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1. Introduction

Animal experimentation has an important role in scientific research. Although 
some models have been replaced by alternative methods, scientific research still 
needs animal models for development, reliability, and legitimacy of science [1].

From this point of view, biomedical research relies on using of animal models in 
order to understand a particular disease without causing risk to the human being [2].  
On the other hand, as it is known, research costs are high especially carried out with 
mammals. Therefore, a new model of animal experiments, including invertebrates 
and fish species, becomes necessary recently. Thus, as a result of searching new 
experimental models, in order to reduce cost and save time, the zebrafish was 
discovered.

As a result, using of zebrafish (Danio rerio), which is one of the tropical fresh-
water fish species, has increased its importance as an experimental animal model in 
the field of biomedical research in recent years.

2. The zebrafish (Danio rerio)

The zebrafish belongs to the Cyprinidae family, which consists of more than 
2000 species [3]. Its former scientific name was Brachydanio rerio, but it was 
changed to Danio rerio in 1981 [4], because both genera were very similar by having 
short dorsal fins and absent or incomplete lateral lines [5].

Zebrafish is a small tropical freshwater fish which lives in river basins of India, 
Northern Pakistan, Nepal, Bhutan, and South Asia. Their maturation period takes 
only 2–3 months, which is relatively less laborious and time-saving for generating of 
transgenic lines. Zebrafish can produce 200–300 fertilized eggs weekly and com-
plete the embryogenesis in 72 h. Pigmentation in the embryos starts about 30–72 h 
postfertilization [6].

Its adults are about 2.5–4 cm long, and its larval stage is transparent. On the 
other hand, when it has reached the adult stage, it develops a stripe along with the 
length of the body, and it looks blue in color. Males are slender and torpedo-shaped, 
usually with a pink or yellow color.



Zebrafish Research

2

3. Advantages of zebrafish usage in biomedical research

Although zebrafish (Danio rerio) is a primitive vertebrate, it has several advan-
tages over other model organisms. The main reasons for it becoming an excellent 
model organism in different research fields are easy access to all stages of its body 
development, transparency of its embryos and larvaes, high genetic similarity, 
and homologous physiology with human beings especially in terms of the central 
nervous system.

Besides these, adults and embryos of this species are small in size and have a 
lower cost, and the generation interval is short. Furthermore, they show rapid 
development and hatches in less than 3 days and become mature in 90 days which 
the search more rapid [7].

Additionally, microinjection of fertilized eggs is easily accessible and relatively 
cheap. The embryos of zebrafish develop outside the mother’s body and are trans-
parent. The transparency of the zebrafish embryo facilitates the studies in genetic 
development programs, because it is possible to monitor and manipulate its devel-
opment without difficulties. Interestingly, the morphology of the brain of mammals 
and zebrafish is similar, including macro-organization of the brain [7].

Furthermore, their genome sizes are approximately 20–40% of the mammalian 
genome, and it makes them the only vertebrates available for large-scale mutagene-
sis. In addition, many routine techniques of molecular biology and genetics, includ-
ing knock-in, knockdown, and knockout, are well developed in the zebrafish [8].

4. Studies carried out with zebrafish in biomedical research

4.1 Hematopoetical research

Zebrafish play an important role in the study of hematopoiesis. Because these 
fishes have the same sequential multilineage hematopoiesis process as human 
beings, these model organisms provide many insights, both in blood lineage devel-
opment pathways and blood disorders, to the scientists who are studying in the field 
of medicine [9].

4.2 Cardiovascular research

These fishes are also largely used to explore cardiovascular disorders since they 
have a similar embryonic heart structure as that of human embryos. Furthermore, 
zebrafish have the advantage of being able to survive without adequate cardiac 
circulation. The excellent feature helps the embryo which develops from the initial 
phases despite cardiovascular defects. For instance, one of the patterns of their use 
within this field is exploration of the link between inflammation and myocardial 
infarction [9].

