
CCPSE Guidelines for Disease Model Testing in Zebrafish

Introduction

This document provides comprehensive workflow guidelines for conducting disease
model testing in zebrafish (Danio rerio), integrating principles from the Organisation
for Economic Co-operation and Development (OECD) Test Guidelines, the Animal
Research: Reporting of In Vivo Experiments (ARRIVE) 2.0 Guidelines, and the
Canadian Council on Animal Care (CCAC) Guidelines on the Care and Use of Fish in
Research, Teaching and Testing. Zebrafish have emerged as valuable vertebrate
models for studying human diseases due to their genetic similarity to humans, optical
transparency during development, high fecundity, rapid development, and relatively
low maintenance costs. These guidelines aim to ensure scientific rigor, reproducibility,
transparent reporting, and appropriate welfare considerations specific to zebrafish
research. The purpose of these guidelines is to establish a standardized framework for
researchers to design, implement, analyze, and report zebrafish-based disease model
studies in accordance with international best practices and to promote implementation
of the 3Rs principles (Replacement, Reduction, and Refinement). This document
serves as a practical resource for both experienced researchers and those new to
zebrafish models, addressing the unique aspects of zebrafish biology and husbandry
that impact experimental design and reliability of disease modeling outcomes.

Experimental Design

Proper experimental design begins with formulating clear, testable research
hypotheses and specific objectives that can be addressed using zebrafish models, with
consideration of zebrafish-specific advantages and limitations for the disease under
investigation. Researchers should conduct a thorough literature review to identify
existing zebrafish disease models related to their research question, understanding
established phenotypes and their correlation with human pathophysiology, and
determining whether new model development is necessary or if existing models can
be utilized. When selecting the appropriate zebrafish line, researchers should consider
wildtype strains (e.g., AB, TU, WIK) with documented genetic backgrounds,
transgenic lines expressing fluorescent reporters relevant to disease processes,
disease-specific mutant lines, or the need to generate new genetic models. The
developmental stage selection is crucial, requiring researchers to determine the most
appropriate life stage for their study (embryo, larva, juvenile, or adult) based on the
disease process being modeled, recognizing that different stages have different
regulatory requirements and welfare considerations.

Statistical planning should be performed before experimentation begins, including
sample size calculation based on expected effect sizes from pilot studies or literature,
with adjustments for zebrafish-specific factors such as clutch variability and potential
losses. Randomization and allocation procedures must be established, including
methods for random selection of embryos from multiple clutches to minimize batch
effects, systematic distribution of treatment groups across housing systems to control
for environmental variables, and consideration of tank position effects. Blinded
assessment protocols should be implemented for all subjective measurements, with
standardized methods for coding samples, treatment groups, and data to minimize bias.
Control groups should be carefully designed, including untreated controls, vehicle



controls for drug studies, negative controls for genetic manipulation (e.g., non-
targeting CRISPR), positive controls where appropriate reference compounds or
established mutants are available, and consideration of clutch-matched controls to
account for genetic background effects.

Pilot studies are strongly recommended to validate disease induction methods in
zebrafish, establish dose-response relationships for chemical or genetic interventions,
refine assessment techniques specific to zebrafish physiology and behavior, determine
appropriate endpoints and optimal experimental duration, and generate preliminary
data for sample size calculations. The comprehensive experimental protocol should be
fully documented, including detailed descriptions of zebrafish lines and their source,
husbandry conditions prior to and during experimentation, disease induction
methodology, intervention details, assessment procedures, endpoint criteria, and
statistical analysis plans. Ethical review requirements must be addressed through
preparation of animal ethics committee submissions with zebrafish-specific
justifications, addressing special considerations for early life stages which may have
different regulatory statuses in different jurisdictions, adherence to the applicable
regulations regarding genetic modifications, and proper documentation of approval
before initiating experimentation.

