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ABSTRACT

In comparison to other vertebrate models used to simulate human diseases, zebrafish have

several advantages. This is especially true for large-scale genetic mutant and therapeutic

chemical screenings, as well as other biomedical research applications. Disease modeling in

zebrafish is advancing our understanding of the molecular pathways behind human genetic

illnesses because of significant advancements in sequencing technology. Because they offer

fresh diagnostic and treatment options, these initiatives are crucial for the development of

precision medicine. This article focuses on development in Disease modeling in zebrafish.
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INTRODUCTION

Zebrafish (Danio rerio) may be a tiny
freshwater fish that's associated with
extensively studied vertebrate model
organisms. It may breed speedily in massive
numbers, is amenable to biology and genetic

studies, and encompasses a clear embryo,

creating it engaging to review vertebrate
development, physiology, and sickness.
Zebrafish are also superior to rodent models
for the study of vertebrate development and
research found that

illness. Recent

medications that were beneficial in treating
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metabolic disorders in people also worked
well in a zebrafish model. Interestingly, the
publication of the first paper on zebrafish
development investigated the effect of
different toxins, alcohol, and different levels
of carbohydrate or fat diets on zebrafish
embryos, larvae, and adult developmental
stages [1].

Common Fish Species Used as Model
Species

Goldfish (Carassius auratus), the first model
species, has been utilized by scientists for
more than 200 years. Most of the applied
research on aquatic toxicology utilized
goldfish. Additional fish species have also
been used, including zebrafish (Danio rerio),
goldfish (Carassius ~ auratus), = medaka
(Oryzias latipes), roach (Rutilus rutilus),
three-spined  stickleback  (Gasterosteus
aculeatus), pufferfish (Takifugu rubripes),
and the swordtail (Xiphophorus hellerii) [2].
Each fish species has specific benefits and

drawbacks. For instance, research on

growth, stress, immunology, and
reproduction has been done using goldfish.
The most common species of fish utilized to
research  genetics, reproduction, and
development was the medaka fish. Due to its
characteristics  being appropriate  for
numerous research fields, zebrafish models
have become more and more popular in
recent years.

General Features of Zebrafish

Danio rerio the Latin name for zebrafish
formerly called Brachydanio rerio is a small
tropical freshwater fish originating in the
Ganges River and its tributaries in northern
India [3]. Zebrafish are typically found near
the bottom of the ocean in their natural
habitat to reduce attack by predators. Male
and female zebrafish morphology is
depicted in 1. Zebrafish are -currently
thought to be an appropriate model to study
development,

genetics,  immunology,

behavior, physiology, and nutrition.

Figure 1: - An illustration of a male zebrafish (A) and female zebrafish (B) [4]
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Why Do Zebrafish Make Such Good
Animal Models?

The criteria to select animal models for
biomedical research are directly related to
the final goal of the research. The
development of two significant genetic
mutations, one by Nobel Prize winner
Christiane Nusslein-Volhard in Tubingen,
Germany, and the other by Wolfgang
Driever and Mark Fishman in Boston, USA,
in the 1990s, gave rise to the use of zebrafish
as a model organism. One of the most
critical methods used in the study of
numerous aspects of biology is the
identification of mutants. The wuse of
zebrafish as a biomedical model was
suggested by George Streisinger and
colleagues at the University of Oregon, who
launched the modern era for zebrafish in the
field of biomedical research [5]. Due to their
many benefits over other species, zebrafish
are a favorite among scientists who study
animal models. The fully sequenced
genome, ease of genome manipulation, high
fecundity, short  generation  period
(approximately 3 mo.), quick embryonic
development (24 hr), and external
fertilization of zebrafish are its most
favorable traits. The translucent zebrafish

embryo makes it possible to observe the

various developmental phases, starting with

the embryonic stage. In addition, zebrafish
embryos form complete organ systems,
including heart, intestine and blood vessels
within 48 hr. after fertilization. More than
10,000 mutants in protein-coding genes
have been generated [6] and several
transgenic lines of zebrafish have been made
to study human diseases. Another key
benefit of this species is the availability of
several zebrafish strains. Additionally,
keeping a large number of zebrafish in a
condensed amount of lab space is quite
economical. Even though zebrafish are
generally simple to manage, special care
must be taken to guarantee a balanced food
and sufficient water quality to promote fish
health and growth. Specific genes have been
knocked out or knocked in to create mutant
zebrafish. New biomedical models are
produced by these modifications. For
instance, different mutations in zebrafish
genes related to metabolism can be
produced, and changes in gene expression
can subsequently be seen using various
molecular techniques if the patient has an
illness related to metabolism. It is
challenging to create stable transgenic adults
or homozygous mutant embryos in zebrafish
due to their short generation time, which

