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ABSTRACT. The worldwide obesity pandemic requires the use of anti-
obesity drugs. Sibutramine is an anti-obesity drug that has been used
worldwide but is indiscriminately consumed in Brazil. Several studies
have demonstrated that sibutramine promotes weight loss and weight
maintenance, but several side effects have been associated with its
systematic consumption. For this reason, sibutramine was withdrawn
from the European and American markets, but still remains legal for use in
Brazil. Studies have shown that a 5-10% reduction in body weight results in
outstanding health benefits for obese patients. However, in order to promote
significant weight loss, it is necessary to use sibutramine for at least 2 years.
This long-term exposure has carcinogenic potential, as sibutramine causes
DNA damage. Thus, this study evaluated the in vivo mutagenic potential
of sibutramine alone (5, 7, 10, 15, and 20 mg/kg) and in association with
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Spirulina maxima (150 and 300 mg/kg), a cyanobacterium with antioxidant
potential, using the polychromatic erythrocyte micronucleus test. Our
results reinforced the mutagenic potential of sibutramine alone, which
showed a time-dependent action. Combinatory treatments with S. maxima
were not able to reduce the genotoxicity of sibutramine. These results
were confirmed in vitro with the cytokinesis-blocked micronucleus test. In
conclusion, our data showed that new alternative anti-obesity treatments
are needed since the consumption of sibutramine can increase the risk of
cancer in overweight patients.

Key words: Anti-obesity drug; Sibutramine; Genotoxicity; Micronucleus;
Mutagenesis

INTRODUCTION

The current obesity pandemic requires the use of anti-obesity agents (Halford, 2011),
mainly in selected patients in whom lifestyle modifications have been unsuccessful (Padwal and
Majumdar, 2007). In recent decades, numerous drugs have been approved for the treatment of
obesity (Kang and Park, 2012); however, most have been withdrawn from the market due adverse
side effects (Kang and Park, 2012). Currently, only 2 anti-obesity drugs are licensed, orlistat and
sibutramine (Padwal and Majumdar, 2007). Orlistat can reduce weight by around 3 kg, whereas
sibutramine results in mean weight losses of 4-5 kg (Padwal and Majumdar, 2007). The consumption
of these drugs is increasing, mainly in developing countries (Carlini et al., 2007). Brazil registers as
the primary consumer in the anti-obesity drug market, followed by Argentina and the United States
of America (Carlini et al., 2007). Anti-obesity drugs are among the 4 most commonly consumed
drugs in Brazil (Carlini et al., 2007; Silva et al., 2010). The easy acquisition of sibutramine, even
with prescription obligatory required by Agéncia Nacional de Vigilancia Sanitaria (ANVISA) and this
lack of moderation results in the high consumption of these drugs (Carlini et al., 2007).

Sibutramine hydrochloride monohydrate is the most common orally administered agent for
the treatment of obesity (Silva etal., 2010). This anorexiant was firstly proposed as an antidepressant
in the 1980s, as it has a similar mechanism to tricyclic antidepressants (Lee et al., 2008). However,
weight loss was observed in obese patients using sibutramine as an antidepressant. This revealed
the anorexiant potential of this drug, which quickly gained market appeal and is now sold under
the name of Reductil® or Meridia® (Silva et al., 2010). The drug does not have any anticholinergic
or antihistaminergic activity and does not stimulate the release of serotonin, noradrenalin or
dopamine (Eroglu et al., 2009). Sibutramine is a serotonin and norepinephrine reuptake inhibitor
(SNRI) (Eroglu et al., 2009). Thus, the drug increases extracellular serotonin and norepinephrine
levels, reducing appetite and, subsequently, food intake (Padwal and Majumdar, 2007). Moreover,
the drug improves metabolic fitness, leading to a reduction in levels of triglycerides, total and
low-density lipoprotein (LDL) cholesterol, and glycaemia (Nisoli and Carruba, 2000). Sibutramine
demethylation produces mono- and di-desmethylsibutramine (M1 and M2), which are distributed in
tissues (Eroglu et al., 2009; Silva et al., 2010). The drug reaches its peak concentration in plasma
1-2 h after ingestion and has a half-life of 14 to 16 h in humans (Silva et al., 2010).

