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ABSTRACT. Caryocar brasiliense Camb. is a tree popularly
known in Central Brazil as pequi. Its fruit contains carotenes, retin-
ols, vitamin C, and polyphenols. These compounds possess anti-
oxidant properties preventing excessive free radical formation and
modulating the genotoxicity of physical and chemical agents in the
body. However, at high concentrations these compounds can have
recombinogenic and mutagenic effects, because they can act as pro-
oxidants. We examined the genotoxic effects of aqueous extracts
of pequi pulp on wing spots of Drosophila melanogaster using the
somatic mutation and recombination test (SMART). SMART was
applied to a standard cross and to a high bioactivation cross. Two
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types of descendants were obtained from these crosses: marked-
heterozygous (mwh + / + fIr’) and balancer-heterozygous (mwh + / +
TM3, Bds). Seventy-two-hour larvae from both crosses were treated
with pequi pulp extract at 1, 5 and 10%. The extract increased sig-
nificantly the frequency of mutant spots when compared with the
negative control. Recombinogenic effects were also observed in the
mwh/TM3 descendants.

Key words: Pequi; Drosophila melanogaster; SMART; Genotoxicity;
Doxorubicin; Caryocar brasiliense

INTRODUCTION

The therapeutic properties of plants are provided by the compounds originating from
their secondary metabolism. Among them, terpenoids, phenols, alkaloids, and carotenoids are
the most effective. In addition to their antioxidant properties, they can act as modulators of
oxidative lesions in DNA (Romero-Jiménez et al., 2005).

Caryocar brasiliense Camb., popularly known as “pequi”, is a typical tree of the Bra-
zilian savannah. According to Marques et al. (2002), pequi fruit is commonly used as a region-
al dish in central Brazil as well as for folk medicine to treat bronchial-respiratory diseases.

Azevedo-Meleiro and Rodriguez-Amaya (2004) discovered that the content of the
pulp of pequi is rich in nutritional compounds such as fatty acids, carbohydrates, proteins,
carotenes, vitamin E, and retinol. According to Almeida (1998), the pulp of this fruit also has
high levels of pectin and tannins in addition to polyunsaturated oils.

The somatic mutation and recombination test (SMART), developed with Drosophi-
la melanogaster, is an assay that permits the detection of a range of genetic alterations, such
as DNA point mutation, nucleotide deletion in DNA and mitotic DNA recombination (Graf
et al., 1984). Flies with gene markers, such as multiple wing hairs (mwh) and flare® (flr), are
used to detect the loss of heterozygosis in these genes. During the embryonic development
of D. melanogaster, the cells of the imaginal disk proliferate mitotically to form the body
of the adult fly. Genetic alterations in some of these cells of the imaginal disk result in the
formation of descent cells with alterations, forming clones of mutant cells. Such alterations
are easily detected by phenotypic modifications in the hairs of the wings of the adult fly
(Guzman-Rincon and Graf, 1995).

Doxorubicin (DXR) is a chemotherapeutic agent used in the treatment of several hu-
man neoplasms. DXR is a DNA-intercalating compound, which induces a wide variety of free
radicals and also inhibits topoisomerase II. For these reasons, it is an effective clastogen on
somatic and germinative as well as recombinogenic cells (da Rocha et al., 2001; Hardman et
al., 2002). In D. melanogaster SMART, DXR induces recombinations and is therefore used as
a positive control (Costa and Nepomuceno, 2006; Fragiorge et al., 2007).

Considering that the fruit of the pequi tree is rich in carotenes, vitamins A and C and
many other compounds with antioxidant effects, investigations as to the mode of its possible
interactions with genetic material have stirred interest. The aim of the present study was to
determine the genotoxic potential of the aqueous extract of the pulp from pequi fruit using
SMART on the wings of D. melanogaster.
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MATERIAL AND METHODS
Chemical agent

Doxorubicin (CAS 23214-92-8), known commercially as Doxolem®, is manufac-
tured by Eurofarma Laboratorios Ltda., Sdo Paulo, SP, Brazil. Each vial contains 10 mg
lyophilized DXR. It possesses a molecular mass of 580 kDa and a molecular structure of
C,,H, ,NO, -HCI.

