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Abstract The Zebrafish model is more promising and
less tedious than other models, so different biomedical
research, toxicity studies, genetic research, carcinogenic
studies, teratogenic studies, and other behavior studies like
anxiolytic, anti-nociceptive, etc. performed on this model.
The zebrafish models have demonstrated their efficacy by
developing into very effective human disease models, and
their use has expanded to encompass several study domains
aimed at comprehending the fundamental processes behind
the illnesses. Because there is 70% genetic similarity
between the zebrafish and human genomes, zebrafish are
being used as model animals to better understand the
genetics and molecular basis of many diseases. As a result,
new and intriguing information about these diseases is
emerging, making zebrafish an extremely useful tool for
future research. Due to more advantages and fewer
complications, increasing numbers of experiments on
zebrafish in India, it was required to have CCSEA or any
other regulatory guidelines for handling zebrafish. In the
year 2021, the CCSEA published guidelines for animal
experimentation on fish, in which emphasis was given to
the zebrafish model. The present review focuses on
different Zebrafish used as research models in various
pharmacological activities and CCSEA guidelines for
experimentation and handling of zebrafish. Zebrafish are
small, easily obtainable, easy to handle, most convenient
for administering drug doses, and require a lesser dose
overall. Another crucial feature of the transparent embryo
of the Zebrafish is its ability to shed light on fish
development, neurological development, and other
mutation changes that have occurred during research. The
majority of the new experimental techniques covered in

this article will aid in understanding various approaches
and the suitability of the fish model. It will also aid in
understanding various factors to be considered when
choosing the best model for a given study.

Keywords  Zebrafish, Zebrafish Research Model,
Regulatory Guidelines for Zebrafish, Pharmacological
Research Model, Cancer Research, Genetic Research,
Transparent Embryo

1. Introduction

Many pharmacologically active compounds are
produced by testing pharmaceuticals on several research
animals during the preclinical phases of development. We
can also conclude from the study and earlier research data
that rodents have historically been used in research.
Because there are fewer fish models available than rodents,
researchers have favored rodents over other models in
recent decades. However, Zebrafish has begun to attract the
attention of researchers [1]. The zebrafish is a useful
research model for scientists. In addition, zebrafish lead the
way due to their 70-80% genome similarity and human-
like disease states. When compared to rodents, the
reproduction rate of zebrafish is very high (adults
reproduce 100-200 larvae in a single day), their larvae are
transparent, making it easy to understand mutation changes
and behavioral studies readily justify the effect of
psychotropic  substances.  Zebrafish are  small
(approximately 2-4 cm), have a life span of 3.5-5.5 years,
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require less amount of dose, are easy to handle, and dosing
[2]. Small freshwater fish known as zebrafish are native to
rivers in Bangladesh, Burma, India, and other places.
Zebrafish (Danio rerio) are members of the Cyprinidae
family, and freshwater is necessary for their growth.
Typically, they prefer to eat insects, algae, and larvae.
Beyond scientific studies, zebrafish are well-known as
aquatic animals because of their stunning horizontal stripes
on their bodies [3]. Male zebrafish have shiny purple
stripes and a torpedo-shaped body that make them appear
more attractive than female fish. The female zebrafish has
a round, white belly on the ventral surface, making it
appear slightly larger than the male [4]. As a result of their
enormous number of mutagenesis screens and admiration
for biomedical research, zebrafish are becoming more and
more popular. Every day, about 400 research labs
worldwide work on zebrafish research models [5].

(a) (b)
(a). Male and Female zebrafish and (b). Transparent embryo

Figure 1.
of zebrafish

There are many guidelines available for rodents, but
CCSEA recently provided some guidelines and protocols
of IAEC for fish. The Committee for the Control and
Supervision of Experiment on Animals (CCSEA) is
responsible for controlling and supervising programs
related to animal handling, guidelines for housing and
handling animals, and prevention of animal brooding. The
use of zebrafish for research and education, as well as some
ethics that must be followed during testing and some
framed information regarding regulations and procedures
for fish uses, are all explicitly mentioned in these
guidelines [6]. The study aims to raise awareness of zebra
fish among researchers and advance the animal
committee's guidelines. Numerous other options exist for
using fish as animal models, but it's also true that each
model has pros and cons of its own. As a result, zebrafish
are becoming more and more popular in the research field
because they have fewer drawbacks [7]. The zebrafish
model has advantages of its own based on earlier research.
Zebrafish models are useful in determining the
pharmacological activity of drug substances, genetic
models [8], toxicological responses [9], carcinogenic
responses [10], and teratogenic responses [11]. This is
because the fish are small, easily obtainable, easy to handle,
most convenient for administering drug doses, and require
a lesser dose overall. Another crucial feature of the
transparent embryo (Fig. 1) of the Zebrafish is its ability to

