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ABSTRACT
Background: Zebrafish have emerged as an invaluable asset in biomedical research, particularly 
in comparison to other vertebrate models employed for studying human ailments. Their efficacy 
in large-scale studies of genetic variations and drug testing has been well-established. Recent 
advancements in CRISPR and next-generation sequencing have further boosted zebrafish-based 
disease modeling, enhancing our comprehension of the biological underpinnings of hereditary 
human diseases. Such efforts are critical for developing targeted therapies that offer innovative 
diagnostic and treatment options. Materials and Methods: We extensively examined original 
articles and papers from prominent databases such as PubMed, SCOPUS, Science Direct, and 
PubMed Central. This analysis included a comprehensive review of the articles, their citations, 
and cross-references. To identify relevant articles, we employed a variety of keywords, including 
but not limited to: Zebrafish applications, toxicity studies involving Zebrafish, CRISPR technology 
applications in Zebrafish research, substances utilized in developmental biology studies with 
Zebrafish, and various models employed in Zebrafish research. Results: In the medical field, 
zebrafish research has made strides in various areas, including developmental disorders, mental 
illnesses, and metabolic diseases. A growing trend involves studying an expanding spectrum 
of risk genes linked to neurological disorders using zebrafish as a model system. Zebrafish 
possess unique traits that make them an ideal choice for this purpose. For instance, their active 
partner growth of translucent embryos allows direct observation of the developing brain during 
early stages, providing valuable insights into developmental processes. Additionally, the large 
number of progenies zebrafish produce significantly enhances controllability, making them 
highly effective for therapeutic testing aimed at identifying specific molecular effectors of simple 
behavioral genetic traits. Conclusion:The exceptional attributes of zebrafish make them a potent 
and versatile tool for medical research. Their contributions have been instrumental in advancing 
our understanding of human diseases and developing potential treatments. As a result, zebrafish 
continue to play a pivotal role in biomedical research, propelling progress in personalized 
medicine and the pursuit of improved treatments for a wide range of health conditions.
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INTRODUCTION

Zebrafish possess substantial advantages over other vertebrate 
models when utilized in extensive genetic mutant and therapeutic 
compound screenings, as well as various biomedical research 
applications.1 The utilization of zebrafish for disease modeling 
is revolutionizing our understanding of the molecular basis of 
human genetic illnesses, particularly in light of advancements 

in Clustered Regularly Interspaced Short Palindromic Repeats 
(CRISPR) and next-generation sequencing technologies.2 These 
initiatives play a pivotal role in shaping the future of precision 
medicine, offering innovative medical and diagnostic possibilities. 
Zebrafish serve as a powerful tool in accelerating our knowledge 
of human diseases at the molecular level, enabling researchers to 
gain invaluable insights into the complex genetic underpinnings 
of various illnesses. This, in turn, holds immense promise for 
the development of targeted and personalized therapeutic 
approaches, revolutionizing the field of medicine and patient care 
in the years to come.3

In the 1980s, Streisinger and other prominent researchers in the 
field introduced Mouse models for genetics research, marking a 
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significant milestone in scientific exploration. However, recent 
advancements in the Tol2-based transgenic system within 
zebrafish have unlocked new possibilities for gene expression 
regulation in specific locations.4 By incorporating it with 
other systems like GAL4/UAS or Cre/LoxP, researchers can 
delve deeper into understanding the impact of gene mutations 
on neurodevelopment, particularly in the central nervous 
system of zebrafish.5 The modern tissue-clearing techniques 
have revolutionized the study of neural networks in the adult 
zebrafish brain, providing valuable insights into their complex 
structure and function.6 As a result, zebrafish have emerged as a 
valuable model for investigating human developmental diseases, 
enabling researchers to explore their phenotypic characteristics 
through advanced molecular technologies and procedures.7 This 
versatile aquatic organism has become a cornerstone in scientific 
research as an animal model for developmental disorders, mental 
diseases, and central nervous system studies.8 The integration of 
zebrafish into genetics research and its cutting-edge applications 
in molecular technology have propelled scientific discoveries to 
new heights.9,10 From exploring neurodevelopment to unraveling 
the intricacies of neural networks, zebrafish play a pivotal role in 
advancing our knowledge of human diseases and developmental 
processes. As a model organism, they continue to hold immense 
promise for further advancements in developmental biology, 
mental health research, and the study of the central nervous 
system. Additionally, their relevance in elucidating metabolic 
functions and cellular processes further solidifies their position 
as an indispensable tool in scientific exploration across various 
disciplines.

