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ABSTRACT. Duguetia furfuracea (St. Hil.) Benth & Hook f. (1862),
popularly known as “sofre-do-rim-quem-quer” and ‘“‘araticum-seco”,
is a shrub of the Annonaceae family that grows in several regions of
Brazil. Infusions of its leaves and twigs are used in folk medicine to
treat rheumatism and renal colic, whereas the seed powder is mixed with
water to treat pediculosis. Studies on the plant have reported biological
activities with cytotoxic, antitumoral, trypanocidal, leishmanicidal,
antiplasmodial, and antiprotozoal effects. Our previous studies using a
prophage A induction test (SOS-Inductest) and the micronucleus assay
demonstrated that D. furfuracea lyophilized leaf extract (DFE) displayed
cytotoxic but not genotoxic activity. In the present study, antigenotoxic
and anticytotoxic activities of DFE were evaluated using SOS-Inductest
and mouse bone marrow micronucleus tests. Our results showed that DFE
decreased the induction of either prophage A (P < 0.05; SOS-Inductest) or
micronucleated polychromatic erythrocytes (P < 0.05; micronucleus test)
at all doses, suggesting antigenotoxic activity in both tests. On assessing
the anticytotoxic activity of DFE, a significant increase in the number of
bacteria at lower doses (P < 0.05) as well as a significant increase in the
polychromatic and normochromatic erythrocyte ratio were observed (P <
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0.05), demonstrating the anticytotoxic activity of DFE. Thus, D. furfuracea
displayed antigenotoxic and anticytotoxic activity in both assays.

Key words: Duguetia furfuracea; Antigenotoxicity; Anticytotoxicity;
Micronucleus test; SOS-Inductest

INTRODUCTION

The plant kingdom is vast, and the extent of ancient uses of plants to treat various human
ailments remains unknown. A considerable number of natural products are currently used in tradi-
tional medical systems in many countries to treat disease (Choi and Hwang, 2003; Alves dos San-
tos et al., 2008). The use of natural products and their active components to prevent or treat chronic
disease is based primarily on epidemiological data and the traditional medicine practiced by a
variety of ethnic groups (Resende et al., 2007). Thus, several recent studies dedicated to popular
medicine have aimed to identify natural products with therapeutic properties (Ghazali et al., 2011).

Duguetia furfuracea (St. Hil.) Benth & Hook f. (1862) is a shrub of the Annonaceae
family that grows in several regions in Brazil (Rodrigues and Carvalho, 2001; Carollo et al.,
2006a) where it is popularly known as sofre-do-rim-quem-quer and araticum-seco. In folk
medicine, infusions of the leaves and twigs of this species are used to treat rheumatism and
renal colic (Rodrigues and Carvalho, 2001). Duguetia furfuracea seed powder is also used
to treat pediculosis (Silberbauer-Gottsberger, 1981/1982). Alkaloids and flavonoids have al-
ready been isolated from the aerial parts of Duguetia furfuracea and identified (Carollo et al.,
2006a). Furthermore, many biological activities such as toxicity to mouse embryos (Toledo et
al., 2006) and trypanocidal, antiplasmodial, and antiprotozoal properties (Fischer et al., 2004;
Carollo et al., 2006a; de Mesquita et al., 2007) have been reported in this plant species.

Most traditional medicinal plants have never been subjected to the exhaustive toxico-
logical tests required for modern pharmaceutical compounds. They are often assumed to be
safe based on the long duration of their traditional use. However, research has shown that many
plants used as food ingredients or in traditional medicine have in vitro mutagenic (Cardoso
et al., 2006; Déciga-Campos et al., 2007; Mohd-Fuat et al., 2007) and antimutagenic (Park
et al., 2004; Kilani et al., 2005; Bouhlel et al., 2007) properties. Therefore, investigations of
the mutagenic or antimutagenic potentials of traditionally used medicinal plants constitute an
important approach for the discovery of novel chemotherapeutic drugs and assurance of the
safety of their continued use (Cherdshewasart et al., 2009; Ghazali et al., 2011).

