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RESEARCH ARTICLE

Cytotoxic, genotoxic and mutagenic evaluation of Alibertia edulis (rich.) a. Rich.
ex DC: an indigenous species from Brazil

Sara Emilia Lima Toloueia, Giseli Karenina Traeselb, Fernando Freitas de Limab,
Fl�avio Henrique Souza de Ara�ujoc, Caroline Honaiser Lescanod, Claudia Andrea Lima Cardosoe,
Silvia Aparecida Oesterreichb and Maria do Carmo Vieiraf

aDepartment of Pharmacology, Universidade Federal do Paran�a, Curitiba, Paran�a, Brazil; bFaculty of Health Sciences, Universidade Federal da
Grande Dourados, Dourados, Mato Grosso do Sul, Brazil; cCenter of Biological and Health Sciences, Universidade Federal do Mato Grosso do
Sul, Campo Grande, Mato Grosso do Sul, Brazil; dFaculty of Medicinal Sciences, Universidade Estadual de Campinas, Campinas, S~ao Paulo,
Brazil; eDepartment of Chemistry, Universidade Estadual do Mato Grosso do Sul, Dourados, Mato Grosso do Sul, Brazil; fFaculty of
Agricultural Sciences, Universidade Federal da Grande Dourados, Dourados, Mato Grosso do Sul, Brazil

ABSTRACT
Tea leaves of Alibertia edulis is popularly used in folk medicine. However, studies on the genotoxicity of
this plant are not available. We aimed to investigate the in vivo and in vitro cytotoxic, genotoxic and
mutagenic potentials of the aqueous extract of A. edulis leaves (AEAE). Antioxidant assays, the Artemia
salina test, MTT in human platelets, micronucleus in bone marrow and comet in peripheral blood were
performed. Animals received four different doses of the AEAE by oral gavage for 30 days. Saline and
cyclophosphamide were used as controls. The AEAE exhibited a maximal inhibition at 100 and 250 mg/
mL, according to the ABTS and DPPH methods, respectively. The A. salina assay showed that the AEAE
presented some toxicity at doses of 100, 250 and 500lg/mL. Through the MTT assay, the AEAE
showed no toxic effects on human platelets during the incubation period. The alkaline comet assay
showed that all doses of the AEAE were statistically similar to the negative control group since they
did not induce any significant increase of the overall number of damaged cells nor the severity of the
cell damage. In the micronucleous assay, results demonstrate that the AEAE did not increase the pro-
duction of micronucleated polychromatic erythrocytes and was statistically similar to the negative con-
trol. The four doses of the plant extract did not affect the production of new erythrocytes and were
statistically similar to the negative control groups. Furthermore, the AEAE demonstrated no cytotoxicity,
genotoxicity and mutagenicity at the doses tested in rats.
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1. Introduction

Medicinal plants have been used as an important source of
drugs and as an alternative to allopathic medicine (Oliveira
et al. 2011). Since crude plant extracts may contain a broad
diversity of molecules with often unknown biological effects,
medicinal plants have become the focus of numerous studies
in order to evaluate their safety, efficacy and validate trad-
itional uses (Stone 2008).

Alibertia edulis (Rich.) A.Rich. ex DC., popularly known as
“marmelo do Cerrado” or “marmelada bola” is a native plant
of the Brazilian Cerrado and widely distributed in Brazil. It
has ornamental potential and its fruits are a food source for
the locals. The tea leaves of A. edulis are used in folk medi-
cine as it presents antihypertensive, diuretic, hypoglycemic
and antitumor potential. The pharmacological effects of A.
edulis have been studied due to the presence of triterpenic
compounds in the leaves (Brochini et al. 1994; de Santana
Aquino et al. 2017).

Recent studies on the pharmacological effects of the
aqueous extract of A. edulis leaves (AEAE) have shown its

high hypotensive and antihypertensive potential when tested
in normotensive and hypertensive rats (de Santana Aquino
et al. 2017). A phytochemical analysis of the AEAE revealed
the presence of flavanones, phenols and saponinic hetero-
sides. Regarding the toxicological potential of A. edulis, stud-
ies demonstrate the low toxicity of this species in rats when
exposed to acute and subchronic toxicity assessments
(Menegati et al. 2016).

