(GEORGIAN
VIEDICAL
INNEWS

ISSN 1512-0112 NO 12 (369) Jlekadps 2025

TBUJIMCHU - NEW YORK

EXEMECSUYHBIN HAYUHBIN )KYPHAJ

MennuuHckue HoBocTH I'py3uun
Logodmggmml Lsdgwoobm Losbemgbo



GEORGIAN MEDICAL NEWS

Monthly Georgia-US joint scientific journal published both in electronic and paper
formats of the Agency of Medical Information of the Georgian Association of Business Press.
Published since 1994. Distributed in NIS, EU and USA.

GMN: Georgian Medical News is peer-reviewed, published monthly journal committed to promoting
the science and art of medicine and the betterment of public health, published by the GMN Editorial
Board since 1994. GMN carries original scientific articles on medicine, biology and pharmacy, which
are of experimental, theoretical and practical character; publishes original research, reviews, commen-
taries, editorials, essays, medical news, and correspondence in English and Russian.

GMN is indexed in MEDLINE, SCOPUS, PubMed and VINITI Russian Academy of Sciences. The full
text content is available through EBSCO databases.

GMN: Meaununnckue HoBocTH I'py3un - exxeMecsuHbli pelieH3UpyEeMblil HayYHbIHN KypHal, U3AaéTcs
Penaxumonnoit komierueit ¢ 1994 roma Ha pPycCKOM W aHIJIMMCKOM SI3BIKaX B IIEJISIX TOIJEPIKKH
MEAMIIMHCKON HayKd M YIy4dlIeHHUs 30paBOOXpaHeHHs. B KypHase myOIMKYIOTCSI OpUTMHAJIbHBIE
Hay4HbIE CTaThbH B 00JIACTU MEIUIIMHBI, OMOJIOTUH U (papMaliy, CTaTbl 0030pHOT0 XapakTepa, HayuHbIe
cO0O011IeHNs, HOBOCTH METUIIMHBI U 3/ipaBooxpaHenus. XKypuan unnexkcupyercs B MEDLINE, orpaxén
B 0aze nanHbix SCOPUS, PubMed u BUHUTU PAH. IlonHOTEKCTOBBIE CTAThU KypHaia JTOCTYIHBI
yepe3 b/ EBSCO.

GMN: Georgian Medical News — Lo Jo®mggeoml bsdgoozobm Losbangbo — s@ols ymggemgoy@o
bodg(36096m LodgeoEobm M9396%0Mgdswo gy@bogno, aodmoigds 1994 Faowsb, [omdmswagbls
Lbodgosd@om gomagyoobs s 533-0l 39360909d0L, aobosmengdols, 0beyglE®ool, byermgbgdols
s 39bgd0ldgBYyggegdols Log@msdm@olim s3ogdool gOmmdaog godmgdsl. GMN-Fo Gyl
> 0baaoly® gbgody J3g9bwgds 9Jb3gM0dgbG o, mgm@oygmo s 3GsJBogyeo bobosmols
M®0y0bsayg®o  bsdgsbogdm LEsGogdo dgooi3obols, domamaools ©s @o®dsizool beyg®mdo,
dodmboagomo babosmol LEs@ogdo.

J9®bsao obpgdbodgdyamos MEDLINE-ol bsg@msdm@obem Lol gdsdo, sbsbygaos
SCOPUS-o0l;, PubMed-ols ws BUHUTH PAH-0ls dmbsgdms dobgddo. LRs@ogdols barygao @gjl@o
bgendolsfgmdos EBSCO-I dmbsigdms dsbgdowsb.

WEBSITE
www.geomednews.com



K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
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number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 forin vivo experimentation. Theiroptical 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 representa 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
scienceisthenecessity 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
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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 ofthe 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
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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).
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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 LRRK?2
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 Abellan-Alvaro 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
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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



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
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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



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

Comparison Criterion Zebrafish (Danio rerio) Rodepts (Mice) Significance
Practical
Cost of maintenance Low High Zebrafish (Danio rerio) can be used

Evolutionary proximity Distant from humans (bony fish)

Innate immunity is well
developed; adaptive immunity is
simple

Immune system

Rate of development Short (3—4 months)

External development,
transparency, technical simplicity,
microinjections are easy
Substances are added to water;
systemic exposure is more difficult
to control

Embryonic development

Features of pharmacological
testing

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.
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Close to humans (mammals)
Fully functional adaptive immune
system, analogous to that of humans

Long (2.5-3 months to sexual
maturity + 21 days of pregnancy)

Intrauterine development, non-
transparent, difficult access

Precise routes of administration (oral,
injection)

for large-scale screening

Mice have higher translational
potential

The zebrafish model is limited for
studying complex immune responses,
whereas mice are ideal for this
Zebrafish allow rapid generation of
genetic lines

Zebrafish are an irreplaceable
model for in vivo visualization of
ontogenesis

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

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.
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