Several studies provide evidence that sibutramine is effective in promoting weight loss and
weight maintenance (Nisoli and Carruba, 2000; Padwal and Majumdar, 2007; Rubio et al., 2007).
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Long-term treatment with sibutramine revealed beneficial effects in controlling hyperlipidemia,
blood pressure, and levels of cytokines; together, these resulted in decreased cardiovascular
risk in obese patients (Rubio et al., 2007). Short-term therapy with sibutramine, together with diet
and lifestyle intervention, improved endothelial function in patients with coronary artery disease
(Shechter et al., 2006). Although sibutramine has potential as an anti-obesity treatment, several
side effects associated with its use have been demonstrated, including risk of psychosis in children
and adolescents (Lee et al., 2008), congenital malformation (teratology) (Garcia-Bournissen et al.,
2007), abnormal ejaculation in men with doses of 5-20 mg/kg (Nojimoto et al., 2009), genotoxicity
damage in hematopoietic cells (Silva et al., 2010), and risk of acute myocardial infarction (Eroglu
et al., 2009). Sibutramine exerts a peripheral sympathomimetic effect that induces an increase
in blood pressure and cardiac frequency, increasing the risk for tachycardia and arrythmia
(Padwal and Majumdar, 2007). Thus, use of sibutramine can lead to hypertension, tachycardia,
arrhythmia and myocardial infarction (Scheen, 2011). These adverse effects were confirmed by
the sibutramine cardiovascular outcome trial (SCOUT), which showed that the drug increases
the risk of non-fatal myocardial infarction and stroke in patients with preexisting cardiovascular
disease (CVD) submitted to long-term treatment with sibutramine (10-15 mg/day) (Scheen,
2011). For these reasons, the European Medicines Agency (EMA) recommended suspending
marketing authorizations for sibutramine in the European Union (Scheen, 2011). The Federal
Drug Administration (FDA) also withdrew the drug from the market in 2010 (FDA, 2010). In Brazil,
ANVISA allowed for the continual marketing of sibutramine (15 mg/day) and other anti-obesity
drugs such as anphepramon, phenproporex, and mazindol with revenue retention (ANIVSA, 2014).

Determining the optimal outcome of sibutramine treatment is important yet time
consuming. Long-term treatment with sibutramine can confer carcinogenicity due its potential for
mutagenesis. Mutations are considered the first step in carcinogenesis, as they result in genomic
instability which is a hallmark of cancer (Fenech, 2000; Araldi et al., 2015). Due to the mutagenic
risk associated with the few anti-obesity drugs available, one possible alternative is to reduce the
risk of DNA damage through the use of antioxidant drugs together with sibutramine (Silva et al.,
2010). One of the potential antioxidants that could be used is Spirulina maxima (Setchell & N.L.
Gardner), a filamentous, planktonic and photosynthetic cyanobacterium of order Nostocales. S.
maxima is composed of 65% protein and 30% essential amino acids (Delay, 2002). In addition,
this cyanobacterium has chelated minerals (iron, potassium and magnesium), vitamins (biotin,
cyanocobalamin, calcium pantothenate, folic acid, inositol, thiamine, alpha-tocopherol, pyridoxine
and riboflavin), phenolic acids, beta-carotene and fatty acids (linoleic and gamma-linolenic acids)
(Delay, 2002; Araldi et al., 2014). S maxima is considered the greatest discovery of the 21st century
in the nutrition field (Ponce-Canchihuaman et al., 2010). Current studies have also demonstrated
the antioxidant and anti-inflammatory potential of S. maxima (Miranda et al., 1998; Gutiérrez-
Rebolledo et al., 2015). Moreover, studies have already shown that S. maxima is anti-mutagenic
and is compatible with other anorexiant drugs, such as Pholia magra (Araldi et al., 2014).

The micronucleus test (MNT) is an important in vitro and in vivo biomarker, used extensively
in toxicological genetics (Samanta and Dey, 2012; Araldi et al., 2015). Micronuclei (MNs) are formed
during erythropoiesis in rodent bone morrow (Krishna et al., 2000) or are observed in cytokinesis-
blocked binucleated lymphocytes (Araldi et al. 2015). The presence of MNs indicate aneugenic
and/or clastogenic events, suggesting mutagenic risk (Araldi et al., 2015). For this reason and
due the simplicity, versatility and low cost of the MNT, this method has been used since 1959 as a
marker of cytogenetic damage (Kirsch-Volders et al., 2003). Moreover, MNT has some advantages
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over the comet assay (CA): it can detect DNA damage in cells both in interphase and mitosis and it
is more statistically sound because it requires the analysis of 1000 (in vitro) or 2000 (in vivo) cells
(Araldi et al., 2015). This is the first study to evaluate the mutagenic potential of sibutramine alone
or together with S. maxima using the polychromatic erythrocyte (PCE) MNT (PCEMNT) in vivo and
cytokinesis-blocked MNT (CBMNT) in vitro. Moreover, this study evaluated the mutagenicity of
these drugs in mice (in vivo) and human cells (in vitro).

