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Abstract  Clinical trials for novel pharmaceuticals are 

expensive in terms of both financial costs and human health 

when unexpected human safety problems occur. Through 

preclinical safety testing, the drug development industry 

tries to reduce these occurrences. Many medical studies use 

animal models to learn more about the causes of animal and 

human diseases, as well as to develop new treatment 

measure. The zebrafish (Danio rerio) exhibits a variety of 

traits that make it a useful model for research on human 

genetics and illness. The zebrafish is a useful experimental 

model for behavioural, genetic, and toxicological research 

that elucidates the mechanisms behind a variety of human 

disorders. It is also useful for evaluating new treatment 

agents, such as the safety of new vaccines. The zebrafish 

model is a bridge between in vitro assays and mammalian 

in vivo studies. In the last few years, the use of zebrafish 

(Danio rerio) as well-established animal model system for 

nanoparticle toxicity assessment has expanded 

dramatically. The zebrafish holds the chance of making 

contributions to a number of tiers of the drug improvement 

process, such as target identity, disease modelling, lead 

finding, and toxicity. This review summarizes that Zebra 

fish have been used as potential experimental models in a 

number of research. 

Keywords  Zebrafish, Animal Model, Human Safety, 

Toxicological Research, Vaccine Safety, Nano Particle 

Toxicity, In Vitro Screens 

1. Introduction

Small freshwater fish called zebrafish (Danio rerio) are 

widespread in the tropics. Zebrafish are among the most 

popular aquarium fish, even though they are indigenous to 

South Asia. Zebrafish are not economically significant as a 

food source, but they have grown more crucial in scientific 

studies as model systems for figuring out the genetic and 

neurological underpinnings of behaviour [1]. As model 

organisms, they are crucial for developmental biology, 

biomedicine, and neurophysiology. The Danio rerio is a 

well-known and helpful scientific model organism for 

study on the development and function of vertebrates' 

genes. The fish has access to a specialised online database 

of genetic, genomic, and developmental data. 

Developmental biology, toxicity, cancer, musculoskeletal 

dystrophies, reproductive studies, teratology, genetics, 

neurology, environmental sciences, stem cell research, 

medication that promotes regeneration, and evolutionary 

theory have all benefited from the Danio rerio study [2,3]. 

The immune system's job is to keep the body safe from 

bacterial, viral, and other foreign antigen assaults [4]. 

Vaccination is used to boost immunity against germ-borne 

illnesses and improve protection. Regardless of that, fish 

immunology is more recent than human and animal 

immunology, the concepts and procedures used are similar 

[5]. In animal and human health research, as well as 

aquaculture, the Zebrafish model has been frequently used 

in recent years. Both zebrafish larvae and adult’s models 

are used to investigate abnormal behaviours and brain 

impairments with great physiological and genetic 
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similarities to humans, making the zebrafish a useful 

organism in neuroscience and pharmacology [6]. The use 

of larval and adult zebrafish to better understand brain 

function, malfunction, and genetic and pharmacological 

manipulation is currently in progress [7]. Here, we look at 

how zebrafish are being used to study complex brain 

illnesses (such as depression, autism, psychoses, drug 

misuse, and cognitive deficiencies), as well as how 

zebrafish are being utilised to represent major 

neuropsychiatric and drug-induced disorders in humans. 

Based on the ability to monitor well-defined mutations, 

zebrafish researchers have rapidly adopted MOs to disrupt 

the function of genes not covered by the new genetic tests 

[8]. The zebrafish, a promising and fast developing cancer 

research model, is a viable alternative to rat tumour models. 

Malignant tumours in zebrafish include shape, genetic 

processes of induction, and biological behaviour that are 

extremely similar to those in mammals [9]. In zebrafish, 

molecular biology and genetics have recently been used to 

comprehend the underlying processes of toxicity as well as 

to anticipate the consequences in humans. The adaptable 

zebrafish is currently used in biopharmaceutical research to 

better understand human disease and for preclinical 

medication development and screening [10]. Blood 

coagulation, blood vessel development, heart failure, and 

congenital heart and kidney illness have all been 

represented using zebrafish in cardiovascular studies [11]. 

