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Abstract
A typical Brazilian plant, araticum (Annona crassiflora Mart.), is widely used in humans as therapeutic medicine to
treat several diseases such as diarrhea, rheumatism and syphilis. It contains acetogenins which present cytotoxic, antitumogenic, and antiparasitic properties. In this study, mutagenic, antimutagenic and cytotoxic effects of araticum leaves
ethanolic extract were evaluated by micronucleus test in mice. To evaluate the mutagenic activity, animals were treated
with ethanolic extract of araticum (EEA) using 10, 20, 50, 100 and 160 mg.kg–1. For all doses, micronucleated polychromatic erythrocytes (MNPCE) frequency was evaluated at 24, 48 and 72 hours after treatment. To evaluate the antimutagenic activity, animals were treated with 10, 20, 50 and 100 mg.kg–1 of EEA and 4 mg.kg–1 of MMC simultaneously. The
frequency of MNPCE was evaluated 36 hours after exposure. Cytotoxicity was evaluated by the polychromatic and normochromatic erythrocytes ratio (PCE/NCE). In the mutagenicity assessment, all doses of EEA resulted in no significant
increase of MNPCE (P > 0.05), compared to solvent- control group. Regarding administration time, no significant difference among three evaluation periods was observed (P > 0.05). Such results indicate that EEA did not exert mutagenic
activity. Cytotoxicity was evident in doses of 50, 100 and 160 mg.kg–1 at 24 and 48 hours after exposure. Concerning
antimutagenicity, except the 10 mg.kg–1 co-administered with 4 mg/kg of MMC, all doses reduced significantly the frequency of MNPCE compared to the positive control group (P < 0.05). These results, therefore, indicate an antimutagenic
activity of the EEA. Cytotoxicity was significantly increased (P < 0.01) at 100 mg.kg–1 EEA doses co-administered with
4 mg.kg–1 of MMC.
Keywords: Annona crassiflora, Araticum, Mutagenicity, Antimutagenicity, Cytotoxicity.

Avaliação das atividades mutagênica, antimutagênica e citotóxica do extrato etanólico de
araticum (Annona crassiflora Mart.) pelo teste de micronúcleos em camundongos
Resumo
O araticum (Annona crassiflora Mart.) é uma planta tipicamente brasileira, largamente utilizada em humanos como
remédio para o tratamento de diversas doenças como diarréia, reumatismo e sífilis. Esta planta contém acetogeninas
que apresentam propriedades citotóxica, antitumorigênica e antiparasitária. Neste estudo, foram avaliados os possíveis
efeitos mutagênico, antimutagênico e citotóxico do extrato etanólico de folhas de araticum, pelo teste de micronúcleos
em camundongos. Para a investigação da atividade mutagênica, os animais foram tratados com o extrato etanólico
de araticum (EEA) utilizando 10, 20, 50, 100 e 160 mg.kg–1. Para todas as doses, as freqüências de eritrócidos policromáticos micronucleados (MNPCE) foram avaliadas em 24, 48 e 72 horas após o tratamento. Para a investigação
da atividade antimutagênica, os animais foram tratados com 10, 20, 50 e 100 mg.kg–1 de EEA simultaneamente com
4 mg.kg–1 de MMC. A freqüência de MNPCE foi avaliada após 36 horas de exposição. A citotoxicidade foi avaliada
pela razão de eritrócitos policromáticos e normocromáticos (PCE/NCE). Na avaliação da mutagenicidade, todas as
doses de EEA não aumentaram significativamente o número de MNPCE (P > 0,05), comparativamente as do grupo
solvente-controle. Em relação ao tempo de administração, não foi constatada diferença significativa entre os 3 períodos avaliados (P > 0,05). Esses resultados indicam que o EEA não exerceu atividade mutagênica.A citotoxicidade foi
evidente nas doses de 50, 100 e 160 mg.kg–1 em 24 e 48 horas depois da exposição. Em relação à antimutagenicidade,
exceto para a dose de 10 mg.kg–1 co-administrada com 4 mg.kg–1 de MMC, todas reduziram significativamente a
freqüência de MNPCE, comparativamente as do grupo controle positivo (P < 0,05). Esses resultados, portanto, indi-
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cam uma atividade antimutagênica do EEA. A citotoxicidade foi significativamente aumentada (P < 0,01) na dose de
100 mg.kg–1 de EEA co-administrada com 4 mg.kg–1 de MMC.
Palavras-chave: Annona crassiflora, Araticum, Mutagenicidade, Antimutagenicidade, Citotoxicidade.

