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ABSTRACT. Fluoxetine, commonly known as Prozac, is the first
representative of the so-called new generation of antidepressants
that promise efficacy, with few side effects, against deep depression,
nervous bulimia, and anxiety. As there is a growing number of people
suffering from anxiety and depression; consequently, the use of
fluoxetine is also increasing. Verifying absence of drug effects such as
cytotoxicity or mutagenicity is of great importance. Certain vitamins,
such as vitamin A (retinol, retinoids) and vitamin C (ascorbic acid)
protect and are extremely active against mutagens. We evaluated
the cytotoxic and mutagenic activity of fluoxetine, with and without
concomitant administration of vitamin A or C, in Allium cepa meristem
cells and Wistar rat bone marrow cells. The 4. cepa meristem cells
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showed fluoxetine cytotoxicity; concomitant treatment with vitamin A
or C proved non-protective. Treatment of Wistar rats with fluoxetine
intraperitoneally or via gavage did not affect cell division or cause
clastogenic effects. Vitamin A and C did not affect the cytotoxicity or
mutagenicity of fluoxetine in the rat cells.

Key words: Allium cepa; Antidepressant; Chromosomal alteration;
Ascorbic acid; Retinol; Wistar rats

INTRODUCTION

Depression and anxiety disorders are common public health problems. Fluoxetine,
commonly known as Prozac, is the first representative of the so-called new generation of
antidepressants that promises high efficacy, with fewer side effects, against deep depression,
nervous bulimic and anxiety (Le Pen et al., 1994; Hopkins, 1998). Its chemical name is (7)-N-
methyl-3-phenyl-3- (o,0,a-trifluoro-p-tolyloxy)propylamine hydrochloride, and it has the mo-
lecular formula C _H .F.NO.HCI (Figure 1). It consists of white crystals or a yellowish white

177718
powder and is soluble in water at a concentration of 14 mg/mL (Gracia, 1998).

FaC O——CHCH,CH,NHCH3

Figure 1. Chemical structure of fluoxetine (Source: Gracia, 2005).

Fluoxetine is a selective serotonin-reuptake inhibitor (SSRI); its target is serotonin, a
neurotransmitter that acts as a messenger in cells of the central nervous system. SSRIs increase
the serotonin concentration available in the brain and facilitate the transmission of information
in nerve cells, ultimately relieving depression symptoms (Le Pen et al., 1994; Hopkins, 1998).

The therapeutic dose ranges from 20 (64.7 umol) to 60 mg/day. The most commonly
reported adverse effects are headache, nervousness, insomnia, drowsiness, tremor, nausea,
anorexia and diarrhea. A decreased level of consciousness is the most common effect noted in
overdose patients. Reported neurologic symptoms include tremor, confusion, ataxia, insomnia
and coma. The most common cardiovascular effects include mild tachycardia, bradycardia
and hypertension (Gracia, 1998).

Fluoxetine was introduced as an antidepressant and later rebranded for hormone re-
placement therapy to treat hot flashes in women with a history of breast cancer (Gracia, 2005).
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Krishnan et al. (2008) showed that fluoxetine is cytotoxic to tumor cell lines (human cervical
cancer and breast cancer cells) and tumor-derived primary fibroblasts, inducing loss of viabil-
ity mediated through apoptotic pathways. In another study, Kusakawa et al. (2008) proposed
an association between an increase in major malformations by a mouse embryonic stem cell
and the maternal use of SSRIs, such as fluoxetine, during pregnancy.

Ungvari et al. (1999) suggested that fluoxetine interferes with the Ca*" signaling
mechanisms in vascular smooth muscle. Cabrera-Vera and Battaglia (1998) suggested that
prenatal exposure to fluoxetine produces site-specific and age-dependent alterations in se-
rotonin transporters in the brains of rat progeny. Chronic treatment with fluoxetine causes
functional supersensitivity in 5-HT, receptors that is mediated by c-fos gene expression (Tila-
karatne et al., 1995).