As known, chemical and biological agents can interact
with DNA and promote mutations. Considering this, the effi-
cacy and potential toxicity of medicinal plants employed in
folk medicine have to be scientifically evaluated (Singh et al.
1988). For this reason, genotoxicity assays began to be
required by regulatory agencies such as Food and Drug
Administration (FDA) and Agência Nacional de Vigilância
Sanit�aria (ANVISA) as essential part of drug validation
(Hartmann et al. 2004). The Artemia salina assay is an effi-
cient, rapid and inexpensive test. It has a good correlation
with cytotoxic activity in some human tumors, pesticidal
(Mclaughlin et al. 1998), antiplasmodial (Meyer et al. 1982) as
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well as other pharmacological activities (Solis et al. 1993).
MTT [(3-(4,5-dimethizzol-zyl)-2,5-diphenyltetrazolium bromide]
is a colorimetric assay that indicates cellular metabolic activ-
ity (Mosmann 1983); comet and micronuclei assays are effect-
ive tests to determine the cytotoxic, genotoxic and
mutagenic potential of a substance. These tests serve as a
basis for validating the safety of natural compounds and for
the development of new drugs (Li et al. 2011).

Since there are no reports in the literature on the geno-
toxic potential of this species, this study aimed to investigate
the cytotoxic, genotoxic and mutagenic potentials of the
AEAE in order to validate the safety of this plant through in
vivo and in vitro experimental models.

2. Materials and methods

2.1. Plant collection, identification and preparation of
the extract

Leaves of A. edulis (Rich.) A. Rich. ex DC. were collected in a
Cerrado area from Dourados, Mato Grosso do Sul, Brazil (lati-
tude 22�0800500 South and longitude 55�0801700 West), accord-
ing to the license of accessing and transport of genetic
resources samples n� 010220/2015-1-CNPq/CGEN/MMA. The
plant name is in accordance with the online database pub-
lished by “The Plant List”, accessed on June 17, 2017. A vou-
cher specimen was authenticated by Dr. Zefa Valdevina
Pereira and deposited in the herbarium of the Federal
University of Grande Dourados (UFGD) under the num-
ber 4649.

Dried (58.1% humidity) and pulverized leaves (granulome-
try �1mm) of A. edulis were suspended in distilled water
(1:10 m/v) and boiled (97 �C) for 15min. The decoction
obtained was cooled, filtered, frozen at �70 �C, lyophilized
(yield: 36.9% w/w) and stored in a freezer at �18 �C (Coe
et al. 2010). In order to perform the MTT and the in vivo
assays, the lyophilized AEAE was suspended in saline. For the
bioactive compounds and antioxidant activity analysis, the
lyophilized AEAE was suspended in methanol according to
the methodologies applied.

2.2. Bioactive compounds and antioxidant activity
analysis

2.2.1. Flavonoids, condensed tannins and phenolic
compounds
The method described by Chang et al. (2002) with modifica-
tions, was followed for the estimation of flavonoids. The
extract was reacted with aluminum chloride and the readings
were performed using a Libra S6 spectrophotometer
(Biochrom Ltd.) at 415nm. The results were expressed as quer-
cetin equivalent in mg 100g�1 of sample (QE mg 100g�1 of
sample) using the quercetin standard curve.

The tannins analysis was performed according to the spec-
trophotometry method described by Maxson and Rooney
(1972), with modifications. The absorbance readings were per-
formed after 20min using a spectrophotometer at 500nm
and vanillin solution was used as the blank. The results were

expressed as catechin equivalent in mg 100g�1 of sample
(CE mg 100g�1 of sample) using the catechin standard curve.

The amount of phenolic compounds in the extract was
determined according to the spectrophotometry method
using Folin–Ciocateau reagent described by Georg�e et al.
(2005). The absorbance readings were performed at a wave-
length of 760 nm, using a spectrophotometer. The results
were expressed as gallic acid equivalent in mg 100 g�1 of
sample (GA mg 100 g�1 of sample) using the galic acid
standard curve.