This review offers a comprehensive overview of the multifaceted 
role of zebrafish as a disease model in various biomedical 
applications, with a specific focus on developmental, 
psychological, and metabolic disorders. By harnessing the unique 
attributes of zebrafish, researchers have unlocked valuable 
insights into the molecular mechanisms underlying these 
complex diseases, contributing to advancements in the fields of 
medicine and biology.

Zebra Fish Features in General

The Zebrafish (Danio rerio) has been an invaluable model 
organism in scientific research since the 1960s, offering numerous 
advantages for studying human genetics and diseases.3 As a 
freshwater fish belonging to the minnow family, the zebrafish 
hails originally from South Asia and has gained popularity in the 
aquarium trade. With a length ranging from 2.5 to 4 cm, zebrafish 
exhibit a striking appearance, featuring vertical blue stripes 
during their adult stage. Male zebrafish typically showcase a pink 
or yellow coloration and possess a slender, torpedo-like shape, 
while females are often larger and less pink due to the eggs they  
carry.11 Zebrafish's unique characteristics and genetic makeup 
have proven to be of great value in diverse research fields, including 
progressive neurodegenerative studies and investigations into 

developmental and disease processes, such as cancer. With a 
genome comprising 26,247 protein-coding genes across its 
1,505,581,940 base pairs, zebrafish provide a rich resource for 
understanding complex biological mechanisms.12 The zebrafish 
life cycle offers researchers a dynamic and well-characterized 
model system, enabling the investigation of various phenomena 
throughout its development. As the zebrafish develops, its 
transparent nature during the larval stages facilitates direct 
observation, providing insights into vital processes and responses 
to various environmental factors. Furthermore, zebrafish 
have played an instrumental role in the study of angiogenesis, 
nephrotoxicology, and persistent coronary syndrome, enhancing 
our understanding of these important aspects of human health.13 
The evolution of the brain's "foregut" has been a captivating 
area of exploration using zebrafish as a model organism. 
This research has shed light on the complexities of brain 
development and the mechanisms involved in neurogenesis, 
contributing to broader insights into human brain function and 
disorders.14 In the context of oncology, zebrafish have proven 
to be particularly valuable preclinical models. The ability to 
study gene expression in specific locations through transgenic 
approaches has opened doors to understanding the impact of 
gene mutations on neurodevelopment, especially in the central 
nervous system of zebrafish. Modern tissue-clearing techniques 
have further enriched our understanding of neural networks in 
adult zebrafish brains, providing a glimpse into the intricacies of 
brain architecture.14,15 Overall, the zebrafish's performance as a 
versatile and powerful model organism has accelerated scientific 
progress in diverse biomedical applications. As we continue to 
delve into the mysteries of genetics and diseases, the zebrafish will 
undoubtedly remain a cornerstone of scientific research, offering 
an invaluable tool to unlock new knowledge and therapeutic 
avenues.

Development of the Zebra Fish

During zebrafish development, a solitary zygote attaches itself to 
the top of a large yolk cell, initiating rapid growth. Approximately 
6 hr after implantation, the initial indications of gastrulation 
become evident, and by the second day, the eggs hatch, giving 
rise to free-swimming larvae. Zebrafish have a relatively long 
lifespan of up to 5 years, and they attain sexual maturity at around 
3 months of age.16

Development of the Enteric Nervous System

Recent advancements in the zebrafish embryo model have 
significantly contributed to the understanding of the formation 
of the Enteric Nervous System (ENS). The digestive systems of 
various vertebrate species, including zebrafish (Danio rerio), 
are intricate structures comprising diverse cell types, such as 
epithelial, muscular, vascular, and neural cells.16 Zebrafish, 
belonging to the cyprinid family, exhibit remarkable phenotypic 
plasticity and are the largest among schooling fishes. Stress 
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distribution and stress response have been successfully employed 
to produce homozygosity in diploid zebrafish, yielding valuable 
results that have assisted in the genetic analysis of zebrafish. 
Multiple mutations have been identified, and the genes 
responsible for these mutations, along with their functions in 
zebrafish embryogenesis, have been elucidated. These findings 
have laid a robust foundation for future research utilizing 
zebrafish as a model organism for studying growth processes.17 
Zebrafish possess several advantageous traits that make them an 
excellent model species. Their small size, ex utero development of 
embryos, short reproductive cycles, and transparency of embryos 
provide numerous benefits for researchers. Moreover, zebrafish 
share a significant amount of genetic similarity with human 
beings, making them even more relevant as a research tool in 
various fields, including development, environmental toxicology, 
pharmacology, and DNA damage repair. As a result, zebrafish has 
become an invaluable asset in advancing scientific knowledge in 
these areas.18,19