The below Figure 1 provides taxonomical information of 

zebrafish and Figure 2 shows the physique/appearance of 

zebrafish. 

 

Figure 1.  Taxonomical data of Zebrafish 

 

Figure 2.  Zebrafish as a model organism 

2. Experimental Model Characteristics 

Zebrafish's tiny size and preference for living in big 

groups, or "shoals," is a significant benefit. They therefore 

take up far less area and cost less to keep than mice [12]. 

Another advantage is that mature zebrafish lay 50 and 300 

eggs at a time and can breed more frequently (about every 

10 days) [13]. Mice generally produce 1 to 10 offspring per 

litter and have approximately 3 litters throughout their 

lifespan. Having an animal that may repeatedly generate a 

high quantity of offspring is beneficial since scientific 

studies are frequently repeated in order to demonstrate the 

validity of the results [14]. Additionally, because zebrafish 

sperm are clear, researchers can watch the fertilized eggs 

develop into well-developed fish babies under a 

microscope. Fluorescently labelled transgenic organs of 

zebrafish embryos can be detected because of their 

transparency. Live embryos cannot be seen growing in 

mice because they are not expressed and grow in the 

mother [15]. The zebrafish has significant advantages for 

scientists as a model biological system. The use of zebra 

fish in various studies is shown in Figure 3. 

Its genome has been absolutely sequenced, and its 

developmental behaviours are properly understood, 

observable, and testable too. Its embryonic development is 

extremely fast, and the embryo is big, robust, and obvious, 

with the ability to expand outdoor of their mother [16]. In 

addition, well-studied mutant strains are widely available. 

The species in reality consistent length throughout early 

improvement, allows for simple staining procedures, and 

its 2-celled embryo can be merged in a solitary mobile to 

form a parallel embryo [17]. In toxicity testing, the 

zebrafish is apparently comparable to mammalian models 

and human being, and it has a quotidian sleep cycle that is 

similar to mammalian sleep behaviour. However, Zebrafish 

are not an ideal research model in every case; they have a 

number of disadvantages, including the lack of a consistent 

eating regimen and the existence of minor but substantial 

variation in the activities of various genes linked to human 

problems in zebrafish and humans [18]. 

2.1. Here Are a Few Benefits That Explain why 

Zebrafish Are Employed in Research 

 The zebrafish is a sturdy little fish. 

 Compared to mice, their upkeep is less expensive. 

 In zebrafish, the beginning of daylight causes mating 

to occur (many different fish simply lay eggs inside 

the dark). 

 They develop as much in a day as a human embryo 

does in a month due to their incredibly rapid growth. 

 Zebrafish provide an excellent model organism for 

studying early development since their eggs are 

fertilized and grow outside of the mother's body. 

 Zebrafish counterparts exist for 84% of genes linked 

to human illness. 
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Figure 3.  Zebrafish application for various studies 

 The primary organs and tissues of the zebrafish are 

similar to those of humans because it is a vertebrate. 

Numerous characteristics of human organ systems 

may be found in their muscle, blood, kidney, and eyes. 

 The zebrafish genome has been completely and 

expertly sequenced. This has made it feasible for 

researchers to adjust more than 14,000 genes to be 

able to better apprehend how they work. 

3. Zebra Fish Used in Different Areas 

Zebrafish may be employed in a variety of research 

fields, together with toxicology, molecular biology, and 

preclinical studies. 

3.1. Toxicity Study 

3.1.1. To Test Medicinal Plant Toxicity 

One of the primary objectives of medicinal plant 

toxicology studies is to quickly find a large number of 

bioactive chemicals with specified toxicity [19]. Higher 

species have been used as a model for determining the 

toxicity of pharmaceutical compounds for many years. Fish 

are the finest option for this instead of rodents. Zebrafish 

have been employed in phenotypic testing models to 

determine the consequences of biomolecules and to 

investigate various bioactive substances [20]. The 

following are some of the assays used to investigate 

toxicity in zebrafish: (a) the zebrafish embryo toxicity test, 

carcinogenicity, (b) evaluations of developmental toxicity 

and teratogenicity, (c) reproductive toxicity assessments, (d) 

behavioural toxicity assessments, (e) endocrine disorders, 

(f) acute toxicity, (g) neurotoxicity, (h) optical (ocular 

toxicity), (i) cardiotoxicity, (j) vascular toxicity [21]. 

