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Abstract

The present research was made to determine the micronuclei and cytotoxic capacity of the antidepressant venlafaxine
in an in vivo acute and subchronic assays in mouse. In the first study, we administered once 5, 50, and 250 mg/kg
of the drug, and included a negative and a daunorubicin treated group. Observations were daily made during four
days. The subchronic assay lasted 5 weeks with daily administration of venlafaxine (1, 5, and 10 mg/kg) plus a
negative and an imipramine administered groups. Observations were made each week. In the first assay results
showed no micronucleated polychromatic erythrocytes (MNPE) increase, except with the high dose at 72 h. The
strongest cytotoxic effect was found with 250 mg/kg at 72 h (a 51% cytotoxic effect in comparison with the mean
control level). In the subchronic assay no MNPE increase was found; however, with the highest dose a significant
increase of micronucleated normochromatic erythrocytes was observed in the last three weeks (a mean of 51%
respect to the mean control value). A cytotoxic effect with the two high doses in the last two weeks was observed
(a polychromatic erythrocyte mean decrease of 52% respect to the mean control value). Results suggest caution
with venlafaxine.
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Resumo

A presente pesquisa foi feita para determinar a capacidade micronuclei e citotéxica do antidepressivo venlafaxina
em ensaios agudos e subcronicos in vivo em camundongos. No primeiro estudo, administramos uma vez
5, 50 e 250 mg/kg do medicamento e incluimos um grupo negativo e um grupo tratado com daunorubicina.
As observagdes foram feitas diariamente durante quatro dias. O ensaio subcronico durou cinco semanas com
administracdo didria de venlafaxina (1, 5, e 10 mg/kg) mais um grupo negativo e um grupo administrado de
imipramina. As observagdes foram feitas a cada semana. No primeiro ensaio, os resultados ndo mostraram aumento
de eritrécitos policromaticos micronucleados (MNPE), exceto com a dose elevada a 72 h. O efeito citotéxico mais
forte foi encontrado com 250 mg/kg a 72 h (um efeito citotéxico de 51% em comparagdo com o nivel médio de
controle). No ensaio subcronico ndo foi encontrado aumento de MNPE; entretanto, com a dose mais alta, um
aumento significativo de eritrécitos normocromaticos micronucleados foi observado nas tltimas trés semanas
(média de 51% em relagdo ao valor médio de controle). Foi observado um efeito citotéxico com as duas altas doses
nas Gltimas duas semanas (uma diminui¢cdo média de 52% em relacdo ao valor médio de controle dos eritrécitos
policromaticos). Os resultados sugerem cautela com a venlafaxina.

Palavras-chave: antidepressivo, micronuclei, citotoxicidade, ensaio in vivo.

1. Introduction

Depression is a serious health and social problem
worldwide as shown by its high prevalence, early
age of onset, and high persistence in most countries,
moreover, it is one of the most common causes of loss of
disability-adjusted life-years (Rehm and Shield, 2019). At
the global level, over 300 million people are estimated to

suffer from depression, equivalent to 4.4% of the world’s
population. In México, the total cases with depressive
disorders are 4 936 614 (4.2% of the population) (WHO,
2017). Therefore, the identification, pharmacological testing
and clinical use of antidepressants are always in progress.
Venlafaxine is a serotonin-norepinephrine reuptake

*e-mail: isela.alvarez@gmail.com
Received: April 19, 2021 - Accepted: September 24, 2021

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
BY distribution, and reproduction in any medium, provided the original work is properly cited.

Brazilian Journal of Biology, 2024, vol. 84, €251289 | https://doi.org/10.1590/1519-6984.251289 1/8


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-4256-1749
https://orcid.org/0000-0001-7294-7891
https://orcid.org/0000-0001-7790-8736
https://orcid.org/0000-0002-5980-0980
https://orcid.org/0000-0001-7254-6350
https://orcid.org/0000-0003-4011-9121

Madrigal-Bujaidar, E. et al.