2.2.2. Antioxidant activity by DPPH� and ABTS�þ
methods
The determinations as to the ability to eliminate the ABTS�þ
free radicals of the extract (5–100 mg/mL) was conducted
according to the methodology described by Maria do
Socorro et al. (2010), with modifications. Absorbance of the
samples and the reading were measured in a spectrophotom-
eter at 734 nm. Trolox (5–100 mg/mL) and ascorbic acid
(05–100 mg/mL) were used as a standard curve and the
results were expressed in percentage (%) of inhibition.

The DPPH� (2,2-diphenyl-1-picrylhydrazyl) radical-scaveng-
ing activity of the extract (5–500 mg/mL) was determined
according to the method proposed by Maria do Socorro
et al. (2010), with modifications. Absorbance was monitored
at 517 nm using a spectrophotometer. Ascorbic acid
(5–500 mg/mL) was used as a standard and the results were
expressed in percentage (%) of inhibition.

2.3. Artemia salina (brine shrimp test)

The brine shrimp lethality test (A. salina) was used in order
to determine if the AEAE is cytotoxic (Coe et al. 2010; Meyer
et al. 1982). The procedure was performed in accordance
with Martin’s methodology (do Ros�ario Martins et al. 2014).
Brine shrimp eggs (250mg) were incubated for 48 h in a cul-
ture vessel containing saltwater prepared from deionized
water (1:l) and sea salts. The salts were added to the mixture
until the solution pH reached 9. The solution was left for 48 h
at 27 �C under constant artificial illumination. After hatching,
10 newborn A. salina nauplii were collected with a Pasteur
pipette and placed in test tubes containing 5mL of the same
artificial seawater used previously and different concentra-
tions of the AEAE (10, 50, 100, 250 and 500 lg/mL). The num-
ber of survivors were counted after 24 h of incubation using
a stereomicroscope and the survival rate (%) was logged. All
assays were run in triplicate. A. salina suspended in saline
was used as negative control group and potassium dichro-
mate (K2Cr2O7) was used as the positive control group.

2.4. MTT assay

2.4.1. Washed platelet obtaining
Peripheral venous blood was collected from healthy volun-
teers who had not taken any medication for 10 days. This
procedure was approved by the Ethics Research Committee
of Universidade Estadual de Campinas (protocol: 184.172).

2 S. E. L. TOLOUEI ET AL.



Blood collection was performed with ACD-C (sodium citrate
12.4mM, citric acid 13mM, glucose 11mM, 9: 1 v/v). Platelet-
rich plasma (PRP) was obtained by centrifugation of whole
blood at 400�g at room temperature for 12min. The PRP
was then centrifuged at 800�g at room temperature, for
12min and the supernatant was discarded. The platelet resi-
due was carefully resuspended in Krebs–Ringer solution
devoid of calcium (NaCl 118mM, NaHCO3 35mM, KCl 4.7mm,
KH2PO4 1.2mM, MgSO4.7H2O 1.17mM and glucose 5.6mM).
The number of platelets was adjusted to 1.2� 108 platelets/
mL by manual counting using a Neubauer chamber.

2.4.2. Determination of platelet viability by MTT
In order to evaluate the in vitro toxicity of the AEAE on plate-
lets with the MTT [(3-(4,5-dimethizzol-zyl)-2,5-diphenyltetrazo-
lium bromide] method, the methodology described by
Mosmann (1983) with some modifications was performed. In
96-well plate containing platelet suspension (1.2� 108 platelets/
mL, 50 mL), the extract was incubated (0.5, 1, 10, 25 and 50 mg/
mL) for 5, 15, 30 and then 60min. After the incubation period,
Krebs–Ringer solution was added to each well in order to reach
a final volume of 100mL. Then, 10 mL of MTT (5mg/mL) was
added to each well. After incubation for 3h at 37 �C, 100 mL of
10% SDS in HCl (0.01M) was added in order to interrupt the
reaction. After 1h, the plate was read on microplate reader
(SynergyTM Hybrid Reader, Biotek, USA) at a wavelength of
540nm. Triton 10% was used as a positive control.

2.5. In vivo assays

The in vivo assays were performed following the protocols
recommended by the (OECD 2014a,b) Organization for
Economic Co-operation and Development (OECD) with some
modifications. All procedures involving animals were fulfilled
in accordance with the Ethical Principles in Animal Research
and approved by the Ethics Committee in Animal
Experimentation from the Federal University of Grande
Dourados (protocol: 29/2015).