4.3 Cryobiological research

The small size and good fecundity of the zebrafish make it suitable for the cryo-
biological and genetic studies. However, limited animal facility space and the need 
to maintain broodstock lines are important restraining factors for the researches 
carried out with zebrafish [10, 11].

Cryopreservation is the process of freezing the biological material at a tempera-
ture of liquid nitrogen (LN2) (−196°C). This means biological activities discontinue 
including the biochemical reactions creating cell death and DNA damage at these 
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low temperatures [12]. In this way, it is possible to store the biological materials 
unchanged for centuries with the capability of recovering the cell functionality 
following the thawing process [13].

From this point of view, efficient sperm cryopreservation procedure can help 
overcome these problems by reducing the number of live fish in a system while 
maintaining their reproductive capacity [12, 14]. Sperm cryopreservation also 
provides “genetic insurance” for the recovery of strains in case the living stocks are 
lost [15, 16] and extends the functional reproductive lifetime of males as long as 
samples maintain viable in storage [17]. Finally, the technique has been utilized in 
reverse-genetic mutagenesis approaches, in which a cryopreserved sperm library 
is used to recover heterozygote mutant fish of interest [18]. Thus, an optimized 
zebrafish sperm cryopreservation protocol will not only increase the efficacy of this 
genetic screening method but also benefit the zebrafish community as a whole.

4.4 Neurological research

Another important research field is the curing of neurological disorders with the 
zebrafish because of the abundance of the same signaling proteins in the brains of 
human beings. It is also known that several human neurological disorders have also 
an equivalent in the zebrafish [7].

4.5 Aquaculture research

Zebrafish is also one of the genetically more malleable aquatic species among 
different fish species in aquaculture. The zebrafish model is used commercially 
in many areas of aquaculture such as in the identification of genes involved in the 
development of the muscles, bones, and fats, metabolism of the nutrients, disease 
and stress pathways, and also behavioral traits.

The drugs affecting the physiology of the fishes can easily be tested in zebrafish 
especially in terms of their effect on a range of alleles in order to determine their 
genetic property [19]. Additionally, many researches have been done regarding 
improvement of diet and their husbandry to improve growth rate and reduce stress 
and disease in many fish species.

5. Conclusion

It can be concluded that zebrafish is a successful and versatile animal, offering 
a tool to model regarding gene function, development of various organ systems, 
cancer studies, toxicology, drug discovery, human disease and disorders, and also 
aquaculture.

The usefulness of zebrafish has excelled in biomedical research because of its 
low cost and easy maintenance, transparent embryo, easy manipulation, high 
fecundity, and rapid embryonic development.

From this point of view, the future of zebrafish as a model organism is very 
bright. In the coming years, an increased number of reports are expected on the 
application of zebrafish as an effective bioindicator. On the other hand, there is still 
much to discover about this species, and also it is necessary to put more efforts so 
that new information can flow to the understanding of biomedical research com-
bined with the use of zebrafish.



Zebrafish Research

4

Author details

Yusuf Bozkurt
Faculty of Marine Sciences and Technology, İskenderun Technical University, 
İskenderun, Hatay, Turkey

*Address all correspondence to: yfbozkurt@hotmail.com

© 2020 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



5

Introductory Chapter: Importance of Zebrafish (Danio rerio) as Model Organism in Biomedical…
DOI: http://dx.doi.org/10.5772/intechopen.91319

References

[1] Simonetti RB, Marques LS, Streit 
DP Jr, Oberst ER. Journal of Fisheries 
Sciences. 2015;9(3):39-45

[2] Lieschke GJ, Currie PD. Animal 
models of human disease: Zebrafish 
swim into view. Nature Reviews. 
2007;8:353-367

[3] Available from: http://www.fishbase.
org/Summary/SpeciesSummary.
php?ID=4653&AT=zebrafish [Accessed: 
06 January 2020]