Among those to be had checks, FET is the maximum 

beneficial for assessing chemical and substance toxicity in 

zebrafish [22]. A compound’s toxicity is measured by 2 

signs: the effective concentration in the middle (EC50) and 

the median lethal concentration (LC50) [23]. Figure 4 

outlines the data regarding method of extraction and 

concentration used in existing studies of medicinal plant 

toxicity in zebrafish. 

3.1.2. To Study the Nanoparticle Toxicity 

This animal model is becoming increasingly prominent 

in toxicological and biological research at both the adult 

and embryonic phases [24]. The purpose for zebrafish's 

great popularity as an animal model is due to a unique 

combination of features it exhibits. Small size, excellent 

repeatability, rapid growth, embryo transparency, and 

acquiescence to genetic and chemical tests are only a few 

of them. In the near future, insights from nano EHS 

research may aid in managing nanomaterials and 

associated risks [25]. The statistics might also help us 

develop powerful hints for preventive measures, quality 

control, and design techniques for enhancing nanomaterials 

and reducing toxicity. Several particular techniques for 

toxicity screening have been employed with this model 

organism, which are as follows: - 

I. Hatching Achievement Analysis: S.-M. Samaee et al. 

[26] found that TiO2 nanoparticles were revealed to 

cause zebrafish embryos to hatch early, and the impact 

of NPs on zebrafish hatching was dose dependent. 

Following nanoparticle treatment, they observed total 

prevention of hatching and embryo demise within the 

chorion. They finalized that nanoparticle have 

interaction with hatching enzymes and are hence more 

hazardous than their ionic versions. 

II. Behavioral analysis: J. Yang et al. [27] has well 

documented that chemical toxicity affects swimming 
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speed and depth, resulting in a behavioural ‘barcode’ 

to comprehend chemical toxicity. 

III. Immunotoxicity: T. K. Roy et al. [28] found that 

Cypermethrin, a hazardous substance induces 

programmed cell death and immunotoxicity in zebra 

fish (Danio rerio), indicating that zebrafish might be 

used in immunotoxicity investigations. 

IV. Genotoxicity: The zebrafish version has been 

developed to examine diverse chemical-induced 

genotoxicity with the help of numerous 

methodologies. The genotoxic effects of cadmium on 

zebrafish were studied using RAPD and RT PCR [29]. 

The different types of transgenic zebra fish used in 

nanoparticle toxicity is shown in Table 1. 

 

Figure 4.  A) Plant Extraction Method with Concentration B) LC50 values for medicinal plant toxicity in zebrafish 
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Table 1.  Transgenic zebrafish type used in nanoparticle toxicity 

NPs Used 
Transgenic Zebrafish Type Used in Nanoparticle 

Toxicity 
Observation 

Titanium Dioxide, Silicon 

Dioxide, Copper (II) Oxide 
Genetically modified zebrafish 

Subjected to a conc. of 0.01, 1 and 100 µg/ml stop 

blood vessels from growing. 

Tio2, C60(OH)24 (hydroxylated 

fullerenes/) 3. Tio2 

Transgenic zebrafish embryos have gene expression 

that is similar to that of normal zebrafish embryos 

Body clock gene unbridled with exposure of tio2 

NPs causing decease of zebrafish fetsus. 

Small molecules 
Green fluorescent protein-expressing transgenic 

embryos in the myocardium 

Small molecule may affect in pulsation of 

transgenic fetus. 

Inorganic nanorods Genetically modified zebrafish fetus 

This take a look at mentioned that inorganic 

nanorods promoted angiogenesis in a transgenic 

zebrafish embryo. 

Quantum dots of cadmium 

selenium coated with MPA 
Fli-1 

Transgenic zebrafish larvae experienced abnormal 

vascularization. 

MSNPs Lysc It's a way to provide bioactive substances to people. 

 

3.2. Molecular Biology 

3.2.1. Study of Apoptosis Process 

Recently, stress-precipitated and developmental 

apoptosis were characterized using zebrafish embryos [30]. 

