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Introduction

Zebrafish (Danio rerio) is a tropical fish, omnivorous, 
freshwater teleost, small (5 cm in adulthood), reaching sexual 
maturity between 3 to 6 months, and whose fertilization is 
external. A female can release hundreds of eggs with each 
spawning and the embryos can be easily analyzed due to 
their transparency and present a rapid development. It is an 
important model organism which has gained notoriety in the 
scientific community in recent decades for its genetic homology 
with mammals. Furthermore, Zebrafish are easy to handle, thus 
being frequently used in toxicological screening, development of 
new products, such as drugs and vaccines, and genetic research. 
Animal studies have until now been carried out with mice and 
rats. However, the Zebrafish animal model presents itself as a 
promising model alternative particularly because it respects 
the 3Rs principle i.e. reduction, replacement and refinement of 
studies. Thus, it is possible to replace, reduce and refine the results 
of tests where mammals were used in research, not to mention the 
possibility of mitigating the likely problems related to the welfare  

 
of test animal. Moreover, the use of mammals in studies usually 
serve as a confirmatory model based on the positive results 
previously observed in Zebrafish. Therefore, this Technical Note 
aims to present the Zebrafish model as an unprecedented tool for 
assessing the efficacy and toxicity of compounds in the animal 
scope.

Zebra fish model

The use of the Zebrafish model in basic and applied scientific 
research has grown exponentially in recent years. Because such a 
model is more practical, efficient and cheaper than rodents, it is 
able to speed up and reduce the time and cost of research, thus 
allowing experiments to be carried out in months rather than 
years [1], Attributes such as genetic, anatomical and physiological 
homology to mammals, added to external fertilization, high 
number of progenies, larval transparency, small size and rapid 
development facilitate large-scale phenotypic studies [2]. The 
sequencing of its genome in 2013 demonstrated that Zebrafish 
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has more than 70% genetic homology in relation to humans [3], 
thus being very similar to mice, which present 75% homology 
[4]. It thus suggests that mammalian pathologies could be easily 
modeled using Zebrafish. As a vertebrate, Zebrafish shares many 
anatomical features with mammals such as kidneys, brain, liver, 
intestines, heart, spine, eyes, mouth, ears etc. Although the fish 
have clear specific adaptations to an aquatic life, its fast embryonic 
development shows functions and physiology of precursors of 
all major organs which appear 36 hours after fertilization. As a 
result, it makes an excellent model for biomedical research [5]. 
These similarities have encouraged the scientific community to 
use the model as an alternative to the mammal one in a range of 
fields that require biological tests such as disease modulation, 
drug screening, target identification, pharmacology, toxicology, 
physiology, ethology, among others [6].

The external fertilization of Zebrafish is another exceptional 
attribute that made it a vertebrate genetically manipulable to a 
level only seen before with Drosophila melanogaster [7]. Its high 
fertility rate and short reproductive cycle guarantee the production 
of hundreds of embryos daily, which enables the use of numerous 
trials and large sample sizes involving large-scale phenotypic 
screening, hence providing great statistical reliability to the 
results. According to international ethical regulations, studies 
with Zebrafish larvae up to five days after fertilization (dpf) are 
in vitro models (Directive 2010/63/EU) and are accepted as an 
alternative to animal testing [8]. The transparency of embryos 
and larvae are characteristic of Zebrafish models as it enables 
the visualization in vivo and in real time of the beginning and 
the course of pathologies in development. Thus, malformations 
generated by exposure of the fish to chemical compounds, drugs 
and vaccines in development can be easily observed in this 
model. Furthermore, due to its transparency, the measuring of 
parameters such as physiology (heart rate, blood flow, speed of 
the intestinal tract movement) and behavior (swimming speed, 
number of movements, downtime, compulsive behavior) of each 
animal can be analysed using a software. Consequently, the quality 
of the results of biomedical research can be refined.