Zebrafish Procurement and Husbandry

The source and quality of zebrafish should be carefully considered, with acquisition
from reputable sources such as the Zebrafish International Resource Center (ZIRC),
established research facilities, or commercial suppliers with documented health status,
along with clear documentation of genetic background, generation number, and prior
husbandry conditions. For transgenic or mutant lines, genotyping protocols should be
established and validated, documentation of the transgenic or mutant line creation
should be maintained, with confirmation of stable germline transmission for at least
two generations when possible, and phenotypic validation in relation to the disease
being modeled should be performed. Age selection considerations should include
standardization of age within experimental groups, recognition of age-dependent
disease manifestations, and documentation of justification for the selected age range.
The number of animals should be optimized through robust experimental design, use
of power calculations, implementation of factorial designs when appropriate to reduce
numbers, and consideration of sequential or adaptive designs for certain studies.

Housing systems for zebrafish require proper facility design with either recirculating
or flow-through aquatic housing systems that maintain appropriate water quality,
temperature control systems with alarms for deviations, and appropriate backup
systems in case of equipment failure. Water quality parameters must be maintained
within strict ranges including temperature (26-28.5°C for adults, with ≤1°C daily
fluctuation), pH (6.8-7.5), conductivity (500-1500 μS/cm), dissolved oxygen (>80%
saturation), ammonia (<0.02 mg/L), nitrite (<0.1 mg/L), and nitrate (<50 mg/L), with
all parameters monitored and recorded daily. Housing density specifications should
follow recommended guidelines of 5 adult fish per liter for fish up to 4 cm in length,
lower densities for larger fish, appropriate tank sizes based on fish age and
experimental requirements, and group housing except when experimental protocols
require individual housing with specific justification. Lighting conditions should
maintain a controlled photoperiod, typically 14 hours light and 10 hours dark, light



intensity appropriate for zebrafish (approximately 250-350 lux at water surface),
gradual transitions between light and dark periods when possible, and consideration of
the potential impact of lighting conditions on disease manifestation.

Feeding regimes must be standardized with appropriate food types based on zebrafish
age (paramecia or rotifers for larvae, artemia and commercial feeds for juveniles and
adults), documented feeding frequency and quantity, fasting periods before certain
procedures when necessary, and consistent feeding schedules across experimental
groups. Acclimation periods should be provided, allowing at least 1-2 weeks for adult
fish to acclimate to research facility conditions before experimentation, minimum of
3-5 days for acclimation to experimental tanks, and habituation to handling and
experimental procedures to minimize stress responses. Health monitoring should
involve implementation of a preventative health program, regular observation for
signs of disease or distress, maintenance of health records for the facility and
experimental groups, and protocols for managing disease outbreaks, including
isolation procedures and criteria for study discontinuation if necessary.

Disease Model Induction

Pre-induction preparations include baseline assessment of normal parameters for the
zebrafish line being used (morphology, behavior, physiological measurements),
validation of assessment tools and their sensitivity for detecting disease-related
changes in zebrafish, and calibration of all measurement equipment. Chemical
induction models require careful consideration of the administration route
(immersion/bath exposure, microinjection, oral administration via food), appropriate
dose determination through pilot studies considering zebrafish-specific toxicity
profiles, vehicle selection with minimal effects on zebrafish development and
physiology, and standardized exposure protocols including duration, timing, and
water exchange procedures. Genetic models should be established through appropriate
techniques for the research question, such as stable transgenic or mutant lines for
long-term studies, transient morpholino knockdown for rapid assessment of gene
function (with appropriate controls for off-target effects), CRISPR/Cas9 gene editing
with validated targeting efficiency and specificity, or Tol2 transposon-mediated
transgenesis for overexpression studies, with all methods accompanied by appropriate
molecular verification of the intended genetic modification.

