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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Zebrafish (Danio rerio) have become an important vertebrate 

model in modern biomedical research due to their genetic 
similarity to humans, rapid embryonic development, and 
suitability for in vivo experimentation. Their optical transparency, 
high fecundity, and ease of genetic manipulation allow detailed 
investigation of developmental processes, disease mechanisms, 
and pharmacological effects. This review summarizes current 
applications of zebrafish in preclinical research, including 
toxicology, neurobiology, oncology, regenerative medicine, 
infectious diseases, and drug discovery. Zebrafish models 
enable efficient screening of therapeutic compounds, real-
time observation of pathological processes, and analysis of 
molecular pathways involved in tissue regeneration and disease 
progression. Although certain physiological differences limit 
direct clinical translation, zebrafish provide a cost-effective and 
ethically advantageous platform that complements mammalian 
models. Their continued use significantly contributes to 
accelerating biomedical research and improving the early stages 
of translational medicine.

Key words. Zebrafish, toxicology, neurobiology, oncology, 
regenerative medicine, infectious diseases, drug discovery.
Introduction.

In the modern world, the production of pharmaceutical 
products is rapidly evolving, encompassing new fields and 
significantly increasing manufacturing volumes. A fundamental 
requirement for any medicinal product is the confirmation of its 
efficacy and safety, which is achieved through strictly regulated 
stages of preclinical and clinical research [1,2].

Preclinical studies represent a comprehensive set of experiments 
conducted on laboratory models, primarily involving animals, 
and are performed in strict compliance with international ethical 
standards. These studies may be carried out in vivo, meaning in 
living organisms, in vitro, meaning under laboratory conditions 
outside the organism, as well as in silico, meaning through the 
use of computer-based modeling [3-5].

One of the most debated aspects of contemporary preclinical 
science is the necessity and ethical justification of using laboratory 
animals, as well as the selection of the most appropriate model 
organisms. Traditionally, mice, rats, nonhuman primates, pigs, 
dogs, cats, and ferrets are utilized, along with representatives of 
less conventional groups, such as worms and zebrafish (Danio 
rerio) [4,6,7].

Zebrafish (Danio rerio) were introduced into scientific research 
in the 1970s–1980s, when American molecular biologist George 
Streisinger and his colleagues at Oregon State University 
proposed their use as a model organism for studying vertebrate 

developmental processes. Owing to a number of advantages, 
including low maintenance cost, ease of breeding, and high 
reproductive capacity, this species rapidly became an important 
component of biological and medical research. Zebrafish gained 
particular prominence in 2003 following successful genetic 
modifications that led to the creation of fluorescent variants 
known as GloFish, which further emphasized their potential in 
genetic and molecular experimentation [8-10].

At present, zebrafish (Danio rerio) are considered one of the 
unique model organisms utilized in numerous universities and 
research institutions worldwide. They are actively employed in 
studies related to developmental biology, toxicology, genetics, 
medicine, environmental sciences, and even space research, 
demonstrating their broad applicability and high significance 
for the global scientific community [7,11].
Objective.

The objective of the present descriptive review is to analyze 
current literature data concerning the wide range of applications 
of zebrafish (Danio rerio) as model organisms in preclinical 
research. The synthesis of these findings is expected to enhance 
the understanding of their role, advantages, limitations, and 
future prospects for use in contemporary biomedical and 
biological investigations.
Materials and Methods.

To achieve the stated objective, a descriptive review of the 
scientific literature was conducted. Source retrieval was 
performed in the PubMed electronic database for the period from 
2000 to 2025. The search strategy included the following key 
terms: “Danio rerio,” “zebrafish model,” “preclinical research,” 
“toxicology,” “neurobehavior,” “embryo development,” as well as 
field-specific terms such as “spaceflight” and “drug screening.”

The inclusion criteria for publications comprised the following 
factors:

– scientific relevance, with priority given to studies published 
during the last five years, and direct relation to the use of 
zebrafish in preclinical research;

– publication type, including original research articles, 
narrative reviews, and meta-analyses.

The selection and analysis of the literature were carried out 
selectively, with emphasis placed on the most representative and 
methodologically significant studies that clearly demonstrate 
specific areas of application and methodological approaches. 
It should be noted that this review is not systematic and does 
not follow strict PRISMA guidelines. The primary aim of the 
present work is to provide an overall understanding of the 
diversity and potential applications of zebrafish (Danio rerio) in 
preclinical biomedical and biological research.
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Main Section.
Analysis of the PubMed database demonstrates a steady increase 

in the number of publications devoted to zebrafish (Danio rerio) 
during the period from 2000 to 2025. The distribution of studies 
across different research fields over this time period reveals 
two principal trends. First, genetics and embryology remain the 
dominant areas in terms of publication volume. Second, there 
has been a significant increase in research activity in several 
other fields, including neurobiology, toxicology, regenerative 
medicine, gastroenterology, space biology, and studies related 
to antibacterial therapy (Figures 1 and 2) [12].

