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Abstract—A potent and adaptable vertebrate model in 

pharmacological, toxicological, and nanomedical studies 

is the zebrafish (Danio rerio). Real-time visualization of 

developmental and disease processes is made possible by 

their optical transparency, extraordinary genetic 

resemblance to humans, and ease of genetic 

manipulation. Zebrafish models offer important insights 

into metabolic control, brain function, and organ-specific 

disorders by faithfully simulating intricate human 

physiological and pathological processes. They are 

perfect for researching medication efficacy, toxicity, and 

therapeutic potential because of their versatility in high-

throughput screening, cytotoxicity testing, and molecular 

analysis. Zebrafish are widely utilized as an ethical, 

economical, and effective substitute for mammalian 

models in the study of cancer, diabetes, epilepsy, 

cardiotoxicity, and renal disorders. 

 

Index Terms—Zebrafish, in vitro, cell lines, toxicity 

testing, drug screening, oxidative stress. 

 

I. INTRODUCTION 

 

A crucial vertebrate model in pharmacological and 

toxicological studies is the zebrafish (Danio rerio), a 

tiny tropical freshwater teleost. Zebrafish offer a 

strong platform for understanding drug mechanisms 

and assessing therapeutic efficacy because of their 

high genomic homology with humans, optical 

transparency during embryogenesis, and susceptibility 

to genetic and chemical manipulation. The species 

provides a special equilibrium between physiological 

significance and experimental ease, allowing for the 

evaluation of whole-organism pharmacodynamics and 

pharmacokinetics in an economical and morally sound 

system. One of the most common model organisms in 

biological research is the zebrafish (D. rerio) [1]. 

Because it displays similar organ systems, 

physiological processes, and diseases to humans, such 

as neurological disorders, cardiovascular diseases, 

cancer, and metabolic conditions, scientists prefer it. 

Cell lines, organ cultures, or embryonic explants made 

from zebrafish tissues are used in in vitro research 

involving zebrafish. Without whole-organism 

variation, these systems enable controlled study of 

gene expression, drug metabolism, and cellular 

responses. Cell lines derived from zebrafish, such as 

AB9 (fibroblast) and ZF4 (embryonic fibroblast), are 

frequently used for screening new therapeutic agents, 

assessing nanoparticles, and testing for cytotoxicity 

[2]. In vitro studies involving zebrafish use cell lines, 

organ cultures, or embryonic explants derived from 

zebrafish tissues. These systems allow for the 

controlled study of drug metabolism, gene expression, 

and cellular responses without whole-organism 

variation. Zebra fish widely used for cytotoxicity 

testing, nanoparticle evaluation, and screening of 

novel therapeutic agents. The use of zebrafish in 

modern drug discovery and safety assessment is being 

further enhanced by the combination of behavioral 

phenotyping, omics technologies, and advanced 

imaging [3]. 

Taxonomy of Zebra fish  

Zebrafish (Danio rerio) 

Kingdom: Animalia 

Phylum: Chordata 

Class: Actinopterygii 

Order: Cypriniformes 

Family: Cyprinidae 

Genus: Danio 

Species: Danio rerio 

Colour: Melanophores, xanthophores, and iridophores 

are pigment cells that give the zebrafish (Danio rerio) 

its characteristic horizontal blue and silvery-white 
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stripes. Early growth is when this distinctive coloring 

develops, and it is a crucial characteristic for 

identification and genetic research. 

Size: - Female zebrafish (Danio rerio) are slightly 

rounder and larger than males, and adults usually 

measure 2.5 to 4 cm in length. 

Species: - The freshwater teleost known as the 

zebrafish (Danio rerio) is a member of the Cyprinidae 

family and the Cypriniformes order. Because of its 

conserved physiology and ease of laboratory 

maintenance, it is frequently used as a model organism 

in pharmacological, genetic, and developmental 

studies 

 

 
Morphological image of zebra fish 

 

II. REPRODUCTION OF ZEBRA FISH 

 

External fertilization occurs in zebrafish (Danio rerio), 

where the eggs are dispersed throughout the substrate 

without parental supervision. Although it is advised to 

begin breeding at six months of age in order to produce 

higher-quality embryos, sexual maturity typically 

occurs between 10 and 12 weeks of age. Adults have 

cylindrical bodies with alternating horizontal stripes of 

light and dark, and they are small (4–5 cm). There is 

clear sexual dimorphism: females are thinner and 

silvery, while males are more rounded and have golden 

ventral regions. 

Females can spawn several times a day because they 

are asynchronous spawners. A single female can 

produce up to 200 eggs during a single spawning 

event, and each spawn may produce up to 100 eggs. 

The fry grows quickly, and in two to three months, 

they are sexually mature [4]. 