1. Introduction
Since ancient times, plants have always been used
as a common source of medicines for their prophylactic
effects and for the treatment of illnesses and diseases.
The Brazilian flora has been estimated to be the largest in
the world, the country being home to about 120 thousand
species, of which only 1% have been studied for their
phytochemical and pharmacological properties (Rizzo
et al., 1996). It is often considered to be the most promising habitat for the search of medicinal plants, due to
high biodiversity (Stepp, 2004). In conformity with this
expectation, some plants have demonstrated interesting
properties, such as Phaseolus vulgaris L., 1753 (Ribeiro
and Salvatori, 2003), Croton cajucara Benth., 1854
(Serpeloni et al., 2004), Stryphnodendron adstringens
(Mart.) Coville, 1910. (Andrade et al., 2004), that were
able to reduce the incidence of DNA damage. However,
others, such as Cochlospermum regium (Schrank) Pilg.,
1924. (Castro et al., 2004), Ocotea duckei Vatt. (Marques
et al., 2003), Paullinia cupana Kunth, 1821. (Fonseca
et al., 1994), showed to be genotoxic and/or mutagenic,
what suggest their use must be well established.
Even among the antimutagens, carefulness should
also be taken. Many substances reported as antimutagens
or anticarcinogens have been shown to be mutagenic
or carcinogenic themselves (Zeiger, 2003). Plants are
known to contain innumerable biologically active compounds and while they may have pharmacological properties, they may also cause damage, including damage to
DNA (Alade and Irobi, 1993; Marques et al., 2003). In
this way, the investigation of traditionally used medicinal
plants is thus valuable on two levels: firstly, as a source
of potential chemotherapeutic drugs, and secondly, as
a measure of safety for the continued use of medicinal
plants (Verschaeve et al., 2004).
Annona crassiflora Mart., 1841, popularly known
as “Araticum”, is a member of the Annonaceae family
found in the central Cerrados of Brazil. The traditional
use of this plant includes the treatment of wounds, venereal diseases, snakebites, louses and as anti-microbial,
anti-diarrheal and anti-rheumatic (Almeida et al., 1987;
Correia, 1926; Cruz, 1979). Cyathostemma Griff.,1854,
Fissistigma oldhamii (Hemsl.) Merr., 1919, Annona
cherimola Mill., 1768 and Annona senegalensis Pers.,
1806, are annonaceous traditionally used ethnomedically against cancer (Graham et al., 2000).
A number of Annonaceae species of the genus
Annona have been shown to contain polyketides with
significant cytotoxic, antitumour, pesticidal, antimicrobial and antiparasitic activities (Rupprecht et al., 1990).
The ethanolic extract of A. crassiflora seeds exhibited
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in vitro significant cytotoxicity to human lung carcinoma (A-549) and melanoma (RPMI 7951) cells. From
this extract, an acetogenin (ACG – acetogenin) named
araticulin was isolated (Santos et al., 1996). The biological effects of many annonaceous have been related
to the ability of ACGs to inhibit the NADH: ubiquinone
oxiredutase (complex 1) of the mitochondrial electron
transport chain (González et al., 1998). This class of
molecules has been suggested to be a group of potential anti-neoplastic agents (Alali et al., 1999; Yuan et al.,
2003; Tormo et al., 1999). However, cytotoxicity could
be associated with genotoxicity, as observed in many antitumoral substances of natural or synthetic origin. The
presence of genotoxic action in antitumoral compounds
does not benefit the organism in the long term (Ramos
et al., 1998).
Due to the wide biological activities presented by
this plant as well as the widespread use in folk medicine by Brazilian people, at the present study we have
evaluated the mutagenic, antimutagenic and cytotoxic
activities of Araticum’s ethanolic extract by mouse bone
marrow micronuclues test (Heddle, 1973).