shed light on fish development, neurological development,
and other mutation changes that have occurred during
research [12].

2. Various Pharmacological Activities
Employ Zebrafish as Animal Models

2.1. Anxiolytic Study

Anxiolytic studies of medications are based on animal
behavior changes. Zebrafish were made anxious using a
paradigm by Cachat et al. [13]. We similarly employed a
plus maze device to induce anxiety in rodents. Fish in a
paradigm exhibit anxiety-like behavior and avoid moving
near the side of the elevated wall, which is a slanted tank
wall used for research.

Fish do not feel free or safe to swim in the tank at the full
bottom and exhibit less movement at the paradigm side
because of the fear and stress this extra space in the tank
causes in them [13] (Fig. 2).

Paradigm elevated tank Routinely tank

Figure 2. Zebrafish in the Paradigm elevated tank and the Routinely
tank showed a more at-ease movement in the routine tank, indicating the
drug's anxiolytic effect. This is a sign that the fish have experienced fear
and anxiety

2.2. Conditioned Place Preference and Novelty-elicited
Stress Apparatus

Alcohol and nicotine were used by M. Hall-Kim et al.
[14] to detect anxiolytic activity at various concentrations.
Conditioned place preference and novelty-elicited stress
apparatus are the two devices he used in his work that
documented the anxiolytic response to medications. The
experiment, which is based on a behavioral study on fish,
uses a conditioned place preference apparatus made of
glass material with two chambers divided by a central
chamber. Each chamber is covered in one of two types of
visual clue paper—dots or stripes—and has a sliding door
on the central chamber that allows fish to enter either
chamber at its discretion.

A camera mounted on a device captured every change in
behavior exhibited by fish. The response is recorded based
on the order of preference for the chamber, the number of
entries made, and the overall amount of time spent in the
chamber (Fig. 3).

The second apparatus, Novel-elicited stress, employed a
10-gallon cylindrical tank that was divided into three zones
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based on changes in swimming patterns, time spent in each
zone, and movement within each zone. These factors cause
stress in fish and aid in determining the anxiolytic
intermediary response [14].

2.3. Trapezoid Tank Apparatus

In addition, E.D. Levin et al. [15] employed a trapezoid-
shaped apparatus with an even higher water-holding
capacity than their standard tank, which adds to the anxiety
and tension. Fish respond to it by altering their swimming
pattern and activity, which indicates feeling exhausted (Fig.
4). Levin et al. [15] used this technique to determine the
locomotion and anxiety response of nicotine.

2.4. Locomotion Activity

The aptitude for motion in animals determines
locomotion activity; in rodents, we measured locomotion
activity using an actophotometer apparatus. To find the
locomotion index for zebrafish, we applied behavioral
concepts, just as we did for rats. With the help of the fish's
ability to swim freely and the amount of distance the fish
covered in five minutes at various drug concentrations, the
researchers employed zebrafish to test the locomotion

(a) Conditioned place preference

115

screening of various drug molecules. They took into
consideration the drug's effect on locomotion, which is
comparable to that of zebrafish and rodents, based on the
results of the test and control groups. According to TP
Barros et al. [16], zebrafish larvae exhibit locomotion as
well as responses to CNS stimulants and depressants
through changes in locomotion activity.

To ascertain the locomotion of zebrafish larvae, R.C.
MacPhail et al. [17] employed larvae that were fertilized
six days prior. With the use of a video camera and software
(Canopus Mediacruise MVR1000), they recorded the
motion of the larvae, compared it to their control, and used
the recorded video to test the effects of drug treatment.