MATERIAL AND METHODS

PCEMNT

A total of 102 albino Swiss mice (Mus musculus) were used in this study (51 male and 51
female, 7-11 weeks old), as described by Araldi et al. (2015). The employed protocol was approved
by the Ethics Committee in Animal Use of UNESP - Faculdade de Ciéncias e Letras de Assis
(process No. 09/2011). This particular breed of mice was chosen because they do not sequester
micronucleated erythrocytes, which is what occurs in rats and humans (Araldi et al., 2015), and
this prevents false-negative results, as a consequence of spleen micronucleated cells. Mice were
acclimated in the biotery of UNESP - Faculdade de Ciéncias e Letras de Assis for 5 days under the
following conditions: 12-12 h light/dark cycle, 150 lux lighting, ambient temperature of 22° + 2°C,
and water and food ad libitum. Mice were divided into groups according to Table 1. These groups
allowed for the evaluation of the mutagenic potential of treatment with sibutramine alone for 7 or 15
consecutive days (N = 6 for each) or treatment with sibutramine and S. maxima for 7 consecutive
days (N = 10). The negative control group was treated with 1 mL 0.9% saline by gavage. The
positive control group was treated with 50 mg/kg of cyclophosphamide (Sigma-Aldrich, Germany)
by intraperitoneal injection. The drugs were dissolved in 0.3 mL saline and administered by gavage
daily, according to Table 1. All procedures were done according to Araldi et al. (2015). Mice were
euthanized 48 h after the last gavage by cervical dislocation. Femurs were surgically removed and
the epiphyses were cut off using sterile surgical scissors. Bone marrow was extracted by injecting
1 mL bovine fetal serum. Biological material was homogenized in Petri dishes and centrifuged at
400 g for 5 min. The supernatant was discarded and the pellet was transferred to 2 slides, which
were previously cleaned with 70% ethanol. Material was fixed with absolute methanol for 5 min
and dried at room temperature for 2 h. Slides were stained with 1:5 Gimesa-phosphate buffered
saline (PBS), pH 6.0, and washed in 100% xylene. After drying, the slides were mounted with
Entellan mounting media (Merck, Germany). A total of 1000 PCEs were analyzed per slide, totaling
2000 PCE per mouse, using a binocular microscope at a magnification of 1000X. The frequency
of micronucleated PCEs (MNPCE) was analyzed. Statistical analyses were done based on the
MNPCE frequency, using the Mann-Whitney test (to compare sibutramine treatment for 7 or 15
days) and the Kruskal-Wallis H test followed by the Dunn post-hoc test (to comparison all groups).
All tests were done with 5% significance level using the BioEstat software (Ayres et al., 2007). Box
plots were used to visualize the comparison of the different treatments.

CBMNT

Five milliliters peripheral blood was collected from 10 healthy individuals (5 men and 5
women, 18-25 years of age). These selected individuals were not taking pharmacological drugs,
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were non-smokers and did not ingest alcohol for at least one month before the blood was collected.
The protocol of this test was done according to the 196/96 Resolution of Conselho Nacional
de Saude (CNS, Brazil) and was approved by the Ethics Committee in Research of UNESP -
Faculdade de Ciéncias e Letras de Assis (protocol No. 1233/2010). Peripheral blood was collect
by venipuncture using the Vacutainer system with heparin. Biological material was immediately
distributed in lymphocyte culture, as shown in Table 1. The mutagenic potential of S. maxima alone
was not evaluated by the PCEMNT. The protocol of CBMNT was done according the technical
recommendations proposed by Araldi et al. (2014) and Araldi et al. (2015). Briefly, 0.2 mL peripheral
blood was transferred to a culture flask containing 5 mL RPMI 1640 media supplemented with 15%
fetal bovine serum, 0.1 mL L-glutamine, and 0.1 mL phytohemagglutinin A (PHA). The material was
incubated at 37°C for 8 h, followed by the addition of drugs as shown in Table 1. After 44 h, 0.2
mL cytochalasin B was added to block cytokinesis. After 72 h, growth was halted with the addition
of 0.5 mL methanol: acetic acid fixative (3:1 v/v) for 5 min at room temperature. The material was
centrifuged at 400 g and the supernatant was discarded. The pellet was homogenized with 5 mL
fixative and centrifuged at 400 g. The supernatant was discarded and the pellet transferred to
slides, which were stained with 1:3 Giemsa-phosphate buffered saline, pH 6.8, for 8 min. After
staining, coverslips were placed on slides with Entellan mounting media (Merck). The material was
analyzed blindly under an Axiophot binocular microscope (Carl Zeiss, Germany) to observe the
frequency of micronucleated-binucleated lymphocytes in a total of 1000 cells. Statistical analysis
was performed using the Chi-squared and Kruskal-Wallis H tests, followed by a Dunn post-hoc
test. The tests were done with a significance level of 5%. All statistical tests were done using the
BioEstat software (Ayres et al., 2007).

