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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.
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.

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 Sílvia 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/l.

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 µg/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/l for both ions) and sublethal 
concentrations (6.4 mg/l for cadmium and 80 mkg/l for copper).

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.

Fabric Markers
Cd Cu

Liver

Sulfotransferase 3 family 
2, a protective and 
hydrophilizing enzyme

Eif2s1, subunit 1 of gene 
translation initiation factor 2. 
Forms a complex with GTP and 
initiating t-RNA

Secretory phospholipase 
A2, a Ca- dependent 
phospholipid hydrolysis 
enzyme

Stat3, a signal-activating 
protein of gene transcription.

heart
NADN-DH(ubiquinone) Chaperonin Class 2

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 (PGF2α 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 PGF2α and carp cavity fluid (CCF).

In the experiments conducted, treatment of Zebrafish follicles 
with progesterone and PGF2α (5 µg/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% FGF2α containing PGF2α 
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 

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(wtIb: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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