For the locomotion exercise, Nadig et al. [18] employed
3-month-old zebra fish, to which they administered three
days a week of pranic therapy, which is administered to fish
through their food and aquarium water as they develop
from larvae to adult fish. He once let fish swim freely in a
tank that measured 50 by 20 by 20 centimeters. By
observing how the fish's swimming patterns changed, they
were able to compare how the control and pranic groups of
fish moved for five minutes each. A mounting camera
records activity on the tank, and Tox-Track tracking
software examines the data.

(b) Novelty-elicited stress apparatus

Stripes Centre Spots
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Figure 3.
fishes
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(a) Conditioned place preference, (b) Novelty-elicited stress apparatus both the apparatus used for observation of anxiolytic behavior of

Trapezoid: Fish that are unfamiliar with
this type of unique tank shape, suchas a

home, experience stress and anxiety. Fish
move less on the bottom side when they
are anxious.

Figure 4. Trapezoid shape tank for anxiolytic study
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2.5. Analgesics Activity

We utilized analgesics, or medications that lessen pain
perception. We employed three different analgesic
detection techniques when testing this kind of drug in
rodents: the tail-flick method, the acid-induced writhing
test, and Eddy's hot plate analgesiometer. Correia et al. [19]
employed a Zebrafish model to detect the analgesic effects
of morphine and other opioid analgesics at varying
concentrations.

This method is somewhat similar to the one previously
described. They applied a similar idea to the acid-induced
writhing test in his research, giving fish varying
concentrations of acetic acid to cause pain before
administering a treatment to lessen the severity of the pain.
They employed the MOBS system, a cylindrical device
measuring 6 by 10 cm with a motion tracing feature, to
monitor the analgesic response. By tracking fish's
movement speed and response to locomotion, we can track
additional behavioral studies that were conducted using
this system. In order to compare the response of the control
and test groups by the drug's effect in percentage, acetic
acid was administered orally to the fish. This research
concludes that zebra fish respond well to pain stimuli using
this technique [19].

In their study on a fish model, J. Nordgreen et al. [20]
employed thermo-nociception. A specially designed heat
stimulator assembly was employed in the study to identify
anti-nociception activity. In addition to adding a safety cut-
off system in case of emergency to prevent damage, they
used a vet-wrap belt and leather as a source of heat. One

sensor was connected to the heater to detect the temperature.

A computerized system is attached to the assembly, and the
readings are found on the same system.

To prevent dryness and thermal damage to the cornea,
they used a mouthpiece. The 50<C temperature limit was
considered safe. Two groups of fish with varying drug
concentrations were used in the study, with eight fish in
each group. Three different days were used in their
procedure to check the drug's activity: the first day, 24
hours before it was administered, the second day, 30
minutes after it was administered, and the third day, 24
hours after it was administered.

They use the IP route for drug administration, adhering
to the correct anesthetic procedure guidelines. On the ninth,
tenth, and eleventh day, respectively, they repeated this
testing procedure: 24 hours prior to drug administration, 30
minutes following drug administration, and 24 hours
following drug administration. Some fish respond to
nociception by swimming and performing C-starts, while
other fish exhibit escape behaviors such as tail flicking,
opening their mouths, and moving their opercular lids
shortly after making their getaway. By using ANOVA
software to calculate the significant data, the experiment
concluded with the fishes responding well to nociception
[20].

2.6. Convulsion Activity

Previously, our only research model option was rodents.
However, we now have zebrafish as an option in that
section. Zebrafish can be treated with drugs that have anti-
convulsive properties, and they respond well to these
treatments as well. Before the study, the fish were kept in a
40-liter tank of deionized water with proper pH, aeration,
and temperature control by Gupta et al. [21] using 4-5-year-
old zebrafish. They utilized two sets of black boxes, one
containing a solution of PTZ with an anti-epileptic
medication, and the other containing a different drug
concentration (PTZ) for the test.

Black boxes with various PTZ and anti-epileptic
medication solutions were used for the tests. A trained
observer watched zebrafish behavior, noting the length of
the tonic and clonic phases as well as the time response of
seizures. The fishes' swimming activity increased in stage
I, their swim patterns resembled whirlpools in stage I, and
their posture changed to the point where they fell to one
side in stage Ill, according to the behavioral changes
observed in the fishes. Compare the PTZ latency time to
the group treated with anti-epileptic drugs.

