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Abstract

Embryonic and larval Danio rerio (zebrafish) is increasingly used as a toxicological model to conduct rapid in vivo tests 
and developmental toxicity assays; the zebrafish features high genetic homology to mammals, robust, phenotypes, high-
throughput genetic and chemical screening have made it a powerful tool to evaluate in vivo toxicity. New methodologies 
of genome editing as CRISPR/Cas9; ZFN and TALEN make it a suitable model to perform studies to pair human genetic 
diseases as well. This review surveys recent studies employing zebrafish as experimental model, comparing it with other in 
vivo and in vitro models, presenting zebrafish as a potent vertebrate tool to evaluate drug toxicity and efficacy in order to 
facilitate more extensive, easy and comprehensive knowledge of new generation drugs.
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INTRODUCTION
Initially, in the early 1970s, the interest on zebrafish was as a model system, when it was selected to 
develop the first vertebrate assay enabling forward genetic screening[1]. During the subsequent 30 years, 
zebrafish was almost used to study organ development. This resulted in the characterization of an 
exceptionally large number of genes involved in vertebrate pathways, which contributed to the establishment 
of zebrafish as a relevant model for human disease and pharmaceutical researches[2]. For pharmacology 
investigations an attractive feature of zebrafish assays is the prospective to use them in medium-to-high-
throughput screening mode, because the zebrafish is a small (5 cm for an adult and 5 mm for 7 days 
post-fertilization (dpf) larvae) and robust fish that is easy to maintain thanks to their high fecundity. 
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Earlier zebrafish have been used for evaluating the toxicity of agrochemical agents[3] but more recently, their 
use for toxicity assessment of pharmaceutical compounds has been greatly increased[4]. In zebrafish larvae, 
an in vivo toxicology evaluation can be reached in a week; the shorter time frame required performing 
comparable mammalian assays. Toxicology studies often disclose effects that require further investigation to 
explain purposes that are expensive and time consuming. Screening technologies exist and are being further 
developed in zebrafish, which should provide very early details of potential off-target effects on the cardiac 
system as well as other functions such as effects on central nervous system, on the intestinal tract, auditory 
and visual functions, pro-convulsant potential and bone formation. Therefore, the zebrafish technology 
should be considered as a useful pre-filter to support selection of the safest lead candidates as early as 
possible in the drug discovery process.

In drug discovery, cardiotoxicity is one of the major concerns for pharmaceutical companies, being 
a common, unfavorable complication associated with drugs used in oncological[5], neurological[6] or 
other treatments[7]. This fact has become an important issue, with particular relevance for children and 
adolescents, as they may be more susceptible to toxic effects, and often use these treatments off-label[8].

Many drugs (belonging to different chemical and pharmacological groups) can affect ionic channels, 
associated with the potential for QT interval prolongation in the heart’s electric cycle, leading to ionic 
channel blockade in the cardiomyocyte membrane[7]. Those events are linked to a higher risk of torsade 
de pointes (TdP) being a very complex process to accurately predict its scale. This fact is one of the most 
important outcomes of cardiotoxicity assessment of new molecules[9], together with the reduction in 
human ether-a-go-go-related gene (hERG), the alpha subunit of potassium ion channel that mediates 
the repolarizing current, an effect that can evolve into life-threatening pro-arrhythmic episodes. These 
undesirable side effects of non-antiarrhythmic compounds have prompted the withdrawal of several 
blockbuster drugs from the market[10,11], making necessary studies on mechanisms of hERG channel 
inhibition, providing significant insights into the molecular factors that determine state-, voltage-, and use-
dependency of hERG current Block[11]. Some authors correlate also the increased expression of neuronal 
sodium channels within the heart to epilepsy-related cardiac arrhythmias associated with QT prolongation 
on the electrocardiogram[12]. As a result, a better understanding of channels as hERG and neuronal sodium 
channels, could improve treatments that develop side effects on cardiac repolarization. Using zebrafish 
embryos, Langheinrich et al.[13] reported that embryos expressing an orthologue hERG (named zERG), 
were affected by a range of QT-prolonging drugs, inducing severe arrhythmia. In vivo studies represent an 
essential step in drug development and toxicity studies, as current requirements are high and include in vivo 
and in vitro assays to increase drug efficacy, minimizing toxicity[13].

