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Abstract: Platonia insignis Mart., a native species of the Brazilian Amazon more commonly known as bacuri, is a member of the
Clusiaceae family. In this study, we evaluated the chemical composition and the antioxidant and toxicity activities of the dichlo-
romethane and ethyl acetate fractions from P. insignis seed ethanolic extract using different experimental models. Our results
demonstrate in vitro antioxidant effects, by 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt and 1,1-
diphenyl-2-picryl-hydrazyl assays, as well as in vivo effects in antioxidant-defective Saccharomyces cerevisiae strains to both frac-
tions. Toxicity was evaluated against the micro-crustaceous Artemia salina Leach. and promastigote Leishmania amazonensis. The
dichloromethane fraction was the most active fraction evaluated on A. salina and promastigote L. amazonensis (IC50 = 24.89
lg/mL and 2.84 lg/mL, respectively). In addition, a slight cytotoxicity was observed in mammalian V79 cells using ethyl acetate
and dichloromethane fractions with MTT assays. Both fractions displayed genotoxicity up to 25 lg/mL (dichloromethane) and
10 lg/mL (ethyl acetate) in V79 cells, as evaluated by the alkaline comet assay. Thus, in this study, we demonstrate for the first
time that ethyl acetate and dichloromethane fractions from P. insignis seeds display antioxidant effects, a toxic effect against
A. salina and L. amazonensis and induce genotoxicity in V79 mammalian cells. The observed activities can be attributed to the
phenolic compounds present in these fractions and to the presence of xanthones (alpha- and gamma-mangostin).

Recently, the focus on plant research has increased worldwide,
and evidence has been collected showing the immense potential
of medicinal plants used in various traditional systems [1, 2].
Clusiaceae family species are important medicinal plants

used in Brazilian folk medicine, in particular for treating ecze-
mas, herpes, gastrointestinal diseases, dermatitis, schistosomia-
sis, leishmaniasis and malaria [3]. Furthermore, preparations
obtained from these plants have shown anti-inflammatory,
anti-malarial, anti-hypertensive, anti-diabetics, immunomodula-
tory, antiviral, anti-tumour, antidepressive, anti-allergic, anti-
mutagenic and antioxidant effects [4–10]. Platonia insignis
Mart. (Clusiaceae), which belongs to the Clusiaceae family, is
a timber and fruit species native to the Brazilian Amazon,
commonly known as bacuri. Its fruit has a thick skin, is 7–
15 cm long and 5–15 cm in diameter, weighs 200–1000 g and
contains a large amount of resin. The pulp enclosing the seeds
is white, bittersweet and harbours a pleasant smell and taste
[11]. Notably, this species is the only representative of the
genus Platonia in the Brazilian flora [12]. The P. insignis seed
oil is used to treat eczemas and herpes, and the seed decoction
is used against diarrhoea [4].
Chemical studies on the Platonia genus have isolated sev-

eral biologically active natural products, such as xanthones

and phloroglucinol derivatives, which compose the major class
of widely occurring secondary metabolites in the Clusiaceae
family [13, 14]. These derivatives have been widely investi-
gated for their biological activities, including antioxidant [15,
16], anti-inflammatory [17], cytotoxic and anti-microbial [18],
antidepressive [13, 19], anti-HIV [20], anti-tumour [14] and
antioxidant effects [21].
Recently, we have shown that an ethanolic extract from

P. insignis has anticonvulsant and antioxidant effects in rats.
The pre-administration of P. insignis ethanolic extract reduced
lipid peroxidation levels and nitrite content after pilocarpine-
induced seizures [22]. Therefore, given the reported pharmaco-
logical properties of the Clusiaceae family, we aimed to
investigate the antioxidant, leishmanicidal, cytotoxic and geno-
toxic activities of ethyl acetate and dichloromethane fractions
from P. insignis Mart. seed ethanolic extract. Moreover, we
aimed to provide an increase in the knowledge about P. insig-
nis ethanolic extract in other biological models, including
pathogenic (Leishmania amazonensis) and non-pathogenic
organisms (Artemia salina and Saccharomyces cerevisiae).