Genetics and early development of Zebrafish

Researchers in an increasing number of labs are now focusing on 
examining the genes and development of zebrafish. Despite the 
existence of numerous creatures already extensively studied by 
researchers, the significance of studying zebrafish development 
has risen. The current understanding of the zebrafish embryo 
and genome remains somewhat limited, making it an area of 
interest for further investigation.While the zebrafish embryo 
shares many similarities with embryos of other vertebrates 
in several aspects, its simplicity and exceptional accessibility 
for cellular and genetic analysis make it a preferred subject of 
study. The ease of studying zebrafish development sets it apart 
from other vertebrates, making it a valuable model organism for 
research.Interestingly, despite the apparent distinctiveness of fish 
development, researchers have observed numerous similarities 
between fish and other vertebrates. These similarities seem to be 
more fundamental and cryptic than the differences, challenging 
conventional expectations. Recent discoveries in zebrafish 
research have complemented and enhanced earlier studies 
conducted on tetrapods, including frogs, chickens, and mice. 
These parallels provide compelling evidence for the conservation 
of fundamental processes, particularly the genes that regulate and 
organize vertebrate development. Study of zebrafish development 
has gained significance due to its accessibility and simplicity 
for analysis. Moreover, the discoveries in zebrafish research 
have shed light on the conservation of essential developmental 
processes across vertebrates, enriching our understanding of 
embryogenesis in various species.

Medical and Science Studies

Psychological disorders, also known as mental abnormalities, 
are characterized by disrupted thought processes or behaviors 
that cause severe emotional distress to the individual. The World 

Health Organization's International Classification of Diseases 
(ICD) is the gold standard in psychiatry for diagnosing various 
disorders of the mind, with over 450 differential diagnoses 
included.20 Zebrafish, known for their herding and breeding 
activities, serve as a valuable model for studying the impact of 
dysfunction on mental well-being. Researchers, led by Kim and 
colleagues, identified a novel chemo-kine-like gene family called 
samdori (sam) through mutation screening, which was found to 
be involved in mental problems in zebrafish.21 One of the siblings, 
Sam2, shares the same risk factors for intellectual disability and 
autism spectrum disorder. Sam2 is specifically expressed in 
the brain's distribution nuclei.22 Interestingly, Sam2-knockout 
animals, including zebrafish and mice, exhibit defects in 
emotional states, particularly fear and anxiety, indicating the 
importance of this gene in emotional regulation.23,24 The intricate 
communication between the brain and other organs involves 
complex interactions of the Hypothalamic-Pituitary-Gonadal 
axis (HPG axis) during human puberty.25 The HPG axis plays 
a crucial role in the growth and regulation of various bodily 
systems, including reproduction. The hypothalamic hormone 
Gonadotropin-Releasing Hormone (GnRH) is secreted and 
travels to the anterior pituitary hypophyseal portal system, where it 
binds to receptors on the secretory cells of the adenohypophysis.11 
In response to GnRH, these cells release luteinizing hormone and 
follicle-stimulating hormone into the bloodstream. Consequently, 
adolescence is a period of significant development during which 
an individual body undergoes changes to become capable of 
sexual reproduction. Understanding these interactions is vital 
for comprehending the complex processes of human growth and 
development.26 The zebrafish models and studies on the HPG 
axis provide valuable insights into the mechanisms underlying 
mental disorders and the intricate interactions between the brain 
and other bodily systems during key developmental stages, such 
as puberty.

Novel Substances for Study in Developmental 
Biology, Biology, and Medicine

Zebrafish offer valuable insights into heart development 
for several compelling reasons. Firstly, their heart is fully 
developed within just 48 hr after fertilization, despite its initially 
rudimentary appearance (hpf). This rapid cardiac development 
provides researchers with an efficient model to study the 
intricate processes involved in heart formation.27 Secondly, the 
availability of a transgenic line with an FP-tagged heart allows 
scientists to observe cardiac development in real-time. This 
real-time visualization enables the detailed tracking of changes 
and interactions within the developing heart, facilitating a deeper 
understanding of its development.5,27 Furthermore, zebrafish 
embryos possess a remarkable ability to adapt and continue 
developing normally even when their circulatory system is 
damaged. This adaptability is attributed to their capability to 
extract oxygen from the water via diffusion, which sustains their 
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growth and development under adverse conditions.Moreover, 
zebrafish provide a simple and effective genetic mutant approach 
for identifying genes involved in cardiac development. One 
noteworthy study conducted by Walsh and Stainier focused on 
the zebrafish jekyll mutant, which exhibited faulty heart valves. 
Through this approach, they discovered the crucial role of 
glucose dehydrogenase in the growth of functional cardiac valves 
in zebrafish embryos.28 The zebrafish model presents unique 
advantages for studying heart development, including its rapid 
and observable cardiac development, adaptability to circulatory 
system damage, and the simplicity of genetic mutant studies. 
By investigating heart development in zebrafish, researchers 
gain valuable insights into the fundamental processes of cardiac 
formation that have broader implications for understanding heart 
development in humans and other vertebrates.

