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Abstract

The Zebra fish (Danio rerio) is an ideal model organism for the study of vertebrate development
since the 1960s. Zebrafish is a tropical freshwater fish found in the rivers and ponds of India
belonging to the Cyprinidae family of the order Cypriniformes and native to Himalayan region.
It is commonly kept in aquaria in India. Zebra fish have a similar genetic structure to humans
with around 70% similarity and similar major organs and tissues as humans. It is an important
model for biomedical research, drug development, diseases, toxicological studies, clinical

therapy etc.

Keywords

Zebra fish, liver disease, diabetes, kidney disease, herbal medicine.
% %k %k %k %k

INTRODUCTION:

The zebra fish (Danio rerio) is a tropical freshwater
fish of Himalayan region and commonly kept in
aquaria in India and is found in slow-moving or
stagnant water. It belongs to the Cyprinidae family of
the Cypriniformes order [1,2,3,4]. It is an important
and widely used vertebrate model organism in
research work due to large fecundity and fertility rate
as well as regenerative abilities and has been
genetically modified by researchers to produce many
transgenic strains, can be kept easily cheaply in large
numbers in laboratory where it breeds all-round the
years and economic screening during per regulatory
phases and study of toxicity very easily. Zebra fish as
an experimental model is increasingly used in
molecular research for gaining popularity in the
fields of biomedical research and toxicology

nowadays [5,6,7,8]. As a vertebrate model, zebrafish
possess several advantages such as a very rapid
embryonic development outside the mother’s body
and well characterized behavior of easy observation
and they have a fully genome with 400 distinct genes
and greater than 2000 micro satellite markers are
similar to human genome (about 75%) that gives the
exact idea for many genes which are involved in
human diseases can be matched with zebra fish
genome very effectively. Different strains of drugs
such as tetracycline, penicillin, herbal drugs, vaccine
etc have been successfully experimented in zebra
fish [9,10,11,12,13].

Importance of zebra fish in scientific research
Danio rerio is useful scientific model for studying
vertebrate development and gene function. It was
first use as laboratory model by the American
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molecular biologist George Streisinger, University of
Oregon 1970s-8s [1]. Zebra fish are omnivorous,
primarily eating zooplankton, insects, insect’s larva
and phytoplankton. There are five uniform,
pigmented horizontal blue strips on the side of the
body which are similar to zebra's stripes and extend
to the end of the caudal fin so it is given name as
zebrafish. Male fish are slightly smaller than female,
torpedo shaped with gold stripes between the blue
stripes. Female fish has whitish belly silver stripes
instead of gold. They can grow up to 6.4cm (2.5in) in
length, although it seldom grows larger than 4cm
(1.6in) and lifespan is around two to three years
although in an ideal condition this may be extended
to over five year [2,5,14].

Adult females are able to lay 200-300 eggs in each
clutch. Upon release, embryonic development
begins, growth stops after the first few cell divisions.
Fertilized eggs are transparent that makes zebra fish
a convenient research specimen. Development
progress are very rapidly, and development of all
major organs starts within 36 hours of fertilization
and hatching takes place 12-36 hours later
depending on the embryo’s internal and external
condition. Swimming and feeding behavior begin
about 36 hours later [15]. Scientific experiments are
generally repeated multiple times in order to get the
accuracy of results and having specimens with large
number of offspring is helpful to the experiment.
Zebra fish have two eyes, a mouth, brain,
spinalchord, intestine, pancreas, liver, bile ducts,
kidneys, oesophagus, heart, ear, nose, muscle,
blood, bone, cartilage and teeth. Zebrafish have
similar genetic structure to human, 70% of human
genes are found in zebra fish [16]. Any type of
disease that causes changes in the zebra fish body
parts in humans could be modeled in zebra fish.
Zebrafish embryos are clear, which allows scientist to
observe the fertilized eggs growing into a fully
formed baby fish under a microscope. Researchers
can easily identify and test new drugs to treat the
diseases being modeled. The capability of zebra fish
to generate many embryos everytime they breed
makes them especially useful for drug screening
[16,17,18].

Zebrafish as a model for diabetes

A disease in which the body's ability to produce or
respond to the hormone insulin is impaired resulting
in abnormal metabolism of carbohydrates and
elevated levels of the glucose in the blood is called
diabetes [19]. Generally, diabetes is of various type-
type | diabetes, type Il diabetes and gestational
diabetes. Type | diabetes formerly called juvenile or
childhood-onset diabetes is an autoimmune
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condition where the immune cells of the body attack
the own body cells i.e. the cells of the pancreas. This
brings insulin-deficient condition in the body which
requires insulin to be administered externally to
maintain the blood sugar level [20]. Type Il diabetes
also called non-insulin dependent diabetes or
diabetes mellitus previously also called adult-onset
diabetes is the common type of diabetes globally. It
is a condition where in the body is unable to produce
insulin efficiently. It is due to poor lifestyle such as
lack of physical activity or imbalanced diet which.
Gestational diabetes is the type of diabetes in which
thereis an increased level of blood sugar/glucose but
is below the diagnostic level of diabetes and is mostly
observed during pregnancy. The signs and symptoms
of this type are unapparent [21].