Despite higher animals have been for many year models of excellence used to evaluate drugs toxicity, the 
zebrafish presents itself as a reliable vertebrate model to determine, developmental toxicity, general toxicity 
and to perform an initial drug screening. Derived from its use, have been reported comparable results to the 
data obtained with higher models[14-16]. 

This manuscript surveys recent studies testing the cardiotoxicity of drugs used to treat pathologies in 
different animal models, identifying as early as feasibly possible potential safety liabilities of drugs selected 
for human evaluation[17].

ZEBRAFISH AS CARDIOTOXICOLOGICAL TOOL
Although physiological differences are evident between zebrafish and mammalian heart, the zebrafish has 
become a good option to study heart development[18] and heart regeneration[19]. The zebrafish has contributed 
to obtain measurements as action potential trough voltage mapping, to determine cells coupling[20], and this 
fact together with calcium signaling, are important for cardiomyocyte proliferation and differentiation[21].
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The last decade’s large animals, such as mice, rats and rabbits, have been widely used to study cardiotoxicity 
after drug administration[22-24], presenting some limitations. For instance, rodents can be insensitive to 
compounds’ cardiotoxicity, particularly when the endpoint measurement is left ventricular contractile 
function[25]. This may be due to rodents’ ability to compensate loss of myocytes by recruiting alternative 
mechanisms.

According to the United States government, rodent and rabbit toxicity testing has been the standard for 
assessing acute toxicity since the 1950s. However, the process is costly and time consuming, which has led 
to a backlog in chemical testing[26]. Because of these limitations, the need for use of other alternative animal 
models has increased.

The zebrafish is particularly suitable for this purpose because it represents a vertebrate species, its genome 
has been sequenced[2], and a large number of synchronously developing, transparent embryos can be 
produced[11]. In particular, the zebrafish has a high cost-effect benefit and has become an important tool to 
evaluate Geno-cardiotoxicity, to study embryo development and general toxicity[4,10,11]. For instance, several 
compound screens, including some evaluating drug-induced cardiotoxicity and others already in preclinical 
trials, have successfully tested drug effects in zebrafish[27-29]. 

Although the zebrafish heart is two-chambered, its fundamental electrical properties are remarkably similar 
to those of humans. Zebrafish heart rate and action potential are analogous to those of humans[30,31]; also it 
presents highlighted genetics and regulatory networks similarities driving cell fate parallel those of higher 
vertebrates[31-33]. Moreover, cardiac performance in adult zebrafish can be detected by new noninvasive 
methods. It can be assessed by advancing conventional echocardiography with speckle-tracking analyses 
and changes in cardiac performance, and enables highly sensitive assessment of regional myocardial motion 
and deformation in high spatio-temporal resolution[34].

Then in vivo studies represent an essential step in drug development and toxicity study, and the zebrafish 
cardiotoxicity test has been reported very reliable, describing the potential toxicity of drugs to the human 
cardiovascular system[35]. 

DETECTION OF DOXORUBICIN TOXICITY USING DIFFERENT ANIMAL MODELS
Doxorubicin (most used trade name, adriamycin) is a potent anti-tumoral agent utilized as an important, 
broad anti-cancer drug to treat leukemia, lymphoma, breast cancer and small cell carcinoma of the lung[36-39]. 
The ability of doxorubicin to kill rapidly dividing cells and, in turn, slow disease progression has been 
acknowledged for over 30 years[40,41]. The introduction of this antineoplastic antibiotic is one of the major 
successes in oncology[36-39]. Though, in spite of the pharmacological advantage associated with its use, 
doxorubicin presents toxicological effects on noncancerous cells as well, leading to cardiotoxicity and 
recalcitrant heart failure at high cumulative doses[41]. This damage can manifest itself as arrhythmia, arterial 
hypertension, thromboembolism, angina pectoris, myocardial infarction, or heart failure[42]. For instance, a 
dose of anthracycline-doxorubicin of 500 mg/m2 of body surface area causes cardiac complications in 4%-36% 
of the treated patients[43]. Thus, understanding the mechanism which doxorubicin induces cardiac injury is 
crucial not only to avoid its cardiotoxic effect but also to improve the therapeutic use of doxorubicin.