Physical/surgical induction models require development of standardized surgical
procedures appropriate for the small size of zebrafish, suitable anesthesia protocols
typically using MS-222 (tricaine methanesulfonate) at appropriate concentrations for
fish size and procedure duration, sterile technique adaptation for aquatic organisms,
and comprehensive post-procedure recovery monitoring. Environmental induction
models, where disease is triggered by environmental factors, need controlled
environmental chambers capable of precisely regulating temperature, pH, oxygen
levels, or other parameters relevant to the disease model, standardized protocols for
environmental challenges including duration and intensity, and systematic monitoring
of both environmental parameters and fish responses throughout the induction period.
Infection models should utilize well-characterized pathogens with documented
virulence in zebrafish, standardized preparation of infectious agents with consistent
dosing, appropriate containment procedures to prevent facility contamination, and



consideration of natural infection routes when possible (immersion, injection, or oral
administration as appropriate).

Post-induction care for all models must include a heightened monitoring schedule
immediately following disease induction, implementation of model-specific welfare
assessment protocols, establishment of intervention criteria based on disease
progression, and appropriate record-keeping of all observations and interventions.
Temperature considerations are particularly important given the poikilothermic nature
of zebrafish, requiring strict temperature control during disease development,
recognition that temperature affects disease progression rates in zebrafish models, and
potential use of temperature manipulation as an experimental variable for certain
disease models. For larvae and embryo models, special considerations include staging
based on standardized developmental criteria rather than hours post-fertilization when
there is temperature variation, appropriate housing in petri dishes or multi-well plates
with regular medium changes, and consideration of the chorion status (intact,
manually removed, or enzymatically removed) and its impact on experimental
outcomes.

Monitoring and Assessment

General health monitoring of zebrafish requires regular observation of swimming
behavior (pattern, velocity, orientation), feeding behavior and response to food
presentation, social interactions in group-housed fish, physical appearance (color,
scale condition, fin integrity, body shape), and respiratory rate (opercular movements).
A standardized scoring system appropriate for zebrafish should be implemented, with
defined categories for assessment including morphology, behavior, physiological
parameters, and model-specific indicators, clear scoring criteria for each parameter on
a defined scale (e.g., 0-3), established score thresholds for intervention or humane
endpoints, training for all personnel to ensure consistent scoring, and regular
calibration between observers for subjective measurements. Observation frequency
should be determined based on the disease progression rate, with increased frequency
during critical phases, minimum daily observation for all studies, and potential for
continuous monitoring via video recording for behavioral studies.

Disease-specific physiological assessments may include cardiovascular parameters
(heart rate, blood flow using transgenic lines with fluorescent blood cells, vessel
morphology), respiratory function (opercular movement rate, oxygen consumption in
metabolic chambers), neurological function (motor neuron activity, seizure
susceptibility, brain activity in transgenic lines), immune responses (leukocyte
migration, inflammatory markers in transgenic reporter lines), and metabolic
parameters (glucose levels, lipid accumulation, energy metabolism). Standardized
behavioral assessments adapted for zebrafish should be employed, such as locomotor
activity analysis (distance traveled, velocity, freezing, erratic movements), anxiety-
related behaviors (thigmotaxis, geotaxis, light/dark preference), social behaviors
(shoaling, aggression, mating), learning and memory (conditioned responses, T-maze
or Y-maze performance), and sensory responses (visual, acoustic, tactile, or chemical
stimuli), with all assessments conducted in standardized arenas with consistent
lighting, temperature, and time of day.



Imaging-based assessments take advantage of zebrafish transparency, particularly in
larval stages, utilizing brightfield microscopy for basic morphological assessment,
fluorescence microscopy for transgenic reporter lines highlighting specific tissues or
cellular processes, confocal microscopy for detailed 3D imaging of disease-affected
tissues, light-sheet microscopy for in vivo dynamic processes with minimal
phototoxicity, and whole-animal imaging techniques adapted for zebrafish size and
aquatic environment. Molecular and biochemical assessments may include gene
expression analysis (qPCR from whole fish or dissected tissues, in situ hybridization
for spatial expression patterns), protein analysis (immunohistochemistry, Western
blotting adapted for small tissue samples), enzyme activity assays modified for
zebrafish tissues, metabolite analysis using mass spectrometry, and consideration of
sample pooling for small specimens while ensuring statistical validity.

