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Abstract Calyptranthes tricona is a species (Myrtaceae)

native to South Brazil. Plants belonging to this family are

folkloric used for analgesia, inflammation, and infectious

diseases. However, little is known about the toxic potential

of C. tricona. The present study aimed to evaluate the

antioxidant activity of C. tricona ethanol and hexane leaf

extracts, as well as verify their effect on human lympho-

cytes and MCF-7 cells. The extracts were subjected to

preliminary phytochemical screening, antioxidant activity

using DPPH and ORAC methods. Genotoxic and muta-

genic effects in cultured human lymphocytes were assessed

using the comet assay and the micronucleus assay,

respectively. In addition, cell viability by MTT assay and

fluorometric analysis of mitochondrial potential and cas-

pases-9 activity were performed in order to verify the

possible effects of both extracts on H2O2-induced cell

death of MCF-7 cells. Our findings revealed that the phenol

content and the antioxidant activity were only present in

the ethanol extract. Also, the phytochemical screening

presented steroids, triterpenoids, condensed tannins, and

flavones as the main compounds. However, both extracts

were capable of inducing concentration-dependent DNA

damage in human lymphocytes. When treating MCF-7

cells with the extracts, both of them inhibited MCF-7 cell

death in response to oxidative stress through a decrease of

mitochondrial depolarization and caspases-9 activity. Thus,

our results need to be considered in future in vitro and

in vivo studies of C. tricona effects. In the meanwhile, we

recommend caution in the acute/chronic use of this

homemade preparation for medicinal purpose.

Keywords Calyptranthes tricona � Genotoxicity � Human

lymphocytes, MCF-7, cytoprotection

Introduction

The use of vegetal extracts and phytochemicals for

medicinal purposes such as prevention, treatment, and cure

of diseases is one of the oldest practices of traditional folk

medicine. Despite the increased use of synthetic drugs in

recent years, about 80 % of the population in developing

countries depend on medicinal plants as the only access to

basic health care [1, 2].

Studies with various genera of Myrtaceae family report

their usage for the most varied medicinal applications

[3–5]. Several Myrtaceae species are folkloric employed in

& Márcia Inês Goettert

marcia.goettert@univates.br
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numerous disorders, such as gastrointestinal disturbances,

infectious, and inflammatory diseases. Also based on folk

medicine, previous studies reported that plants belonging to

Myrtaceae family have anti-inflammatory, analgesic, anti-

pyretic, antioxidant, and antifungal properties [6, 7].

Calyptranthes genus belongs to Myrtaceae family and

clusters about 100 species distributed through tropical

America, from Mexico to Uruguay. In Southern Brazil, six

species were reported: C. concinna, C. grandifolia, C.

lucida, C. pileata, C. rubella, and C. tricona [6, 8].

Regarding C. tricona, there are no reports about its phy-

toconstituents, effects on cells, and medical applications.

For that reason, the aim of the present work was to deter-

mine the antioxidant activity of C. tricona ethanol and

hexane leaf extracts, as well as their effect on human

lymphocytes and MCF-7 cells.

Materials and methods

Chemicals

Roswell Park Memorial Institute (RPMI) 1640 medium

was purchased from Biochrom (Cambourne, UK). Fetal

bovine serum (FBS) and pen/strep/fungiezone solution

were purchased from Hyclone (Northumberland, UK). JC-

1 dye was obtained from Molecular Probes (Eugene, USA).

Caspase-9 Fluorimetric Assay Kit was purchased from

BioVision (Milpitas, USA). Acetonitrile, formic acid, gal-

lic acid, ellagic acid, and caffeic acid were purchased from

Merck (Darmstadt, Germany). All remaining chemicals

and reagents were purchased from Sigma-Aldrich (Carls-

bad, USA).

Phytochemical investigation

Plant material

Leaves of C. tricona D. Legrand were collected in

September 2013 in Lajeado, Rio Grande do Sul, Brazil.

The plant material was botanically identified by Dr. Elisete

Maria de Freitas. The voucher specimen (accession #4996),

containing stem, leaves, flowers, and fruits, was deposited

at the Herbarium of Centro Universitário UNIVATES.

