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ABSTRACT: Soft drinks are industrialized unfermented beverages, free of alcohol, carbonated, rich in artificial
flavors and sugar. The intense consumption of such beverages can be related to not inheritable diseases such as caries,
allergy, cellulite and stretch marks, gastrointestinal disorders, diabetes and cancer. The aim of this study was to evaluate
the carcinogenic potential of different concentrations of soft drinks produced in the Uberlandia city, Minas Gerais State,
Brazil, by means of Epithelial Tumor Detection Test using Drosophila melanogaster as a model. Third stage larvae
descendants of crosses between D. melanogaster virgin females wts/TM3, sb! and males mwh/mwh were treated with
different concentrations (0.83, 1.66 or 3.33 mL/g) of cola, diet cola, orange or lemon soft drinks. The total epithelial tumor
rate observed in flies treated with 3.33 mL/g of cola and orange soft drinks was higher than the negative control. The diet
cola and lemon caused no significant increase in the overall frequency of epithelial tumors in D. melanogaster. In
conclusion, in these experimental conditions, the cola and orange base soft drinks demonstrated carcinogenic potential in

somatic cells of D. melanogaster in the concentration of 3.33 mL/g.
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INTRODUCTION

According to the Brazilian Association of
Soft Drink Industries and Spirits (ABIR), soda can
be defined as an industrialized unfermented drink
free of alcohol, carbonated, rich in artificial flavors
and sugar, with high cooling power (CARMO,
2006). In Brazil, cola, lemon, orange and grapefruit
based soft drinks are the most marketed and is
widely used by people in different age groups
(CARMO, 2006; OLIVEIRA et al., 2011).

Basically, the composition of the  soft
drinks is water, sugar (sucrose), concentrate
(essential oils, extracts or fruit juice), acidulants
(citric, phosphoric or tartaric acid), antioxidants,
preservatives, colorants, sweeteners (sweeteners
replacing sucrose) and carbon dioxide (carbonic
acid).

Excessive consumption of soft drinks is
worrying from the medical point of view, since due

to the large amount of sugar in these drinks, the high
consumption can lead to physiological changes in
the body (REIS et al., 2010; OLIVEIRA et al.,
2011). Due to non-activation of the satiety centers
when compared to solid food, the consumption of
soft drinks can lead to greater energy intake,
resulting in medical conditions related to obesity.
Added to this fact the consumption of these drinks is
directly related to increased tooth decay and
glycemic diseases such as diabetes (CARMO,
2006).

Soft drink consumption may reduce or
replace the intake of other beverages of nutritional
value in meals such as milk or natural juice,
compromising the stiffness of bone tissue and lead
to the emergence of osteoporosis because the
calcium restriction in the body (GARCIA et al.,
2003; LUDWIG et al.,, 2001; BOWMAN, 2002;
NIELSEN and POPKIN, 2004; KELLER et al.,
2009).
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Ingredients contained in the formulation of
soft drinks, such as acidulants, preservatives and
artificial colorants have been described as being
harmful to health and may result in the appearance
of allergic conditions, hyperactivity, cellulitis
subcutaneous formation, gastrointestinal disorders
and neoplastic cells (CARVALHO, 2006).

A few decades ago, genetic analyzes have
become  essential for  understanding  the
pathophysiology of disease, as they provide the
basis for understanding the cellular functions that
are controlled by the expression of protein-coding
genes and functional enzymes and / or genes
encoding non-protein components (LOURO et al.,,
2002).

Deoxyribonucleic acid (DNA) often has its
bases exposed to natural or artificial agents that can
cause changes in their chemical structure or
composition. Lesions in the genetic material are
commonly caused by spontaneous errors or
exposure to chemical, physical and biological agents
(FRANK, 2010).

Aggressive events to genetic material could
compromise the process of replication and gene
transcription, as well as the normal segregation of
chromosomes. These lesions tend to be repaired by
enzymes of the DNA repair machinery. However, if
the carrier cell to divide a mutation completely
before the repair is done, this mutation could be
fixed and become a permanent change (KIM et al.,
2011).

Mutations above basal tolerance, may also
affect genes necessary for cell’s survival or genes
involved in cell cycle control. In the latter case, this
change can lead to uncontrolled cell proliferation,
with the consequent appearance of tumor frames
(HIB; ROBERTIS, 1998; COSTA; MENK, 2000).

