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INTRODUCTON 
• The Pharmaceutical industry is short of new drugs. In the 2nd part of the 20th 

century, about 50-60 new drugs (NCEs) were approved by the FDA every year.  

•  Conversely, research costs for a new drug are estimated to be in the $1-1.5 Bi. 
range.     Considering all high-profile failures in recent drug discovery, this figure is 
unlikely to drop substantially.  

• There is also increasing pressure to limit animal use to situations in which they are 
absolutely necessary, such as in preclinical toxicity and safety assessment. 

• Mammalian models of absorption, distribution, metabolism, excretion and efficacy 
are expensive, laborious and consume large quantities of precious compounds.  

• Lengthy process: takes 10-15 years to develop  

• Also, results are unguaranteed. 

• The current processes by which drugs are discovered are long and expensive.  

• Many compounds still fall out of the discovery pipeline due to lack of efficacy and 
mechanism-based toxicity.  

• Central to these reasons is a failure to understand properly all of the biological roles 
of potential drug targets in normal and disease processes.  

• This knowledge failure results in ignorance of the many potential unpleasant 
consequences that could be rendered by compound modulation of the target’s 
activity in vivo. 

 



Current New Drug Discovery 

• Expensive, time consuming and difficult 
process 

• Result unguaranteed 

•  Costly: A single new drug can cost 
1.2billion euros  

• Long: take 10- 15 years to develop 
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Drug characteristics shown by IND 



TARGET  VALIDATION: A  
DOOR TO DRUG 

DISCOVERY 



 





Steps involved in doing a Pre-clinical Trial 









Towards the target  

Reverse genetics: Modifications of the genotype by 
directed mutations 

   

animal model 

identified gene ortholog genes 







Why should use Zebrafish 

• Being vertebrates, they share most major organ systems 

with humans. 

• Zebrafish are robust, small, and reproduce quickly. 

• Moreover, their eggs are transparent and develop outside of 

the body of the mother.  

• This allows researchers to observe the development of 

organs or even individual cells in the embryo as well as in 

the larva, which is also transparent, without harming adult 

animals.  

• The fish are ideally suited to studying the causes of cancer, 

heart disease, and behavioral disorders and to evaluating 

potential drugs.  

• This makes them ideal model organisms to study the causes 





Meet the Zebrafish 

• Small, fresh water aquatic vertebrate 

• Lifespan 1-2 years 

• Independently swimming by day of life 3 







           Life cycle of a zebra fish from fertilization to an adult fish 



Why zebrafish???  

• Crystal clarity! 

– Zebrafish are optically 
translucent allowing 
for live imaging of 
muscle and heart 



Why Zebrafish???  

• Invertebrate style genetics 

-Large number of offspring 

-Can easily introduce DNA/RNA 

-Can do saturating mutagenesis screening 

• Vertebrate style genome 

-Genome at least as complex as ours 

-Genome sequenced as part of the NIH genome 
project 

-All known muscular dystrophy genes are found in the 
zebrafish 



 
Advantages 

 • They can be kept at fairly high densities in a small 
tank  

• They lay large numbers of easily collectible eggs  

• The eggs are clear and easily observed and 
manipulated  

• They develop fast  

• Their generation time (egg to adult) is short  

• They are vertebrates  

• Expense. Fish are cheaper to maintain than mice, 
but more expensive than flies--another powerful 
model organism 

 



Feature Benefit 
Easy maintainence Low housing costs 

Year round spawning Research can run continuously 

High fecundity(300-600 by single female at one time) Low cost per assay 

Optical transparency of early stages Real time (live) imaging of developmental processes 

Easy selection of precise developmental stages(in contrast to 

mammals) 

Swimming begins at hatching(48-72 hpf) and more 

complex behaviuor (food  seeking) at 5 dpf 

Behavioural studies can be made on very early stages 

Very rapid development Large number of experiments possible in short time period 

Fertilization is external Embryos accessible non- invasively, can be continuously imaged 

there is no placental barrier or maternal compartment to influence 

drug experiments 

Minimal parental care Reduced epigenetic parental influence on experimental outcome 