Table 1. Drug and dose administered in polychromatic erythrocyte micronucleus test (PCEMNT) in groups of 6 or
10 mice and cytokinesis-blocked micronucleus test (CBMNT) using peripheral blood of 10 individuals.

PCMNT CBMNT
Groups Drug and dose' Drug and dose
C+ Cyclophosphamide 50 mg/kg Cyclophosphamide 50 pg/mL
C- Saline 0.9% -
Sb5 Sibutramine 5 mg/kg Sibutramine 5 ug/mL
Sb7 Sibutramine 7 mg/kg Sibutramine 7 pg/mL
Sb10 Sibutramine 10 mg/kg Sibutramine 10 ug/mL
Sb15 Sibutramine 15 mg/kg Sibutramine 15 pg/mL
Sb20 Sibutramine 20 mg/kg Sibutramine 20 pg/mL
Groups Drug and dose? Drug and dose
C+ Cyclophosphamide 50 mg/kg Cyclophosphamide 50 pg/mL
C- Saline 0.9% -
Sb7 + Sm150 Sibutramine 7 mg/kg + S. maxima 150 mg/kg Sibutramine 7 ug/mL + S. maxima 150 pg/mL
Sb7 + Sm300 Sibutramine 7 mg/kg + S. maxima 300 mg/kg Sibutramine 7 ug/mL + S. maxima 300 pg/mL
Sb10 + Sm150 Sibutramine 15 mg/kg + S. maxima 150 mg/kg Sibutramine 15 pg/mL + S. maxima 150 pg/mL
Sb10 + Sm300 Sibutramine 15 mg/kg + S. maxima 300 mg/kg Sibutramine 15 pg/mL + S. maxima 300 pg/mL

*Two groups, one treated with either drug for 7 consecutive days and other for 15 consecutive days were analyzed by
PCMNT. 'Group of 6 mice. 2Group of 10 mice. Sb = sibutramine; Sm = Spirulina maxima; C+ = positive control; C- =
negative control.

RESULTS
PCEMNT results for treatment with sibutramine alone

The frequency of MNPCEs was examined in mice treated with 4 different doses of
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sibutramine for 7 or 15 days (Table 2) and the Mann-Whitney test was done to compare the
effect of treatment time. There were no differences between treatment for 7 or 15 days with
cyclophosphamide or saline (positive and negative control, respectively), as expected (Table 3).
However, there were significant statistical differences between all groups (Table 3). This result
suggests the time-dependent mutagenic potential of sibutramine. After 7 days of treatment, doses
of 7 and 15 mg/kg showed the highest values for maximum number of micronuclei (Figure 1A),
whereas after 15 days of treatment, the dose of 10 mg/kg revealed the most elevated mutagenic
potential (Figure 1B). Based on these results, we chose to examine the effect of sibutramine doses
of 7 and 15 mg/kg with simultaneous treatment with S. maxima. These doses were chosen due to
their frequent use in Brazil, where the abuse of sibutramine is commonly observed. Consumption
of 15 mg/kg sibutramine for treatment of obesity is authorized by ANVISA in Brazil.

Table 2. Frequency of micronucleated polychromatic erythrocytes observed in a group of 6 mice treated with
sibutramine at doses of 5, 7, 10, 15, or 20 mg/kg for 7 or 15 consecutive days.

Animal
Group' 1 2 3 4 5 6 Total
C+ 6 8 7 8 6 9 44
C- 1 1 2 1 2 2 9
Sb5 5 4 3 6 5 6 29
Sb7 8 9 12 10 7 8 54
Sb10 7 8 6 8 8 7 44
Sb15 5 5 6 7 7 8 38
Sb20 7 5 5 4 5 6 32
Group? 1 2 3 4 5 6 Total
C+ 6 8 7 8 6 9 44
C- 1 1 2 1 1 2 8
Sb5 9 10 11 13 12 12 67
Sb7 7 8 6 5 7 7 40
Sb10 20 23 21 20 22 24 130
Sb15 12 11 10 9 13 10 65
Sb20 8 7 6 8 9 9 47

'Group treated for 7 consecutive days. 2Group treated for 15 consecutive days. Sb = sibutramine; C+ = positive control;
C- = negative control.