277729

Preparation of the aqueous extract of pequi (Caryocar brasiliense) pulp

The fresh fruit of the pequi was purchased at the local market in the city of Brasilia,
and its pulp was immediately extracted in the Laboratory of Organic Chemistry of the Univer-
sity of Brasilia. The pulp was placed in a Soxhlet extractor in the proportion of 100 gto 1 L
distilled water. The extraction process was protected from the air in an atmosphere of argon.
The extract was maintained in the Soxhlet extractor for 10 h, then concentrated in a rotary
evaporator for 24 h and frozen at -80°C.

Stock of Drosophila and crosses

Stocks of three mutant strains of D. melanogaster were selected for use in this study:
multiple wing hairs (mwh/mwh); flare* (flr’/TM3, Bd*), and ORR (ORR/ORR; flr’/TM3, Bd*)
(Graf et al., 1984). The strain ORR (Oregon R) was used due to its elevated capacity for ex-
pression of cytochrome P450 (Frélich and Wiirgler, 1989).

With these strains, two crosses were made: 1) standard (ST) cross: virgin females of
SIr/In(3LR)TM3, ri p? sep 1(3)89Aa bx** and Bd* were crossed with mwh/mwh males and 2)
high bioactivation (HB) cross: virgin females ORR/ORR; fir’/In(3LR)TM3, ri p* sep 1(3)89A4a
bx** and Bd* were crossed with mwh/mwh males (Graf and van Schaik, 1992).

Collection of larvae and treatment

From both crosses, eggs were collected during a period of 8 h in culture flasks with
an agar-agar (4%, w/v) base covered with a thick layer of live biological yeast supplement-
ed with sucrose. The 72-h-old larvae, in the third stage of embryonic development, were
washed in running water and fed for a period of 48 h on 1.5 g instant mashed potatoes (Yoki
Alimentos S.A., Brazil) and 5 mL of varying concentrations of aqueous extracts of pequi
pulp (AEP) at 1, 5, and 10%. Negative control (sterile distilled water) and positive DXR
(0.125 mg/mL) were included in the treatments. All experiments were kept at a temperature
of 25°C and 65% relative humidity.

Each cross produced two types of progeny: marked-trans-heterozygous flies (MH)
(mwh flr*/mwh™ flr}) and balancer-heterozygous flies (BH) (mwh flr'/mwh*TM3, Bd*). The
adult flies were fixed in 70% ethanol, and the wings were mounted in Faure solution (30 g
gum Arabic, 20 mL glycerol, 50 g chloral hydrate and 50 mL water) and analyzed under a
microscope (400X). The positions of the spots were noted according to wing sections (Graf
et al., 1984).
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Statistical analysis

The frequency of each type of mutant clone among the treated flies was compared
with the frequency found in the negative control group using the conditional binomial test
of Kastenbaum and Bowman (1970). The possible results for this test are: positive, weak-
positive, negative or inconclusive (Frei and Wiirgler, 1988).

RESULTS

Table 1 shows the frequencies of mutant spots among the MH descendants (mwh/flr’) and
BH (mwh/TM3) of the ST cross, treated with AEP at concentrations of 1, 5, and 10%. DXR (0.125
mg/mL) significantly increased the frequency of all classes of spots (P < 0.05). The increase in
twin spots indicates that DXR is recombinogenic. A statistically significant increase in the total
number of spots was observed only among the flies treated with a 10% concentration, compared
with the spot frequencies observed in the negative control. The analysis of flies with genotype
mwh/TM3 was carried out for the purpose of calculating the portion of recombinogenic and muta-
genic events. It was found that in flies with genotype mwh/TM3 the recombinational events were
eliminated by the presence of multiple inversions in the balancer chromosome 7M3.

Table 1. Summary of results in the Drosophila wing spot test after treatment with aqueous extracts of pequi
pulp (AEP)™.