Studies carried out by our team using the lysogenic induction test (SOS-Inductest)
and mouse bone marrow micronucleus assay have demonstrated that Duguetia furfuracea
lyophilized leaf extract (DFE) has cytotoxic but not genotoxic activity (Silva et al., 2012). In
the present study, we investigated the antigenotoxic and anticytotoxic activity of DFE using
these tools (Heddle, 1973; Moreau et al., 1976).

MATERIAL AND METHODS
Plant material

Samples of Duguetia furfuracea leaves were collected in the district of Itanhanga, munici-
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pality of Goiania, in the state of Goias, Brazil (16°34'23.92"S, 49°16'28.82"W). The plant was iden-
tified by Prof. Heleno Dias Ferreira (Universidade Federal de Goids), and a voucher specimen (No.
29975) was deposited in the Central Herbarium of the Universidade Federal de Goias (Goiania,
Brazil). The leaves were dried at 40°C in a forced ventilation stove and ground in a fraction mill
to a dry powder that was submitted to hot aqueous extraction (85 g/1000 mL) and lyophilization.
The lyophilized extract was stored at -18°C until further use and dissolved in water for the tests.

SOS-Inductest
Strains

The SOS-Inductest tester strains WP2s(A) (lysogenic strain) and RJF013 (indicator
strain), derived from Escherichia coli, were supplied by the Laboratorio de Radiobiologia Molec-
ular Instituto de Biofisica Carlos Chagas Filho, Universidade Federal do Rio de Janeiro (Brazil).

Prophage J. induction

SOS-Inductest experiments were performed according to the protocol reported by
Moreau et al. (1976). WP2s(A), which contains a mutation in the gene uvrA4 (da Fonseca et
al., 1994), was grown on Luria-Bertani (LB) medium (1% bacto tryptone, lot No. 9117660,
Difco, Sparks, MD, USA; 0.5% bacto yeast extract, lot No. 1551325, Biobras, Montes Claros,
Brazil; 1% NaCl, lot No. 87642, Vetec Quimica Fina Ltda, Duque de Caxias, Brazil) until the
culture reached the exponential growth phase. At this point, 15 mL culture was centrifuged at
3000 x g for 15 min and resuspended using the same volume of M9 buffer (0.6% Na,HPO,,
lot No. 19117, Dindmica Quimica Contemporanea, Sdo Paulo, Brazil; 0.3% KH,PO,, lot No.
1644, Cinética Quimica Ltda., Sdo Paulo, Brazil; 0.5% NaCl, lot No. 87642, Vetec; 1 mL 1 M
MgSO,, lot No. 871243, Vetec). Then, 1-mL aliquots of the bacterial culture were incubated
with various doses of DFE (1, 2, 5, and 10 mg/0.1 mL 100 mg/mL stock solution) and 0.5 pg
mitomycin C (MMC; C H N O, lot No. 237AEL, Bristol Myers Squibb, Sdo Paulo, Brazil)
for 25 min at 37°C and diluted in M9 buffer for the assays. A negative control (100 pL sterile
distilled water) and a positive control (0.5 pg MMC) were also included.

To assess the anticytotoxic activity of DFE, we inoculated LB plates with 0.1-mL
aliquots of the dilutions in M9 buffer, incubated them for 24 h at 37°C, and counted the to-
tal number of colonies. For assessment of the antigenotoxic activity of DFE, 0.1 mL strain
WP2s(1) diluted in M9 buffer was added to 0.3 mL strain RIF013 and 2.5 mL top agar (0.6%
agar, lot No. 5294419, Difco; 0.5% NaCl, lot No. 87642, Vetec). This mixture was poured into
LB, |, matvamy Plates and incubated for 24 h at 37°C, and the number of plaques was counted.

Mouse bone marrow micronucleus test
Animals
This study was approved by the human and animal research ethics committee of the

Universidade Federal de Goias (CEPMHA/HC/UFG No. 044/09). Healthy, young, male adult
(8-12 weeks) outbred mice (Mus musculus, Swiss Webster), weighing 25-30 g and obtained
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from the central animal house of the Universidade Federal de Goids were randomly allocated
into treatment groups. All animals were brought to the laboratory 5 days before the experi-
ments and housed in plastic cages (40 x 30 x 16 cm) at 24 + 2°C and 55 £ 10% humidity, with
a light-dark natural cycle of 12 h. Food (appropriate commercial rodent diet Labina, Ecibra
Ltda., Santo Amaro, Brazil) and water were given ad libitum.

