dilution levels of the
hydroalcoholic extract of B. dracunculifolia showed lethal effects. However, when dilutions
were tested from 0.40 mg mL™, a low percentage of mortality was obtained.

Keywords: Animal model; Flavonoids; Mortality; Phenolic compounds; Toxicology.

Resumen

El objetivo de este trabajo fue probar el efecto tdxico de diferentes concentraciones de
extracto hidroalcoholico de la planta Baccharis dracunculifolia, utilizando larvas de zebrafish
(Danio rerio) 8 dias después de la fertilizacion. En el primer ensayo, se diluyeron 50.0, 25.0,
12.5, 6.25, 3.125, 1.563 y 0.781 mg / mL de extracto en H2O y se realizaron observaciones a
las 0, 1 y 2 horas de las larvas expuestas al extracto. En la segunda prueba, las diluciones
fueron 2,0; 1,0; 0,40 y 0,20 mg/mL del extracto en H>O y exposicion de las larvas en el
extracto a las 0, 4, 8 y 12 horas. Del desarrollo de las dos pruebas se puede observar que
cuando las larvas fueron expuestas a extractos de B. dracunculifolia con diluciones mayores a
2.0 mg/mL, se obtuvo una mortalidad del 100% tan pronto como la larva estuvo expuesta. La
exposicién de larvas de zebrafish (Danio rerio) a los ocho dias de la fertilizacion a diferentes
niveles de dilucion del extracto hidroalcohdlico de B. dracunculifolia tuvo efectos letales. Sin
embargo, cuando se probaron diluciones a partir de 0,40 mg/mL, se obtuvo un bajo porcentaje
de mortalidad.

Palabras clave: Compuestos fendlicos; Flavonoides; Modelo animal; Mortalidad;

Toxicologia.

1. Introduction

The species Baccharis dracunculifolia (Asteraceae), popularly known as Alecrim-do-
Campo or Vassourinha, is a Brazilian bush, with perennial growth and can be found
throughout South America, mainly in temperate and tropical areas (Abad & Bermejo, 2007).
This plant has been widely used in folk medicine, in the prevention of dysfunctions such as
anemia, inflammation, diabetes, liver disorders and prostate (Verdi et al., 2005). This is
because some studies have shown that the species Baccharis dracunculifolia presents
compounds, such as: flavonoids (isosakuranetin, aromadendrin-4'-methyl ether) terpenes
(baccharin) and phenolic acids (artepillin C, caffeic acid, p-coumaric acid, ferulic acid)
(Loots et al., 2006; Mendez, 2005; Silva Filho et al., 2004). It is described as the main plant
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source of green propolis, so called because of its coloration (Yong K Park et al., 2004).
Studies have demonstrated some of the biological properties of green propolis, including
cytotoxicity (Matsuno et al., 1997), anti herpes (Vynograd et al., 2000), antitumor (Kimoto et
al., 1998), antioxidant (Basnet et al., 1997), antimicrobial (Park et al., 1998) e anti-HIV
activities (Ito et al., 2001). Some authors state that the biological activities of Brazilian green
propolis are due to the high levels of prenylated p-coumaric acids, mainly Artepillin C (3,5-
diprenyl-p-coumaric acid), which is also present in B. dracunculifolia (Bankova, 2005;
Messerli et al., 2009; Nguyen et al., 2016).

The Zebrafish (Danio rerio) popularly known in Brazil as the freshwater Paulistinha
belonging to the family Cyprinidae, can be found naturally in south and southeast Asia,
around the Ganges and Brahmaputra rivers. They have been widely used in research
evaluating antioxidant agents (Kirkwood et al., 2012) determination of reactive oxygen
species and other biomarkers of processes related to oxidative stress (Caro et al., 2016). These
studies mainly report the oxidation process related to the presence of chemicals in the aquatic
environment (Bartoskova et al., 2014; Blahova et al., 2013; Chen et al., 2016). In addition,
studies have demonstrated that Zebrafish embryos and larvae are useful for toxicology
analysis from survival and developmental tests (Zhao et al., 2013).

This study was realized to evaluate in which concentration the hydroalcoholic extract
of B. dracunculifolia does not present lethal effect to Zebrafish larvae (Danio rerio) with 8

days’ post fertilization.

2. Methodology

2.1. Ethical considerations

The toxicity analysis using Zebrafish larvae was approved by the Animal Ethics
Committee of the (CEUA N° 6119170518).