2. Materials and Methods
2.1. Animals
Healthy, young male adults (8-12 weeks) Mus
 usculus (Swiss Webster) out bred mice, weighm
ing 25-30 g, obtained from Central Animal House of
Universidade Federal de Goiás, were used in the experiment. All animals were brought to the laboratory five
days before the experiments. They were housed in plastic cages (40 x 30 x 16 cm) at 24 ± 2 °C and 55 ± 10%
of humidity, with a light-dark natural cycle of 12 hours.
Food (appropriate commercial ration- Labina, Ecibra
Ltda) and water were given ad libitum.
2.2. Plant material
Leaves of A. crassiflora were collected in Paraúna,
a town in the State of Goiás, Brazil, and identified by
Professor Heleno Dias Ferreira (Departamento de
Botânica, Instituto de Ciências Biológicas, Universidade
Federal de Goiás). Air-dried and powdered leaves were
exhaustively extracted with 95% aqueous ethanol at
room temperature for three days. Alcohol solution was
filtered and then concentrated under reduced pressure at
40 °C for dryness. The crude ethanolic extract was transferred to glass flasks filled to the top and kept at 5 °C
until the moment of use. The powder of ethanolic extract
of araticum (EEA – ethanolic extract of araticum) used
Braz. J. Biol., 68(1): 141-147, 2008
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in the experiment was dissolved in 25% ethanol-water
solution.
2.3. Chemical and drugs
The chemical and drugs used in the experiment were
the following: mitomycin C (MMC – mitomycin C)
(C15H18N4O5, Bristol-Myers Squibb, Lot No. 217ACB),
Dibasic sodium phosphate (Na2HPO412H2O, Merck,
Lot No. 127H0168), Monobasic sodium phosphate
(NaH2PO4H2O, Merck, Lot No. 47H1445), Giemsa
(Doles, Lot No. 1081), Methanol (CH4O, Synth, Lot
No. 39107), Fetal Calf Serum (Laborclin, Lot No.
30721063).
2.4. Determination of LD (lethal dose)50
Ten-animal groups were treated intraperitonealy (i.p)
with 100, 150, 250, 300, 400 and 500 mg.kg–1 of EEA.
The negative control (distilled water) and solvent-control
(distilled water- 25% of ethanol P.A.) groups were also
included. The number of survivors in each treatment was
observed in times of 5, 15, 30 minutes, 1, 2, 4, 24, 48, and
72 hours. At the end of this period, the number of survivors was counted and plotted in a graph, which the abscissa axis corresponds to the administered doses and the
ordinate axis represents the survival percentage. The LD50
(dose which inactivates 50% of individuals) was estimated
by the graphic and the obtained value was 200 mg.kg–1.
2.5. Experimental procedure (micronucleus test)
Mutagenicity evaluation: The doses of EEA were chosen according to the determination of LD50. Five-animal
groups were treated i.p. with 10 mg.kg–1 (5% of LD50),
20 mg.kg–1 (10% of LD50), 50 mg.kg–1 (25% of LD50),
100 mg.kg–1 (50% of LD50) and 160 mg.kg–1 (80% of
LD50) of EEA for three different periods of treatment :24,
48 and 72 hour and euthanized (as recommended by
MacGregor et al., (1987)). The positive control group
(MMC = 4 mg.kg–1, the maximum tolerated dose - MTD
(maximum tolerated dose) - which corresponds to 80%
of LD50, (Salamone et al., 1980), negative control group
and solvent-control group were also included.
Antimutagenicity evaluation: Five-animal groups
were co-treated i.p. with 10, 20, 50 and 100 mg.kg–1 of
EEA and 4 mg.kg–1 of MMC and sacrificed after 36 hours
of treatment. The positive (MMC = 4 mg.kg–1), negative
and solvent-control groups were also included.
For both experiments, after the periods of treatment,
femurs were exposed and sectioned opened and the bone
marrow was gently flushed out using fetal calf serum. After
centrifugation (300 xg, 5 minutes) the bone marrow cells
were smeared on glass slides, coded for blind analysis, airdried and fixed in absolute methanol for 5 minutes. The
smears were stained with Giemsa for detecting micronucleated polychromatic erythrocytes (MNPCE – micronucleated polychromatic erythrocytes) (Schimid, 1975). For
each animal, three slides were prepared and 1000 polycromatic erythrocytes (PCE – polychromatic erythrocytes)
were counted to determine the frequency of MNPCE. To
determine the cytotoxicity of this plant, 1000 normocroBraz. J. Biol., 68(1): 141-147, 2008

