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ABSTRACT. The population of Para (a state in Brazil) has a very
characteristic food culture, as a majority of the carbohydrates
consumed are obtained from cassava (Manihot esculenta Crantz)
derivatives. Tucupi is the boiled juice of cassava roots that plays a
major role in the culinary footprint of Para. Before boiling, this juice
is known as manipueira and contains linamarin, a toxic glycoside
that can decompose to hydrogen cyanide. In this study, the cytotoxic
and genotoxic effects of tucupi on cultured human lymphocytes were
assessed using the comet assay and detection of apoptosis and necrosis
by differential fluorescent staining with acridine orange-ethidium
bromide. Tucupi concentrations (v/v) were determined using the
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methylthiazole tetrazolium biochemical test. Concentrations of tucupi
that presented no genotoxic effects (2, 4, 8, and 16%) were used in
our experiments. The results showed that under our study conditions,
tucupi exerted no genotoxic effects; however, cytotoxic effects were
observed with cell death mainly induced by necrosis. These effects may
be related to the presence of hydrogen cyanide in the juice.

Key words: Manihot esculenta; Tucupi; Cytotoxicity; Genotoxicity;
Cultured lymphocytes

INTRODUCTION

The population of Pard (a state in Northern Brazil) has a very characteristic
food culture; for example, this population consumes a high quantity of salt as well as
carbohydrates from cassava (Manihot esculenta; Euphorbiaceae) (Simdo 2002; Resende
et al., 2006; Chisté et al., 2007; Li et al., 2010). M. esculenta is an important source of
energy for millions of people in tropical and subtropical countries (FAO, 1995; Gomes and
Nassar, 2013). The roots of M. esculenta contain approximately 80% starch and are of major
nutritional end commercial value. In addition to its importance as food, cassava also has an
important socioeconomic role because of commercialization of its culinary derivatives, such
as farinha, goma, and tucupi, which are available at markets and supermarkets in several
localities in Northern Brazil (Rosario and Oliveira, 2010).

Tucupi is the boiled juice from cassava roots, which is obtained by hand by
decanting the liquid removed from the peeled, grated, and squeezed cassava root; tucupi
is widely used in the culinary culture of Para (Rosario and Oliveira, 2010). Studies on the
composition of tucupi are rare. The juice is called manipueira before boiling, and is rich
in protein, carbohydrates, and various secondary metabolites (Magalhaes et al., 2000). It
contains linamarin, a toxic glycoside carcinogen that can release hydrocyanic acid (HCN)
(Ponte, 1999). Cyanohydrin an intermediate compound, is produced by the catabolism
of linamarin by linamarase. Cyanohydrin decomposes spontaneously or by the action of
hydroxynitrile lyase, producing hydrogen cyanide or hydrocyanic acid (Magalhaes et al.,
2000; Idibie et al., 2007).

Because of the presence of hydrocyanic acid, manipueira must be boiled to ensure
pronounced hydrolysis of the cyanogenic compounds with subsequent volatilization of
HCN, and thereby rendering it fit for consumption as tucupi (Chisté et al., 2007; Rosario
and Oliveira, 2010).

The presence of plant-based natural products in food is associated with the culture of
a population and an analysis of the possible toxic effects of these products is important for
the maintenance of good health. Among such effects are the genotoxic effects that take into
account the vulnerability of the genetic material (DNA) to chemical, physical, or biological
damage imposed by the environment (Ferreira, 2004). As none of the studies has been able
to assess the effects of tucupi at the cellular level, the aim of this study was to evaluate the
in vitro cytotoxicity and genotoxicity of this compound in human lymphocytes. According to
Galloway et al. (2011), in vitro tests conducted with precision are important to reduce the need
for further in vivo testing in the analysis of such parameters.
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MATERIAL AND METHODS
Tucupi sample collection

Handmade tucupi was obtained from a cassava plantation in the city of Curugé in Para,
Brazil. The cassava roots were grated and squeezed and the liquid obtained was decanted. The
decanted supernatant was boiled for 20 minutes without adding any other component. The
boiled juice was filtered for use in subsequent tests.

Lymphocyte cell culture

Blood samples (20 mL) were obtained by venipuncture from three healthy 22-to-35 year
old nonsmokers (two females and one male) with no recent history of exposure to mutagens.
Lymphocytes are gold standard cells for cytogenetic analyses. Although commercially
available cell lines may be used, lymphocytes are human primary cells that are easy to obtain
and can be stimulated by mitogens such as phytohemagglutinin (PHA) (Johannes and Obe,
2013; OECD, 2014). This study was performed according to the principles of the local
Ethics Committee (Instituto de Ciéncias da Saude of Universidade Federal do Para); written
informed consent was obtained from participants prior to the study. Blood lymphocytes were
isolated using a procedure described by Fenech (2000). The cells were seeded in Roswell Park
Memorial Institute (RPMI) 1640 medium (Cultilab, Campinas, SP, Brazil) supplemented with
20% fetal bovine serum (Cultilab), 4% PHA A (a specific mitogen for T lymphocytes; Gibco-
Invitrogen, Carlsbad, CA, USA), 0.05 mg/mL gentamicin sulfate (Cultilab) and 0.002 mg/mL
amphotericin B. Cells were cultured at 37°C in an incubator containing 5% CO.,,.

