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Vital A Fish: A Critical Review of Zebrafish Models in Disease
Scenario and Case Reports Screens

Hayati Onemde Bir Balik: Hastalik Senaryolarinda Zebra Balig
Modelinin Kullanildigi Kritik Arastirmalar ve Vaka Raporlarinin
Taramasi

ABSTRACT

Virtually every major medical advance of the last century and at still has depended upon research with
animals. Zebrafish's journey from the ocean to the laboratory leads to major scientific breakthroughs.
Transparency structure of zebrafish helps in monitoring their internal structures and are permitting
scientist to see effects of nano particles in fish. Their organs share the same main features as humans
and so can be used to study human developmental processes. Zebrafish congruence 70% of their
genes with humans, and 84% of ailment-depended genes have zebrafish congruence. The zebrafish
embryos can also genetically modified. Certain fishes like zebrafish are able to regenerate damaged
retinal nerve cells. Mdller glial cells in retina of zebrafish can transform in response to injury and act
like stem cells to regrow the retina and replace all damaged neurons. Though humans have the same
exact Miller glial cell, they don’t respond to damaged in the same way. Zebrafish are also very
responsive to having their genomes edited. Zebrafish regenerate some tissue such as heart in during
larval stage. In additionaly zebrafish are used as an animal model to study pharmocology —how drugs
work and what they do to an organism’s body. Aim of this review current knowledge of how these
specialized structures and model organism by focusing on cellular behaviors and molecular
mechanisms, highlighting findings from in vivo models and briefly discussing the recent advances in
tissue cell culture and organoids. Review discusses the applications of human organoids models of
disease on model organism and outlines the ailment treatments.

Keywords: Model organism, Zebrafish, Disease scenario, Case report screen, Diseases controlling.
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Gegen yuzyilin ve halen de tibbi gelismelerin neredeyse tamami hayvanlar Uzerinde yapilan
arastirmalara dayalidir. Zebra baliginin okyanustan laboratuvara olan yolculugu buylk bilimsel
buluslara yol agar. Zebra baliginin seffaf yapisindan dolayi i¢ organlarinin izlenmesine yardimci olur
ve bilim adamlarinin baliklardaki nano pargaciklarin etkilerini gérmesine olanak tanir. Organlari
insanlarla ayni temel 6zellikleri paylasiyor ve bu nedenle insanin gelisim slreclerini incelemek igin
kullanilabilir. Zebra baligi genlerinin %70'i insanlarla uyum gosterir ve hastaliga bagli genlerin %84'U
zebra baligi uyumuna sahiptir. Zebra baligi embriyolarinin genetigi de degistirilebilir. Zebra balig
gibi bazi baliklar, hasar gérmus retina sinir hiicrelerini yenileyebilir. Zebra baliginin retinasindaki
Miller galia hiicreleri, yaralanmaya yanit olarak dénUsebilir ve retinayi yeniden biylitmek ve tim
hasarli néronlari degistirmek icin kok hiicreler gibi davranabilir. insanlar ayni Miiller galia hiicresine
sahip olsalar da, hasara ayni sekilde tepki vermezler. Zebra baligl ayni zamanda genomlarinin
dizenlenmesine de oldukca duyarlidir. Zebra baligi larva doneminde kalp gibi bazi dokulari yeniler.
Ayrica zebra baligi, ilaclarin nasil calistigl ve organizmanin vicuduna yaptigi farmakolojik etkiyi
incelemek icin bir hayvan modeli olarak kullaniliyor. Bu derlemenin amaci, burada, hicresel
davranislara ve molekiler mekanizmalara odaklanarak, in vivo modellerden elde edilen bulgulari
vurgulayarak ve doku hucre kulttria ve organoidlerdeki son gelismeleri kisaca tartisarak, bu
Ozellesmis vyapilarin ve model organizmanin nasil olduguna dair mevcut bilgileri gozden
gecirmektir. Derleme, insan organoid hastallk modellerinin model organizma Uzerindeki
uygulamalarini tartismakta ve hastalik tedavilerinin ana hatlarinin altini cizmektedir.