Simultaneous treatment with two chemical compounds may be employed to evaluate
the effects of a mutagenic and a non-mutagenic compound on mammalian cells. Vitamins
are largely used as antimutagenic agents. Vitamins A and C, among others, intercept the free
radicals generated by cellular metabolism or exogenous sources, thus preventing attacks on
lipids, proteins, the double bond of polyunsaturated fatty acids and bases of DNA. Prevent-
ing these attacks prevents injury and loss of cell integrity (Antunes and Bianchi, 1999) and
protects humans against several types of mutations, cancers and diseases (Uenojo et al., 2007;
Mozdarani and Ghoraeian, 2008).

Considering that most studies of fluoxetine have focused on its behavioral, physiologi-
cal, psychological and neural effects, it is important to perform studies on fluoxetine’s ability to
induce DNA damage and cell cycle disruption in the entire body (e.g., bone marrow cells) not
only in cells linked to the nervous system. Moreover, it is important to find ways to reduce these
harmful effects, for example, through the combined use of antimutagenic substances. Thus,
the possible mutagenic and cytotoxic activity of the antidepressant fluoxetine hydrochloride
(Prozac), with and without the concomitant use of vitamin A or C, was evaluated in this work
using two model systems: A//lium cepa L. root meristem cells and Wistar rat bone marrow cells.

MATERIAL AND METHODS
Treatment solutions

Fluoxetine hydrochloride (Lilly, Sdo Paulo, SP, Brazil) (FLU) was dissolved in water
(20 mg pills) at concentrations of 0.02, 0.04, 0.08, 0.20, 0.40, 0.50, 0.80, 1.00, and 2.00 mg/mL.
The concentrations evaluated were chosen based on the recommended daily dose for human use.

Vitamin A (VA) Arovite (Roche, Sdo Paulo, SP, Brazil) was diluted with water at a
concentration of 0.8 mg/mL. Vitamin C (VC) Redoxon (Roche) was diluted with water at a
concentration of 0.3 mg/mL.

Cyclophosphamide dissolved in water at a concentration of 1.5 mg/mL served as a
positive control.

A. cepa L. root tip cells

The experiment was conducted using the Feulgen reaction and Schiff’s reagent for
staining, according to the method originally introduced by Levan in 1949 (Fiskesjo, 1985).
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Onion bulbs were placed in bottles with water at room temperature and aerated in
the dark for rooting. Before each treatment, three roots were collected and fixed (3 parts
methanol: 1part acetic acid) to serve as its own control bulb (Co). Next, the roots of those bulbs
were placed in treatment solutions: 0.5, 1.0 and 2.0 mg/mL FLU, 0.8 mg/mL VA, 0.3 mg/mL
VC, FLU + VA (2.0 + 0.8 mg/mL) and FLU + VC (2.0 + 0.3 mg/mL) for 24 h. After the treat-
ment period, three roots were withdrawn from each onion and fixed (Tr). The remaining roots
were washed, and the bulbs were again placed in water for 24 h to recover from any damage;
the remaining roots were then removed and fixed (Re). The negative control onions remained
in filtered water throughout the sampling time (CO").

The analysis of the slides was performed as blind tests using a light microscope with
a 40X objective. To determine the mitotic index (MI), five bulbs were used for each treatment
and control group: 1000 cells were analyzed per bulb, totalling 5000 cells per control, treat-
ment, and recovery group.

Statistical analysis was performed using the chi-square test (N =5, a. = 0.05).

Wistar rat bone marrow cells

Six Wistar rats, Rattus norvegicus, three males and three females for each group, were
obtained from the Central Vivarium of Universidade Estadual de Maringa (UEM). Experiments
were carried out using 35-day-old rats weighing approximately 100 g (b.w.). During the experi-
mentation period, the animals remained under controlled temperature & 25°C and humidity & 50%
and with a 12 h light/dark photoperiod, according to the standards established by the Ethics Com-
mittee on Experimentation with Laboratory Animals/UEM (process number PRO 520/2003).

Acute treatment (intraperitoneal and gavage)

Rats were treated in vivo with intraperitoneal injection (concentrations: 0.02, 0.04,
0.08, 0.20, 0.40, 0.80 and 2.0 mg/mL) and by gavage (0.5, 1.0 and 2.0 mg/mL), for 24 h, with
1 mL water or treatment solution/100 g b.w.

Subchronic treatment (gavage)

Wistar rats were submitted to a subchronic treatment for seven days. The control group
received 1 mL water daily by gavage, and the treatment groups received the same quantity of
treatment solutions at concentrations of 0.5, 1.0 and 2.0 mg/mL. The rats were kept in cages with
food and water changed daily at the same time, and on the eighth day, the rats were euthanized.

