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Abstract

The objective of this study was to evaluate the action of Hymenaea stigonocarpa bark hydroalcoholic extract against a
mutagenic compound using 4. cepa meristematic root cells as a test system. The treatment groups were: Negative Control
(NC) — distilled water; Positive Control (PC) — paracetamol at a concentration of 0.008 mg/mL, Jatoba Control (JC) —
aqueous fraction jatobad-do-cerrado at 0.5 or 1.0 or 1.5 mg/mL, and Simultaneous Treatment (ST) - jatoba-do-cerrado
aqueous fraction at a concentration of 0.5 or 1.0 or 1.5 mg/mL associated with paracetamol solution at a concentration
of 0.008 mg/mL. All groups were analyzed at 24 and 48 h. Five onion bulbs (five replications) were used for each
treatment group. The root tips were fixed in Carnoy and slides prepared by the crush technique. Cells were analyzed
throughout the cell cycle, totaling 5,000 for each treatment group at each exposure time. Mitotic indices were subjected
to statistical analysis using the chi-square test (p<0.05). From the results it was found that the ST group, at the three
concentrations, significantly potentiated the antiproliferative effect of the test system cells when compared to PC, NC
and TJ at the three concentrations. Furthermore, the three ST concentrations significantly reduced the number of cell
aberrations when compared to the number of aberrant cells obtained for the PC, demonstrating antimutagenic action
on the 4. cepa test system cells.

Keywords: jatoba-do-cerrado, cytotoxicity, protector effect.

Acdo antimitotica e antimutagénica do ritidoma de
Hymenaea stigonocarpa Mart ex Hayne na divisao celular

Resumo

O objetivo do presente trabalho foi avaliar a agdo do extrato hidroalcdlico do ritidoma de Hymenaea stigonocarpa
frente a um composto mutagénico, utilizando como sistema teste as células meristematicas de raizes de 4. cepa.
Os grupos tratamentos avaliados foram: Controle Negativo (CN) — agua destilada; Controle Positivo (CP) — paracetamol
na concentragdo de 0,008 mg/mL, Controle Jatoba (CJ) — fracdo aquosa de jatoba-do-cerrado na concentragio de
0,5 ou 1,0 ou 1,5 mg/mL, e Tratamento Simultaneo (TS) — fragdo aquosa de jatoba-do-cerrado na concentragdo de
0,5 ou 1,0 ou 1,5 mg/mL associada a soluc@o de paracetamol na concentra¢éo de 0,008 mg/mL. Todos os grupos foram
analisados nos tempos de 24 e 48 h. Para cada grupo tratamento cinco bulbos de cebolas (cinco repetigdes) foram
utilizados. As radiculas foram fixadas em Carnoy e as laminas preparadas pela técnica de esmagamento. Analisaram-se
células em todo ciclo celular, totalizando 5.000 para cada grupo tratamento em cada tempo de exposigdo. Os indices
mitdticos obtidos foram submetidos a analise estatistica do Qui-quadrado (p<0,05). A partir dos resultados verificou-se
que o grupo TS, nas trés concentragdes, potencializou o efeito antiproliferativo significativo as células do sistema
teste quando comparado ao CP, CN e TJ nas trés concentragdes. Ainda, o TS nas trés concentragdes reduziu de forma
significativa o numero de aberragdes celulares quando comparado com o numero de células aberrantes obtidas para o
CP, demonstrando agdo antimutagénica as células do sistema teste 4. cepa.

Palavras-chave: jatoba-do-cerrado, citotoxicidade, efeito protetor.
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1. Introduction

Leguminosae is a botanical family of large economic
and medicinal importance in temperate and tropical regions
around the world. Among its representatives is Hymenaea
stigonocarpa (common name jatobd-do-cerrado), a species
easily found in the North and Northeast regions of Brazil,
especially in the open formations of the Cerrado and
Caatinga biomes (Lacerda et al., 2014).

The infusion of the the bark or outer surface of the suber
of'this leguminous plant is widely used in folk medicine in
the states of these regions for the reduction of cholesterol
levels and blood glucose (Souza and Felfili, 2006), stomach
pain, cramps, bronchitis and asthma relief (Orsi et al.,
2012), as an anthelmintic in the treatment of depression
(Valente et al., 2014) and curing urinary tract infections
(Dimech etal., 2013). There are large amounts of diterpene
acids, anthraquinones, minerals, tannins, pectin, flavonoids,
xyloglucans and oligosaccharides in the phytochemical
composition of the suber (Cartaxo et al., 2010).