Table 3. Mann-Whitney test comparing the frequency of micronucleated polychromatic erythrocytes observed after
treatment with different doses of sibutramine (mg/kg) for 7 or 15 days.

Groups U Z(U) P value
C+ 18.0 0.0000 0.5000
C- 15.0 0.4804 0.3155
Sb5 0.0 2.8823 0.0020
Sb7 3.5 2.3219 0.0101
Sb10 0.0 2.8230 0.0020
Sb15 0.0 2.8823 0.0020
Sb20 2.0 2.5624 0.0052

Sb = sibutramine; C+ = positive control; C- = negative control; U - Mann-Whitney value and Z(U) - sum-of-ranks of U
values.

PCEMNT results for treatment with sibutramine and S. maxima

The Kruskal-Wallis test was done to compare frequency of micronuclei observed per
mouse in different groups (Table 4). There were statistically significant differences found between
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the different groups of mice (H = 39.7529 and P = 0). The Dunn test (Table 5) indicated an elevated
frequency of micronuclei in the positive control in relation to the negative control (Table 6). The
groups treated with sibutramine alone (7 or 15 mg/kg) or with 15 mg/kg sibutramine and 150
mg/kg S. maxima revealed a mutagenic potential statistically equivalent to the positive control
(Table 6). However, the groups treated with 7 mg/kg sibutramine + 150 mg/kg S. maxima, 7 mg/
kg sibutramine + 300 mg/kg S. maxima, or 15 mg/kg sibutramine + 300 mg/kg S. maxima showed
an intermediate number of micronuclei in relation to the positive and negative controls (Table
6). These data suggest that simultaneous treatment with S. maxima can reduce the mutagenic
potential of sibutramine. A reduction in frequency of micronuclei was observed in groups treated
with a minimum dose of sibutramine (7 mg/kg) with S. maxima and a maximum dose of sibutramine
(15 mg/kg) with a maximum dose of S. maxima (300 mg/kg). However, these groups showed
intermediated values of micronuclei, indicating that S. maxima, in these concentrations, is not
enough to avoid DNA damages induced by sibutramine.

A Treatment for 7 days B Treatment for 15 days
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Figure 1. Box plot comparing the maximum and minimum number of micronuclei observed in groups of 6 mice treated
with sibutramine (5, 7, 10, 15, or 20 mg/kg) for 7 (A) or 15 (B) consecutive days. C+ = positive control; C- = negative
control; Sb = sibutramine.

Table 4. Frequency of micronucleated polychromatic erythrocytes observed in a group of 10 mice treated for 7
days with sibutramine (Sb) and Spirulina maxima (Sm).
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C+ = positive control; C- = negative control.
CBMNT results for treatment with sibutramine and S. maxima

The Kruskal-Wallis H test was done to compare the frequency of binucleated lymphocytes
with micronuclei in all groups (Table 7) and a statistically significant difference was found among the
groups (H = 39.6964 and P = 0). The Dunn test (Table 8) showed differences between the positive
and negative controls (Table 9), as expected. This data reinforces the results observed with the
PCEMNT test. The Dunn test also showed that the 7 mg/kg sibutramine + 300 mg/kg S. maxima and
15 mg/kg sibutramine + 150 mg/kg S. maxima groups showed the highest reduction in mutagenic
potential (Figure 2), which is slightly different from the data obtained with the PCEMNT test.
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Table 5. Dunn post-hoc test comparing the frequency of micronuclei observed in different groups (control and
experimental) of mice.

Comparison between groups Post differences Z calculated P value
C+and C- 45.7000 4.8827 <0.05
C+ and Sb7 9.2000 0.8513 ns
C+ and Sb15 10.5500 0.9762 ns
C+ and Sb7 + Sm150 18.0500 1.9285 ns
C+ and Sb7 + Sm300 27.5000 2.9382 ns
C+ and Sb15 + Sm150 13.2000 1.4103 ns
C+ and Sb15+ Sm300 22.9000 2.4467 ns
C- and Sb7 54.9000 5.0799 <0.05
C-and Sb15 35.1500 3.2524 <0.05
C- and Sb7 + Sm150 27.6500 2.9542 ns
C- and Sb7 + Sm300 18.2000 1.9446 ns
C- and Sb15 + Sm150 32.5000 3.4724 <0.05
C- and Sb7 + Sm300 22.8000 2.4360 ns
Sb7 and Sb15 19.7500 1.6345 ns
Sb7 and Sb7 + Sm150 27.2500 25214 ns
Sb7 and Sb7 + Sm300 36.7000 3.3958 <0.05
Sb7 and Sb15 + Sm150 22.4000 2.0727 ns
Sb7 and Sb15 + Sm300 32.1000 2.9702 ns
Sb15 and Sb7 + Sm150 7.5000 0.6940 ns
Sb15 and Sb7 + Sm300 16.9500 1.5684 ns
Sb15 and Sb15 + Sm150 2.6500 0.2452 ns
Sb15 and Sb15 and Sm300 12.3500 1.1427 ns
Sb7 + Sm150 and Sb7 + Sm300 9.4500 1.0097 ns
Sb7 + Sm150 and Sb15 + Sm150 4.8500 0.5182 ns
Sb7 + Sm150 and Sb15 + Sm300 4.8500 0.5182 ns
Sb7 + Sm300 and Sb15 + Sm150 14.3000 1.5279 ns
Sb7 + Sm300 and Sb15 and Sm 300 4.6000 0.4915 ns
Sb15 + Sm150 and Sb15 and Sm 300 9.7000 1.0364 ns