The chromosomal aberration test was performed in bone marrow cells of Wistar rats,
using the method of Ford and Hamerton (1956) with some modifications. The mitotic cells
were interrupted in metaphase with the intraperitoneal administration of 0.5 mL/100 g b.w.
colchicine (0.16%), 30 min before euthanasia. Analysis of the slides was performed using a
light microscope by examining 100 metaphases per animal, totalling 600 for the control and
treatment groups. The metaphases were checked for alterations including gaps, breaks, frag-
ments and other chromosomal aberrations. The MI for cytotoxicity evaluation was calculated
from 5000 cells per sex, totalling 10,000 cells per group. The MI calculation, as a percentage,
was performed using the number of dividing cells divided by the total number of cells present in
the fields. The statistical calculation was performed using the chi-square test (N = 6, a. = 0.05).
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RESULTS
A. cepa L. root tip cells

Figure 2 shows the mean MI (%) obtained for the negative control group (CO-) and
FLU (0.50, 1.0 and 2.0 mg/mL), VA (0.8 mg/mL), VC (0.3 mg/mL), FLU + VA (2.0 + 0.8
mg/mL), and FLU + VC (2.0 + 0.3 mg/mL) treatment groups. All treatments (24 h) with
FLU, with or without vitamins, and treatments with only vitamin A or C, decreased MI when
compared to the control (0 h). However, the results were only statistically significant when
compared to the corresponding sampling periods of negative control results (MI Tr =10.3) in
the following cases: the highest concentration of fluoxetine (2.0 mg/mL, MI = 3.8, x> =4.10,
o= 0.05), vitamin A (MI = 3.5, y*=4.49, a = 0.05), vitamin C (MI=4.0, 3> =3.85, o = 0.05),
and fluoxetine plus vitamin C (MI = 3.0, %> = 5.17, a. = 0.05). Recovery time (Re) following
treatment with the highest concentration of FLU (2.0 mg/mL, MI = 2.5) was significantly dif-
ferent from the result for its own control (0 h) (MI = 8.4, x> =4.14, a.=0.05) and the respective
time for the negative control (CO- Re) (MI = 8.4, x> =4.14, a.= 0.05) by the chi-square test.

12 1

94

CO-  FLU(05) FLU(LO) FLU0) VA(DS) VC(0.3) FLU+VA FLU+VC
(2.0+40.8) (2.0+0.3)

Groups
BCO-0h BTR-24h ORE-24h

Figure 2. Mean percentage and standard deviation of mitotic index (MI) for the negative control group (CO-)
and for cells treated (mg/mL) with fluoxetine (FLU), vitamin A (VA), vitamin C (VC), FLU + VA, and FLU +
VC. Treatment time: Control (CO) = 0 h, Treated (TR) = 24 h, Recovery (RE) = 24 h. *Statistically significant
result compared with corresponding control. #Statistically significant result compared with corresponding time of
negative control.

Wistar rat bone marrow cells

Figure 3 shows the mean MI and chromosomal alteration (CA) of acute intraperito-
neal negative (CO-1, CO-2) and positive (CO+) control groups and FLU-treated cells (0.02,
0.04, 0.08, 0.20, 0.40, 0.50, 0.80, 1.0 and 2.0 mg/mL.). Statistical analysis showed that MIs and
CAs for all concentrations of fluoxetine were not significantly different from their respective
negative controls.
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Figure 3. Mean percentage and standard deviation of mitotic index and chromosomal alteration of intraperitoneal

acute treatment with negative (CO-1 and CO-2) and positive (CO+) control groups and treatment with different
concentrations of fluoxetine (mg/mL). *Statistically significant result compared with negative control.

