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Summary

Recent studies have implicated dietary factors in the cause and
prevention of important diseases, with strong evidence that plant’s
compounds can protect against these diseases. Moreover, food security
and environmental contamination are topics in focus at the moment.
In this view, contamination by arsenic (As) has received much
attention as well as some spices with medicinal properties. Among
these plants, the use of Rosmarinus officinalis L. has demonstrated
antioxidant properties besides being used for circulatory disorders.
Therefore, we measured the mitotic index of Allium cepa L. and
characterized the antioxidant effects to determine the capacity of R.
officinalis to ameliorate arsenic-induced DNA damages. R. officinalis
extract showed no mutagenic effects and exhibited antimutagenic
potential, reducing the DNA damages, anaphase-telophase bridges
and micronuclei chromosome aberrations that result from treatment
with the arsenic. Additionally, reduction in arsenic-induced lipid
peroxidation was also observed.

Key words: arsenate, cytogenetic, heavy metal, medicinal plant,
rosemary.

Introduction

Rosmarinus officinalis L. is a species of the Lamiaceae family native
from the Mediterranean Region, popularly known as rosemary
(FERRARI et al., 2011). According to ANVISA (2010), the extracts of
rosemary leaves can be used for combating circulatory disorders, and
is recommended as an antiseptic and for cicatrization.

Among the chemical constituents of rosemary, the flavonoids and
phenolic acids are the two major groups of phenolic compounds
(CUNHA et al., 2012). These substances are known for their anti-
oxidant, anti-inflammatory, antitumor and estrogenic properties,
suggesting the role of certain phenolic compounds in the prevention
of coronary heart diseases and cancer (ESPIN, 2001).

Chronic arsenic (As) toxicity from ingestion of contaminated
drinking water and food has been reported in many countries and
is an environmental problem of colossal proportions with a wide
range of deleterious health impacts, including hyperpigmentation,
keratosis, skin and internal cancers, and vascular diseases (NATIONAL
RESEARCH COUNCIL, 2001; MEHARG and ZHAO, 2012).

The present study aimed to evaluate the concentration of phenolic
compounds of R. officinalis extracts grown off the ground and its
effects on arsenic-induced DNA damage and oxidative stress through
Allium cepa test and biochemical analysis.

* Corresponding author

Materials and methods

Plant cultivation

Onion cultivation

Onion plantlets (Allium cepa L.) were obtained from Universidade
Federal de Santa Maria (UFSM), RS, Brazil. The plantlets were
transplanted to plastic trays containing substrate and cultivated in a
greenhouse with shading (50%), at a spacing of 10 cm and a density
of 100 per m of surface seedlings. These plants were administered
with three daily irrigations (15 min each) with complete nutrient
solution containing (mg L1): 155.90 N; 46.40 P; 5271.00 S; 123.00
Ca; 30.00 Mg; 253.60 K; (mmol L1 2622.00 B; 133.00 Na; 277.00
Mo; 2274.00 Zn; 636.00 Cu; 6501.00 Mn and (mg L") 1.20 Fe.

At the end of the cycle, the plants were collected and the produced
bulbs were subsequently used for the Allium cepa test and biochemical
analyses.

Rosemary cultivation

The rosemary plants were grown in a 115 m? polyethylene shelter,
covered with polyethylene additive anti-UV 200 mm thick, at UFSM,
Rio Grande do Sul, Brazil. Polypropylene vessels (2.8 dm?) filled
with sand with one plant per pot were used for this experiment.
During the cultivation four daily irrigations with nutrient solution
were performed to keep the water level in the vessels.

The nutrient solution used had the following ionic composition in
mmol L: 11.02 NO;7; 2.32 NH,*: 0.8 H,PO,; 6.0 K*; 1.75 Ca?*; 1.25
Mg?*and 1.25 SO,*. Micronutrients were supplied in concentrations
in mg L%, 0.03 Mo; 0.26 B; 0.06 Cu; 0.50 Mn; 0.22 Zn; through
a stock solution Fe was separately provided at a concentration of
1.0 mg L in the chelate form. The pH was maintained between 5.5
and 6.0.

The leaves of 10 plants were harvested at 160 days after planting
(DAP). These leaves were dried under the shade during 5 days at
room temperature before the preparation of extracts and essential oil
extraction.

Preparation of aqueous extracts

The extracts were prepared in the Laboratory of Cytogenetic and
Plant Genotoxicity of UFSM, by infusion of the leaves at 5 and 20 g
L-!, using distilled water as liquid extractor.

The infusions were obtained by boiling distilled water at 100 °C and
pouring water on whether the chopped plant material to facilitate
the action of water. After mixing, the container remained capped for
15 minutes.