In spite of its wide use in traditional medicine, there are
few studies in the literature on the action of jatobd-do-cerrado
on the systemic and cellular level. Among those that exist
are the works done by Lacerda et al. (2014) and Silva et al.
(2015), who, through the Allium cepa system, analyzed,
respectively, the cytotoxic potential of the aqueous and
hydroalcoholic extract of the the bark of this legume, and
demonstrated a significant antiproliferative effect in the
cells of the test system used. Another important result is
that the concentrations tested in these two studies did not
induce cell aberrations in the 4. cepa system cells.

Many medicinal plants with cytotoxic activity have
been analyzed for antimutagenic activity (WHO, 2011), as
for example, other species of the genus Hymenaea, which
showed antiproliferative and antimutagenic effect in cells
treated with mutagenic compounds (Cartaxo et al., 2010;
Sturbelle et al., 2008; Pettit et al., 2003; Abdel-Kader et al.,
2002).

Resende et al. (2006) reported that chemical compounds
with antimutagenic action increase the repair mechanism
efficiency of the cells treated with mutagenic agents and/or
cause inactivation of the mutagenic compound. As a result,
they act by decreasing the cell aberration frequency.
However, Przedpelska-Wasowicz and Wierzbicka (2011),
cite that to prove this activity, the antimutagenic effect
of a compound or an organism should be evaluated at
different concentrations, exposure times and in various test
systems, which can be the same employed for the study
and identification of the mutagenic agents.

Bioassays with plants are considered sensitive, rapid
and simple in the monitoring of toxic effects at the cellular
level (Herrero et al., 2012), and the 4. cepa root meristem
cells are widely used in cytotoxicity assessment, cell
aberration detection, and the assessment of mutagenic
and antimutagenic activity of chemical compounds,
with emphasis on studies of the effects of plant extracts
(Bagatini et al., 2007; Przedpelska-Wasowicz and Wierzbicka,
2011). Furthermore, Cardoso et al. (2014), Neves et al.
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(2014), Barbério et al. (2009), Sturbelle et al. (2008), and
Rigonato et al. (2005) classify the 4. cepa test system as
very efficient for the initial evaluation of the cytotoxic,
mutagenic and antimutagenic potential of natural products.

Thus, considering that some species of the genus
Hymenaea have demonstrated cytotoxic and antimutagenic
potential, that the H. stigonocarpa species needs to be
studied further regarding its action at the cellular level,
and that the 4. cepa system is an appropriate test for the
initial screening for the evaluation of antiproliferative,
antimutagenic and mutagenic potential of plant extracts,
the objective of the present study is to evaluate the effect
of the alcoholic extract of jatobd-do-cerrado against a
mutagenic compound, using 4. cepa meristematic root
cells as a test system.

2. Material and Methods

2.1. Bark collection

For this work pieces of H. stigonocarpa bark were
collected in a medicinal garden located in the city of
Teresina, Piaui State, in May 2014. The identification of
the plant and sample collection were performed by Prof.
Maria do Socorro Meireles de Deus, Master in Botany and
professor at the Federal University of Piaui.

2.2. Obtaining the hydroalcoholic extract

To perform the hydroalcoholic extraction, pieces of the
Jjatobd-do-cerrado bark were dried at room temperature
for five days and then ground in a Wiley mill. The powder
obtained was weighed and placed for infusion in 80%
ethanol extractive solution at a 1:5 ratio in a lightless
environment for 48 h (Coutinho and Hashimoto, 1971).
The material was then stored in an amber bottle at room
temperature for 11 days, and manually stirred once a day.

After this period, the material was filtered through
filter paper. The obtained liquid phase was subjected to
rotoevaporation under reduced pressure and a temperature
of 60 °C. The extract was subsequently placed in an oven
for complete drying and then stored in a refrigerator. For the
analyzes with 4. cepa, part of the stored extract was diluted
in distilled water to obtain the aqueous fractions.

2.3. Concentrations and treatment groups

For this work three concentrations, 0.5; 1.0 and 1.5 mg/mL
of the H. stigonocarpa bark alcoholic extract were established.
These concentrations were defined based on work by
Silva et al. (2015).