The cell proliferation cycle is strictly
controlled, however, cancer cells, which do not
undergo the cooperation scheme, are cells with
altered DNA that escape the cell cycle control
mechanisms (LOPES et al., 2002).

Two broad categories of genes are
highlighted: the proto-oncogenes and tumor
suppressor genes (READ; STRACHAN, 2002).
Proto-oncogenes are genes related to growth,
differentiation and cellular proliferation (LOPES et
al., 2002). The tumor suppressor genes imposes
some limits to the cycle and cell growth and
suppress some characteristics of tumor cells, acting
as an anti-neoplastic agent.

The Genetic Toxicology has turned its
attention to the investigation of mutagenic and
carcinogenic agents (MACHADO et al., 2013), as
well as to standardize protocols and tests as tools for
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detecting point mutations, chromosomal aberrations
and aneuploidy events (ANDRADE; LEHMANN,
2003). The use of model organism with intrinsic
specific characteristics (sensitivity and response) is
a crucial part for validating a test.

The D. melanogaster is a versatile model of
organism responsible for providing important
information on genetic studies and development
(KIM et al., 2011). After sequencing the human
genome was found 75% of homology with of human
disease-related genes, allowing the extrapolation of
the results obtained in D. melanogaster for humans.

The Epithelial Tumor Detection Test in D.
melanogaster is a test used to diagnose tumor in
flies, caused by xenobiotics (SIDOROV et al.,
2001; ORSOLIN; NEPOMUCENO, 2009; SILVA;
NEPOMUCENO, 2011; COSTA et al, 2011;
FURTADO; NEPOMUCENO, 2012; ORSOLIN et
al., 2012). This test uses the strain of D.
melanogaster having the marker wts (Warts) gene,
that when expressed in the wild condition acts as a
tumor suppressor gene (XU et al., 1995). The gene
deletion and subsequent expression of recessive
allele leads to the formation of cells clones that are
highly invasives, leading to the manifestation of
epithelial tumor in the body and fly appendages
(NISHIYAMA et al., 1999).

By means of the Epithelial Tumor Detection
Test in D. melanogaster this study aimed to evaluate
the carcinogenic potential of cola, diet cola, orange
and lemon soft drinks in different concentrations.

MATERIAL AND METHODS

Chemical Agents

Cola-based with sugar, lot: LP061214, diet
cola-based, lot: LP101214, orange-based lot:
LP190115, lemon-based lot: LP220115 were
obtained from Uberlandia Refrescos (Uberlandia,
MG, Brazil).

Mitomycin C (CAS 50-07-7), lot: 940201,
as lyophilized powder (Kyowa Hakko Kirin Co.
Ltda. Shizuoka (Japan), packaged by Squibb S.r.1
Sermoneta-Latina-Itdlia and imported by Bristol-
Myers Squibb Farmacéutica S.A.

Ephitelial tumor detection test in D. melanogaster
Drosophila stocks, crossing and treatments

Two mutant strains were used in this test:
multiple wing hairs (mwh, 3-0,3) and warts (wts,3-
100). The multiple wing hairs stock is maintained in
recessive homozygosis for the marker mwh, located
at chromosome 3, in a distal position from
centromere (mwh, 3-0.3). When expressed in
recessive homozygosis, mwh gene produces
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multiple hairs phenotype in the fly wings, different
from wild type (a single hair by cell).

The warts stock has the marker wts gene at
chromosome 3, maintained in hemizygous in the
presence of balancer chromosome named TM3, Sb’.
The wild condition of the wts marker acts as tumor
suppressor gene. The deletion of this gene, or
expression of the recessive allele, leads to cellular
clones formation highly invasive, that causes
epithelial tumor in the fly body and appendices.

These stocks were maintained in bottles
containing Y% banana-based medium (1230.0 mL
water; 16.5 g agar; 234 g banana; 37.5 g yeast
Saccharomyces cerevisiae and 1.5 nipagin) in
B.O.D incubator (SOLAB) under light/dark cycles
at 25.0 £2.0 °C e 65.0 = 5.0% of relative humidity.