Zebra fish is capable to regenerate its damaged
pancreas and restored euglycemic state similar to
what would be expected in post-transplant human
patients. Zebra fish possess many similarities with
human beings in terms of lipid absorption,
processing and metabolites [22]. The model is
induced when either alloxan or streptozotocin is
administered to destroy the beta cells resulting in
hyperglycemia. An acute hyperglycemia zebra fish
model can be induced with only water glucose or
streptozotozcin. The diabetic zebra fish not only
display the known human secondary complications,
but they also exhibit impaired limed regeneration
(caudal fin regeneration) as a consequence of
hyperglycemic environment. The hyperglycemic
zebra fish revert back to glycemia within 2 weeks of
the drugs removal due to regeneration of
endogenous pancreatic beta cells resulting in a
physiologically normal glycemic state. The zebra fish
provide a system to study the mitotically stable
epigenetic components that support the metabolic
memory phenomenon in the absence of the
background noise of the previous hyperglycemic
environment [23,24,25,26.] The experiments can be
performed rapidly as it takes approximately 80days
from diabetes induction until metabolic memory
examination. Caudal fin regeneration is
experimentally very approachable and allows for
easy genetic manipulation for which there are vast
array of tools [25,26,27,28].

Zebrafish as a model for kidney diseases and
disorders

There is a close functional similarity between zebra
fish and mammalian kidneys which makes zebra fish
an ideal model for renal study. Zebra fishes perform
glomerular filtration and tubular secretion, similar to
mammalian kidney [29]. There is high similarity of
functional domains between human and zebra fish
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proteins. Like humans, zebra fish have a developed
brush border membrane and also express megalin
and cubilin receptors located in the proximal
convoluted tubule segmented to aid reabsorption of
salts, sugar and proteins. Nowadays zebra fish are in
high demand for experimental work as they are
genetically tractable and have a basic renal anatomy
comparable to mammalian kidneys with glomerular
filtration and tubular filtration processing. Zebra fish
have the ability to develop new nephrons
(nephrogenesis) in response to injury in their life
span. The importance of kidney is for water excretion
and the presence of odema in a mutant fish can be
an indicator of impaired kidney function [30,31]. The
duration of development of zebra kidney is 48 hours
of post fertilization events. Fluorescent assays have
been useful in studying zebra fish models of kidney
function and disease. Fluorescent tracers are
injected in zebra fish embryos so that they can easily
be tracked under a fluorescent microscope. Tracers
are also be used to asses tubular function, specially
reuptake in the proximal tubule [32,33,34].
Nephrotic syndrome has also been studied in
zebrafish. Zebrafish have also been used to study the
effect on nephrotoxic agents sush as cisplatin and
gentamicin. Injection of these drugs induces oedema
in embryos as well as histological changes such as
brush border flatting and debries in the tubular
lumen. Injection of tracers such as dextrin and inulin
into these drugs treated zebra fish showed
disturbances in the glomelular filtration rate as
clearance is decreased relative to the control. The
hormone prolactin, which is released systematically
from the pituitary gland in fish plays major role in
osmoregulation. Zebra fish have been used to study
the possibility of regeneration after loss of function,
that nephron progenitor cells can provide new
nephrons in adult zebra fish [35,36,37,38,39].The
nephron progenitors persist in the adult kidney and
continue to add new nephrons as the fish grows,
presumably to ensure that kidney function keeps
pace with increases in body mass. Therefore, zebra
fish as a model for studying renal functional diseases
and herbal medicine study [37,38,39,40].