Mutants available, genome sequenced , morpholino 

knockdowns possible 

Genetic  basis of teratogenesis can be investigated 

Animal protection laws often less stringent for Zebrafish 

embryos than for mammals 

Fewer legal restrictions on research 

Eggs develop in non- sterile, simple buffers Easy to raise and maintain embryos 

Genome has important similarities to human(e.g. nearly 

all mammalian genes have Zebrafish counterpart l; high 

conservation of key developmental genes with human) 

Common molecular pathways can be studied 

Very small size of early embryos(0.8-1.2 mm diameter 

with chorion) 

Only very low quantities of expensive test drugs and staining 

reagents needed 

Suitable for high throughput screening in 96 and 384 multi-well 

plates 

Small egg size and external fertilization Very precise control of drug delivery and dosage 

Early embryo is permeable to many compounds Suitable for drug testing 























MODEL 

 
             FEATURE 

  
 

FRUIT FLY  ZEBRAFISH MOUSE 

FERTILIZATION Internal External Internal 

EMBRYO 

DEVELOPMENT 

external external internal 

EMBRYO Not transparent transparent Not transparent 

PRODUCTION OF 

OFFSPRING 

100 eggs/day 100 eggs/day 10 babies/ 2 months 

TIME TO 

REPRODUCTIVE 

AGE 

20 days 60 to 90 days 85 days 

DAILY 

MAINTENANCE 

- R$0.60 R$8.00 

BODY TYPE Invertebrate, 
6 legs and wings 

Vertebrate, 
No legs 

Vertebrate, 
 4 paws 



Characteristics Key similarities to humans Key differences and unknowns 

General biology 

Genome 

structure 

Diploid: essentially contains 

the full vertebarate repertoire 

of genes 

Gene duplication resulting from 

ancestral whole-genome duplication, 

resulting in subfunctionalisation and 

neofunctionalisation 

Anatomy Vertebrate body plan Aquatic adaptations include 

streamlined body plan and different 

locomotar strategies 

Diet and 

metabolism 

Omnivorous Poikilothermic, grows optimally at 

28.5°C 

Growth  Growth is determinate 

(proceeds to a limited 

maximum adult size) 

Significant capacity for regeneration of 

many tissues and organs for example, 

heart, fin retina 

Lifespan Juvenile and adult phases of 

growth around the point of 

reproductive maturity 

Lifespan 3-5 years; generation time of 

3 months. 

Comparative Zebrafish Biology For Modeling Human Disease 



Drugs Drug type Type of toxicity study 

Retinoic acid Acidified form of vitamin A Abnormal pectoral fin bud morphology 

Abnormal development of the caudal midbrain 

and anterior hindbrain  

RA- mediated gene expression in transgenic 

reporter zebrafish 

Cyclopamine Treatment agent in basal cell 

carcinoma, medulloblastoma 

and rhabdomyosarcoma 

Elimination of primary motoneurons 

Role of shh in the induction and patterning of the 

pituitary Inhibition of fin outgrowth  

Role of hedghog signalling in eye development 

17-beta 

estradiol 

Attenuated acetylcholine-

induced coronary arterial 

constriction in women but 

not men with coronary heart 

disease 

Effects on mortality and hatching, consequences 

for CNS Vitellogenin as an estrogenic biomarker 

17alpha 

ethinylestradiol 

Synthetic steroid Effects on sex ratio and breeding success  

Neomycin An aminoglycoside antibiotic Bioassay for assessing toxicity 

Drugs and Chemicals Used and Assessed Toxicity in Zebrafish 



Human Condition Zebrafish model Zebrafish genes 

Cardiac arrhythmia: short 

QT syndrome  

Reggae mutant (reg) zERG 

Cardiac arrhythmia: QT 

prolongation 

Rate of atrial and ventricular 

rates 

- 

Parkinson’s disease Oxidative stress, dopamine 

neuronal loss 

DAT,TH and Dj-1 

Inflammatory bowel disease Gut morphology, peristalsis 

Cerebral cavernous 

malformations 

Ccm1mutant Ccm1 

Polycystic kidney disease Bicaudal C and Polycystic kidney 

disease mutant (Bicc1, pkd2) 