The association of caspase-3 with embryogenesis and 

outcome in zebrafish has been demonstrated using 

transgenic zebrafish in which pro-caspase-3 was 

overexpressed in their spermatozoa. With the use of 

zebrafish mutant and transgenic models, researchers are 

elucidating the in vivo activities of apoptosis in 

development, morphogenesis, and sex differentiation [31]. 

The whole mount TUNEL labelling and caspase test can 

identify stress-induced apoptosis in zebrafish embryos. 

3.2.2. Genetic Variation and Role & Regulations of 

miRNA in Animal Development Process 

The creation and utilization of well-characterized inbred 

zebrafish lines with a distinct recessive phenotype could 

greatly reduce confounding effects caused by genetic 

heterogeneity [32]. The identification of polymorphisms in 

9 percent of evaluated polymorphic sites within the initially 

homozygous C32 zebrafish strain ignited a controversy 

regarding the source of this genetic variation. Researchers 

debated whether the observed polymorphism resulted from 

the strain's elevated mutation frequency or from genetic 

introgression. E. Wienholds et al. [33] discovered that more 

than 80 percent of the conserved tissue-specific miRNAs 

of vertebrates are expressed throughout embryonic 

development in the zebrafish embryo. This tissue-

specificity is not restricted to just a few key organs, but is 

found in practically all zebrafish tissues, with one or more 

miRNAs and their families expressed in each and every cell 

type within those tissues. miRNA-183 is expressed 

particularly in hair cells of sensory epithelia [34]. Because 

there are so many tissue-specific miRNA expression 

patterns, it's likely that these miRNAs play a role in tissue 

differentiation and maturation. 

3.2.3. To Study Ion Homeostasis 

For the following reasons, zebrafish embryos are an 

excellent model in vivo studying the physiology and control 

of epithelial ion transport [35]: 

 Ionocytes in embryonic skin are immediately exposed 

to the environment, and their shape and ion 

transporter expression can be studied in situ without 

the need for additional anatomic manipulation. 

 Non-invasive electrophysiological methods or the use 

of tracers can be used to investigate ion fluxes (which 

represent ion transporter function) (fluorescent probes 

or radioisotopes). 

 Incubation of zebrafish embryos in media at distinct 

ionic compositions (which include changes in Na, Cl, 

Ca2, NH4, pH, or others) can facilitate research of 

delivery feature and regulation of a particular ion. 

3.2.3.1. Identification and Functional Analysis of 

Ionocytes 

 H+-ATPase-rich ionocytes: W. E. Gordon et al. [36] 

found that HR-kind ionocytes in zebrafish are 

analogous to proximal tubular cells and type A 

intercalated cells of the kidney, in phrase of 

transporter expression and features. 

 Na+-K+-ATPase-rich ionocytes: B.-K. Liao et al. [37] 

discovered that zebrafish NaR cells showcase a 

similar set of Ca2+ transporters to mammalian renal 

and intestinal Ca2+ absorption cells. Moreover, of six 

NKA α1 subunit genes, atp1a1a.1 best observed in 

NaR cells. 

3.2.4. Study of Relation between Nutrition and Health 

Live feeds are an essential part of the nutrition of most 

farmed fish species, particularly during the early phases of 

development. The zebrafish is comparable in this regard 

[38]. Live streams for example, Artemia and brachionid 

rotifers sometimes persists beyond the larval stages well 

into adult growth hence, many other farmed fish species 
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rely on zooplankton as a feed source, but zebrafish rely on 

it much more. When fed at typical daily rations, zebrafish 

fed commercial foods routinely used in the community 

exhibited significantly increased adiposity [39]. If foods 

that promote rapid growth are chosen, it is important to 

understand that this may result in unintentional selection 

for rapid growth genetics and epigenetics, as well as any 

accompanying comorbidities. This ought to occur with 

little or no expertise of the consequence to other metabolic 

strategies, or how those procedures affect ailment onset and 

progression [40]. 