Anahtar Kelimeler: Model organizma, Zebra balig, Hastallk senaryosu, Vaka raporu taramasi,
Hastaliklarin kontroll
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Introduction

“Zebrafish are used as a model for typical and atypical
human development. It is surprising how much we have in
common with zebrafish” says the NIH. In accompanying
manuscript, outlined for using zebrafish models to research
human ailments. The use of classical animal model systems
and cell line in research during the late twentieth and early
twenty-first centuries has been successful in major fields,
such as improving of cellular signalling pathways, discovery
drug targets and guiding design of candidate drugs for
infectious disease (Klein et al., 2002). Model organisms that
are produced under in vitro conditions and are easy to
produce, have a short generation interval, have
experimental advantages, are suitable for laboratory
environments, and are used to investigate biological
events, especially diseases (Kim et al., 2020).

In recent years, vertebrate model organisms have been
frequently used in many studies in biological, genetic,
pharmacological and toxicological fields (Kayhan et al.,
2018). Selected species which as model organisms has been
widely studied because of it is easy to maintain and
propagate in laboratory and has certain experimental
advantages. This models are non-human species used in
the laboratory to help scientists understand biological
processes (Jennings, 2011). Model organisms are used to
create highly detailed genetic maps. Genetic maps are a
visual representation of the location of different genes on
a chromosome. Model organisms are widely used to study
human diseases when human experiments are not possible
or unethical. Research using animal models has been at the
heart of many successes of modern medicine. They play
important roles in fields such as neuroscience and
infectious diseases, contributing much of the fundamental
knowledge in fields such as human physiology and
biochemistry (Fishmann, 1999; Sprague et al., 2007).

Escherichia coli, Cavia porcellus, T4 Phage virus, Phage
lambda, Bacteriophage are other examples of model
organisms (Pandey, 2011; Podlacha et al., 2021). Following
the discovery that non-human creatures have very similar
biological mechanisms to humans, it has been realized that
we can have reliable ideas about the effects on humans by
using newly produced technologies (vaccines, drugs,
poisons, food, etc.) on other living creatures before
humans. Also plays a key role in toxicology studies and drug
screening (Swabe, 2002).

Of course, the creatures used when performing these tests
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cannot be chosen randomly; creatures that meet certain
criteria must be selected. These creatures used in
experiments and research are called "model organisms". A
living being; It can be chosen as a model organism because
it reproduces quickly, is easy to observe, is easy to care for,
is widely available in sellers or in nature, or is similar to
humans. The most famous model organism used in
experiments is mice. There is even a laboratory mouse
monument in Russia to show gratitude for the
contributions of mice to science.

Recently, researchers have developed zebrafish models for
human viral diseases, suffering new insights into molecular
mechanisms of human viral agents as well as discovery of
antiviral strategies. The zebrafish model has become model
system for understanding host-virus interaction. Review of
Liu et al., 2024 provides a comprehensive summary of use
of zebrafish models in human viral research (Liu et al.,
2024).

While mice are evolutionarily more similar to humans
because they are mammals, Zebrafish (Danio rerio) have
other advantages than just being transparent. One
important advantage of zebrafish is that the adults are
small and prefer to be housed in large groups. As a result,
they require much less space and are cheaper to maintain
than mice (Tarique et al. 2023). Zebrafish adults can lay
hundreds of eggs every week which means that researchers
have many them to work with. In addition, zebrafish
development is rapid, so they reach their basic body
structure within one day. Early zebrafish embryos are
transparent, which makes it easy to visualise specific
biological processes at minute details happening in real-
time.

Zebrafish is animal model organism used extensively in
developmental research. Althought it began to be used in
the 1960s, it is only since the 1990s/2000s that it obtained
a huge fame. The first to use this animal for research was
George Streisinger, a tropical fish enthusiast at the
University Oregon.