Several reports highlight the cardiotoxicity of doxorubicin in different animal models [Table 1], focusing on 
children safety, where its pharmacokinetics has been assessed. The evaluation whether an age dependency 
in the clearance (CL) of doxorubicin exists has led to the conclusion that the lower CL in younger 
population should be considered, together with pharmacodynamics. Those results are especially important 
in cardiotoxicity, being essential to select the future dose for a protocol[44]. This issue has been addressed 
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by using juvenile mice[45], concluding that treatment with high cumulative doses of doxorubicin induced 
cardiomyocyte atrophy, myofiber disarray, low levels of cardiomyocyte apoptosis, and altered expression 
of structural and regulatory proteins, normalization from the treatment was observed after a 13-week 
recovery period. Mostly, the studies of doxorubicin-induced cardiotoxicity perform a single injection 
followed by evaluation within one week[46-48].

Doxo has being studied in combination with protective compounds[49], the authors reported the effects 
of protective molecules and studied the underlying cardiotoxicity mechanism of doxorubicin. It was 
also reported that two different doses of meloxicam present a potential cardio-protective effect[50], and a 
combination of resveratrol/doxorubicin in mice was able to generate cardiovascular protective effects by a 
heme oxygenase-1 (HO-1)-mediated mechanism[51]. 

Beside the use of mice to evaluate cardiotoxical effect after drugs treatment, the zebrafish is presented 
as a costless vertebrate model with reduced complexity, promising to be a powerful tool to evaluate 
cardiotoxicity. It was evaluated lethal and sub-lethal doses of doxorubicin in embryo-larva at different time 
points, 4 and 120 h post fertilization (hpf)[52]. Higher doxorubicin doses had lethal effects, whereas lower 
concentrations resulted in sub-lethal effects and malformations, as well as changes in the heart rate[52]. 
Exploiting the transparency of the embryo has permitted detailed optical mapping and the characterization 
of the cardiac conduction system[53]. Heart rate measurement is quite easy in zebrafish, making it an 
attractive screening tool for assessing cardiovascular risk after treatment[54]. Most importantly, zebrafish 
can survive in the absence of cardiac output and in the presence of major vascular defects for several days, 
unlike many larger animals[55]. Collectively, these characteristics have made Danio rerio increasingly popular 
to test cardiotoxicity and cardiovascular developmental effects after drug administration as doxorubicin.

ANTIPSYCHOTICS TOXICITY TESTING
Antipsychotics are a class of medications primarily used to manage psychosis (including delusions, 
hallucinations, or disordered thought), particularly in schizophrenia and bipolar disorders, by alleviating 
such symptoms as hallucinations, both visual and auditory, and paranoid thoughts[56]. However, the first 
generation of antipsychotics has usually been associated with elevated cardiovascular mortality due to QTc 
interval prolongation and may cause TdP. Many anti-psychotic drugs had to be withdrawn from the market, 
and starting from 2005, the ICH E14 guidance has recommended conducting a “thorough QT/QTc study” 
aimed at assessing whether the drug has an effect on QT interval[57-59]. Early antipsychotic medications had 
important side effects, leading researchers to continue their work for better drugs, avoiding effects as severe 
ventricular arrhythmias and sudden cardiac death. The dysfunction of the cardioregulatory system may also 
be associated with functional and medication-related mechanisms rather than structural changes[60].