3.2.5. In vivo Drug Discovery 

Zebrafish are increasingly being employed in drug 

development, and they can be a valuable and cost-effective 

alternative to mammalian models. J. S. Baek et al. [41] start 

with a target-based approach to find out the novel LDL 

cholesterol-reducing drug ezetimibe (Zetia). They 

hypothesised that inhibitors of acyl-coenzyme A 

cholesterol acyltransferase (ACAT) would lower serum 

cholesterol, thus they devised in vitro experiments to find 

ACAT inhibitors. Because ezetimibe has a different 

mechanism of action than other lipid-lowering drugs, such 

as statins, it is a powerful new tool for the treatment of 

hyperlipidemia. Two recent instances of chemical 

suppressors of particular genetic mutations in zebrafish 

demonstrate the viability of undertaking phenotype-based 

small-molecule screens in zebrafish. Gridlock mutant 

zebrafish and crb (crash and burn) mutant zebrafish were 

utilised to screen through a variety of small-molecule 

libraries [42]. Small compounds capable of reversing the 

mutations' phenotypic consequences were discovered in 

both screening i.e., the enormous genetic and physiological 

similarities linking zebrafish and vertebrates, their tiny 

dimension, enormous numbers, and the truth that 

constitution can be examined so quickly in high flow have 

all benefited zebrafish researchers in the fundamental 

research [43]. Chemical screenings on zebrafish are likely 

to open up previously uneconomical applications and to 

replace existing animal models for simple research. 

3.3. Preclinical Study 

3.3.1. Vaccine Testing 

Challenge trials for vaccine development examine the 

vaccine's effectiveness and safety against various 

infections while designing immunization studies [44]. 

Animal models, primarily in mammals, are typically used 

to test these. T and B lymphocytes, which arise from the 

thymus and kidneys, respectively, are well-maintained in 

Zebrafish, as they are in mammals [45]. Fish, on the other 

hand, when it comes to the development of memory 

lymphocytes, they appear to contain memory cells of the 

kinds B and T [46]. Vaccination is crucial in disease 

outbreak prevention that result in mortalities in aquaculture, 

as it is in any other animal production system. As a result 

of the findings from the zebrafish experiments, the usage 

of vaccinations for that aim might be enhanced [46,47]. In 

recent years, zebrafish models have been chosen as the 

primary model for conducting fish immunisation 

experiments against a range of illnesses, including 

bacteriosis and viruses, which cause losses in aquaculture 

across the world. B. Novoa et al. [47] looked at how well 4 

iron-associated recombinant proteins and their single-

walled carbon nanotube encapsulated equivalents protected 

zebrafish against Aeromonas hydrophila infection. They 

discovered that following vaccination, the immune 

response was boosted. 

3.3.2. Tuberculosis Vaccine Development 

K. E. Oksanen et al. [48] revealed that Zebrafish are 

protected from M. marinum infection by DNA-based 

vaccinations. Therefore, the zebrafish is a desirable 

vertebrate model for identifying and screening protective 

mycobacterial vaccine antigens. 

3.3.3. Study of Brain Disorders 

Several behavioural tests show how zebrafish may be 

used to imitate or study a variety of neurobehavioral 

diseases. Consider depression, one of the most common 

and debilitating brain disorders, approximately 20% of the 

world's population will be affected by it at some time in 

their life [49]. In rodents, reserpine therapy and associated 

neurochemical and behavioural deficits are often utilised as 

a model of melancholy, but in zebrafish, treatment with 

reserpine, as well as concomitant neurochemical and 

behavioural impairments, can cause depression-like 

symptoms. These findings back up the rising popularity of 

zebrafish to simulate complex affective brain illnesses by 

emphasising the role of monoamine imbalance in 

depression [50]. The analogous area in zebrafish, for 

example, spans genes crucial for brain development and is 

intimately connected to ASD in humans. Zebrafish 

embryonic development has been extensively studied, in 

part because these fish are nearly transparent for the first 

two weeks of life, when the majority of developmental 

changes occur. Thus, development biology study over four 

decades, zebrafish have become one of embryologists' most 

powerful vertebrate tools and may thus offer unusually 

efficient answers to the enigma of developmental defects 

related with ASD. The usual logarithmic dose range for 

zebrafish is 0.1-120 mg/L and for humans is 0.0001- 4 

mg/kg [51]. Here, Figure 5 shows the use of zebrafish for 

delivery of different drugs in nanocarrier system for the 

treatment of neurodegenerative disease. 
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Figure 5.  Different Nanocarriers for Drug Delivery in Brain of 

Zebrafish 

3.4. Neuroscience 

Certain neurological conditions, including brain tumours, 

epilepsy, and anxiety spectrum disorders, can be studied 

using zebrafish models. 