In this paper, ‘model system’ refers to a biological system,
such as a type of cell, tissue, organ, organism, etc. that is
studied to learn about a phenomenon of interest (Ankeny
and Leonelli, 2011). In this review, we will review the recent
findings made to elucidate the mechanisms involved in
model organism. In addition to this, we will describe the
neuronal structure and function of the fish, in order to
further unravel how zebrafish plays a role in human
diseases.
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Zebrafish

The outher skin layer of the zebrafish larva forms a mosaic
of mainly hexagonal cells showing a unique pattern of actin
ridges.

Being easy to observe is also important in choosing a model
organism. Although the adults of zebrafish are yellow-silver
with blue stripes (jellyfish genes have resulted in colors
such as pink, red, blue, yellow and orange that glow in
dark), their offspring are transparent. Even if an
experiment is carried out on internal organs, necessary
observations can be made without the need to kill and
open the animal. In this way, the results of the tests can be
examined even while the embryo is developing. Zebrafish
are excellent examples for genetic experiments and are
frequently used because they can be seen from the outside
at the cellular level to see what is going on inside fish.

Another reason why zebrafish are widely used in research
is our detailed knowledge of their genomes and their
genetic similarities to humans. Since their entire genome
has been analyzed, zebrafish are one of the first stops for
genetic researchers. Of course, this is not the only
advantage. Human genome and zebrafish genome are 70%
identical, and 84% of the genes that cause diseases in
humans are also found in Zebrafish (McKie, 2013).

These surprisingly high genetic similarities, along with the
other features we mentioned, make zebrafish a gem in
genetic and medical research. Although many organisms
can be used in certain experiments and in narrow areas, the
convenience provided by zebrafish is increasing their
prevalence of use, as can be seen from the graph below
(Teame, et al. 2019).

On Case Report: Model Organism Zebrafish

Zebrafishes are important model organism for studying
different biological processes. Information obtained from
these studies helps scientist to understand disorders in
humans, since many of these processes are similar in
humans.

Zebrafish is a go to model organism for many experiments,
particularly when studying development. One feature in
particular can teach us a lot of about things like cellular
communication and movement. The feature Posterior
Lateral Line primordium (PLLp). The PLLp is a tight cluster
of ~100 cells found behind the ear of a young zebrafish
embryo. This cluster beraks away and migrates from the
head to the tip of the tail. On its travels, it drops off cells
that will become neuromasts, types of neurons that can

sense movement in water. Scientists observed how cells in
the PLLp would behave when they changed the tissues
surrounding them. They found that the promordium cells
weren’t able to properly coordinate their movements
without there being overyling skin cells. The outermost
cells of the primordium need to attach and wrap around
skin cells in order to pull the cluster through the body
(Calderon-Zavala, 2019; Pathak and Barresi, 2020; Yoshida,
2023).

Investigating the development of blood and lymhatic
vessels in the zebrafish eye provides insights into human
eye disorders and helps suggest potential avenues for
treatment (Yang et al., 2016).

Zebrafish larvae are transparent and so make an excellent
experimental model for neurodegenerative diseases, such
as ALS. Jeremy Linsley, a postdoctoral scholar in Steve
Finkbeiner’s laboratory, uses 3D reconstructions of labelled
(red) motor neurons to study neurodegeneration in a live
zebrafish larvae (Chia et al., 2022).

Transformation of heart from tube to organ needs
orchestration of morphogenetic processes. Two structures
critical for cardiac function, the cardiac valves and the
trabecular network, are formed through extensive tissue
morphogenesis endocardial cell migration, deadhesion and
differentiation into fibroblast-like cells during valve
formation, and cardiomyocyte delamination and apico-
basal depolarization during trabeculation (Collins and
Stainier, 2016). In the Priya Lab, they use zebrafish to study
heart development. The basic layout and cellular makeup
of the zebrafish heart are very similar to that of the human
heart, and with their research they aim to understand the
cell and tissue organisational principles that make a
healthy, beating heart (Gunawan et al., 2021). Even in the
case of “heartbreak”, zebrafish can recover through heart
regeneration. Unlike humans, zebrafish form new cells
called cardiomyocytes, generating heart contraction and
enabling a robust comeback. Zebrafish studies provide
precious insights for developmental and regenerative
biology of heart and cardiovascular diseases treatment
(Bournele and Beis, 2016).

