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Abstract

The goal of this study was to evaluate the cytotoxicity and genotoxicity of diet shakes of three brands widely
marketed in Brazil, named in this study of A, B and C. Assessments were carried out on root meristem cells
of Allium cepa at exposure times 24 and 48 hours. The products (treatments) for A and B were evaluated
at concentrations of 0.05; 0.10 and 0.20 g/mL, and C at the concentration 0.08; 0.16 and 0.32 g/mL. The
diet products at the three concentrations tested, including those suggested as ideal for consumption by
the manufacturers, at the two exposure times considered, were found to have significant antiproliferative
effect on the meristems evaluated. However, none of the treatments caused significant cellular changes to
the tissues of roots. Thus, the products tested were cytotoxic, but not genotoxic, to root meristem cells of A.
cepa. Furthermore, it was observed that in all the treatments performed, in the three concentrations, the
majority of the dividing cells were at prophase, not being observed cells at anaphase and telophase. Thus,
it is suggested to conduct more in-depth studies on the cytotoxicity of these shakes in physiologically more
complex bioassays for the verification and deepening of the data obtained here.
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Resumo

Objetivou-se na presente pesquisa avaliar a citotoxicidade e a genotoxicidade de diet shakes de trés marcas
amplamente comercializadas no Brasil, denominadas neste estudo de A, B e C. As avalia¢ées foram realizadas
em células meristematicas de raizes de Allium cepa nos tempos de exposicdo 24 e 48 horas. Os produtos
(tratamentos) referentes as marcas A e B foram avaliados nas concentragées 0,05, 0,10 e 0,20 g/mL, e C na
concentragdo 0,08; 0,16 e 0,32 g/mL. Verificou-se que os produtos diet nas trés concentragdes, inclusive as
sugeridas como ideais para consumo pelos fabricantes, nos dois tempos de andlise considerados, causaram
efeito antiproliferativo significativo aos meristemas as quais foram avaliadas. No entanto, nenhum dos
tratamentos causou alteragées celulares em numero significativo aos tecidos das raizes. Assim, os produtos
testados foram citotoxicos, porém, ndo genotoxicos, as células meristemdticas de raizes de A. cepa. Em
todos os tratamentos realizados, nas trés concentragoes, a maioria das células em divisdo encontrava-se em
profase, ndo se observando células em fase de andfase e telofase. Dessa forma, sugere-se realizar estudos
mais detalhados sobre a citotoxicidade destes shakes em bioensaios fisiologicamente mais complexos para
a verificagdo e aprofundamento dos dados aqui obtidos.
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1 Introduction

Brazil has experienced intense economic and social changes in its society in recent years, which has led to changes in its
health and food model. These changes contributed to the reduction of poverty and social exclusion, but, on the other hand, led
to an accelerated growth of overweight in individuals of different social classes (SOUSA; SILVA; BOULHOSA, 2016). With
the increase in the incidence of obesity, there was a growing insertion of products in the Brazilian market regarded as potent
weight reducers, among which we can mention the powder shakes.

Shakes are indicated to replace one or two daily meals, and are sold without restrictions in drugstores all over the country
(CAVICHIOLI; ABOURIHAN; PASSONI, 2012). They are classified as diet foods because they have a balanced composition
of vitamins, minerals, dietary fibers, and reduced amounts of carbohydrates and fatty acids, in order to supply the nutritional
needs of the individual basically and in a balanced way (ARAUJO; FORTES; FAZZIO, 2013). In Brazil, diet foods are generally
standardized and authorized for consumption and commercialization by the National Health Surveillance Agency (ANVISA),
through Ordinance 30 as of December 13, 1998, which approves the Regulation on foods for weight control (BRASIL, 1998).

However, diet shakes are also classified as industrialized foods because they are added with synthetic microingredients
of flavor, coloring, anti-wetting, thickener, emulsifier and sweetener classes (SOUSA et al., 2016). The addition of these mi-
croingredients, among other characteristics, has the purpose of promoting total dilution of the powder, which results in the
homogeneous appearance of the product when dissolved in water or milk, as well as reducing significantly the absorption
capacity of air humidity or hygroscopic capacity of the shake during storage and once opened for consumption. They also
soften the taste, smell and color of this food making it more attractive to the consumer. However, researchers such as Tonetto
et al. (2008), Sardi et al. (2010), Carvalho et al. (2017) and ANVISA (BRASIL, 2007) state that many food additives, such
as flavoring, coloring, anti-wetting, thickener, emulsifiers and sweeteners, among others, raise doubts about their potential
cytotoxic, genotoxic, mutagenic and carcinogenic effects.

