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This is a good thing because animals show other organisms how to stay healthy in their environment. Biologists can learn more about a lot of 

different biological processes by studying animals that aren’t humans. They can also get new ideas about how other organisms work. A model 

organism called the zebra fish (Danio rerio) has been used to study development and diseases like cancer and cardiovascular disease, as well 

as toxicology and drug discovery. Zebra fish have also been used in molecular genetics and genomic research. They are used in toxicology 

and biology research because they are a good example of a living thing. Because zebra fish are used to model human diseases, they have a lot 

more advantages than other vertebrate models. For example, zebra fish are better than other vertebrate models when it comes to testing large- 

scale genetic mutations and therapeutic chemicals. They are used in toxic genomics and aquaculture as genetic models. They can also be used 

to make human illness models based on zebra fish diseases, which can help scientists learn more about how humans get sick. For example, 

because it’s so easy to keep and breed this little fish, it can be used in a wide range of scientific fields because it has a translucent body. 
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IntroductIon 

In pharmacy, scientists are constantly trying to create novel 

scaffolds with more potent pharmacological action than 

current drugs with little side effects. Preclinical trials are 

required after identifying a new scaffold medication. During 

preclinical trials, we test new scaffolds on mice, frogs, and 

Guinea pigs. For therapeutic trials, scientists have used zebra 

fish since 1960. The unknown hazards of the new medicine 

have scared many animals worldwide. Overall, scientists are 

working to create a less harmful medicine, but it still requires 

many sacrifices. This makes the process uncertain and 

costly.1So, to simplify toxicological research, many scientists 

chose an alternative animal model like the zebra fish. 

It has been used to study human diseases for 40 years 

because its genome sequence is nearly 87 percent similar    

to the human genome and 70 percent of human genes have 

orthologous in the zebra fish model.2,3 The zebra fish (Danio 

rerio) lives in clean water. The zebra fish is 2.5–4 cm long.  

It is initially transparent, but as it matures, it develops 

distinctive stripes all over its body. You’ll look great in bluish 

red. zebra fish with a pink smudge and a torpedo shape. 

Female zebra fish have fewer pink and blue stripes and are 

heavier than male zebra fish. The zebra fish lives 2-3 years 

in ideal conditions.4,5 (Fig. 1)You can find the zebra fish in 

the rivers of South Asia, like India and Nepal and Bhutan 

and Pakistan and Bangladesh and Myanmar. It is a tropical 

freshwater fish. It is a bony fish (teleost) from the family 

Cyprinidae (Actinopterygii) (ray-finned fishes).George 

Streisinger used zebra fish as a model in the 1970s because 
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Fig.1: Zebra fish1 Fig. 2: Life cycle Zebra fish 

it was easier to control genetically than mice. The concept  

of using zebra fish embryos to investigate the development 

of the nervous system intrigued Streisinger’s university 

colleagues, especially Chuck Kimmel. In the 1990s, Nobel 

laureate Christiane Nusslein-Volhard of Tubingen, Germany, 

and Wolfgang Driever and Mark Fishman of Boston, USA, 

used zebra fish as a model organism to create two enormous 

genetic mutants. Identifying mutants is an important strategy 

in many fields of biology. The brain, digestive tract, muscles, 

vasculature, and innate immune system of zebra fish are all 

identical to those of humans.6,7 Seventy percent of human 

disease genes are zebra fish-like.8,9 

 

The Zebra Fish as a Model Organism has Several 
Distinguishing Characteristics 
Scientists prefer D. rario as a model organism because of its 

diversity of traits. The embryo grows quickly outside of the 

mother and is very clear, which makes it easy to play with. 

The blastula stage lasts only 3 hours, while gastrulation takes 

5 hours. An 18-hour-old embryo has well developed ears, 

eyes, segmenting muscles, and a brain. By 24 hours, most 

basic organ systems have formed. The embryo hatches from 

the eggshell in 72 hours and begin seeking nourishment in   

2 days. In just 4 days, the embryo transforms into a miniature 

adult. Rapid development simplifies genetic investigations. 

The adult zebra fish reaches sexual maturity at around 10 weeks 

and has a high fecundity rate. The zebra fish can lay up to 

200 eggs each week in ideal conditions.10,11For large-scale 

genetic techniques to find novel genes and their specialized 

functions in vertebrates, the zebra fish is an ideal choice.12,13 

The zebra fish is a tough fish to raise. Aside from the foregoing 

benefits, zebra fish require little room for maintenance. For 

developmental, toxicological, and transgenic research, this 

fish is a good choice.14,15 

 

Life Cycle of Zebra Fish 
The zebra fish goes through its entire life cycle. Zebra fish 

are born from such a one-cell zygote that rests on top of a 

big yolk cell and develops quickly. Gastrulation commences 

roughly 6 hours after fertilization, with the larvae releasing at 

2 days after fertilization as free-swimming larvae. Zebra fish 

attain sexual maturity at roughly 3 months of age and can live 

for up to 5 years in their natural environment.16 

Zebra Fish as a Model Organism in Developmental 
Biology 
Many human disease genes share mutations with zebra fish 

genes. This model can be used to study human diseases such 

as cancer and cardiovascular and neurological disorders. 