 
Reproduction of zebra fish 

 

III. APPLICATIONS OF IN VITRO STUDIES ON 

ZEBRA FISH 

 

1. Toxicology and Risk Evaluation 

Zebrafish cell lines are used to evaluate cytotoxicity, 

oxidative stress, apoptosis, and genotoxicity. 

Zebrafish embryos, cell lines, and tissue cultures are 

used extensively in in vitro research for environmental 

risk assessment and toxicological screening [5]. 

Zebrafish enable real-time monitoring of cellular and 

molecular toxic reactions to chemicals, medications, 

nanoparticles, and environmental contaminants 

because of their quick development and transparent 

embryos. A common substitute for conventional 

mammalian models in the evaluation of acute toxicity, 

teratogenicity, and developmental toxicity is the 

Zebrafish Embryo Toxicity (ZFET) test [6]. 

By identifying dose-dependent effects, cytotoxicity, 

and organ-specific damage, in vitro zebrafish assays 

shed light on toxicity mechanisms like oxidative 

stress, apoptosis, and genotoxicity [7]. 

 

2. Screening medications, pesticides, nanoparticles, 

and chemicals found in the environment. 

Zebrafish tissue cultures, cell lines, and embryos are 

widely used in in vitro studies for toxicological 

screening and environmental risk assessment. 

Zebrafish's rapid development and transparent 

embryos allow for real-time monitoring of cellular and 

molecular toxic reactions to chemicals, drugs, 

nanoparticles, and environmental contaminants [8]. 

The Zebrafish Embryo Toxicity (ZFET) test is 

frequently used in place of traditional mammalian 

models to assess acute toxicity, teratogenicity, and 

developmental toxicity [9]. 

In vitro zebrafish assays provide insight into toxicity 

mechanisms such as oxidative stress, apoptosis, and 

genotoxicity by detecting dose-dependent effects, 



© November 2025 | IJIRT | Volume 12 Issue 6 | ISSN: 2349-6002 

IJIRT 186468 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2534 

cytotoxicity, and organ-specific damage. For instance, 

Nrf2 reporter assays are used to detect oxidative stress 

[10]. 

 

3. Medicinal Chemistry and Drug Testing 

Evaluating the safety and effectiveness of new 

medicinal substances. Molecular and cellular 

mechanistic investigations. The ability to screen at 

high throughput lessens the need for whole-animal 

testing [11]. 

 

4. Genetic and Molecular Research 

 zebrafish's (Danio rerio) high genomic similarity to 

humans (roughly 70%) and ease of genetic 

manipulation, in vitro studies on this species have 

become a mainstay of genetic and molecular research 

[12]. Because of their quick development and 

transparent bodies, which allow for real-time gene 

activity visualization, zebrafish embryos and cell lines 

are perfect for gene expression research, mutagenesis, 

and molecular pathway analysis. Pathway activation 

reporter assays (e.g., oxidative stress, inflammation) 

[13]. Transfected zebrafish cell lines are used for 

functional research and gene expression analysis [14]. 

 

5. Nanomedicine and Nanotoxicology 

zebrafish (Danio rerio) make an effective vertebrate 

model in nanotechnology research. They are employed 

in nanomedicine to investigate in vivo regenerative 

processes, drug delivery, tumor targeting, imaging, 

and nanoparticle biodistribution[15]. Zebrafish 

embryos offer quick and sensitive screening for 

developmental, hepatic, cardiac, and neurotoxic 

effects caused by nanoparticles in nanotoxicology. 

This enables the visualization of oxidative stress and 

alterations in gene expression[16]. Zebrafish are a 

useful link between in vitro research and mammalian 

systems for assessing the safety and effectiveness of 

nanomaterials because of their low cost, ethical 

acceptability, and high-throughput potential Assessing 

the mechanism, cytotoxicity, and cellular uptake of 

nanoparticles. Aids in forecasting in vivo reactions 

prior to studies on adult or embryonic zebrafish[17]. 

 

6. A Complementary Framework for In Vivo Research 

Connects zebrafish in vivo tests with mammalian in 

vitro models. Adheres to the moral 3Rs (Replacement, 

Reduction, Refinement), lowers costs, and improves 

reproducibility[18]. 

IV. ADVANTAGES OF ZEBRAFISH MODEL 

OVER THAN ANIMAL MODELS 

 

1) Zebra fish as alternative model for Cancer 

In cancer, its rapid development, transparent embryos, 

and genetic resemblance to humans, the zebrafish 

(Danio rerio) is a useful model for studying cancer. It 

is appropriate for high-throughput drug screening and 

enables visualization of tumor growth, metastasis, and 

angiogenesis[19]. Transgenic zebrafish aid in the 

study of oncogenes and tumor suppressors, and human 

cancer cells can be xenografted. Limitations include 

variations in human cell temperature requirements and 

immunity. All things considered, zebrafish offer a 

quick, easy, and affordable platform for cancer 

research[20]. 

