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Schwartzia brasiliensis (Marcgraviaceae) is a native Brazilian shrub species with neotropical
distribution in shoal environments. Recent studies have revealed its medicinal potential for some
human diseases; therefore, this study aimed to evaluate the genotoxic and antigenotoxic potential of
extracts and fractions obtained from different organs of S. brasiliensis. To accomplish this, plant
extracts at different concentrations (25, 125 and 250 pg/ml) were incubated with plasmid DNA, either
alone, or in the presence of stannous chloride as a positive control. Samples were then examined to
detect any plasmid strand breaks or the absence of such breaks, which would indicate protection of
these molecules against stannous chloride-induced lesions. Methanol and aqueous extracts of leaves
and stems showed the ability to withstand the effects of stannous chloride in that no DNA damage was
observed. Moreover, no other extracts or fractions used in the experimental conditions assayed
resulted in DNA damage. These findings suggest that S. brasiliensis has antigenotoxic properties,
indicating, in turn, that its biological activities deserve further study given the medicinal relevance of
this plant.
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INTRODUCTION

Medicinal plants and their derivatives have been used as (Newman and Craag, 2012) that are known to promote
important sources of biologically active substances health, treat illness, and cure, or prevent many diseases
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(Efferth and Grefen, 2014; Gurib-Fakim, 2006; Jachak
and Saklani, 2007). Such phytomedicines are usually
alternative or complementary options to treatments with
synthetic drugs (Dragan et al., 2015; Olasehinde et al.,
2014). However, even though considered therapeutic,
some bioactive plant derivatives may have toxic pro-
perties that will cause damage to the human organism,
including the induction of genetic damage (Bednarczuk et
al., 2010; Disman et al., 2012; Efferth and Grefen, 2012).

Schwartzia brasiliensis belongs to the Marcgraviaceae
family, and it is found in shoal environments of the
Brazilian Atlantic Forest. This is a shrub species whose
flowering takes place in summer (Ferreira, 1995; Zamith
and Scarano, 2004) and whose conspicuous
inflorescences might be used for ornamental purposes.
S. brasiliensis also presents nectaries to attract bird
pollinators (Rocca et al., 2006; Rocca and Sazima,
2008). Initially, the species was included in the Norantea
genus (Giraldo-Cafas, 2004), but it now belongs to the
Schwartzia genus. Pharmacological studies with some
species of the Marcgraviaceae family indicate antifungal
(Jones et al., 2000) and anxiolytic activities (Mullally et
al., 2011). Studies investigating the medicinal potential of
S. brasiliensis also reported antibacterial activities (Mello
et al.,, 2014), and Agripino et al. (2004) showed that
ethanol extracts of stems of S. brasiliensis could protect
against DNA damage. In folk medicine, S. brasiliensis tea
is used to prevent heart disease (Agra, 2008), but no
scientific studies have shown either efficacy or safety. In
this context, the present work aims to evaluate the
genotoxic and antigenotoxic potential of crude extract
and different fractions of S. brasiliensis grown in a natural
environment.

MATERIALS AND METHODS
Plant

The plants were collected in the morning, around 10:00 a.m., in
March, 2012, on a preserved sandbank area, located in Barra da
Tijuca, Rio de Janeiro City, 22° 59’ 29.7” S to 43° 20’ 48.4” W, Rio
de Janeiro State, Brazil. The material was collected in vegetative
stage under license from SISBIO/IBAMA number 3299651. A
voucher (HRJ 11749) has been deposited in the Herbario da
Universidade do Estado do Rio de Janeiro (HRJ).

Preparation and fractionation of the extracts

Leaf, stem and root samples of S. brasiliensis were fragmented,
dried at 40°C for 24 h, and added to methanol (MeOH) for 15 days

at environmental conditions. The extracts obtained were filtered
using Whatman paper n°.1, evaporated at 40°C and concentrated
in vacuum. Then, approximately 3 g of each crude extract were
subjected to fractionation with different polarities of chemical
solvents (n-hexane, ethyl acetate and distilled water). The fractions
were evaporated at 40°C and concentrated in vacuum. Immediately
before the use, both the crude methanol extracts and the fractions
were solubilized and diluted in ultrapure water until reaching the
concentrations required to carry out the experiments.

Evaluation of the genotoxic and antigenotoxic potential
through agarose gel electrophoresis assay with plasmid DNA

Genotoxic and antigenotoxic potentials of S. brasiliensis were
evaluated according to Caldeira-de-Araujo et al. (1996). This assay
is based on the ability of the reducing agent stannous chloride
(SnCl;) to induce DNA strand breaks. During agarose gel
electrophoresis, SnCl,-induced lesions can cause plasmid DNA
conformational changes, leading to modification in migration
pattern. Gel electrophoresis was performed in order to separate
different conformations of plasmid DNA: native conformation
(supercoiled or form I); open circle (or form Il), resulting from single-
strand DNA breaks; and linear (or form Ill) generated through
double-strand breaks.