matic erythrocytes (NCE – normochromatic erythrocytes)
were counted, as well as the frequency of polycromatic
erythrocytes within the same microscope fields. Then, the
PCE/NCE ratio was calculated. The slides were analyzed
in Olympus BH-2 microcopy (10 x 100).
2.6. Statistical analysis
In order to analyze the mutagenic activity of the
EEA, the MNPCE frequency from the treated groups
was compared to the results obtained from the solventcontrol group by Student’s t-test, with p value lower than
0.05 (p < 0.05) considered as indicative of significance.
To analyze the antimutagenic activity of this extract,
the frequency of the MNPCE from the treated groups was
compared to the results obtained from the positive control group by t-test. p-values lower than 0.05 (p < 0.05)
were considered as indicative of significance.
To evaluate the cytotoxicity of the extract, PCE/NCE
ratio of all treated groups was compared to the result obtained from the solvent-control in the mutagenic effect
evaluation, and compared to the results obtained from
the positive control in antimutagenic effect evaluation.
A non-parametric test, the Sign Test was applied to determine the statistical significance of the results (Triola,
2005). The significance level considered was p < 0.01.

3. Results
MNPCE frequencies and the PCE/NCE ratios at 24,
48 and 72 hours in different doses of the EEA are shown
(Table 1).
For all tested doses (Table 1) (10, 20, 50, 100 and
160 mg.kg–1) in different times of evaluation (24, 48 and
72 hours) and negative control group, the results did not
present a significant increase of MNPCE frequency compared to the solvent-control group (a P > 0.05). There
was significant increase of MNPCE frequency at the
positive control group compared to the solvent control
group (b P < 0.05). This result was in conformity to the
expected value.
At 10 and 20 mg.kg–1 of the extract, there was no
significant difference of PCE/NCE ratio compared to the
solvent control group (c P > 0.01) at all times evaluation.
At doses of 50 and 100 mg.kg–1, it was demonstrated a
significant reduction of PCE/NCE relationship compared to the solvent control group at 24 and 48 hours
(d P < 0.01). So, in these cases, cytotoxicity was verified.
At 72 hours, the PCE/NCE ratio was not statistically significant compared to solvent-control group (c P > 0.01).
At 160 mg.kg–1, the relationship (PCE/NCE) was significantly lower than solvent control group in all treated
times (d P < 0.01).
In the antimutagenicity experiment, the obtained results of MNPCE frequency and PCE/NCE ratio from bone
marrow by simultaneous treatment (EEA + 4.0 mg.kg–1 of
MMC) in different doses are shown (Table 2).
At 10 mg.kg–1 of the extract and 4 mg.kg–1 of MMC,
the average for MNPCE/1000 PCE was 17.4. This result did not differ significantly from the positive con143
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Table 1. MNPCE frequencies and PCE/NCE ratios after treatment with the ethanolic extract of A. crassiflora Mart (araticum)
in five animals at different doses and times.