Thus, it is necessary to carry out studies that, through appropriate bioassays, evaluate the cellular toxicity of industrialized
products, such as diet shakes, in order to properly provide the well-being of consumers. According to Brasil (2007) and Sales
et al. (2017), toxicological analysis on food additives and, especially, foods containing such compounds, are the basis for
elaboration or modification of the documents that standardize the basic composition of foods and/or semi-industrialized and
industrialized products. However, to date, there are no studies evaluating the toxicity of diet shakes in the scientific literature
at national and international level.

The root meristem of Allium cepa L. (onion) is considered in the scientific milieu as an efficient bioassay for the evaluation
of the acute toxicity at the cellular level of chemical compounds due to the reduced chromosome number (2n = 16), which
favors detection of chromosomal or clastogenic alterations, mitotic spindle disturbances or aneugenic alterations, and disorders
in the cell proliferation index. This test system is internationally accepted by research agencies as an assessment tool with
accurate sensitivity for analysis of cytotoxicity, genotoxicity and mutagenicity of the substance of interest, since the results
achieved demonstrate, in most cases, satisfactory similarity to those obtained though animal testing systems and in cell cultures
(HERRERO et al., 2011; NEVES et al., 2014; LACERDA; MALAQUIAS; PERON, 2014; TABREZ et al., 2011; GOMES
et al., 2013; OLIVEIRA et al., 2013; CAMPOS; MARIN-MORALES, 2016; MOURA et al., 2016; SANTANA et al., 2016).

Therefore, the goal of this study was to evaluate the cytotoxicity and genotoxicity of diet shakes in root meristem cells of
A. cepa, from three different highly commercialized brands in drugstores all over Brazil.

2 Material and Methods

Diet shakes products from three different brands, referred to in this study as A, B and C, were purchased at a drugstore
located in the municipality of Picos, State of Piaui, Brazil, in November 2016. The samples obtained were within the shelf life.

Shakes evaluated in this work are marketed in powder form. To determine the concentrations to be analyzed as for toxicity
at the cellular level, the form of preparation and ingestion indicated on the labels of each product was used as a parameter.
Thus, brands A and B suggested to dilute 30 g of the product in 300 mL water. Based on this information, we set the concen-
trations of 0.05; 0.10 and 0.20 g/mL for these shakes. Brand C, it was recommended to dilute 40 g of shake powder in 250 mL
water, and then we set the concentrations of 0.08; 0.16 and 0.32 g/mL. To prepare all concentrations, distilled water was used.

For toxicity assessment, initially, onion bulbs - purchased in an organic garden located in the city of Picos, Piaui, Brazil
- were allowed to root in bottles with distilled water, at room temperature (+ 27°C), until the roots were 2.0 cm in length. For
analysis of each diet shake sample, an experimental group with five onion bulbs was established. Before placing the roots in
contact with their respective samples (treatments), some roots were collected and fixed to serve as control of the bulb itself.
Then, the remaining roots were placed into their respective treatments for 24 hours, a procedure called 24-hour exposure time.
After 24 hours, some roots were collected and fixed. After this procedure, the remaining roots of each bulb were returned to



their respective treatments where they remained for additional 24 hours, which was called 48-hour exposure time. Next, roots
were again taken and fixed. The 24- and 48-hour exposure times were chosen with the purpose of evaluating the action of milk
diluted in more than one cell cycle. Roots were fixed in Farmer 3: 1 (ethanol: acetic acid) for 24 hours. In each collection, on
average, three roots were taken per bulb.

The slides, on average 03 per bulb, were mounted according to Guerra and Souza (2002), and analyzed under an optical
microscope using 40x objective lens. For each onion bulb, we analyzed 1000 cells, totaling 5000 cells for each control, 24-
hour exposure time and 48-hour exposure time of each treatment group under analysis. Thus, for each brand of diet shake, we
analyzed a total of 15000 cells. Cells were observed in interphase, prophase, metaphase, anaphase and telophase. From this
analysis, the mitotic index (MI) was determined by means of the following equation: MI = (total number of cells in mitosis
+ total number of cells analyzed) x 100. The MI value was a parameter used for the determination of the cytotoxic potential
of the samples of diet shakes under study. The experiments were developed in the Laboratério de Citogenética e Mutagénese
(LaCM), of the Campus Senador Helvidio Nunes de Barros (CSHNB) of Universidade Federal do Piaui (UFPI).

