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Abstract             

Objetivos: avaliar o potencial mutagênico da fluoxetina e da fluoxetina-galactomanana. Métodos: Teste de aberração cromossômica e ensaio de 
mutagenicidade de Salmonella typhimurium /microssoma. Resultados: a fluoxetina (250 µg/mL) pode causar quebras cromossômicas de leucócitos 
tratados e aumentar a frequência de reversão das cepas testadoras de S. typhimurium /microssoma apenas na concentração mais alta (5 mg/mL), enquanto 
a fluoxetina encapsulada em galactomanano não causou essas alterações (leucócitos e cepas de S. typhimurium). Conclusão: a fluoxetina mostrou um efeito 
mutagênico detectável apenas em altas concentrações em modelos eucarióticos e procarióticos. Além disso, o complexo fluoxetina/galactomanan, neste 
primeiro momento, evitou a mutagenicidade atribuída à fluoxetina, ressaltando que o presente processo de encapsulamento pode ser uma alternativa na 
prevenção desses efeitos in vitro.

Palavras-chave: Fluoxetina; Galactomanana; Mutagenicidade; Aberrações cromossômicas; Ensaio de Salmonella typhimurium /microssoma.

Resumo            

Objectives: The purpose of this study was to evaluate the mutagenic potential of fluoxetine and fluoxetine-galactomannan. Methods: Chromosomal aberration 
test and Salmonella typhimurium/microsome mutagenicity assay. Results: The results showed that fluoxetine (250 µg/mL) can cause chromosomal breaks 
of treated leukocytes and increase the frequency of reversion of the tester strains of S. typhimurium / microsome assay only at the highest concentration (5 
mg/mL), while fluoxetine encapsulated in galactomannan did not cause these changes (leukocytes and S. typhimuriums strains). Conclusion: In summary, 
fluoxetine showed a mutagenic effect detectable only at high concentrations in both eukaryotic and prokaryotic models. Furthermore, the fluoxetine/
galactomannan complex, in this first moment, prevented the mutagenicity attributed to fluoxetine, emphasizing that the present encapsulation process can 
be an alternative in preventing these effects in vitro.

Keywords: Fluoxetine; Galactomannan; Mutagenicity; Chromosomal Aberrations; Salmonella typhimurium /Microsome Assay.

INTRODUCTION

Nanoparticles (NPs) generally have different physical-chemical 
and electronic properties, including higher specific surface area 
and surface reactivity. This is mainly due to the small size of 
the microparticles obtained during the production process1. 
The properties of NPs can also be related to another enhanced 
reactivity capacity, and consequently greater ability to penetrate 
tissues and cell membranes2. 
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The use of microparticles today can be a great ally to the quality 
of life, but it can also raise concerns of society, as inevitable 
perceived risks cannot be ignored3. Thus, for NPs to be 
considered safe, they need to be tested to verify their possible 
toxic effects.

For NPs applications to be beneficial, they need to be quickly 
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internalized by cells2,4. However, NPs can also cause changes in 
the thickness of cell membranes, induce the formation of pores 
in the membrane and thus impair their integrity, and generate 
oxidative stress, resulting in nanotoxicity5. Therefore, during 
the processes of evaluation of NPs, it is necessary to observe 
the interaction with biomembranes (for example, with the cell 
membrane) to evaluate the ability to reach the target cells.  
Understanding the underlying mechanism of NPs-biomembrane 
interactions is important to improve the positive effects of NPs 
and thus avoid possible nanotoxicity.

According to 6 and the International Standardization Organization 
(expressed in ISO 10993), the in vitro cytotoxicity assay is the first 
test that should be used to assess the biocompatibility of any 
material for use in biomedical devices. Only after non-toxicity is 
proven can other tests be performed to complete the findings. 
Genotoxicity and mutagenicity assessment is also a useful 
component, where safety can be assessed when using certain 
substances, such as pharmaceuticals, industrial chemicals, 
pesticides, biocides, food additives, and cosmetic ingredients, all 
of which are relevant in the context of international regulations 
aimed at protecting human and animal health7.