3.4.1. Brain Tumour 

E. Almstedt et al. [52] stated that Zebrafish have the 

potential to be used as models for glioblastoma, 

neuroblastoma, and melanoma; Neuroblastoma is the 

second most common cause of death in children. Due to 

their large reserve of embryonal neuroepithelium adjacent 

to the brain's ventricles, which sets them apart from humans, 

adult zebrafish are a good model for pedological brain 

neoplasia. Figure 6 shows neuroblastoma in zebrafish. 

 

Figure 6.  Neuroblastoma in Adult Zebrafish 

3.4.2. Epilepsy 

Zebrafish exhibit sensitivity to chemical and genetic 

changes that trigger epilepsy in humans and mice, thereby 

contributing to the treatment of multiple neurochemical 

and genetic factors in epilepsy [53]. When testing agar-

fixed larvae, these investigations have found that mutant 

zebrafish exhibited seizure-like motor abnormalities and 

EEG activity, which in turn affects the expression of certain 

CNS genes. 

3.4.3. Anxiety Spectrum Disorders 

Zebrafish share many other similarities with humans, 

including genetic, endocrine, and physiological features 

associated with anxiety [54]. Similar to the rodent model, 

aquatic innovation experiments, including fresh tank, light-

dark box, and open field experiments, have been well 

authenticated in zebrafish. 

3.5. Immunology 

The zebrafish model has demonstrated its utility in 

characterizing 3 elements of the innate immune system: 

chemotherapeutics for injury, pathogen interactions, and 

infection in acute phase. APR can be studied in zebrafish 

embryos during the inflammatory response of the pathogen 

[55]. 

The use of zebra fish in therapeutic development could 

help human diseases associated with viral inflammation. 

For example, Zebrafish have been used to identify a novel 

function of macrophages during leprosy infection, which 

could be an important therapeutic target to address the 

pathogenesis of human disease. 

3.6. Cancer Biology 

Zebrafish are widely used in cancer research to 

investigate gene activity, tumor angiogenesis, tumor 

metastasis and antibody discovery [56]. The main area of 

application of zebrafish in cancer research is given in 

Figure 7. 

The detail description of each field of cancer research is 

explained in Table 2. 
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Figure 7.  Different research aspects of cancer in zebrafish 

Table 2.  Detail explanation of different application of zebrafish in cancer research 

Sr. No. Application Description 

1 Tumor angiogenesis 
Because the zebrafish tumor microenvironment is remarkably similar to humans, the 

zebrafish is a perfect in vivo model to study tumor angiogenesis. 

2 Tumor metastasis 

Although mice used as experimental models have several drawbacks, such as inability to 

measure metastasis easily, inability to measure imaging in real time, reduced immune 

response, etc., zebrafish has attracted considerable interest in tumor metastasis research 

which overcome the limitation mentioned above. 

3 Drug screening 

A few zebrafish can produce 100 embryos per week and larvae can significantly reduce 

zebrafish maintenance costs in the laboratory to gain potential in drug testing of anti-

cancer drugs ultimately making it a cost-effective model. 

 

4. Limitations and Challenges of 
Zebrafish 

Zebrafish are utilised in biomedical research, yet there 

are certain restrictions. 

4.1. Gene Copies 

Certain paralogs in zebrafish result in non-functional 

genes, which limits the scope of certain research [57]. 

4.2. Inbreeding 

Zebrafish populations with lower levels of inbreeding 

exhibit altered behaviour patterns, making genetic changes 

difficult to analyse. 

4.3. Drug Discovery 

Zebrafish can function as a supportive component in 

rodent or cell-based tests, but they cannot completely 

replace rats in later stages of drug discovery. 

