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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.
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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
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.
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mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
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method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
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-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

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.

Danio rerio (Zebrafish) as a model object in preclinical studies
have been widely used in recent years. This is facilitated by
their morphological, physiological, biochemical, genetic, and
embryological characteristics, as well as economic benefits and
small-time costs of their breeding.

Aim: The aim is to summarize the available data on the use of
Danio rerio (Zebrafish) in preclinical studies.

Methods: In this work a review of domestic and foreign articles
on the use of Danio rerio in toxicological, pharmacological,
embryological, and other research areas was carried out.

Results: Danio rerio (Zebrafish) can be used in many areas
of preclinical studies of drugs. Their application in modeling
novelty stress and experimental depression is especially
interesting.

Conclusions: Danio rerio are a versatile model object that
allows cost-effective studies of various pharmacological drugs
before they are tested on other models, particularly mammals.

Key words. Danio rerio, zebrafish, model object, preclinical
tests.

Introduction.

It is now reliably known that the tropical fish Danio
rerio (Zebrafish) is a studied and practical model object of
preclinical research. They have a number of advantages over
various representatives of this class and even other laboratory
animals, in particular rodents. Due to the detailed study of
embryogenesis, genome, morphological features and minimal
maintenance costs, Zebrafish can be used in biological, genetic,
pharmacological research and screening for mutagenesis,
teratogenicity assessment and other chemical exposures.
Compared to other model objects, such as the fruit fly Drosophila
melanogaster and the worm Caenorhabditis elegance, a strong
conservative communication. This makes the tropical fish an
excellent model for studying complex biological processes
such as the development of the nervous, cardiovascular and
hematopoietic systems, as well as angiogenesis, apoptosis and
toxic effects various factors [1,2]. To date, hundreds of genetic
mutants of Danio rerio have already been obtained whose
phenotype resembles and can be the clinical equivalent of
diseases in humans.

Several chimeric models with human receptors and signaling
molecules have also been obtained. Genes encoding certain
receptors and signaling molecules are usually associated
with the development of cardiovascular pathology, diseases
of the hematopoietic and nervous systems, myopathies and
myodystrophies, which allows us to analyze the effectiveness of
promising drugs [1-3]. In this regard, the use of Danio rerio as an
experimental model seems particularly promising in pharmacology.
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The purpose of this study is to summarize the available data
on the use of Zebrafish in preclinical studies, to establish their
advantages and disadvantages in specific laboratory trials and
further prospects for work with this model object, which would
allow to consider it the first stage of preclinical studies, before
they will be carried out, for example, in rodents.

Research methods.

This work involved a review of data from foreign and domestic
articles (for the period 2014-2018) on the use of Danio rerio in
various preclinical studies.

Results and Discussion.

Danio rerio (Zebrahish) is a small freshwater tropical fish
inhabiting mainly rivers and streams of Pakistan, India,
Bangladesh, Nepal, Myanmar, and Bhutan. The Zebrafish, well
known to aquarium fish enthusiasts, is widely used in laboratory
research. Danio rerio has an elongated body shape, the main
color tone is silvery with bright blue and yellow-green stripes.
Adults in the wild reach a length of 6-7 cm, aquarium inhabitants
- 5 cm. Zebrafish are gregarious (at least 7-10 fish), most of the
time kept in the upper and middle layers of water. In captivity,
they live about three years.

The main advantage of this fish is the presence of a
transparent embryo, which allows to fully observe the stages
of embryogenesis. This feature has found application in the
study of teratogenic, carcinogenic, and other effects of various
chemicals and drugs on Danio rerio, which is manifested in the
violation of embryonic development stages or the formation of
morphological development anomalies. In addition, Zebrafish
have a high fecundity and a fast period of embryo maturation.
Three days after fertilization, the heart, circulatory and nervous
systems begin to function. On the fourth day, the fry is formed,
capable of independent feeding and movement. This peculiarity
allows accelerating the research process and minimizing costs
in the form of funds and time [1].