Materials and Methods

Chemicals. Yeast extract, yeast nitrogen base, Bacto peptone and
Bacto agar were obtained from Difco Laboratories (Detroit, MI,
USA). 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) radical, 2,2′-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS),
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amphotericin B, dimethylsulphoxide (DMSO), quercetin, rutin, gallic
acid, Trolox, methyl methanesulphonate (MMS) and MTT (3-(4,5-
dimethylthiazole-2-yl)-2,5-biphenyl tetrazolium bromide) were
purchased from Sigma (St. Louis, MO, USA). Dulbecco’s modified
Eagle medium (DMEM), foetal bovine serum (FBS), trypsin–EDTA,
L-glutamine, penicillin/streptomycin and trypan blue (TB) were
obtained from GIBCO (Grand Island, NY, USA). Low-melting point
agarose and agarose were obtained from Invitrogen (Carlsbad, CA,
USA). All other reagents were of analytical grade.

Fractions of ethanolic extract from Platonia insignis seeds. Platonia
insignis fruits were collected at Barras, Piauí State, Brazil, in March
2009. A voucher specimen was identified and deposited at the
‘Graziela Barroso’ Herbarium of Biology Department of Federal
University of Piauí, Brazil (Voucher No.: ICN TEPB27164). The
fractions were prepared from P. insignis seeds as previously described
[23]. Briefly, dried and crushed P. insignis seeds were extracted with
hexane in a soxhlet extraction apparatus for 8 hr to remove the
lipophilic constituents. Next, the seeds underwent a second extraction
with absolute ethanol for 8 hr in the soxhlet extraction apparatus. The
ethanolic extract was filtered and concentrated to dryness in a rotary
evaporator under reduced pressure at 40°C. Then, the crude
P. insignis ethanol extract was dissolved in distilled water and
fractionated with dichloromethane and ethyl acetate. The crude ethanol
extract yield and the dichloromethane and ethyl acetate fractions were
5.8, 3.4 and 0.4% w/w, respectively.

Gas chromatography/mass spectrometry (GC/MS) analysis. The ethyl
acetate and dichloromethane fractions from P. insignis seeds were
subjected to a methylation reaction with diazomethane and analysed in
a GC-MS (Shimadzu, Tokyo, Japan) [24]. Fraction analysis was
performed on a Shimadzu GC-17A/MS QP5050A (GC/MS system)
with the following specifications: DB-5HT capillary column
(30 m 9 0.251 mm, 0.1 lm film thickness), helium at 1.7 mL/min. as
a carrier gas, column inlet pressure of 107.8 kPa, column flow of
1.7 mL/min., linear velocity of 47.3 cm/sec., total flow of 24 mL/
min., carrier flow of 24 mL/min., injector temperature of 280°C,
detector temperature of 300°C and column temperature of 80°C
(1 min.)–300°C at 10°C/min. (15 min.). Mass spectrometer operating
conditions were 70 eV of ionization energy. Mass spectra were
recorded from 43 to 650 m/z. The quantity of all identified
components was investigated using a per cent relative peak area. A
putative identification of the compounds was performed based on the
comparison of their relative retention times and mass spectra with
those of the GC/MS system WILEY229 library data. Spectra were
considered coincident if the similarity index was higher than 90%.

Total phenolic compound analysis. The total phenolic (TF) amount
from the P. insignis seed fractions was determined with the Folin–
Ciocalteu reagent according to the method of Slinkard and Singleton
[25] with minor modifications. Briefly, the stock fraction solution at
1 mg/mL in methanol was prepared. Samples (500 lL) were
introduced into test cuvettes, and then 1.0 mL of Folin–Ciocalteu’s
reagent and 0.8 mL of Na2CO3 (7.5%) were added. Sample
absorbance was measured at 765 nm using the Shimadzu UV-Vis
spectrophotometer after incubating at 30°C for 1.5 hr. The results
were expressed as milligrams of gallic acid equivalent (GAE) per
gram of dry weight.

DPPH radical scavenging assay. This assay was performed as
described by Tepe et al. [26] with the following modifications: 0.5 mL
of various dilutions of pure antioxidants or P. insignis seed fractions
were mixed with 1.5 mL of a 0.004% methanolic solution of DPPH.

After 30 min. at 25°C, the absorbances at 517 nm, which is the
wavelength of DPPH˙ maximum absorbance, were recorded as Asample

using a Hitachi UV-2000 UV/Vis spectrophotometer. An additional
experiment was performed by applying the same procedure to the
methanolic solution without the test material, and the absorbance was
recorded as Ablank. The free radical scavenging activity of each solution
was calculated as per cent inhibition according to the following
equation:

% Inhibition ¼ 100� ðAblank � AsampleÞ
Ablank

Antioxidant activities of test compounds or extracts were expressed
as IC50, defined as the concentration of the test material required to
cause a 50% decrease in the initial DPPH˙ concentration.