These extracts were filtered and, after reaching room temperature,
were analyzed by high performance liquid chromatography with
diode arrangements Detection (HPLC-DAD) for identification and
quantification of the phenolic compounds, and used for the A. cepa
test.
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Extraction of volatile oil of rosemary

For the extraction of essential oil composite samples of 30 g were
prepared from plants collected in four replications. The extraction
of the essential oil of the leaves was carried out by hydrodistillation
method in a Clevenger apparatus for 3 hours, and stored at -4 °C until
the chromatographic analysis and evaluation of the effect on the cell
cycle through A. cepa test.

High Performance Liquid Chromatography

The analysis by High Performance Liquid Chromatography (HPLC-
DAD) was performed on HPLC system (Shimadzu, Kyoto, Japan)
with auto injector (sIL 20A) equipped with reciprocating pumps
(Shimadzu LC-20AT) connected to the degasser (DGU 20AS5) with
integrator (CBM 20A) detector UV / VIS diode array (SPD-M20A)
and LC software solution 1.22 SP1. The analysis were performed in
reversed phase under gradient conditions using C18 column (4.6 mm
x 150 mm) packed with Sum diameter particles.

The mobile phase was composed of: water containing acetic acid
2% (A) and methanol (B), and composition gradient was: 5% B for
2 min, 25% B to 10 min, 40, 50, 60, 70 and 80% (B) every 10 min,
following the method described by COELHO et al. (2013), with slight
modifications. The mobile phase extracts were filtered through a
0.45 pM membrane filter (Millipore) and then degassed in a soni-
cation bath. The flow rate was 0.9 ml min!, injection volume of 50 L
and wavelengths were 285 nm for carnosic acid, 325 nm for caffeic,
chlorogenic and rosmarinic acid, and 365 nm for quercetin, rutin and
kaempferol.

Chromatographic analysis of the volatile oil of Rosmarinus officinalis
Gas chromatography (GC-FID)

The gas chromatography (GC) analyses were carried out using an
Agilent Technologies 6890N GC-FID system, equipped with DB-5
capillary column (30 m x 0.25 mm; film thickness 0.25 mm) and
connected to an FID detector. The injector and detector temperatures
were set to 280 °C. The carrier gas was helium, at a flow rate of
1.3 ml min'!. The thermal programmer was 50-300 °C at a rate of
5°C/min. Two replicates of samples were processed in the same way.
Component relative concentrations were calculated based on GC
peak areas without using correction factors. The injection volume of
the oil was 1 pL (VERMA et al., 2010).

Gas chromatography-mass spectrometry (GC-MS)

GC-MS analyses were performed on an Agilent Technologies
AutoSystem XL GC-MS operating in the EI mode at 70 eV, equipped
with a split/splitless injector (250 °C). The transfer line temperature
was 280 °C. Helium was used as carrier gas (1.3 ml min'') and the
capillary columns used were an HP SMS (30 m x 0.25 mm; film
thickness 0.25 mm) and an HP Innowax (30 m x 0.32 mm i.d., film
thickness 0.50 mm). The temperature program was the same as that
used for the GC analyses. The injected volume was 1 uL of the
volatile oil.

Identification of the components

Identification of the constituents was performed on the basis of
retention index (RI), determined with reference of the homologous
series of n-alkanes, C7-Cs, under identical experimental conditions,
comparing with the mass spectra library search (NIST and WILEY),
and with the mass spectra literature date ADAMS (1995). The relative
amounts of individual components were calculated based on the CG
peak area (FID response).

Cytogenetic analysis

Cytogenetic analysis of meristematic cells obtained from A. cepa
radicles were used to evaluate morphological and structural cell
modifications and determine the mitotic index.

Nineteen groups of five bulbs were placed in distilled water,
constituting 19 treatments with 5 replicates each. The following
treatments were used: to check the individual effect of each solution;
T1: distilled water, as a negative control; T2: R. officinalis oil 0.8%,
T3: R. officinalis oil 3%, T4: R. officinalis extract 5 g L', T5: R.
officinalis extract 20 g L', T6: arsenic (100 uM), to check the effect
of R. officinalis prior to arsenic exposure; T7: R. officinalis oil 0.8%
(24 h) + arsenic (24 h), T8: R. officinalis oil 3% (24 h) + arsenic
(24 h), T9: R. officinalis extract 5 g "' (24 h) + arsenic (24 h), T10:
R. officinalis extract 20 g L' (24 h) + arsenic (24 h), T11: arsenic
(24 h) + R. officinalis oil 0.8% (24 h), to check the effect of R.
officinalis after arsenic exposure; T12: arsenic (24 h) + R. officinalis
oil 3% (24 h), T13: arsenic (24 h) + R. officinalis extract 5 g L’!
(24 h), T14: arsenic (24 h) + R. officinalis extract 20 g L' (24 h),
to check the effect of R. officinalis use concomitantly with arsenic
exposure;T15: arsenic with R. officinalis oil 0.8%, T16: arsenic with
R. officinalis oil 3%, T17: arsenic with R. officinalis extract 5 g L',
T18: arsenic with R. officinalis extract 20 g L1, T19: ethanol to check
alcohol effect.