Preparation of hexane and ethanol extracts of C. tricona

The leaves of the plant specimens were oven-dried for

24 h. The plant materials were then reduced to small

fragments to increase the contact surface of the plant with

the extraction solution. The total amount of leaves was

equally divided and hexane solvent or 90 % ethanol was

added to the sample. The portion in contact with the hexane

solvent was stored in an amber bottle at room temperature

for 72 h. Then, the solution was vacuum-filtered and the

filtrate stored at room temperature in amber bottle until use.

The static maceration of plant specimen has lasted for

2 weeks with two changes of solvent. The portion in con-

tact with 90 % ethanol was stored in amber bottle at room

temperature for 7 days. The solution was vacuum-filtered

and the filtrate was concentrated in a rotary evaporator at

40 �C. Finally, the extracts were stored in amber glass vials

at 4 �C until use. For the experiments, the extracts were

diluted in DMSO and administered according to the

required concentration.

Phytochemical screening

Phytochemical analysis was carried out following standard

procedures as previously described [9]. Samples of hexane

and ethanol extracts were screened for the following phy-

toconstituents: steroids, triterpenoids, tannins, flavonoids,

coumarins, quinones, and alkaloids.

Total phenolic content

The quantitation of total phenolic content of the extracts

was determined using the Folin–Ciocalteu colorimetric

method [10]. The total phenolic content of each extract was

quantified using a standard curve prepared with gallic acid

and the results were expressed as milligrams of gallic acid

equivalents per gram of dry weight (mg GAE/g DW).

High-performance liquid chromatography (HPLC–DAD)

HPLC–DAD of C. tricona extracts (10 mg/mL) was per-

formed with a Shimadzu Prominence Auto Sampler (SIL-

20A) HPLC system (Shimadzu, Kyoto, Japan), equipped

with Shimadzu LC-20AT reciprocating pumps connected

to a DGU 20A5 degasser with a CBM 20A integrator,

SPD-M20A diode array detector, and LC solution 1.22 SP1

software. Separations were carried out using Phenomenex

C18 column (4.6 9 250 mm 9 5 lm particle size). The

mobile phase was water with 1 % formic acid (v/v) (sol-

vent A) and HPLC-grade acetonitrile (solvent B) at a flow

rate of 0.6 mL/min and injection volume of 50 lL. The
composition gradient was 5 % solvent B reaching 15, 20,

45, 60, and 98 % at 20, 30, 40, 50, and 60 min, respec-

tively, followed by 70 min at isocratic elution until 75 min.

At 80 min, the gradient reached the initial conditions again,

following the method previously described with slight

modifications [11]. The sample and mobile phase were

filtered through a 0.45-lm membrane filter and then

degassed by ultrasonic bath prior to use. Stock solutions of

reference standards were prepared in acetonitrile:water

(1:1, v/v) at a concentration range of 0.03–0.50 mg/mL.
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The quantification was performed by integration of the

peaks using the external standard method, at 280 nm for

catechin; 254 nm for ellagic and gallic acids; 327 nm for

caffeic acid; and 366 nm for quercetin, kaempferol, api-

genin, and rutin. The chromatographic peaks were con-

firmed by comparing their retention time with those of

reference standards and by DAD spectra (200–600 nm).

All chromatographic operations were performed at RT.

Antioxidant activity determination

DPPH-free radical scavenging activity

The antioxidant potential of the extracts was determined on

the basis of their scavenging activity of the stable 1,1-

diphenyl-2-picrylhydrazyl (DPPH)-free radical as previ-

ously described [12] with slight modifications. The spec-

trophotometric analysis was used in order to determine the

half-maximal inhibitory concentration (IC50) of the

extracts. Ascorbic acid (AA) was used as standard. A

methanol solution of DPPH was prepared and 1 mL of this

solution was added to 0.5 mL of the samples. The absor-

bance reading was done after 30 min of incubation at room

temperature, protected from light, in spectrophotometer at

517 nm. The percentage of antioxidant activity of each

sample was calculated using the following formula:

AA% ¼ AbsDPPH � AbsSampleð Þ=AbsDPPH½ � � 100:

Oxygen radical absorption capacity (ORAC)

The ORAC assay was performed as described by Dávalos

et al. [13]. ORAC values were expressed as micrograms of

Trolox equivalents per gram of extract (lMTE/g of extract).