The treatment groups evaluated in this study were:
Negative Control — only of distilled water; Positive Control
—solution prepared with distilled water and paracetamol, a
compound with proven cytotoxic, clastogenic and aneugenic
action on meristematic root cells of 4. cepa at a concentration
of 0.008 mg/mL (Bessems et al., 1995); Jatoba Control
- aqueous fraction of jatobd-do-cerrado at 0.5 or 1.0 or
1.5 mg/mL, Simultaneous Treatment - jatobd-do-cerrado
aqueous fraction at 0.5 or 1.0 or 1.5 mg/mL associated with
paracetamol solution at a concentration of 0.008 mg/mL.
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2.4. Obtaining root meristem cells of A. cepa

For conduction of the experiments, A. cepa bulbs were
placed to root in flasks with distilled water at 25 °C, aerated
constantly, until obtaining roots about 1.0 cm long, which
were then placed in their respective treatment solutions.
For analysis of each treatment group, an experimental
group was established with five bulbs (five repetitions),
which were evaluated at the exposure times of 24 and 48 h.
In all treatment groups at the end of each exposure time,
roots were collected and fixed in 3:1 Carnoy’s solution
(ethanol:acetic acid) for about 24 h.

2.5. Slide preparation and statistical analysis

The slides, on average 5 per bulb, were mounted
according to the method proposed by the Guerra and
Souza (2002) protocol, and analyzed by light microscopy
at 40X. For each bulb 1,000 cells were analyzed totaling
5,000 cells studied for each treatment group. In this analysis
we observed cells in interphase, prophase, metaphase,
anaphase and telophase, the presence of aneugenic effects
and micronuclei. The average cell number count in each
phase of the 4. cepa cell cycle was calculated and the
mitotic index determined. For statistical analysis we used
the chi-square (y°), with P <0.05 (BioEstat 3.0).

3. Results and Discussion

Table 1 presents the Mitotic Indices obtained for the
Positive Control, Negative Control and Jatoba Control
treatment groups at concentrations of 0.5; 1.0 and 1.5 mg/mL,
and the Simultaneous Treatment at concentrations of 0.5; 1.0
and 1.5 mg/mL, assessed at the exposure time of 24 hours.

From the results in Table 1, it can be seen that for
concentrations of 0.5 and 1.0 mg/mL, the mitotic indices of
their respective Simultaneous treatments were statistically
different from the mitotic indices of the Positive and
Negative controls. When compared with the cell division

index of their respective Jatoba Control, the Simultaneous
Treatment cell division rate, although lower, did not differ
statistically.

For the 1.5 mg/mL concentration, the division index
obtained for the Simultaneous Treatment differed from
the mitotic indices of the Negative Control and their
respective Jatoba Control. However, when compared to
the mitotic index of the Positive Control, the cell division
index of the Simultaneous Treatment was not considered
different. Thus, these results demonstrated that with
increasing concentration the Simultaneous Treatment
enhances the antiproliferative effect. Furthermore, when
comparing cell division indices among treatment groups
at different concentrations, it was found that they did not
differ statistically from one another.

Table 2 shows the mitotic indices obtained for the
Positive Control, Negative Control, and Jatoba Control at
concentrations of 0.5; 1.0 and 1.5 mg/mL, and Simultaneous
Treatment at concentrations of 0.5; 1.0 and 1.5 mg/mL,
measured at an exposure time of 48 hours.

In Table 2, it can be seen that at all concentrations, the
Simultaneous Treatment mitotic indices were statistically
similar to the cell division indices of the Positive Control
and their respective Jatoba controls, demonstrating that
the association of concentrations of jatobd-do-cerrado
with acetaminophen, as in the 24 h exposure time,
promoted a high antiproliferative effect no the 4. cepa
meristematic root cells, but, most markedly, since for the
48 hour exposure time at the three concentrations, the
Jatoba Control cell division indices of the Simultaneous
Treatment were statistically identical to those obtained
for the Positive Control.

Thus, it is important to note that under the conditions
examined in this study, at the two exposure times,
the cytotoxicity of the hydroalcoholic extract of the
jatoba-do-cerrado bark was already observed at the
lowest concentration, in the Jatoba Control treatment

Table 1. Number of undifferentiated cells and those in interphase, number of cells under division, and mitotic index
values obtained for the 4. cepa root cells of the treatment groups Positive Control, Negative Control and Jatoba Control at
concentrations of 0.5; 1.0 and 1.5 mg/mL, and Simultaneous Treatment at concentrations of 0.5; 1.0 and 1.5 mg/mL of the
Hymenaea stigonocarpa alcoholic extract, evaluated at an exposure time of 24 h.