Non-invasive assessment approaches should be prioritized whenever possible,
including utilization of transgenic reporter lines for real-time visualization of disease
processes, behavior analysis through automated tracking systems, non-invasive
imaging of live specimens, water-borne hormone measurement for stress assessment,
and development of sampling techniques that allow for sequential measurements from
the same animals. For invasive procedures, appropriate anesthesia protocols are
essential, typically using MS-222 at 100-200 mg/L for adults or 50-100 mg/L for
larvae, with concentration and exposure time optimized for procedure duration,
monitoring of anesthetic depth by loss of equilibrium and reduced opercular
movement, and proper recovery procedures in clean, well-oxygenated water. Terminal
procedures should follow humane methods appropriate for zebrafish, such as rapid
cooling followed by fixation for larvae and embryos under 5 days post-fertilization,
overdose of anesthetics (MS-222 >300 mg/L) followed by secondary physical method
for juveniles and adults, and confirmation of death by absence of opercular movement
and heart contraction.

Data Collection and Management

Data recording systems should be established prior to study initiation, with selection
of appropriate electronic data capture systems validated for aquatic research,
standardized spreadsheets or databases for consistent data format, integration of
automated measurement systems (e.g., behavioral tracking software, physiology
monitors) where applicable, and clear file naming conventions and organization
structure. Data collection procedures should include standardized data collection
forms or electronic templates specific to zebrafish research, consistent timing of
assessments relative to disease induction, documentation of environmental conditions
during assessments, implementation of quality control checks during data collection,
and immediate review of data for completeness and accuracy. Metadata
documentation is essential, recording details such as zebrafish line information (strain,
genotype, generation), age and developmental stage during experiments, tank
identification and position in housing system, feeding history and specifics, water
quality parameters throughout the study, and any environmental events or facility
issues that could impact results.

Image data management requires consistent image acquisition parameters
(magnification, exposure, gain settings), standardized file formats and resolution
specifications, systematic file naming conventions linking images to specimens,



storage solutions appropriate for large image datasets, and consideration of data
compression methods that preserve scientific value. Videos for behavioral analysis
need standardized recording settings (frame rate, resolution, arena dimensions),
consistent environmental conditions during recording (lighting, temperature, time of
day), appropriate video file formats and storage solutions, integration with automated
tracking and analysis software, and preservation of raw video files and derived
quantitative data.

Data quality control measures should include regular calibration of all measurement
instruments, validation of assessment tools using known reference samples,
implementation of internal controls within experiments, duplicate or triplicate
measurements for critical parameters, and regular data audits. Data backup and
security protocols are necessary, with implementation of regular automated backups,
secure storage with appropriate access controls, data encryption for sensitive
information, disaster recovery plans, and compliance with institutional and regulatory
data management requirements. For collaborative research, data sharing protocols
should establish standardized data formatting for exchange between research groups,
clear agreements on data ownership and publication rights, secure methods for data
transfer, integration plans for data from different sources or experimental batches, and
compliance with journal and funder requirements for data availability.

Endpoint Determination

Humane endpoint criteria for zebrafish should include general indicators such as
persistent inability to feed, loss of balance or abnormal swimming for >24 hours,
severe morphological abnormalities affecting basic functions, lack of response to
gentle tactile stimulus, and significant unexplained weight loss or growth retardation.
Disease-specific endpoint criteria should be established based on the pathophysiology
of the modeled condition, defining quantifiable thresholds for disease progression
beyond which scientific goals have been met, identifying predictive markers of
irreversible damage or suffering, and balancing scientific objectives with welfare
considerations. For larval studies, specific endpoint criteria include failure to hatch
beyond the normal period, severe developmental abnormalities incompatible with
survival, persistent circulatory failure, and lack of touchable response in developed
larvae.