Zebra fish contain many similarities to red blood cells, 

neutrophils, and macrophages, as well as T and B cells. 

They can be used as a model for hematological disorders.  

Zebra fish embryos have been used a lot in cardio toxicity 

studies to look into gene function and mimic human diseases. 

Toxicological investigations using zebra fish embryos.17,18 

Compared to other animal models, this model is low cost, 

high output, and has various advantages, including reduced 

testing agent quantity, reduced testing time, and promising 

outcomes. Many pharmacological dosage forms have been 

withdrawn from the market due to cardiotoxicities.A pricey 

procedure? To reduce costs, detect probable adverse drug 

reactions (ADRs) before starting clinical studies. Researchers 

and academics are now interested in zebra fish models. 

Improving pre-clinical data collection by linking low-cost 

culture assays with high-value mammalian models Zebra 

fish toxicity studies give us more information about how 

humans work than any other in vitro model 19,20 Compared to 

the murine model, the Danio rerio model has a smaller size, 

heavier progeny, and a faster mutation rate. Target discovery, 

target validation, and toxicity investigations are carried out. 

It produces a huge number of offspring, leading to statistical 

analysis confidence. It also has a lot in common with human 

proteins that  cause  cancer.  Unlike  other  animal  models,  

it also reduces husbandry costs. The zebra fish can absorb 

water-soluble drugs or compounds.21 

 

The Use of the Preclinical Models in Oncology- 
According to the International Agency for Research on 

Cancer, 18.1 million new cases and 96 million deaths 

occurred in 2018.22,23 The 1960s saw the first usage of zebra 

fish in cancer research.24 Compared to conventional cell 

culture assay methods, the zebra fish model has several 

advantages. Both zebra fish and humans share tumor   

growth pathways due to similar progeny mutation rates. It 

produces a huge number of embryos, which is useful for 

statistical purposes. It turns out that more than 130 genes  

share a lot of the same characteristics as liver cancer cells. 
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Fig. 3: Zebra fish model 
 

They look, change quickly, have different types of cells, and 

go through different stages.24,25,26 

According to Zheng et al.27 the zebra fish model resembles 

human liver cancer. There are several ways to create human 

carcinoma in zebra fish, such as transplanting tumor cells or 

creating mutants that provide precise information on tumor 

development. It also shows tumour migration and cancer cell 

metastasis.28 

 

Development of the Enteric Nervous System 
The zebra fish model has recently made progress in the study 

of the development of the enteric nervous system (ENS).  

All vertebrates, including the zebra fish, have an extensive 

digestive system that includes multiple cell types, including 

epithelial, muscular, vascular, and neural cells. There are 

structural parallels between the zebra fish (teleost) and 

amniotes’ digestive systems, but the teleost’s digestive system 

is less sophisticated than that of amniotes. The intestinal bulb, 

a swollen portion of the anterior intestine in zebra fish, serves 

as the GI tract’s only stomach. It looks like the stomachs     

of mammals. This intestinal bulb has motility patterns and 

goblet cells that make acid and neutral mucins.29,30 There are 

no crypts or villi in the zebra fish’s gut epithelium; instead, 

the epithelium is organized into an uneven wide fold.31 Sox2, 

barx1, gata5, and gata6 are the genes that are involved in the 

development of the zebra fish’s stomach, which is similar to 

that of amniotes.32 

 
Coronary Hart Disease Zebra Fish Model 
Hyperlipidemia means a high level of fat. Cholesterol and 

triglycerides are the fats. Blood lipids and fats are major  

risk factors for atherosclerosis and heart disease.33According 

to Zhu et al.34 cardio toxic medicines cause pericardial  

edema and circulatory disruption in zebra fish. Among the 

drugs he studied were aspirin, clomipramine, cyclophos- 

phamide, nimodipine, quinidine, terfenadine, and verapamil 

hydrochloride. Aspirin is used to boost the heart rate. 

Another medicine slows the heart rate. Microinjection of a 

drug into the yolk sac of a zebrafish after four to twenty-four 

hours, drug response is recoded by heart rate, heart rhythm, 

pericardial edema, circulation bleeding, and thrombosis six 

parameter heart rate and heart rhythm. This same drug’s effect 

on humans and zebra fish is the same. He concludes that the 

zebra fish model is an excellent cardio toxicity model. 