2.2. Plant collection and extraction of bioactive compounds

The Baccharis dracunculifolia was collected in the city of Maringa, Parana, Brazil
(23°27'23.9"S 51°58'33.6"W), in August 2017 and taken to the Herbarium of the
Universidade Estadual de Maringa (HUEM), to be recognized. Then, the plant was taken to

the Animal Food and Nutrition Laboratory (Laboratério de Alimentos e Nutricdo Animal -
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LANA) of the Department of Animal Science — Universidade Estadual de Maring4, without
root, was dried, in a forced circulation oven at 40 °C for 72 hours until complete drying, and
grinded in mill knife with 1 mm thick sieve. After processing, the dried and milled plant was
stored in a refrigerator at 4 °C.

The extraction of the bioactive compounds from the plant was carried out using a
hydroalcoholic extract, where 1 gram of sample was added to the beaker with an analytical
balance (BEL Engineering, M214Ai) and then 80 mL of ethanol (99.9% of purity) and 20 mL
of distilled H20, homogenized on magnetic stirrer (TE-0851) for 20 seconds and resting for
10 minutes. This stirring and rest process was repeated four times, then the extract was
filtered and placed in a water bath at 45 °C for 24 hours for total evaporation of the alcohol,

resulting in an aqueous extract with a dilution of 50.0 mg mL™* of extract in H2O.

2.3. Reproduction and breeding of larvae of Zebrafish (Danio rerio)

The breeding of the larvae was carried out at the Laboratorio de Zebrafish do Nucleo
de Pesquisa PeixeGen — Management, genetic improvement and molecular genetics in
freshwater fish culture, located at the Department de Zootecnia of the Universidade Estadual
de Maringa. The fish were kept in controlled environment, with lighting cycle 14 -10 hours of
dark-light and temperature between 26 and 28 °C, with adequate water quality parameters as
recommended for species. Six adult Zebrafish couples were housed in 30 liter aquariums and

kept separately until mating to obtain the larvae.

2.4. Survival analysis

The present study was carried out in two tests. The first test being carried out using
240 larvae with 8 days post fertilization (dpf). Seven treatments with different dilutions of the
hydroalcoholic extract of B. dracunculifolia, being 50.0, 25.0, 12.5, 6.25, 3.125, 1.563 and
0.781 mg mL? of extract in H,O and as control treatment was used dechlorinated water.
Three times of exposition observations were made to the extract (0, 1 and 2 hours). In 96-well
micro plates, 200 pL of extract per well was pipetted and then the larva was added, with each
well having a larva. Immediately after placing the larva in contact with the extract,
observations were made of the presence of swimming movements in the micro plates. Then,
with the help of a Pasteur pipette, the larva was placed on a slide and with the aid of a light
microscope (Motic BA310E) with a 10-fold magnification objective and Moticam 5.0 MP
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coupled camera, it was observed if there were body changes, blood circulation and heart
beats. When it was verified the absence of these movements the larva was considered dead.
Thirty larvae were used per treatments and the result obtained was expressed as % mortality
per hour of exposure.

In the second test, 180 larvae of eight dpf were used and four treatments were tested
with dilutions of hydroalcoholic extracts of B. dracunculifolia (2.0, 1.0, 0.40 and 0.20 mg mL"
1 of extract in H,0) in four observation times (0, 4, 8 and 12 hours). The assay was performed
following the same procedures as the first assay. A total of 36 larvae were used per treatment
and the result obtained was expressed as % of mortality over the exposure time. Toxicity tests
on Zebrafish larvae were carried out in accordance with the OECD Guideline N° 236: Acute
Fish Toxicity Test (FET) with adaptation.

3. Results

In the first trial (Table 1), the observation of swimming movements in the larvae of
eight dpf was carried out in seven different dilutions of the hydroalcoholic extract of B.
dracunculifolia, where it can be observed that the larvae exposed to the extracts in dilutions of
50.0, 25.0, 12.5 and 6.25 mg mL™ of extract in H,O did not show swimming movements
immediately after exposure. In the same way, the presence of blood circulation and heart
beats were not observed in microscopy.

Thus, 100% mortality was considered at zero observation hour. When analyzing the
treatments with dilutions of 3.125, 1.563 and 0.781 mg mL™ of extract in H2O at zero hour of
exposure, 0% mortality was obtained. However, for treatment 3,125 mg mL™ of extract in
H>0 in 1 hour of exposure, 100% mortality was obtained, whereas for treatments 1,563 and
0.781 mg mL* of extract in H20, 50 and 20% of mortality in 1 hour of exposure and 60 and
50 % mortality in 2 hours of exposure were obtained, respectively. On the other hand, when
performing the observations in the control treatment, 0% mortality was observed in the three
exposure times, indicating that the mortalities obtained in the study is related to exposure to
B. dracunculifolia extract.