inhibitor categorized by IUPAC as 1-[2-dimethylamine-1-
(4-methoxyphenil) ethyl] ciclohexan-1-ol. It is a racemic
mixture of S and R enantiomers, where the first enantiomer
has been shown to have the greater serotonin reuptake
inhibition property, whereas the (R) enantiomer inhibits
the reuptake of both monoamines (Godoy et al., 2016).
The drug has become one of the most frequently
prescribed medication to treat major depression, with
results that have shown to effectively reduce the symptoms
of the disease. However, the medicament is also used
to treat other health problems such as different forms
of anxiety, post-traumatic stress disorder, panic and
obsessive-compulsive disorders, as well as attention
deficit hyperactivity disorder (Singh and Saadabadi,
2020). According to various authors, venlafaxine should
be recommended for use in primary care as a second-line
option following the treatment with selective serotonin
reuptake inhibitors (Thase et al., 2017; Schueler et al.,
2011). Similar to other antidepressants, venlafaxine has
manifested a number of moderate collateral symptoms such
as fatigue, nausea, somnolence, or mild gastrointestinal
problems; however, eventually, the drug can lead to more
serious problems, which include severe lactic acidosis,
interstitial pneumonitis, neuropathy, different forms of
adult and prenatal cardiomyopathy, as well as liver and
kidney affections (Paulis et al, 2018; Ko et al., 2018).
With respect to the drug’s genotoxic potential a
summary of results was published by the U.S. Food and Drug
Administration (FDA, 2006). The report indicated that the
antidepressant was not mutagenic in various tests: Ames
reverse mutation assay in Salmonella, Chinese hamster
ovary/HGPRT mammalian cell forward gene mutation
assay, in vitro BALB/c-3T3 mouse cell transformation assay,
and in the evaluation of sister chromatid exchanges in
cultured Chinese hamster ovary cells, as well as in the in
vivo chromosomal aberration assay in rat bone marrow.
Nevertheless, an increase in DNA damage has been recently
found with the comet assay in the brain and liver of mice
at 2,6 and 12 h post-administration with 50 and 250 mg/
kg (Gomez-Gonzélez, 2017). Other reports have also found
abnormal effects by the drug, for example, alterations in the
rat prenatal development during pregnancy (Da Silva et al.,
1999), or birth defects related with periconceptional use of
the antidepressant (Polen et al., 2013). Moreover, ecological
damage related with venlafaxine aquatic contamination
has also been reported, as shown by alterations in the
immune system of the blue mussel (Lacaze et al., 2015),
boost of locomotion as a prelude to foot detachment in
the oyster drill (Urosalpinx cinerea) and the star snail
(Lithopoma americanum) (Fong et al., 2015), decrease in
the brain serotonin level and in predation behavior in
the striped bass (Bisesi et al., 2014), and disruption of
brain monoamine levels and neuroendocrine responses
in rainbow trout (Melnyk-Lamont et al., 2014). Also, in a
transgenerational study in Daphnia magna (Minguez et al.,
2015), authors found that venlafaxine exposure decreased
the offspring number of FO daphnids and caused drug
tolerance in the F1 generation. Moreover, in another
report (Singh et al., 2015), rat neocortices exposed to
venlafaxine were found to significantly increase the level
of reactive oxygen species. In this context, the report by
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Ayabakti and Kokaman (2020) is of relevance because the
authors demonstrated that venlafaxine is an inducer of
chromosome aberrations and micronuclei in cultivated
human lymphocytes.

In light of the preceding information, which also
includes the absence of in vivo micronuclei examination for
venlafaxine exposure, we considered pertinent to carry out
two experiments to determine whether the antidepressant
was able to induce such chromosomal damage in mouse,
as well as to define its cytotoxic potential also in mouse.
The first assay was of acute type and lasted four days, while
the second assay had a duration of five weeks.

2. Materials and Methods

2.1. Chemical and animals

Venlafaxine (Effexor XR® Pfizer Inc., Mexico City)
was obtained as the usually prescribed pharmaceutical
medication. Daunorubicin and imipramine were purchased
from Sigma Chemicals (St Louis MO, USA). The Giemsa stain
was obtained from Merck (Mexico City), and methanol,
potassium phosphate, and sodium phosphate, the salts
to prepare buffers, were obtained from ].T. Baker S.A.
(Mexico City).

For the two assays of the present report we used CD1
male mice obtained from the bioterium of the Autonomous
University of the state of Hidalgo, México. The animals
were conditioned for a week in the Animal House of the
Genetics Laboratory before starting the assays. They were
kept in polypropylene cages at 23 + 1 °C, 50-60% relative
humidity, and on a 12/12 h dark-light cycle (lights on at
7 AM). Mice were freely fed with rodent food (Rodent
laboratory Chow 5001, Purina, St. Louis MO, U.S.A.), and
purified water. The experimental assays were approved
by the Ethics Committee of the Autonomous University
of Hidalgo state, Mexico, and follow the international
recommendations of ARRIVE guidelines, published in
Arrive (2020).