Experimental procedure

The experiments were performed according the procedure of von Ledebur and Schmid
(1973). For each treatment, groups of 5 animals were orally treated with 3 doses of DFE (100, 200,
and 300 mg/kg) and simultaneously co-treated with MMC (4 mg/kg ip). A positive control group
(4 mg/kg ip MMC, lot No. 237AEL, Bristol Myers Squibb) and a negative control group (sterile
distilled water) were also included. The animals were killed via cervical dislocation 24 or 48 h after
the administration of DFE, and their bone marrow cells were flushed from both femurs in fetal calf
serum (FCS, lot No. 30721063, Laborclin, Campinas, Brazil). After centrifugation at 300 x g for 5
min, the bone marrow cells were smeared onto glass slides, coded for blind analysis, air-dried, and
fixed with absolute methanol (CH,O, lot No. 55026, Synth, Diadema, Brazil) for 5 min at room
temperature. The smears were stained with Giemsa (lot No. 1081, Doles, Goiania, Brazil), dibasic
sodium phosphate (Na,HPO,12H,0, lot No. 982162, Vetec), and monobasic sodium phosphate
(NaH,PO,H,0, lot No. 983831, Vetec) to detect micronucleated polychromatic erythrocytes (MN-
PCEs). Three slides were prepared for each animal, and a minimum of 2000 polychromatic eryth-
rocytes (PCEs) were counted to determine the frequency of MNPCEs. The anticytotoxic activity
was evaluated using the PCE and normochromatic erythrocyte (NCE) ratio (PCE/NCE). The slides
were analyzed with microscopy (Olympus BH-2 10 x 100, Tokyo, Japan).

Statistical analysis

The results of the survival and antigenotoxicity assays using the SOS-Inductest were
generated with data from 4 independent experiments carried out in duplicate. All data obtained
from the test plates and positive control plates (anticytotoxicity assay) as well as the number of
plaques obtained from these plates were expressed as means + SD. These results were evalu-
ated using analysis of variance and Tukey’s posthoc test to compare the differences among the
means. P values of <0.05 were considered significant.

To analyze the antimutagenic activity of DFE using the mouse bone marrow micro-
nucleus test, we compared the frequencies of MNPCE:s in the treated groups with the results
obtained for the positive control groups using one-way analysis of variance. P values of <0.05
were considered significant. To assess the anticytotoxic activity of DFE, we compared the
PCE/NCE ratios obtained at different concentrations with those of the positive controls using
the chi-square test. P values of <0.05 were considered significant.

RESULTS

SOS-Inductest

Assessing the anticytotoxic activity of DFE, we detected an increase in the number of sur-

Genetics and Molecular Research 12 (3): 3718-3725 (2013) ©FUNPEC-RP www.funpecrp.com.br



C.R. Silva et al. 3722

vivors at all doses with co-treatment with MMC compared with that in positive control (Table 1).
The maximum increase in the number of survivors occurred with 2 mg DFE, whereas
the lowest occurred with 10 mg DFE. At doses of 0.5, 1, and 5 mg, we also observed an increase
in number of survivors (P < 0.05). Therefore, DFE attenuated the cytotoxic effects of MMC.
On assessing the antigenotoxic activity of DFE, we observed a decrease in A prophage
induction at all doses tested compared with that in the positive control (P < 0.05; see Table
1). The greatest decrease in A prophage induction occurred at a dose of 2 mg DFE (P < 0.05).
Therefore, DFE also attenuated the genotoxic effects of MMC at all tested concentrations.

Table 1. Survival fraction (SF) and standard deviation (SD) of number of Escherichia coli WP2s()) colonies,
infective centers (IC) and SD of RJF013 E. coli cultures formed after treatment with different doses of DFE
co-treated with MMC.