Table 1. Existing studies on DOXO cardiotoxicity

Model DOXO study References
Juvenile mice 5 weeks DOXO administration determines a decline in cardiac systolic function with 

cardiomyocytes atrophy, myofiber disarray, low levels of cardiomyocyte apoptosis, and 
altered expression of structural and regulatory proteins. 13-week recoveries period bring 
back to normality

[45]

Mice Meloxicam abrogates the cardio toxic effect of DOXO in mice [50]

Mice Resveratrol generates cardiovascular protective effects by a heme oxygenase-1-mediated 
mechanism

[51]

Zebrafish (embryo-larva) High DOXO doses had lethal effects; low DOXO doses resulted in sub-lethal effects, 
malformations, and changes of heart rate

[52]

Rats DOXO genotoxicity evaluation. Enzyme-modified comet assay reported a significant 
induction of DNA damage in heart tissue 

[58]

DOXO: doxorubicin
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Some studies have assessed the cardiotoxicity of certain antipsychotics in mammalian models [Table 2]. 
For instance, clozapine has been found to induce myocarditis in rats, which exhibited inf lammatory 
response, myocyte vacuolar degradation, myofiber necrosis and interstitial fibrosis[61,62]. Similarly, a 
cardiotoxic effect of clozapine in mice has been reported, detecting myocarditis, as well as inflammatory 
lesions after 7 or 14 days with 5, 10 or 25 mg/kg dose daily treatment. 

In spite of these findings, there is a lack of systematic evidence of the cardiotoxicological effects of many 
antipsychotic drugs. On the other side, the cardiotoxicity of antipsychotics such as aripiprazole, olanzapine, 
quetiapine, risperidone and ziprasidone has not been investigated in rats, likely due to the high cost that such 
experiments would entail. As a result, most studies about the cadiotoxicity of these drugs in rats have relied 
on histological determination, which yields a poor understanding of their cardiotoxological effects[63,64]. This 
underlines the need for alternative, more economical models for these experiments. 

The zebrafish emerges as a highly amenable model for toxicity studies of antipsychotics precisely for these 
reasons. Although mammalian toxicity studies remain the gold standard for risk assessment, the zebrafish 
has become a valid model due to the toxic responses that appear to be well conserved between mammalians 
and zebrafish[64]. Cardiotoxicological effects of aripiprazole, clozapine, olanzapine, quetiapine, risperidone 
and ziprasidone were documented[56].

Aripiprazole, clozapine, olanzapine, quetiapine, risperidone and ziprasidone (first-generation antipsychotics) 
were assessed using the zebrafish larvae. Different endpoints as the heart rate, edema presence, heart 
morphology, body shape, motility and the heart beat rate, were determined as cardiovascular toxicity 
endpoints. The authors concluded that the zebrafish model facilitates determination of the heart beat rate, 
and could thus be an attractive tool for cardiovascular risk assessment of atypical drugs to understand the 
variations in response to QT-prolonging drugs[65].

Thus, the use of the zebrafish as a model in these studies will facilitate more extensive, easy and 
comprehensive knowledge of drugs cardiotoxicity, generating a deeper understanding of that process. 
Similarly, the zebrafish is also an attractive screening tool for cardiovascular risk assessment after treatment 
with atypical antipsychotic drugs, as it facilitates the evaluation of the heart beat rate[66].

AN ANIMAL MODEL TO EVALUATE GENOTOXICITY 
An important component in toxicology and drug development is to assess genotoxicity. This important issue 
has been evaluated through toxicological assays as, Ames test, comet, or in vitro and in vivo micronucleus 
assays; in the past few years, zebrafish has started to be considered as an in vivo alternative method to 
evaluate genotoxicity.

During years, rats have been extensively utilized to evaluate the genotoxicity of drugs through comet 
assay, micronucleus test and gene profiling techniques. Some studies using rats peripheral blood, shown a 

Table 2. Existing studies, describing cardiotoxicity of antipsychotic drugs

Model Antipsychotic study Reference
Rats Clozapine induces myocarditis, showing inflammatory respond, myocyte vacuolar degradation and 

myofiber necrosis 
[61]

Mice 7 or 14 days clozapine daily treatment causes myocarditis as well as inflammatory lesions after [62]

Rats and mice Histological determination of cardiotoxicological effect of antipsychotic as aripiprazole, olanzapine, 
quetiapine, risperidone or ziprasidone 

[62]

Zebrafish larvae Cardiotoxicological effects of first generation antipsychotics (aripiprazole, clozapine, olanzapine, 
quetiapine, risperidone and ziprasidone)on heart rate, morphology and motility

[65]
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significant induction of DNA damage in heart tissue after doxorubicin treatment using the enzyme-modified 
comet assay[67].