2.2. Acute genotoxic assay

The present experimental design was based on previous
reports on the matter (Madrigal-Bujaidar et al., 2015,
2020; Cristobal-Luna et al., 2018). Thirty mice with a mean
weight of 28 g were used for the experiment. Animals were
distributed in five groups with 6 individuals each. One group
corresponded to control animals and were intragastrically
(ig) administered with 10 mL/kg of purified water; another
three groups were designed to test the ability of venlafaxine
to induce micronuclei and were ig administered with the
drugin doses of 5, 50, and 250 mg/kg; finally, we included
a positive control group intraperitoneally (ip) treated with
2.5 mg/kg of daunorubicin. In the study, the low tested
dose of venlafaxine corresponded to the recommended
high therapeutic dose in humans (375 mg/day); moreover,
daunorubicin was selected as positive agent because it is a
well-known antineoplastic agent that causes DNA damage
invarious genotoxic tests, including the micronucleus assay
(Madrigal-Bujaidar et al., 2015; Cristobal-Luna et al., 2018).
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Before the administration of the mentioned substances,
a peripheral blood sample from the tail of each mouse was
taken and extended on two clean slides, then, cells were
fixed in absolute methanol for 5 min, washed in running
water, dried, and stained with 5% Giemsa solution made
in PBS (pH of 6.8) for 12 min. All animals were then placed
in their corresponding cages for the next four days. During
such period, with a procedure similar to the one described
earlier, the peripheral blood examination was carried out
at 24, 48, 72, and 96 h post-treatment.

Microscopic observation to determine the genotoxic
potential of venlafaxine included the quantification of
micronucleated polychromatic erythrocytes (MNPE)
in 3.000 polychromatic erythrocytes (PE) per mouse.
Besides, to examine the bone marrow cytotoxic potential
of venlafaxine we determined the proportion of PE with
respect to the number of normochromic erythrocytes
(NE) in 3.000 erythrocytes per mouse.With our staining
procedure it was easy to clearly differentiate between PE
and NE. The first mentioned cell shows a blue color, mainly
due to its RNA content, and is somewhat larger than NE.
This last cell is stained in pinkish and is the most abundant
in the frotis (Gollapudi and Kamra, 1979).

Statistical significance of the obtained results was
carried out by means of an Kruskal-Wallis test followed
by a post hoc Tukey test using the Sigma Plot software,
version 12.1

2.3. Subchronic genotoxic assay

The study was based in previous reports (Madrigal-
Bujaidar et al., 2008, 2015) and was developed in the same
experimental conditions as previously described for the
acute assay. However, in the present experiment all groups
were administered daily with the used chemicals by the ig
route for five weeks. Experimental groups were organized
as follows: a control group which was administered with
10 mL/kg of purified water, three groups administered
venlafaxine in the doses of 1, 5, and 10 mg/kg, and a positive
control group treated with 10 mg/kg of imipramine. In the
study, the low dose of the antidepressant corresponded
to the low therapeutic dose used in humans (75 mg/
day), and the use of imipramine was decided because of
results observed in a preliminary assay with the indicated
dose, and on account of previous positive effect obtained
with such drug regarding the induction of micronuclei
(Madrigal-Bujaidar et al., 2008).

Blood smears from the tail of each animal were obtained
before the administration of chemicals, as well as at the
end of each week during the whole experiment. Cells were
treated with a procedure similar to the one described for
the acute assay in respect to fixation, washing, and staining.

In the present assay, the weight of the animals was
registered every third day along the established schedule.
Besides, microscopic observations per mouse were as
follows: 1- to determine the genotoxic potential of the
drug in young cells, we registered the number of MNPE
in 3.000 PE, 2- to examine the genotoxic potential in
mature cells we registered the incidence of micronuclei in
normochromic erythrocytes (MNNE) in 3.000 erythrocytes,
and 3- to evaluate the effect of venlafaxine in bone
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marrow proliferation we determined the proportion of
PE with respect to normochromic erythrocytes (NE) in
3.000 erythrocytes.

