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ABSTRACT: Lithium is the paradigmatic treatment for
bipolar disorder and has been widely used as a mood stabilizer
due to its ability to reduce manic and depressive episodes,
efficiency in long-term mood stabilization, and effectiveness in
reducing suicide risks. Despite many decades of clinical use,
the molecular targets of lithium are not completely under-
stood. However, they are credited at least partially to glycogen
synthase kinase 3 (GSK3) inhibition, mimicking and exacerbating Wnt signaling pathway activation. There has been a great effort
to characterize lithium cellular and system actions, aiming to improve treatment effectiveness and reduce side effects. There is
also a growing concern about lithium’s impact as an environmental contaminant and its effects on development. In this scenario,
zebrafish is a helpful model organism to gather more information on lithium’s effects in different systems and developmental
stages. The rapid external development, initial transparency, capacity to easily absorb substances, and little space required for
maintenance and experimentation, among other advantages, make zebrafish a suitable model. In addition, zebrafish has been
established as an effective model organism in behavioral and neuropharmacological studies, reacting to a wide range of
psychoactive drugs, including lithium. So far only a limited number of studies evaluated the toxicological impact of lithium on
zebrafish development and demonstrated morphological, physiological, and behavioral effects that may be informative regarding
human findings. Further studies dedicated to characterize and evaluate the underlying mechanisms of the toxic effects and the
potential impact of exposure on developing and adult individuals are necessary to establish safe clinical management guidelines
for women with bipolar disorder of childbearing age and safety disposal guidelines for pharmaceutical neuroactive compounds.
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1. INTRODUCTION

Lithium remains, after more than 60 years from its therapeutic
discovery, the paradigmatic treatment for bipolar disorder and
has been widely used as a mood stabilizer due to its ability to
reduce manic and depressive episodes, efficiency in long-term
mood stabilization, and effectiveness in reducing patient suicide
risks.1 Despite the effectiveness of lithium on bipolar disorders,
its underlying mechanisms of action are not completely
characterized but are mostly attributed to inhibition of glycogen
synthase kinase 3 (GSK3) and inositol monophosphatase
(IMPase).2,3 Due to GSK3 inhibition, lithium mimics and
exacerbates Wnt signaling pathway activation, which is critical
for central nervous system development and plasticity.4 There
has been a great effort to characterize lithium cellular and
system actions, aiming to improve treatment effectiveness and
reduce side effects. In order to fully assess the therapeutic and
toxicological effects of lithium, different experimental models
have been proposed.
The teleost zebrafish Danio rerio has already been established

as an effective model organism in several areas, from
developmental biology and genetics to behavior and neuro-
pharmacology. Both larval and adult zebrafish have been used

to investigate brain function, behavior disorders and genetic
and pharmacological manipulation.5,6 Zebrafish presents
significant physiological similarities to humans, in addition to
a central nervous system (CNS) with the main homologous
areas present.6 Furthermore, a direct comparison of protein-
coding genes in humans and zebrafish recently revealed that
approximately 84% of human disease-related genes have at least
one ortholog in zebrafish.7 Zebrafish has sensorial, motor, and
endocrine systems that are well-developed, high sensitivity to
environmental changes and pharmacological manipulation,
evident cognitive abilities, and a sophisticated behavioral
repertoire.6,8,9 Several studies have shown the behavioral effects
of psychotropic compounds, including anxiolytics and anti-
depressives in zebrafish.10−12 Additionally, zebrafish has the
capacity to easily absorb substances and present rapid external
development, allowing easy manipulation, final advantages that
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make this animal organism highly suitable for genetic and
chemical screens.13

2. ZEBRAFISH
2.1. Zebrafish Development. Zebrafish development is

fast, comprising an embryological period restricted to only 3
days after which a well formed larva eclodes and achieves
adulthood within a few months.14,15 Notably, zebrafish is
particularly well-suited for development studies because
embryos develop externally and remain transparent throughout
their initial development stages. These conditions allow embryo
manipulation and morphological analysis during development
in vivo.15 At early larval stages, on 5 days postfertilization (dpf),
zebrafish already displays sophisticated behavioral manifesta-
tions and complete neurotransmitter systems.15