For the analysis of cell division, approximately 2 cm of onion radicles
were collected and hydrolyzed in 1 N HCI for 5 min, followed by
staining with 2% acetic orcein in accordance with GUERRA and
Souza (2002). The meristematic region was crushed using a small
glass rod, and the material was placed onto a coverslip. The slides were
observed under the microscope at 40 x magnification. Subsequently,
the total cell count (interphase and cell division) was obtained, and
the mitotic index (MI) was calculated based on the percentage of
dividing cells. A total of 1000 cells were counted per bulb, totaling
4000 cells per group for each treatment and each species studied.

Biochemical parameters

For the biochemical assays, the root samples were collected,
immediately placed in liquid nitrogen and pulverized to a fine powder
using a porcelain mortar. The level of lipid peroxidation was estimated
using a TBARS Assay (thiobarbituric acid reactive substances assay)
according to the method of BELEID EL-MOSHATY et al. (1993).

The H,O, concentration in the roots was determined according to
LORETO and VELIKOVA (2001). The activity of peroxidase (POD, EC
1.11.1.7) nonspecific present in the extract was determined according
ZERAIK et al. (2008), using guaiacol as substrate. The oxidation of
guaiacol (a tetraguaiacol) was measured by the increase in absorbance
at 470 nm (CHANCE and MAEHLY, 1955).

Statistical analysis

The experiments were performed using a randomized design. The
analyses of variance were computed on statistically significant
differences determined based on appropriate F-tests. The results are
presented as the means + SD of at least three independent replicates.
The mean differences were compared using Scott-Knott (P<0.05).

Results and discussion

Chromatography and cytogenetic analysis

R. officinalis is an aromatic plant popularly known as rosemary which
has important biological properties, especially due the phenolic
and the volatile constituents, such as carnosol, carnosic acid and
rosmarinic acid present in the extract of rosemary and o-pinene,
bornylacetate, camphor and eucalyptol present in the essential oil
of this species (RIBEIRO-SANTOS et al., 2015; ARRANZ et al., 2015).
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Also, minor constituents in rosemary may have biological functions,
mainly because possible synergistic effects among their compounds
(RIBEIRO-SANTOS et al., 2015).

However, studies have demonstrated that there are significant
variations in rosmarinic and carnosic acid content according to the
harvest season and site of rosemary cultivation (YESIL-CELIKTAS
et al., 2007; FRESCURA et al., 2013). The compound found in highest
amounts in aqueous extracts of R. officinalis was rosmarinic acid
(Tab. 1). The antioxidant activity has been attributed to this acid in
the literature, reducing numerous events deleterious to the organism,
such as formation of reactive oxygen species, lipid peroxidation
and DNA fragmentation (SIMOES et al., 2001; 1zz0 and CAPASSO,
2007). Besides, MAKINO et al. (2000), suggest that rosmarinic acid
in Lamiaceae herbs is a promising agent to prevent mesangioproli-
ferative glomerular diseases.

There are many studies demonstrating the in vitro activity of
rosemary diterpenes, such as carnosic acid, carnosol, and rosmanol,
in anticancer activity (reviewed by PETIWALA and JOHNSON, 2015).
Furthermore, carnosic acid is described as the active ingredient
responsible for antimicrobial activity exhibited by the extract from
the leaves of R. officinalis (BERNARDES et al., 2009) and has clinical
application for diseases affecting the outer retina, including age-
related degeneration, in which oxidative stress is probably one factor
that contributes to disease progression (REZAIE et al., 2012).

The rutin has been cited having beneficial effects in reducing
symptoms of impaired lymphatic and venous vessels (PATHAK et al.,
1991). The quercetin offers many benefits of health promotion,
including improved cardiovascular health, reducing the risk of cancer
and many others (LAKHANPAL and RAIL, 2007). Still, kaempferol and
quercetin have protective action against pancreatic hypertrophy and
hyperplasia (RAWEL et al., 2002).

The major compounds of the volatile oil were monoterpenes
corresponding to 64.6% of 91.4% (Tab. 2) in agreement with
published literature (RIBEIRO et al., 2012). Interestingly, the two most
abundant compounds, 1,8-cineole and camphor in rosemary oil were
described as insecticidal constituents against the cabbage looper,
Trichoplusia ni, showing synergistic interactions and more effective
control when used together (TAK and ISMAN, 2015).

The results demonstrate that both volatile oil in concentrations of
0.8 and 3% and aqueous extracts of R. officinalis in concentrations
of 5 and 20 g L', have no mutagenic effect as compared to arsenic
treatments (Tab. 3), and show slightly different effects from control
treatment, consistent with the results of other studies using different
techniques (AMIN and HAMzA, 2005). This is an important foundation
for future studies including human cell lines to ensure safety of
volatile oil and aqueous extracts of R. officinalis as a phytomedicine.
Genotoxicity of arsenic compounds has been observed in a variety

Tab. 1: Concentration of phenolic compounds, mg g, in extracts of
R. officinalis, prepared with two concentrations (5 g of leaves L-!
and 20 g of leaves L1).