The same process for determining the anti-convulsive
agents' activity was also described by A. Fleming et al. [22].
Based on their "whirlpool-like" swimming patterns, the
researchers employed seven d.p.f. zebrafish larvae to
investigate and assess the drug's activity and response
against convulsions induced by PTZ-type chemicals.

B.K.M. Choo and colleagues [23] also employed the
PTZ chemically induced model to test anti-epileptic
medications. Prior to administering PTZ to the fish in that
study, two combinations of anti-epileptic medications were
used to combat PTZ. PTZ was given to the fish via IP route.
Prior to administering PTZ via IP route, the fish in their
study were given anesthesia.

Following the administration of PTZ, the zebrafish's
behavior was monitored for ten minutes, during which time
it was observed and eventually recovered. Evaluate the
video and indicate the seizure response according to the
score. Evaluate the anti-epileptic drug's response by
comparing the data from the two groups. Based on the fish's
behavior, they assign scores: Short distance swimming in
the bottom receives a score of 1, higher opercular
movements and increased swimming activity receive a
score of 2, burst swimming, erratic left and right
movements, and circular movements receive a score of 4.

Kundap et al. [24] used anti-epileptic medications and
vehicles to prevent PTZ-induced seizures. They
administered the medication via IP, and after 15 minutes,
they used PTZ and moved the fish into an observation tank
where they observed the fish's behavior for ten minutes.
They assign a score based on their comparison of the
responses from the two groups' activities.

2.7. Model for Cancer Research

Zebrafish are an effective research model for cancer.
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Due to certain carcinogens suspended in the water,
scientists have discovered that in the past zebrafish are
particularly susceptible to developing cancer. Feitsma and
Cuppen et al. [25] discovered that zebrafish can develop
cancer through the following methods (Fig. 5).

Given a piece of important information about treatment
with mutagens, this is a very new world in the field of
cancer research with new models like zebrafish. They
discussed the treatment of cancer by introducing cancer
carcinogens in water. They create some grope of fish and
add different carcinogens to the development of cancer
inside the fish's body’s different parts including liver,
intestine, and pancreas carcinoma, for this study, they have
used different kinds of carcinogens and treatments against

carcinogens.

This kind of study takes more time in the development
of tumors and treatment. They compare the sensitivity of
tumors of zebrafish with other animals, by reverse genetic
screening technique and mutagenesis screening technique
[25]. Beckwith et al. [26] observed in their study that some
fishes developed skin papilloma after some time but skin
cancer did not develop yet time. In that section, studies are
going on for further development in the field of cancer
treatment.

Mentioned how zebrafish are a great model for cancer
research and have excellent results when looking at the
following parameters (Fig. 6).

* Benefits

Chemical treatment

Transplantation of
cancer cells

Forward genetic
screens

Reverse genetic
knockouts

Expression of
transgenes

+Easy to administered
*Can use for large number of fish
*Long-termed treatment

+Rapid results save time of study

+Easy to study on transparent embryos

+This method effective on human cancer and
fluorescences

+|dentify multiple genes at once Embryonic
phenotype as readout

+Combination with drugs, mutants or
transgenics

+Inactivation of a specific gene and study

+«Human like cancer mutations study on it and
work on prevention

*Generated by injection

«Fast action

+*Most effective on conditional and tissue-
specific expression.

Figure 5. Methods of developing/inducing cancer in zebra fish with their benefits
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Cancer
comparison
of zebra fish

and
mammalian

* Histological similarities

» Easy to suppress tumour
gene by mutation

* Take less time in cancer
induction

* Housing is easy while
experiment

Cancer
induction and
onset

* Spontaneous specialy (tes
and liver)

Chemical

treatment of
new drug

* Transgenic line
* Genomic instability muta

* Visibility of carcinogenic
tratment

* Genetic sceening producing
convencing theory for
unclear cancer devolopment
portions

Sceening
advantages

eNeovascularization in
tumour grafting &
treatment (anti-
agingogenic drugs)

*Embryo transplantation of
zebra fish to human cancer
cell

Figure 6. Advantages of Zebra fish as a cancer model rather than other models [27]

2.8. Neuropharmacological Model

In the field of researching neuropharmacological
compounds, this is regarded as a novel development. The
zebrafish is one of the greatest models for behavioral
research. Neurons and brain regions are shared by humans
and zebrafish. Other similarities between humans and
zebrafish include neurotransmitters, the synthesis and
metabolism of enzymes, and the cellular composition of the
brain [28]. The quick mutation changes and rapid larvae
production of zebrafish make it easier to find the correct
answer, even though it takes longer in this type of research.
When it comes to how well zebra fish fit into the most
effective neuropharmacological model, this is not their
most notable trait [29].