The developmental life stages of zebrafish are classified, in
progressive order, as embryonic (from fertilization until the
hatching), larval (after hatching, yet without adult character-
istics), juvenile (presents adult characteristics but not sexual
maturity) and adult (produces gametes, presents secondary
sexual characteristics and is able to breed).14,15 The zebrafish
embryogenesis is well described and defined in seven stages:
zygote, cleavage, blastula, gastrula, segmentation, pharyngula,
hatching, and early larva (Figure 1). These stages occur within

the first 72 h postfertilization (hpf).14,15 At the end of
embryogenesis, the animal is a larva with almost complete
morphogenesis, moving eyes and fins, inflated swim bladder,
and well-formed jaw.14 The larval stage is marked by food
seeking, avoidance behavior, swimming activity, and absence of
social behavior.14,15 The zebrafish larval stage lasts up to 1
month until the animal becomes a juvenile.14,15 The process of
larval metamorphosis is characterized by the loss of fin fold,
nervous system further development and acquisition of scales.15

The juvenile stage is evidenced by the start of zebrafish shoaling
behavior.16 Finally, zebrafish is termed “adult” when it becomes
sexually mature, which occurs at 3−4 months. Adult zebrafish
present shoaling behavior, exploratory activity and a sophisti-
cated behavioral repertory.6,17,18

2.2. Zebrafish Behavior. Both larval and adult zebrafish
have been regularly used as models in studies of depression,
bipolar and autism disorder, among others CNS condi-

tions.6,19,20 These studies are based on the well characterized
behavior of zebrafish, which is marked by group member
interdependence and social interaction, thigmotaxis, scototaxis
and exploratory activity.6,16,20,21 Accordingly, the use of
zebrafish for studying behavioral disorders and drugs effects
has received a growing experimental support. Different behavior
test protocols were established and adjusted to zebrafish,
including social interaction, novel environment/tank and
inhibitory avoidance task, among others.9,22−24

Zebrafish is a social species, living in shoals with ordered
social relationships, including dominance hierarchies and
territoriality.25,26 Shoaling behavior reduces predation and
enhances foraging efficiency, and, accordingly, this species
shows increased cohesion in the presence of a predator and
decreased cohesion during feeding.27 Shoaling is an innate
behavior that appears early in development, and shoal cohesion
significantly increases from the first days of free swimming stage
to adulthood.25,26,28 Gerlai et al. showed animals’ preferences
for a group of conspecifics regardless of being in isolation or in
groups of up to five individuals.23 In a zebrafish model of
schizophrenia, the NMDA receptor antagonist MK-801
significantly decreased the time of social interaction while the
atypical antipsychotic drugs sulpiride and olanzapine reversed
the MK-801- induced social interaction deficits.29

Zebrafish demonstrates robust response to novelty, which is
marked by constant swimming activity and exploratory
behavior. When placed in a novel environment, this teleost
shows initial increased exploratory activity, which significantly
decreases throughout time while animals habituate.20 This
process is sensitive to environment manipulation, drugs effects
and pathological conditions. Piato et al. (2011) showed that
unpredictable chronic stress reduces the exploratory activity,
which may reflect a resilience loss and depressive-like behavior
induced by chronic stress.30 Treatment with anxiolytic drugs
such as benzodiazepines restores the increased exploratory
activity.9

This teleost presents evident defensive/antipredatory behav-
iors, having response patterns of scototaxis, thigmotaxis and
diving well characterized.21,31 Thigmotaxis, also known as “wall-
following”, is the tendency to stay close to the borders in a
novel environment aiming to facilitate the search of shelter and
escape routes.32 The thigmotaxis tests have been used to
investigate mechanisms of fear and anxiety and also to screen
psychotropic drugs.31 In addition to thigmotaxis, zebrafish
demonstrates a marked scototaxis behavior, which is the
preference for dark environments.21 As thigmotaxis, scototaxis
can be used to assess anxiety and fear in zebrafish.21 The
increased time spent in a dark environment may reflect
anxiety.21 Piato et al. showed that stressed animals spend more
time in a dark chamber comparing with nonstressed controls.30

Like thigmotaxis and scototaxis, bottom diving response is a
defensive/antipredatory behavior that is evident in a new
environment. During novelty habituation, zebrafish tends to
initially dive to the bottom and gradually swim to upper areas
of the tank (reviewed by Blaser and Rosemberg).33 This
behavior pattern can be modified in behavioral disorders and is
sensitive to pharmacological manipulation. Anxiolytic and
antidepressive drugs significantly reduce the time spent in the
bottom of a novel tank,34 and animals treated with fluoxetine
and tranylcypromine remain longer periods at the top of the
tank and show decreased locomotor activity, characteristic
effects of increased serotonergic signaling.35