Sciencist Norine VOISIN works with intellectually disabled
patients who have also other symptoms such as
morphological defects. Exome sequencing revealed that
mutations in a gene called AFF3 are present in 11 patients
with similar symptoms. Fortunately this gene is both
present in human and zebrafish, which allowed Norine
VOISIN to study its function directly in a laboratory. She
suspected that accumulation of AFF3 protein causes bone
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malformations in patients. So how did she test her
hypothesis? Zebrafish is a great model to study
developmental diseases since it develops externally, very
fast and its organs are transparent! This allows scientist to
observe morphological defects at early stages in the
development. In order to over Express a gene, one could
inject mRNA directly at in Zebrafish eggs, or use
morpholinos in order to knock down a spesific gene.
Moreover, with CRISPR/Cas9 system it is possible to delete
a region, include a spesific mutation or even insert a gene
cassette in a desired location in the genome. Injecting
human AFF3 mRNA into zebrafish embryos led to high
expression of AFF3 protein from early stages of
development. As she initally suspected. AFF3 protein
accumulation caused developmental defects in zebrafish.
So what is this AFF3 It is a member ALF protein family and
it regulates transcription of certain genes through
facilitating transcription elongation. In contrast to earlier
studies on ALF proteins, Norine VOISIN’s finding indicate
that they are not redundant and might be associated with
different developmental disorders (Voisin, 2019).

Worldwide visual ailments effect over 160 million people,
of whom 37 million are blind. Major causes of eyes
disorders are consist of cataracts, glaucoma, retinopathy
and macular degeneration. Model organisms with similar
physiology to humans are vital to understand underlying
developmental processes, discovery causative genes for
human visual disorders, and develop drug. Because of
Zebrafish eye is so similar to a human eye, it’s used to study
human ocular development and diseases (Bibliowicz et al.,
2011).

Hearing and balance scientists use the zebrafish for easy.
Access to its sensory hair cells, located not only in their
inner ear, like humans, but also along the length of their
body. Hair cells help fish hear and balance upright in the
water and also defect water flow (Nicolson, 2017).

In fact, research using zebrafish is everywhere in modern
life, although we may not realize it. Examples of areas
where zebrafish are used include development, genetics,
immunity, behavior, physiology, and nutrition. They are a
treasure trove for medical research. Areas of use include
nervous disorders, infectious diseases, cardiovascular
diseases, kidney diseases, diabetes, blindness, deafness,
digestive disorders, hematopoiesis and muscle disorders
(Teame, et al. 2019).

For example, it is hoped that the cell renewal abilities of

zebrafish, which can even regenerate heart cells, can be
Journal of Laboratory Animal Science and Practices

transferred to humans (Major, et al. 2007). Likewise, it may
be possible to transfer some features found in zebrafish to
humans for the treatment of Alzheimer's disease. In fact, it
is thought that the recent discovery that zebra fish can
hibernate and protect themselves from the physiological
effects of radiation may realize the idea of hibernating
people when sending them to Mars or beyond (Biswas,
2021). Aside from the benefits of zebrafish to humans, they
even help us unravel the evolutionary process. In studies
conducted with mutant zebrafish, it was determined which
genes may have played a role in the evolutionary transition
from fin to limb (Hawkins, et al. 2021).

Although humans may appear to be extremely different
than zebrafish, we are actually much more similar to them!
In fact, 70% of human genes are found in zebrafish
(Shrivastav, 2023). Moreover, zebrafish have two eyes,
heart, brain, a mouth, spinal cord, muscle, kidney,
pancreas, liver, intestine, blood, bile ducts, oesophagus,
ear, nose, bone, teeth, and cartilage (Doiphode et al., 2021;
Lin et al., 2022). Many of genes and critical pathways that
are required to grow these features are highly conserved
between humans and zebrafish (Dodd et al., 2000).