ABTS˙+ radical scavenging assay. This assay was performed
according to the procedure described by Re et al. [27] with
modifications. Briefly, 5.0 mL of 7 mM ABTS was mixed with
88.0 lL of 140 mM potassium persulphate overnight in the dark to
yield the ABTS˙+ radical cation. Prior to use, the ABTS˙+ was diluted
with 50% ethanol for an initial absorbance of 0.7 at 734 nm at 30°C.
Pure antioxidants or P. insignis fractions were dissolved and diluted
with ethanol, and antioxidants or P. insignis fractions produced a 20–
80% decrease in the absorbance of the blank solution at 734 nm after
the introduction of a precise volume of each dilution into the assay.
After adding 40 lL of test solution to 1960 lL of ABTS˙+ solution,
A734 = 0.70 ± 0.01. The results were expressed as Trolox equivalent
antioxidant capacity (TEAC) at 1, 4 and 6 min. TEAC is defined as
the mM concentration of a Trolox solution with an antioxidant activity
equivalent to the activity of a 1.0 mM test solution. To obtain the
TEAC values, a separate concentration response curve for standard
Trolox solutions was prepared.

In vivo antioxidant assays using Saccharomyces cerevisiae. The
S. cerevisiae strains used in this work are listed in table 1. The YPD
(1% yeast extract, 2% glucose, 2% peptone and 2% agar)-grown
stationary phase yeast cells were inoculated at 30°C for 24 hr to a
density of 1 9 108 cells/mL. These cells were harvested, washed and
re-suspended in sterile saline (0.9% NaCl) to a final concentration of 1
–2 9 107 cells/mL. To determine the protective P. insignis seed
fraction concentrations, the cultures were exposed to increasing
concentrations and incubated under growth conditions for 1 hr in
phosphate-buffered saline solution (PBS; Na2HPO4, and NaH2PO4;
20 mM; pH 7.4) at 30°C. Next, cells were appropriately diluted and
plated in triplicate on solid YPD (2–3 days, 30°C) after colony-
forming units were counted. To evaluate in vivo antioxidant effects,
the cultures were concomitantly treated with increasing P. insignis
seed fraction concentrations (50, 100, 250 and 500 lg/mL) with H2O2

(5 mM) and incubated at 30°C for 1 hr. Cells were appropriately
diluted and plated on solid YPD. After 3 days, colony-forming units
were counted. Sensitivity was expressed as percentage of survival in
relation to the negative control (solvent).

In vitro leishmanicidal activity. The experiment to test the in vitro
toxicity against promastigote forms of L. amazonensis (IFLA/BR/67/
PH-8) was performed in accordance with Oliveira-Silva et al. [28].
Log-phase L. amazonensis (1 9 106 parasites/mL) were incubated
with P. insignis seed fractions and solubilized in 0.2% DMSO at 26°C
in Schneider’s medium (Sigma) supplemented with 10% of FBS.
Amphotericin B was used as a control. After 48 hr, parasites were
collected, fixed in an isotonic solution (10.5-g citric acid, 7.0-g NaCl,
5.0 mL formalin and 1000 mL distilled water) and examined using
light microscopy. The inhibitory effect of the fraction on cellular
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growth was estimated by cell counting using a Neubauer chamber.
The concentration that inhibited 50% of the growth (IC50) was
determined by regression analysis.

The brine shrimp assay. The brine shrimp assay is a safe, practical
and economic method for determining the bioactivity of natural
compounds. The brine shrimp lethality bioassay was performed in
accordance with Meyer et al. [29]. The growth medium was prepared
with filtered seawater in a small tank divided into two compartments.
Shrimp eggs were added to the covered compartment, and a lamp was
placed above the open side of the tank to attract hatched shrimps
through perforations in the partition wall. After 48 hr, the mature
nauplii (A. salina) were ready for the assay. Stock solutions of
ethanolic extract fractions from P. insignis seeds were prepared in
DMSO (1%) and seawater and filtered. Appropriate volumes of stock
solutions were then added to the tubes containing seawater and 10
nauplii each. Four different extract concentrations were applied in
triplicate to each tube. After 24 hr of incubation under light, the
numbers of dead and surviving brine shrimps were counted in each
tube. The LC50 values were calculated from graphing drug
concentration versus lethality percentage using a probit adjust scale.