Fluoxetine (FLX) is one of the selective serotonin reuptake 
inhibitors and galactomannan (Galact) is a natural polymer with 
several characteristics that can be advantageous for possible 
biopharmaceutical applications, among them its high capacity 
for gelling and the absence of toxic effects8

It is important to evaluate the genotoxicity potential and 
mutagenicity of compounds consumed by humans, particularly 
drugs. The toxicity of fluoxetine to various cell types and 
tissues is clearly described in the literature14–17.18 reported 
that cytotoxicity and genotoxicity are associated with ROS 
production. 

The main goal of the present study was to analyze the mutagenic 
potentials of FLX and FLX-Galact on human leukocytes 
(chromosomal aberration assay) and bacteria (Salmonella 
typhimurium/microsome assay). 

MATERIALS AND METHODS

Chemicals

Fluoxetine (FLX) was purchased from Sigma Chemical (St. 
Louis, MO). Fetal bovine serum, phytohemagglutinin, RPMI 
1640 medium, trypsin-EDTA, glutamine, penicillin, and 
streptomycin were purchased from Gibco® (Invitrogen, USA). 
Cyclophosphamine was supplied by Asta Medica. The S9 fraction, 
prepared from the livers of Sprague–Dawley rats pretreated 
with the polychlorinated biphenyl mixture Aroclor 1254, was 
purchased from Moltox Inc. (Boone, NC, USA). Colchicine, 
L-histidine, biotin, aflatoxin B1,4-nitroquinoline-oxide (4-NQO), 
and methyl methanesulfonate (MMS), were purchased from 
Sigma-Aldrich Co. (St. Louis, MO, USA). All other chemicals and 
reagents used were of analytical grade.

Biomembranes  

Encapsulation of fluoxetin 

The formulation was prepared from a solution (1%) of the 
natural polymer galactomannan and stirred for 24 h at room 
temperature. Then fluoxetine and Tween 80 (0.1% per bioactive 
substance) were added and stirred for 4 h before spray drying 
in a Büchi B-290 spray dryer. The inlet and outlet temperatures 
were 120 and 90 °C, respectively. The feed flow was 10 mL/min 
and the aspirator flow was 35m3/h 8 as described in 23.

The final proportion of polymer: bioactive was 90:10 w/w. 
The operational yield was 37%. The sample was stored with 
protection from humidity and light 8,9.

Isolation of peripheral blood leukocytes (PBLs)

The present study was approved by our university’s research 
ethics committee (Process No. 161/2014). Heparinized blood 
was collected from healthy non-smoking donors who had not 
taken any medication in the 15 days before sampling and who 
had no history of exposure to potentially genotoxic substances. 
PBLs were isolated by the standard method of density-gradient 
centrifugation over Histopaque-1077. Cells were washed 
and resuspended in RPMI 1640 medium supplemented 
with 20% fetal bovine serum, 2 mM glutamine, 100 U/mL 
penicillin, and 100 μg/mL streptomycin, at 37 °C under 5% 
CO2. Phytohemagglutinin (2.5%) was added at the beginning 
of the culture. After 24 hours, cells were treated with the test 
substances. 

Chromosomal aberrations (CAs) test

After the end of treatment (24 hours) with FLX and FLX-Galact 
at concentrations of 100 and 250 µg/mL, determined from tests 
carried out previously with microparticles of galactomannan/
fluoxetine against methicillin-resistant S. aureus23, cells were 
washed with ice-cold PBS and re-cultivated in a complete RPMI 
medium for 48 h. Colchicine (0.0016%) was added 2 hours 
before fixation (72 h). Chromosomes were prepared according 
to standard procedures 10. Hypotonic treatment with KCl (0.75 
M, 37 °C) was applied for 15 min. The cells were fixed with 
methanol and acetic acid (3:1), and the fixative solution was 
changed twice. Air-dried slides were stained with Giemsa (5%, 
pH 6.8) for 7 min and scored for CAs according to11. MMS (4 x 
10-5 M), reference substance that has mutagenic character22, 
and cyclophosphamide (50 µg/mL) were used as positive 
controls. Only well-spread metaphases were examined. One 
hundred and fifty metaphases per culture were analyzed for the 
presence of CAs. The mitotic index was determined for 2,000 
cells and expressed as the number of mitoses per 100 cells (%)12.