We also evaluated the genotoxic potential of concentrations of diet shakes by the frequency of micronucleated cells, colchi-
cine metaphases, anaphase and telophase bridges, cells with adhesion, nuclear buds and multipolar anaphases. The statistical
analysis of data was performed by Chi-square test (y2), p <0.05, using the software BioEstat 3.0 (Ayres, Ayres, & Ayres, 2007).
Toxicity tests were carried out in duplicate to validate the results obtained.

3 Results and discussion

From the results in Table 1, it can be seen that all diet products, at the three concentrations and in the two exposure times
considered, caused significant inhibition of cell division in the root meristems. Such a condition can be evidenced by compa-
ring the mitotic indices obtained for the times 24-hour and/or 48-hour of A, B, C to the cell division index observed for their
respective controls. However, when the cell division indices were compared between the exposure times 24 and 48 hours of
the same treatment, they were not significantly different from each other for any of the diet shakes evaluated. Still in Table 1,
it can be observed that in all the treatments performed, the majority of the cells in division are in prophase. No anaphase and
telophase cells were observed in the meristems treated with the diet products.

Table 1 - Number of cells observed in each phase of the cell cycle of the root meristem tissue of Allium cepa of the three chemical laboratories referred to
in the table as A, B and C exposed for 24 and 48 hours to shake diets. The concentrations analyzed for A and B were 0.05; 0.10 and 0.20 g/mL, and for B
0,08; 0,16 and 0,32 g/mL.
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— diet shake A
TR Conc ET TCII P A T TCD MI (%)
CO 2293 702 712 694 599 2707 5417
0.05 g/mL 24h 4063 923 14 00 00 937 18.7°
48h 4091 901 08 00 00 909 18.2°
CO 2830 623 598 532 417 2170 4347
0.10 g/mL 24h 4090 910 31 00 00 941 18.8°
48h 4100 900 25 00 00 925 18.5°
A CO 3350 794 723 604 599 2720 54.4°
0.20 g/mL 24h 4162 799 39 00 00 838 16.8°
48h 4153 824 23 00 00 847 16.9°
diet shake B
R Conc. ET TCII P M A T TCD MI (%)
CO 2626 694 594 573 513 2374 45.5°
0.05 g/mL 24h 4087 899 14 00 00 913 18.2°
48h 4092 891 17 00 00 908 18.1°
CO 2213 723 792 691 581 2787 55.7T°
0.10 g/mL 24h 4078 913 09 00 00 922 18.4°
48h 4073 927 00 00 00 927 18.5°
B CO 2129 714 784 682 691 2871 57.4°
0.20 g/mL 24h 4070 901 29 00 00 930 18.6°
48h 4069 918 13 00 00 931 18.6°
shake diet C
R Conc. ET TCII P M A T TCD MI (%)
CO 1180 984 982 941 913 3820 76.4°
0.08 g/mL 24h 3098 1887 15 00 00 1902 38.0°
48h 3108 1882 10 00 00 1892 37.8°
CO 1293 941 999 944 823 3707 74.1°
c 0.16 g/mL 24h 3771 1210 19 00 00 1229 24.6°
48h 3661 1300 39 00 00 1339 26.8°
CO 1573 974 923 811 719 3427 68.5°
0.32 g/mL 24h 3899 1101 00 00 00 1101 22.0°
48h 3976 1024 00 00 00 1024 20.5°

TCII - Total number of cells in interphase and undifferentiated cells; ET — Exposure Time; CO — Control; MI — Mitotic Index; P — Prophase; M —
Metaphase; A — Anaphase; T — Telophase; TCD — Total number of dividing cells. TAC — Total Cellular Alterations. MI values followed by different

letters within the same treatment are significantly different by x* test, at 5%.
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The cytotoxic potential of industrialized products, such as the diet shakes evaluated here, can be determined by the in-
crease or decrease in the mitotic index of cells of the tissues exposed to them (FERNANDES et al., 2007; CARVALHO et
al., 2017). According to Caritd and Marin-Morales (2008), cell division indices below the negative control, when considered
significant, indicate the presence of agents whose toxic action impairs the growth and development of organisms subjected to
these substances. In addition, Gomes et al. (2013), Sales et al. (2016) and Moura et al. (2016) argue that the inhibition of cell
proliferation triggered by cytotoxic compounds in tissues of intense cell proliferation and normal performance and/or no cell
changes - such as the root meristems used herein to assess the toxicity of diet shakes - is extremely harmful to the organism,
since it has the property of inhibiting or limiting the replacement of cells, altering the protein synthesis and, consequently,
resulting in malfunction of the organ where it is located.