2.5.1. Animals
In this research, 30 male and 30 female Wistar rats
(8–12 weeks, 200–250 g female; 250–350 g male) were used.
The animals were maintained under standard conditions
(23 �C and 12 h light and dark cycle) and had free access to
commercial feed and filtered water. Before the onset of the
experiments, the rats were left for seven days to acclimatize
to laboratory conditions.

Rats were divided into six experimental groups of ten ani-
mals each (five males and five females). Group I was estab-
lished as the negative control group, to which saline was
administered by gavage. Group II was established as the
positive control group in which an intraperitoneal injection
of cyclophosphamide monohydrate (20mg/kg i.p.) was
administered 48 h before the euthanasia process. Another
four groups of animals were established (groups III, IV, V and
VI) to which four different doses of the AEAE (125, 250, 500
and 1000mg/kg p.o.) were administered. All doses of the

extract were administered by oral gavage for 30 consecutive
days. The doses were chosen based on our acute (OECD
2008a) and subchronic toxicity (OECD 2008b) studies in rats,
and following the limit dose recommended by the OECD for
subchronic treatments in toxicology assays.

At the end of the experiment, all animals used in this
study were euthanized by isoflurane anesthesia (inhalation)
followed by exsanguination. Blood samples via caudal punc-
ture and bone marrow from femur samples were collected
for the comet and micronucleous assays, respectively.

2.5.2. General clinical observations
In accordance with the Ethical Principles in Animal Research,
for longer duration studies, general clinical observations
related to the health of the animals should be made and
recorded once a day. Body weight and feed consumption
should be measured at least once a week (OECD 2008b).
Therefore, behavior and any other general signs of toxicity
were carefully observed and recorded everyday. Body weight,
food and water consumption were recorded weekly.

2.5.3. Comet assay (alkaline comet assay)
This test was performed according to OECD (2014b) guide-
lines with some modifications. Blood samples were collected
by caudal puncture from each rat with a needle soaked in
heparin. One drop of blood was transferred to a microtube
containing 120 mL of 1.5% low melting point agarose at
37 �C. The mixture was transferred into precoated slides with
5% standard agarose. The slides were covered with coverslips
and maintained in the dark at 3 �C for 20min. The slides
were coded and scored “blinded” so the scorer is unaware of
the treatment condition.

The coverslips were then removed and the slides were
immersed in lysis solution for 1 h at 3 �C in the dark. After
1 h, the slides were placed into the electrophoresis unit
(Loccus) containing alkaline solution at 4 �C for 20min in the
dark to allow the denaturation of the DNA.

The electrophoresis was performed in a dark room, at 4 �C
for 20min at 300mA and 25 V. After the run, the slides were
submerged in neutralization buffer (pH 7.5) for three cycles
of 5min each, dried, fixed with ethyl alcohol for 10min. The
slides were then stored overnight at room temperature. After
this period, the slides were stained with ethidium bromide
(0.002mg/mL) and covered with a coverslip. All material was
analyzed by fluorescence microscopy (Nikon-H550S-40� mag-
nification), equipped with an excitation filter (420–490 nm)
and a barrier filter (520 nm).

This assay was performed in order to evaluate the fre-
quency of damage and the damage index caused to the
DNA. Individual nuclei were analyzed and the extent of dam-
age to DNA was assessed by examining 100 cells per animal.
The extent of DNA which migrated during electrophoresis
and the migration distance reflects the amount and size of
the DNA fragments (Silva et al. 2010). The comet findings
were classified as undamaged (class 0), slightly damaged
(class 1), more damaged (class 2) and highly damaged (class
3) (da Silva et al. 2010). The damage index (DI) was
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calculated by multiplying the number of cells damaged by
the value assigned to this damage and it ranges from 0 (no
damage: 0� 100 cells) to 300 (maximum damage: 3� 100
cells). The damage frequency (DF) was calculated by sum-
ming the number of damaged cells (class 1, 2 or 3) and
ranged from 0 (no damage) to 100 (maximum damage).