V79 cell culture and treatment. Chinese hamster lung fibroblast cells
(V79 cells) were cultured under standard conditions in DMEM
supplemented with 10% heat-inactivated FBS, 0.2 mg/mL
L-glutamine, 100 UI/mL penicillin and 100 g/mL streptomycin. Cells
were incubated in tissue culture flasks at 37°C in a humidified
atmosphere containing 5% CO2 in air and were harvested by treatment
with 0.15% trypsin and 0.08% EDTA in PBS. Cells (5 9 105) were
seeded in the medium and grown for 1 day prior to treatment with
P. insignis. The ethanolic extract fractions from P. insignis seeds were
dissolved in DMSO and added to the FBS-free medium to yield
various concentrations (10, 25, 50 and 100 lg/mL). Cells were treated
for 2 hr under standard conditions. The final DMSO concentration in
the media never exceeded 0.2%, and the negative control was exposed
to an equivalent concentration of solvent. MMS (40 lM) was used as
positive control for the comet assay.

MTT assay. The MTT assay was performed according to Denizot and
Lang [30]. After treatment, cells were briefly washed with PBS. A
serum-free medium (0.15 mL) containing a yellow dye consisting of
tetrazolium salt (MTT; 1 mg/mL) was then added, and the mixture
was incubated for 3 hr at 37°C. After incubation, the supernatant was
removed. The residual purple formazan product was solubilized in
0.2 mL DMSO and stirred for 15 min. The absorbance of the product
was measured at 570 nm. The absorbance of the negative control was
considered as corresponding to a viability of 100%, and the values of
treated cells were calculated as a percentage of the control.

The alkaline comet assay. The alkaline comet assay was performed as
described by Hartmann and Speit [31] and Tice et al. [32] with minor

changes. At the end of the treatment, cells were washed with ice-cold
PBS, trypsinized with 100 lL trypsin (0.15%) and re-suspended in
complete medium. Next, 20 lL of cell suspension (~106 cells/mL)
was suspended in 0.75% low-melting point agarose and immediately
spread onto a glass microscope slide pre-coated with a layer of 1%
normal melting point agarose. The slides were incubated in ice-cold
lysis solution (2.5 M NaCl, 10 mM Tris, 100 mM EDTA, 1% Triton
X-100 and 10% DMSO, pH 10.0) at 4°C for a minimum of 1 hr to
remove cellular proteins. The slides were then placed in a horizontal
electrophoresis box containing a freshly prepared alkaline buffer
(300 mM NaOH and 1 mM EDTA, pH ~13.0) at 4°C for 20 min. to
allow DNA unwinding. DNA electrophoresis was performed with a
300 mA and 25 V (0.90 V/cm) electric current for 20 min. The slides
were then neutralized (0.4 M Tris, pH 7.5), stained with silver nitrate
as described by Nadin et al. [33] and analysed using an optical
microscope. Images of 100 randomly selected cells (50 cells from
each of two replicate slides) were analysed for each test substance
concentration. Cells were scored visually into five classes, according
to tail size (from undamaged – 0, to maximally damaged – 4), and a
damage index (DI) and damage frequency (DF) value was assigned to
each comet according to its class. Visual scoring of comets is a valid
evaluation method determined by international guidelines and
recommendations for the comet assay [31, 32, 34]. The DI is an
arbitrary score calculated for cells in different damage classes that
were visually scored by measuring the DNA migration length and the
amount of DNA in the tail. DF, which is the proportion of cells
presenting tails after electrophoresis, was also considered in our study.
The DI ranged from 0 (no tail: 100 cells 9 0) to 400 (with maximum
migration: 100 cells 9 4), and the DF (%) was calculated based on
the number of cells with tails compared with those with no tail [31].

Statistical analysis. All experiments were independently repeated at
least three times. The results were expressed as the mean ± S.D. Data
were analysed by one-way analysis of variance (ANOVA), and the
means were compared using Dunnett’s test, with p < 0.05 considered
statistically significant.

Results and Discussion

Identification of main compounds extracted from Platonia
insignis seeds.
GC/MS analysis of ethanolic extract resulted in the identification
of seven compounds in the ethyl acetate fraction and six com-
pounds in the dichloromethane fraction. The relative percentage
of compounds of P. insignis seed fractions, based on chromato-
graphic area counts, is presented in table 2, where compounds
are listed in order of elution from the DB-5HT capillary column.
The major compound in the dichloromethane fraction from
P. insignis seeds is 1,3,5,6-tetrahydroxy-2-(2-methylbut-3-en-
2-yl)-7-(3-methylbut-2-enyl)xanthen-9-one (table 2). In the
ethyl acetate fraction, the predominant compounds are

Table 1.
Saccharomyces cerevisiae strains used in this study.

