
J. Biol. Sci. Med. (2016) 2 (1): 16-19 
 
 

 

Journal of Biological Sciences and Medicine 
Available online at www.jbscim.com 

 

 
 ISSN: 2455-5266 

  

 

16 

 

       

 

Mini-Review Article           Open Access 

Zebrafish as a model organism for cardiovascular studies  

Suneeta Narumanchi* 

Minerva Foundation Institute for Medical Research, Tukholmankatu 8, Helsinki, Finland                    

*Corresponding author: suneeta.narumanchi@helsinki.fi    

ARTICLE INFO 

 

ABSTRACT 

Article History: 

Received  
14 March 2016  

Accepted  

23 March 2016  

Available online  
31 March 2016 

Cardiovascular diseases (CVD) are the leading cause of morbidity and mortality 

worldwide. There is a need for a model organism which is cost effective, easy to use 
and maintain in a lab. Zebrafish qualifies very well for all these criteria. The 

maintenance cost is much lower than rodents and it is a small animal and easy to use. 

Adult zebrafish grows to 3-4 cm and females can lay hundreds of eggs daily; providing 

a good supply of embryos for the experiments. The complete genome of the zebrafish is 
sequenced, making genetic modifications and related studies possible. 
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Introduction 

Zebrafish is an excellent model organism which 

is becoming increasingly popular from the past 

two decades (Howe et al 2013). Originally found 

in the Ganges, Dania rerio can live up to five 

years in captivity and reaches the adult stage at 3 

months and is ready for breeding (Nasiadka and 

Clark 2012). The zebrafish are maintained at a 

temperature of 28ºC; in 14 hours light and 10 

hours dark cycle; embryos start feeding at day 7, 

till then yolk sac provides the nourishment 

needed for development. The heartbeat of 

zebrafish is closer to humans (100-170/min) than 

in the case of rodents (300-600/min) (Chan et al 

2009). 

 In vertebrates, the heart is the first organ 

to develop. In zebrafish embryo, development of 

heart begins at 5.3 h post fertilisation and a 

beating heart can be seen at 22 hpf (Bakkers 

2011). The zebrafish has a two chambered heart, 

consisting of an atrium and a ventricle. The 

embryos are transparent and develop outside the 

womb, so the development can be followed with 

a simple light microscope. Oxygen reaches the 

zebrafish embryo also by diffusion through the 

gills, so embryos with lethal heart defects can 

also be studied (Seeley et al 2007). 

 The gene of interest can be downregulated 

by giving morpholino injections at one cell stage. 

Morpholinos are short oligos which bind with 

complementary RNA and inhibit miRNA 

expression and maturation or  knockdown gene 

expression (Bill et al 2009).  Knock out/knock in 

with CRISPR technology is also increasingly 

gaining popularity (Yuan and Sun 2009)  . 

CRISPR is an efficient gene editing tool; which 

can be adapted to animal models effectively 

(Hwang et al 2013). Drug studies can also be 

easily carried out by adding compound to E3 

embryo medium (5.0mM Nacl, 0.17mN KCl, 

0.33mM CaCl, 0.33mM MgS04). Zebrafish are 
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also tolerant to harsh chemicals like ethanol and 

DMSO; if the drugs are insoluble in water (Maes 

et al 2012). 

 

Zebrafish as a model for heart studies 

Congenital heart disease (CHD): nkx2.5 

mutant 

The transcription factor nkx2.5 is required for 

cardiac differentiation (Targoff et al 2008). It is 

the earliest marker of heart development, which 

favours the development of ventricle over atrium. 

The nkx2.5 mutants have less ventricular 

cardiomyoctes and more atrial cardiomyoctes in 

comparison to wt zebrafish embryo (Targoff et al. 

2013). In humans nkx2.5 mutations are associated 

with congenital heart defects (Abou Hassan et al 

2015). 

 

Hypertrophic cardiomyopathy: Silent heart 

mutation tnnt2 

Tnnt2 gene codes for cardiac troponin T, 

mutations in cardiac troponin T  is one of the 

causes for familial hypertrophic cardiomyopathy; 

the leading cause of sudden death among athletes 

(Marian et al 2001). Silent heart mutation in 

zebrafish is the first animal model for tnnt2 

deficiency. Loss of tnnt2 disturbs the sarcomere 

assembly and effects heart function (Huang et al 

2009). 

 

Hypertrophic cardiomyopathy: Depletion of 

Titin 

Titin has two isoforms in zebrafish, ttna and ttnb, 

it has been found that only ttna is important for 

sarcomere assembly (Seeley et al 2007). 

Depletion of titin leads to contractile problems 

similar to dilated cardiomyopathies and 

hypertrophic cardiomyopathies in humans (Linke 

2007; Pernigo et al 2015). 

 

Ischemic cardiomyopathy 

Prolonged ischemia causes decreased supply of 

blood and oxygen to heart tissue, leading to heart 

attack. The mammalian heart has a limited 

capability to regenerate, so myocardial infarction 

leads to scar formation and permanent damage to 

the heart (Kalogeris et al 2012). Adult zebrafish 

has an excellent regeneration capability of the 

heart as revealed in the case of  injury to the heart 

either by ventricular amputation or cryoinjury, 

there is a complete recovery without any scar 

formation (González-Rosa et al 2011; Chablais et 

al 2011). In ventricular amputation, about 20% of 

the ventricle is cut with a scissors and in 

cryoinjury the apex of the ventricle is touched 

with a probe cooled in liquid nitrogen. The injury 

followed by cryoinjury is closer to myocardial 

infarction in humans. Earlier it was believed that 

formation of new cardiomyoctes occurs through 

activation of stem cells in the heart; but a recently 

it has been shown that regeneration occurs 

through pre-existing cardiomyoctes (Kikuchi  et 

al. 2010). 

 

Zebrafish as a model for drug testing 

Zebrafish is a cost-effective model for testing 

various drugs (Chakraborty et al 2009). Many 

drugs can be dissolved in E3 embryo medium and 

in this way administered without any 

intervention. The compounds which are insoluble 

in water but soluble in ethanol or DMSO can also 

be administered as Zebrafish is resistant to these 

chemicals (Rocke et al 2009). 

 

Some drawbacks/ limitations 

In spite of the many advantages, the use of this 

popular model in various studies has few 

disadvantages too. Due to the small size of the 

animal, it is difficult to get functional study 

results from adult zebrafish. Functional studies 

are easier to obtain from embryos due to their 

transparent nature. On the other hand, the heart is 

two chambered, unlike in higher mammals, due to 

which it is difficult to relate well with the studies 

in mammals and hence subsequent studies are 

required to be performed in understanding the 

functional aspects or mechanism of the cellular 

processes. 
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Conclusion 

Zebrafish is gaining popularity due to easy 

maintenance, cost-effectiveness, reproductively 

active and transparent embryos to name a few. 

The regenerative capacity of the heart to the 

ability to re-enter the cell cycle is a crucial point 

of interest for researchers. If we keep in mind, the 

few disadvantages before planning the 

experiments, zebrafish can prove be a valuable 

model organism in studying heart related 

diseases. 
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