Figure 1. Stages of zebrafish early development. From single-cell
fertilized zygote to a hatched larva takes only 72 hpf.
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Zebrafish has evident cognitive abilities and several studies
have shown that zebrafish present excellent short-term and
long-term memory and respond to different learning tasks.6

Aiming to evaluate rapidly acquired and consistent paradigms
of learning and memory in zebrafish, Blank et al. proposed an
inhibitory avoidance task in which animals learn to refrain from
swimming from a white into a dark chamber in order to avoid
an electric shock in a single-trial training. The resulting memory
is robust, long-lasting and sensitive to NMDA-receptor
antagonist MK-801.22 In an animal model of schizophrenia
induced by the NMDA antagonist MK-801, Seibt et al. showed
that MK-801 treatment induced memory deficits in zebrafish
and that this effect was completely reversed by acute
administration of atypical antipsychotics olanzapine and
sulpiride.29

2.3. Drug Screening in Zebrafish. The rapid develop-
ment, capacity to absorb easily substances, and little space
required for their maintenance and experimentation, among
other advantages, make zebrafish a great animal model for drug
screening.6,36,37 Zebrafish have been widely used to study in
vivo effects of several drugs and identification of their targets.
Different drugs can be added directly to the water and taken up
by both embryo, larvae and adult zebrafish through gills and
skin. Furthermore, the embryos and larvae can be individually
treated and simultaneously analyzed into 96-well plates,
facilitating large scale drug screening (Figure 2).38,39

When zebrafish embryos and larvae are used to study the
developmental toxicity of chemical substances, different
parameters can be analyzed, including: survival/mortality,
morphological malformations, and functional deficits or
potential target organs and systems.40 Studies may also evaluate
the behavioral ability of larvae, commonly based on parameters
associated with swimming such as distance traveled and mean
speed. Recently, more complex behavioral protocols have been
validated for this life stage and include light induced changes,41

thigmotaxis,42,43 and avoidance.44

In order to understand the therapeutic mechanisms and
toxicological effects of drugs of clinical use such as lithium, it is
strategically relevant to use experimental models that allow the
characterization of behavioral and toxicological parameters. In

the last 10 years, zebrafish has been considered a valuable
model for studies evaluating anxiety, stress, depression, and
psychosis-like behaviors.30,45−48

Zebrafish reacts to a wide range of psychoactive drugs, such
as antidepressants and antipsychotics (reviewed by Stewart et
al.).49 Among antidepressant drugs, the selective serotonin
reuptake inhibitor (SSRI) fluoxetine induces decreased
swimming activity in specific stages (6−14 dpf) of developing
zebrafish.50 Egan et al. have demonstrated that chronic
exposure to fluoxetine promotes an anxiolytic behavior
paralleled with reduced whole-body cortisol concentrations
when compared to controls.8 Studies have shown that while
acute fluoxetine alters locomotion in higher doses, chronic
treatment for 2 weeks induces anxiolytic effects with no changes
on locomotor activity.8,51 Accordingly, behavioral alterations
and transcriptome changes have been observed after racemic
and stereoisomeric fluoxetine treatment in zebrafish.52 When
treated with other SSRI drugs such as citalopram, which binds
with high affinity to serotonin transporters in zebrafish brain
(Ki = 9 ± 5 nM) fish spent more time in tank top zone.53

Desipramine, a tricyclic antidepressant, also induced a
anxiolytic effects and high affinity for serotonin transporters
(Ki = 7 ± 5 nM). Amitriptyline, another tricyclic antidepressant
drug, produces marked toxicological effects, reducing the
hatching time and body length of embryos accompanied by
changes in adrenocorticotropic hormone (ACTH) level,
oxidative stress and antioxidant parameters, as well as nitric
oxide (NO) production and total nitric oxide synthase (TNOS)
activity.54

Zebrafish has also demonstrated behavioral responses to
several anxiolytic drugs (reviewed in Stewart et al.).49 For
example, it has been shown that buspirone increased zebrafish
exploration of higher portions of the tank and the time spent in
a bright-lighted compartment.11 Antipsychotics such as
olanzapine and sulpiride also increase the time spent in the
top zone of the tank, which is commonly interpreted as an
anxiolytic effect.47