Zebra fish model of human liver development and
disease:

Zebrafish is used as an important model to study liver
development and diseases in the past two decades.
The zebra fish liver arises from the anterior foregut
endoderm and therefore proper maintenance and
specification of endoderm is required for normal
liver development similar to mammals
[41,42,43,44,45].The development and function of
zebra fish organs are strikingly similar to those of
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humans, as they have been successfully used to
model hematopoietic disorders, cancers,
cardiovascular diseases, muscle disease, neurological
diseases and liver diseases etc. The functional unit of
mammalian liver is the liver lobule. Liver
development in zebra fish and mammals can be
divided into three process i.e. specification,
differentiation and growth [43,44,45,46,47,48]. The

liver has a remarkable regenerative capacity
compare to most other organs; however, the
capacity is finite and often inadequate to

compensate for serve acute or chronic injury, both of
which can progress to organ failure. Genes are highly
conserved between humans and zebra fish, making
them a useful system to study the basic mechanisms
of liver diseases and perform genetic screening to
identify pathways and compounds that act on
specific processes. Zebra fish embryos develop
rapidly, all of their digestive organs and mature in
larvae by 5 days of age. At this stage, they can
develop  hepatobiliary  diseases caused by
development defects or toxin or ethanol induced
injury and manifest premalignant changes within
weeks [43,44,46,48,]. The liver plays a central role in
nutrient and intermediary metabolism and is the
major site of detoxification for xenobiotics, toxins,
drugs and other exogenous substances. The zebra
fish liver cells performed similar functions as their
mammalian counterparts, histological stains that are
routine in mammalian liver research can be easily
applied to zebra fish to examine liver
pathophysiology [43,44,46]. The major advantages of
zebra fish as a model system for hepatic process is
the ability to perform screening (genetic or chemical)
in a vertebrate organism. Zebra fish have been
validated as a model for in vivo drug discovery and
methods for automated high-throughput chemical
library screening continued to evolve. One important
concerned in modeling human liver development
and disease in zebra fish is the degree to which these
models faithfully recapitulate the human condition
to demonstrate the technical advantages of using
zebra fish to study liver biology and discuss the
necessary to gain deeper knowledge of zebra fish
liver homeostasis and physiology in order to define
which aspects of different liver diseases can be
model in zebra fish [41,42,43,45,45,46,48].
Zebrafish: Experimental model for drug screening
Zebrafish is an excellent model organism in
biomedical research, drug development and clinical
therapy. Zebra fish embryos are permeable to drugs
and can easily be manipulated using well established
genetic and molecular approaches [49]. Overall,
zebra fish’s characteristic makes them ideal for fast,
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reliable and low-cost drug screening during pre-
regulatory phase of drug development or
repositioning and they can now be used in high
throughput screening (HTS) of drug libraries [50,51].
It is well suited for studies in genetics, embryology,
development and cell biology and drug
administration, short reproductive cycle,
transparency that permits visual assessment of
developing cells and organs. Zebra fish bioassays are
cheaper and faster than mouse assays and are
suitable for large drug screening [49,50]. There are
four methodological steps for undertaking a
chemical library screening in zebra fish [50,53,54,56]:
A) Adult pair mating and embryo collection.
B) Embryo sorting or arraying into multi well
plates.
C) Chemical library administration.
D) Data acquisition and analysis.
The components of modern drug discovery are
screening of lead compounds, target validation and
assay development. Zebra fish and mammals exhibit
high degree of similarity as it relates to molecular
mechanisms of development and cellular physiology.
Approximately 70% of genes associated with
diseases in humans have functional homologus
genes in the zebra fish. During organogenesis,
zebrafish embryos are permeable to small molecules
and drugs, providing easy access for drug
administration and vital dye staining. The zebra fish
genome possesses a high degree of similarity to that
of humans [57,58]. The first human disease model in
zebra fish was the Sauternes (sau) mutant
responsible for a blood disorder involving a specific
defect in heamoglobin production. Drugs effects on
growth and development have been assessed by
visual examination of the length and shape of the
zebra fish's body the size and morphology of internal
organs, including the brain, liver, cardiovascular
system, cartilage, notochord, pancreas, intestine and
kidney. The use of zebra in the drug screening
approach potentially facilitates fast and cost-
effective identification of potential lead components
and initial validation as potential therapeutics
[57,58,59,60,61].

CONCLUSION:

Zebrafish as an experimental model for studying
herbal medicine is very effective due to the unique
characteristics of embryos, maintenance and drugs
administration, short reproductive cycle,
transparency that permits visual assessment of
developing cells and organs. The small size of zebra
fish embryos and their ability to be calculated during
the first week of life make this system ideal for drug
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discovery and safety testing compare to rodents. The
potential shortcoming is counterbalanced by several
advantages relating to low cost and suitability for
automated drug and toxicity testing. Zebra fish
provides comparative anatomy and physiology,
genome to that of humans which can be used to
study initial genetic or drug target information
before scaling up to expensive system moreover the
transparent, larval zebra fish models can be used to
study human diseases and enables rapid physiology
relevant in vivo screening. The antibacterial,
antiparasitic and anaesthetic drugs, besides the
pharmacokinetic and pharmacodynamic parameters
have been well experimented on the fish. Therefore,
zebra fish used as a new model organism for different
experimental studies of herbal medicines,
pharmacology and toxicology.
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