The plasmid DNA used in this investigation was pUC 9.1, as
maintained in DH5aF’IQ E. coli cells. The plasmidial molecules
were purified from DH5aF’IQ E. coli cultures, in stationary growth
phase, according to the Invisorb® Spin Plasmid Mini Two (Invitek)
protocol. In order to evaluate genotoxic and antigenotoxic potential,
three different concentrations (25, 125 and 250 pg/ml) of each
extract and fraction were incubated with 200 ng of plasmid DNA in
the presence, or not, of SnCl, (200 pg/ml). All dilutions were done in
ultrapure water (Milli-Q system, EMD Millipore, Billerica, MA, USA,
and the reaction mixtures were incubated for 40 min at room
temperature. Then, aliquots of each sample (10 pl) were mixed with
2 pl of loading buffer (0.25% xylene cyanol; 0.25% bromophenol
blue; 30% glycerol in water), applied on agarose gel (0.8%) in TAE
1X buffer and submitted to electrophoresis at 7 V/cm for 30 min.
Afterwards, the gel was stained with ethidium bromide (0.5 mg/ml),
and the DNA bands were visualized by fluorescence in an
ultraviolet transilluminator system (UVP, LLC, Upland, CA, USA).
Each experiment was repeated three times, and the best result was
selected for presentation. The gel bands were then digitized, and
the results obtained provide a qualitative analysis. A quantitative
evaluation in Plasmid DNA conformational structure was also
performed by using NIH ImageJ software.

Statistical analysis of DNA strand breaks

The data presented in Figure 1 were analyzed through
densitometer scanning, and percentage of form | was used to
obtain the average number of breaks per pUC 9.1 plasmid DNA
molecule. According to Remington and Schor (1985), the Poisson
distribution could be used to obtain the average number of breaks
from the percentage of DNA supercoiled forms, as p = =In p (0; p),
Considering no breaks = p (0; p).

*Corresponding author. E-mail: labplan_uerj @yahoo.com.br. Tel: +55 21 23340293.
Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution

License 4.0 International License




Analysis by high-performance liquid chromatography with
diode-array detection (HPLC/DAD)

The analysis by HPLC/DAD was performed under the following
conditions: Mode: isocratic ACN/aqueous 0.05% TFA (30:70) for 55
min and flow 0.5 ml/min in Shim-pack XR-ODS column (100 mm x
2.0 mm, 2.2 ym, Shimadzu). All injections were performed with a
volume of 20 pul loop. Detection was performed in the ultraviolet
wavelengths of 254 and 325 nm.

RESULTS AND DISCUSSION

In the present study, electrophoresis assay with plasmid
DNA was used in order to evaluate both genotoxic and
antigenotoxic properties of S. brasiliensis. Based on its
genotoxic oxidative properties, which result in DNA
strand breaks, stannous chloride (SnCl,) was used as a
positive control in this study. Thus, the incubation of S.
brasiliensis extracts or fractions with plasmid DNA alone,
or in combination with SnCl,, could provide the basis for
determining genotoxic vs. antigenotoxic activity. In
particular, alterations in plasmid DNA pattern migration
through agarose gel in samples incubated with plant
extracts or fractions could reflect the potential to promote
DNA strand breaks. Conversely, the ability of samples to
prevent damage to plasmid DNA caused by SnCl, could
also reflect the antigenotoxic potential of S. brasiliensis.
This gel electrophoresis assay is fully described in De
Mattos et al. (2004), and the assay has been applied
elsewhere to other medicinal species (Simdes et al.,
2006; Biso et al., 2010; Hamedt et al., 2014). Moreover,
since SnCl, can induce reactive oxygen species,
especially hydroxyl radicals (Caldeira-de-Araujo et al.,
1996), the antioxidant properties of S. brasiliensis
extracts or fractions could prevent DNA damage.
However, a full assessment of this property is outside the
scope of this paper.

Methanol extract of leaves was able to fully protect
DNA against stannous chloride-induced damage, but only
when tested at the concentration of 250 ug/ml (Figure
1A), as indicated in the control sample (form 1, lane 1) at
88.6% vs. 10.3% in lane 2 (pUC 9.1 plus SnCl,), and
85.4% when methanol extract of leaves was added
(Figure 1A, lane 8).

Aqueous fraction of leaves also seems to possess an
antigenotoxic effect because it was also able to reduce
the level of DNA breaks induced by stannous chloride
(Figure 1B; lanes 6, 7 and 8). Lane 7 presents 28.23% of
plasmid molecules in form | (control native conformation),
whereas lane 2 in the same figure shows only 18.78%,
supporting the antigenotoxic action of S. brasiliensis
leaves in aqueous fraction. Both sets of results are based
on assessment of the average number of breaks per
genome (Figure 2A and B). The chromatograms obtained
by High-performance liquid chromatography with
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photodiode array detection (HPLC/DAD) revealed that
methanol extracts have the majority of signals with
retention time values equal to 8.659 and 9.452 min
(Figure 3A). Aqueous fraction showed a majority of
signals with retention time equal to 8.710 and 9.570
(Figure 3B), being related to the chemical class of
flavonoids. Phytochemical analysis of leaves of S.
brasiliensis, according to Barbosa et al. (2004) showed
the presence of phenolic compounds, mainly flavonoids
(Mello et al., 2012).