The crossing was performed between
mwh/mwh males and virgin wts females [1] in [1]
kni [ri-1] p [p] wts [3-17)/TM3,S B [1]. Two
different progenies were obtained from this
crossing: MH progeny, marked trans-heterozygous
(mwh+/+wts) and BH  progeny, balanced
heterozygous (mwh+/+TM3, Sb!). Only MH
progeny is analyzed, which is identified by
expression of balancer chromosome 7TM3, Sb!,
showing stubby hairs phenotype in the fly body,
differing from MH progeny, with long thin hairs
phenotype.

Egg collection from crossing mwh+/+mwh x
wts+/TM3, Sb! was done during 8 hours in the
bottles with agar-based medium (4.0%) and sucrose-
supplement yeast. After 72 + 4 hours, third stage
larvae were washed with ultrapure water Milli-Q
(Millipore) and collected using fine mesh sieve. The
larvae were transferred to vials (2.5 cm diameter by
8.0 cm length) containing 1.5 g of instant mashed
potatoes (Yoki® Alimentos S.A., lot: TILH4FH)
and 5.0 mL of soft drinks. The concentrations used
in this study were 0.83 or 1.66 mL/g (soft drink
diluted in ultrapure water) or 3.33 mL/g (pure soda).
The larvae were submitted to chronic exposure (48
hours) until finishing metamorphosis processes. In
this study, parallel to wts test, soft drinks toxicity
was evaluated in D. melanogaster third stage larvae.
Toxicity was measured according to rate of flies that
completed metamorphosis process after chronic
exposure (48 hours) to different concentrations of
soda.

Ultrapure water was used as negative
control and 0,1 mM mitomycin C (MMC) as
positive control. The employed mitomycin C
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concentration was based in studies of mitotic
recombination in D. melanogaster (TSUDA and
TAKEDA, 1987) and carcinogenicity assays
(ORSOLIN and NEPOMUCENO, 2009; ORSOLIN
et al., 2012).

Fly fixation and epithelial tumor analysis

To epithelial tumor analysis, adult flies
emerged from the crossing mwh+/+mwh x
wits+/TM3, Sb! were fixed in 70.0% (v/v) ethanol
and analyzed under stereo microscope (Bel®
Photonics) in petri dishes with glycerin. Analysis
was based on tumor count according with the
description of Justice (1995). Results were
registered in a standard diagram expressing the
number of tumors observed in each part of flies
(body, eyes, head, body, wings, legs and halters).

Statistical analysis

All treatments were performed in three
replicates. An average of 300 flies from each
treatment were recorded after cross between
mwh/mwh and wts/TM3, Sbl. MH progeny flies
(mwh +/wts +) were analyzed to exhaust the stock.
In this experiment, for each series tested, of the
progeny flies 130 MH both sexes were analyzed.

The frequency of fly with tumors and the
frequency of tumors per appendix of fly in each
treatment series were compared with the negative
control to evaluate tumor induction -effects.
Statistical differences between epithelial tumors
frequency at tested concentrations and negative and
positive controls were determined by Mann—
Whitney U test, nonparametric, using P < 0.05 as
significance threshold.

Statistical comparisons referring to fly
survival test exposed to soft drinks and controls
were performed by Chi-square test for independent
samples.

RESULTS AND DISCUSSION

Figure 1 shows the survival rate of D.
melanogaster descendants from the cross between
males of the multiple wing hairs strains and virgin
females of the wts/TM3, sb! strains exposed to the
soft drinks. None of the soft drinks was toxic to D.
melanogaster, but even though the survival rate was
not significantly reduced, orange, cola zero and
lemon-based soft drinks were capable of interfering
in the metamorphosis process.
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Figure 1. Survival rate of the D. melanogaster progenies resulting from the mwh/mwh x wts/TM3, sb! crosses.
(negative control); MMC: 0.1 mM mitomycin C (positive control); Soft

NC: Ultrapure water

drinks: Cola (1A), Cola diet soft drink (1B), orange soft drink (1C) and Lemon soft drink (1D).
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To assess the carcinogenic potential of the
soft drinks used in the present investigation, for
each series tested, 130 flies, of both sexes, were
analyzed for epithelial tumor presence. The number
of flies was evaluated for the presence of a single
and more than one tumor. In addition epithelial
tumors were quantified in the different appendices
(head, eyes, body, legs, wings and halters). The
frequency of flies with epithelial tumors and the
tumor frequency in the flies appendices were
compared to the negative control (ultrapure water).
Table 1 shows the results obtained after chronic
treatment with Mitomycin C (MMC) and the
different concentrations of soft drinks.