Alzheimer's  Disease
neurodegenerative  disorder

a dementia-like
leads progressive

(AD) is
that

degeneration of neurons. Some common symptoms of this
like; memory loss, and disability in the body in the manner
of coordination, balancing, and motor movements. Saleem
and Kannan et al. [30] show in their study some mutational
changes and gene transcription to prevent AD, and this
study is focused on neurogenic changes by mutation. These
changes completed into the development phase of zebrafish
in forward and reverse manner — Chemical Mutagens, Viral
Vector, Transposons, CRISPR- Cas9, Zinc Finger
nucleases, TALENS, TILLING, and Morpholinos. This
includes several types of manipulation in the genes of
zebrafish and is proven as a good tool against AD.
Different kinds of memory testing conditioned assays
like; T-maze [31], plus maze [32], Y-maze [33], light and
dark chamber [34,35], shuttle box active appetitive
conditioning [36], place conditioning task [37] appetitive
choice discrimination tasks, alternation memory task, one
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trial inhibitory avoidance learning task, and conditioned
place preference testing of AD.

With the aid of the T-maze apparatus, Guruprasad et al.
[38] demonstrated memory, locomotion, and other
conditional behavior exhibiting changes in accordance with
the experiment using a visual clue (different colors). The
Plus maze and this apparatus operate on a similar principle.
The fish judged which condition was better for them and
returned to the arm that was rewarded.

The next time the fish were placed in the T-maze, the
preference of the fish was on the food-conditioned side,
which is green and indicates a memory task. This type of
memory is also used in Alzheimer disease. He used a T-
shaped glass chamber (Fig. 7) with different conditions on
one arm, providing food in the color green, and on the other
arm, he arranged a DC motor rotating fan with red
color/disturbing the fish with a glass rod.

2.9. Toxicological Study

One of the most crucial factors to consider when
discussing any medication is its toxicity, as this can provide
insight into the drug's effects beyond its intended
therapeutic use. There is a great deal of possibility if we
discover any chemical or active ingredient in a plant that
also shows some or many types of toxicity, but the type of
toxicity varies from drug to drug.

We included some drugs with higher doses that show
toxicity, while other drugs or chemicals or our food react
with them. For this reason, zebra fish are once more
demonstrating their potency for the toxicological study,
according to all the parameters we have stated based on the
toxicological study.

All drug sources—natural,

synthetic, and semi-

synthetic—have some toxicological effects. One of the
main sources of drugs is thought to be plants.

According to H.F. Smail et al. [39], Natural antioxidants,
which are mostly derived from plants, are used for a variety
of purposes. One of their primary functions is to aid in the
metabolism of free radicals. An abundance of these free
radicals exacerbates a number of serious illnesses,
including diabetes, arthritis, cancer, and CVS. Researchers
concentrate on a few types of frequently used plant toxicity
by examining zebra fish cytotoxicity and embryogenesis.

Yumnamcha Thangal et al. [40] used customary
knowledge to determine plant toxicity in their investigation.
He used Millettia pachycarpa to observe the plant's toxic
effects on fish, as the roots are used by the locals to kill fish
and have other traditional medicinal uses. They discuss the
type of toxicity that a plant has on fish in their research
work based on the development of its larvae.

They use APHA's assistance to analyze the results of
zebra fish breeding trials. The mature fish of both sexes
should be placed in a breeding chamber. The eggs should
then be removed from the chamber and treated with varying
concentrations of plant material.