S. typhimurium /microsome mutagenicity assay

S. typhimurium TA98, TA97a, TA100, and TA102 were kindly 
provided by B. M. Ames (University of California, Berkeley, 
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CA, USA). Mutagenicity was assayed by the pre-incubation 
procedure. The S9 metabolic activation mixture (S9 mix) was 
prepared according to 13. Briefly, 100 µL of test bacterial 
cultures (1-2 x 10 9 cells/mL) were incubated at 37°C with FLX 
and FLX-Galact, at concentrations of 2500 and 5000 µg/plate, 
dissolved in water in the presence or absence of S9 mix for 20 
min, without shaking. Subsequently, 2 mL of soft agar (0.6% agar, 
0.5% NaCl, 50 M histidine, 50 M biotin, pH 7.4, 42 °C) was added 
to the test tube and the content was poured immediately onto 
a plate of minimal agar (1.5% agar, Vogel-Bonner E medium, 
containing 2% glucose). Aflatoxin B1 (1 µg/plate) was used as 
a positive control for all strains (in the presence of metabolic 
activation with S9 mix), 4-nitroquinoline-oxide (4-NQO, 0.5 µg/
plate) for TA97a, TA98, and TA102, and sodium azide (1 µg/
plate) for TA100 (absence of S9 mix). Plates were incubated in 
the dark at 37 °C for 48 h before counting the revertant colonies.

Statistical analysis 

All experiments were performed independently three times. 
All statistical analyses were carried out using the GraphPad 
program (Intuitive Software for Science, San Diego, CA). For the 
chromosomal aberration test, data are presented as means ± SD 
and were compared by analysis of variance (ANOVA) followed 
by Tukey’s test.

Salmonella/microsome mutagenicity data were analyzed using 
the Salmonel software. A compound was considered positive 

for mutagenicity only when: (a) the number of revertants was 
at least twice the spontaneous yield (MI ≥ 2; MI = mutagenic 
index: number of induced colonies in the sample/number of 
spontaneous colonies in the negative control samples); (b) a 
significant response was obtained in the analysis of variance (p 
≤ 0.05); and (c) a reproducible positive dose response (p ≤ 0.01) 
was present, as evaluated by the Salmonel software.

RESULTS 

Encapsulation of fluoxetin 

Analysis of genetic changes at the chromosomal level induced 
by FLX and FLX-Galact on cultured PBLs

Table 1 shows chromosomal and numerical aberrations in 
cultured PBLs in the presence or absence of the S9 fraction 
of FLX and FLX-Galact. A slight increase in chromosome and 
chromatid ruptures were observed only in cultures treated with 
250 µg/mL FLX in the absence of S9 mix. Moreover, numeric 
chromosomal changes like polyploidy and endoreduplication 
were not observed in any experimental cultures (FLX and FLX-
Galact). Regarding cytotoxicity, FLX only at a concentration of 
250 µg/mL caused a slight reduction (p < 0.05) in the mitotic 
index (cell proliferation), which was indicative of weak toxicity. 
This was not observed in FLX-Galact at both concentrations (100 
and 250 µg/mL) in the presence or absence of the S9 fraction. 

Table 1. Mitotic index, frequency of chromosomal aberrations, and numeric changes in cultured human PBLs after FLX and FLX-
Galat exposure with and without metabolic activation (S9 fraction).

Compounds S9 mix Treatments Mitotic index (%)c Number of aberrationsd Aberant cells (%) e

R P E
Vehiclea - 0.1% 6,39 ± 0,55 0 0 0 0
MMSb - 4 x 10-5 M 2,84 ± 0,20* 29 0 0 9,66 ± 0,81*

Cyclophosphamideb - 50 µg/mL 5,91 ± 0,55 3 0 0 1,33 ± 0,15
FLX - 100 µg/mL 5,73 ± 0,21 1 0 0 0,44 ± 0,11

- 250 µg/mL 5,22 ± 0,15* 5 0 0 2,21 ± 0,27*

FLX-Galat - 100 µg/mL 6,27 ± 0,20 0 0 0 0
- 250 µg/mL 5,95 ± 0,10 3 0 0 1,33 ± 0,15

Vehiclea + 0.1% 6,83 ± 0,27 1 0 0 0,44 ± 0,11
MMSb + 4 x 10-5 M 2,77 ± 0,56* 22 0 0 7,32 ± 0,56*