The expansion of the scope of zebrafish applications in research 
reflects the growing interest of the scientific community, which 
is driven by the unique advantages of Danio rerio (zebrafish). 
These advantages include embryonic transparency, a high degree 
of genetic homology with humans, pronounced regenerative 

capacity, and a rapid reproductive cycle, which collectively 
make zebrafish an exceptionally convenient and informative 
model for a wide range of biomedical investigations [7].
Zebrafish (Danio rerio) in Embryology.

Zebrafish (Danio rerio) represent a fundamental model in 
embryological research due to several unique advantages. 
These include external fertilization and development, complete 
transparency of embryos and larvae during the early days of life, 
which allows real-time observation of organogenesis, as well 
as a short life cycle and high fertility, which facilitate the rapid 
acquisition of statistically significant data.

In 2023, Zizioli D., Ferretti S., Mignani L., and colleagues 
conducted a study evaluating the embryonic safety of 
nirmatrelvir, an antiviral component of a therapeutic agent used 
for the treatment of coronavirus disease 2019. The investigators 
performed a comprehensive embryotoxicological screening 

Figure 1. Use of zebrafish (Danio rerio) in research across various scientific fields in the year 2000 (compiled by the author based on analysis of 
the PubMed database).

Figure 2. Use of zebrafish (Danio rerio) in research across various scientific fields in the year 2025 (compiled by the author based on analysis of 
the PubMed database).
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following standardized protocols. Embryos were exposed to a 
wide range of substance concentrations beginning at the critical 
gastrulation stage, six hours post-fertilization. The findings 
demonstrated no statistically significant embryotoxicity, no 
teratogenic effects, and no impairment of neurological functions, 
even at concentrations substantially exceeding therapeutic 
levels [13].

Therefore, this study not only confirmed the favorable in 
vivo embryonic safety profile of nirmatrelvir, but also clearly 
demonstrated the value of zebrafish (Danio rerio) as a rapid, 
cost-effective, and highly informative model for preclinical 
screening of novel pharmacological compounds, enabling the 
acquisition of comprehensive developmental safety data prior 
to testing in mammalian models.
Zebrafish (Danio rerio) in Neurobiology.

In a 2024 review study conducted by O. Doszyn, T. Dulski, and 
J. Zmorzynska, it was demonstrated that the brain of zebrafish 
(Danio rerio) is relatively simple, which makes this species a 
convenient model for detailed investigation of neural networks. 
The transparency of larvae provides a unique opportunity for 
direct visualization of neuronal activity and developmental 
processes in a living organism. Of particular importance is the 
pronounced regenerative capacity of zebrafish, which enables 
effective investigation of tissue repair mechanisms, a factor 
that is critically important for the development of therapies for 
neurodegenerative disorders [14]. For example, a 2020 study 
examined the role of the LRRK2 gene, one of the most common 
genetic causes of hereditary Parkinson’s disease, in zebrafish 
embryonic development.

The authors identified a novel association between LRRK2 
and the key Wnt signaling pathway, demonstrated the 
consequences of mutation in vivo, and supported the hypothesis 
that activation of the Wnt pathway may represent a promising 
therapeutic strategy [15,16]. Thus, zebrafish (Danio rerio) 
serve as an integrative platform that accelerates the translation 
of fundamental neurobiological knowledge into practical 
therapeutic strategies for disorders such as Parkinson’s disease.
Zebrafish (Danio rerio) in Modeling Neurotoxicity.

In recent years, advances in information technologies have 
contributed to the development of behavioral testing methods 
that provide objective assessment of laboratory animal 
behavior. Zebrafish (Danio rerio) represent a valuable model for 
the study of neurotoxicity due to their high sensitivity and the 
possibility of quantitatively evaluating behavioral alterations. 
For instance, in a 2025 study by Abellán-Álvaro and colleagues, 
automated behavioral tests were employed to assess the long-
term consequences of neurotoxic exposure. The investigators 
examined the effects of acute exposure during the first five days 
post-fertilization and chronic exposure for twenty-eight days 
to a low, environmentally relevant concentration of a pesticide 
mixture. Neurobehavioral outcomes were evaluated using the 
DanioVision video-tracking system and EthoVision software 
(Noldus).