The Millettia pachycarpa roots were washed and then
ground into a powder using a mortar and pestle. The
resulting crushed powder was then extracted through a
maceration process, yielding a filtrate that was centrifuged
before being combined with the supernatant for use in the
toxicological analysis. With varying concentrations of
plant extract, he employed 6-hpf (2-cell stage) embryos.

Group all the eggs and keep the volume constant to
prevent water evaporation. Employing an Olympus SZ51
stereomicroscope, examine the eggs for motility,
morphology, and "died before hatching” and "died after
hatching" until 96 hpf at various time intervals [40].

Figure 7. T-Maze for the colour-conditioned memory test
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3. Guidelines of CCSEA for
Experimentation on Fishes

In 2021, the CCSEA released guidelines for conducting
fish experiments, which include all relevant information.
The Animal Ethical Committee has clarified that zebrafish
are a good practical model that meets all expectations. Fish
treatment should follow other vertebrate models, and
animal and aquatic animal brooding should not be
permitted, according to the CCSEA's role.

The committee is very open about the use of fish; they
can be used for testing, research, and teaching, but they can
also be used for both in vitro and in vivo purposes when
CCSEA and IAEC ethical considerations are taken into
account. Several points outlined by the Committee for Fish
are tabulated below in Table 1.

Table 1. Experimentation points of the committee for Fishes

S. No. Points of Committee

1. For the purpose of research, education, or testing,
experimental protocols should be developed, and before
any fish experiments can begin, the IAEC's prior
approval must be secured.

2. All personnel involved in conducting fish experiments,
including investigators, technical staff, and students,
should receive training. It is necessary to assess the
training's results for competency.

3. The investigators bear the responsibility of adhering to
occupational health and safety regulations in order to
safeguard personnel against known or suspected
biological and physical hazards. Biosafety regulations
must also be considered when performing research with
fish pathogens.

4. Care must be taken when managing zoonotic pathogens
originating from fish.

The committee's goal is to promote the use of fish in GLP
experiments as well as all other standards in testing,
research, and education. Gain more knowledge about
biology in relation to research on people, animals, and fish.

Purchasing Fish

Committees on the purchase, trade, transportation, or
study of fish acknowledge the following guidelines (Table
2).

Quarantine and Acclimation

Several crucial details regarding the fish-receiving
process are as follows (Table 3).

Table 2. Fish Procurement Guidelines by CCSEA

S. No.

Fish Procurement Guidelines

It is not advisable to purchase fish from natural bodies
and use any kind of piscicidal compound. Alternatively,
anesthetics that have little effect on non-target species
and the environment ought to be taken into account.

Techniques like electrofishing and netting ought to be
used to ensure that the impact on the fish that are caught
is as little as possible.

When capturing, moving, and handling wild fish, it is
imperative to guarantee the lowest possible rate of
morbidity and mortality.

When introducing unfamiliar or non-native species, one
must consider the possibility of escape, the unintentional
introduction of exotic or infectious diseases, and other
negative consequences.

When obtaining fish from registered vendors, research
organizations, and national or international repositories,
it is important to ascertain the fish's health status and,
ideally, their genetic history.

Consistent husbandry and management practices should
be adopted with developed SOPs in the fish facilities like
in any other laboratory animal production facilities.

Every fish shipment should be examined to ensure that it
complies with the procurement requirements. The fish
should then be stabilized and quarantined in accordance
with protocols that are suitable for the species and
situation.

Table 3.

Quarantine and acclimation of fishes Guidelines by CCSEA

S. No.

Points for the Quarantine and acclimation of fishes

1.

Keep newly arrived fish separate from older ones.
(Protocol ~ upheld to prevent  microbiological
contamination of newly acquired fish by older ones).

If you plan to keep various fish species, use different
rooms for each species and employ different staff. It
takes the right personnel to care for fish in both healthy
and sick conditions.

It is necessary to quarantine fish involved in research or
lab work for a period of two weeks.

It is necessary to separate or quarantine fish that have
been purchased from two or more sources, regardless of
the conditions. Good observation and record keeping of
fish are also required. Fish involved in research or lab
work must be quarantined for a period of two weeks.