2.5.4. Micronucleus assay in bone marrow
This assay was performed according to OECD (2014a) guide-
lines with some modifications. Femoral bone marrow of all
animals were washed in 1mL fetal bovine serum (FBS) solu-
tion and centrifuged (Spinlab-SL-5AM) for 5min at 1000 rpm.
The smears were fixed with absolute methyl alcohol for
10min, stained with Giemsa for 15min and stored for further
analysis. The slides were coded and scored “blinded” so the
scorer is unaware of the treatment condition.

In order to evaluate the mutagenic effect of the AEAE,
2000 polychromatic erythrocytes (PCE) were evaluated per
animal regarding the presence or absence of micronuclei. To
detect any cytotoxic effects, 200 random erythrocytes per
animal were analyzed to evaluate the relationship between
polychromatic erythrocytes and normochromatic erythrocytes
(PCE/NCE). The cells were analyzed by light microscope
(Olympus-CX41) under magnification of 1000�.

2.6. Macroscopic evaluation

In this study, the target organs (heart, lung, spleen, liver and
kidney) were removed and examined macroscopically in
order to observe any gross changes.

2.7. Statistical analysis

The results were expressed as mean± SEM. The differences
between groups were determined by analysis of variance
(one-way ANOVA) followed by Tukey’s test. p values less than
0.05 were set as the level of significance.

3. Results and discussion

The tea leaves of A. edulis is popularly used for presenting
hypoglycemic, antihypertensive, diuretic and antitumor prop-
erties (Marques et al. 2013; Rieder 2013). Previous studies on
the pharmacological potential of the Alibertia genus showed

its antitumor, cytotoxic and antioxidant activities (Gupta et al.
1996; Gadelha Milit~ao et al. 2005; Rocha 2011). Recent studies
performed in normotensive and hypertensive rats revealed its
high hypotensive and antihypertensive potential. A phyto-
chemical analysis of the AEAE revealed the presence of flava-
nones, phenols and saponinic heterosides (de Santana
Aquino et al. 2017). Some of these compounds, such as flava-
nones, are substances with important antioxidant capacity
(Young et al. 1992).

The evaluation of bioactive compounds of the methanolic
extract from the lyophilized AEAE showed high contents of
flavonoids (421.43 ± 0.25mg QUE/g sample), condensed tan-
nins (129.32 ± 1.10mg CATE/g sample) and phenolic com-
pounds (372.41 ± 0.05mg GAE/g sample). Phenolic
compounds have antioxidant properties and are capable to
reduce the oxidative stress, which is closely associated with
heart diseases and cancer (Amarowicz and Pegg 2008).
Flavonoids may be responsible for the prevention of cancer
(Ejaz et al. 2006) and condensed tannins have proven anti-
microbial and antiviral properties (Kakiuchi et al. 1986).

The evaluation of antioxidant activity of the methanolic
extract of A. edulis by using DPPH method (Figure 1) showed
that the extract, at a concentration of 250 mg/mL, presents
its maximum inhibition, not differing statistically from the
ascorbic acid (positive control). By the ABTS method, the
extract showed antiradical activity similar to the ascorbic acid
at concentrations of 5, 10 and 100 mg/mL. However, when
compared with the Trolox positive control, the extract pre-
sented higher activity and differed statistically from each
other at the same concentrations (Figure 2). This data shows
that this species has high antioxidant potential. Medicinal
plants with antioxidant activity are of paramount importance
in genetic toxicology as reactive oxygen species can cause
damage to DNA strands. Evidences suggest that cumulative
DNA damage caused by reactive species are very relevant to
cellular metabolism and contribute to various adverse clinical
conditions, such as cancer (Totter 1980). For this reason, the
use of antioxidants is associated with potential anticancer
effects since it protects DNA against the action of free radi-
cals and may prevent or delay the onset of some types of
cancer (Diplock 1994).

The A. salina test is considered one of the most useful
tools for preliminary tests assessing general toxicity at low
cost and shows good correlation with cytotoxic activity

Figure 1. Antioxidant effect of the AEAE diluted in methanol and ascorbic acid
(positive control) by DPPH�. Results are presented as mean ± SEM in triplicate.
One-way ANOVA was performed followed by the Tukey’s test �(p < 0.05).