Phenolic compounds R. officinalis extract
5gL1 20gL!
rosmarinic acid (mg ml!) 5.99 26.30
chlorogenic acid (mg ml'") 2.30 845
carnosic acid (mg ml!) 1.83 5.09
caffeic acid (mg ml™") 1.33 4.87
canpferol (mg ml") 0.61 2.40
quercetin (mg ml!) 145 521
rutin (mg ml™") 0.73 5.71

of cultured human cells (YIH and LEE, 1999; YIH et al., 2005),
animals (PATLOLLA and TcHOUNWOU, 2005) and arsenic-exposed
human populations (HORVATHOVA et al., 2003). In the present study,
R. officinalis (both volatile oil and aqueous extract) reduced arsenic-
mediated chromosome aberrations, especially the occurrence of
micronucleus in Allium cepa (Tab. 3; Fig. 1). When added after 24 h
exposure to As, the aqueous extract was able to completely reverse
the damage caused by exposure to As. When used concomitant, there
was no occurrence of chromosomal aberrations (Tab. 3; Fig. 1).

Some studies have reported the antimutagenic effects of R. officinalis
in plants (HORVATHOVA et al., 2014), and human cell lines (WANG et
al.,2012); but to our knowledge, there were no studies evaluating the
effect of R officinalis in to repair the DNA damage caused by exposure
to As. Higher plants present characteristics that make them excellent
genetic models to assess environmental pollutants, being frequently

Tab. 2: Chemical composition of Rosmarinus officinalis volatile oil.

Compounds RI? RI? Concentration
%

a-pinene 936 939 11.15
a-camphene 954 953 452
[-pinene 980 980 329
[B-myrcene 991 991 8.18
a-phellandrene 1003 1005 0.25
p-cymene 1026 1026 0.44
1.8 cineol 1037 1033 16.78
Camphor 1143 1143 21.33
O-terpinene 1065 1062 1.28
Linalool 1098 1098 2.54
M{ Isoboneol 1156 1156 2.74
Borneol 1165 1166 1.82
Menthol 1173 1173 0.94
Terpin-4-ol 1178 1177 0.51
Pinocarvone 1160 1162 1.11
Naphthalene 1178 1179 0.34
a-terpineol 1189 1189 1.70
piperitol <cis-> 1195 1193 093
Verbenone 1205 1204 7.20
Pulegone 1237 1237 0.15
Eugenol 1356 1356 0.73

f O-copaene 1376 1376 0.01
Caryophyllene 1417 1418 1.34
Aromadendrene 1440 1439 048
S<{ o-muurolene 1498 1499 0.07
a-bisabolene 1504 1504 0.46
a-cadidene 1538 1538 025

\ Caryophyllene oxide 1580 1581 0.83
Total identified (%) 91.37

Relative proportions of the essential oil constituents were expressed as
percentages. “Retention indices experimental (based on homologous series
of n-alkane C,-Csp). PRetention indices from literature (ADAMS, 1995); M =
monoterpenes; S = sesquiterpenes.
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used in monitoring studies. However, this feature is not only due to
the sensitivity to detect mutagens in different environments, but also
to the possibility of assessing several genetic endpoints, which range
from point mutations to chromosome aberrations in cells of different
organs and tissues (GRANT, 1994).

The most common abnormality caused by the arsenic exposure in this
study was the occurrence of micronuclei, which was already reported
by other studies (Y1 and S1, 2007; BANERJEE et al., 2013). BANERJEE
et al. (2013) reported the association between micronuclei frequency
in urothelial cells from men, women, smoker group and non-smokers
group, and arsenic content in cooked rice. They indicated a strong
positive correlation of mean urinary arsenic with mean cooked rice
arsenic content among the tested groups.

The detection of micronuclei has been considered by many authors as
an efficient and simple way to analyze the mutagenic effect promoted
by chemicals (MEKKI, 2013). Micronuclei results from damage in the
parental cells as acentric fragments or lagging chromosomes that fail
to incorporate into either of the daughter nuclei during telophase in cell
mitosis (FERNANDES et al., 2007) being easily observed in daughter
cells as a similar structure to the main nucleus, but in a reduced
size. Thus, micronuclei arise from the development of some CA, for
instance, chromosome breaks and losses. Moreover, micronuclei may
still derive from other processes as polyploidization, in which they
originate from the elimination of exceeding DNA of the main nucleus
in an attempt to restore the normal conditions of ploidy (FERNANDES
et al., 2007).

Oxidative stress

R. officinalis, as others Lamiaceae species, contains flavonoids and
phenolic acids (COELHO et al., 2013). Phenolic compounds can
slow down oxidative reactions in biological systems. The study of

phenolic compounds is also associated with important antioxidant
activity of these compounds, suggesting that diseases caused by
oxidative reactions in biological systems can be delayed by the intake
of natural antioxidants found in plants such as R. officinalis (SIMOES
etal.,2001).