The obtained data were expressed in percent. Statistical
evaluation of the results was determined by means of a
Kruskal-Wallis test followed by a post hoc Tukey test using
a Sigma Plot software, version 12.1.

3. Results

Figure 1 shows the percent of MNPE determined in
the acute and the subchronic assays. In the first case
(Figure 1A), it was observed that the untreated, control
animals, showed a micronuclei mean number of 0.12%
along the studied schedule, a contrasting result with
respect to the effect induced by daunorubicin, which
gave rise to an elevated number of MNPE, mainly at 48
and 72 h. The highest increase with this agent was found
at 48 h post-administration with a mean value of 1.78%.
In relation to the micronuclei induction by the evaluated
antidepressant no effect was detected from 24 to 48 h,
and we found that only the high tested dose gave rise to
certain genotoxic effect at 72 h.

With respect to the subchronic assay (Figure 1B) the
registered MNPE number in the control group showed
between 0.1 and 0.3% lesions along the study; also,
venlafaxine administration clearly maintained a similarly
low level along the five weeks of the assay; while a
significant elevation of micronuclei was produced by
imipramine during the last three weeks of the study.

Figure 2 shows the results obtained in relation to the
induction of MNNE in the subchronic assay. In this case,
the level of micronuclei in the control group was found
between 0.4 and 0.6% lesions along the study; venlafaxine
showed certain micronuclei increase in week 1; however,
a significant elevation of genotoxicity induced by the drug
was observed during the last three weeks of the treatment.
In week 4 and 5 the MNNE increase with the dose of 10
mg/kg of venlafaxine was 51 and 58% with respect to the
control level.

The mouse weight gain in the subchronic assay is
presented in Table 1. We observed a normal weight increase
in the control group along the five-week study (7,35 g);
however, mice treated with imipramine showed almost
no weight elevation, suggesting certain systemic toxicity,
and in the case of animals administered venlafaxine the
weight increase was moderate going from 2 to 5 g.

As regards the cytotoxic effect of venlafaxine, results of
the acute and the subchronic assays are shown in Figure 3.
In the acute study (Figure 3A) one observes a consistently
uniform value of the erythrocyte proportion in the control
group, with a mean percent of 4.1 PE with respect to
the total number of erythrocytes, a result that contrasts
with the significant decrease in the number of PE along
the 96 h of the study in the daunorubicin treated group,
with the highest decrease at 72 h of administration, that
corresponds to 60% reduction in relation to the control
level at that time. These data agree with the reported
cytotoxic capacity of the agent. As to the results obtained
with venlafaxine, interestingly, no effect was observed with
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Figure 1. Effect of venlafaxine (Ven) on the induction of
micronucleated polychromatic erythrocytes in mouse. A = acute
assay, B = subchronic assay. Dau = daunorrubicin, Imi = imipramine.
Each bar represents the MNPE mean percentage obtained in
3000 polychromatic erythrocytes per mouse. Six animals per group.
*Statistical difference with respect to control value. Kruskal-Wallis
followed by post hoc Tukey test, p < 0.05.
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Figure 2. Effect of venlafaxine (Ven) on the induction of MNNE in
mouse. Subchronic assay. Imi=imipramine. Each bar represents the
mean percentage obtained in 3000 cells per mouse. Six animals
per group. *Statistical difference with respect to control value.
Kruskal-Wallis followed by post hoc Tukey test, p< 0.05.
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Figure 3. Cytotoxic evaluation of venlafaxine. Number of
polychromatic erythrocyte respect to the total number of
erythrocytes. A = acute assay. B = subchronic assay. Dau =
daunorrubicin. Imi= imipramine. Each bar represents the mean
percentage obtained in 3000 cells per mouse. Six animals per group.
*Statistical difference with respect to control value. Kruskal-Wallis
followed by post hoc Tukey test, p< 0.05.

the low dose, but a significant inhibition of bone marrow
cell proliferation was noted with the two high doses from
48 to 96 h of exposure, being the strongest cytotoxic effect
induced with 250 mg/kg of the drug at 72 h (a reduction
of 51% respect to the control level).

The set of results shown in Figure 3B corresponds
to the effect of the antidepressant on the bone marrow
proliferation during the five-week assay. In this
determination, a significant decrease of the PE count was
detected with the two high doses (5, and 10 mg/kg) in the
two last weeks of the assay.