Cyclophosphamideb + 50 µg/mL 3,96 ± 0,22* 18 0 0 5,99 ± 1,15*,#

FLX + 100 µg/mL 5,78 ± 0,17 0 0 0 0
+ 250 µg/mL 5,62 ± 0,20 3 0 0 1,33 ± 0,15

FLX-Galat + 100 µg/mL 6,41 ± 0,10 1 0 0 0,44 ± 0,11
+ 250 µg/mL 6,17 ± 0,25 0 0 0 0

aDMSO; bPositive controls; cdetermined for 2,000 cells (means ± SD); dnumber of aberrations per 150 metaphases analysed: R, ruptures (chromosome and 
chromatid); P, polyploid cells; E, endoreduplication); epercentage of cells with at least one aberration; *p < 0.05 compared to vehicle group by ANOVA followed by 
Tukey test. Data are presented as means ± SD for three independent experiments in triplicate; #p < 0.05 compared to experiments conducted in the absence of S9 
mix by ANOVA followed by Tukey test. Data are presented as means ± SD for three independent experiments in triplicate.
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Reversion analysis of mutations induced by FLX and FLX-Galact 
assessed by Salmonella/microsome mutagenicity assay 

FLX and FLX-Galact were first tested for TA100 strain toxicity 
at concentrations of 1000-5000 µg/plate in the Salmonella/
microsome assay. The range-finding results indicated no 
cytotoxicity at concentrations up to 5000 µg\mL in FLX. However, 
in the Salmonella/microsome assay, only FLX at 5000 µg\mL 

induced a significant increase (p<0.05) in the rate of reversion in 
all strains tested in the presence or not of exogenous metabolic 
activation (Tables 2 and 3).  No mutagenic effect was observed 
for bacterial cultures treated with FLX-Galact at concentrations 
of 2500 and 5000 µg\mL. Highlighting the absence of mutagenic 
effect in bacterial systems in the presence or not of the 
metabolizing S9 fraction (Tables 2 and 3).

Table 2. Induction of his+ revertants in TA98 and 97a S.typhimurium frameshift strains by FLX and FLX-Galat with and without 
metabolic activation (S9 fraction).
  

S. typhimurium

TA98 TA97a

-S9 +S9 -S9 +S9

Compounds Treatments Rev/platec MId Rev/platec MId Rev/platec MId Rev/platec MId

Vehiclea 0.1% 27,81 ± 8 - 31,15 ± 2 - 245,02 ± 48 - 208,37 ± 20 -

PCb 293,50 ± 75* 10,85 512,68 ± 154* 16,51 836,57 ± 139* 3,46 689,28 ± 118* 3,31

FLX 2500 µg/plate 12,64 ± 3 0,44 21,75 ± 7 0,67 230,28 ± 77 0,93 263,10 ± 51 1,26

5000 µg/ plate 59,47 ± 11* 2,18 85,24 ± 15* 2,74 499,46 ± 111* 2,05 427,55 ± 95* 2,05

FLX-Galat 2500 µg/ plate 17,38 ± 5 0,62 32,91 ± 2 1,03 234,72 ± 37 0,95 266,24 ± 73 1,27

5000 µg/ plate 35,02 ± 5 1,29 49.0
3 ± 9

1,58 252,15 ±5 5 1,02 294,16 ± 88

aWater;
 bPositive control: (-S9) 4-nitroquinoline 1-oxide (0.5 µg/plate); (+S9) aflatoxin B1 (1 µg/plate)
cNumber of revertants/plate presented as means ± SD for three independent experiments in triplicate
dMI: mutagenic index (number of his+ induced colonies in the sample/number of spontaneous his+ colonies in the negative control)
 *p < 0.05 compared to vehicle group.

Table 3. Induction of his+ revertants in TA100 and 102 S.typhimurium frameshift strains by FLX and FLX-Galat with and without 
metabolic activation (S9 fraction).