Bicc1, pkd2 

Polycythemia vera Janus kinase 2 mutant disease Jak2V518F 

Waardenburg syndrome 

type IV 

Sex determining region Y mutant 

(sox 10) 

Fgf8,sox9a,sox9b, 

sox 10 

Variegate porphyria 

(porphyrias) 

Montalcino mutant ppox 

Table No. : Selected Zebrafish Models of Human Diseases and Syndromes 





Drug discovery pipeline involving novel Zebrafish models. 







Drug screening in the zebrafish 

• ZF and drug screening 

– Large number of offspring 

– Frequent mating 

– Easily absorb drugs in media 

– Translucent body plan plus 
many GFP markers 

• Muscle specific phenotypes for 
drug screens 

– Birefringence 

– Motor function 

– Other targets?  (for example, 
cardiac phenotypes) 







High Throughput Screening  
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96-well plate, 384-well plate 

HTS uses some well designed models or assays to screen 
large quantity of compounds in relative short time  

 
In assays, the activities of compounds are visualized:                                                  

images (in Forward CG) or  fluorescent signals (in 
Reverse CG) 



Forward chemical genetics involves 3 basic stages: 
• a library of compounds 
• an assay, usually a phenotypic assay 
• a strategy to trace an active compound to its biological target 

Natural Products 
 
 

Diversity-Oriented 
Synthesis (DOS) 

 
 

Commercial  
Collections 

Qu ic k Tim e™ and  a Graph ic s  dec om pres s or are  nee ded  to s ee  th i s  p i c ture.

A Phenotypic Screen 

HITS 

HITS 

Protein 



How to Find New Target Protein and New Leading Compound 
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Mammalian cells 

Homology to humans Physiological context 

Diverse Library ??? 

organisms 

Produce 
eggs 

96-well plate, one well one compound 



Zebra fish as animal model  
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Due to their size, zebra fish (Danio rerio) are easy to handle. Moreover, 
during their embryonal and larva stadium they are translucent, which 
facilitates the analysis of in vivo studies. 

Thus High Throuput Screening regarding the consequences on 
the phenotype is possible. 



Zebra fish as animal model  
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Furthermore there are a number of standard tools for genetic 
manipulations, e.g.  

Knock down using morpholino oligonucleotides (cf. siRNA) 

As well as the usual transgenic methods 

 



















 
Limitation  

 • They require water systems to maintain 
them  

• Reverse genetics has not been worked out 
for zebrafish as it has in the mouse.  

• No way of targeting mutations. In mice, for 
example, you can "knock out" a gene if you 
have the sequence, and ask why it is 
needed. In zebrafish, we create random 
mutations and look for specific defects. 
Then we have to go and find what sequence 
is responsible for the defect.  
 



Conclusion 

• The use of zebrafish in pharmaceutical research and discovery and drug 
development is mainly screening of lead compounds, target identification, 
target validation, morpholino oligonucleotide screens, assay development 
for drug discovery, physiology based drug discovery, quantitative structure-
activity relationship (QSAR) and structure -activity relationships (SAR) study 
and drug toxicity study. 

• Current drug discovery strategies include both molecular and empirical 
approaches by using Zebrafish Model. 

• Possible to obtain scientific input on issues related to sensitivity, specificity, 
reproducibility and quality control of genotypic and phenotypic assays. 

• Phenotypic approaches to be the more successful strategy. 
• Approaches for categorizing mutational patterns for assessing their 

prognostic value on treatment outcome. 
• Organism-based process has given way in recent decades to systematic, 

high-throughput assays using purified proteins, cells, or cell extracts.  
• Zebrafish, make it possible to combine the advantages of organism-based 

small molecule discovery with the technologies and throughput of modern 
screening. 

• Presently, the research using zebrafish is expanding into other areas such as 
pharmacology, clinical research as a diseases model and interestingly in drug 
discovery. 
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