Albini et al.35 utilized zebra fish to screen for cardio toxicity. He 

takes anti-cancer medications like 5-flurouracil, mitoxantrone, 

doxorubicin, and cyclophosphamide, as well as anti-histamines 

like terfenadine. Dosage ranges from 0.01 m to 100 m for zebra 

fish. After twenty-four hours, cardio toxicity was measured 

by heart rate, rhythm, and circulation. Also, antibiotics like 

gentamicin and antiviral drugs like amantadine have similar 

effects on humans and zebra fish. Overall, the zebra fish model 

appears to be useful in preclinical research and is used a lot as 

a model for heart problems. 

 
Xenotransplantation- 
Xenotransplantation is a revolutionary process of designing 

tumors in zebra fish that has only just been found and is set 

to revolutionize the field of cancer research. When it comes 

to xenotransplantation, one of the most significant elements 

is that cancerous cells can be stained or marked with a 

fluorescent stain that clearly distinguishes implanted cells 

from normal cells, allowing for the detection of a positive 

and significant tumor’s developmental phase.36 The most 

important characteristic of xenotransplantation is that it is 

non-invasive. In particular, various different types of tumors 

have been implanted into the zebra fish’s body to see how 

they react. Pancreatic cancer, lung cancer, ovarian carcinoma, 

breast cancer, prostate cancer, retinoblastoma, leukemia, and 

other types of cancer are among the most common.36,37 

 
Toxicology & New Treatment Development 
The zebra fish has recently become a popular toxicology and 

drug discovery model. An animal’s body length and shape, as 
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well as the shape and size of its internal organs, can be used 

to figure out how a drug affects growth and development. 

The zebra fish model has also been used to test organ 

function and medication  effects. Toxicology  in  mammals 

is predicted using zebra fish embryos. The median lethal 

dose (MLD) of zebra fish embryos was found to be lower 

than that of mammals.38The toxicity of medicine on specific 

organs has also been examined in zebra fish and humans.  

Caffeine, camptothecin, quinine, neomycin, vinblastine, and 

fluorouracil were among the medicines employed to assess 

organ damage.39,40 

 
Neurotoxicology Studies Using the Zebra Fish 
The zebra fish model is now commonly used to examine 

drug behavior and neurological disorders. Similar to other 

vertebrates, the CNS and major brain subdivisions are 

organized. The neural system of zebra fish shares many 

similarities with the human nervous system, including 

neurotransmitters like GABA, dopamine, adrenaline, 

serotonin, and histamine.41,42 Pharmacological and 

toxicological activities attack them as well. The study of 

epilepsy requires a detailed look at brain and nerve system 

movement. The automatic tracking study is hot. Adult zebra 

fish can display social interaction and a learning mindset. 
43Compared to other animal models; pentylenetetrazol and 

picrotoxins elicit dosage-dependent increases in locomotors 

activity, while diphenylhydantoin and valproic acid cause 

decreases. The pharmacological response in zebra fish is 

similar to that in rodents.44 In clinical trials, the anxiety- 

provoking effects of new compounds are assessed using the 

adult zebra fish model (LDT). This test is similar to the rodent 

model test. Performing this activity on a zebra fish model 

requires a dark environment.45Overall, the zebra fish model 

appears to be a promising neurological model. It uses the 

same biological target as the human body. The in vitro model 

embryo allows scientists to study genetic manipulation and 

conserved proteins with fluorescent tags.46 

 
Zebra fish as Metabolic Research Models 
Risk factors for metabolic disorders include low HDL, high 

triglycerides, high blood glucose, high blood pressure, and 

abdominal obesity.47An imbalance between nutrient intake 

and energy expenditure can lead to metabolic  disorders  

such diabetes, stroke, and fatty liver disease.48,49 Aside from 

general parallels to human metabolism, zebra fish metabolism 

has certain distinct features. Zebra fish embryos eat yolk for 

the first five days of development, then are fed to prevent 

starvation. Mechanistic insights into metabolic homeostasis 

upon energy deprivation have been developed using the 

feeding-to-fasting transition at 5–6 dpf. 50,51 The zebra fish 

adipose tissue composition and development is also unique 

.As a poikilothermic animal, zebra fish appear to lack the need 

for brown adipose tissue. The first adipocyte is discovered  

at 8 days post fertilization. Interestingly, late adipogenesis 

may provide an experimental setting for studying adipose 

tissue’s role in metabolic disorders. During the larval stage, 

metabolism can be modeled to mimic human illnesses. 