4. Discussion

The micronucleus test is one of the most used
genotoxicity tests because of a number of advantages. These
include the fact that micronuclei can be obtained in most
dividing cells, independently of the organism’s karyotype,
besides, other advantage is the relative easiness to their
identification, and therefore, it can provide accurate data;
moreover, that background frequencies of micronucleated
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Table 1. Weight of mice administered with venlafaxine during the 5 week-assay.Each data shows the mean + SDM of six mice per group.

Week Water Imipramine Venlafaxine Venlafaxine Venlafaxine
10 mg/kg 1 mg/kg 5 mg/kg 10 mg/kg

0 24.40+0.56 30.51 £4.70 2750 +2.83 2722225 28.26+3.93

1 26.00 +1.83 29.96 + 5.50 28.64 +5.39 27.96 +2.74 29.40 +3.86

2 28.70+0.28 30.81 +4.00 30.22 +6.46 30.44 £3.20 32.46 +3.77
3 31.10 £ 2.40* 31.00 +4.62 30.10+6.22 29.72+3.29 32.05+29

4 31.75+0.21* 32.30+4.60 31.52+6.09 30.24+3.20 33.20+2.53*

5 31.75+0.21* 30.56 +4.72 29.90 +5.99 3016 £3.15 33.00 +2.94*

*Statistically significant difference with respect to week 0. ANOVA followed by a post hoc Student’s t test, p< 0.05.

cells are usually stable (Hayashi, 2016). Furthermore, the
in vivo test is internationally accepted for regulatory
agencies as an essential method to evaluate compounds
with carcinogenic potential (Sales et al., 2018). The test
can be applied in mouse to determine the genotoxic effect
in young cells (PE), a procedure that reveals the damage
occurred in a recent, short time, but the examination can
also be done to mature cells (NE), where it is possible
to examine cumulative damage exerted by the tested
chemical (Hayashi, 2016; MacGregor et al., 1980). Due to
these characteristics, it seemed advisable to determine
the effect of venlafaxine with such two designs in order
to ratify, rectify or add new information to the previously
published genotoxic data on the antidepressant.

Our results in the four-day study examining MNPE
revealed almost no micronuclei induction capacity by the
antidepressant with the three tested doses, suggesting
that the compound can be used safely according to this
parameter. We solely observed MNPE increase at 72 h of
venlafaxine exposure. Moreover, such result was congruent
with the absence of damage measuring MNPE in the
subchronic assay. However, a significant MNNE increase
induced with the high tested dose of venlafaxine (250 mg/
kg) was observed in the last three weeks of the subchronic
study, indicating a cumulative effect. In weeks 4 and 5,
the increase over the respective control value was 51 and
68%. This improved effect can be reached when animals
are treated continuously for about 4 weeks (FDA, 2000).
These differential data in the two applied tests confirm
the importance of evaluating micronuclei (or other
genotoxic endpoints) in short and longer times, as well as
by using various doses. Even so, in spite of the mentioned
positive effect, our present results cannot suggest a
significant genotoxic hazard for patients under appropriate
venlafaxine treatment, given that the observed effect was
found with a higher dose than the one therapeutically
prescribed. Moreover, our present result agrees with the
obtained in the brain and liver of mouse using the comet
assay, which showed DNA damage only with high doses
(Gémez-Gonzalez, 2017). Nevertheless, our results may
be a warning to keep the prescribed doses in the present
range, as well as to further evaluate the administration of
the drug in longer assays. Moreover, in a previous study
made in cultivated human lymphocytes the authors
found a stronger chromosome and micronuclei damage
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by venlafaxine than the observed in the acute assay of the
present report. As the authors did not use the S9 fraction it
can be concluded that the detected effect was exclusively
due to the original venlafaxine molecule, without the
influence of any metabolite (Ayabakti and Kokaman,
2020). In contrast, in our 96 h assay, the almost absence
of damage may be related with the rapid half-life time of
the drug (about 5 h) that permits the biotransformation
and detoxification of the drug, as well as the repair of
its effects along the assay. These differences point to the
importance to carry out different genotoxic methods and
times of observation to reach a final conclusion on the
genotoxic potential of venlafaxine, moreover, considering
our finding in the subchronic assay related with the
accumulation of micronuclei.