Strains Genotype Enzymatic defence lacking Source

EG103 (SOD-WT) MATa leu2D0 his3-D1 trp1-289 ura3-52 None E. Gralla1

EG118 (sod1D) Like EG103, except SOD1::URA3 Cu–Zn superoxide dismutase (cytosolic) E. Gralla
EG110 (sod2D) Like EG103, except SOD2::TRP1 Mn superoxide dismutase (mitochondrial) E. Gralla
EG133 (sod1Dsod2D) Like EG103, except SOD1::URA3 and SOD2::TRP1 All superoxide dismutase E. Gralla
EG223 (ctt1D) Like EG103, except ctt1::TRP1 Cytosolic catalase E. Gralla
EG213 (sod1Dctt1D) Like EG103, except sod1::URA3e ctt1::TRP1 Cu-Zn superoxide dismutase and cytosolic catalase E. Gralla

1The S. cerevisiae strains used in this work were kindly provided by Dr. E. Gralla (University of California, Los Angeles, CA, USA).
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alpha-mangostin (40.74%) and 1,3,5,6-tetrahydroxy-2-(2-methylbut-
3-en-2-yl)-7-(3-methylbut-2-enyl)xanthen-9-one (40.11%) (table 2).
Gamma-mangostin and alpha-mangostin are xanthones that

have been isolated from various parts of the mangosteen
tree (Garcinia mangostana). These mangosteen molecules,
together with a variety of other xanthones, have been
investigated for biological properties including antioxidant and
anti-inflammatory activities [35]. Moreover, these natural
xanthones have been reported to mediate a wide range of
biological effects, such as anti-tumour, anti-thrombotic, anti-
microbial activities and neuropharmacological properties [36].

TF content.
The TF contents of all fractions were determined according to
the Folin–Ciocalteu method and were expressed as GAE, as
shown in table 3. The results in this table demonstrate that the
ethyl acetate and dichloromethane fractions contained high

amounts of TF. However, there is no overt difference in this
content between the two fractions.
The search for antioxidants from natural sources has gar-

nered extensive attention, and efforts have been taken to iden-
tify compounds that can act against reactive oxygen species
(ROS) to replace synthetic ones [37]. ROS is a well-known
attacker of almost all cell components, such as DNA, protein and
lipid membrane [38] and has been implicated in many degenera-
tive life cycle events, including ageing, necrosis and apoptotic
cell death [39]. The identification of xanthone derivates and phe-
nolic compounds led us to further investigate the in vitro and in
vivo antioxidant potential of P. insignis seed fractions.

In vitro antioxidant capacity.
Antioxidant capacity was determined by the DPPH˙ and
ABTS˙+ assays as shown in table 4. With the DPPH˙ method,
the dichloromethane fraction displayed a better effect
(IC50 = 90.90 lg/mL of DPPH˙) than the ethyl acetate frac-
tion (IC50 = 141.80 lg/mL of DPPH˙). Evaluation with the
ABTS˙ method revealed that the P. insignis seed fraction
TEAC ranged from 0.89 to 2.55. Notably, whereas the TF
content did not vary greatly (table 3), the radical scavenging
activities varied considerably between the fractions (table 4).

In vivo antioxidant assays.
To evaluate the antioxidant capacity in S. cerevisiae strains,
the cytotoxicity of the ethyl acetate and dichloromethane frac-
tions in wild-type and isogenic strains lacking antioxidant
defences were tested (data not shown). Based on the results of
this preliminary test, non-cytotoxic fraction concentrations
(ranging from 50 to 500 lg/mL) were chosen for the subse-
quent experiments to verify the protective activity against oxi-
dative stress. The results of a growth inhibition assay revealed
that both dichloromethane and ethyl acetate fractions effec-
tively protected S. cerevisiae strains against H2O2 (fig. 1),
confirming that P. insignis seed fractions harbour ROS
quenching ability. However, this antioxidant effect on SOD
strains was not dose dependent. The P. insignis ethyl acetate
fraction was more effective than the dichloromethane fraction
against H2O2. Whereas the ethyl acetate fraction increased cell
survival in the sod2D, sod1Dsod2D and sod1Dctt1D mutants
in concentrations up to 50 lg/mL, the dichloromethane frac-
tion significantly protected only the single mutant ctt1D and
the double mutant sod1Dctt1D at a higher tested concentration
(fig. 1A,B).
Rufino et al. [40] calculated antioxidant capacities of poly-