C+ = positive control; C- = negative control; Sb = sibutramine; Sm = Spirulina maxima; ns = not significant

Table 6. Statistical comparison of the frequency of micronuclei in different treatment groups based on the Dunn test.

Groups

Animal C+ C- Sb7 Sb15 Sb7 + Sm150 Sb7 + Sm300 Sb15 + Sm150 Sb15 + Sm300
1 7a* 4b 85 53 5a,b Ga,b 53 8a,b
2 63 3h ga 53 65"’ 5a.b 63 4a.b
3 172 3° 122 62 620 520 62 62>
4 7a o0 108 72 7ab Gab 72 7ab
5 3a 1b 75 7a 7a,b 7a,b 63 7a,b
6 21 a Oh 83 83 7a‘h 5a.b 63 5a.b
7 6’:1 20 - - 3a‘b Za,b 73 4a,b
8 132 10 - - 4ab 4ab 72 3ab
9 1 2a ob - - Ga,b Sa,b 53 sa,b

1 0 83 3h - - 55"’ Oa.b 63 Oa.b

C+ = positive control; C- = negative control; Sb = sibutramine; Sm = Spirulina maxima. *Numbers followed by equal
letter indicate absence of statistical significant differences.

Table 7. Frequency of micronuclei in binucleated lymphocytes in 10 samples (groups 1-10) of human peripheral
blood treated for 7 days with varying doses of sibutramine (Sb) and Spirulina maxima (Sm).

Group 1 2 3 4 5 6 7 8 9 10 Total
C+ 10 15 17 20 1 12 24 17 30 11 167
C- 5 5 4 8 4 8 9 4 15 3 65
Sb7 13 18 16 17 15 13 16 14 13 15 150
Sb15 15 20 18 20 15 10 17 19 16 18 168
Sb7 + Sm150 8 8 12 8 12 7 14 14 15 13 101
Sb7 + Sb300 5 8 8 12 13 9 13 13 14 12 107
Sb15 + Sm150 7 8 7 1 15 7 13 14 13 8 103
Sb15 + Sm300 8 9 13 12 14 10 16 11 12 12 117

C+ = positive control; C- = negative control.
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Table 8. Dunn post-hoc test comparing the frequency of micronuclei observed in human binucleated lymphocytes
in different groups (control and experimental).

Comparison between groups Post differences Z calculated P value
C+and C- 41.7500 4.0174 <0.05
C+ and Sb7 2.35000 0.2261 ns
C+ and Sb15 10.0000 0.9623 ns
C+ and Sb7 + Sm150 21.6000 2.0785 ns
C+ and Sb7 + Sm300 23.6000 2.2709 ns
C+ and Sb15 + Sm150 26.3000 2.5307 ns
C+ and Sb15+ Sm300 19.1000 1.8379 ns
C- and Sb7 44.1000 4.2435 <0.05
C-and Sb15 51.7500 4.9796 <0.05
C- and Sb7 + Sm150 20.1500 1.9389 ns
C- and Sb7 + Sm300 18.1500 1.7465 ns
C- and Sb15 + Sm150 15.4500 1.4867 ns
C- and Sb7 + Sm300 22.6500 21795 ns
Sb7 and Sb15 7.65000 0.7361 ns
Sb7 and Sb7 + Sm150 23.9500 2.3046 ns
Sb7 and Sb7 + Sm300 25.9500 2.4970 ns
Sb7 and Sb15 + Sm150 28.6500 2.7568 ns
Sb7 and Sb15 + Sm300 21.4500 2.0640 ns
Sb15 and Sb7 + Sm150 31.6000 3.0407 ns
Sb15 and Sb7 + Sm300 33.6000 3.2332 <0.05
Sb15 and Sb15 + Sm150 36.3000 3.4930 <0.05
Sb15 and Sb15 and Sm300 29.1000 2.8001 ns
Sb7 + Sm150 and Sbh7 + Sm300 2.00000 0.1925 ns
Sb7 + Sm150 and Sb15 + Sm150 4.70000 0.4523 ns
Sb7 + Sm150 and Sb15 + Sm300 2.50000 0.2406 ns
Sb7 + Sm300 and Sb15 + Sm150 2.70000 0.2598 ns
Sb7 + Sm300 and Sb15 and Sm 300 4.50000 0.4330 ns
Sb15 + Sm150 and Sb15 and Sm 300 7.20000 4.0174 ns