Genotoxic and mutagenic effects of C. tricona

extracts on human lymphocytes

Blood sampling

Approximately 10 mL of human peripheral blood was

obtained from six healthy non-smoking donors of both

genders aged between 20 and 40 years, who had not been

exposed to ionizing radiation, vaccinated or treated with

drugs within 6 months prior to blood collection. Human

peripheral blood lymphocyte cultures were set up accord-

ing to Turkez, Aydin, Geyikoglu, and Cetin [14].

This study was approved by the Research Ethics Com-

mittee of Centro Universitário Univates

(# 17886413.7.0000.5310). Written informed consent was

obtained from each volunteer.

Alkaline comet assay

EDTA blood samples (500 lL) were plated in 12-well

plate and challenged with different concentrations (25, 50,

100, and 200 lg/mL) of C. tricona extracts for 3 h. Ethyl

methanesulfonate (EMS, 200 lg/mL) was used as positive

control. Comet assay was performed essentially as descri-

bed by Singh, McCoy, Tice, and Schneider [15] with some

modifications. Briefly, 5 lL of whole blood samples were

suspended in 75 lL of low-melting-point agarose. Cell

suspension was spread on a slide previously prepared with

a layer of normal-melting-point agarose and covered with a

coverslip and maintained at 4 �C for 10 min. Then, the

slides were immersed into a lysis solution (2.5 M NaCl,

100 mM Na2EDTA, 10 mM Tris, 1 % Triton 9100, and

10 % DMSO; pH 10.0) at 4 �C overnight and afterwards

subjected to electrophoresis and staining with silver nitrate.

Samples were analyzed at 9400 magnification on light

microscope. DNA damage in the cells was assessed by

quantification of the amount of DNA released from the

core of the nucleus. The extension and distribution of DNA

damage were evaluated by the analysis of 100 cells which

were randomly chosen and non-overlapping. Comets were

visually scored and classified into five classes corre-

sponding to the extent of DNA migration according to tail

size formed by breaks in the DNA: (class 0) intact, no tail;

(class 1) short tail, smaller than the diameter of the head

(nucleus); (class 2) medium tail, up to 2 times the diameter

of the head; (class 3) long tail, more than twice the

diameter of the head; (class 4) very wide tail, comets

without head with nearly all of the DNA in tail, maximum

DNA damage.

Micronucleus (MN) assay

The assay was performed as previously described by

Fenech [16] with some modifications. Briefly, to determine

the frequency of MN, 500 lL of heparinized whole blood

was seeded in 6-well plate and incubated for two cycles in

5 mL of RPMI medium supplemented with 20 % FBS and

1 % of phytohemagglutinin A. After 24 h, different con-

centrations (25, 50, 100, and 200 lg/mL) of C. tricona

extracts were added. A final concentration of 200 lg/mL

EMS was used as positive control. After 44 h of culture,

cytokinesis blockage was performed by adding 3 lg/mL of

cytochalasin-B. At the end of 72-h incubation period, after

hypotonic treatment (0.075 M KCl) followed by three

repetitive cycles of fixation, centrifugation, and resuspen-

sion, the cell suspension was dropped on microscopic

slides, and then stained with 20 % Giemsa solution. At

least 1000 binucleated lymphocytes/slides were examined

for the presence of MN.
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Cell viability and cytotoxicity assays on MCF-7 cells

MCF-7 human breast adenocarcinoma cells were acquired

from DMSZ bank (ACC 115). Cells were cultured in

RPMI-1640 medium, supplemented with 10 % FBS and

1 % antibiotic/antimycotic solution. Cells were incubated

at 37 �C in a humidified atmosphere containing 5 % CO2.

The assessment of MCF-7 cell viability was performed

according to the MTT colorimetric assay [17]. MCF-7 cells

were challenged with 200 lg/mL ethanol and hexane

extracts for 24 h. Then, the preventive effect of ethanol and

hexane extracts in hydrogen peroxide (H2O2)-induced

cytotoxicity on MCF-7 cells was tested with 200 lM H2O2

and 200 lg/mL extracts for 24 h. After 3 h of incubation

with MTT, the absorbance was read at 570 nm using an

ELISA microplate reader. Results were expressed as per-

centage of control.

Analysis of mitochondrial membrane potential

(DWm)

Breakdown of DWm was determined using the fluorescent

probe JC-1. MCF-7 cells were treated with 200 lM H2O2

in the presence or absence of 200 lg/mL of C. tricona

extracts during 24 h. Results were expressed as the ratio of

the monomers/aggregates of JC-1 in percentage of control.