The antigenotoxic effect of S. brasiliensis leaves may
be related to their chemical constituents. Flavonoids are
described as having antioxidant (Brunetti et al., 2013;
Prochazkova et al.,, 2011; Romano et al.,, 2013) and
antigenotoxic activities (Boubaker et al., 2013; Chaabane
et al.,, 2012). In addition, flavonoids have antineoplastic
effects and can also protect against cardiovascular and
neurodegenerative diseases (Obrenovich et al., 2010;
Obrenovich et al., 2011; Simdes et al., 2006).

The methanol extract and aqueous fraction of stems of
S. brasiliensis also revealed antigenotoxic potential
(Figure 1E and F, lane 8), as confirmed by evaluation of
the average number of breaks per genome (Figure 2E
and F, lane 8). These data corroborate a previous study
showing that the ethanol extract of stems is able to
reduce  DNA damage in Saccharomyces cerevisiae
(Agripino et al., 2004).

In the present report, it was observed that the methanol
extract and aqueous fraction of stems decreased DNA
damage caused by SnCl,, suggesting a dose-dependent
effect (Figure 1E and F). This protective effect has
already been observed elsewhere, using the same
experimental approach, with extracts of Cleome rosea
(Simdes et al., 2006), Daphne gnidium (Chaabane et al.,
2012) and Nitraria retusa (Boubaker et al., 2013). The
chromatograms obtained from the methanol extract and
aqueous fraction of stems, using the method proposed,
were insufficient to determine their constituents
accurately.

In the evaluation of genotoxic potential, the obtained
data from methanol extract and aqueous fraction of
stems show no DNA damage (Figure 1; lanes 3, 4 and 5),
exhibiting instead, antigenotoxic properties. Although
antigenotoxic effect was found in stem extracts, analyses
of leaf extracts showed more promising results, justifying
the choice of this organ for further phytochemical
analysis. On the other hand, no antigenotoxic effect was
shown for root extracts. This experimental approach has
been used elsewhere in order to evaluate a genotoxic or
antigenotoxic profile induced by different plant species
(Biso et al., 2010; Ferreira-Machado et al., 2004; Hamedt
et al., 2014). Therefore, the use of other study designs,
both in vivo and in vitro, is necessary to ensure the safety
and efficacy of S. brasiliensis as a medicinal plant.
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Figure 1. Qualitative and quantitative analysis of the genotoxic and antigenotoxic potential of S. brasiliensis extracts and
fractions on plasmid pUC 9.1 DNA bands corresponding to aliquots of the plasmid solution (200 ng) treated with extracts and
fractions (25, 125 and 250 pg/ml). A) methanol leaf extract; B) aqueous leaf fraction; C) n-hexane leaf fraction; D) ethyl acetate
leaf fraction; E) methanol stem extract; F) aqueous stem fraction; G) n-hexane stem fraction; H) ethyl acetate stem fraction; 1)

methanol stem extract; J) aqueous root fraction; K) n-hexane root fraction; L) ethyl acetate root fraction. Bars represents DNA
densitometric measures (%) by image J
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Figure 2. Number of single strand breaks/genome in plasmid pUC 9.1 DNA treated with S. brasiliensis extracts and fraction.
Lanes corresponding to aliquots of the plasmid solution (200 ng) treated with the extracts and fractions (25, 125 and 250
pg/ml). A) methanol leaf extract; B) aqueous leaf fraction; C) n-hexane leaf fraction; D) ethyl acetate leaf fraction; E)
methanol stem extract; F) aqueous stem fraction; G) n-hexane stem fraction; H) ethyl acetate stem fraction; |I) methanol

stem extract; J) aqueous root fraction; K)n-hexane root fraction; L) ethyl acetate root fraction. Bars represents the number of
single strand breaks/genome of three independent experiments.
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Figure 3. HPLC/DAD analysis of major compounds of methanol extract and aqueous fractions
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In conclusion, this work constitutes the first report on
the genotoxic potential and antigenotoxic properties of S.
brasiliensis. Results showed no genotoxic effect on DNA
plasmid pUC 9.1. Moreover, it was shown that methanol
and aqueous fractions of leaves and stems, at the
highest concentration tested, have antigenotoxic activity
protecting DNA from the breakdown caused by the
stannous chloride. Considering the phytochemical profile
obtained, we suggest that flavonoid content may be
responsible for the activities evaluated.
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