The assessment of regulatory cis-elements in muscle development 
becomes more straightforward through in vivo transient 
evaluation of injected DNA fragments in model fish embryos. 
Among the Myogenesis Regulatory Factors (MRFs), Myf5 plays 
a vital role in promoting the identification and development 
of muscle stem cells. The transcription of Myf5 is regulated in 
a highly controlled manner, dependent on the developmental 
stage and somites. Chen et al. conducted an in vivo transient 
experiment and unveiled a novel cis element at 82/-62 that is 
crucial for specific transcriptional activity in somites.29

RESEARCH INTO ORGANELLE BIOLOGY 
INVOLVING ZEBRAFISH

Metabolic processes in the body are regulated by various 
organelles, such as the Endoplasmic Reticulum (ER), 
mitochondria, peroxisomes, lipid droplets, and liposomes. Each 
cell's metabolic function contributes to the overall metabolic 
activity of the body, referred to as "whole-body metabolism." The 
successful functionality of intracellular organelles is crucial for 
metabolic regulation, allowing cells to respond to environmental 
changes and control metabolic outputs.30 Zebrafish has emerged 
as a valuable model system for studying in vivo toxicity related 
to mitochondrial function due to the metabolic alterations 
observed after drug treatments in various studies. Recently, there 
has been significant interest in utilizing Zebrafish models for 
evaluating the effects of bioactive chemicals, including those that 
influence development, disease conditions, and human health, 
as well as anticancer treatments.31,32 Additionally, Zebrafish has 
been increasingly used as an in vivo model for investigating gene 
functions related to metabolism. The CRISPR/Cas9 technique, 
a cutting-edge tool in reverse genetics, has been effectively 
employed in mechanistic studies exploring the regulation, 
biogenesis, degradation, and improvement of specific organelles 
in Zebrafish models.29,33 This ongoing research is shedding light 
on metabolic processes and providing valuable insights into how 
organelles play essential roles in overall metabolic regulation.

DISCUSSION

Zebrafish, as vertebrates, play a pivotal role in advancing 
scientific research, especially in the realm of in-depth cellular 
investigations of embryogenesis and genetic studies. The 
molecular characterization of genes involved in development 
has emerged as a prominent area of focus in scientific inquiry. 
To achieve a comprehensive understanding of the intricacies of 
developmental processes, it is imperative to conduct examinations 
and manipulations of embryos, genes, and molecules within the 
same organism. The groundbreaking contributions of researchers 
like Christi and Niisslein-Volhard, along with their colleagues, 
have demonstrated the significance of studying developmental 
processes in a single organism, as seen in their brilliant work 
on unraveling the establishment of the body axes in Drosophila. 
Such comprehensive studies pave the way for profound insights 
into the underlying mechanisms of embryonic development and 
genetic regulation, advancing our knowledge of fundamental 
biological processes.

In the realm of model organisms, fruit flies and nematode 
worms like C. elegans have been instrumental in unraveling 
crucial aspects of animal evolution. However, vertebrates, 
particularly zebrafish, possess a wealth of their own secrets 
waiting to be discovered. What sets zebrafish apart is the striking 
similarity in early developmental processes and the underlying 
molecular signals that govern them when compared to distantly 
related vertebrates, including frogs, chickens, and mice. These 
remarkable parallels offer a unique opportunity to delve into 
the evolutionary processes that underpin not only zebrafish but 
also our own development as higher organisms. Zebrafish, with 
their diverse biological and genetic characteristics, serve as an 
alluring and straightforward paradigm for studying the intricate 
web of evolutionary changes that have shaped complex life forms. 
By examining the molecular pathways and regulatory networks 
shared among these vertebrates, we can gain profound insights 
into the fundamental mechanisms that have driven the evolution 
of life on Earth. Thus, zebrafish's significance extends beyond its 
role as a model organism; it emerges as a gateway to unraveling 
the profound mysteries of evolutionary biology and our place in 
the grand tapestry of life.