As presented in Table 1, the cola-based and
orange soft drinks induced heterozygosis loss for
the wts gene in the concentration at 3.33 mL/g and
differed statistically (P < 0.05) from the control
group (ultrapure water). The Statistical difference
for the orange-based soft drink (3.33 mL/g) was
observed in the group of flies with a single tumor
(22 flies), and for the group treated with cola-based
soft drink, in the group of flies with 2 to 3 tumors
(14 flies). Flies treated with lemon-based soft drink
and cola zero did not differ statistically (P > 0.05)
at any concentrations in the epithelial tumor
frequency compared to the negative control. The
results obtained in the total frequency of
individuals with tumors indicated carcinogenic
effect in the flies treated chronically with the cola
and orange-based soft drinks in the concentration at
3.33 mL/g. The lower concentrations showed no
carcinogenic effect (Table 1).

Figure 2 shows the epithelial tumor
phenotype in the flies treated with the soft drinks.
As presented in the Table 2, in all the
concentrations and series treated with the soft
drinks, the body of the fly was the region with the
greatest number of tumors. Statistically significant
differences were observed in groups treated with
cola-base, diet cola-base or orange-base, soft drinks
with concentration of 3.33 mL/g. These results can
be explained by the greater number of cells in the
body compared to the appendices, with fewer cells
(example: halter). There are higher probabilities of
heterozygosis loss of the wts marker in locations
with a large number of cells. The results obtained
in the present investigation, for tumor frequency in
the D. melanogaster appendices are in agreement
with data in the literature, which shows a greater
tendency to heterozygosis loss of the wts gene in
appendices with a greater number of cells
(SIDOROV et al., 2001; ORSOLIN;
NEPOMUCENO, 2009; SILVA; NEPOMUCENO,
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2011; COSTA et al, 2011; FURTADO;
NEPOMUCENQO, 2012).

Both the negative control (water) and the
positive control (MMC) responded reliably to the
test. Flies exposed to MMC at 0.1 mM presented
high epithelial tumor frequency, differing
statistically (P < 0.05) from the negative control in
tumor frequency and density (flies with more than
two tumors).

Soft drink is a common, non-alcoholic and
non-fermented drink, destined for human
consumption produced by industrialized processes
based on mineral water and sugar. For differently
formulated products, different ingredients are used,
along with different additives, to produce a high
acceptance product by consumers.

Food additives are substances frequently
added to foods to maintain or modify their
characteristics, nutritional, flavor, appearance,
among others and to help in their processing and
conservation (LOK et al., 2010).

As presented in their packaging, soft drinks
contain a series of food additives, such as
preservatives, stabilizers, acidifiers, sweeteners,
coloring and aromatizes.

Food coloring is the substance or mixture
of substances that have the property to confer or
enhance food coloring. As shown in Table 3 sunset
yellow is a food coloring used as an ingredient in
formulating the orange-based soft drinks. Data in
the literature report that sunset yellow is a potent
genotoxic agent. Sayed et al (2012) evaluated the
effect of sunset yellow in mice. The results showed
that sunset yellow had genotoxic effects as
indicated by increased frequency of chromosomal
aberrations in somatic and germ cells, and by
increased morphological sperm abnormalities and
DNA fragmentation.

Although the effects of sunset yellow were
not directly assessed in the present study, the
significant increase in epithelial tumor frequency
observed in flies treated with orange-based soft
drink in the concentration at 3.33 mL/g (Table 1)
may have been due to the presence of sunset yellow
in its formulation (Table 3).
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Table 1. Frequency of flies with epithelial tumors observed in heterozygous descendants for the D. melanogaster wts tumor suppressor gene treated with Mitomycin C
and different concentrations of soft drinks

Treatments and concentrations

Frequency of fly with tumor (number of flies with tumor)

(mL/g) N° of flies 1 tumor 2-3 tumors 4-5 tumors + 5 tumors Total to f flies with
umor