DXR AEP  No.of Spots per fly (total No. of spots); statistical diagnoses® Mean clone Frequency of clone
(mg/mL) (%) flies size class clones  formation (10° cells)*
Small single Large single Twin spots Total spots Spots with mwhe (1) Observed  Control
spots (1-2 cells)*  spots (>2 cells)* (m=5) (m=2) mwh clone® corrected
(m=2) (m=15)

mwh/flr’

0 0 20 0.30 (6) 0.00 (0) 0.00 (0) 0.30 (6) 6 1.33 0.61

0 1 30 0.53 (16) i 0.07 (2 i 0.00 (0) i 0.60 (18) i 18 1.72 {2.11} 1.23 {0.61}

0 5 30 0.53 (16) i 013 4) i 0.00 (0) i 0.67 (20) i 20 1.65 {1.91} 1.37 {0.75}

0 10 30 0.67 (20) i 0.00 (0) i 0.03 (1) i 0.70 21) + 21 1.38 {1.42} 1.43 {0.82}

0.125 0 20 1.95 (39) + 1.65 (33) + 120 (24) + 4.80 (96) + 96 3.15 {3.27} 9.84 {8.91}

mwh/TM3

0 0 20 035 (7) 0.00  (0) 0.35 (7) 7 1.00 0.72

0 10 20 045 (9) i 0.00 (0) i 045 (9) i 9 1.22 {2.00} 0.92 {0.20}

0.125 0 20 0.85 (17) + 030 (6) + 1.15 (23) + 23 1.83 {2.19} 2.36 {1.64}

“Larvae from standard cross. Marker-trans-heterozygous flies (mwh/flr’) and balancer-heterozygous flies (mwh/
TM3) were evaluated.

bStatistical diagnoses according to Frei and Wiirgler (1988): + positive; i, inconclusive; m, multiplication factor for
the assessment of significantly negative results. Significance levels a = = 0.05.

‘Considering mwh clones from mwh single and twin spots.

dFrequency of clone formation: clones/fly/48,800 cells (without size correction).

*Including rare fIr® single spots. DXR = doxorubicin.

Analysis of the mwh/TM3 flies, resulting from the ST cross treated with AEP at 10%,
revealed no induction of mutagenic activity in all categories of spots. However, the percentage
of mutant spots resulting from mutations was 64.3% and from recombination, 35.7%. In view
of the negative results observed in the trans-heterozygous descendants of the ST cross, treated
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with AEP with 1 and 5%, the descendants of mwh/TM3 were not analyzed.

Table 2 shows the frequency of mutant spots observed in the mwh/flr* and mwh/TM3
descendants. This table also presents the data of the high metabolic bioactivation (HB) cross
treated at concentrations of 1, 5, and 10%. A statistically significant increase was observed in
spot frequency at all tested concentrations of the mwh/flr’ descendants of the HB cross. In the
small simple spot category, a significant increase (P < 0.05) was also demonstrated at concen-
trations of 1 and 5% AEP. The DXR showed genotoxic activity by increasing the frequencies
of all types of spots (P < 0.05), for individuals of the HB cross.

Table 2. Summary of results in the Drosophila wing spot test after treatment with aqueous extracts of pequi
pulp (AEP):.

DXR AEP N°of Spots per fly (total No. of spots); statistical diagnoses® Mean clone Frequency of clone

(mg/mL) (%) flies size class formation/10° cells!
Small single Large single Twin spots  Total spots  Spots with Observed  Control
spots (1-2 cells)®  spots (>2 cells)® (m=15) (m=2) mwh corrected

(m=2) (m=15) clone®

mwh/flr’

0 0 20 1.15 (23) 0.10 (2) 0.05 (1) 1.30 (26) 26 1.54 2.66

0 1 29 190 (55) + 0.4 (4 i 000 (0) i 203 (39) + 58 145 {128} 410 {143}

0 5 29 176 (51) i 024 (7) i 000 (0) i 200 (58) + 56 1.63 {1.80} 396 {1.29}

0 10 28 211 (59) + 007 (2 i 000 (0) i 218 (61) + 6l 1.54 {1.54} 446 {180}

0.125 0 20 335 (67) + 250 (50) + 150 (30) + 7.35(147) + 143 3.7 {3.54) 1465 {10.92}

mwh/TM3

0 0 20 0.70 (14) 0.00  (0) 0.70 (14) 14 136 1.51

0 1 20 045 (9) - 0.00 (0) i 045 (9) - 9 1.00 {1.92} 092 -{0.59}

0 20 065 (13) - 000 (0) i 0.65 (13) - 13 138 {1.15} 133 -{0.18}

0 10 20 055 (11) - 000 (0) i 055 (1) - 11 127 {1.61} 113 -{0.38}

0.125 0 20 105 @) i 005 (1) i 110 (22) i 22 132 {1.24} 225 {0.74}

“Larvae from high bioactivation cross. Marker-trans-heterozygous flies (mwh/flr’) and balancer-heterozygous flies
(mwh/TM3) were evaluated.

bStatistical diagnoses according to Frei and Wiirgler (1988): + positive; -, negative; i, inconclusive; m, multiplication
factor for the assessment of significantly negative results. Significance levels o = f = 0.05.