ns = not significant; C+ = positive control; C- = negative control; Sb = sibutramine; Sm = Spirulina maxima.

Table 9. Statistical comparison of the frequency of micronuclei observed in binucleated lymphocytes based on the
Dunn test.

Groups

Animal C+ C- Sb7 Sb15 Sb7 + Sm150 Sb7 + Sm300 Sb15 + Sm150 Sb15 + Sm300
1 102 5° 132 1520 8ab 5abe 7abe 8ab
2 152 5° 182 202° 8ab gabe gabe 9ab
3 17 40 162 1820 122 gabe 7abe 1320
4 202 8° 172 20° 8ab 12abe 11abe 1220
5 112 40 152 1520 1220 13abe 152be 1420
6 122 8° 132 1020 720 9abe 7abe 1020
7 242 o 162 1720 142> 13abe 13abe 162>
8 172 40 142 1920 1420 13abe 14abe 1130
9 30° 150 132 1620 1522 1420 13abe 1220

10 112 30 152 1820 132 12abe 8abe 1220

C+ = positive control; C- = negative control; Sb = sibutramine; Sm = Spirulina maxima. *Numbers followed by equal
letters indicate absence of significant statistical differences.

DISCUSSION

Mutagenic tests are required by regulatory international agencies such as the FDA, EMA
and ANVISA. Among the different tests, the PCEMNT and CBMNT are common as part of the battery
of tests required for these agencies (Fenech, 2000, 2011; Araldi et al., 2014, 2015). This is because
these techniques are simple, versatile, low cost and quick to perform. Moreover, these combined
methods allow the detection of DNA damage (mutations), which is the first step of carcinogenesis.
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Figure 2. Box plot comparing the maximum and minimum number of micronuclei observed in binucleated lymphocytes
from 10 samples of human peripheral blood after varying treatments of sibutramine (Sb) and/or Spirulina maxima (Sm).
C+ = positive control; C- = negative control.

Genomic instabilities are a hallmark of cancer (Fenech 2000; Araldi et al. 2015) and, for this reason,
determining the mutagenic potential of a drug is crucial to introducing it into market. Furthermore,
it is known that mutagenic risk is directly correlated with drug exposure time. The evaluation of the
mutagenic potential of sibutramine is necessary because the drug is chronically used for weight
loss and maintenance. Studies have shown that weight gain and obesity are associated with
cancer; this association occurs because obesity contributes to chronic inflammation, promoting
release of cytokines. Inflammation is another hallmark of cancer (Hanahan and Weinberg, 2011;
Martinez-Outschoorn, et al., 2013), contributing to cancer initiation and progression. Thus, anti-
obesity therapy may promote weight loss without induction of mutagenesis, once obese patients
already have a predisposition to develop cancer. However, Silva et al. (2010) reported that doses
of 10, 15 or 20 mg/kg sibutramine, administered by intraperitoneal injection in Swiss mice, induce
DNA damage. This study verified that these doses of sibutramine are genotoxic, increasing the
frequency of micronuclei and DNA fragmentation, which were observed by PCEMNT and CA,
respectively. In this sense, our results are in accordance to Silva et al. (2010). Sibutramine, in
doses of 5, 7, 10 or 15 mg/kg, promoted an increased frequency of micronuclei in PCE. No statistical
differences were observed between the different doses and similar results were described in the
literature. Silva et al. (Silva et al. 2010) did not show statistical differences between groups treated
with 10 or 20 mg/kg sibutramine, which indicates the absence of dose dependence. However, the
Mann-Whitney test indicated time-dependent genotoxicity, not demonstrated up to date. Sibutramine
is frequently used for long periods of time, often exceeding 2 years, for weight maintenance so long-
term treatment confers a high mutagenic risk for patients. In this study, sibutramine was administered
orally to the mice and our data suggest that the drug has the same mutagenic effect independent
of the method of administration. Sibutramine is demethylated in hepatocytes by cytochrome P 450
(CYP34A) to M1 and M2 amines, pharmacology activities (Luque and Rey, 2002). These amines
inhibit the reuptake of 5-hydroxytryptamine (5-HT) and norepinephrine, promoting the activation of
a- and B-adrenoceptors (Lugue and Rey, 2002). Due to increased serotonergic and noradrenergic
activity, sibutramine reduces food intake, which is responsible for weight loss (Luque and Rey, 2002).
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Although sibutramine did not show mutagenic activity in previous in vitro assays in mice
(Snyder and Green, 2001), it is known that M1 and M2 metabolites have divergent effects in terms
of mutagenic activity in an Ames test (Brambilla and Martelli, 2009). The genotoxic potential of
sibutramine was also verified in mice in vivo (Silva et al., 2010), where low doses (5 and 7 mg/kg)
of sibutramine were shown to induce DNA damage. Due to the fact that few anti-obesity drugs are
available on the market and the efficacy of sibutramine in weight loss and maintenance, we examined
the effect of simultaneous delivery of sibutramine with the antioxidant-producing S. maxima. This
was done to verify if the antioxidant components of S. maxima could reduce the genotoxicity of
sibutramine. Both in vivo (PCEMNT) and in vitro (CBMNT) tests using 2 different models (mouse
and human, respectively) showed that S. maxima is not able to reduce the mutagenic potential of
sibutramine. Although groups treated with both sibutramine and S. maxima showed an intermediate
micronuclei frequency in both PCEMNT and CBMNT, all groups had a number of micronucleated
cells that was statistically similar to the groups treated with cyclophosphamide (positive control).
These data suggest that the mild reduction in genotoxicity by S. maxima is not sufficient to improve
the negative side effects of sibutramine.