Cell viability

Cell viability was assessed using the methylthiazole tetrazolium (MTT) assay.
Lymphocytes were grown on 96-well culture plates at a concentration of 0.5 x 10° cells/
well and incubated for 24 h. After the initial period of incubation, the cells were treated with
different concentrations (v/v) of tucupi (1; 2; 4; 8; 16 and 32%). The cells were incubated again
for 24 h, and subsequently incubated with 100 pL MTT (5000 pg/mL) for 3 h. Subsequently,
the MTT was removed, and the cells were incubated with 100 pL dimethyl sulfoxide (DMSO)
(Sigma-Aldrich, St. Louis, MO, USA) for 1 h to dissolve the formazan obtained during the
process. Afterward, the formazan diluted in DMSO was measured by spectrophotometry (A
= 562 nm) (Valadares et al., 2007). Cell survival was calculated as the absorbance percentage
compared to that of the control.

Comet assay (alkaline version)

The comet assay was performed by growing cells at a concentration of 1 x 10°
cells/mL; for 20 h. The cultures were treated with different concentrations of tucupi (2, 4
and 8%). Doxorubicin (0.02 pg/mL) was used as a positive control. After 3 h of treatment,
the cells were centrifuged and 15 pL cell suspension was homogenized with 300 mL low-
melting-point agarose (0.8%), spread onto microscope slides precoated with a normal melting
point agarose (1.5%), and covered with a coverslip (24 x 60 mm). After 5 min at 4°C, the
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coverslip was removed and the slides were immersed in cold lysis solution (2.5 M NaCl;
100mM EDTA, 10mM Tris, 10% DMSO and 1% Triton-X, pH = 10) for 72 h. The cells were
lysed, and the slides were placed in an electrophoresis chamber and covered with freshly
made electrophoresis buffer (300mM NaOH; 1mM EDTA, pH > 13). The electrophoresis
program was run for 25 min (34 V and 300 mA). Afterwards, the slides were neutralized
by submersion in distilled water (4°C) for 5 min and fixed in 100% ethanol for 3 min. The
slides were stained with ethidium bromide (20 pg/mL) immediately before the analyses. The
slides were prepared in duplicate, and 100 cells were screened per sample (50 cells from
each slide) using a fluorescent microscope (Olympus BX41; Olympus, Tokyo, Japan) at 40X
magnification. The damage index was visually determined based on the size and intensity of
the tail of the comet. The following five categories (0-4) were used: class 0 (no damage), class
1 (little damage with a tail length shorter than the diameter of the nucleus), class 2 (medium
damage with a tail length one or two times the diameter of the nucleus), class 3 (significant
damage with a tail length one or two times the diameter of the nucleus), and class 4 (significant
damage with a tail length greater than three times the diameter of the nucleus).

Evaluation of apoptosis and necrosis using differential fluorescent staining with
ethidium bromide/acridine orange

This parameter was evaluated, by seeding 1 x 10° lymphocytes on three 12-well culture
plates, containing 1 mL complete RPMI medium in each well. After 24 h, the cells were treated
with different concentrations (v/v) of tucupi (4, 8 and 16%). Doxorubicin (0.2 pg/mL) was
used as the positive control. Analyses were performed after 24 and 48 h of treatment. Aliquots
of the cell suspension (1 mL) were centrifuged at 1000 rpm for 5 minutes and the pellet was
homogenized with 25 pL medium. Subsequently, a 1-mL solution of orange acridine ethidium
bromide (100 pg/mL) was added and the solution was analyzed using the Olympus BX41, using
fluorescein isothiocyanate filter (Montenegro et al., 2007). Three hundred cells were analyzed
for each treatment group. The cell fields were randomly chosen and counted by a single person.
Viable normal cells excluded ethidium bromide and showed round bright green nuclei with an
intact structure. Necrotic cells had round red nuclei but no nuclear condensation. Apoptotic cells
had a non-uniform pattern of staining where nuances of green and yellow were found in the same
cell, with highly condensed (picnotic) or fragmented nuclei (Alcantara et al., 2013).

Statistical analysis
For parametric data sets, statistical analysis was performed using analysis of variance
(ANOVA), followed by the Tukey test. For non-parametric data sets, the analysis was

performed using the Kruskal Wallis test. The BIOESTAT 5.0 software (Ayres et al., 2007) was
used to perform statistical analyses. P values < 0.05 were considered statistically significant.