Treatment

SF + SD (survival)

IC + SD (induction)

Positive control (MMC)
0.5 mg DFE + MMC

1 mg DFE + MMC

2 mg DFE + MMC

5 mg DFE + MMC

10 mg DFE + MMC
Negative control (H,0)

9.35x 106 £ 0.76 x 106°
576 x 107 £ 1.49 x 107*
6.02x 107 £0.70 x 107
6.61x107+1.11 x 107
4.78 x 107 + 1.06 x 107*
1.44x107+0.31 x 107°
2.02x 108 +£0.26 x 108

2.04x 107 +0.17 x 107°
1.10 x 107 £ 0.08 x 107*
7.91 x 106 +0.75 x 106*
6.66 x 106 + 0.99 x 106*
7.00 x 106 + 1.26 x 106*
8.40x 106 + 1.68 x 106*
1.29 x 106 + 0.20 x 106*

All results were compared to their respective positive control. *Significant difference compared to the positive
control (P < 0.05). "Non significant difference compared to the positive control (P > 0.05). DFE = Duguetia
furfuracea lyophilized leaf extract; MMC = 0.5 ng mitomycin C.

Mouse bone marrow micronucleus test

The results indicated that simultaneous treatment with DFE and MMC reduced the
number of MNPCEs compared with that in the positive control group (P < 0.05; Table 2).

Thus, DFE showed antigenotoxic activity at all doses tested at 24 and 48 h. Simultaneous
treatment with DFE and MMC increased the PCE/NCE ratio 24 h after administration compared
to that in the positive control group (P < 0.05; see Table 2). Therefore, simultaneous treatment
with DFE and MMC resulted in anticytotoxic action at all doses tested at 24 and 48 h (P < 0.05).

Table 2. MNPCE frequencies and PCE/NCE ratio after treating the animals with different doses of DFE and times.

Treatment Time (h) Individual data Total MNPCE (No.) Mean + SD Mean + SD

(MNPCE/2000 PCE) (MNPCE) (PCE/NCE)
Negative control (H,0) 24 3,5,3,4,4 19 3.8+0.84 1.06 +0.06
Positive control (MMC) 24 29, 40, 36, 38, 35 178 35.6 £4.16" 0.46 £ 0.01°
100 mg/kg DFE + MMC 24 19, 15,17, 20, 21 92 18.4+2.4° 0.58 +0.05*
200 mg/kg DFE + MMC 24 20,17, 16, 18, 18 89 17.8 £ 1.48 0.63 +£0.02*
300 mg/kg DFE + MMC 24 24,17,19, 20, 26 106 212+£3.7° 0.53 £0.03°
Positive control (MMC) 48 9,11,12,9,7 48 9.6 +1.95° 0.26 + 0.006
100 mg/kg DFE + MMC 48 5,3,4,6,6 24 48+1.3° 0.38 +0.03*
200 mg/kg DFE + MMC 48 3,4,5,3,5 20 40+1.0° 0.4+0.03*
300 mg/kg DFE + MMC 48 7,7,4,5,6 29 5.8+1.3° 0.35+0.01*
DISCUSSION

The composition of natural extracts that apparently exhibit only beneficial properties
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may include chemical components with mutagenic, genotoxic, teratogenic, or carcinogenic
actions. If a genotoxic agent is present, it can interact with DNA molecules, causing genetic
damage in regions of fundamental importance to cell cycle control and apoptosis and giving
rise to a neoplastic process (Alves dos Santos et al., 2008). In contrast, chemicals present in
plants may also act as anticarcinogens or antimutagens by blocking ultimate carcinogen elec-
trophiles in a nucleophilic chemical reaction to form innocuous products. A continuous input
of these compounds could serve as a buffer against DNA damage (Duhan et al., 2011).

Recently, cancer chemoprevention has become a promising alternative for controlling
cancer now that a large number of modulating factors including antimutagens and anticarcino-
gens have been widely studied to assess their capability to suppress or prevent carcinogenesis.
Plants and their products represent one of the main sources of compounds with chemopreven-
tive potential and, indeed, several secondary plant metabolites have demonstrated chemopre-
ventive activity (Mezzoug et al., 2007).