‘Considering mwh clones from mwh single and twin spots.

dFrequency of clone formation: clones/fly/48,800 cells (without size correction).

‘Including rare ff* single spots. DXR = doxorubicin.

The results of the experiments using flies with genotype mwh/TM3 of the HB cross
showed no statistically significant increase (P > 0.05) at all tested concentrations and in all
categories of mutant spots. Therefore, at the three concentrations tested, no increase in muta-
genicity was observed. On the other hand, the portions of recombinogenic events, for the same
cross, were of 77.5, 66.5, and 74.7% for the concentrations of 1, 5, and 10%, respectively.

DISCUSSION
The pequi fruit is rich in substances with antioxidant properties, such as carotenes, vi-

tamin A (20,000 U/100 g pulp) and vitamin C (12 mg/100 g pulp) (Azevedo-Meleiro and Ro-
drigues-Amaya, 2004). Besides the polyphenol content in the oily fraction, these compounds
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are considered to be natural inhibitors of oxidative agents and important in the prevention of
cancer and other degenerative diseases (Odin, 1997). Many studies report on the modulatory
effects of such antioxidant compounds in different test-systems such as Salmonella typhimu-
rium (Tavan et al., 1997), human lymphocytes in vitro (Antunes and Takahashi, 1999) and D.
melanogaster (Costa and Nepomuceno, 2006).

The use of D. melanogaster in the evaluation of genotoxicity has been well es-
tablished as a test-system. Due to a genome similarity compared to mammals and easy
maintenance in the laboratory, these flies represent an appropriate organism to run in
vivo short-term tests (Graf et al., 1996; Vogel et al., 1999). SMART is a simple and fast
short-term assay compared with other in vivo tests. It is effortless to conduct and effec-
tive in the detection of a wide range of aspects of genetic alterations (Graf et al., 1984,
1989). It is thus possible, using strains of D. melanogaster of high metabolic bioactivation
(HB), to detect genotoxins such as promutagens, which require metabolic activation by
cytochrome enzymes, and act directly as well as indirectly on DNA. Through the use of
these test-systems, it is possible to evaluate the genotoxic activity of a single compound
as well as complex mixtures (Graf and Wiirgler, 1996). Analysis of the MH descendants
(mwh/flr’) and of the BH descendants (mwh/TM3) has demonstrated that it is possible to
quantify the recombinogenic events in the total of mutant spots detected (Spand et al.,
2001). Thus, due to its capabilities, SMART was chosen to evaluate the genotoxic effects
of the aqueous pequi extract.

Using the wings heterozygous for multiple inversions on the 7M3 balancer chro-
mosome, it is possible to separate mutational events from recombinational events because
the recombinational events are eliminated in flies with this genotype. Comparison of the
clone induction frequencies obtained for DXR treatment alone in both genotypes indicates
that in ST flies 24% of mutant clones produced by DXR were due to mutation and 76% to
recombination. Also, this same analysis showed that in HB flies 15% of spots induced by
DXR were due to mutation and 85% to recombination. The strong recombinogenic activ-
ity of DXR in the somatic cells of D. melanogaster was previously reported by Costa and
Nepomuceno (2006) and Fragiorge et al. (2007).

The cytochrome P450 enzymes belong to the phase I metabolism fraction of xe-
nobiotics. Phytochemicals can also be activated by this fraction from promutagens to
mutagens (Sun et al., 2000). Enzymes of D. melanogaster (strain of bioactivation - HB)
may have acted on AEP, promoting its rapid metabolism and generating by-products with
genotoxic properties. Frolich and Wiirgler (1989) demonstrated that promutagens can in-
crease the frequency of mutant spots in the descendents of HB cross after metabolism by
cytochrome P450 enzymes. AEP effectively promoted mutant spot formation in the HB
cross probably because it requires bioactivation to become genotoxic. AEP at a concentra-
tion of 10% increased the frequency of mutant spots in the ST flies. It was deduced that
possibly, at this concentration (10%), bio-transformation of some compound present in
the extract may have occurred, since the descendants of the ST cross were not totally free
of cytochrome P450 enzymes and possessed their own metabolic capabilities.