Needed enough time to quarantine fish that are new or
used for activities. (In general, a quarantine period of at
least 14 days is required in all situations; however, if an
infection is detected based on the condition of the fish,
the period will be extended to prevent contamination.)
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This document outlines the terms and conditions for keeping an aquarium with fish, as described in Table 4:

Table 4. Aquatic Facility Guidelines by CPCSEA for fishes

S. No. Aquatic Facility | Description

1. Facilities i) Fish stress is kept to a minimum when designing aquatic facilities.
i) Water of a species-appropriate quality (freshwater, marine, or brackish).
iii) Make sure everyone is working in a safe environment.

2. Water Quality i) Water ought to be pure and healthy.

ii) Regularly tested and devoid of pollutants and pathogens

iii) Constant access to enough water.

3. Engineering and | i) Aquatic facility design and construction should involve the assistance of skilled civil engineers
design and subject matter experts.

i) The material ought to be waterproof and free of rust.

iii) Avoid using hazardous materials.

iv) Air handling systems with humidity controllers and minimum aerosol transfer between tanks
must be in place to ensure proper ventilation of aquatic areas. It is best to keep noisy and
vibration-producing equipment away from areas used for housing fish.

V) Verify the electrical system's intelligence in damp conditions. By using water pipelines, you can
safely fix any circuitry risks.

vi) Equipment and electrical components have to be kept out of splash zones and kept inside of
moisture-proof enclosures.

vii) The facility should maintain light and dark cycles to modify light intensities and wavelengths
suitable for the species where it is known. When lighting is required so that people can work in
the space, it should be positioned below the surface of the tank and its dispersion should be
limited.

viii) The facility should maintain light and dark cycles in order to modify light intensities and
wavelengths that are suitable for the species where it is known to exist. When lighting is required
so that people can work in the space, it should be positioned below the surface of the tank and its
dispersion should be limited.

4. Housing i) The physical and behavioral needs for fish welfare, such as shelter, socialization, overhead cover,
and lighting, should be taken into consideration when designing aquatic housing environments.

ii) Tanks should have dimensions, colors, depth, and shapes that are suitable for the species and
stage of life they are housing.

iii) The interior surfaces of the tanks that are utilized should be sealed, smooth, and inert, with the
ability to clean themselves and require little maintenance.

iv) The aquariums must have enough nets covering them to keep the fish from jumping out.

V) The clean water supply, lighting, and electrical outlets strategically positioned for the aerator and
water heater connections should all be present in the wet lab.

Vi) It is best to refrain from using extension boards.

vii) Practices involving controlled feeding should be implemented to avoid feed waste that could
encourage fish illnesses. Similarly, in order to keep fish from escaping, recirculating systems
need to have a steady power source and satisfy the minimum specifications. In addition, restricted
access should be implemented for the clean water, recirculatory systems, and raceways.
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Facility Management, Operation and Maintenance

High levels of security are in place to protect the fish and
limit access to the housing area for only staff, researchers,
and members of the teaching and research teams who are
involved in facility care and maintenance. There should be
enough staff, adequate access to all relevant engineering
design information (pump, chillers, computer control
system), clear and readable records of the aquatic facility,
and personnel with the necessary expertise to operate the
aquatic facility (specialization, experience, appropriate
training, water system operation and maintenance).

Environmental Monitoring and Control

This mechanism keeps the environment transparent and
ensures that fish are kept safe, clean, and unharmed (Tables
5-7). Organizations must protect staff members' personal
safety and prevent fish-to-fish or staff-to-fish
contamination. The management of biowaste needs to be
effective, free from contamination, and protect the
environment.

Record-keeping

Fish House must keep the following records up to date:

«  Fish House plans, which include all fixtures, a typical
floor plan, etc.

%  The technical and non-technical staff record of Fish
House.

%  Employee and fish health records.

% Every SOP pertaining to fish experiments,
maintenance, breeding, and management.

% Records of breeding, stock, purchases, and sales.

% Minutes of meetings held by the institutional Animal
Ethics Committee.

% Records of experiments carried out with the number
of fish used (copy of Form D).

¢ Mortality, Post-mortem Record, if necessary.

% The sick fish's clinical file.

% The personnel's training history when it comes to fish
activities.

% Analysis of bedding, feed, and water materials.

% Health Monitoring Records [42].