Implementation of endpoint monitoring requires systematic assessment using the
established scoring system, increased monitoring frequency as disease progresses,
recordkeeping that documents the basis for endpoint decisions, and training of all
personnel in recognition of endpoint criteria. Decision-making procedures should
specify personnel authorized to make endpoint decisions, a defined process for
borderline cases, including consultation with veterinary staff, documentation
requirements for all endpoint decisions, and regular review of endpoint
implementation throughout the study. Intervention and euthanasia protocols must be
established, including immediate actions to be taken when endpoints are reached,
approved euthanasia methods appropriate for zebrafish developmental stage,
verification of death by appropriate secondary methods, and proper disposal
procedures according to institutional and regulatory requirements.



For studies with scheduled termination, timing considerations include scientific
justification for the selected experimental duration, determination of optimal
timepoints for capturing disease progression, consideration of zebrafish-specific
developmental timelines, and allowance for staggered endpoints if required by
assessment methods. Final assessments should be comprehensively planned, including
terminal sample collection procedures optimized for zebrafish tissues, specimen
processing protocols (fixation, embedding, sectioning), preservation methods
appropriate for intended analyses, and comprehensive data compilation from all study
components.

Tissue Collection and Processing

Euthanasia methods must be appropriate for zebrafish developmental stage, following
CCAC Guidelines and AVMA Guidelines for the Euthanasia of Animals, with
methods for embryos and early larvae (≤5 dpf) including rapid chilling (≤4°C)
followed by fixation or chemical treatment with approved agents, and methods for
later larvae, juveniles, and adults including overdose of anesthetics (MS-222,
typically ≥250 mg/L) followed by secondary physical methods such as cranial
concussion or rapid chilling. Confirmation of death should involve verification of
permanent cessation of heartbeat and opercular movement, extended observation
period appropriate for fish size, and secondary physical methods for ensuring death.
The impact of euthanasia method on subsequent tissue analysis should be considered,
with recognition that different methods may affect histological quality, enzyme
activity, gene expression, or other parameters, selection of methods compatible with
planned analyses, and performance of pilot studies to validate compatibility when
necessary.

Sample collection procedures should account for zebrafish-specific anatomy, with
dissection techniques adapted for small specimen size, potential need for specialized
tools such as fine forceps, microknives, and dissecting microscopes, and consideration
of whole-body processing for small specimens versus tissue-specific sampling for
larger fish. Tissue preservation methods should be optimized for zebrafish tissues,
including fixative selection based on downstream applications (e.g., 4%
paraformaldehyde, Bouin's solution, or glutaraldehyde), fixation time adjusted for the
small size of zebrafish tissues to prevent over-fixation, appropriate embedding media
selection (paraffin, plastic, OCT compound for cryosectioning), and freezing
protocols for molecular analyses optimized for small tissue samples.

Histological processing should be adapted for zebrafish, with microtomy techniques
adjusted for small specimen size and tissue characteristics, sectioning orientation
standardized and documented, section thickness appropriate for zebrafish tissues
(typically 4-7 μm), and standard staining protocols potentially modified for zebrafish-
specific tissue characteristics. Whole-mount procedures, particularly useful for
embryonic and larval stages, should include clearing techniques to improve
visualization of internal structures, permeabilization methods appropriate for chorion
status and developmental stage, whole-mount immunohistochemistry protocols
optimized for zebrafish epithelia penetration, and whole-mount in situ hybridization
techniques adapted for zebrafish-specific parameters.



Molecular sample processing should consider methods for extracting RNA, DNA, or
protein from small tissue samples, potential need for sample pooling from multiple
fish while ensuring statistical validity, snap-freezing techniques for preserving
molecular integrity, and appropriate storage conditions (-80°C for most molecular
applications). For advanced techniques, specialized processes may be required, such
as cell isolation protocols optimized for zebrafish tissues, fluorescence-activated cell
sorting (FACS) adaptations for zebrafish cell populations, single-cell analysis
techniques appropriate for zebrafish samples, and metabolomic or proteomic sample
preparation methods validated for small sample volumes. Storage and archiving
systems should include comprehensive labeling systems linking samples to
experimental data, appropriate storage conditions for each sample type, inventory
management system for tracking stored samples, regular monitoring of storage
conditions (particularly freezer temperatures), and compliance with institutional and
regulatory requirements for sample retention.