Negative control 130 0.084 (11) 0.023 (03) 0.000 (00) 0.000 (00) 0.107 (14)
MMC 130 0.246 (32)* 0.192 (25)* 0.138 (18)* 0.169 (22)* 0.746 (97)*
SF Cola-base
0.83 130 0.046(06) 0.015(02) 0.007(01) 0.000(00) 0.069(09)
1.66 130 0.100(13) 0.053(07) 0.007(01) 0.000(00) 0.161(21)
3.33 130 0.161(21) 0.107(14)* 0.000(00) 0.000(00) 0.269(35)*
SF diet Cola-base
0.83 130 0.061(08) 0.007(01) 0.000(00) 0.000(00) 0.069(09)
1.66 130 0.107(14) 0.000(00) 0.000(00) 0.000(00) 0.107(14)
3.33 130 0.130(17) 0.000(00) 0.000(00) 0.000(00) 0.130(17)
SF Orange-base
0.83 130 0.076 (10) 0.007 (01) 0.007 (01) 0.00 (00) 0.092 (12)
1.66 130 0.115 (15) 0.015 (02) 0.000 (00) 0.000 (00) 0.130 (17)
3.33 130 0.169 (22)* 0.053 (07) 0.007 (O1) 0.000 (00) 0.230 (30)*
SF Lemon-base
0.83 130 0.076(10) 0.000(00) 0.000(00) 0.000(00) 0.076(10)
1.66 130 0.092(12) 0.007(01) 0.000(00) 0.000(00) 0.100(13)
3.33 130 0.130(17) 0.023(03) 0.007(01) 0.000(00) 0.161(21)

Statistical diagnostics according to the Mann-Whitney test. Significance level (P <0.05) ; * Values different from the negative control; MMC, Mitomycin C (0.1 mM) SF, Soft drinks (concentration in

mL/g diet to D. melanogaster).
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Figure 2. Epithelial tumor observed in D. melanogaster treated with different soft drinks or Mitomycin C.
Black arrows indicate the tumor: (A) in the head, (B) in the eye, (C) in the thorax, (D) in the wing,
(E) in the leg, and (F) in the halter.
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Table 2. Frequency of tumor clones observed in the appendix of D. melanogaster, heterozygous for the tumor suppressor gene wts treated with mitomycin C
and different concentrations of soft drinks

Treatment N° of flies Number of tumor analyzed (total number of tumors)
Soft drinks MMC Eyes Head Wings Body Legs Halters Total
(mL/g) (mM)
Negative control - 130 0.007 (01) 0.03 (04) 0.038 (05) 0.046 (06)  0.007 (01) 0.00 (00) 0.013 (17)
Positive control 0,1 130 0.2 (26)* 0.046 (06)  1.346 (175)* 1.2 (156)* 0.2 (26) 0.046(06)* 3.038 (395)*
SF Cola-base

0.83 - 130 0.000 (00) 0.000 (00)  0.023 (03) 0.053 (07)  0.007 (01) 0.000 (00) 0.084 (11)
1.66 - 130 0.015 (02) 0,015 (02)  0.053 (07) 0.076 (10)  0.038 (05) 0.007 (0O1) 0.207 (27)
3.33 - 130 0.007 (01) 0.015(02)  0.00 (00)* 0.369 (48)* 0.007 (01) 0.007 (0O1) 0.407 (53)*

SF diet Cola-base
0.83 - 130 0.000 (00) 0.000 (00)  0.023 (03) 0.053 (07)  0.007 (01) 0.000 (00) 0.084 (11)
1.66 - 130 0.007 (01) 0.007 (01)  0.015 (02) 0.053 (07)  0.015 (02) 0.007 (O1) 0.107 (14)
3.33 - 130 0.00 (00) 0.015(02)  0.007 (01) 0.107 (14)*  0.00 (00) 0.00 (00) 0.138 (18)

SF Orange-base
0.83 - 130 0.015 (02) 0.000 (00)  0.038 (05) 0.053 (07)  0.015 (02) 0.00 (00) 0.123 (16)
1.66 - 130 0.000 (00) 0.000 (00)  0.038 (05) 0.076 (10)  0.030 (04) 0.007 (O1) 0.153 (20)
3.33 - 130 0.023 (03) 0.038 (05)  0.076 (10) 0.146 (19)* 0.015 (02) 0.015 (02) 0.315 (41)*

SF Lemon-base -
0.83 - 130 0.000 (00) 0.007 (01)  0.030 (04) 0.030 (04)  0.007 (01) 0.000 (00) 0.076 (10)
1.66 - 130 0.007 (01) 0.000 (00)  0.038 (05) 0.046 (06)  0.015 (02) 0.000 (00) 0.107 (14)
3.33 - 130 0.015 (02) 0.03 (04) 0.038 (05) 00.076 (10) 0.046 (06) 0.00 (00) 0.207 (27)