Figure 4 shows the mean MI and CA for rats treated by gavage acutely and subchron-
ically with different concentrations of FLU (0.5, 1.0 and 2.0 mg/mL) and for the negative and
positive controls. Statistical analysis showed that MIs or CAs for all concentrations of fluox-
etine were not significantly different from values of the respective negative controls.
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Figure 4. Mean percentage and standard deviation of mitotic index and chromosomal alteration with acute and
subchronic gavage treatments with negative (CO-) and positive (CO+) control groups and treatment with different
concentrations of fluoxetine (mg/mL). *Statistically significant result compared with negative control.
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Figure 5 shows the mean MI and CA of acute intraperitoneal negative and positive
control groups, and FLU (2.0 mg/mL), VA (0.8 mg/mL), VC (0.3 mg/mL), FLU + VA (2.0 +
0.8 mg/mL), and FLU + VC (2.0 + 0.3 mg/mL) treatment groups. Statistical analysis showed
that neither fluoxetine nor vitamins A and C showed significantly different values relative to
the negative or positive control with respect to MI. Regarding CAs, the results obtained for all
treatments were significantly different from those obtained for the positive control group, but
they were not significantly different from the results obtained for the negative control group.
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Figure 5. Mean percentage and standard deviation of mitotic index and chromosomal alteration of intraperitoneal
acute treatment with negative (CO-) and positive (CO+) control groups and treatment (mg/mL) with fluoxetine
(FLU), vitamin A (VA), vitamin C (VC), FLU + VA, and FLU + VC. *Statistically significant result compared with
positive control.

Statistical analysis for all treatments (acute intraperitoneal and acute and subchronic
gavage) showed that all concentrations of fluoxetine produced results that were different from
the positive control with regard to CAs and MlIs.

DISCUSSION

It is important to evaluate the cytotoxic potential and mutagenicity of compounds
consumed by humans, particularly drugs. Fluoxetine, which is a popular antidepressant used
for many years for the treatment of anxiety, depression and bulimia, was not cytotoxic or mu-
tagenic in experiments with Wistar rats treated intraperitoneally for 24 h (acute form) (Figure
3), or via gavage for 24 h (acute form) or 7 days (subchronic form) (Figure 4). These results
corroborate a compendium of reports of genotoxicity and carcinogenicity assays performed on
marketed antidepressants, among them fluoxetine: a negative response in regard to genotoxic-
ity assays (reverse mutation with Salmonella typhimurium, DNA repair synthesis with rat pri-
mary hepatocytes, gene mutation with mouse lymphoma L5178Y cells, and sister chromatid
exchanges with bone marrow cells of Chinese hamster in vivo) and carcinogenicity assays in
rodents (long-term carcinogenesis assays with B6C3F1 mice and Sprague-Dawley rats) and
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humans (breast cancer, ovarian cancer, colorectal cancer, cancer at other sites) (Brambilla et
al., 2009, 2010, 2012).

Lemos et al. (2005) also showed that fluoxetine at concentrations of 0.2 and 1.0 mg/
mL was not genotoxic by the comet assay in Chinese hamster ovary (CHO) cultured cells.
However, they found fluoxetine was genotoxic at a concentration of 5.0 mg/mL. These results
were confirmed in the present study, as all concentrations tested, from the lowest (0.02 mg/
mL) to the highest (2.0 mg/mL), showed no mutagenic or cytotoxic potential in Wistar rats.

In contrast, Breton et al. (1999) showed the potential mutagenicity of 1.25, 2.5 and 5.0
pug/mL fluoxetine in Chinese hamster V79 lung cells by the introduction of chromosomal breaks.

With respect to cytotoxic activity, the negative results in Wistar rats substantiate the
work of Byrd and Markham (1994), which showed that orally administered fluoxetine at doses
of 0.2 to 1.5 mg/100 g b.w. per day failed to show any toxicity with regard to cell growth in
rat and rabbit embryos.

The lack of cytotoxicity of 2.0 mg fluoxetine was confirmed by Vorhees et al. (1992,
1994), who also observed no cytotoxicity as demonstrated by functional deficiencies and behav-
ioral abnormalities in pregnant rats treated with higher doses of this drug (1.2 mg/100 g/day).
Similarly, fluoxetine in a dose range of 2 to 40 uM was nontoxic to different cancer cell lines
(human colon and breast carcinoma, murine leukemia, and highly aggressive mouse melanoma
and Lewis lung carcinoma).

However, in another study, also using treatment by gavage and doses of 0.8 and 1.6
mg/100 g of fluoxetine administered during the third week of pregnancy, confirmed toxicity
with deleterious effects on prenatal growth. In contrast, in the present work, the administration of
fluoxetine by gavage for 7 days did not show any cytotoxic effects on bone marrow cells of rats.