phenolic extracts from 18 fresh and dry native, non-traditional
fruits from Brazil using ABTS, 2,2-diphenyl-1-picrylhydrazyl
radical (DDPH), ferric reducing antioxidant power and
ß-carotene bleaching methods between this P. insignis, reveal-
ing a considerable antioxidant capacity with all methods. In
another study, Rufino et al. [41] demonstrated that P. insignis
harbours a high potential as a natural antioxidant source. In
support of this finding, ethanolic extract from pre-treated
P. insignis significantly reduces the lipid peroxidation levels
and nitrite content after pilocarpine-induced seizures [22].

Table 2.
Main compounds detected in Platonia insignis seed fractions.

Retention
time (GC/MS)

Relative
area (%)

Dichloromethane fraction
Trimethyl citrate 10.842 11.32
Hexadecanoic acid methyl ester 16.423 9.35
6-Octadecenoic acid methyl ester 18.143 12.28
11,14-Eicosadienoic acid, methyl ester 18.358 5.86
1-hydroxy-3,5,6-trimethoxy-xanthen-
9-one

25.191 13.37

1,3,5,6-tetrahydroxy-2-
(2-methylbut-3-en-2-yl)-7-
(3-methylbut-2-enyl)xanthen-9-one
(gamma-mangostin)

29.321 47.82

Ethyl acetate fraction
Hexadecanoic acid methyl ester 16.312 5.60
Heptadecanoic acid methyl ester 16.417 4.58
10-Octadecenoic acid methyl Ester 18.091 5.26
9-Octadecenoic acid methyl ester 18.137 3.71
1,3,6-trihydroxy-7-methoxy-2,8-bis
(3-methylbut-2-enyl)xanthen-9-one
(alpha-mangostin)

28.067 40.74

1,3,5,6-tetrahydroxy-2-
(2-methylbut-3-en-2-yl)-7-
(3-methylbut-2-enyl)xanthen-9-one
(gamma-mangostin)

29.349 40.11

Percentages are the mean of three runs and were obtained from elec-
tronic integration measurements using a selective mass detector.
GC/MS, gas chromatography/mass spectrometry.

Table 3.
Total phenolic (TF) contents in Platonia insignis seeds.

Samples
TF content (mg of gallic acid
equivalent/g of dry weight)

Dichloromethane
fraction

115.48 ± 5.79

Ethyl acetate fraction 119.58 ± 1.92

Data are expressed as the mean ± standard error.
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As previously mentioned, experimental studies have demon-
strated that G. mangostana extracts display a wide spectrum
of biological activities, including antioxidant effects [42].
Xanthones have been isolated from pericarp, whole fruit, heart-
wood and leaves [43]. Our results suggest that the presence of
gamma- and alpha-mangostin in ethyl acetate fractions, repre-

senting 80.84% of the major components detected in
P. insignis seed fractions, along with the 47.82% of gamma-
mangostin present in dichloromethane fractions, may contrib-
ute to the free radical scavenging assays (DPPH and ABTS)
and protective potential against H2O2-induced toxicity in
S. cerevisiae strains.

Table 4.
Radical scavenging activities of Platonia insignis fractions.

Samples

DPPH˙ ABTS˙+ (TEAC, mM Trolox)

IC50 (lg/mL) 1 min. 4 min. 6 min.

Dichloromethane fraction 90.90 ± 1.09 1.95 ± 0.16 2.40 ± 0.07 2.55 ± 0.05
Ethyl acetate fraction 141.80 ± 2.14 0.89 ± 0.04 0.98 ± 0.14 1.1 ± 0.06
Gallic acid 21.98 ± 1.12 8.52 ± 0.62 12.55 ± 0.25 13.40 ± 0.27
Quercetin 36.95 ± 7.01 4.18 ± 0.35 6.22 ± 0.66 6.44 ± 0.30
Rutin 38.57 ± 2.10 1.96 ± 0.04 2.19 ± 0.07 2.29 ± 0.07