Regarding venlafaxine genotoxicity, interestingly,
interaction of the drug with DNA has been previously
established by means of physico-chemical techniques and
molecular simulation studies, research which suggests
that the union occurs by a minor groove binding mode
(Shahabadi et al., 2015). Besides, by means of the DNA
microarray method applied to human lymphocytes of
depressive patients treated with venlafaxine, it was detected
that 31 genes were more highly expressed and 26 genes
were significantly less abundant (Kalman et al., 2005), also
suggesting that the drug exposure may affect the DNA.

In regard to venlafaxine cytotoxicity, our results in
the short-term assay showed a decrease in bone marrow
proliferation with the two high doses, as revealed by the
decreased number of PE from the 48 to 96 h of the study.
In this period the mean PE decrease with respect to the
mean value of the control group was 36%. This result
agrees with the diminished number of PE in the subchronic
assay, particularly in the last two weeks. The decrease
caused by the two high doses in the last week was 54%.
The observed PE decrease in the acute and the subchronic
assays indicates bone marrow cytotoxicity induced by the
drug due to a reduction of the erythropoiesis.

The underlying explanation of the described effect
(as well as to the genotoxic damage) may be congruent
with reports that have determined oxidative potential of
the antidepressant. In this field, a study by Placha et al.
(2016), concluded that venlafaxine was not capable of
scavenging the superoxide anion radical generated in
the KO,/DMSO system, which indicates that it is not an
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efficient electron/proton donor molecule. Besides, Singh
and Sharma (2016) established that rat prenatal exposure
to venlafaxine enhances the generation of reactive oxygen
species, a situation which played a key role in regulating
the release of pro-apoptotic factors from mitochondria,
thereby heightening apoptotic neurodegeneration that
affects proliferation, migration and differentiation of cells.
Also, our geno/cytotoxic results are also in line with the
increase of reactive oxygen species found in rat neocortices
exposed to the drug (Sinh et.al., 2015), moreover, other
antidepressants, such as duloxetine, have produced
oxidative damage to lipids, proteins, and DNA in mouse
liver and brain (Alvarez-Gonzalez et al., 2021). However, the
conclusion reached on this matter is presently controversial
given that venlafaxine has also been reported to have
antioxidant potential. In this last aspect, research has shown
that the drug can be beneficial at the brain and medulla
levels to depression-induced rats due to the reduction of
free radical production (Eren et al., 2007); furthermore,
the medication protected from cell injury exerted by
methylglyoxal through a reduction of reactive oxygen
species and release of the anti-apoptotic Bcl-2 molecule
in cultured human brain cells (Lv et al., 2014). Moreover,
Khanam et al. (2012) found a decrease of thiobarbituric
acid reactive substance and restoration of glutathione
levels in diabetes-induced depressive mice, in addition,
Abdel-Wahab and Salama (2011) reported that in mice
subjected to forced swimming and tail suspension tests,
the antidepressant reduced the levels of lipoperoxidation,
nitric oxide, gluthatione, and 8-hydroxy-2’-deoxyguanosine
in the hypoccampus. The mentioned opposing data clearly
point to the relevance of future research concerning
venlafaxine oxidative or antioxidative properties, which
could probably be connected with specific experimental
conditions, including the used dose and exposure route/
time, as well as with the involvement of different molecular
or cellular targets. Such knowledge is relevant considering
that in vivo bioactivation of compounds may form a carbon,
or nitrogen centered primary radicals with unstable,
unpaired electrons that react rapidly with a wide variety
of cellular macromolecules (Sinha, 2020). Therefore, a
further knowledge on the matter may be useful to better
understand the antidepressant mechanism of action as
well as to design new applications of the drug.

5. Conclusion

In the acute assay, our results showed genotoxicity
and cytotoxicity only with the highest dose (250 mg/kg)
at 72 h. In regard to the subchronic assay, we observed
genotoxic damage with the highest tested dose (10 mg/
kg) in the last three weeks, but only in normochromatic
erythrocytes, suggesting then cumulative damage induced
by the drug; regarding the cytotoxic effect, this was shown
with the two high doses, in the last two weeks. Our data
suggest the importance of maintaining the therapeutic
doses of venlafaxine in the present range, the pertinence
to further evaluate the cytotoxic potential of the drug,
and the need to examine its geno/cytotoxic potential in
long-term treated patients.
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