(%) DL(50)
5

Dose of EEA
(mg.kg–1)
10

10

20

25

50

50

100

80

160

-

Water*
Solvent-Control**
MMC***

Time
(hours)
24
48
72
24
48
72
24
48
72
24
48
72
24
48
72
48
48
36

Individual data
MN/1000 PCE
3- 4- 2- 2- 2
2- 2- 2- 3- 1
2- 1- 1- 2- 2
2- 2- 3- 3- 2
2- 2- 1- 3- 2
2- 3- 2- 2- 1
5- 5- 3- 4- 2
3- 2- 2- 1- 1
4- 3- 1- 2- 2
2- 1- 3- 4- 2
4- 1- 2- 1- 2
3- 2- 3- 2- 1
3- 3- 2- 3- 1
3- 1- 3- 1- 2
2- 2- 2- 1- 1
1- 2- 2- 1- 3
2 -1- 3- 4- 2
13-18-24-25-19

x±s
2.6 ± 0.89a
2.0 ± 0.71a
1.6 ± 0.55a
2.4 ± 0.55a
2.0 ± 0.71a
2.0 ± 0.71a
3.8 ± 1.30a
1.8 ± 0.84a
2.4 ± 1.14a
2.4 ± 1.14a
2.0 ± 1.22a
2.2 ± 0.84a
2.4 ± 0.89a
2.0 ± 1.00a
1.6 ± 0.55a
1.8 ± 0.84a
2.4 ± 1.14
19.8 ± 4.87b

PCE/NCE
0.87c
0.93c
0.88c
0.97c
0.89c
0.98c
0.61d
0.48d
1.09c
0.46d
0.47d
1.07c
0.49d
0.45d
0.46d
0.97c
1.06
0.32d

P > 0.05; bP < 0.05; cP > 0.01; dP < 0.01. All the results were compared to the solvent-control group. *Negative control:
distilled water; **Solvent-control: distilled water - 25% of ethanol P.A; ***Positive control: 4 mg.kg–1 of MMC.
a

Table 2. Frequency of MNPCE and the PCE/NCE ratio after simultaneous treatment with MMC and ethanolic extract of
A. crassiflora Mart (Araticum) in five animals at different doses.

(%) LD(50)
5
10
25
50
-

Dose (mg.kg–1)
(EEA + MMC)
10 + 4.0
20 + 4.0
50 + 4.0
100 + 4.0
Water*
Solvent Control**
MMC***

Time
(hours)
36
36
36
36
36
36
36

Individual Data
MN/1000 PCE
14-15-17-19-22
7-8-10-11-12
6-8-9-9-11
1-1-2-3-4
1-2-2-2-3
1-2-3-3-4
13-18-19-24-25

x±s

PCE/NCE

17.4 ± 3.20 e
9.6 ± 2.07 f
8.6 ± 1.82 f
2.2 ± 1.30 f
2.0 ± 0.71 f
2.6 ± 1.14 f
19.8± 4.87

0.33 g
0.48 g
0.26 g
0.13 h
0.98 h
0.96 h
0.32

P > 0.05; fP < 0.05; gP > 0.01; hP < 0.01. All the results were compared to the positive control group. *Negative control:
distilled water; ** Solvent-control: distilled water - 25% of ethanol P.A; **Positive control: 4 mg.kg–1 of MMC.
e

trol group (e P > 0.05). At 20, 50 and 100 mg.kg–1 of
extract co-administered with 4 mg.kg–1 of MMC, the
averages for MNPCE were 9.6, 8.6 and 2.2, respectively.
For all doses the results showed a significant reduction
of MNPCE frequencies compared to the positive control group (f P < 0.05). The negative and solvent control
groups were all statistically different compared to positive control group (f P < 0.05), in agreement with the
expected results.
To evaluate the cytotoxicity of this extract in the
simultaneous treatment, the PCE/NCE ratio was again
calculated. At 10, 20 and 50 mg.kg–1 and 4.0 mg.kg–1 of
MMC, the results did not show any significant difference
of PCE/NCE ratio compared to positive control group
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(g P > 0.01). At 100 mg.kg–1 of extract and 4.0 mg.kg–1
MMC, a significant reduction of PCE/NCE ratio in relation to positive control (h P < 0.01) was observed. Both
negative and solvent-control groups were statistically
different compared to positive control group (h P < 0.01),
which presented a lower value, in concordance with the
expected result.