4.4. Temperature 

Temperature changes may have an impact on zebrafish's 

capacity to swim. Consequently, they like temperatures of 

about 28 C, which makes it challenging to carry out 

research where the temperature of mammals is more crucial 

[58]. 

4.5. Water-Soluble Drug 

Zebrafish have the disadvantage of being aquatic 

animals, which makes it more difficult to screen for drugs 

that dissolve in water. 

5. Ethical Consideration 

All scientists working with fish must have a deep ethical 

consideration for the fish they are dealing with [59]. 
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 Trials of long-term handling, anticipated painful 

stimulation, or anesthesia to reduce trauma and 

physiological stress are suggested. 

 For oral administration, the dose should not exceed  

1% of body weight (1 mL/100 g). 

 For intravenous injection, the needle should be 

inserted between the scales. Gastrointestinal blood 

vessels and the peripheral tract should be avoided in 

favor of large posterior epaxial gastrointestinal 

vessels. 

 It is important to carefully assess the potential adverse 

effects of marking and tagging on the survival, 

physiology and behavior of the individual fish being 

tested. If the effect of markers on a species is 

unknown, a pilot study should be conducted. 

 It is ethically important that such issues are addressed 

at the individual, institutional and national levels. 

 Fish that have been taken for research purposes but 

are held in captivity cannot be returned to the wild. 

Only state and county restrictions can be followed 

before releasing an animal into the wild. 

6. Summary and Conclusions 

Research studies indicates that zebrafish embryos can 

serve as an alternative to traditional laboratory animals like 

rats, mice, and rabbits for drug toxicity evaluation. Due to 

their significant similarities with mammals, zebrafish 

models can effectively demonstrate developmental toxicity 

pathways. Notably, zebrafish embryos and larvae exhibit 

considerably higher sensitivity to toxins compared to adult 

zebrafish. This approach is vital for developing new, safe 

vaccines for diseases currently lacking effective treatments 

or preventive measures. Additionally, the zebrafish model 

can be employed to assess water contamination levels. For 

over a decade, this animal model has been utilized in 

toxicological studies of nanomaterials, offering a faster, 

more cost-effective, and efficient alternative to traditional 

methods. Substantial evidence suggests that zebrafish can 

serve as potential experimental models for emotional states, 

showing phenotypic similarities between depression and 

anxiety. Our understanding of various fish species remains 

limited, and researchers should be prepared to discover 

numerous novel transmutative mutant models. These 

models could significantly enhance our comprehension of 

human diseases, diagnosis, and treatment. The zebrafish 

model enables scientists to rapidly and economically 

evaluate the efficacy and safety of thousands of chemical 

compounds. 

The zebrafish model can be utilized as an alternative to 

higher vertebrate animal models for assessing the toxicity 

of medicinal plants. The zebrafish model offers numerous 

benefits, making it a valuable complement to established 

mammalian systems and providing additional insights into 

specific human disease-related questions. Both 

conventional techniques and equipment, as well as rapidly 

developing microassay technologies, are demonstrating 

adaptability to maximize the potential of zebrafish toxicity 

and efficacy studies. Research based on the zebrafish 

habituome, combined with cross-species and multi-domain 

behavioral analysis, could serve as a crucial link in 

neurobehavioral phenotyping, revealing novel connections 

within a systems biology framework. The zebrafish's 

sensitivity to all major neurotropic drugs and its ability to 

respond to them in a manner similar to humans support its 

use in pharmacological research. Zebrafish are poised to 

transform biomedical studies in the coming years, offering 

an ethically favorable, economical, and genetically 

malleable option to conventional animal models across a 

wide range of research fields. 
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Abbreviation 

MO: Morpholino 

FET: Fish Embryotoxicity Test 

EC50: Effective Concentration 

LC50: Lethal Concentration 

HPF: Hours post-fertilization 

HR: H+-ATPase-rich 

NaR: Na+ -K+ -ATPase-rich 

ASD: Alcohol Spectrum Disorder 

HSP70: Heat Shock Protein 70 

LYSC: Lysozyme C 

FLI-1 gene: Friend Leukemia Integration 1 gene. 
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