[4] Chu XL. A preliminary revision of 
fishes of the genus Danio from China. 
Zoology Research. 1981;2:145-156

[5] Fang F. Phylogenetic analysis of the 
Asian cyprinid genus Danio (Teleostei, 
Cyprinidae). Copeia. 2003;52:714-728

[6] Hill AJ, Teraoka H, Heideman W, 
Peterson RE. Zebrafish as a model 
vertebrate for investigating chemical 
toxicity: Review. Toxicological Science. 
2005;86(1):6-19

[7] Kalueff AV, Stewart AM, 
Gerlai R. Zebrafish as an emerging 
model for studying complex brain 
disorders. Trends in Pharmacological 
Sciences. 2013;35(2):63-75

[8] Lantz-Mcpeak S, Guo X, Cuevas E, 
et al. Developmental toxicity assay using 
high content screening of zebrafish 
embryos. Journal of Applied Toxicology. 
2014;35(3):261-272

[9] Available from: https://www.news-
medical.net/life-sciences/Zebrafish-
as-a Model-Organism.aspx [Accessed: 
06 January 2020]

[10] Brand M, Granato M, Nusslein-
Volhard C. Keeping and raising 
zebrafish. In: Nusslein-Volhard C, 
Dahm R, editors. Zebrafish: A Practical 
Approach. New York: Oxford University 
Press; 2002. pp. 7-37

[11] Westerfield M. The Zebrafish Book: 
A Guide for the Laboratory Use of 
Zebrafish (Danio rerio). Eugene, OR: 
University of Oregon Press; 2000

[12] Bozkurt Y, Yavaş İ, Gül A, 
Bucak MN, Yeni D, Avdatek F. Effect 
of extender supplemented with boron 
on post-thaw motility, viability, DNA 
damage and fertilization ability of 
cryopreserved brown trout (Salmo 
trutta macrostigma) spermatozoa. 
CryoLetters. 2019a;40(5):275-283

[13] Bozkurt Y. Introductory chapter: 
Application fields of cryopreservation 
biotechnology. In: Bozkurt Y, editor. 
Cryopreservation Biotechnology in 
Biomedical and Biological Sciences, 
Section I. London, United Kingdom: 
IntechOpen; 2018. pp. 1-4. ISBN: 
978-1-78984-680-5

[14] Bozkurt Y. Introductory chapter: 
Cryopreservation biotechnology in 
aquatic science. In: Bozkurt Y, editor. 
Biological Research in Aquatic Science, 
Section I. London, United Kingdom: 
IntechOpen; 2019. pp. 3-8. ISBN: 
978-1-78923-813-6

[15] Bozkurt Y, Yavaş İ, Bucak MN, 
Yeni D. Effect of different cryopro-
tectants (glycerol, methanol and 
dimethyl sulfoxide) on post-thaw 
quality, viability, fertilization ability 
and DNA damage of cryopreserved 
Nile tilapia (Oreochromis niloticus) 
spermatozoa. CryoLetters. 
2019;40(1):11-17

[16] Gwo JC, Ohta H, Okuzawa K, 
Wu HC. Cryopreservation of sperm 
from the endangered formosan 
landlocked salmon (Oncorhynchus 
masou formosanus). Theriogenology. 
1999;51:569-582

[17] Vivieros ATM, So N, Komen J. Sperm 
cryopreservation of African catfish 
(Clarius gariepinus): Cryoprotectants, 



Zebrafish Research

6

freezing rates and sperm: Egg 
dilution ratio. Theriogenology. 
2000;54:1395-1408

[18] Wienholds E, Schulte-Merker S, 
Walderich B, Plasterk RH. Target-
selected inactivation of the zebrafish 
rag1 gene. Science. 2002;297:99-102

[19] Dahm R, Geisler R. Learning from 
small fry: The zebrafish as a genetic 
model organism for aquaculture 
fish species. Marine Biotechnology. 
2006;8(4):329-345