The exposure to As causes oxidative stress, as can clearly be
evidenced by TBARS formation, increased content of H,O, and POD
activity. In the present study, the application of R. officinalis extract
reduced the TBARS concentration in cells exposed to arsenic, as
well as the H,O, concentration regardless the moment of exposure
(Tab. 4). On the other hand, the volatile oil did not alter TBARS or
H,0, concentration under the 0.8% dose when used only 24hs before
arsenic exposure (Tab. 4).

WANG et al. (2012) assessed the comparative antibacterial and
anticancer activities of R. officinalis essential oil as well as its
compounds, being the three main components 1,8-cineole, o-pinene
and B-pinene. Even though R. officinalis essential oil exhibited the
strongest antibacterial and cytotoxic activities towards SK-OV-3,
HO-8910 and Bel-7402 human tumor cell lines. It is important to
point that even though in this study the R. officinalis essential oil
didn’t show high antioxidant activity, it is well known its beneficial
proprieties to human health (POSADAS et al., 2009).

The POD activity was enhanced by As exposure as compared to the
others treatments (Tab. 4). Among the treatments with R. officinalis,
the concomitant exposure to As and R. officinalis resulted in a higher
activity as compared to R. officinalis prior or after As exposure
(Tab. 3).

However, in general terms this activity of the R. officinalis extracts
was not enough to prevent DNA damage in a higher level as compared
to treatments with R. officinalis extracts being used after As exposure
(Tab. 4).

Tab. 3: Effect of Rosmarinus officinalis oil and extract on mitotic index and chromosomal aberrations in root tip cells of A. cepa exposed to arsenic.

Treatments Mitotic index Total Micronuclei Chromosomal Anaphasic
(%) abnormalities breakage and lost|  telophasic
(%) chromosomes bridges
T1 distilled water* 537a 025¢ 0 0 1
T2 R. officinalis oil 0.8% 5.00b 0.50¢ 1 0 1
T3 R. officinalis oil 3% 3.15d 0.75¢ 3 0 0
T4 R. officinalis extract 5 g L'! 1.37¢ 050 ¢ 1 0 1
T5 R. officinalis extract 20 g L! 080¢g 0.75¢ 2 0 1
T6 arsenic 427c¢ 350a 10 0 4
T7 R. officinalis 0il 0.8% (24 hs) + arsenic (24 hs) 1.15f 2.00b 7 0 1
T8 R. officinalis oil 3% (24 hs) + arsenic (24 hs) 020h 1.50b 5 0 1
T9 R. officinalis extract 5 g L' (24 hs) + arsenic (24 hs) 020 h 1.00 ¢ 3 0 1
T10 R. officinalis extract 20 g L' (24 hs) + arsenic (24 hs) 0.10h 0.75¢ 1 0 2
T11 arsenic (24 hs) + R. officinalis 0il 0.8% (24 hs) 395¢ 2.00b 6 1 1
T12 arsenic (24 hs) + R. officinalis oil 3% (24 hs) 100 g 025¢ 1 0 0
T13 arsenic (24 hs) + R. officinalis extract 5 g L' (24 hs) 100 g 050 ¢ 1 0 1
T14 arsenic (24 hs) + R. officinalis extract 20 g L' (24 hs) 095¢g 0.00 ¢ 0 0 0
T15 arsenic with R. officinalis oil 0.8% 4.10c¢ 2.00b 5 1 2
T16 arsenic with R. officinalis oil 3% 235e 035¢ 1 0 0
T17 arsenic with R. officinalis extract 5 g L' 075¢g 050 ¢ 2 0 0
T18 arsenic with R. officinalis extract 20 g L! 020h 0.00 ¢ 0 0 0
T19 ethanol 425¢ 0.50¢ 2 0 0

Different low letters show significant differences among the treatments. *negative control
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Fig.1: A B: Allium cepa cells during normal anaphase (T1 distilled water A and T5 Rosmarinus officinalis extract B); C D Allium cepa cells during interphase
exhibiting micronuclei (T6 treated with Arsenic (24 h); and T7 R. officinalis oil 0.8% (24 h) + arsenic (24 h)); E: Allium cepa cells exhibiting anaphase
chromosome bridges (T6 treated with arsenic); F: Allium cepa cells during normal anaphase (T18 arsenic with R. officinalis extract 20 g L').

Tab.4: Levels of H,O,, TBARS and POD in cells obtained from Allium cepa radicles exposed to arsenic and Rosmarinus officinalis oil and extract.