3. EFFECTS OF LITHIUM IN ZEBRAFISH
Despite the increasing interest about the effects of anti-
depressants and anxiolytics on behavioral responses in
zebrafish, few studies have been performed evaluating the
actions of lithium on this experimental model. Studies have
demonstrated that drugs used for treatment of mood disorders,
such as lithium, are able to modulate circadian rhythm.55

Lithium chloride (LiCl) promoted a 0.7 h lengthening of the
circadian period in a specific zebrafish line, Tg(4xEbox:Luc),
able to detect maturing and developmental activity of the
circadian clock.56 LiCl and LiCl plus forskolin treatments
promoted a significant increase in the pigmentation in zebrafish
embryos, due to synthesis of melanin in neural crest-derived
melanophores.57

Despite the need of further studies characterizing lithium
targets, its effects were investigated in neurotransmitter systems
involved in depression and anxiety. Among them, we may
highlight the purinergic and cholinergic systems. Previous
studies have demonstrated that the exposure to 5 and 10 mg/L
lithium chloride during 7 days reduced ADP hydrolysis
promoted by nucleoside triphosphate diphosphohydrolases
(NTPDases), whereas ecto-5′-nucleotidase and acetylcholines-
terase activities were only decreased at 10 mg/L lithium
chloride.58 These inhibitory effects may be related to an
indirect effect of lithium on NTPDase, 5′-nucleotidase, and

Figure 2. Parameters progressively studied in drug screening assays at
different developmental stages in zebrafish: (A) Embryonic stages
exposure or injection. (B) Larvae treatment in 96-well cell culture
dishes. (C) Adult zebrafish treated in tank water.
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acetylcholinesterase, since lithium did not significantly affect
these enzymes activities in vitro (when added directly to
reaction medium).58 The control of ATP, adenosine, and
acetylcholine levels may represent a new mechanism underlying
the neuroprotective and therapeutic effects of lithium.

4. TOXICOLOGICAL EFFECTS OF LITHIUM
The potential toxicological effects of lithium due to environ-
mental exposure and therapeutic overload have already been
studied (reviewed by Aral and Vecchio-Sadus).59 Aral and
Vecchio-Sadus suggested that lithium is not expected to
bioaccumulate, and that its human and environmental toxicities
are low. Lithium intake neither from food and water nor from
occupational exposure presents a toxicological hazard. How-
ever, additional research is required to determine the amount of
lithium that is beneficial to health and to obtain a better
understanding of the mechanisms by which lithium alters
behavior and its potential side effects.59

McKnight et al. delineated a toxicity profile of lithium
through a systematic review and meta-analysis of randomized
controlled trials and observational studies. The study suggested
that lithium is associated with hypothyroidism, hyperparathyr-
oidism, reduced urinary concentrating ability, and weight gain.
Also, the study showed that there is little evidence for a
clinically significant reduction in renal activity and that the risk
of end-stage renal failure is low. In addition, the risk of
congenital malformations was unclear.60

Despite lithium classification as a low teratogenic agent,61,62

concerns about its potential toxic effects on developing
individuals are accentuated by the lack of studies supporting
definitive management guidelines during pregnancy.63 Bipolar
patient gestations are commonly accompanied by a conflict
between therapy interruption induced-relapse risk and the
potential deleterious effects of continued therapy on develop-
ment. Reports of teratogenic effects of lithium exposure during
early human intrauterine development and breastfeeding are
controversial and include reports of cardiac, renal, and hepatic
abnormalities, infant diabetes insipidus, and hypothyroid-
ism.64−70 Lithium exposure during development has also been
associated with neurobehavioral effects including depressed
neuromuscular function manifested as lethargy, hypotonicity,
slower reflexes, and respiratory difficulties in neonates,71

symptoms collectively described as Floppy Baby Syndrome.
The relative incidences of these effects are not clear and need to
be systematically investigated as much as its underlying
mechanisms.70,72 In addition to observational studies in
humans, a key strategy to obtain lacking information is the
experimental use of animal models. Previous studies with this
objective including rodents and rabbits showed higher
incidences of lithium-induced teratogenesis than those
observed in humans, what was later attributed to excessively
high doses used and species specific sensitivity (discussed by
Cohen and collaborators).61