 
S. typhimurium

TA100 TA102

-S9 +S9 -S9 +S9

Compounds Treatments Rev/platec MId Rev/platec MId Rev/platec MId Rev/platec MId

Vehiclea 0.1% 103,48 ± 17 - 118,34 ± 32 - 347,15 ± 40 - 428,95 ± 25 -

PCb 571,52 ± 72* 5,54 374,50 ± 47* 3,16 2922,81 ± 218* 8,42 1131,90 ± 213* 2,64

FLX 2500 µg/plate 123,43 ± 28 1,19 139,57 ± 55 1,17 354,96 ± 63 1,02 370,26 ± 24 0,86

5000 µg/ plate 384,60 ± 51* 3,72 475,14 ± 12* 4,02 704,48 ± 47* 2,03 952,84 ± 20* 2,22

FLX-Galat 2500 µg/ plate 111,07 ± 20 1,07 124,79 ± 31 1,05 329,61 ± 58 0,94 443,29 ± 41 1,03

5000 µg/ plate 157,39 ± 15 1,52 203,51 ± 18 1,72 387,58 ± 37 1,11 498,35 ± 18 1,16
aWater;
 bPositive control: (-S9) 4-nitroquinoline 1-oxide (0.5 µg/plate); (+S9) aflatoxin B1 (1 µg/plate)
cNumber of revertants/plate presented as means ± SD for three independent experiments in triplicate
dMI: mutagenic index (number of his+ induced colonies in the sample/number of spontaneous his+ colonies in the negative control)
 *p < 0.05 compared to vehicle group.
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DISCUSSION 

There are several techniques available to measure 
mutagenicity, such as the Salmonella mutagenicity assay and 
tests for structural chromosome aberrations, micronuclei, 
and sister chromatid exchanges. Chromosome aberration 
analysis measures the frequency of breakages or exchange of 
chromosomal material including breaks in the chromosome 
or chromatid, rearrangements, translocations, inversions, or 
anaphase bridges. An increase in the frequency of chromosome 
aberrations is indicative of clastogenicity, which increases the 
risk for genetic ill health and cancer19.

Fluoxetine is now the first choice antidepressant used to 
treat children and adolescents as monotherapy for unipolar 
depression18. There are a growing number of people suffering 
from anxiety and depression, therefore increasing the need 
for fluoxetine. So, verifying the absence of effects such as 
cytotoxicity or mutagenicity is of great importance.

Our results showed that fluoxetine caused chromosomal 
structural changes in PBLs only at the highest concentration 
(250 µg/mL), and provoke an increase in the number of colony 
formation in the Salmonella/microsome assay. Furthermore, 
encapsulating fluoxetine in galactomannan did not cause 
these changes, indicating encapsulation with the polymer 
decreases the clastogenic potential of fluoxetine at the highest 
concentration. Galactomannan, since it is a natural polymer, 
has several characteristics that can be advantageous for 
biopharmaceutical applications, one of which is its nontoxicity8. 
The assessment of genotoxic hazards to humans currently 
follows a stepwise approach, beginning with a basic battery of 
in vitro tests followed in some cases by in vivo testing7. Our data 
are preliminary, but galactomannan encapsulation can be an 
alternative to minimize mutagenic effects. 

Cytotoxc effects of high concentrations of fluoxetine (2000 µg/
mL) were found in A. cepa L.14. Root tip cells, probably because 
this type of drug affects carrier cells, resulting in cell death 
or inhibition of cell division.  It was observed that fluoxetine 
promoted sister chromatid exchanges (SCE) and induced dose-
dependent sperm abnormalities15. They also found that the 
highest dose tested increased SCE about two-fold and the level 
of control of sperm abnormalities about four-fold.

It was also shown that fluoxetine at concentrations of 0.2 and 
1.0 mg/mL was not genotoxic by the comet assay in cultured 
Chinese hamster ovary (CHO) cells 21. However, they found 
fluoxetine to be genotoxic at a concentration of 5.0 mg/mL. 
These latter results were similar to our finding that only the 
highest concentration of fluoxetine (5000 µg\mL) showed 
mutagenic potential.

In summary, fluoxetine showed a mutagenic effect detectable 
only at high concentrations in both eukaryotic and prokaryotic 
models. Furthermore, the fluoxetine/galactomannan complex, 
in this first moment, prevented the mutagenicity attributed to 
fluoxetine, emphasizing that the present encapsulation process 
can be an alternative in preventing these effects in vitro.
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