4. Discussion
The aim of this work was to evaluate the mutagenic,
cytotoxic and antimutagenic activities of ethanolic extract of araticum (A. crassiflora) by mouse micronucleus
test. This is a short term assay which has been widely
Braz. J. Biol., 68(1): 141-147, 2008
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employed to detect the mutagenic (clastogenic and/or
aneugenic) and cytotoxic effects of substances in vivo.
Micronuclei (MN) separated from and in addition
to the main nucleus of a cell are the results of acentric
fragments or lagging chromosomes that fail to incorporate into either of the daughter nuclei during telophase
of the mitotic cells. The frequency of MN in polychromatic erythrocytes (PCE) of mouse bone marrow is a
very sensitive index of damage produced by ionizing
radiation and by chemical mutagens (Rabello-Gay,
1991; MacGregor et al., 1987). This test presents some
advantages compared to others kinds of assays, in which
we may mainly mention the low cost and the reliability. In addition, this assay utilizes mammalians, which
present capacity of metabolization similar to humans
that hardly can be reproduced in totality in “in vitro”
assays (Rabello-Gay et al., 1991). The intraperitoneal
via (i.p.) was applied because this procedure maximizes
the exposure of the bone marrow to chemical mutagens
(Preston et al., 1981).
The results of mutagenic evaluation of EEA by bone
marrow micronucleus test did not present a significant
increase of MNPCE frequency compared to the solvent
–control group for all tested doses in three different periods of time (24, 48 and 72 hours) (Table 1). These results
indicated that EEA did not exhibit the mutagenic (clastogenic and/or aneugenic) effects in PCE of the bone
marrow of mice.
The micronuclei test used in this study also detects
cytotoxic effects by the PCE/NCE relationship. When
normal proliferation of the bone marrow cells is affected
by a toxic agent, the number of immature erythrocytes
(PCE) is prejudiced in relation to mature erythrocytes
(NCE). Thus, the PCE/NCE ratio may decrease (RabelloGay, 1991). Our results indicated that (Table 1), in low
doses (10 and 20 mg.kg–1 of EEA) it was not observed
a significant reduction of PCE/NCE relationship at any
sampling time. However, in the higher doses (50 and
100 mg.kg–1 at 24 and 48 hours and 160 mg.kg–1 at 24,
48 and 72 hours) it was observed a strong cytotoxic effect, although the genotoxicity remained the same as for
the solvent-control.
As the obtained results at the mutagenic assay did
not exhibit a significant difference among the three different times of treatment, thus, one time of treatment was
tested for antimutagenicity assay in order to reduce the
number of animals in the experiment. The established
time was 36 hours because at this time the positive control (MMC) presents major mutagenic action (Salamone
et al., 1980).
The obtained results of the EEA co-treated with
4 mg.kg–1 of MMC are exhibited in table 2. Our results show that at the lowest dose (10 mg.kg–1 EEA +
4 mg.kg–1 MMC), the EEA did not modulate the mutagenic effect of MMC. However, the antimutagenic effect
was strongly observed for all others doses tested (20, 50
e 100 mg.kg–1 EEA + 4 mg.kg–1 MMC), diminishing,
in this manner, the mutagenic activity of the alkylating
Braz. J. Biol., 68(1): 141-147, 2008