Treatments TBARS (MDA nM g'! FW) H,0,(uM g'! FW) POD (umol min! mg FW)
T1 distilled water* 0.567d 1.602 ¢ 22217d
T2 R.officinalis 0il 0.8% 0.587d 2203 ¢ 26.728 d
T3 R. officinalis oil 3% 0.564 d 1456 ¢ 28.984 ¢
T4 R. officinalis extract 5 g L! 0498 d 1467 ¢ 26.728 d
T5 R. officinalis extract 20 g L'! 0476d 2202¢ 19961 d
T6 arsenic 1.876 a 10.267 a 55.173 a
T7 R. officinalis oil 0.8% (24 hs) + arsenic (24 hs) 1654 a 8.467 a 36428 ¢
T8 R. officinalis oil 3% (24 hs) + arsenic (24 hs) 1.132¢ 7233 a 29.661 ¢
T9 R. officinalis extract 5 g L' (24 hs) + arsenic (24 hs) 1.109 ¢ 5.533b 31917 ¢
T10 R. officinalis extract 20 g L (24 hs) + arsenic (24 hs) 1.187 ¢ 4822b 36428 ¢
T11 arsenic (24 hs) + R. officinalis oil 0.8% (24 hs) 1.543b 8.467 a 38.684 b
T12 arsenic (24 hs) + R. officinalis oil 3% (24 hs) 0.765d 6.875a 31917 ¢
T13 arsenic (24 hs) + R. officinalis extract 5 g L' (24 hs) 0.708 d 4076 b 29.661 ¢
T14 arsenic (24 hs) + R. officinalis extract 20 g L™ (24 hs) 0.698 d 4.897b 29.554 ¢
T15 arsenic with R. officinalis 0il 0.8% 1.106 ¢ 8.467 a 34172 ¢
T16 arsenic with R. officinalis oil 3% 0.706 d 5876 b 43.195b
T17 arsenic with R. officinalis extract 5 g L™! 0.654 d 4035b 43.194 b
T18 arsenic with R. officinalis extract 20 g L' 0.698 d 4.876b 40.706 b

Different low letters show significant differences among the treatments. *negative control.

Conclusion

This study demonstrated that the R. officinalis extract exerted no
mutagenic effects and showed antimutagenic potential, reducing the
DNA damage and lipid peroxidation resulting from treatment with
As exposure.

References

ADAMS, R.P., 1995: Identification of essential oil components by Gas
Chromatography/Mass spectroscopy. Illinois USA: Allured Publishing

Corporation.

AMIN, A., HAMzA, A.A., 2005: Hepatoprotective effects of Hibiscus,
Rosmarinus and Salvia on azathioprine-induced toxicity in rats. Life
Sciences. 77,266-278. DOI: 10.1016/j.1fs.2004.09.048

ANVISA, 2010: Resolu¢do-RDC No 10, de 9 de margo de 2010. Dispde
sobre a notificacdo de drogas vegetais junto a Agéncia Nacional de
Vigilancia e dd outras providéncias. Retrieved February 2015, from
http://189.28.128.100/dab/docs/legislacao/resolucaol0_09_03_10.pdf

BANERJEE, M., BANERIEE, N., BHATTACHARIEE, P., MONDAL, D., LYTHGOE,
PR., MARTINEZ, M., PAN, J., POLYA, D., GIRI, A K., 2013: High arsenic



G.J. Farias, D.V. Frescura, A.A. Boligon, C K. Trapp, L.J. Andriolo, B.S. Tedesco,
6 K. Bernardy, R. Schwalbert, K.B. Del Frari, M. Carey, T.F. Nicoloso

in rice is associated with elevated genotoxic effects in humans. Sci. Rep.
3,1-8.DOI: 10.1038/srep02195

BERNARDES, W.A., LUCARINL, R., SOuzA, M.G.M., TOZATTI, M.G., SILVA,
M.L.A., FILHO, A.A.S., MARTINS, C.H.G., CUNHA, W.R., 2009: Acido
carnésico: um diterpeno isolado de Rosmarinus officinalis com potencial
antibacteriano frente a bactérias bucais. In: 32a Reunido Anual da
Sociedade Brasileira de Quimica. Anais... Fortaleza: Sociedade Brasileira
de Quimica.

CHANCE, B., MAEHLEY, A.C., 1995: Assay of catalase and peroxidases.
Methods in Enzymology. 11, 764-775.

DOI: 10.1016/S0076-6879(55)02300-8

COELHO, A.P.D FRESCURA, V.D.-S., MAMBRI, A.P., AUGUSTI BOLIGON, A.,
TEDESCO, S.B., 2013: Avaliacdo dos compostos fendlicos e potencial
genotoxico e antiproliferativo do extrato de Echinodorus longiscapus
Arech. Enciclopédia Biosfera. 9, 2698-2709.

BELEID EL-MOSHATY, FI., PIKE, S.M., NOVACKY, A.J., SEHGAL, O.P.,
1993: Lipid peroxidation and superoxide production in cowpea (Vigna
unguiculata) leaves infected with tobacco ringspot virus or southern bean
mosaic virus. Physiol. Mol. Plant Pathol. 43, 109-119.