typically takes 4 months.
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Table 1: Developments of Zebra Fish Models
Zebrafish model Year References
2008 [7]
As a cancer model 2002 [8]
As a Developmental Model Organism for Pediatric Research 2008 [9]
In developmental biology 1989 [10]
In Angiogenesis 2006 [11]
As a Model Animal for Diet-induced Obesity 2010 [12]
2018 [13]
2017 [14]
2014 [15]
2017 [16]
2016 [17]
As Model for Glucose Metabolism 2007 [18]
and 2017 [16]
Type 2 Diabetes Mellitus 2018 [19]
2010 [20]
2014 [15]
2016 [21]
2015 [22]
2012 [23]
2012 124]
As Model for Dyslipidemia and Atherosclerosis Diseases 2014 125]
2010 [12]
2018 126]
1937 27]
2018 28]
As a Model for Nonalcoholic Fatty Liver Disease and Other Liver Disorders 2019 [29]
2009 [30]
2015 [31]
2018 [32]
2016 [33]
2018 [34]
2018 [35]
As a Model for the Study of Intestinal Diseases and Host—Microbe Interactions 2011 [36]
2018 137]
2012 [38]
2018 [39]
2007 [40]

Toxicology and drug discovery

As discussed previously, the zebrafish has
recently become a well-known model for
toxicological investigations and drug
development due to various advantages. The
length and shape of the zebrafish body as
well as the morphology of internal organs
including the brain, liver, circulatory
system, pancreas, intestine, kidney,
notochord, etc. allow one to visually study
how medications affect growth and
development. The zebrafish model also has
been used to know the organ function assays

and assessment of drug effects [41]

Zebrafish embryos are used as a predictive
model to assess the toxicity in mammals.
The lethal concentration (LC50) of different
chemicals has been determined in embryos
of zebrafish and has been compared with the
mammalian LC50, and it has been found that
the median lethal dose of zebrafish is lower
than mammals [42]. The effects of drugs on
specific organs have also been studied, and
it has been found that organ toxicity is
similar in both zebrafish and mammals. The

drugs that were used to evaluate the organ
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doxorubicin, dexamethasone, cyclosporin
A, caffeine, camptothecin, MPA,
fluorouracil, etc. [43-48].

Zebrafish and drug discovery

The zebrafish model has been used
potentially in drug discovery and to know
the effects of neurotoxic, ototoxic, and
neuroprotectant drugs. The process of drug
discovery is divided into four main
components: screening of lead compounds,
target identification, target validation, and
assay development [49]. The process of
target identification involves the recognition
of the target gene or protein which when
modulated by a drug can have positive
effects on the progression of disease. After
identification of possible target, the
validation process of target begins through
determination of protein function and
assessment of the druggability of the target
[42, 50, 51, 52]. Zebrafish has great role in
each of these areas of drug discovery.
Limitations

Zebrafish have certain limitations, including
the dissimilarity of some organs like the
respiratory system and the reproductive
system, despite their significance as a
biological model. Therefore, it is
challenging to use zebrafish as a model for
human breathing or reproduction. Another
restriction is the inability to screen some

water-soluble medicines in zebrafish due of

their watery habitat.

CONCLUSION

The zebrafish is a crucial biological model
in all areas of biology. Zebrafish have a
number of characteristics that make them
excellent for genetic, physiological, and
developmental research, such as external
fertilization and translucent embryos.
Zebrafish are an appealing model for a
number of human illnesses and the
development of potential treatments for
humans due to the high degree of functional
conservation of morphology, genetics, and
physiology between zebrafish and humans.
Zebrafish are used to examine several
human diseases because to advancements in
nanotechnologies and molecular
approaches. In this review, we focused on a
few biomedical fields where the use of
zebrafish as a model is common to study the
mechanisms and processes underlying
metabolic diseases, such as diet-induced
obesity, type 2 diabetes mellitus,
dyslipidemia and atherosclerosis, liver-
related illnesses, and intestinal illnesses.
Zebrafish have also been utilized by
researchers to create novel treatments and
vaccines for these significant human
diseases.
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