Nevertheless, in the last few years, zebrafish has emerged as a relevant genotoxic tool. Adult zebrafish were 
exposure to a 2-week treatment of the alkylating agent methyl methanesulfonate. The comet assay was 
employed to evaluate the presence of micronuclei in gonad, liver, or gild[68,69]. On the basis of this study, 
zebrafish can be considered an efficient vertebrate model to study genotoxicity through comet assay and 
the micronucleus test. They argued that this model proved appropriate for the detection of genotoxicity in 
primary male and female gonad cells as well as using histological sections of the gonads from zebrafish, 
respectively[68].

Finally noteworthy, PAC2 zebrafish cell line has been used as in vitro model to evaluate genotoxicity. Cells 
were exposed to a short-term (2 h) using a concentration range. The study reveals genotoxic pressure by 
genotoxic agents. As a note, this cell line compared to another fish cell line (PLHC-1, trout hepatocytes), 
showed less sensitivity upon short-term exposure to the genotoxicants tested[61-63]. Thus, those reports bring 
to light zebrafish as in vivo and in vitro model to study genotoxicity[68-72].

CARDIOTOXICITY OF SMALL MOLECULES: DRUG SCREENING USING THE FISH 
Cardiovascular toxicity is a major limiting factor in drug development and requires multiple cost-effective 
models to perform toxicological evaluation[73,74]. Zebrafish is now a well-validated animal model to study 
treatment with small molecules, as well as to elucidate biological functions, and deciphering the mechanism 
of bioactive compounds[74]. The model has emerged as a powerful system for small molecule screening 
and for novel biological and therapeutic discoveries[74]. For instance through in situ hybridization may be 
reported the expression of some target genes[75]. That assay requires prior the knowledge of the biologic 
process and depends on the selected molecular target, which should be critical for the developmental 
events[75].

In an attempt to evaluate toxicity of medicaments and other chemicals, new methodologies focusing on 
cardiomyocyte properties or computational models are under development[76,77]. Despite their usefulness, 
these strategies do not provide enough information about toxicity in the organism as an effect of the 
secondary metabolism derived from drugs, or the drug effects in other cellular lines present in the heart[76-79].

Primary cardiomyocytes derived from human embryonic stem cells[78] are used to evaluate cardiotoxicity; 
however the general consensus is that a reliable in vivo model is needed. Additionally some in silico 
approaches (computational techniques) can assess the ionic f low by the action of a drug, reaching some 
results about Na+, K+, L-type Ca2+ channels or multiple membrane ion channels in cardiomyocytes. These 
computational models show up as cardiotoxicological method to evaluate the actions of drugs on cardiac 
electrical activities at cellular and tissue[79]. 

Cardiac electrophysiology and modeling drug-channel studies, have documented many improvements in 
the last decades, although, the generation of a virtual heart model for drug safety assessment is still a major 
challenge. Firstly, more studies are necessary to develop biophysically accurate models: the zebrafish could 
constitute a good approach for drug-channel interactions and cardiac electrophysiology[80]. Although simpler 
than humans, zebrafish are also complex vertebrates that maintain equally elaborate mechanisms to activate 
or relieve the effects of exogenous chemicals[81].

Thus, the close resemblance of the genetic cascade governing heart development in zebrafish to that of 
humans has propelled the zebrafish system as a cost-effective model to conduct pharmacological screens on 
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developing embryos and larvae as well as to provide data to generate computational models to evaluate in 
silico drugs studies[79,81]. 

MODELING HUMAN DISEASES USING THE ZEBRAFISH
Understanding syndromes with genetic bases has become an important topic in medicine, with the hope 
that new treatments will be discovered. The zebrafish appears as a fast model to study de novo mutations and 
genetic diseases. Using genomic editing approaches as CRISPR/Cas9[82], or artificial site-specific nucleases 
such as zinc-finger nucleases, and transcription activator-like nucleases[83,84], genes can be inactivated 
in vivo, mimicking human phenotypes, and obtaining information about human diseases with genetic 
background[81,85,86]. 