Caspase-9 activity

Caspase-9 activity was assessed using the Caspase 9 Flu-

orimetric Assay Kit according to the manufacturers’

instructions. Cells were treated with 200 lM H2O2 and

300 lg/mL of extracts for 24 h. The caspase activity was

calculated by the slope of the linear phase of the fluores-

cence resulting from substrate accumulation and expressed

as fluorescence (arbitrary units) per milligram of protein

per minute [D fluorescence (a.u.)/mg protein/min]. Final

data were presented as percentage of control.

Statistical analysis

Statistical analyses were performed using GraphPad Prism

5.0 (GraphPad Software, Inc). All data were expressed as

mean ± SEM, except for HPLC–DAD data which were

expressed as mean ± SD and the analyses were performed

by the free software R version 3.1.1. [18]. All the results

were taken from at least three independent experiments

performed in triplicate. Statistical significance was evalu-

ated using analysis of variance ANOVA followed by

Tukey’s test. A p value\ 0.05 was considered statistically

significant.

Results and discussion

Phytochemical investigation of C. tricona extracts

Terpenoids, tannins, flavonoids, and steroids are the

organic compounds commonly found in Myrtaceae plants

[19]. In general, secondary metabolites exhibit a wide

range of biological and pharmacological properties favor-

able to the treatment and prevention of diseases [20]. In

recent years, terpenoids, flavonoids, and steroids have

received considerable attention due to their diverse phar-

macological properties including antioxidant and antitumor

activities [21].

Regarding C. tricona, there is only one work published

by Menut, Bessiere, Ntalani, Verin, Henriques, and Lim-

berger [22] describing the chemical composition of the

essential oil of C. tricona leaves collected in Southern

Brazil. Among the 20 compounds found in the essential oil,

18 belonged to the class of terpenes. The other compounds

were isolated and characterized as derivatives of chromene

structures that had never been identified in other species of

Calyptranthes. In recent years, these compounds have

received attention due to their important biological activi-

ties, such as anticarcinogenic [23] and antioxidant [24]

potentials.

In the present work, ethanol and hexane leaf extracts

were analyzed qualitatively for the presence or absence of

phytochemicals. The screening using common precipita-

tion and coloring reagents revealed the presence of ster-

oids, triterpenoids, condensed tannins, and flavones in the

ethanol extract. Phytochemicals were not detected in the

hexane extract by this methodology and sample concen-

tration. Tests for alkaloids, coumarins, and quinones were

found to be negative in both extracts.

Phenolics are the main secondary metabolites in plants

and the species from Myrtaceae family are able to accu-

mulate these compounds. There are no reports about the

phenol content of Calyptranthes genus extracts. However,

the presence of phenols in leaves of other species belong-

ing to Myrtaceae family was already reported [4, 5, 25]. As

expected, our data showed that ethanol extract had higher

total phenolic content (239.76 ± 2.16 mg GAE/g DW)

than hexane extract (4.33 ± 3.80 mg GAE/g DW). These

data corroborate with the content of phenols found in other

Myrtaceae plants [4, 25, 26]. According to Tawaha, Alali,

Gharaibeh, Mohammad, and El-Elimat [27], the total

phenolic content is considered high when the extract has

higher values of phenolic content of about 20 mg GAE/g

DW. Thus, the ethanol extract showed a significant phe-

nolic content.

The HPLC profile ofC. tricona extracts was also acquired

(Fig. 1). The samples contained other minor compounds in

38 Mol Cell Biochem (2017) 424:35–43
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addition to gallic acid [retention time (tR) = 10.27 min,

peak 1], catechin (tR = 15.08 min, peak 2), caffeic acid

(tR = 21.83 min, peak 3), ellagic acid (tR = 29.86 min,

peak 4), rutin (tR = 39.75 min, peak 5), quercetin

(tR = 48.13 min, peak 6), kaempferol (tR = 54.17 min,

peak 7), and apigenin (tR = 69.11 min, peak 8). The

amount of each compound is shown in Table 1.