Data Analysis and Reporting

The statistical analysis approach should begin with pre-analysis data processing,
including data normalization strategies appropriate for zebrafish studies (e.g.,
standardizing to body size or developmental stage), outlier identification methods
with clear justification for any exclusions, assessment of data distribution and
variance homogeneity, and transformation techniques when necessary to meet
statistical assumptions. Analysis method selection should be based on experimental
design, with appropriate parametric or non-parametric tests selected based on data
distribution, consideration of nested designs to account for tank effects or clutch
variation, repeated measures approaches for longitudinal studies, multifactorial
analysis methods for complex experimental designs, and advanced modeling
techniques for behavioral or developmental trajectory data.

Specialized considerations for zebrafish data include accounting for batch effects due
to different spawning events, statistical handling of clustered data when multiple fish
are housed in the same tank, appropriate analysis methods for developmental data
incorporating stage and timing, image analysis quantification with validated
algorithms for zebrafish-specific features, and behavioral data analysis using
appropriate software tools designed for aquatic species movement patterns. Software
and tools should be documented, including the specific statistical software packages
and versions used, any specialized zebrafish-focused analysis tools or plugins, custom
scripts or macros with full documentation, and data visualization tools appropriate for
complex datasets.

Results interpretation requires consideration of zebrafish model context, including
discussion of findings in relation to the known limitations of zebrafish models for the
specific disease, careful interpretation of translational implications with appropriate
caution, differentiation between species-specific effects and disease-relevant findings,
integration of results across multiple assessment methods for comprehensive
understanding, and identification of confounding factors specific to zebrafish biology
or husbandry. Comparison with previous findings should include systematic
comparison with other zebrafish studies of the same or related diseases, discussion of
concordance or discordance with mammalian models, relationship to human disease



pathophysiology when evidence exists, and identification of novel findings unique to
the zebrafish model and their potential significance.

ARRIVE 2.0 Guidelines compliance is essential, with complete and transparent
reporting of all required ARRIVE elements, particular attention to zebrafish-specific
details often underreported (strain, husbandry conditions, developmental stages), and
inclusion of the ARRIVE checklist with manuscript submissions. Methods reporting
should provide sufficient detail on zebrafish lines and sources for others to obtain or
recreate the model, comprehensive description of husbandry conditions including
water parameters, detailed protocols for disease induction with precise timing, doses,
and administration routes, complete description of assessment methods including
equipment specifications, and full explanation of endpoint criteria and implementation.
Results reporting should include comprehensive presentation of all outcomes
measured, appropriate data visualization methods for complex datasets, reporting of
both positive and negative findings, inclusion of effect sizes and confidence intervals,
and transparent acknowledgment of any excluded data points with justification.

Discussion of limitations should address zebrafish-specific model limitations for the
disease being studied, potential impact of environmental or husbandry factors on
results, developmental and physiological differences between zebrafish and humans
relevant to interpretation, limitations of assessment methods for small aquatic species,
and appropriate caution in translational claims. Data and material sharing should
follow field-specific best practices, including deposition of raw data in appropriate
repositories, sharing of zebrafish lines through established repositories such as ZIRC,
deposition of detailed protocols in protocol repositories or as supplementary materials,
sharing of analysis code or specialized software tools, and compliance with journal
and funder data sharing requirements.

Ethical Considerations and Regulatory Compliance

Protocol development and review should be conducted in accordance with local
regulatory frameworks, recognizing differences in regulatory status for different
zebrafish life stages across jurisdictions, preparation of detailed protocols for ethical
review committees with zebrafish-specific justifications, addressing any special
requirements for genetically modified lines, and obtaining approval prior to initiation
of any experimental work. The 3Rs principles should be explicitly implemented, with
replacement considerations including use of the earliest possible developmental stages
consistent with research goals, in vitro alternatives such as zebrafish cell lines when
appropriate, ex vivo approaches using isolated tissues when possible, and exploration
of computer modeling as a complementary approach. Reduction strategies should
employ robust experimental design to minimize animal numbers, statistical methods
appropriate for small sample sizes, sharing of control groups where scientifically valid,
use of imaging techniques allowing longitudinal studies to reduce animal use, and
tissue sharing among research teams when practical.