DOI: 10.1006/pmpp.1993.1044

EsPIN, J.C., SOLER-R1vAS, C., WICHERS, H.J., 2000: Characterization of the
total free radical scavenger capacity of vegetable oils and oil fractions
using 2,2-diphenyl-1-picrylhydrazyl radical. J. Agric. Food Chem. 48,
648-656. DOI: 10.1021/jf9908188

FERNANDES, T.C.C, MAzzEo, D.E.C., MARIN-MORALES, M.A. 2007:
Mechanism of micronuclei formation in polyploidizated cells of Allium
cepa exposed to trifluralin herbicide. Pest. Biochem. Physiol. 88, 252-
259.DOI: 10.1016/j.pestbp.2006.12.003

FERRARI, G.N., SUGUINO, E., MARTINS, A.N., MELLO, S.C., MINAMI, K.,
2011: Alecrim (Rosmarinus officinalis L.). Piracicaba: ESALQ. (Série
Produtor Rural, 49).

FRESCURA, V.D.S., BOLIGON, A.A., ATHAYDE, M.L., ANDRIOLO, J.L.,
TEDESCO, S.B., 2013: Compostos fendlicos de Rosmarinus officinalis L.
sob cultivo fora do solo. Enciclopédia Biosfera. 9, 755-761.

GRANT, W.F., 1994: The present status of higher plant bioassays for detection
of environmental mutagens. Mutation Research 310, 175-185.

GUERRA, M., SouzA, M.J., 2002: Como observer cromossomos: um guia
de técnicas em citogenética vegetal, animal e humana. Ribeirdo Preto:
FUNPEC. 191.

HORVATHOVA, E., NAVAROVA, J., GALOVA, E., SEVCOVICOVA, A.,
CHODAKOVA, L., SNAHNICANOV, A.Z., SLAMENOVA, D., 2003: Chro-
mosomal aberrations and sister chromatid exchanges in individuals
exposed to arsenic through drinking water in West Bengal, India. Mutat.
Res. 534, 133-143. DOI: 10.1016/S1383-5718(02)00255-3

HORVATHOVA, E., NAVAROVA, J., GALOVA, E., SEvcovicova, A.,
CHODAKOVA, L., SNAHNICANOVA, Z., SLAMENOVA, D., 2014: Assess-
ment of antioxidative, chelating, and DNA-protective effects of se-
lected essential oil components (Eugenol, carvacrol, thymol, borneol,
eucalyptol) of plants and intact Rosmarinus officinalis oil. J. Agric. Food
Chem. 62, 6632-6639. DOI: 10.1021/jf501006y

17270,A.A., CAPASSO, F., 2007: Herbal medicines to treat Alzheimer’s disease.
Trends in Pharmacological Sciences. 28, 47-48.

DOI: 10.1016/j.tips.2006.12.001.

LAKHANPAL, P., RAI, D.K., 2007: Quercetin: A Versatile Flavonoid. Internet
Journal of Medical Update 2, 1-16.

LoRETO, F., VELIKOVA, V., 2001: Isoprene produced by leaves protects
the photosynthetic apparatus against ozone damage, quenches ozone
products, and reduces lipid peroxidation of cellular membranes. Plant
Physiol. 127, 178117-87. DOIL: 10.1104/pp.010497

MAKINO, T., ONO, T., MUSO, E., YOSHIDA, H., HONDA, G., SASAYAMA, S.,
2000: Inhibitory effects of rosmarinic acid on the proliferation of cultured
murine mesangial cells. Nephrol. Dial. Transplant. 15, 1140-1145.

DOI: 10.1093/ndt/15.8.1140

MEHARG, A.A., ZHAO, F.J., 2012: Arsenic and rice. Berlin: Springer Science
& Business Media.

MEKKI, L., 2013: Effects of crude aqueous and ethanolic extracts of Peganum

harmala L. Seeds on cytogenetical and growth traits of Vicia faba L.
plants. Afr. J. Biotechnol. Res. 2, 35-44.

NATIONAL RESEARCH COUNCIL, 2013: Critical Aspects of EPA’s IRIS
Assessment of Inorganic Arsenic: Interim Report. Washington: The
National Academies Press.

PATHAK, D., PATHAK, K., SINGLA, A K., 1991: Flavonoids as medicinal
agents: recent advances. Fitoterapia. 57,371-389.

PATLOLLA, A K., TCHOUNWOU, P.B., 2005: Cytogenetic evaluation of arsenic
trioxide toxicity in Sprague-Dawley rats. Mutat Res. 587, 126-33.

DOI: 10.1016/j.mrgentox.2005.08.007

PETIWALA, S.M., JOHNSON, J.J., 2015: Diterpenes from rosemary (Rosmari-
nus officinalis): Defining their potential for anti-cancer activity. Cancer
Letters. 367, 93-102. DOI: 10.1016/j.canlet.2015.07.005

POSADAS, SJ., CAz, V., LARGO, C., DE LA GANDARA, B., MATALLANAS,
B., REGLERO, G., DE MIGUEL, E., 2009: Protective effect of supercriti-
cal fluid rosemary extract, Rosmarinus officinalis, on antioxidants of
major organs of aged rats. Exp. Gerontol. 44, 383-342.