It is also worth noting that a detailed study of the Danio rerio
genome has now been conducted. It has been noted that Zebrafish
have 70% homology with the human genome, which allows
them to be used as an excellent model for genetic research [1].

Similar biochemical processes with mammals again confirm the
feasibility of using Danio rerio as a model for preclinical studies.

A model object for staging stress and depression.

At present, Zebrafish are also actively used as an experimental
model for novelty stress and experimental depression followed
by exposure to drugs of different pharmacological groups [1-
3]. For novelty stress staging, the following technique is used:
Danio rerio is first placed in a measuring cup with dissolved
substance (or simply with clean water) and then - in a viewing
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tank for 6 minutes, where the trajectory of movement, length of
path, number of movements to the upper part of the tank, time
spent in the lower part of the tank, number and time of "freesing"
(immobilization) pattern for each minute of experiment are
automatically registered. In response to the novelty of the room,
Danio rerio responded by diving to the bottom, increasing
freezing, and decreasing the number of movements to the upper
half of the aquarium. For example, against the background of
phenazepam introduction, the number and time of freesing
pattern, as well as the time of staying in the lower part of the
aquarium decreased more than 2-fold compared to the control
group and a dose-dependent effect was manifested. The novelty
stress test is highly sensitive for studying anxiety-phobic
reactions in Zebrafish, and this model can be used in preclinical
studies [1,2].

Another model can be used to create experimental depression,
which consists in separating Danio rerio individuals in pairs
in a limited space. This model can be promising for the study
of already existing psychoactive substances, as well as in
preclinical studies of new drugs [3].

Assessment of toxicity of pharmacological drugs of different
groups.

In a study by Silvia Ribeiro et al., Danio rerio embryos were
exposed to drugs from different pharmacological groups:
diclofenac, propranolol, simvastatin, and sertraline. Their toxic
effects on Zebrafish embryos were evaluated. When evaluating
the effect of diclofenac on embryos, significant changes in
development were observed: the growth of abnormal cells,
disruption of the epiboly stage in embryonic development, as
well as abnormalities in the formation of the yolk sac. The most
significant developmental abnormalities were observed at the
drug concentration of 12.5 mg/l. The number of successfully
passed epiboly stages in embryo development decreased from
91% to 82.5% when the diclofenac concentration was increased
from 1.25 to 12.5 mg/1.

When exposed to propranolol at a concentration of 12.5
mg/L, the development of pericardial effusion, fin development
abnormalities, and a dramatic increase in embryo mortality
from 32 to 80 hours of study were detected.

Sertraline at a concentration of 10 mg/L resulted in the death
of all embryos by 80 hours of the study. It was also shown a
significant decrease in the successful stages of epiboly in embryo
development compared to controls (from 90% to 67.5%).

Simvastatin proved to be the most toxic of the studied drugs.
A concentration of 5 mg/L was fatal in all embryos from 32 to
80 hours of the study.

At concentrations up to 500 pg/L, this drug caused an increase
in the number of abnormal embryos with abnormalities in vision,
tail development, and yolk sac, and a discharge developed in the
pericardial cavity of the fish.

The study showed that Danio rerio embryos can be used as a
model in preclinical studies to assess the toxicity of various new
pharmaceutical drugs [3].

In the work of K.V. Zolotareva et al. the adult fish Danio rerio
was exposed to Cd and Cu for 4 days, the concentrations of
which were equal to MAC (5 mkg/1 for both ions) and sublethal
concentrations (6.4 mg/l for cadmium and 80 mkg/1 for copper).
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Based on the results of the experiment, we found markers of
the toxic effects of Cd and Cu on the liver and heart muscle
(Table 1) [4].

Table 1. Markers of toxic effects of Cd and Cu on the liver and heart
muscle were established in studies on Danio rerio.