The scientific community's fascination with zebrafish stems 
from its unique potential to offer profound insights into the core 
aspects of embryogenesis and genetic regulation. By unraveling 
the shared mechanisms between zebrafish and other vertebrates, 
researchers can unlock the secrets that underlie the fundamental 
processes governing life's development. This intriguing species 
acts as a crucial bridge, bridging the knowledge gap between 
invertebrate models and mammals, providing a clearer and more 
comprehensive understanding of vertebrate development as a 
whole.
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Zebrafish's remarkable significance lies in its ability to serve as 
a versatile and dynamic model organism, offering a window 
into the intricate workings of vertebrate embryogenesis and 
genetic regulation. Its genetic similarity to other vertebrates, 
including humans, paves the way for vital comparative studies 
that shed light on our shared evolutionary history. By probing 
the intricacies of zebrafish development, researchers can 
make valuable connections to the mechanisms at play in more 
complex organisms, ultimately enhancing our comprehension 
of human embryogenesis and developmental biology.In the 
pursuit of unlocking nature's secrets, zebrafish plays an integral 
role in understanding the evolution of vertebrates, including 
humans. This fascinating species allows researchers to explore 
the ancient genetic pathways that have been conserved across 
species, enabling us to comprehend the evolutionary steps that 
have shaped life on our planet. The study of zebrafish continues 
to pave the way for groundbreaking discoveries, as it serves as 
an indispensable model organism for investigations into the 
intricate interplay of genes, cellular processes, and developmental 
outcomes.

As scientists delve deeper into the zebrafish's genetic landscape, 
they uncover vital clues that offer a glimpse into the genetic 
blueprints governing vertebrate development. Its ability to rapidly 
develop, produce large numbers of offspring, and its optical 
transparency during early stages of development make it a powerful 
tool for observing embryonic processes in real-time. Moreover, 
the ease of genetic manipulation in zebrafish allows for targeted 
investigations, giving researchers unprecedented control over 
experimental conditions. Zebrafish stands as a vital and versatile 
ally in the pursuit of understanding vertebrate embryogenesis 
and genetic regulation. By bridging the knowledge gap between 
invertebrates and mammals, this remarkable model organism 
offers an unparalleled opportunity to unravel the mysteries of 
developmental biology and its profound implications for human 
evolution. As research in this field advances, zebrafish's influence 
as a powerful model organism is set to expand, continuing to 
unlock the intricate complexities of vertebrate development and 
evolutionary history.

CONCLUSION

In recent years, preclinical studies utilizing zebrafish models 
have yielded highly promising and encouraging findings. The 
scientific community has witnessed a remarkable surge in the 
utilization of zebrafish models in research, with a staggering 
threefold increase in their appearance in journal articles over the 
past decade. Zebrafish has risen to prominence as a preferred and 
highly effective model system, gradually replacing conventional 
animal toxicity studies. This transition to zebrafish models not 
only contributes to the refinement of research practices but 
also aligns with ethical considerations, reducing the number of 

animals required for toxicology studies while effectively assessing 
drug toxicity.

Beyond its application in toxicology, zebrafish models hold 
immense potential for diverse disease research areas, spanning 
from cancer to cardiovascular disease, diabetes, obesity, 
neurology, xenotransplantation, ocular, otologic, and renal 
disorders. Researchers have come to rely on zebrafish as a valuable 
tool to explore novel targets for the treatment of various diseases, 
presenting unparalleled opportunities for drug development 
and precision medicine.One of the most significant strengths of 
zebrafish lies in its ability to combine the advantages of both in 
vivo and in vitro experiments. This unique characteristic grants 
researchers the cost-effectiveness and ease of maintenance 
associated with in vivo studies, while also providing the 
convenience and versatility of in vitro and in vivo investigations. 
Zebrafish's exceptional qualities as a model organism make 
it a compelling alternative to traditional mammalian models, 
potentially revolutionizing research practices in diverse fields 
of study. Despite the promising trajectory of zebrafish as a 
model system, it is essential to validate its reliability further as 
a bioindicator. Rigorous and comprehensive studies will be 
required to substantiate zebrafish's standing as an invaluable and 
effective model organism. These studies will undoubtedly undergo 
rigorous review processes to establish zebrafish's credibility as a 
versatile and powerful tool in the scientific community.

As scientific research continues to advance, zebrafish's impact 
on driving discoveries in medical and biological fields is poised 
to grow exponentially. Its unique characteristics and genetic 
similarities to humans offer unparalleled insights into complex 
biological processes, facilitating groundbreaking discoveries and 
innovative therapeutic approaches. With its undeniable potential 
and growing relevance, zebrafish stands as an indispensable 
ally in the pursuit of scientific advancements and betterment of 
human health.
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