Reports of the lithium exposure effects during zebrafish
development vary significantly in terms of treatment duration,
period, doses, and conditions, and have revealed this drug
impact on development. Lithium has long been known to affect
one of the most critical and earliest events on vertebrate
embryo development, the formation of the dorsal-ventral body
axis. Acute exposure of zebrafish embryos has a dorsalizing
effect, severely impacting body-plan formation and impeding
normal development. This effect was initially described for
exposure during the cleavage stage,73 and recently also shown

to occur in the initial first minutes after fertilization (mpf).74

Despite the fact that different cellular and molecular effectors
may mediate this phenotype at the different time periods, the
negative impact on development is massive and the evolu-
tionary conservation of basic vertebrate development mecha-
nisms alerts to potential deleterious effects in other species
including humans.
Due to zebrafish advantages to toxicological-screenings

during development, toxic effects of lithium during the
organogenesis period have also been reported and include
several systems and target organs. Selderslaghs and colleagues
used lithium chloride among other substances for the
establishment of a new screening procedure for embryotoxic
and teratogenic effects after a 0−144 hpf exposure and argued
that, in addition to the classic advantages of zebrafish for such
screenings, the longer survival of malformed individuals allows
an extended analysis. Using concentrations of lithium chloride
between 0.05 and 235.9 mM they found no obvious teratogenic
effects on the initial 48 hpf, except for occasional kinks in the
chorda. According to their results, lithium deleterious effects,
including delayed development, skeletal deformities and
reduced swimming were observed only at higher doses and at
later time points, suggesting a teratogenic potential at later
intrachorionic developmental periods. In accordance to what is
commonly observed in rat and mice, skeletal deformities were
the most frequently morphological effect observed.75

A complementary study by Pruvot et al. exposed animals
during the third developmental day confirming the higher
sensitivity to lithium at later developmental stages. When
embryos were exposed to lithium starting at 48 hpf and lasting
24 h to concentrations ranging from 0 to 250 μM a significant
toxic effect was observed.76 While survival was minimally
affected, important morphological, physiological, and behavioral
defects such as dorsal curvature, pericardial edema, decreased
heart rate, decreased swimming activity, and velocity were
evident in lithium treated animals.
Recent work by Nery et al.77 demonstrates specific and

sustained neurobehavioral effects of lithium exposure during
the initial 72 hpf that were not accompanied by teratogenic
effects. In this study, embryos were exposed throughout the
initial 3 dpf to LiCl concentrations ranging from potentially
neuroprotective,78,79 therapeutical, and representative of
intoxication during human therapy.80 While survival was
unaffected, at the end of treatment period, Western blot
analysis of selected Wnt-β-catenin system components showed
increased β-catenin and decreased N-cadherin protein levels in
animals treated with intermediate and higher lithium doses,
supporting GSK-3 inhibition as a central target of lithium’s
effects. Interestingly, at 10 dpf, previously altered proteins
returned to control levels in lithium treated animals, but
sustained behavioral effects were observed including lethargy,
new environment exploratory deficits, and thigmotatic
behavior.
Additional to developing infants, aquatic animals may have

their development affected by lithium environmental contam-
ination associated with the growing consumption of neuro-
active drugs and their subsequent presence in wastewater.62 In
this scenario, zebrafish is a helpful model organism to gather
more information on lithium’s effects on vertebrate develop-
ment and its underlying cellular and molecular mechanisms,
critical information to establish safe clinical management
guidelines for woman with bipolar disorder of childbearing
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age and safety disposal guidelines for pharmaceutical neuro-
active compounds.

5. Wnt SIGNALING PATHWAY IS A TARGET OF
LITHIUM

Lithium has profound effects on several organisms, affecting
development, metabolism, and several physiological parameters.
The molecular targets of lithium are not clearly understood and
may vary depending on organism and system affected, in
addition to developmental stage and genetic background.
Several molecules have been shown to have their activities
modulated by lithium, including enzymes, apoptotic factors and
receptors. (reviewed by Shaldubina et al.).81 The different doses
to which organisms and systems are exposed may also
encompass specific effectors and explain opposing properties
such as neuroprotection and neurotoxicity.82

Despite many decades of clinical use, the molecular targets
underlying lithium effects on bipolar patients are only now
being outlined.83 Among the enzymes proposed as lithium
targets, the IMPase family of structurally related phosphomo-
noesterases now have its contribution under dispute. IMPase
inhibition promotes inositol depletion, a decrease in the
resynthesis of phosphatidylinositol bisphosphate (PIP2), which
results in a reduction of the second messenger inositol-1,4,5,
triphosphate (IP3).3 Altered phosphatydilinositol cycle activity
and enhanced myo-inositol levels have been observed in
patients with bipolar disorders and could account, at least
partially, to lithium effects in bipolar patients.3,84 Despite in
vivo data obtained mostly in rodents, no causal relation of its

inhibition and therapeutic effects were effectively demonstrated
in humans (reviewed by Gould and Manji).85