C"?:fg‘/‘:;:t)“’“ TG 24 h z‘l‘l‘:‘/f?nrti‘;iﬁ‘g’s‘l Cells under division MI (%)
PC 4551 449 0.1°
NC 3732 1268 2540
0.5 iC 4811 189 3.9¢
ST 4909 91 1.8°
1.0 i 4321 179 366
ST 4949 51 1.2¢
1.5 ite 4888 12 2.0
ST 4950 50 1.0°

TG - treatment group; PC - positive control; NC - negative control; JC - jatoba control; ST - simultaneous treatment; MI - mitotic
index. Different letters between the Positive Control and Negative Control differ significantly among themselves. Different letters
between Treatment Groups of a same concentrations differ significantly among themselves. Different letters between the Treatment
Group and the Positive and Negative Controls differ significantly among themselves. Different letters between Treatment Groups

of the concentrations differ statistically among themselves.
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group, as well as in the Simultaneous Treatment. It is
important to mention that the significant antiproliferative
action observed for the Jatoba Control treatment groups
at the three concentrations studied, at the exposure times
of 24 and 48 hours corroborate the results obtained by
Silva et al. (2015), i.e., that the the bark of the jatobd do
cerrado presents cytotoxic potential.

Table 3 shows the total number of cell aberrations
observed, total 4. cepa meristematic root cells
analyzed for each treatment group, Positive Control,
Negative Control, Jatoba Control, at concentrations of
0.5; 1.0 and 1.5 mg/mL and Simultaneous Treatment at
concentrations of 0.5; 1.0 and 1.5 mg/mL, at an exposure
time of 24 h.

Table 4 presents the total number of cell aberrations
observed, total of 4. cepa meristematic root cells for each
treatment group, Positive Control, Negative Control, Jatoba
Control at concentrations of 0.5; 1.0 and 1.5 mg/mL and

Simultaneous Treatment at concentrations of 0.5; 1.0 and
1.5 mg/mL, at an exposure time of 48 h.

The results presented in Tables 3 and 4, for the 24 hour
exposure time as well as for the 48 hour, showed that
the number of chromosomal aberrations obtained for the
Simultaneous Treatment at the three concentrations studied
were drastically lower than the number of aberrations
observed for the Positive Control. The number of aberrant
cells observed for the Negative Control, Jatoba Control at
the three concentrations and Simultaneous Treatment at
three concentrations were not significant among themselves.
Thus, under these study conditions, an antimutagenic effect
of the concentrations 0.5; 1.0 and 1.5 mg/mL of jatobd-
do-cerrado hydroalcoholic extract, versus paracetamol at
0.008 mg/mL, may be suggested.

Dimech et al. (2013) and Orsi et al. (2012), by
means of classic and gas chromatography, found that the
hydroalcoholic extract of the the bark of H. stigonocarpa

Table 2. Number of undifferentiated cells and those in interphase, number of cells under division, and mitotic index
values obtained for the A. cepa root cells of the treatment groups Positive Control, Negative Control and Jatoba Control
at concentrations of 0.5; 1.0 and 1.5 mg/mL, and Simultaneous Treatment at concentrations of 0.5; 1.0 and 1.5 mg/mL of
Hymenaea stigonocarpa alcoholic extract, evaluated at an exposure time of 48 h.

Concentration

Undifferentiated

(mg/mL) TG24h cells/ Interphase  CClIS under division MI (%)
PC 4551 449 01
NC 3732 1268 25.40
0.5 JjC 4811 189 2.6°
ST 4909 91 0.8
1.0 JC 4821 179 2.4
ST 4949 51 0.4
= (e 4888 112 1.8
ST 4950 50 0.2

TG - treatment group; PC - positive control; NC - negative control; JC - jatoba control; ST - simultaneous treatment; MI - mitotic
index; Different letters between the Positive Control and Negative Control differ significantly among themselves. Different letters
between Treatment Groups of a same concentrations differ significantly among themselves. Different letters between the Treatment
Group and the Positive and Negative Controls differ significantly among themselves. Different letters between Treatment Groups

of the concentrations differ statistically among themselves.

Table 3. Total number of cellular aberrations present in meristematic root cells of A. cepa of each treatment group - Positive
Control, Negative Control, Jatoba Control, at concentrations of 0.5; 1.0 and 1.5 mg/mL, and Simultaneous Treatment at
concentrations of 0.5; 1.0 and 1.5 mg/mL of Hymenae stigonocarpa evaluated at an exposure time of 24 h.