Refinement approaches should include implementation of least invasive techniques
suitable for small aquatic species, anesthesia and analgesia protocols optimized for
zebrafish, environmental enrichment appropriate for zebrafish needs, handling and
restraint methods that minimize stress, and housing system design that promotes
natural behaviors. Welfare considerations specific to zebrafish include recognition of



zebrafish-specific indicators of pain, stress, or distress, environmental optimization to
reduce stress (appropriate water quality, stocking density, noise reduction), species-
appropriate feeding regimens, social housing considerations based on natural shoaling
behavior, and regular staff training in zebrafish-specific welfare assessment.

Legal and regulatory compliance requires adherence to national legislation governing
animal research, transportation in accordance with international regulations when
shipping zebrafish, compliance with genetic modification regulations which vary by
jurisdiction, consideration of environmental protection legislation regarding non-
native aquatic species, and maintenance of all required permits and documentation.
Compliance documentation should include comprehensive records of ethical
approvals and amendments, documentation of staff training and competency, standard
operating procedures for all routine processes, complete animal health and welfare
monitoring records, and maintenance of all records for the duration required by
applicable regulations.

Documentation and Record Keeping

Study documentation should include a comprehensive study protocol with all
experimental details, amendment documentation if protocol changes are required,
record of ethical review and approval, documentation of all deviations from planned
procedures with justification, and final study report. Animal records should maintain
individual or group identification system appropriate for zebrafish, comprehensive
health and welfare assessment records, treatment administration documentation
including batch numbers of compounds, detailed feeding records, and documentation
of any unexpected events or interventions. Facility records should include water
quality parameter logs with daily measurements, maintenance records for all system
components, cleaning and disinfection schedules and verification, disease surveillance
and health monitoring data, and environmental condition logs (temperature, light
cycles).

Standard operating procedures should be developed for routine husbandry practices
including feeding protocols and water quality management, health monitoring and
disease management, common experimental procedures adapted for zebrafish,
euthanasia and tissue collection methods, and facility emergency procedures. Data
records should maintain raw data from all measurements with clear linkage to
individual fish or experimental groups, metadata describing experimental conditions,
derived data and calculations with clear documentation of methods, electronic data
with appropriate backup systems, and data transfer records when sharing between
collaborators.

Quality control documentation should include equipment maintenance and calibration
records, validation data for analytical methods, training records for all personnel,
quality control sample results, and audit findings and corrective actions. Record
retention and archiving should follow institutional and regulatory requirements for
retention periods, appropriate storage conditions for physical records, secure backup
systems for electronic records, searchable indexing systems for efficient retrieval, and
appropriate access controls for confidential information.

Conclusion



Implementation of these comprehensive guidelines for zebrafish disease model testing
will ensure that research is conducted according to the highest standards of scientific
rigor, ethical consideration, and regulatory compliance. The zebrafish offers unique
advantages for modeling human diseases, including optical transparency, genetic
tractability, high fecundity, and cost-effective husbandry. However, these advantages
must be leveraged through careful experimental design, standardized husbandry,
appropriate disease induction methods, comprehensive assessment, rigorous data
analysis, and transparent reporting. By following these guidelines, researchers can
maximize the translational relevance of their findings while ensuring appropriate
welfare for the animals and compliance with international standards. The field of
zebrafish disease modeling continues to evolve rapidly, and these guidelines should
be reviewed and updated regularly to incorporate new methodologies, refinements,
and best practices as they emerge. Through standardized approaches to zebrafish
research, the scientific community can accelerate discovery while upholding the
principles of responsible animal research.
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