Antioxidant activity of ethanol and hexane extracts

Phenolic compounds of plants are extremely important due

to their scavenging properties, being flavonoids the main

phenolic components, which have potent antioxidant

activity [28]. Since a number of studies have emphasized

the antioxidant activity of Myrtaceae species [4, 5, 25, 29],

we decided to evaluate the antioxidant properties of both

ethanol and hexane extracts using the DPPH scavenging

method and the ORAC assay.

Our results in the DPPH assay demonstrated that only

the hexane extract presented antioxidant activity less than

50 % (low antioxidant activity). Figure 2 shows that

ethanol extract has a considerable dose-dependent DPPH

radical scavenging capacity, which is superior to that of

hexane extract, since the later showed no significant

activity at its highest concentration (data not shown). The

IC50 of ethanol extract (31.30 ± 0.45 lg/mL), though

lower than AA (8.64 ± 0.27 lg/mL), was very satisfactory

if compared with another natural antioxidant, Gingko

biloba, which is considered an extract with high antioxi-

dant activity (IC50 = 39 lg/mL) [12]. In order to com-

plement the evaluation of antioxidant activity of the

extracts, the ORAC assay was also used (Table 2). As

expected, ethanol extract presented the same behavior as in

the DPPH method. These data may be related to the types

of phenolic compounds, such as ellagic acid and some

flavonoids as quercetin, kaempferol, and apigenin that were

detected only in the ethanol extract.

Genotoxic and mutagenic evaluation using human

lymphocytes

The assays that evaluate genotoxicity (e.g., comet assay)

and mutagenicity (e.g., micronucleus assay) are funda-

mental for safety and efficacy assessment of the com-

pounds present in medicinal plants [30]. Usually, the

Fig. 1 Representative high-performance liquid chromatography profile of ethanol and hexane extracts of C. tricona. Gallic acid (peak 1),

catechin (peak 2), caffeic acid (peak 3), ellagic acid (peak 4), rutin (peak 5), quercetin (peak 6), kaempferol (peak 7), and apigenin (peak 8)

Table 1 Components of C. tricona leaf extracts

Compounds Ethanolic extract Hexane extract

mg/g mg/g

Gallic acid 0.76 ± 0.03 a 0.97 ± 0.04 a

Catechin 1.03 ± 0.01 b –

Caffeic acid 4.91 ± 0.02 c 1.14 ± 0.01 b

Ellagic acid 4.73 ± 0.01 c –

Rutin 1.05 ± 0.05 b 0.89 ± 0.01 d

Quercetin 2.13 ± 0.04 d –

Kaempferol 2.09 ± 0.01 d –

Apigenin 1.17 ± 0.03 b –

Mean values ± SD are shown (n = 3). Different letters differ by

Tukey test at p\ 0.05
Fig. 2 Antioxidant activity of ethanol extract of C. tricona using

DDPH assay. Ascorbic acid (AA) served as positive control. Mean

values ± SEM are shown (n = 3)
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results obtained from comet assay show early or immediate

DNA responses. Actually, this DNA damage may be

transient and prone to repair [31]. In order to verify the

genotoxicity of C. tricona extracts, the comet assay under

alkaline conditions was performed on human lymphocytes.

Only non-toxic extract concentrations were used. In the

evaluation of DNA double-strand breaks, the damage score

was higher in all concentrations of both extracts when

compared with control group, indicating a substantial

genotoxic effect (Table 3). The frequency and intensity of

damage was proportional to the concentration of the

extracts and the absence or minimal damage was seen in

samples exposed to lower concentrations. Also, there was a

significant increase in DNA breakage after exposure to

EMS as positive control. However, the increase was almost

twice the score of the highest concentration of the extracts.

The formation of MN following exposure to genotoxic

compounds reflects a serious and irreversible damage of the

DNA [30]. The frequency of MN on human lymphocytes

from whole blood treated with increasing concentrations (up

to 200 lg/mL) of C. tricona extracts is shown in Table 4.

The results revealed that DNA damage was evident at all

tested concentrations, and no difference in the frequencies of

MN between the hexane and ethanol extracts was observed.

EMS was used as a positive control and as expected induced

an increased DNA damage. Hence, the results suggest that

both ethanol extract and hexane extract have the ability to

induce gene mutations. The genotoxic concentration-de-

pendent effects of natural products have been previously

described. de Souza Filho, Sagrillo, Garcia, Machado,

Cadona, Ribeiro, Duarte, Morel, and da Cruz [32] showed

that extracts from Astrocaryum aculeatum, an Amazonian

fruit, presented time- and dose-dependent genotoxic effects

in human lymphocytes regardless of their great antioxidant

activity. Since C. tricona extracts present several molecules

for which we do not know their specificity, we could not

discard the possibility that some could present toxic effects

on human lymphocytes.