agent (MMC). The cytotoxic effect in the simultaneous
treatment was also evaluated. These results showed that
the co-treatment, at lower doses (10, 20 and 50 mg.kg–1
EEA + 4 mg.kg–1 MMC) did not differ from the cytotoxic action of MMC itself. Meanwhile, in the highest
dose, the co-treatment (100 mg.kg–1 EEA + 4 mg.kg–1
MMC) caused an augmentation of cytotoxic action in
relation to positive control. By these results, we can observe that, at the intermediate doses (20 and 50 mg.kg–1
EEA + 4 mg.kg–1 MMC) of the EEA, it was exhibited an
effective antimutagenic action in spite of the same magnitude of cytotoxicity in relation to MMC.
Our results were basically in concordance with
earlier studies realized by various researchers on
some Annona’s constituents properties. A number of
Annonaceae species of genus Annona have been shown
to contain polyketides or ACGs with significant cytotoxic, antitumour, pesticidal, antimicrobial and antiparasitic
activities (Rupprecht et al., 1990). More than 300 natural
ACGs have been isolated and fully characterized from
either bark, leaves and seeds of different Annonaceae
species (Duret et al., 1999).
A. crassiflora Mart. extracts have previously been
shown to have cytotoxicity to human lung carcinoma
(A-549) and melanoma (RPMI 7951) cells (Santos et al.,
1996). This activity has been associated to the ability
of the ACG to inhibit ATP synthesis in the cell (Duret
et al., 1999). A recent report demonstrated that ACG
was able to arrest T24 bladder transitional carcinoma
cells at the G1 phase and cause apoptotic cell death in a
Bax- and caspase-3- related pathway (Yuan et al., 2003).
According to Chiu et al. (2003), decreased intracellular
cAMP and cGMP levels may also play important roles in
the ACG-induced apoptosis pathway.
One common way of cytotoxicity is by free radical
generation, which can lead to mutagenic effects (Bjelland
and Seeberg, 2003). Probably, this mechanism may not
be the unique way of action of the EEA, since no relevant
DNA damage was detected. ACGs have very potent and
diverse biological effects including cytotoxic, antitumor,
antimalarial, pesticidal and antifeedant activities (Takada
et al., 2000). We suggest that this cytotoxic activity presented by EEA could be mediated at least partly by the
ACG, which could affect the ATP levels and/or induce
apoptosis of the bone marrow dividing cells. However,
the complexity of plant extracts cannot be overlooked,
as the final response is likely to be the result of synergistic, antagonistic and other interactive effects among their
biologically active components.
Another class of chemical constituents of this plant
are the flavonoids, which have important effects on cancer chemoprevention and therapy. Santos and Salantino
(2000) studied foliar flavonoids of Annonaceae and reported the presence of kaempferol and quercetin (flavonols) in A. crassiflora. A great number of scientists
reported that some flavonoids have antimutagenic and
anticarcinogenic activities against a number of genotoxic
agents (Santos and Salantino, 2000; Galati and O’Brien,
145
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2004). Ündeger et al. (2004) reported that quercetin was
able to reduce significantly the DNA strand breakage
induced by MMC in human lymphocytes. In addition,
kaempferol and quercetin were able to inhibit hemolysis, lipid peroxidation and superoxide radical generation,
exerting a potent antioxidant activity (Ng et al., 2003).
Although how quercetin and other flavonoids protect
against DNA damage and potentially against carcinogenesis is largely unknown, it is suggested that flavonoids
may act as antioxidant, free radical scavengers, inhibitors of tumor cell growth, inducers of apoptosis, modulators of DNA repair or carcinogen inactivators (Lee et al.,
2003; Duthie and Dobson, 1999).
The EEA exhibited in this study, antimutagenic effects. Probably, the antimutagenic activity detected in
our experiment might be mediated at least partly by the
action of flavonoids. Since many active chemicals possess a biphasic nature (with antimutagenic and mutagenic effects) (Zeiger, 2003) for this extract, the mutagenic
action was not presented.
In summary, ours results indicate that the ethanolic
extract of araticum (EEA) did not exhibit mutagenic effect in mice. The cytotoxicity was evidenced specially
for higher doses. The antimutagenic effect of this plant
towards MMC was strongly demonstrated. Possibly, the
antimutagenic activity exhibited might contribute to an
anticarcinogenic effect and the cytotoxicity to an antitumoral activity. However, further studies are required
to better characterize the antimutagenic activity of A.
crassiflora Mart. extract and to identify their active compounds and mode of action.
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