Similarly, metabolic abnormalities in adults can be modeled 

to study phenotypic parallels in all metabolic organs. Many 

metabolic similarities and differences between humans and 

zebra fish have been described elsewhere.52,53 

 

Visual Toxic Effects in Zebra Fish 
There are morphological parallels between the zebra fish 

and the human eye, such as the cornea, lens, choroid, and 

retina, as well as similarities in genetic expression and tissue 

structure, among other things.54,55 The colour vision of the 

zebra fish is due to the presence of a cone-dense area, which 

is comparable to that of humans. There are many things 

about zebra fish that make them a good pre-clinical model 

for studying drugs. Because of this, the zebra fish model has 

emerged as a good one. With the help of an adult zebra fish 

model, the optokinetic assay and dark and light alternating 

vertical strips were the two assays that were employed to 

determine ocular toxicity. Only  a  few  medications,  such 

as chlorpromazine, cisplatin, gentamicin, minoxidil, and 

vardenafil, have been shown to cause ocular toxicities in mice 

that are comparable to those observed in humans, with high 

sensitivity, specifically to 75 percent-100 percent. 

 

Ototoxicity Model is Developed based on Zebra Fish 
Aminoglycosides for life-threatening infections and cisplatin 

for cancer therapy can cause ototoxicity, which is often 

controllable but not always, reducing the patients’ quality of 

life. Testing for ototoxicity in preclinical mammalian models 

can be complicated and is only done in select instances. 

Using the zebra fish model for preclinical safety testing 

helps fill these gaps.56,57 The zebra fish model is successful 

because of its closeness to human systems in hair cell 

physiology, ear anatomy, and brain transmission. allowing 

for high-throughput regulation of the hair cell modifications 

of zebra fish’s surface cells. Because of this fact, the zebra 

fish is a common ototoxicity model. There are a number of 

medications that are ototoxic to humans that are also ototoxic 

to developing, larval, and adult zebra fish. This means that 

the zebra fish model can be used to identify new ototoxic 

compounds.58,59,60
 

 

Angiogenesis 
Angiogenesis and regeneration have also been studied in 

zebra fish. Angiogenesis is the process of creating new blood 

vessels from existing vascular systems in both normal and 

pathological circumstances. Endothelial cells and their niche 

cooperate to achieve this. Abnormal remodeling causes 

cancer.61 The zebra fish, a transparent vertebrate, has been 

shown to be a useful tool for studying early cardiovascular 

development and blood flow.62 The development of the 

blood circulatory system could be seen in great detail in 

zebra fish larvae using a simple dissecting microscope and 

fluorescent proteins. In live specimens, confocal microscopy 

and time-lapse photography can show how cells change 

shape and how they move. Angiogenesis is vital for vascular 
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growth and development. Intersegment arteries are formed 

by angiogenic sprouting from the dorsal aorta as the embryo 

grows.63 Mammalian cancerous cells can be xenotransplanted 

into zebra fish embryos and grow into tumors.64,65 This led to 

the development of tumor angiogenesis models 

 

Nephrotoxicology Using the Zebra Fish as a Model 
The renal system is the primary organ for detoxification. 

Globular filtration eliminates toxins from circulation. Toxic 

substances drastically impair kidney function. and causes 

renal failure. Use the model of the zebra fish, which is used 

to see how nephrotoxic compounds affect kidney function 

and histology. In comparison to other animal models, the 

kidney function and structure of zebra fish is very similar to 

that of humans. Because of this, zebra fish (Danio rerio) is   

a good alternative to other mammalian models for genetic 

experiments. 66, 67 This model was used to examine cisplatin 

nephrotoxicity. Cisplatin is used to treat cancer, but it has a 

serious adverse effect called nephrotoxic acute renal injury. 

In zebra fish, intraperitoneal cisplatin administration induced 

a reduction in kidney proximal tubular functioning. A 

simplified but powerful model to explore the pathophysiology 

of cisplatin nephrotoxicity, adult zebra fish are ideal for 

pharmacological screening and genetic manipulation. 

 

Conclusion 
Preclinical experiments using the zebra fish models have 

shown promising results in 2018.Among some of the 3000 

scholarly publications is a zebra fish model, which has 

tripled in the last decade. Since no other animal model is    

as effective and promising as the zebra fish model, it has 

replaced a few animal toxicity investigations. It is used to 

determine drug toxicity to limit the use of animals in drug 

toxicological research. It can also be used to find new 

targets for cancer, cardiovascular disease, diabetes, obesity, 

neurology, xenotransplantation, eye or ear and renal illnesses 

etc. Compared to mammalian models, the zebra fish has the 

convenience and variety of in vitro and in vivo experiments 

with the low cost and easy maintenance of in vivo experiments. 

The zebra fish as a model organism appears to have a bright 

future. In the coming years, more reports on the use of zebra 

fish as a bio indicator are required to be approved. 
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