Data are expressed as the mean ± standard error.
DPPH, 1,1-diphenyl-2-picryl-hydrazyl; ABTS, 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt; TEAC, Trolox equivalent
antioxidant capacity.
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Fig. 1. Effect of co-treatments with Platonia insignis fractions and hydrogen peroxide (H2O2) on EG103 (WT) and mutant isogenic strain survival
in stationary phase after 1 hr of incubation at 30°C. (A) Dichloromethane fraction results. (B) Ethyl acetate fraction results. Percentage survival is
expressed relative to the untreated control culture (100%). Values shown are the mean of at least three determinations. Data are significant in rela-
tion to oxidant-treated samples to each strain at *p < 0.05, **p < 0.01 and ***p < 0.001/one-way ANOVA and Dunnett’s multiple comparison test.
Nine degrees of freedom and six independent analyses were used for the dichloromethane fraction, and 14 degrees of freedom and six independent
analyses were used for the ethyl acetate fraction.

© 2012 The Authors
Basic & Clinical Pharmacology & Toxicology © 2012 Nordic Pharmacological Society

38 JOAQUIM S. COSTA JÚNIOR ET AL.



In vitro leishmanicidal activity.
The in vitro toxicity assays were performed to determine the
inhibitory concentration at 50% (IC50) of the P. insignis frac-
tions using the promastigote form of L. amazonensis. After a
48-hr incubation, the evaluated fractions exhibited an IC50

of 2.84 lg/mL for the dichloromethane fraction and 26.20
lg/mL for the ethyl acetate fraction. The dichloromethane
fractions were more efficient against the promastigote forms of
L. amazonensis. The IC50 value for amphotericin B was
0.04 lg/mL (table 5).

Toxicity against Artemia salina Leach.
To assess the toxicity towards A. salina, IC50 values for the
fractions were determined (table 5). The control samples with
solvents (seawater and DMSO) did not yield significant brine
shrimp mortality. Both fractions were cytotoxic against brine
shrimps. The dichloromethane fraction displayed a reasonably
high toxicity in this assay (IC50 = 24.89 lg/mL), whereas the
ethyl acetate fraction displayed a lower cytotoxicity
(IC50 = 129.0 lg/mL). In accordance with McLaughlin [44],
compounds with IC50 < 100 lg/mL in the brine shrimp lethal-
ity assay are considered active and potentially cytotoxic
against tumour cell lines. Consistently, our results suggest that
the dichloromethane fraction could be further investigated for
anti-tumour activity.
Leishmaniasis is a public health problem in developing

countries, where 350 million people are at risk of infection.
Systematic studies in different parts of the world searching for
anti-protozoal activity of medicinal plants have been reported
[45]. In the present study, fractions from P. insignis seeds dis-
played inhibitory effects against the promastigote form
(table 5). Although the leishmanicidal effect did not result in
an IC50 as low as that of amphotericin B, the results obtained
in this study, particularly for the dichloromethane fraction,
encourage the development of new compounds with potential
anti-leishmania properties. Nevertheless, further studies are
required to characterize the active component of P. insignis
against leishmania using purified compounds.

V79 cell cytotoxicity measured by an MTT assay.
The MTT assay was used to evaluate the cytotoxicity of the
dichloromethane and ethyl acetate fractions in V79 cells. The
results revealed that both fractions are slightly cytotoxic at

concentrations up to 100 lg/mL. However, this increase in
sensitivity is not significant when compared with the negative
control (fig. 2).

Table 5.
Toxicity against Artemia salina and promastigote anti-leishmania
activity of Platonia insignis seed fractions.

Fractions

IC50 (lg/mL)1,2

Leishmania amazonensis
IC50 (lg/mL)1

A. salina

48 h 24 h

Dichloromethane fraction 2.84 24.89
Ethyl acetate fraction 26.20 129.0

1The IC50 values obtained from a minimum of three separate experi-
ments performed in triplicate are shown (95% confidence limits).
2Positive control: amphotericin B (IC50 0.04 lg/mL).

MTT in V79 cells
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Fig. 2. Survival of V79 cells after exposure to Platonia insignis seed
dichloromethane (DF) and ethyl acetate fractions (EAFs) after 2 hr
measured by the MTT assay. The results are expressed as a mean per-
centage in treated cells compared with control (solvent) ± standard
deviation of three independent experiments performed in triplicate.
DF, damage frequency.

Table 6.
Induction of DNA strand breaks from Platonia insignis seed fractions
in V79 cells as evaluated by the comet assay after 2 hr of treatment at
37°C.