They have the amazing ability to heal the heart after
various types of heart injuries. This ability is particularly
interesting to scientists as they can produce new heart
cells, which humans cannot! Scientists are looking in to this
phenomenon as a means of mending our “broken” hearts.

It is also a widely used model in pharmacological research.
The drug 'verapamil', which is used against hypertension by
causing the vessels to relax and the heart rate to decrease,
was tested on zebrafish (Justis, 2020).

Conclusions

Transparent as a zebrafish. This suprising although
undeniably true expression is not yet part of the common
language. But to see how neurobiologists are fascinated by
the case of this little vertebrate, it soon will be. Indeed,
scientists see it as a model system for studying the
transmission of information in the brain and spinal cord.
Fluorescent markers present in the nervous system of the
larva draw a colorful Picture looking like a Rorschach test
(Gomes Da Silva Martinho, 2019).

Zebrafish is a common and useful scientific model organism
for studies of brain disorders. Zebrafish models are used to
stimulate the pathology of Alzheimer’s disease, Parkinson’s
Disease, stroke, brain, epilepsy, multiple sclerosis or
amyotrophic lateral sclerosis. This organism possesses
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numerous advantages: its development is very rapid, its
genome has been fully sequenced, and it has a high
physiological and genetic homology to humans (Han and
Jiang, 2021). Drug discovery for Alzheimer’s disease are
complex due to the higher failure rate in drug process.
Zebrafish is vital model for neurodegenerative and other
research due to clearly visible forms. Cholinergic and
glutaminergic pathways responsible for memory are
present in zebrafish participate for transmission process.
So, should be studying neurotoxic agents that induce
dysfunction of memory neurons in zebrafish (Thawkar and
Kaur, 2021).

Applying recent single-cell and labelling technologies to
zebrafish, Saunders et al. generated a single-cell
transcriptional atlas of 3.2 million cells from 1,812
developing zebrafish embryos, with 23 genetic
perturbations across 19 timepoints (Li, 2024).

Most tissues in our faces, like our cheekbones, nose
cartilage and teeth, were formed from a unique cell
population called the neural crest. These cells are usuall in
both their origin and their ability to from a huge range of
anatomical structures. Despite their intriguing abilities, we
still do not know all of the neural crest derivatives of now
they form (Terrazas et al.,, 2017). In a new study,
researchers provide significant insights into neural crest
cells in zebrafish, revealling key factors involved in cell fate.
The team achieved this by creating a new type of
computational analysis called Constellations (Burton and
Burgess, 2023). This tool helps visualise tissue changes and
can predict the future of the cells as well as their
developmental fate (Rocha et al., 2020).

Overall, comparing cortical and acortical rodent models
with naturally acortical zebrafish reveals both distinct and
overlapping contributions of neocortex and ‘precortical’
zebrafish telencephalic regions to brain functions. Albeit
morphologically different, mammalian neocortex and fish
pallium may possess more functional similarities than it is
presently recognized, calling for further integrative
research utilizing both cortical and acortical vertebrate
model organisms (Zabegalov et al., 2024).

There are, of course, important differences between
zebrafish and human metabolism. Also, as can be
understood from the striking concepts here, this tiny
organism accomplishes great things.

Researchers using zebrafish as a model organism to model
human diseases should consider these major differences
between zebrafish and humans and should consider that

zebrafish cell and tissue physiology may not fully reflect
mammalian and human physiology conditions and use
caution when interpreting findings.

This paper will argue that model organisms are the key
components of a unique and distinctively biological way of
doing research. Although it is still in development, zebrafish
model organism-based diagnosis and treatment crossing
strategies will play an increasingly important role in
treating vital diseases such as brain diseases.

Ocean tiny organism zebrafish is an important fish in the
scientific platform and is frequently used as a vertebrate
model organism in genetic and experimental research. It
has many homologous genes with the human genome. For
this reason, they can be used in experiments that cannot
be investigated on humans.
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