DOI: 10.1016/j.exger.2009.02.015

RAWEL, HM., CZAJKA, D., ROHN, S., KROLL, J., 2002: Interactions of
different phenolic acids and flavonoids with soy proteins. Int. J. Biol.
Macromol. 30, 130-150. DOI: 10.1016/S0141-8130(02)00016-8

REZAIE, T., MCKERCHER, S.R., KOSAKA, K., SEKI, M., WHEELER, L.,
VISWANATH, V., TozAwA, T., 2012: Protective effect of carnosic acid,
a pro-electrophilic compound, in models of oxidative stress and light-
induced retinal degeneration. Invest. Ophthal. Vis. Sci. 53, 7847-7854.
DOI: 10.1167/iovs.12-10793

RIBEIRO, D.S., MELO, D.B., GUIMARAES, A.G., VELOZO, E.D.S., 2012:
Avaliacd@o do 6leo essencial de alecrim (Rosmarinus officinalis L.) como
modulador da resisténcia bacteriana. Semina. 33, 687-696.

RIBEIRO-SANTOS, R., CARVALHO-COSTA, D., CAVALEIRO, C., COSTA, H.,
ALBUQUERQUE, T.G., CASTILHO, M.C., RamMos, F., MELO, N.R.,
SANCHES-SILVA, A., 2015: A novel insight on an ancient aromatic plant:
The rosemary (Rosmarinus officinalis L.). Trends Food Sci. Technol. 45,
355-368. DOI: 10.1016/j.ifs.2015.07.015

SIMOES, C.M.O., 2001:Farmacognosia: da planta ao medicamento. Porto
Alegre/Floriandpolis: Ed. Universidade UFRGS/ Ed. da UFSC.

TAK, J.-H., ISMAN, M.B., 2015: Enhanced cuticular penetration as the
mechanism for synergy of insecticidal constituents of rosemary essential
oil in Trichoplusia ni. Sci. Rep. 5, 12690. DOI: 10.1038/srep12690

VERMA, R.S., PADALIA, R.C., CHANOTIYA, C.S., CHAUHAN, A., 2010:
Chemical investigation of the essential oil of Thymus linearis (Benth.
ex Benth) from western Himalaya, India. Natural Product Research 24,
1890-1896. DOLI: 10.1080/14786411003754322

WANG, W, LI, N., Luo, M., Zu, Y., EFFERTH, T., 2012: Antibacterial acti-
vity and anticancer activity of Rosmarinus officinalis L. essential oil
compared to that of its main components. Molecules 17,2704-2713.
DOI: 10.3390/molecules17032704

YESIL-CELIKTAS, O., GIRGIN, G., ORHAN, H., WICHERS, H.J., BEDIR, E.,
VARDAR-SUKAN, F., 2007: Screening of free radical scavenging capacity
and antioxidant activities of Rosmarinus officinalis extracts with focus
on location and harvesting times. Eur. Food Res. Technol. 224, 443-451.
DOI: 10.1007/300217-006-0306-0

YI, H., SI, L., 2007: Vicia root-mirconucleus and sister chromatid exchange
assays on the genotoxicity of selenium compounds. Mutat. Res. 630,
92-96. DOI: 10.1016/j.mrgentox.2007.03.003

Y, L.H., HSUEH, S.W., Luu, W.S., CHIU, TH., LEE, T.C., 2005: Arsenic
induces prominent mitotic arrest via inhibition of G2 checkpoint activation
in CGL-2 cells. Carcinogenesis. 26, 53-63. DOI: 10.1093/carcin/bgh295

YiH, L.H., LEE, T.C., 1999: Effects of exposure protocols on induction of
kinetochore-plus and -minus micronuclei by arsenite in diploid human
fibroblasts. Mutat. Res. 440, 75-82.

DOI: 10.1016/S1383-5718(99)00008-X

ZERAIK, A.E., Souza, FD., FATIBELLO-FILHO, O., LEITE, O.D., 2008:
Desenvolvimento de um spot test para 0 monitoramento da atividade da
peroxidase em um procedimento de purificacdo. Quimica Nova. 31, 731-
734.



Protective effect of Rosmarinus officinalis to arsenic exposure in Allium cepa 7

Address of the corresponding author:

Departamento de Biologia, Centro de Ciéncias Naturais e Exatas, Universidade
Federal de Santa Maria, Santa Maria, RS 97105-900, Brazil

E-mail: fariasjuliagomes@gmail.com

© The Author(s) 2018.

[((c) 22Tl This is an Open Access article distributed under the terms
of the Creative Commons Attribution Share-Alike License (http://creative-
commons.org/licenses/by-sa/4.0/).