Agent
Treatment
(lg/mL) DI DF (%)

Alkaline conditions (pH ~ 13.0)
NC1 14.33 ± 4.41 14.00 ± 4.642

MMS3 40 120.30 ± 13.69*** 76.00 ± 6.75***
Dichloromethane
fraction

10 42.50 ± 12.60*** 28.50 ± 2.73
25 50.00 ± 12.05*** 27.50 ± 1.64
50 69.00 ± 10.95*** 37.00 ± 4.38***
100 143.0 ± 5.48*** 48.50 ± 8.22***

Ethyl acetate
fraction

10 28.00 ± 6.57*** 12.00 ± 1.09
25 57.00 ± 8.49*** 22.00 ± 2.82*
50 61.00 ± 0.0*** 31.00 ± 2.19***
100 103.0 ± 7.66*** 40.00 ± 3.28***

DI: Dichloromethane fraction (F = 104.3) and ethyl acetate fraction
(F = 121.5). DF: Dichloromethane fraction (F = 11.88) and ethyl ace-
tate fraction (F = 59.71). The degree of freedom used for six indepen-
dent analyses was 19.
DI, damage index; DF, damage frequency; MMS, methyl metha-
nesulphonate.
1Negative control (solvent).
2Mean value and standard deviation obtained from an average of 100
cells per experiment from three experiments per concentration for each
fraction.
3Positive control.
*Significant difference compared to the negative control treatment
(dimethylsulphoxide 0.2%) at p < 0.05; ***p < 0.001/one-way ANOVA

and Dunnett’s multiple comparison test.
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V79 cell genotoxicity by a comet assay.
The induction of genotoxicity by P. insignis in V79 cells
using an alkaline version of the comet assay is shown in
table 6. The dichloromethane and ethyl acetate fractions
clearly drove significant increases in DI and DF values com-
pared with the values obtained for the control groups at con-
centrations of up to 25 and 10 lg/mL, respectively. In
addition, the increase in damage score occurred in a dose-
related manner.
The use of plants in therapies is a worldwide phenomenon.

Currently, drugs derived from plants are being investigated for
the possible presence of cytotoxic, mutagenic and genotoxic
substances, as well as other biological activities. The detection
and evaluation of the cytotoxic, mutagenic and carcinogenic
effects of plant compounds is crucial for minimizing the possi-
ble risks of these agents, especially when they are part of a
long-term treatment. Many plants occasionally consumed by
human beings can have toxic effects [46].
Platonia insignis seed fractions do not induce significant

cytotoxicity in V79 cells (fig. 2). However, a genotoxic effect
was observed. The alkaline comet assay, a validated method
for detecting DNA damage in cells [47], revealed that the ethyl
acetate and dichloromethane fractions induced an increase in
DNA damage in a dose-dependent manner (table 6). Matsum-
oto et al. [48] examined the effect of 6 xanthones (a, b and
c-mangostins, mangostinone, garcinone E and 2-isoprenyl-1,7-
dihydroxy-3-methoxy xanthone) on cell growth inhibition of
the human leukaemia cell line HL60. Although all xanthones
showed a significant inhibition effect, a, b and c-mangostins
were more effective. As previously mentioned, the most abun-
dant compound identified in dichloromethane and ethyl acetate
fractions from P. insignis seeds in this study was a-mangostin,
which can be attributed to the genotoxicity in V79 cells as
well as the toxicity against A. salina and L. amazonensis. In
addition, the increase in DNA damage induced by ethyl acetate
and dichloromethane fractions can justify the anti-parasite
activity displayed by these fractions.

Conclusions

Our results indicate that the ethyl acetate and dichloromethane
fractions from the P. insignis seed ethanolic extract present
antioxidant activities in vitro, measured by ABTS and DPPH
assays, and in vivo, measured by protective effects against the
cytotoxicity induced by H2O2 in S. cerevisiae strains. The
antioxidant effect may be attributed to the polyphenols present
in these fractions, as well as to the presence of alpha- and
gamma-mangostin. Our results also show that the P. insignis
seed fraction displayed a leishmanicidal effect and genotoxic-
ity in V79 cells, and paradoxically, alpha- and gamma-
mangostin are the putative compounds responsible for these
actions. Further studies designed to isolate, identify and
characterize the constituents of these fractions may provide a
greater understanding of the mechanisms governing their
antioxidant, leishmanicidal and genotoxic effects.
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