A genetic syndrome called Dravet syndrome (DS), is linked to more than 300 de novo mutations present in 
a neuronal voltage-gated sodium channel. It was reported to have screened a chemical library, constituted of 
around 1000 compounds[87]. From this study, the authors identified four compounds with the ability to rescue 
the behavioral seizure component and reported that dimethadione suppressed associated electrographic 
seizure activity. The authors used a mutant zebrafish line called scn1lab DS to reach this conclusion. The 
importance to study this syndrome is its association with a higher risk of sudden death in children[87,88].

Similarly to the DS syndrome, other genetic modifications that lead to heart disorders associated with 
structural heart defects can be found, including the human-like cardiomyopathies (DCMs)[89], which 
together with the silent heart or the pickwick mutans, present poor heart contractility. DCMs are 
characterized by ventricle and/or atrium enlargement. DCM syndrome has been studied with two particular 
mutant zebrafish lines: tnnt2 and laminin a-4 integrin linked kinase. In both lines, endothelial cells and 
cardiomyocytes were affected, in a similar manner similar to familial phenotype presented with DCM in 
human[90].

In a similar manner other authors showed the ability of zebrafish to simulate amyloid light-chain 
amyloidosis, a plasma cell disorder that causes rapidly progressive cardiomyopathy. Protein injection into the 
blood stream of zebrafish embryos led to a severe cardiomyopathy; showing a clear cardiac dysfunction, cell 
death and pericardial edema[81].

Thus, the use of this model is uniquely positioned among vertebrates as a platform for small molecule 
screening and efficacy testing: the zebrafish is used to identify novel drugs associated with molecular 
pathways, with the purpose to treat human diseases. The use of genetic manipulation in zebrafish is an 
efficient way to assess the roles of individual genes in disease processes. As such, it represents a route to 
the identification of novel drugs[91]. In addition, zebrafish can be used to provide insight into the biological 
function of the many candidate genes being rapidly identified in human genome[92].

ZEBRAFISH AS TOOL TO EVALUATE HEPATOTOXICITY 
Toxicology studies are needed to determine the suitability and consequences of drug administration in 
humans. In the process of drug discovery, one of the main concerns is to evaluate drug hepatotoxicity, which 
is assessed using preclinical cell culture, animal models and clinical trials. However, drug hepatotoxicity 
is difficult to detect prior to human use, limiting the discovery and development of novel therapies using 
conventional models[93,94]. 

As a result of this fact, to develop new in vivo and in vitro models for efficacy and safety testing is needed. 
Therefore, to set up better tools to screen for drug-induced liver injury (DILI) of large compound libraries 
in early stages of drug development will allowed to gain a better understanding of hepatotoxicity. Being this 
fact the most common cause of drug withdrawal[95]. 
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Zebrafish liver organogenesis starts at 3 days post fertilization (dpf) and is fully functional by 5 dpf[96]. The 
tri-lobed liver of the zebrafish is similar to that of the mammal with regard to biological function, including 
the processing of lipids, vitamins, proteins and carbohydrates, as well as the synthesis of serum proteins[97]. 
Some studies suggest that drugs are metabolized when exposed to zebrafish embryos by similar reactions to 
those in humans[98,99]. 

Zebrafish possess a wide range of cytochrome P450 enzymes that allow metabolic reactions including 
hydroxylation, conjugation, oxidation, demethylation and de-ethylation[99]. Following exposure to a range 
of hepatotoxic drugs, the zebrafish liver develops histological patterns of injury comparable to those of 
mammalian liver, and biomarkers for liver injury can be quantified in the zebrafish circulation[99].

Since hepatotoxicity is derived from metabolic processes, zebrafish are useful to study DILI with 
in vivo models. Parameters such as apoptosis, liver opacity or size, can be evaluated in the zebrafish. 
The availability of specific transgenic lines labeling the liver, such as fabp10:RFP, allows liver damage 
visualization after the treatment. Analysis of fluorescent intensity can be informative with regard to size or 
the number of hepatocytes[100]. 