. Markers
Fabric cd Cu
Eif2s1, subunit 1 of gene
translation initiation factor 2.
Forms a complex with GTP and

initiating t-RNA

Sulfotransferase 3 family
2, a protective and
hydrophilizing enzyme

Li
tver Secretory phospholipase

A2, a Ca- dependent
phospholipid hydrolysis

Stat3, a signal-activating
protein of gene transcription.

enzyme
NADN-DH(ubiquinone) Chaperonin Class 2
heart Selenoprotein J, an antioxidant
protein.

A model for creating drug transport systems.

Danio rerio is actively used to develop new drug transport
systems, which in the future will help in the treatment of
various diseases. In particular, the modeling of Zebrafish brain
tumor followed by its therapy with doxorubicin and paclitaxel
embedded in the exosome is very relevant [6].

Model for assessing the effects of narcotic drugs.

Danio rerio can serve as excellent test-objects for modeling
the effect of narcotic drugs on Danio organism and further
ways of its pharmacological correction. This is what Eric J.
Mercero, Shelby L. Poitra, Ana Espinoza and coauthors were
able to prove in their study. When the electrocardiogram
of cocaine-exposed Danio rerio fish was measured, an increase
in HR in a bell-shaped dose-dependent manner was observed.
The maximum increase was evident at a dose of 5 mg/L in most
fish compared to the baseline frequency. It is also worth noting
that bradycardia was recorded in  Zebrafish  when
exposed to higher doses. Based on this work, a pattern
was introduced that the effect of cocaine on heart rate has a
dose- dependent effect. This once again confirms the use of
Danio rerio as a model system to study the effects of drugs [7].

Using Danio rerio embryos.

Zebrafish embryos are a good model to evaluate the effects
of different substances on oocyte development and stimulation.

Previous experiments have shown that eicosanoids (PGF2a or
PGE2) are required to stimulate ovulation in bony fish as well
as other vertebrates.

In the study of M.N. Skoblina et al. it was shown for the first
time that Danio rerio oocytes that have reached a definitive size
surrounded by follicular membranes, matured in vitro under the
influence of progesterone, ovulate as a result of their treatment
with PGF2a and carp cavity fluid (CCF).

In the experiments conducted, treatment of Zebrafish follicles
with progesterone and PGF2a (5 pg/ml) after fertilization
resulted in 57 to 92% of oocytes ovulating and 17 to 61% of
them reaching the hatching larval stage.
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Exposure of follicles to 20% FGF2a containing PGF2a
revealed that the percentage of oocytes ovulated by Danio
rerio stimulated with progesterone and FGF and progesterone
and prostaglandin in three out of four females did not differ
significantly [5].

A preclinical study of sodium nucleospermatate ("Viruter")
on Danio rerio embryos showed that when this drug is added
to experimental wells with embryos, their more effective
development occurs due to activation of the innate immunity
system with further development of a complex of cytokine-
regulated pro-inflammatory and anti-inflammatory signals [8].

We can conclude that Zebrafish oocytes are a promising model
for studying the role of various compounds in the processes of
cell maturation and ovulation.

Studies on hormone preparations.

Thyroid disorders are among the most common disorders of
the endocrine system. Thyroid function disorders are common
both in children and adults. Lack of synthesis and secretion of
hormones at an early age leads to stunting, somatic disorders and
oligophrenia (cretinism), at an older age - to a slow metabolism
(myxedema). Using Danio rerio fish, it is possible to evaluate
the effect of hypo- and hyperthyroidism on the development and
survival of eggs before larvae emerge, while recording blood
circulation, pigmentation of the eye area, the appearance or
absence of various anomalies in body shape development [9].

Using Danio rerio to model human disease.

A large number of studies in the Danio rerio have identified
genes associated with human diseases. Such diseases include
Alzheimer's disease, amyotrophic lateral sclerosis, muscular
dystrophy, leukemia, thrombosis, cardiomyopathy, diabetes, etc.
Different approaches are used to model these diseases on Danio
rerio. For example, the neurotoxin 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine is used to model parkinsonism in fish,
because the mechanism of action of this compound, associated
with the destruction of dopaminergic neurons, is the same in
Danio rerio and mammals [10].