RESULTS
Cell viability

Cells treated with 8% tucupi (and higher concentrations) for 24 h showed a considerable
decrease in viability (Figure 1). This decrease was statistically significant (P < 0.05) in cells
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treated with 16 and 32% tucupi compared to that seen in the control. The percentage viability
of cells treated with 1, 2, 4, 8, 16, and 32% tucupi were 109.7, 110, 109.3, 76.4, 50.02, and
7.9% respectively. Tucupi concentrations ensuring a cell viability >50% were chosen for
further assays, in conformance with the upper limit toxicity of 55 = 5% in in vitro cytogenetic
tests recommended by Galloway et al. (2011).
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Figure 1. Percentages of cell survival in cultured lymphocytes observed after treatment with Tucupi for 24 h. *P <
0.05 (Kruskal-Wallis) compared to the control. All values are the mean of six experiments.

Comet assay (alkaline version)

The genotoxic effect of tucupi was evaluated by the comet assay. Treatment with
tucupi was shown to induce an increase in the rate of DNA damage; however, this increase
was not statistically significant for any of the tested concentrations (Figure 2). The average
rates of damage observed in 100 cells were 1.88, 1.94, and 2.17, when treated with 2, 4, and
8% tucupi, respectively. Doxorubicin treatment induced a significant increase (P < 0.05) in the
damage index (2.82) compared to that in the negative control (1.50).
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Figure 2. Index damage observed in lymphocyte culture after treatment with Tucupi. *P < 0.05 compared to the
control. The data were analyzed by ANOVA with Tukey post-hoc test. All values represent the mean of three
experiments.
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Evaluation of apoptosis and necrosis using ethidium bromide/acridine orange
differential fluorescent staining

The cell death-inducing effect of tucupi was analyzed after 24 and 48 h; the 16%
(concentration) tucupi extract induced significant cell death (45.3%; P < 0.05) by necrosis
after 48 h compared to the negative control (18.1%) (Figure 3).
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Figure 3. Induction of cell death observed in culture of human lymphocytes after treatment with Tucupi for 24 to 48

h. *¥P <0.05 compared to the control. Data were analyzed by ANOVA with Tukey post-hoc test. All values represent
the mean of three independent experiments.

The induction of apoptosis by tucupi was not statistically significant in any of the
concentrations or harvest times, compared to the negative control. However, treatment with
doxorubicin (0.2 mg/mL) induced significant apoptosis (10.4%) (P < 0.05) compared to the
negative control (3.0%) after 24 h treatment.

DISCUSSION

The results of this study demonstrated that tucupi, the boiled juice of M. esculenta
roots, exerts significant cytotoxic effects on cultured human lymphocytes, without, showing
any genotoxic effects. Studies on the cytotoxicity and genotoxicity of tucupi are nonexistent.
Some studies have been performed on extracts of cassava, but not as tucupi. For example,
Olorunfemi et al. (2011) investigated the genotoxic effects of effluents from the processing of
cassava roots, using the A/lium cepa test. A significant increase in chromosomal aberrations,
and decrease in mitotic index (both dose-dependent effects) was observed at all concentrations
According to these authors, the observed genotoxic effects can be attributed the presence of
heavy metals and cyanide in the tested effluents.

Cytotoxic and mutagenic effects of tea prepared from the leaves of another species of
cassava (Manihot glaziovii) were evaluated by Melo et al. (2009) using the micronucleus test
in rodent bone marrow. The authors reported that the tea had antimutagenic (in combination
with cyclophosphamide) and cytotoxic effects on the rodent bone marrow cells. A reduced
mutagenic effect was also observed; the cytotoxic effects were attributed to hydrocyanic acid.

The cytotoxic effects (induction of necrosis) observed in this study may also be
because of hydrocyanic acid, which remains in the juice even after boiling (Chisté et al., 2007;
Rosario and Oliveira, 2010). Chisté et al. (2007), who, studied the physicochemical properties
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of tucupi, reported the low pH of this extract (3.00 - 4.35), classifying this juice as a food of
high acidity. According to these authors, acidic pH, or a pH close to an acidic range, favors the
production of HCN from linamarin, as the final stage of HCN production may be mediated by
hydroxynitrile lyase, which acts in a pH range of 3.5-6.0, or may occur spontaneously when
the pH is greater than 4.0. The pH of the various concentrations of tucupi was analyzed in this
study. The pH of tucupi used in this study (5.2) is in the range reported by Chisté et al. (2007),
and therefore favors the production of HCN. The pH of the chosen concentrations of tucupi
used in the cytotoxicity and genotoxicity tests (2 to 16%) remained between 7.40 and 6.27, not
varying much from the neutral pH of the medium itself. The cytotoxic effects observed could
be attributed to the possible presence of HCN in tucupi, and not its acidity.

Tucupi is an acidic source of nourishment (Chisté et al., 2007); in the conditions of
our study, tucupi was show to induce necrosis in human lymphocytes. It is possible that the
frequent consumption of tucupi may expose cells of the gastrointestinal tract to the same
effects observed in this study. In fact, irritants such as alcohol, alkalis, and acids may induce
necrosis that, in turn, is related to chemical esophagitis (Abbas et al., 2010). Finally, based on
the results of the comet assay, further experiments using an exogenous source of metabolic
activation would be required to confirm our negative results.
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