In the present work, we evaluated the antigenotoxic and anticytotoxic potential of DFE
using the SOS-Inductest (Moreau et al., 1976) and the mouse bone marrow micronucleus assay
(Heddle, 1973). The SOS-Inductest is a short-term assay performed with £. coli lysogenic strains
that evaluates the genotoxic action of compounds for quantitative evaluation of an SOS function.
When bacteria are exposed to damaging DNA agents that inhibit DNA replication, prophages
enter the lytic cycle as an expression of SOS induction (Moreau, 1981). The in vivo mouse bone
marrow micronucleus test is a mutagenicity test system for the detection of agents that induce
chromosome fragments (clastogenic effect) or aneuploidy (aneugenic effect) (Kirsch-Volders et
al., 1997). Both tests are often used to study the antigenotoxic activity of a compound.

One of the best ways to minimize the effect of mutagens and carcinogens is to iden-
tify anticlastogens/antimutagens (substances that suppress or inhibit mutagenesis by acting
directly on cell mechanism) and desmutagens (substances that partially or fully destroy or
inactivate mutagens) in the diet and increase their consumption. Because nature has provided
a rich variety of medicinal plants, they should be used as antimutagenic and anticarcinogenic
food or drug additives (Sumanth and Chowdary, 2010).

In this study, the antimutagenic activity of DFE was evaluated by measuring its in-
hibitory effect on MM C-induced mutagenesis. The results obtained using the micronucleus test
agreed with those of the SOS-Inductest. A relevant decrease in the induction of prophage A was
detected using the SOS-Inductest at all doses of DFE co-administered with MMC compared to
that in the positive control (P < 0.05), demonstrating its antigenotoxic action. In the micronu-
cleus test, the frequency of MNPCE:s at all doses of DFE co-administered with MMC decreased
compared with that in the positive control group (P < 0.05) at 24 and 48 h. These results indi-
cated that DFE modulated the genotoxic action of MMC and therefore displayed antigenotoxic
activity, which is corroborated by the findings of Coelho et al. (2011), who observed a modula-
tory effect of DFE against the genotoxic activity of urethane in Drosophila melanogaster.

The PCE/NCE ratio in the groups treated with DFE and MMC was increased com-
pared to that in the positive control group at all doses tested at 24 and 48 h, indicating a protec-
tive effect against the cytotoxic action of MMC in mouse bone marrow. The results obtained
using the SOS-Inductest demonstrated that DFE attenuated the cytotoxic action of low doses
of MMC. However, at a dose of 10 mg DFE, the increased number of survivors was not sig-
nificant, possibly owing to the cytotoxic action of higher doses (5 and 10 mg) of DFE against
E. coli demonstrated in our previous studies (Silva et al., 2012).
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The results obtained in both assays showed that the maximum protective effect of
DFE against the cytotoxic and genotoxic effects of MMC occurred at intermediate doses (2
mg in the SOS-Inductest and 200 mg/kg in the micronucleus test), leading to the conclusion
that its antigenotoxic and anticytotoxic actions are dose specific.

Phytochemical analysis of the aerial parts of Duguetia furfuracea showed the pres-
ence of sesquiterpenes (Carollo et al., 2005), flavonoids, and several alkaloids (Carollo et al.,
2006a,b). Recent studies have demonstrated that the alkaloid extract and 5 alkaloids isolated
from Duguetia furfuracea subterranean stem bark have cytotoxic, antitumoral, trypanocidal,
and leishmanicidal activities (Da Silva et al., 2009). Literature data have shown that sesqui-
terpenes are potential anticancer agents (Fraga, 2006). Flavonoids are commonly categorized
as anti-inflammatory, anticarcinogenic, diuretic, antimicrobial, antiviral, and antioxidant com-
pounds (Hu et al., 2011; Miller et al., 2012). The presence of certain substances in plants,
including flavonoids and terpenoids, may protect cells against DNA damage (Silva et al.,
2006). Thus, the protective effect of DFE against MMC genotoxicity and cytotoxicity can be
attributed at least partially to the chemopreventive effects of sesquiterpenes and flavonoids
present in Duguetia furfuracea.
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