Protective effect of C. tricona extracts on MCF-7 cell

line

Since C. tricona extracts have genotoxic and mutagenic

properties, these may open possibilities of these plant

extracts possessing anticancer activity. Thus, we evaluated

the possible cytotoxic effect on MCF-7 cells. Figure 3a

showed that C. tricona extracts did not affect cell viability

after 24 h of exposure. Interestingly, both extracts did not

present tumor toxicity, although they showed potent

antioxidant activity and genotoxicity in normal cells.

Therefore, we decided to assess the cytoprotective effect of

Table 2 Antioxidant activity of ethanol and hexane extracts of C.

tricona using ORAC assay

Antioxidant ORAC (lM TE/g of extract)

CTEtOH 56165.79 ± 1212.84****

CTHex 2021.51 ± 127.60

BHT 320.49 ± 32.31

BHT Butylated hydroxytoluene served as positive control. Values are

presented as micrograms of Trolox equivalent per gram of extract.

Mean values ± SEM are shown (n = 4)

**** p\ 0.0001 compared with BHT

Table 3 DNA migration observed in the comet assay in human lymphocytes treated with ethanol and hexane extracts of C. tricona for 3 h

Treatment (lg/mL) Class Score

0 1 2 3 4

Negative control 90.50 ± 1.36 8.00 ± 1.03 1.50 ± 0.34 0.00 ± 0.00 0.00 ± 0.00 11.00 ± 1.89

Positive control 44.67 ± 2.92 19.00 ± 1.65 16.17 ± 1.62 9.33 ± 1.78 4.83 ± 1.25 98.65 ± 3.30

Ethanol extract

25 90.00 ± 0.68 7.67 ± 0.67 2.00 ± 0.45 0.33 ± 0.33 0.00 ± 0.00 12.66 ± 1.73

50 86.33 ± 1.06 9.83 ± 0.48 2.67 ± 0.56 1.50 ± 0.62 0.00 ± 0.00 19.67 ± 2.01

100 80.00 ± 1.28 12.83 ± 0.75 4.67 ± 0.76 2.17 ± 0.70 0.00 ± 0.00 28.68 ± 2.72

200 67.00 ± 1.67 16.83 ± 1.89 6.67 ± 0.88 4.17 ± 0.75 1.83 ± 0.60 50.00 ± 1.96

Hexane extract

25 90.33 ± 0.65 7.67 ± 0.67 2.00 ± 0.37 0.17 ± 0.17 0.00 ± 0.00 12.18 ± 1.78

50 85.67 ± 1.14 11.00 ± 0.52 3.00 ± 0.58 0.83 ± 0.31 0.00 ± 0.00 19.49 ± 2.38

100 76.00 ± 1.30 14.67 ± 0.61 5.00 ± 0.82 2.33 ± 0.61 0.33 ± 0.33 32.98 ± 2.80

200 67.67 ± 1.78 17.33 ± 1.09 7.50 ± 0.89 3.33 ± 0.95 1.50 ± 0.62 48.32 ± 2.54

Negative control whole blood, positive control 200 lg/mL EMS. Mean values ± SEM are shown (n = 3). Index damage: R (1, 2, 3, 4 comet

class). 0, nucleus without DNA damage

40 Mol Cell Biochem (2017) 424:35–43
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both extracts in a model of cell death induced by the oxi-

dizer H2O2. Figure 3b shows that both extracts preserved

the viability of the cells co-treated with H2O2 compared

with the only H2O2-treated cells.

Cellular mechanisms involved in H2O2 -induced

MCF-7 cytotoxicity

Considering the above-mentioned findings, we investigated

some mechanisms possibly involved in cellular toxicity

induced by H2O2. In order to assess whether ethanol or

hexane extract protected mitochondria from injury, we

analyzed the impact on mitochondrial transmembrane

potential (DWm) of treated cells. Changes of DWm were

determined by JC-1 staining of MCF-7 cells co-treated

with ethanol/hexane extract and H2O2 for 3 h. As shown in

Fig. 4, MCF-7 cells treated with 200 lM H2O2 exhibited a

depolarization of mitochondrial membrane around 50 %

when compared with the control group. However, both

extracts were able to reduce significantly H2O2-induced

mitochondrial depolarization.