 

2) Zebra fish as alternative model for diabetes 

mellitus 

Zebrafish are used to study diabetes due to similarities 

in pancreatic structure and glucose metabolism with 

humans. They allow visualization of pancreatic β-cell 

function, high-throughput screening of antidiabetic 

drugs, and modeling of hyperglycemia and insulin 

resistance[21]. Zebrafish offer several benefits, such 

as quick development, a high number of progeny, and 

conserved insulin signaling pathways, which make it 

possible to screen for antidiabetic drugs in large 

quantities. Furthermore, real-time monitoring of 

pancreatic β-cell function and regeneration is made 

possible by the use of fluorescent transgenic lines like 

Tg(ins:GFP). 

All things considered, zebrafish are a productive and 

moral substitute model for researching β-cell biology 

with human translational relevance, testing new 

treatments, and comprehending the pathophysiology 

of diabetes. Their rapid development and genetic 

manipulability make them a cost-effective alternative 

to mammalian models[22]. 

 

3) Zebrafish as alternative model for epilepsy 

In epilepsy seizure-like behaviors and conserved 

neural circuits, zebrafish are used in epilepsy research. 

Their transparent embryos are appropriate for high-

throughput screening of anticonvulsant medications 

and allow for real-time brain activity imaging[23]. 

Because of its genetic resemblance to humans, 

conserved neuroanatomy, and neurotransmitter 

systems, the zebrafish (Danio rerio) has emerged as a 
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useful vertebrate model for researching epilepsy. 

Important excitatory and inhibitory pathways, such as 

the glutamatergic and GABAergic systems, are shared 

by the brains of zebrafish and are essential for the 

production and control of seizures. 

Convulsant like pilocarpine, kainic acid, or 

pentylenetetrazole (PTZ) can be used to chemically 

induce seizure models that accurately replicate the 

focal and generalized seizure phenotypes observed in 

humans. Because zebrafish larvae are transparent, 

calcium indicators and transgenic fluorescent markers 

can be used to non-invasively image neuronal activity. 

Epilepsy-related mutations can be effectively modeled 

through genetic manipulation[24]. 

 

4) Zebrafish as alternative model for cardiotoxicity 

In this, their transparent embryos, quick heart 

development, and conserved cardiac structure and 

physiology, zebrafish make an excellent model for 

cardiotoxicity research. Zebrafish embryos' optical 

transparency makes it possible to observe cardiac 

morphology, heart rate, and blood flow in real time, 

which makes it easier to identify drug-induced cardiac 

abnormalities like bradycardia, arrhythmia, and 

pericardial edema[25]. 

Human cardiotoxicity has been modeled using genetic 

modification as well as chemical exposure 

(doxorubicin, cisplatin, etc.). Myocardial damage, 

oxidative stress, and cardiac regeneration can all be 

thoroughly studied using transgenic zebrafish lines 

that express fluorescent cardiac markers. Additionally, 

zebrafish are perfect for high-throughput compound 

screening to identify cardioprotective agents and 

evaluate their potential for cardiotoxicity. Their ability 

to analyze heart rate, contractility, morphology, and 

structural defects in real time makes them perfect for 

high-throughput screening of drugs that cause 

cardiotoxicity[26]. 

 

5) Zebrafish as alternative model for kidney 

disorders 

In kidney related disorders their transparent embryos, 

quick kidney development, and conserved nephron 

structure, zebrafish make an excellent model for 

kidney diseases[27]. While genetic manipulation 

makes it easier to model congenital and acquired renal 

diseases, the pronephros enables real-time imaging of 

glomerular and tubular function[28]. High throughput 

screening of nephrotoxic medications and possible 

treatments is another application for them[29]. 

 

V. CONCLUSION 

 

Beyond the conventional bounds of model organisms, 

zebrafish (Danio rerio) provide a dynamic and 

comprehensive platform for pharmacological research 

and disease modeling. They accurately replicate 

intricate human physiological and pathological 

processes, ranging from metabolic regulation to neural 

circuitry, despite their diminutive size, which belies 

their enormous translational value. Real-time 

visualization of disease progression and drug 

responses is made possible by the combination of 

optical transparency, genetic tractability, and high-

throughput adaptability, which transforms the entire 

organism into a living laboratory. Beyond their 

affordability and moral benefits, zebrafish offer a 

unique opportunity to gain a comprehensive 

understanding of organismal biology by connecting 

molecular processes with systemic effects. Zebrafish 

are in a position to be used not only as models but also 

as a catalyst for new ideas in the study and treatment 

of human disease as precision medicine and drug 

discovery develop. 
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