Zebrafish in the animal disease research

This model has been used in several researches of animal 
pathologies scope in order to elucidate infectious processes 
and host immune responses to the pathogen, such as influenza 
virus, shigellosis, tuberculosis, salmonellosis, streptococcosis, 
among others [9-13]. This model has already been used in the 
toxicological screening of several substances used in veterinary 
medicine showing similar results to other laboratory animals, 
such as for Dexamethasone, Cyclosporine, Acetaminophen, 
Didemnina, Doxorubicin, Aspirin, Amiodarone, Tacrine, among 

other compounds [14]. Due to its unique advantages, the 
Zebrafish model has been widely used in vaccination experiments 
against pathogens that cause damage in aquaculture worldwide, 
for example Aeromonas hydrophila, Francisella noatunensis, 
Flavobacterium columnare, Streptococcus iniae, Edwardsiella 
tarda, Vibrio anguillarum; Rabdovirus, Piscirickettsia salmonis, 
among others [15-25]. Further to aquatic organisms use, other 
studies have been conducted using Zebrafish in the development 
of tuberculosis vaccines, including pre-clinical identification of 
vaccine antigens [26,27]. 

Zebrafish model has been used for research on for 
Micobacterium bovis, which usually uses bovines as a main host 
[28,29], as well as Salmonella sp. and Streptococcus sp [13,30,31]. 
Thus, the Zebrafish model can enhance the dynamics of new 
vaccine development and thereby reduce the indiscriminate use 
of antibiotics in the raising of domestic animals, hence reducing 
the risk of bacterial resistance. Zebrafish model has been used 
in cancer studies analyzing the evolution and proliferation of 
the disease in embryos, juveniles and adults. in vivo studies have 
also been carried out not only to monitor cancer proliferation 
but also in tumor angiogenesis, metastasis, auto-renewal of 
cancer stem cells and response to drugs in real time [32]. 
Through xenotransplantation of mammalian cancer cells to 
zebrafish, experiments that assess tumor growth, metastasis and 
angiogenesis can be performed in just one week, indicating that 
this model has enormous potential for further evaluation of cancer 
progression and drug discovery [33]. Currently, researchers have 
also focused on the use of Zebrafish as live “avatars” in innovative 
and personalized treatments against cancer, which has allowed the 
screening of different types of drugs to find an effective treatment 
against that specific cell [34]. This is because tumors can react 
differently to drugs, hence the trial and error method is often used 
to determine which treatment works best for each patient. With 
the Zebrafish model, it is possible to promote the growth of tumor 
cells from sick animals implanted in Zebrafish larvae. As a result, 
they are used as hosts for tumor samples, becoming a small-
scale model of cancers for any affected animal. This allows the 
researchers to test different drugs during the larvae stage, which 
on its turn enables the development of specific and personalized 
cancer treatment.

The optical transparency of Zebrafish and the availability 
of lines with fluorescently labeled cells provide attractive 
opportunities to understand mechanisms of tumorigenesis and 
to identify new therapies in a way that rodents would never be 
able to. Zebrafish has been shown to be susceptible to malignant 
and benign tumors of the brain, nervous system, blood, liver, 
pancreas, skin, muscles and intestine. Fluorescent tumors allow 
the recognition of tumor initiation, location and estimation of 
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tumor volume. These studies demonstrate that Zebrafish can 
discriminate between effective and ineffective treatments, and 
that they could predict which cancer patients would relapse 
[35,36].

Conclusions

Given the need to provide solutions ever so fast in the complex 
modern world, the Zebrafish model presents itself as an alternative 
for the development and evaluation of efficacy, safety and 
toxicological screening of medicines, vaccines and agrochemicals 
in the animal field. Besides reducing the experiments cost and 
time, it respects the principle of 3Rs and has advantages over 
mammalian models such as high prolificacy, external fertilization, 
transparency of embryos and larvae, rapid development, not 
to mention their genetic similarity with mammals. Therefore, 
Zebrafish have become an unprecedented tool for the growth 
of research in the area of animal health. In addition is has 
been accepted as an alternative to animal tests according to 
international ethical regulations using in vitro Zebrafish larvae 
for up to five days post-fertilization. Finally, this model also proves 
to be effective in elucidating the infection and immunological 
responses to various diseases, hence having great relevance for 
research in the animal field.
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