Statistical diagnostics according to the Mann-Whitney test. Significance level (P < 0.05);* Values considered different from the negative control.
MMC, Mitomycin C (0.1 mM); SF, Soft drinks (concentration in mL/g diet to D. melanogaster)
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Ingredients
Soft Base Coloring Sweetener Acidulant Acidity corretor Stabilizer Preservatives Antioxidant
drinks
Cola Carbonated Caramel IV Nd Phosphoric acid Nd Nd Nd Nd
water, sugar,
cola nut
extract,
caffeine
Diet cola Carbonated Caramel IV Sodium Phosphoric acid Sodium citrate Nd Sodium benzoate  Ascorbic acid
water, sugar, cyclamate,
cola nut Acesulfame
extract, potassium,
caffeine Aspartame
Orange Water, Sunset Nd Citric acid Citric acid Sucrose acetate Sodium benzoate Nd
concentrated  yellow FCF isobutyrate Potassium sorbate
orange juice, Dioctyl sodium
sugar, CO, sulfosuccinate
Lemon Water, sugar, Nd Nd Citric acid Sodium citrate Nd Potassium sorbate Nd

lemon juice

Sodium benzoate

Nd. Not declared by the manufacture
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Caramel coloring is one of the most used
colorings in the food sector. It is commonly found in
cola-based soft drinks and attributes a brownish
coloring to the product (KAMUF et al., 2003). Its
synthesis from ammonia compounds can result in
the formation of 4-methylimidazole (4-MI) as
byproduct (MOON; SHIBAMOTO, 2011).
Exposure to 4-MI of the human population is
associated to caramel colorings III and IV and this
compound can increase the risk of cancer
(AUBREY, 2014; CONSUMER REPORTS, 2014).
The presence of 4-MI has already been confirmed in
different brands of cola-based soft drinks (SMITH
et al., 2015).

A study carried out in 2011 by the National
Toxicology Program of the United States
Government informed carcinogenic effects of 4-MI,
based on the increase in adenomas and carcinomas
in mice lungs (NTP, 2007). Subsequently the
International Agency for Cancer Research of the
WHO (World Health Organization) included 4-MI
on the list of substances possibly carcinogenic to
humans (IARC, 2010). When administered to
F344/N rats and B6C3F1 mice at doses of 260 ug/kg
and 170 ug/kg, respectively, the 4-MI compound
presented tumorigenic effect (CHAN et al., 2008).

However, there are few studies on the action
mechanisms of the compound. Thus the caramel
coloring IV found in cola-based soft drink (Table 3)
may have been responsible for the increase in tumor
frequency in D. melanogaster (Table 1) when
exposed to cola-based soft drink, through the 4-MI
byproduct.

Artificial sweeteners are one of the main
classes of additives that include aspartame,
cyclamate and saccharine, called first-generation
sweeteners, and the others knowed as second-
generation sweeteners, such as sucralose and
acesulfame potassium (WEINRAUCH; DIEHL,
2004). Aspartame can be found in sugar-free soft
drink (“diet” or “zero’) (Table 3). This compound is
hydrolyzed to methanol and aspartyl-phenylalanine
in the gut, and then hydrolyzed to aspartate and
phenylalanine.

The methanol generated by the hydrolyzed
aspartame is converted to formaldehyde that can
accumulate in the cells and induce carcinogenic
states (SCHWARTZ, 1999).

Abhilash et al. (2013) showed the effects of
chronic aspartame ingestion in Wistar rats which
resulted in imbalance in the oxidative states in the
brain of the exposed, through a glutathione-
dependent system. In spite of controversial results
for mutagenic and genotoxic profile in different
study models, Yilmaz and Ugar (2014) in a revision
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highlight the genotoxic effects of aspartame,
characterizing it as a moderate carcinogenic agent
for humans, with positive results for 45% of the
epidemiological studies. Aspartame was described
as being an inducer of angiogenicity by Alleva et al.
(2011). According to these authors aspartame can
lead to the formation of new blood vessels by
increase in IL-6 and VEGF, and slight increase in
the production of oxygen reactive species (ROS).
Angiogenesis is essential for tumor cell invasion
and tumor mass growth (FOLKMAN, 1995).