C TG
(mg/mL) 2 MN CM AB TP TAC
PC 431 402 113 96 1042¢
NC 01 00 00 00 020
0.5 iC 03 00 00 00 03°
ST 04 00 01 00 03°
1.0 iC 01 00 02 00 03°
ST 01 02 00 00 03°
1.5 iC 00 01 00 00 01°
ST 00 01 00 00 01°

C - concentration; TG - treatment group; MN - micronucleus; CM - colchicine metaphase; AB - anaphasic bridge; TP - telophasic
bridge; TAC - total aberrant cells. Different letters between Treatment Groups of a same concentrations differ significantly among
themselves. Different letters between the Treatment Group and the Positive and Negative Controls differ significantly among
themselves. Different letters between Treatment Groups of the concentrations differ statistically among themselves.
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Table 4. Total number of cellular aberrations present in meristematic root cells of A. cepa for each treatment group - Positive
Control, Negative Control, Jatoba Control at concentrations of 0.5; 1.0 and 1.5 mg/mL, and Simultaneous Treatment at
concentrations of 0.5; 1.0 and 1.5 mg/mL of Hymenaea stigonocarpa evaluated at an exposure time of 24 h.

(mg?mL) ;rs?l MN CM AB TP TAC
PC 953 513 124 187 1777
NC 01 00 00 02°
0.5 IC 01 00 00 or°
ST 01 00 00 ore
1.0 IC 01 00 00 01°
ST 02 00 00 02°
1.5 JC 00 00 00 00°
ST 00 00 00 00°

C - concentration; TG - treatment group; MN - micronucleus; CM - colchicine metaphase; AB - anaphasic bridge; TP - telophasic
bridge; TAC - total aberrant cells.; h: hours. Within a same concentration, different letters differ significantly. Different letters
between treatment groups of the concentration and the Positive and Negative Controls differ significantly.

consists of flavonoids, especially the isoprenoids;
palmitic acid, oleic acid and linoleic acid and diterpenes.
Edenharder and Griinhage (2003) reported that the
isoprenoid flavonoids are cytotoxic at high concentrations.
Furthermore, Snijman et al. (2007) report that, besides the
potential to alter the cell membrane permeability due to
their astringent action, terpenes, mainly diterpenes, acting
together with flavonoids, promote antimutagenic effect on
cells treated with mutagenic compounds. However, despite
Dimech et al. (2013) and Orsi et al. (2012) reporting the
presence of these two chemicals in the alcoholic extract
of the the bark of this plant, their mode of action can not
yet be infered since their chemical constituents were not
fractionated, measured and classified in a specific way.

As initially mentioned, few studies have been conducted
on the antimutagenic and cytotoxic potential of some species
of the genus Hymenaea, however, unlike jatoba-do-cerrado,
there already are isolated chemical compounds from these
species that promote these activities. Among the studies is
that of Pettit et al. (2003), who noted that the flavonoid,
palstatin, in joint action with diterpenes extracted from
the leaves of Hymenaea palustre, has the potential to
dramatically inhibit cell division from strains of human
stomach cancer cells.

Similarly, Closa et al. (1997) found that the flavonoid
astibilin and diterpenes extracted from H. martiana leaves
significantly inhibited cell division of the liver cells of
rodents treated with a clastogenic drug, CIC, showing
hepatoprotective potential. Abdel-Kader et al. (2002)
found that diterpenes present in the suber of H. courbaril
stems were cytotoxic against human ovarian cancer cells
(strain A2780). The results obtained in this present study
corroborate those obtained for other species of the genus
Hymenaea.

It is important to mention that various antitumor
drugs currently used, such as paclitaxel from the vinca
alkaloids and camptothecin were isolated from medicinal
plants, which makes plant bioprospecting an important
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resource to be exploited in the search for new therapeutic
approaches against cancer (Srivastava et al., 2005). Thus,
the results with H. stigonocarpa evidenced here suggest
the need for studies with cancer cell lines and in vivo tests
in rodents under different exposure times and different
treatment regimens, to thus establish with propriety, the
real cytotoxic and antimutagenic potential of this legume.

4. Conclusion

Under the conditions studied, the hydroalcoholic extract
of the bark of the species H. stigonocarpa enhanced the
cytotoxic effect to Allium cepa meristematic root cells
when in association with a mutagenic compound, inducing
a high antiproliferative effect. Furthermore, this extract
had a protective effect on cells of this test system when
combined with the mutagenic compound, demonstrating
antimutagenic action. This work is pioneering in demonstrating
the antimutagenic activity of this legume.
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