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Zebrafish as a model 
in biomedicine
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Zebrafish as a genetic machine

Genetic homology



Zebrafish as a translational machine
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Conserved core of the pathology

Pathogenesis

400 mya 300 mya 70 mya



Chronic stress and brain genomics

A – arrestins and GPCRs 

B – genes related to ubiquitins

C – inflammation-related genes 

D – cytoskeletal genes



Laser-induced brain trauma

BDNF expression in telencephalon



High-throughput drug screening in zebrafish

Can test 10 000 drugs a day!





Острые эффекты никотина (10 мг/л)



Anxiogenic Treatments

Caffeine (250mg/L , 20mins)

Wild-type Control



Anxiolytic Treatments

Wild-type Control

Chronic Ethanol (0.3%, 2 wks)Chronic Morphine (1.5mg/L, 2 wks)



First application of Artificial Intelligence (AI) to 
zebrafish CNS models

We applied the artificial intelligence (AI) neural network-based algorithms to a large dataset of adult 

zebrafish locomotor tracks collected previously in a series of in vivo experiments with multiple 

established psychotropic drugs. 

We first trained AI to recognize various drugs from a wide range of psychotropic agents tested, and then 

confirmed prediction accuracy of trained AI by comparing several agents with known similar behavioral 

and pharmacological profiles.



First AI-driven application in zebrafish

Method is based on deep 
learning by convolution 
neuronetworks (CN) of a 
library of 3D drug-induced 
phenotypes for nearly 30 
major CNS drugs

0.80



Here, we test a battery of ten novel N-benzyl-2-phenylethylamine (NBPEA) 

derivatives with the 2,4- and 3,4-dimethoxy substitutions in the 

phenethylamine moiety and the −OCH3, −OCF3, −F, −Cl, and −Br 

substitutions in the ortho position of the phenyl ring of the N-benzyl moiety, 

assessing their acute behavioral and neurochemical effects in 18 the adult 

zebrafish



• Overall, substitutions in the N-benzyl moiety modulate locomotion, and substitutions in the 

phenethylamine moiety alter zebrafish anxiety-like behavior, also affecting the brain serotonin 

and/or dopamine turnover. 

• Computational analyses of zebrafish behavioral data by artificial intelligence identified several 

distinct clusters for these agents, including anxiogenic/hypolocomotor (24H−NBF, 

24H−NBOMe, and 34H− NBF), behaviorally inert (34H−NBBr, 34H−NBCl, and 34H−NBOMe), 

anxiogenic/hallucinogenic-like (24H−NBBr, 24H−NBCl, 24 and 24H−NBOMe(F)), and 

anxiolytic/hallucinogenic-like (34H−NBOMe(F)) drugs. 

• Our computational analyses also revealed phenotypic similarity of the behavioral activity of 

some NBPEAs to that of selected conventional serotonergic and antiglutamatergic

hallucinogens. 

• In silico functional molecular activity modeling further supported the overlap of the drug targets 

for NBPEAs tested here and the conventional serotonergic and antiglutamatergic

hallucinogens.



Comparing 
with reference 

in vivo drug 
response 
libraries

AI-based 
prediction of 
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Confirmation 
of predicted 

drug CNS 
profile

Drug testing
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Conclusions

Zebrafish provide an excellent platform for in-vivo CNS drug screening

Zebrafish-based platforms enable high-throughput, automated 

analyses of drug-induced responses in vivo

AI-based systems empower zebrafish-based drug screening platforms, 

as they:

• Help create comprehensive libraries of drug-induced responses

• Provide unbiased extraction of drug-induced phenotypical data

• Compare experimental data with those in reference libraries of 

known activity

• Analyze drug responses to predict their pharmacological activity



Thank you for your attention!

avkalueff@gmail.com