Nevertheless, various mammalian cell culture studies using different concentrations
of fluoxetine have shown cytotoxic activity. For example, cytotoxic results were obtained us-
ing the tetrazolium salt reduction (MTT) assay to determine the inhibition of mitochondrial
succinate dehydrogenase and the inhibition of neutral red uptake into lysosomes based on cell
membrane damage in fish cell lines (Fent and Hunn, 1996; Caminada et al., 2006). Laville et
al. (2004) found similar results determining the cytotoxicity of fluoxetine in PLHC-1 cells
(5 M FLU) and primary cultures of rainbow trout hepatocytes (66 pM FLU). Smith et al.
(2012), also using rainbow trout liver microsomes treated with fluoxetine (100 pM), showed
that the drug was an in vitro inhibitor of mammalian cytochrome P450 enzymes.

Moreover, Thibaut and Porte (2008) also showed that fluoxetine exerted cytotoxic ef-
fects by decreasing the cell viability of a fish hepatoma cell line (PLHC-1) to 52% after 24-h
exposure to 20 uM drug. Similarly, fluoxetine has been reported to inhibit ethoxyresorufin
o-dealkylase activity in fish hepatocytes and liver microsomes (Laville et al., 2004). Lister et
al. (2009) also demonstrated that 32 pg/L fluoxetine reduced gene expression of ovarian aro-
matase, follicle stimulating hormone receptor (FSHr) and luteinizing hormone receptor (LHr),
levels of 17B-estradiol, and the average number of eggs spawned by mature female zebrafish.
Souza et al. (1994) showed that fluoxetine influenced the energy metabolism of rat liver mi-
tochondria and was potentially toxic at high doses. Kusakawa et al. (2008) showed the high
toxicity of fluoxetine in mouse embryonic stem cells and NIH-3T3 fibroblasts by the MTT
assay. In both cell lines, fluoxetine affected cell viability and differentiation from undifferenti-
ated mouse embryonic stem cells to cardiomyocytes in a dose-dependent manner.

These results suggest that treatment of animals in vivo, similar to the method used in
this work and at doses similar to those used in humans, allows further metabolism of the com-
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pounds followed by the removal, elimination or reduction of harmful cytotoxic metabolites of
the drug fluoxetine. These processes typically do not occur in cell culture, especially if the ex-
periments do not involve liver cells or the addition of metabolizing enzymes. Furthermore, in
experiments conducted in cell culture, the compound comes into direct contact with the target
cells tested, which may experience greater effects from the compound by having direct contact
with the total concentration used. The data from the present study are important because they
confirm the safe use of fluoxetine by humans.

In this sense, considering that A. cepa root cells remained in direct contact with the
fluoxetine test solution, meristematic cells experienced the most direct action of this com-
pound. Tests with 4. cepa meristem cells showed a decrease in the rate of cell division in all
treatments, but the difference was statistically significant only with the highest concentration
of fluoxetine in relation to the negative control. This inhibition decreased significantly after
the recovery time in water, showing significant results in relation to its own 0 hour control
(Figure 2).

Moreover, the appearance of cytotoxic effects only at the highest dose of fluoxetine
(2.0 mg/mL) in A. cepa might have been due to the exceedingly high concentrations tested.
The concentrations chosen were calculated for body weight of Wistar rats (100 g) by extrapo-
lating from the prescribed average human dosage of fluoxetine (20 mg/day) multiplied by 20,
40 and 80 times. Although these concentrations were not cytotoxic or mutagenic to rats, they
might have been too high for onions, resulting in potential harm.

According to Rossetti et al. (2006), the cytotoxic effects of fluoxetine, as shown in
several studies and in this work in the treatment of 4. cepa with 2.0 mg/mL fluoxetine, may be
because this type of drug affects the carrier’s cells, thus resulting in cell death or the inhibition
of cell division.