At the larval stage (five days post-fertilization), a combined 
light–dark transition and acoustic startle response test was used 
to assess stress reactivity and learning, while in juvenile fish 
(twenty-eight days), the classical Novel Tank Test was employed 

to evaluate anxiety-like behavior [17]. This study clearly 
demonstrates how the combination of the zebrafish model with 
automated behavioral analysis tools enables the detection of 
subtle yet long-lasting neurotoxic effects of chemical mixtures.
Zebrafish (Danio rerio) in Oncology.

Zebrafish (Danio rerio) represent a highly promising model 
for oncological research due to their unique characteristics, 
which enable real-time visualization of tumor formation and 
metastasis. In addition, zebrafish possess broad potential for 
genetic manipulation, which facilitates in-depth investigation 
of the molecular mechanisms of cancer and supports efficient 
testing of novel antineoplastic agents.

A 2024 publication systematized contemporary data on 
the application of xenotransplantation models involving the 
transplantation of human colorectal cancer cells into zebrafish 
embryos. Immunodeficient zebrafish embryos were used as 
recipients, into which both established colorectal cancer cell 
lines and primary patient-derived tumor cells were transplanted. 
This xenotransplantation model is characterized by high 
reproducibility and provides a unique opportunity for direct 
dynamic observation of tumor progression, making it a highly 
promising platform for preclinical investigations [18,19].

Furthermore, a 2023 study compared two key model 
systems—mice and zebrafish—in the context of breast 
cancer research. The authors emphasized that each model 
possesses distinct advantages: murine models provide superior 
physiological relevance, whereas zebrafish models enable 
rapid experimentation and direct visualization of tumor 
processes. Combined application of both models allows for a 
more comprehensive understanding of disease pathogenesis 
and accelerates the development of diagnostic and therapeutic 
strategies for breast cancer [20]. Therefore, zebrafish (Danio 
rerio) represent an effective and versatile model organism for 
studying malignant diseases and developing novel oncological 
treatment approaches.
Zebrafish (Danio rerio) in Regenerative Medicine.

Zebrafish (Danio rerio) are a valuable model for investigating 
regenerative processes due to their high capacity for tissue 
repair. In this species, regeneration typically occurs within 
twenty-one days, making zebrafish a convenient and practical 
experimental model in laboratory settings.

In 2025, a group of researchers conducted a study focused 
on regeneration of the zebrafish caudal fin, with particular 
emphasis on the non-classical interaction between the STAT3 
signaling protein and the vitamin D-dependent pathway. The 
study demonstrated that STAT3, known for its role in cellular 
proliferation and inflammatory processes, interacts with 
components of this pathway not through traditional mechanisms 
but via alternative molecular crosstalks. This interaction 
influences the regulation of genes responsible for tissue repair, 
accelerates regenerative processes, and ensures control of the 
cell cycle in regenerating tissues [21].

Beyond fin regeneration, zebrafish demonstrate regenerative 
capabilities in several vital organ systems, including the 
cardiovascular system, nervous system, and retina. For example, 
in 2023, researchers identified a mechanism that promotes 
maturation of cardiomyocytes during cardiac tissue regeneration 
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in zebrafish. It was revealed that the LRRC10 protein plays 
a key role in signaling cells when to cease proliferation and 
transition to maturation, thereby contributing to effective heart 
regeneration [22].
Zebrafish (Danio rerio) in Gastroenterology and Genetics.

In the search for effective therapeutic strategies for conditions 
such as nonalcoholic fatty liver disease, researchers increasingly 
turn to model organisms. For instance, a 2023 study conducted 
by Endrina Mujica and Marcel den Hoed, dedicated to the role of 
lipid-associated genes in the development of nonalcoholic fatty 
liver disease, clearly demonstrates the uniqueness of zebrafish. 
Their value lies not only in their anatomical simplicity but also 
in their remarkable degree of genetic similarity to humans.

In this study, zebrafish were used as a model for nonalcoholic 
fatty liver disease by inducing a metabolic state comparable to 
human hepatic steatosis, for example through specialized diet-
induced obesity, combined with targeted genetic modifications 
using CRISPR/Cas9 technology. This approach enables 
identification of causative genes whose dysfunction triggers 
steatosis, allows tracing of the entire pathogenic cascade from 
steatohepatitis to fibrosis, and provides an opportunity to 
evaluate the effectiveness of therapeutic agents by administering 
potential drugs to zebrafish and monitoring symptom reduction 
[23].