In the second trial (Table 2), the larvae exposed to the extract with dilutions 2.0, 1.0,
0.40 and 0.20 mg mL™* of extract in H-O did not presented mortality at zero observation time,
however, it was observed an increase in mortality as the exposure time increased, and with 4
hours of exposure to the extract 100 % mortality was obtained for the treatment 2.0 mg mL™

of extract in H20.
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Table 1. Lethal effect of B. dracunculifolia extract in seven different dilutions (50.0, 25.0,
12.5, 6.25, 3.125, 1.563 and 0.781 mg mL™ of extract in H20) at three observation times (0, 1

and 2 hours).

Mortality, %
Dilution, mg mL™ of extract in H20

0 hour 1 hour 2 hours
CON 0.00 0.00 0.00
50.0 100.00 100.00 100.00
25.0 100.00 100.00 100.00
125 100.00 100.00 100.00
6.25 100.00 100.00 100.00
3.125 0.00 100.00 100.00
1.563 0.00 50.00 60.00
0.781 0.00 20.00 50.00

Source: Authors.

Table 2. Lethal effect of B. dracunculifolia extract in seven different dilutions (2.0, 1.0, 0.40
and 0.20 mg mL™ of extract in H-0) at four observation times (0, 4, 8 e 12 hours).
Mortality, %

Dilution, mg mL™ of extract in H20

0 hour 4 hours 8 hours 12 hours
CON 0.00 0.00 0.00 0.00
2.0 0.00 100.00 100.00 100.00
1.0 0.00 19.44 75.00 100.00
0.40 0.00 8.33 36.11 41.67
0.20 0.00 0.00 11.11 25.00

Source: Authors.

The treatment 1.0 mg mL? of extract in H,O had 100 % mortality in 12 hours of
exposure (Table 2). Treatment 0.40 mg mL* of extract in H2O presented 41.47% mortality in
12 hours of exposure. On the other hand, treatment 0.20 mg mL™ of extract in H.O did not
present mortality in up to 4 hours of exposure, while in 8 and 12 hours of exposure, 11 and

25% of mortality were obtained, respectively. When analyzing the control treatment, no
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mortality was observed, indicating that mortalities are directly related to the extract of B.

dracunculifolia (Figure 1).

Figure 1. Photos of larvae of zebrafish (Danio rerio) exposed to hydroalcoholic extracts of
Baccharis dracunculifolia at Zero hour.1. Treatment control; 2. Treatment 50.0 mg mL™? of
extract in H,O; 3. Treatment 2.0 mg mL™ of extract in H20; 4. Treatment 0.20 mg mL™ of

extract in H»0.

Source: Authors.

4. Discussions

From the results obtained, it was observed that the Braccharis dracunculifolia plant
presents a high lethal effect when it was used with dilution extracts of higher than 2.0 mg mL"
! of extract in H,0, corroborating with studies that indicated that some species of the genus
Baccharis showed a high toxicity (Jarvis et al.,, 1996; Varaschin & Alessi, 2003).
Furthermore, studies investigating the possible genotoxic and mutagenic effects of B.
dracunculifolia in mice demonstrated that the plant's aqueous extract increased damage to
DNA, blood and liver tissues and the frequency of the micronucleus in the bone marrow
(Rodrigues et al., 2009). Studies carried out by Fukuda et al. (2006) analyzing the cytotoxic
effect of compounds isolated from Baccharis dracunculifolia demonstrated that monoterpene
phenols and sesquiterpene alcohols exhibited a strong cytotoxic effect. It is possible to
suggest that the harmful effects found in the treatments with higher concentrations of B.
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dracunculifolia (dilutions > 2.0 mg mL*? of extract in H.O) are related to higher
concentrations of flavonoids and phenolic acids present in the extracts.

5. Final considerations

The exposure of Zebrafish larvae (Danio rerio) to eight days post-fertilization at the
different dilution levels of the aqueous extract of B. dracunculifolia proposed in the present
study, showed toxic effects for dilutions of higher than 2.0 mg mL™ of extract in H2O with
100 % of mortality as soon as the animals were exposed. However, when dilutions were
tested from 0.40 mg mL? of extract in H,O, a low mortality rate was obtained. The B.
dracunculifolia as demonstrated, has numerous bioactive compounds, which can be used as a
medicament in alternative medicine. However, due to its toxicity the use requires care, with
the need to develop future studies in order to elucidate the action mechanisms of the isolated
bioactive compounds present in this plant.
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