However, has been described the inconvenient to work with the larvae, arguing that the CYP system, which 
plays an essential role in drug metabolism, is not yet fully developed in larvae and suggesting that some 
CYPs appear to be lacking in the early zebrafish life[101]. Furthermore, zebrafish embryos and larvae showed 
no or low biotransformation capacity of four human CYP-specific substrates, dextromethorphan, diclofenac, 
testosterone and midazolam[101]. In contrast, has been reported the larva as a promising tool capable of 
distinguishing between hepatotoxic and non-hepatotoxic chemical analogues, implying that it may be 
applied as a screening model for DILI[102].

Also a recent study has developed a new experimental procedure (ZeGlobalTox assay) that addresses the 
organ-specific toxicity of different drugs on zebrafish larvae (up to 5 dpf). It permits the independent analysis 
of cardio-, neuro-, and hepatotoxicity effects in the same animal. The main concern was that drug-induced 
teratogenicity (developmental toxicity) and/or mortality could mask possible organ-toxicities appearing later 
in development[103].

Zebrafish provide a complex, in vivo and functional vertebrate system to evaluate DILI. A deeper 
understanding of the zebrafish model of liver toxicity, which has been underutilized, will therefore permit 
better drug prediction and reduce the need for drug withdrawal.

ADVANTAGES OF THE ZEBRAFISH MODEL WITH RESPECT TO COST AND TIME
As it has been described, toxicity testing of drugs in recent years has employed various animal models[104,105]. 
Although mice, rats, rabbits and dogs are excellent models according to most standards, they present some 
serious limitations [Figure 1].

Experiments evaluating drug toxicity typically requires large numbers of animals increasing the monetary 
cost of the experiments significantly as well as, those animals handling is often quite time-consuming. The 
small size of zebrafish renders them, ideal for experiments, being more easily handled and being associated 
with lower costs [Figure 1], and providing researchers and those concerned with animal welfare, with an 
alternative to work according to the 3Rs principles (refinement, reduction and replacement)[106].

As a toxicology model, zebrafish has the potential to reveal the pathways of developmental toxicity due to 
their similarity with those of mammals. Zebrafish therefore, provides a sound basis for the risk assessment 
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of drug administration in humans. Thus, in many respects, the use of the zebrafish as a model for studies 
of cardio- behavior, genotoxicity or hepatotoxicity would allow the researcher to overcome many of the 
challenges presented by using other animals models, including limitations on sample size and higher 
monetary and time costs[66,69,74,82]. 

CONCLUSION
Increases of studies evaluating drug’s toxicity upon animal have been reported[104,105]. While larger animals 
such as mice, rats, rabbits and dogs are generally appropriate models to use; they present significant 
limitations, particularly with respect to cost, time, ethical concerns and sample size. On the other hand, 
in vitro tests used to assess biosafety lack the potency and the translational attributes of a whole animal. 

The zebrafish is a good alternative for biosafety studies due to its small size, genetics background, higher 
breeding capabilities, and most importantly, due the similarities of its molecular pathways and physiology 
with that of humans. The emergence of zebrafish as a model for assessing cardio- neuro- or geno- toxicity 
of drugs is ref lective of its advantages over other animal models with respect to the principles of the 
3Rs (replacement, reduction and refinement). On the other hand, the ease of genome editing, using new 
mutagenesis techniques such as CRISPR/Cas9[79] (in the fish, will make suitable future studies to pair human 
genetic mutations with their molecular functions.

Zebrafish are amenable small teleost, incessantly used for drug screening, efficacy studies and toxicity 
testing[65,68,69,86]. Although cardiotoxicity, behavior alteration or teratogenecity determinations can be 
determined using zebrafish, to evaluate hepatotoxicity derived from new generation drugs treatments is 
still under testing. In light of these advantages, we emphasize the zebrafish model as an excellent vertebrate 
toxicological model with potential to contribute to significantly improve drug development in toxicology. 

In conclusion, the zebrafish presents a powerful in vivo preclinical model for assessing the adverse effects of 
a wide range of drugs as well as to determine drug efficacy. Its use, in conjunction with approaches based 
on those presented in this review, would contribute significantly to the literature and would facilitate the 
implementation of innovative, comprehensive, and cost-effective testing strategies. 
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validity, costs and throughput efficiency
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