Mitochondrial disintegration not only leads to a negative

impact on DWm as it also causes the release of proapop-

totic factors. Therefore, any change in DWm can promote

the activation of caspases and thus lead to cell death [33].

In order to understand whether cell death caused by H2O2

was mediated by apoptosis, we prompt to evaluate the

initiator caspase-9 activity, since it is an important bio-

marker of the mitochondrial (intrinsic) apoptosis pathway

[34]. Figure 5 showed a significant increase in caspase-9

activity when MCF-7 cells were treated with 200 lM H2O2

compared with control. However, when cells were co-

treated with the extracts, a clear reduction of caspase-9

activity was observed. Hexane extract demonstrated the

highest and significant decrease when compared with

H2O2-treated cells and non-treated cells. These findings

suggest that both extracts play important role as inhibitors

of cell death during MCF-7 response to oxidative stress.

Some phenolic compounds identified in the extracts,

such as kaempferol and gallic acid, are described as anti-

tumor and chemopreventive molecules acting on cell cycle,

apoptosis, and other pathways. Tor et al. [35] showed that a

plant extract and its isolated compound, gallic acid, were

cytotoxic to MCF-7 cells. However, in our study, C. tri-

cona extracts that also contain gallic acid demonstrated the

opposite outcome on MCF-7 cells, cytoprotection. Since

the amount of gallic acid (\1 %) found in our extracts is

lower than the amount tested in the other study

(IC50 = 36 lg/mL), the cytoprotection is probably due to

Table 4 Micronuclei frequency in human lymphocytes treated with

ethanol and hexane extracts of C. tricona for 72 h

Treatment (extract) MN/1000 cells

Negative control 0.17 ± 0.17

Positive control 14.50 ± 0.67b

25 lg/mL (EE) 2.00 ± 0.00a,c

50 lg/mL (EE) 4.50 ± 0.40b,c

100 lg/mL (EE) 6.00 ± 0.40b,c

200 lg/mL (EE) 8.50 ± 0.33b,c

25 lg/mL (HE) 2.00 ± 0.31a,c

50 lg/mL (HE) 3.50 ± 0.22b,c

100 lg/mL (HE) 5.50 ± 0.33b,c

200 lg/mL (HE) 8.00 ± 0.42b,c

MN micronucleus, negative control whole blood, positive control

200 lg/mL EMS, EE ethanol extract; HE hexane extract. Mean val-

ues ± SEM are shown (n = 3)
a p B 0.05 versus control
b p B 0.001 versus control
c p B 0.001 versus EMS

Fig. 3 Effects of ethanol and hexane extracts of C. tricona on MCF-7

cells. a MCF-7 cells were challenged with ethanol extract or hexane

extract for 24 h. b MCF-7 cells were challenged with H2O2 in the

presence or absence of 200 lg/mL ethanol extract or hexane extract

for 24 h. Cell viability was assessed using MTT assay. Mean

values ± SEM are shown (n = 8). ***p\ 0.001 compared with

control; §p\ 0.05 compared with H2O2
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the activity of other compounds not yet identified or by

another mechanism of action not evaluated.

Conclusion

In summary, the present study demonstrated that both

ethanol and hexane leaf extracts of C. tricona showed

lymphocyte genotoxic and mutagenic induction. Our find-

ings also indicate that the ethanol extract is an excellent

source of natural antioxidant, mainly phenolics. However,

it is not a safe extract to be exploited for nutrition or

pharmaceutical uses since it has cytoprotective properties

on breast cancer cells (MCF-7 cell line). Our results con-

tribute valuable knowledge about the bioactive properties

and biological effects of C. tricona, a Southern Brazil

native Myrtaceae species. Further studies should be con-

ducted to isolate, characterize, and clarify the mechanisms

involved in the potential mutagens as well as the tumor-

protective properties present in both C. tricona extracts.

With the intention of defining the potential risks or benefits

associated to the ethnopharmacological use of C. tricona

extracts, detailed in vitro and in vivo studies are required.

In the meanwhile, the folk usage of this plant should be

viewed with caution.
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