According to Graf et al. (1984), the emerging mwh/TM3 flies show mutant spots
only due to punctual mutations, deletion or lack of separation. In the present analysis of
the mwh/TM3 descendants, of the HB cross, there was no statistically significant increase
in mutant spots induced by the AEP, suggesting that the mutant spots observed in the MH
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descendants were due to the occurrence of recombination (77.5, 66.5, and 74.7% for the
concentrations of 1, 5, and 10%, respectively). In flies from the ST cross, for the concen-
tration of 10%, the mutation rate (64.3%) was higher than the recombination rate (35.7%),
although no significant difference in the analysis of the mwh/TM3 descendants was found.
These results indicate that AEP, after having been metabolized by the cytochrome P450,
provoked a recombinogenic effect.

The genotoxicity attributed to AEP (Tables 1 and 2) could be due to the high con-
centrations of the extract (1, 5, and 10%) on the exposed larvae. The chemical composi-
tion of the extracts was not determined. However, the extraction processes produced pure
and concentrated extract, preserving the chemical and biological properties. Hatching
rates and post-metamorphosis development, as compared with the control, were not found
to be affected. The concentrated extracts may have elevated contents of carotenoids, vita-
min A, vitamin C, and polyphenols, making it possible for them to act as pro-oxidants on
the DNA of exposed larvae.

The presence of many antioxidant compounds in the pequi fruit, tested using high-
ly concentrated extracts, could be the cause of its pro-oxidative effect on DNA. Vitamin A
(retinol), at elevated doses, has produced genotoxicity when subjected to the SMART and
comet assays. Ascorbic acid, known as an antioxidant compound, has shown genotoxicity
when evaluated at high doses in different test-systems (Tripathy et al., 1990; Klamt et al.,
2003). Antunes and Takahashi (1999) discovered that vitamin C produces antimutagenic
activity in human peripheral blood lymphocytes in vitro at certain concentrations. When
applied at higher concentrations, it did not display protective effects against mutations; on
the contrary, it induced cytotoxicity in lymphocytes.

Young and Lowe (2001) reported on the pro-oxidant effect of B-carotenes using
the comet assay in HT29 cells when tested at high doses. They demonstrated that with
concentrations of B-carotene higher than 4 nM, the protective effect was lost and that
concentrations above 10 nM were associated with DNA damage. It was concluded that
exposure to high concentrations of B-carotene can affect the cell membrane properties
increasing their permeability.

Khouri et al. (2007), who found a lack of genotoxic activity, on the contrary,
reported protective effects against the clastogenic action of the bleomycin, used as an
inductor of free radicals in mice treated orally with 30 uL AEP for 10 days, applying the
micronucleus test. This may have been due to the fact that extracts at lower concentrations
than those used with the Drosophila larvae were given orally to mice. Thus, at lower con-
centrations AEP may have produced only anticlastogenic and antioxidant effects. We also
suggest that the contradictory responses for AEP in previous studies may partially be due
to the extract being a better recombinogenic than mutagenic. SMART is capable of detect-
ing point mutation, deletion and gene recombinations while the micronucleus test detects
only clastogenic and aneugenic effects (von Ledebur and Schmid, 1973; Yamamoto and
Kikushi, 1980; Graf et al., 1984). For this reason, SMART is capable of detecting a larger
spectrum of genotoxic events as compared with the micronucleus test. On the other hand,
the increased frequency of mutant spots observed in the present study, could be attributed
to an unidentified compound in the AEP with genotoxic potential, since this extract is a
complex mixture not yet completely evaluated.

In conclusion, under the present experimental conditions, our data show that AEP is
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genotoxic to Drosophila melanogaster and that mitotic recombination proved to be the ma-
jor event responsible for this genotoxicity in the SMART assay. This effect was increased
after metabolism by the cytochrome P450 enzymes. Given the importance of this fruit as a
regional food and folk medicine and due to its wide distribution in the Brazilian savannah,
future studies need to be performed to gain a better understanding of its genotoxicity.
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