Figure 2. Antioxidant effect of the AEAE diluted in methanol, Ascorbic acid
(positive control) and Trolox (positive control) by ABTSþ�. Results are presented
as mean ± SEM in triplicate. One-way ANOVA was performed followed by the
Tukey’s test (p < 0.05). For difference with ascorbic acid �(p < 0.05). For differ-
ence with Trolox #(p < 0.05).
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(Sharma et al. 2009). As expected, the positive control group
(potassium dichromate) showed low cell viability, which
means that this substance presents toxicity to nauplii of the
brine shrimp A. salina. In this test, doses of 10 and 50 lg/mL
of the AEAE were statistically similar to the negative control
group. On the other hand, the effect of doses of 100, 250
and 500lg/mL of the AEAE were statistically different when
compared to the negative control (Figure 3). According to
this data, we suggest that the AEAE showed some toxicity.
Previous studies regarding the median lethal concentrations
(LC50) of the AEAE showed that this species is toxic to brine
shrimp at values greater than 1000lg/mL (Coe et al. 2010).

MTT is a colorimetric assay that indicates cellular meta-
bolic activity. The redox reactions occur in the mitochondria
and cytosol, where the reduction of MTT salt to formazan
crystals by succinate dehydrogenase results in insoluble crys-
tals violet. Having these insoluble crystals, the intensity of
staining is used to measure mitochondrial activity and there-
fore cell viability (Mosmann 1983). The effects on metabolic
activity of the AEAE on human platelets was investigated by
MTT assay, thus the viability of untreated platelets (negative
control – baseline) was considered 100%. The treatment with
the AEAE showed no significant effects on the metabolism of
platelets during incubation time. As expected, the positive
control (Triton 10%) had significant influence on the metab-
olism of platelets (Figure 4). These results show that the
extract did not alter the cell viability of the platelets, there-
fore, did not affect its functionality in the studied time.

The alkaline comet and micronucleous assays are effective
tests to determine the cytotoxicity, genotoxicity and mutage-
nicity of natural compounds. The micronucleus assay in bone
marrow evaluates the presence of micronuclei in order to
assess the mutagenic capacity of the plant extract. The comet
assay provides a broad-spectrum detection of the levels of
DNA damage, such as DNA denaturation and detection of
alkali-labile sites (Singh et al. 1988; Collins et al. 2008). The
assays complement each other since they are very sensitive
and detect breaks in the chromosomal and chromatid levels
(Araldi et al. 2015).

Since both tests are comparative, the simultaneous pres-
ence of positive and negative control groups is mandatory
(Salvadori 2003). According to the OECD protocols, a group
of animals treated with a positive control substance should
be included with each test. In this study, cyclophosphamide

was applied in both tests as it has been widely used as posi-
tive control for genetic toxicology assays since it showed
DNA damage in the treated animals. The vehicle (saline) was
administered to the negative control group.

The micronucleus assay in bone marrow evaluates the
presence or absence of damage caused by a substance on
chromosomes and/or mitotic apparatus of erythroblasts
(Samanta and Dey 2012). This in vivo test is highly recom-
mended by regulatory agencies since it assess the genetic
toxicology to provide cytotoxic and mutagenic results.
According to the data obtained with this test, the cyclophos-
phamide monohydrate group (group II: 20mg/kg i.p.), as
expected, showed large numbers of MN-PCEs (Figure 5).
However, the groups treated with four different doses of the
AEAE showed no statistical differences when compared with
the negative control group since they did not increase the
production of MN-PCEs (Figure 5).

The positive control groups (group II) decreased the pro-
duction of new erythrocytes (Figure 6). This data was
obtained through the ratio of bone marrow polychromatic
and normochromatic erythrocytes of rats treated with cyclo-
phosphamide intraperitoneally. Those that received the AEAE
(groups III–VI) did not have the production of new erythro-
cytes affected and were statistically similar to the negative
control groups (group I) (Figure 6).