Such an integrated approach transforms the zebrafish from a 
simple observational organism into a highly advanced biological 
system for preclinical testing.
Zebrafish (Danio rerio) in Assessing the Effects of 
Antibacterial Agents on the Organism.

In recent years, the problem of increasing antibiotic resistance 
has become particularly urgent, especially considering that the 
development of new antibacterial drugs requires a substantial 
amount of time [24]. Moreover, previously established 
antibacterial agents are not always suitable for the treatment of 
multidrug-resistant infections, not only due to the development 
of resistance but also because of the potential risk of toxic effects 
on the organism. Therefore, studies evaluating the impact of 
such agents on model organisms are of critical importance.

For example, in a 2025 study conducted by Ling-Chun Lin, 
Yu-Chuan Tsai, and Nien-Tsung Lin, the synergistic interaction 
between bacteriophages and antibiotics in combating 
Pseudomonas aeruginosa biofilms was demonstrated. Zebrafish 
(Danio rerio) were utilized as an experimental model, and the 
transparency of zebrafish larvae allowed real-time visualization 
of biofilm destruction and assessment of the effectiveness of 
combined therapy directly in a living organism [25]. The use 
of zebrafish in this study significantly reduced the time from 
experimental concept to obtaining meaningful therapeutic 
results, owing to the possibility of direct visual monitoring and 
the rapid implementation of experiments in vivo.
Zebrafish (Danio rerio) in Space Research.

The prospects of long-term human presence in space have 
increased the relevance of research into the effects of space-
related factors on living organisms. In this context, zebrafish 
(Danio rerio) play an important model role, determined not 

only by their ease of maintenance but also by several unique 
advantages, particularly when compared with traditional 
preclinical research models. These advantages include simplified 
maintenance requirements, as aquatic systems demand fewer 
resources than life-support systems for rodents, the ability to 
house a large number of individuals in compact conditions to 
achieve statistical reliability, and, critically, the ability to serve 
as a transparent living system for investigating fundamental 
cellular and molecular responses in vivo.

For instance, in 2023, a group of researchers conducted a study 
investigating the effects of simulated microgravity on embryonic 
development. The investigators reported a significant reduction 
in the number of cells expressing Runx2a, a key transcription 
factor involved in osteogenesis, along with alterations in the 
activity of other genes responsible for bone formation and 
calcium metabolism [26]. These findings directly confirm the 
potential of zebrafish (Danio rerio) for preclinical evaluation of 
risks associated with space flight, such as osteoporosis, and for 
the development of potential strategies for their prevention and 
correction.

Based on these data, zebrafish (Danio rerio) represent a 
powerful complementary platform in space biology. Ongoing 
research in this direction forms an essential foundation for 
future breakthrough discoveries in space biology and medicine.
Discussion of the Limitations of Using Zebrafish (Danio 
rerio) in Research and Comparison with Rodent Models.

Despite their well-recognized advantages, such as embryonic 
transparency, high fertility, and pronounced regenerative 
capacity, zebrafish (Danio rerio) as an experimental model also 
possess several important limitations that must be taken into 
account when designing studies and interpreting outcomes [27].
Limitations of Using Zebrafish (Danio rerio) in Research.

1. Physiological characteristics: Zebrafish lack several organ 
homologs, including lungs, mammary glands, the prostate gland, 
and a multilobular liver. They also exhibit species-specific 
metabolic features, including differences in pharmacokinetics, 
absorption, distribution, metabolism, and excretion of 
substances, as well as specific temperature requirements, with 
optimal development occurring at approximately twenty-eight 
to thirty degrees Celsius. The absence of homologous organs 
makes zebrafish unsuitable for direct modeling of certain human 
diseases. Metabolic peculiarities may introduce bias into drug 
screening outcomes and therefore require subsequent validation 
in mammalian systems. Temperature dependence is also highly 
relevant, particularly in the context of preclinical studies, as it 
does not correspond to mammalian physiological conditions 
and may influence biochemical reaction rates and the activity of 
tested compounds [27].

2. Genetic and molecular characteristics: Zebrafish 
have undergone an additional round of genome duplication, 
resulting in many genes existing in paralogous pairs. Certain 
orthologs of key human genes are absent, including selected 
genes associated with trophoblast differentiation. Moreover, 
significant differences exist in alternative splicing mechanisms 
and gene regulation, with gene expression patterns, particularly 
at the post-transcriptional level, often differing considerably 
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from humans. Although approximately seventy percent of the 
zebrafish genome is homologous to the human genome, these 
intrinsic genetic features must be carefully considered, as 
they may substantially influence research outcomes. Genome 
duplication may result in functional redundancy, whereby 
knockout of one gene may be compensated by its paralog, 
masking phenotypic effects, and complicating genetic analysis, 
as simultaneous knockout of both paralogs may be required. 
These characteristics may hinder direct modeling of certain 
monogenic human disorders.