According to Marques et al. (2014), chemical agents present in the formulation of foods or industrialized products may
inhibit the formation of the mitotic spindle in tissues of intense cellular proliferation. This can lead to two situations: the first
would be the formation of polyploid cells at the end of cell division, giving rise to a tissue with aberrant cells. The other, and
the most indicated to explain the result observed in the present study, is that the polyploid cells produced were eliminated from
the root meristems exposed to the diet products evaluated, once the principle of the cell cycle is the formation of identical
cells, and the presence of cells with great variation in the chromosome number would make cell functioning, and of the tissue
itself, impracticable. Moreover, the evaluated diet products did not induce alterations in the mitotic spindle in the root tissues
at a statistically significant frequency.

As mentioned earlier, the formulation of diet shakes contains food additives of different classes. Although scarce, there are
studies in the scientific literature that show that some of these microingredients have the potential to cause toxicity at the cellu-
lar level. Among the sweetening additives cited on the labels of the diet products evaluated in the present study are sucralose,
sodium cyclamate and aspartame. In a study by Van EyK et al. (2015), through normal cell lines, Caco-2 (colon cells), HT-29
(colon cells) and HEK-293 (kidney cells), it can be verified that these food additives were cytogenotoxic to these bioassays at
different times of analysis. Furthermore, Sasaky et al. (2002), using the comet bioassay, verified that sodium cyclamate was
cytogenotoxic and clastogenic to the colon of rodents chronically treated via gavage with this microingredient. As for the anti
-wetting agent used in the diet shakes formulation, the only one mentioned on the label of the products in question was silicon
dioxide. Rajiv et al. (2016) reported that this additive drastically reduced cell division and induced a significant frequency of
cellular alterations in human lymphocytes in culture of normal cells.

In relation to flavorings, the aroma and flavor ingredients mentioned on the labels of the diet products evaluated herein
were those of chocolate and vanilla. Sales et al. (2017) and Silva et al. (2016) evaluated these flavorings in root meristem cells
of A. cepa and verified that these additives, at all doses and times of analysis considered, drastically reduced the cell division
of the tissues analyzed, being potentially cytotoxic. Gultekin et al. (2013) observed that these flavorings had the property of
inducing significant damage to the mitotic spindle, and, consequently, the cellular division of premature erythrocytes of mice,
expressively inducing the formation of micronucleated cells in the bone marrow of these animals.

Also, according to ANVISA, food flavorings in general contain the chemical compounds diacetyl (2,3-butadione), whose
main function is to fix the aroma and flavor in industrialized foods. Whittaker et al. (2008) evaluated the mutagenic potential
of this chemical in a gene mutation assay using mouse lymphoma cells, line L5178Y, and found that diacetyl caused significant
damage to the chromosome 11 loci of these cells. It also caused the functional loss of the locus of thymidine kinase enzyme
in these animals. Further, More, Raza and Vince (2012) reported that high concentrations of diacetyl are mutagenic and have
the potential to replace thymine with guanine. This shift has the property of breaking the hydrogen and disulfide bonds of the
tertiary structure of proteins, such as those involved in cell division.

Thus, the results of cell-level toxicity investigations in the scientific literatures, anti-wetting and flavoring additives cor-
roborate with the results obtained here with diet shakes. There were no studies evaluating the toxicity, at the systemic and
cellular level, of food additives of thickening, emulsifying and stabilizing action in general. The coloring mentioned on the
label of the three diet products evaluated was caramel. Studies assessing the toxicity of this specific additive showed that it was
not cytotoxic, genotoxic and mutagenic to the bioassays to which it was analyzed (SENGAR; SHARMa, 2014; KRISHNA;
GOEL; KRISHNA, 2014).

Therefore, the observed results showed that the diet shakes analyzed had significant potential of causing toxicity to root
meristem cells of 4. cepa. This result indicates that these foods should be evaluated in physiologically more complex bioassays,
such as in animal testing systems, to validate and deepen the data obtained here, so as to guarantee the safety of consumers.

The diet shakes evaluated were cytotoxic, but not genotoxic to root meristem cells of 4. cepa. It is suggested that the three
evaluated products interfered with the formation of the mitotic spindle of the cells of the tissues exposed to them, not allowing
the cells to progress to anaphase.
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