In 1996 lithium was shown to inhibit the ubiquitous
GSK3.86,87 Subsequent demonstrations associated lithium
therapeutic doses to GSK3 inhibition and mood stabilization,
suggesting this enzyme may also participate in bipolar patients
mood stabilization. Most evidence concerning lithium effects
on GSK3, including brain plasticity and metabolism, modu-
lation of monoaminergic signaling88,89 stem cell activity and
neuroprotection,82,90 however, were obtained in model
organisms and cell cultures. Polter et al. observed changes on
GSK3 activity in blood cells from patients with bipolar disorder
under lithium regimen at therapeutically effective doses.91

Moreover, other GSK3 inhibitors promote behavioral effects
similar to those induced by lithium in rodents92 and mice with
reduced GSK3 activity due to genetic modification demon-
strated a behavioral profile that mimics the effects observed
after chronic lithium treatment.93

GSK3 affects uncountable cellular events in different tissues
due to its central regulatory actions on the canonical Wnt-beta-
catenin signaling pathway (Figure 3). The Wnt family of
secreted glycoproteins modulates several cellular events
through the regulation of catenin-mediated gene expression
of DNA-bound T cell factor/lymphoid enhancement factor
(TCF/LEF) family of transcriptional factors. This pathway
activation begins with Wnt binding to frizzled (Fz or FZd)
receptor and its low-density lipoprotein receptor-related
protein coreceptor (LPR) which leads to a series of events
that alters the activation state of a multiprotein system referred
as “β-catenin destruction-complex”. This in turn prevents GSK3

Figure 3. Lithium mimics and exacerbates Wnt/β-catenin signaling pathway activation. (A) Schematic representation of the canonical Wnt/β-
catenin signaling pathway off state when β-catenin is ubiquitinated and degraded by proteosome. (B) Lithium mimics Wnt/β-catenin signaling by
GSK3 inhibition and allows β-catenin nuclear modulation of transcription.
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phosphorylation of β-catenin residues Thr41, Ser37, and Ser33
and subsequent ubiquitination and proteosomal degrada-
tion.94,95 β-catenin stabilization due to Wnt signaling or
lithium-mediated GSK3 inhibition results in higher nuclear
levels and differential modulation of TCF/LEF-mediated gene
expression. β-catenin may also translocate to the membrane
and associate to members of the cadherin family of adhesion
molecules.
Wnt plays critical roles on development, including actions as

morphogens and controlling stem cell proliferation, cell fate
determination and differentiation, migration, growth cone
guidance, synaptogenesis, and sustained synaptic plasticity
through adulthood.96,97 Lithium inhibition of GSK3 mimics
and exacerbates Wnt-β-catenin signaling89,95 and has been used
as a tool to study the system contribution to several biological
processes in vitro and in vivo.
In addition to the already known events mediated by the

Wnt-catenin signaling pathway potentially involved in lithium’s
impact on zebrafish development, some downstream effectors
are not yet characterized and deserve future studies. The
dorsalizing effect of lithium on early development is mediated
by GSK3 inhibition, but the maternal effectors on the initial
lithium sensitive minutes involved in the microtubule
remodeling are not yet characterized. In contrast, at the late
cleavage stage of 32-cells, the dorsalized phenotype is attributed
to β-catenin nuclear accumulation and altered gene expression
modulation.74

6. PERSPECTIVES

The benefits of lithium to bipolar patients are unequivocal and
reflected by its ubiquitous use despite the need for constant
monitoring of Li+ plasma levels required to reach effectiveness
and avoid toxicity. Detailed information and comprehensive
data about its cellular and molecular targets are necessary to
further advance the current knowledge about this drug
potential impact in other systems. The growing concern
about pharmaceuticals as environmental contaminants increas-
ingly found in aquatic systems reinforces the need for more
studies dedicated to lithium toxic potential in broader ranges of
concentration and developmental stages. Finally, the lack of
conclusive data supporting clinical management guidelines for
bipolar woman of childbearing age and safety disposal
guidelines for pharmaceutical neuroactive compounds support
the necessity of further studies. In this context, zebrafish has
proven to be advantageous and congregates the possibilities of
toxicological, molecular, behavioral, and developmental studies.
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