Table 5. Annexure 2: Zebra fish management, testing frequency, normal values, and water quality parameters

S. No. Parameters Normal Range Testing Frequency Management
1 Water temperature (°C) 26-29 (Optimal 28.5) Daily 1- Start water cooling |- Start water
warming
2. pH 7-8 Daily 1- Slow addition of HCI |- Slow addition
of NaHCO3
3. Conductivity (uS)/salinity 200-3000/ 0.5-2 Daily 1- Slow addition of RO/DI |- Slow
(ppt) addition of Salts
4. Hardness (ppm) 100-200 Weekly 1- Slow addition of RO/DI |- Slow
addition of Salts
5. Alkalinity (ppm) 50-75 Weekly 1- Slow addition of RO/DI |- Slow
addition of NaHCO3
6. Dissolved Oxygen (ppm) 6-8 (near saturation) Weekly 1- Slow addition of RO/DI |- Slow
addition of NaHCO3
7. Chlorine (ppm) zero Regular 1- Vigorous aeration Sodium thiosulphate
Chemical filtration

Table 6. Annexure 3: Nitrogenous compounds/gases, normal values, testing frequency and management [41]

S. No. Nitrogenous compounds Normal value Testing Frequency Management when crossed acceptable levels
and gases
1. Total Ammonia Nitrogen 0-<1 Weekly Remove waste solids, increase water
(ppm) exchange, check pH and alkalinity
2. Nitrite NO2 (ppm) 0-<0.5 Weekly Remove waste solids, increase water
exchange, check pH and alkalinity, slow
addition of sea salt solution
3. Nitrate, NO3 (ppm) <50 Weekly Increase water exchange
4. Carbon dioxide (ppm) Close to zero, Weekly Increase aeration, remove waste solids,
prompt action at 15 increase water exchange, ventilate area
ppm

Source: Zebrafish in Biomedical Research; Biology, Husbandry, Diseases and Research Applications. American College of Laboratory Animal

Medicine series, 2020
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Table 7. Annexure 4: Stocking density for different stages and in different capacity tanks

S. No. Fish tank capacity Recirculation system (5-10 Purpose
(commercially available) fish/L)

1 0.8 1-2 adults (IDs) Isolation, nursery

2. 11 1-2 adults (IDs) Isolation, nursery

3 14-15 1-2 adults (1Ds) Isolation, nursery

4, 1.8 Upto 18 Adult group housing, isolation, nursery
5. 2.8-3.0 Up to 28-30 Adult group housing, isolation, nursery
6. 35 Upto 35 Adult group housing, isolation, nursery
7. 6.0 Up to 60 Adult group housing, isolation, nursery
8 8.0 Upto8 Adult group housing

9 9.0 Up to 90 Adult group housing

10. 10.0 Up to 100 Adult group housing

11. 11.0 Up to 110 Adult group housing

4. Conclusions

The majority of the new experimental techniques
covered in this article will aid in understanding various
approaches and the suitability of the fish model. It will also
aid in understanding various factors to be taken into
account when choosing the best model for a given study.
Here are some additional features of the fish model that we
found in this review: they lay a lot of eggs, reproduce
quickly, are transparent, easy to handle and house, and are
more affordable than other research models. They are also
among the best models for genetic research.

Fish called zebras are commonly used in in vitro and in
vivo research, as well as pharmacological activity and
molecular studies. Some of the activities include research
on cancer, biomedicine, genetics, anti-convulsive therapy,
analgesics, anxiolytics, and behavioral studies. CNS-based
activities include coordination and locomotion.

Fish behavioral evaluation is simpler and less dose-
dependent than that of other models. Deep observation is
necessary, but dosing and handling are simple and require
less attention than other models.

The most recent CPCSEA guidelines will cover every
important detail regarding the handling (including the
protocol for administering anesthesia and medications),
housing (including water temperature, oxygen content, and
aquarium setup), acclimation and procurement, and record-
keeping of IAEC.

Aberrations

CCSEA - Committee for control and supervision on
experiment on the animals

IAEC - Institutional animal ethical committee

dpf - Days post fertilization

hpf - Hours post fertilization

PTZ - Pentyline terazole

AD - Alzheimer Disease

CVS - Cardio vascular system
GLP - Good Laboratory Practices
SOPs - System operating procedure
1Q - Informational Qualification
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