Table 3 shows that even though caramel
coloring IV and aspartame were present in its
formulation, the diet cola-based soft drink included
in the diet of D. melanogaster trans-heterozygote for
the wts tumor suppressor gene, was not capable of
inducing heterozygosis loss of this marker (Tables 1
and 2). These results can probably be explained by
three different factors:

(1) For commercial reasons, even when
informed the ingredients used in the beverage, it is
not disclosed the concentrations of each ingredient.
The concentrations of caramel coloring IV used in
cola zero-based soft drink can be different from
those used in the traditional cola.

(2) The sodium citrate is present both in the
diet cola-based soft drink (zero) and the lemon-
based soft drink (Table 3). Sodium citrate is a saline
flavored salt, used as an additive for different
functions, such as acidity corrector, flavor enhancer
and to prevent enzymatic darkening in fresh foods.
This compound, in gold nanoparticles was
responsible for increasing their cytotoxic effect in
epithelial and endothelial human cell cultures,
reducing their viability (FREESE et al., 2012).
Figure 1 showed a 20% reduction in the survival of
the flies treated chronically with 3.33 mL/g of cola
zero. The sodium citrate probably increased the
cytotoxic effect of the other ingredients and killed
the D. melanogaster cells. With cell death
phenotypic identification of tumors is compromised.

(3) Table 3 shows that the zero cola-based
soda presents ascorbic acid as antioxidant agent.
The presence of this ingredient may have acted as a
counterbalance for oxidative stress, and acting in
cell protection against oxygen reactive species
(NUNES et al., 2015; BHUSAL et al., 2014; DU et
al., 2014) and as preventive ingredient in diseases
related to genetic instability (COVARRUBIAS-
PINTO et al., 2015; TASHIMA et al, 2015;
HIPOLITO et al., 2015; FINCK et al., 2014).

Considering the oxidative protective effect,
the increase of antioxidant formulations in soft
drinks can be a great alternative to minimize the
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effects of harmful components used in the
formulation.

The lemon-based soft drink assessed in the
present study did not present either caramel
coloring, sunset yellow or aspartame sweetener
(Table 3) in its composition, which is in
concordance with the result of low epithelial tumor
frequency observed in D. melanogaster treated with
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CONCLUSION

Cola-based and orange-based soft drinks
demonstrated carcinogenic effect in the most
concentrated dose of this work (3.33 mL/g), but
further studies using other tests, systems and
organisms are necessary to get more information on
the toxic kinetics of the substances in humans.

this beverage (Tables 1 and 2).

The results of present study indicate that the
ingestion of any soft drink is not related straightly to
carcinogenic states, however, we warn against
intense and indiscriminate consumption of this
beverage, because it can cause a lot of diseases
related to obesity, glycemia and genetic instability.
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RESUMO: Refrigerantes sdo bebidas industrializadas nao fermentadas, livre de dlcool, carbonatadas,
ricas em aromas artificiais e agtiicar. O consumo intenso dessas bebidas pode estar relacionada a doencas nao
herddveis como, céries, quadros alérgicos, formacdo de celulite e estrias cutaneas, alteragdes gastrointestinais,
diabetes e cancer. O objetivo desse trabalho foi avaliar o potencial carcinogénico de diferentes concentracdes
de refrigerantes produzidos no municipio de Uberlandia, Estado de Minas Gerais, Brasil. Foi realizado o Teste
de Deteccdo de Tumor Epitelial em Drosophila melanogaster. Larvas de terceiro estdgio descendentes do
cruzamento entre fémeas virgens wts/TM3, sb! e machos mwh/mwh de D. melanogaster foram tratadas com
diferentes concentragdes (0,83; 1,66 ou 3,33 mL/g) de refrigerantes a base de cola, diet cola, laranja e limdo. Os
resultados mostraram aumento na frequéncia de tumor epitelial em moscas tratadas 3,33 mL/g de refrigerantes
a base de cola e de laranja, quando comparados ao controle negativo. Os refrigerantes diet cola e limdo nao
provocaram aumento na frequéncia de tumor epitelial em D. melanogaster. Em conclusdo, nessas condi¢des
experimentais, os refrigerantes a base de cola e laranja mostraram potencial carcinogénico em células somaticas
de D. melanogaster na concentragdo de 3,33 mL/g.

PALAVRAS-CHAVE: Mutagenicidade. Wts. Warts. Drosophila melanogaster.
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