The comet assay is a sensitive and reliable method for
detecting damage in DNA strands. These lesions detected by
comet assay are still amenable to correction and for this rea-
son it is genotoxic and not mutagenic. There is no cell with-
out DNA damage as cellular metabolism itself can generate
about 1000 daily lesions in the cell (Salvadori 2003). This test
is based on the embedding of cells in agarose, their lyses in
alkaline buffer and finally subjection to an electric
current(Sharma et al. 2009). According to the results obtained
in the alkaline comet assay, cyclophosphamide (group II) sig-
nificantly increased the damage frequency (Figure 6) as well
as the damage index of DNA (Figure 8). All doses of the
AEAE (groups III–VI) did not increase the normal frequency of
damage, damage index of DNA and were, therefore, statistic-
ally similar to the negative control groups (group I). This data
shows that the AEAE did not increase the overall number of
damaged cells (Figure 7) and its severity (Figure 8). The

Figure 3. Effects of the AEAE and K2Cr2O7 (positive control group) on the
Artemia salina test. Results are presented as mean ± SEM, n¼ 10, in quadrupli-
cate. One-way ANOVA was performed followed by the Tukey’s test �(p < 0.05). Figure 4. Effect of the AEAE on human platelet. Human platelets were treated

with 0.5, 1.0, 10.0, 25.0 and 50.0 mg of extract for 5, 15, 30 and 60min. Triton
10% (positive control) and Baseline (untreated platelets as the negative control).
Results are presented as meanþ SEM. n¼ 5; one-way ANOVA followed by
Tukey�s test; �(p<0.05) compared to baseline group.

DRUG AND CHEMICAL TOXICOLOGY 5



Figure 5. Effects of treatment with the AEAE and cyclophosphamide (Cþ) on the counts of micronucleated polychromatic erythrocytes (MN-PCEs) of female (A) and
male (B) Wistar rats. Each bar represents the mean of five animals and the vertical lines show the SEM. � indicates the level of significance compared to the control
group (C�). One-way ANOVA followed by the Tukey’s test was used �(p < 0.05).

Figure 6. Effects of treatment with the AEAE and cyclophosphamide (Cþ) on to normochromatic erythrocytes ratio (PCEs/NCEs ratio) of female (A) and male (B)
Wistar rats. Each bar represents the mean of five animals and the vertical lines show the SEM. � indicates the level of significance compared to the control group
(C�). One-way ANOVA followed by the Tukey’s test was used �(p < 0.05).

Figure 7. Effects of treatment with the AEAE and cyclophosphamide (Cþ) on the DNA damage frequency of female (A) and male (B) Wistar rats. Each bar represents
the mean of five animals and the vertical lines show the S. E. M. � indicates the level of significance compared to the control group (C�). One-way ANOVA followed
by the Tukey’s test was used �(p < 0.05). Damage frequency: number of cells with damage in 100 cells analyzed.

Figure 8. Effects of treatment with the AEAE and cyclophosphamide (Cþ) on the DNA damage index of female (A) and male (B) Wistar rats. Each bar represents
the mean of five animals and the vertical lines show the SEM. � indicates the level of significance compared to the control group (C�). One-way ANOVA followed
by the Tukey’s test was used �(p < 0.05). Damage index: type of damage� number of cells with damage.
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results obtained by the in vivo models presented in this
study are in accordance with a recent study on genotoxicity
performed with Attalea phalerata Mart. in peripheral blood
and bone marrow by comet and micronucleus tests, respect-
ively (de Lima et al. 2016).

The macroscopic examination is very important to evalu-
ate the presence of possible toxic effects on target organs. It
provides relevant information on the toxicity of a substance
through the presence of inflammation, color and shape alter-
ations (OECD 2014a,b). A necropsy at the end of the experi-
mental period revealed no gross changes in any target
organs (Figure 9). No gross signs of toxicity were observed as
well as no changes in behavior, body weight gain and feed
consumption.

In conclusion, the in vitro experiments showed that the
AEAE exhibited potent antioxidant activity as well as high
contents of bioactive compounds that are of paramount
importance for preventing cancer and cardiovascular protec-
tion. Even though the AEAE demonstrated some toxicity in A.
salina, it did not alter the cell viability of the platelets and
presented no cytotoxicity, genotoxicity and mutagenicity at
the doses tested in rats. However, further studies (such as
reproductive toxicity) should be performed in order to pro-
ceed to clinical studies.
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