Use of Danio rerio (Zebrafish) in experimental nephrology.

Previously, an arsenal of different rat and mouse lines with
various genetic defects leading to kidney disease has been
studied, in which researchers tried to understand the mechanisms
of pathology and more thoroughly develop approaches to assess
the glomerular filtration rate [ 1,3]. However, the process of using
different substances, such as inulin or yohexol, in laboratory
animals is laborious and involves anesthesia, blood and urine
collection with further laboratory analysis. In addition, the use
of different mammalian species requires sound ethical review,
and limited funding may be another obstacle in the planning and
design of these studies [1].

Pathological conditions that affect the development and
functioning of the nephron (glomerulonephritis, acute kidney
injury, polycystic kidney disease, etc.) have been successfully
reconstructed and analyzed in Danio rerio fish [11,13]. The
paired excretory organ in Danio rerio eggs, the pronephros,
is a useful object for biomedical studies, not only within 2-5
days after fertilization, but also beyond this period due to its
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anatomical "simplicity" associated with the presence of only
two nephrons originating from one diseased glomerulus located
along the midline of the embryo [11]. Clobular filtration begins
as early as 48 hours after fertilization, and full maturation and
selective filtration capacity of the glomerulus occurs on day
4 after fertilization, when podocytes and endothelial cells are
already well developed [13]. The pronephrotic tubule is divided
into separate segments: proximal and distal. All these features
have common structural and functional similarities with
nephrons of other mammals, including human kidneys, and it
makes it possible to use Danio rerio fish as a model object for
studying filtration capacity of glomeruli in various diseases, as
well as their regenerative abilities [11-14].

There are quite a few mutant lines of Danio rerio fish that are
used to study renal function. For example, the Tg(wtlb:EGFP)
line provides fluorescent imaging of the proximal tubules and
glomerular nephrons using green fluorescent protein and is used
to assess the importance of Wilms' tumor protein (WT1) in Danio
rerio nephrogenesis (pronephros and glomerular development).
This is similar to its role in tumorigenesis in humans, since WT1
also plays a key role in renal development in mammals, and its
mutations can lead to the formation of nephroblastoma (Wilms'
tumor) [11].

Given the importance of the urinary system, the presence of
edema in mutant Danio rerio may be an indirect indicator of
impaired renal function. An obligatory caveat of this model is
the difficulty of detecting changes in urine and estimating the
clearance of various substances, because excretion in fish is
carried out in water, and it is not possible to obtain directly clean
urine. This fact may limit the use of Danio rerio in modeling
various kidney diseases [11-14].

Studies with fluorescent substances make it possible to study
the rate of glomerular filtration in Danio rerio fish. Fluorescent
"indicators" are injected into fish embryos and traced their
passage in the region of interest under a microscope [11,13].
"Indicators" with a large molecular weight are retained by the
intact renal barrier and thus allow evaluation of glomerular
function. Researchers developed a transgenic line to express
vitamin-D-binding protein labeled with green fluorescent
protein (VDBP-GFP). When this line is crossed with another
line in which podocyte damage can be induced, the "double"
transgenic embryo shows accumulation of VDBP-GFP in the
proximal tubules, indicating damage to the glomerular filtration
barrier [13,16,17]. In addition, a comprehensive study of the
rate of disappearance of low molecular weight fluorescent
"indicators" in fish can be used as an approximate marker of the
glomerular filtration rate. Disruption of this function will lead
to delayed "indicators", which can be visualized and measured
[4,11,13].

Conclusion.

A large number of laboratories around the world are now using
Zebrafish in their research. These small fish have undoubted
advantages over rodents: relatively low cost of work, small time
costs and ease of breeding. This model object contributes not
only to the creation of new drugs, but also allows on the basis of
the created models of human diseases to study their pathogenesis
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in more detail, as well as their impact on organs and systems.
The Danio rerio model does not replace classical mammalian
models; it can be the first stage of preclinical studies before they
are carried out, particularly on rodents.
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