The mutagenic potential of sibutramine is a consequence of the action of the drug.
Sibutramine stimulates f3-adrenergic receptors, increasing metabolic rate (Luque and Rey, 2002),
which increases glucose consumption by the glycolytic pathway. Activation of glycolysis promotes
an increase in cellular oxygen consumption (Luque and Rey, 2002), producing reactive oxygen
species (ROS) (Luque and Rey, 2002). ROS are a product of aerobic metabolism (Schieber and
Chandel, 2014), being the result of the partial reduction of oxygen (Reczek and Chandel, 2015).
Mitochondria are the main source of ROS (Bleier et al., 2015), and superoxide anions, produced
by complex Il of the electron transport chain, are released into the intermembrane space (Bleier et
al., 2015; Reczek and Chandel, 2015). Enrichment of superoxide anions can occur in the cytosol
(Reczek and Chandel, 2015), where they are converted to hydrogen peroxide by dismutase
superoxide (SOD1). Hydrogen peroxide mediates the oxidation of cysteine residues in proteins
(Schieber and Chandel, 2014). Cysteines are present as thiolate anions (Cys-S) at physiological
pH so they are susceptible to oxidation upon which they become protonated (Cys-SH) (Schieber
and Chandel, 2014). Thus, hydrogen peroxide oxidizes the thiolate anion to the sulfenic form (Cys-
SOH), causing allosteric changes in proteins that can modify their function irreversibly (Schieber
and Chandel, 2014). This pathway can interfere in intercellular protein cascades, which can induce
DNA damage by multiple mechanisms, such as mitotic stress. Thus, more studies are required to
better understand the mutagenic mechanisms associated with sibutramine. Futures studies could
verify if mutagenic potential is associated with M1 and M2 metabolites or ROS production as a
consequence of metabolic stimulation.

Simultaneous delivery of S. maxima with sibutramine did not show a significant reduction
in genotoxicity. Although the cyanobacterium is described as an antioxidant and anti-mutagenic
due the presence of alfa-tocopherol and beta-carotene (Araldi et al., 2014), it was not able to
significantly reduce the frequency of micronuclei. Genotoxicity conferred by sibutramine can lead to
serious risks for overweight and obese patients. Studies showed that increased weight contributes
to chronic inflammation, which is associated with nuclear damage (Scarpato et al., 2011). Chronic
inflammation due to obesity coupled with anti-obesity treatment with sibutramine can substantially
increase the oncogenic risk for these patients.

In summary, sibutramine is a mutagenic drug and its use should be avoided, as it can
cause carcinogenic mutations (Fenech, 2000). The genotoxicity of sibutramine is time-use
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dependent, as genotoxicity increases with chronic use of the drug. Simultaneous delivery of S.
maxima with sibutramine did not reduce the mutagenic potential of the anti-obesity drug. Therefore,
it is necessary to develop novel anti-obesity drugs without the potential for DNA damage.
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