Moreover, vitamins A and C caused a significant decrease in cell division in relation
to the negative control (Figure 2) and demonstrated cytotoxic activity in onion cells. When
vitamins A and C were provided simultaneously with a concentration of 2.0 mg/mL fluoxetine,
which alone had cytotoxic potential, only fluoxetine plus vitamin C yielded a significantly
different MI that was lower than that of the negative control after 24 h of treatment. Although
both vitamin A and vitamin C are antioxidants, these vitamins display both pro-oxidant and
pro-carcinogenic activities. At high concentrations, beta-carotene (pro-vitamin A) may have
antagonistic activity, inducing oxidative stress by increasing free radicals and causing harmful
changes in cells (Palozza, 2005; Gomes, 2007). Bhat et al. (2006) used human peripheral lym-
phocytes and the comet assay to show that ascorbic acid (100-200 mM) can cause oxidative
damage to DNA in normal cells.

The results (Figure 5) showed that vitamins A (0.8 mg/mL) and C (0.3 mg/mL) were
neither cytotoxic nor mutagenic in the acute treatment with intraperitoneal administration.
These results corroborate the work of Lemos et al. (2005) who showed no genotoxic effects
of vitamin A (3.0 mg/mL) or vitamin C (880.5 mg/mL) by the comet assay in CHO cells. The
results presented here for fluoxetine treatment via gavage are in line with an earlier reported
study showing that vitamin C, administered orally at doses of 100, 200, 400 and 800 mg/kg
b.w., did not increase the frequency of chromosome aberrations in bone marrow cells of rats
(Ghaskadbi and Vaidya, 1989). The negative results for the MI were similar to those obtained
by Nefic (2001), who observed that vitamin C (10 and 100 pg/mL) did not alter the MI of
human peripheral lymphocytes treated in vitro. Kumari and Sinha (1994) showed that treat-
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ment of albino Swiss mice with vitamin A at 132 [U/kg b.w. per day, administered orally, had
no genotoxicity according to the examination of mitotically dividing bone marrow cells and
sperm-head morphology.

Vitamins A and C are active protective factors against known in vivo and in vitro
mutagenic compounds. However, we could not demonstrate the protective effect of these vi-
tamins using rat cells (Figure 5), mainly because fluoxetine was not cytotoxic or mutagenic as
shown by the chromosome aberration test with rat bone marrow cells. However, in the pres-
ence of the mutagenic fluoxetine, studies using other model systems have demonstrated the
protective effect of these vitamins. For example, Breton et al. (1999) showed that vitamin A
(41 x 10° ug/mL) protected CHO cells from chromosomal breaks induced by 5.0 pg/mL fluox-
etine, and vitamin C (66.6 x 10° pg/mL) protected cells from the toxic effects of 1.25, 2.5 and
5.0 pg/mL fluoxetine. Furthermore, vitamins A (3.0 mg/mL) and C (880.5 mg/mL) decreased
the genotoxicity of fluoxetine (5.0 mg/mL) as shown by the comet assay in CHO cell cultures
(Lemos et al., 2005). Moreover, reduced glutathione and vitamin E decreased the toxicity
of both fluoxetine and paroxetine. According to the authors, reduced glutathione reacts with
electrophilic metabolites and detoxifies them, reacts with H,O, and fatty acid peroxides, and
maintains the optimal redox state of the cell, thereby preventing oxidative stress-induced cell
death. Vitamin E protects cell membranes against lipid peroxidation and provides cytoprotec-
tion against the mitochondria-derived oxidative stress induced by alkylating agents (Meister,
1991; Bains and Shaw, 1997; Tirmenstein et al., 2000; Zhang et al., 2001).

The findings of this study indicate that fluoxetine with or without concomitant vitamin
A or C treatment was only cytotoxic to 4. cepa cells. Wistar rats treated intraperitoneally or by
gavage demonstrated no cytotoxic or mutagenic potential of the drug. Thus, the results suggest
that the use of fluoxetine in humans is safe, since the mammalian model is more representative
of human consumption than is the plant model.

This work is important because it shows that fluoxetine does not cause DNA damage
of cells of metabolic organisms and that fluoxetine, although previously reported to be toxic,
is not toxic to rats. Additionally, these data were obtained by the evaluation of cytotoxicity
and chromosome aberrations in bone marrow cells of Wistar rats; both the cell type and the
method differ from those previously used. There are a growing number of people suffering
from anxiety and depression, therefore increasing the need for fluoxetine. Thus, verifying the
absence of effects such as cytotoxicity or mutagenicity is of great importance.
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