It is also important to note specific structural and functional 
features of the zebrafish nervous system, which may serve not only 
as advantages but also as limitations in particular research contexts.

It is also necessary to consider specific structural characteristics 
of the zebrafish nervous system, which may serve not only as 
advantages but also as limitations of this experimental model.
Neurobiological characteristics of zebrafish as limitations for 
research:

1. Relative structural simplicity of the brain. Although the 
zebrafish brain contains the principal anatomical regions, it 
lacks a six-layered cerebral cortex, which creates difficulties for 
investigating higher cognitive functions.

2. Certain neurochemical differences. Differences exist 
between zebrafish and humans in both the composition and 
distribution of neurotransmitters.

3. Restrictions in behavioral testing. The range of validated 
behavioral paradigms for assessing complex emotional states 
such as depression and anxiety is limited compared with rodents 
and often requires careful interpretation. Nevertheless, several 
reliable behavioral tests are currently available for zebrafish, 
including the open field test, which allows for meaningful 
behavioral assessment.

4. High regenerative capacity of the central nervous system. 
From a research perspective, this characteristic represents both 
an advantage and a limitation, particularly in studies focused on 
neurodegenerative disorders such as Alzheimer’s disease and 
Parkinson’s disease, where progressive neuronal loss plays a 
key pathogenic role.

The relative simplicity of the zebrafish brain therefore defines 
the scope of its applicability. On one hand, the absence of a 
complex cerebral cortex limits opportunities for accurate 
modeling of higher cognitive processes and severe psychiatric 
disorders. On the other hand, this structural simplicity, 
combined with the transparency of zebrafish larvae, represents 
a major advantage for visualization of neuronal networks and 
investigation of fundamental neurobiological mechanisms.

When zebrafish (Danio rerio) are compared with other 
laboratory animals, particularly rodents such as mice and rats, 
which remain the gold standard experimental models, both 
advantages and disadvantages of zebrafish become evident 
(Table 1) [27].

Thus, the selection of zebrafish (Danio rerio) as an experimental 
model must be strictly justified by the specific scientific 
objective. Zebrafish represent a powerful complementary model 
to existing experimental systems. Their primary strengths 
include suitability for large-scale genetic and pharmacological 
screening, investigation of embryogenesis and regenerative 
processes, and real-time in vivo visualization. However, in 
studies involving complex physiological systems, multigenic 
diseases with strong environmental influences, and research 
intended for direct clinical translation, caution is required, along 
with subsequent validation in mammalian models.
Conclusion.

Based on the analysis of current data regarding the wide range 
of applications of zebrafish (Danio rerio), it has been confirmed 
that this species has established a strong position as one of 
the most versatile and promising model organisms in modern 
biomedicine. However, the use of this model requires careful 
consideration of both its strengths and its objective limitations, 
depending on the specific research context. Zebrafish 
(Danio rerio) represent not merely a model organism but an 
integrative platform that unites multiple scientific disciplines. 
Owing to advances in genetic technologies and state-of-the-
art visualization methods, this model continues to open new 
opportunities for an in-depth understanding of numerous 
biological processes that remain insufficiently explored.

Comparison Criterion Zebrafish (Danio rerio) Rodents (Mice)
Practical Significance

Cost of maintenance Low High Zebrafish (Danio rerio) can be used 
for large-scale screening

Evolutionary proximity Distant from humans (bony fish) Close to humans (mammals) Mice have higher translational 
potential

Immune system
Innate immunity is well 
developed; adaptive immunity is 
simple

Fully functional adaptive immune 
system, analogous to that of humans

The zebrafish model is limited for 
studying complex immune responses, 
whereas mice are ideal for this

Rate of development Short (3–4 months) Long (2.5–3 months to sexual 
maturity + 21 days of pregnancy)

Zebrafish allow rapid generation of 
genetic lines

Embryonic development
External development, 
transparency, technical simplicity, 
microinjections are easy

Intrauterine development, non-
transparent, difficult access

Zebrafish are an irreplaceable 
model for in vivo visualization of 
ontogenesis

Features of pharmacological 
testing

Substances are added to water; 
systemic exposure is more difficult 
to control

Precise routes of administration (oral, 
injection)

Risks in drug administration make 
mice the standard for translational 
pharmacological research

Table 1. Comparison of Zebrafish (Danio rerio) and Rodent Models (compiled by the author based on analysis of scientific literature).
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