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Benavides et al. Genetic quality assurance and genetic monitoring of laboratory mice and rats: FELASA Working Group Report, pp. 135-148

Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)
SUMMARY: Genetic quality assurance (QA) should be an essential component to ensure the validation of the animal model. It should be required when using genetically defined animals. Main goals will include: a) to verify the authenticity and uniformity of inbred stains and substrains (ensuring a genetically reliable colony maintenance); b) to detect possible genetic contamination; and c) to precisely describe the genetic composition of genetically altered (GA) lines.

An inbred strain has to be propagated by systematically mating brothers to sisters (or younger parents to offspring) for 20 or more consecutive generations. Individuals of the strain should be traced to a single ancestral pair. Animals will average <2% residual heterozygosity, and the individuals are regarded as genetically identical (isogenic). 24 generations are needed to obtain <1% heterozygosity rate and 36 for complete isogenicity, which implies histocompatibility. Some inbred mouse strains: A/J, BALB/c, C3H/He, C57BL/6, DBA/2, FVB/N; and rat strains: ACI, BN, F344, LE and WKY.

Outbred stocks are genetically heterogeneous. All animals share group characteristics (e.g. albino) but the genetic constitution is unknown. Outbred mice stocks are ICR (CD-1), CFW and NMRI (all derived from the original ‘Swiss’ mice imported to the USA by Clara J. Lynch in 1926) and (non-Swiss) CF-1. Outbred rat stocks are Sprague Dawley (SD), Wistar (WI) and Long-Evans (LE). Quality control is commonly based on assessing expected phenotypic traits (coat colour, growth and reproductive characteristics, based on data from the large colonies of commercial breeders). They are frequently used in toxicology and pharmacology research.

F1 hybrids result from the outcross of two distinct inbred strains. They are heterozygous at all loci for which the parental strains harbour different alleles. F1 littermates are genetically identical and are histocompatible.

Congenic strains are produced by crossing two strains: the donor strain that carries the allele or chromosomal region of interest, and the recipient or background strain that will receive the locus of interest. F1 offspring generated by crossing donors and recipients are backcrossed to the recipient strain. Offspring that carry the allele of interest are identified and again backcrossed to the background strain. This process is repeated for 10 or more successive generations unless marker-assisted backcrosses (speed congenics) are used. Repeated backcrossing results in the chromosomes of the background strain progressively replacing those of the donor strain, except for a chromosomal region that carries the allele of interest.

There are basically two approaches to characterizing gene function: Forward genetics (from phenotype to genotype) it characterizes the gene alteration responsible for a specific mutant phenotype. Reverse genetics is the opposite approach and aims to characterize the function of a gene by analysing the consequences (at the phenotypic level) of alterations normally engineered by researchers at the DNA level.

Nomenclature used: genetically altered (GA) includes spontaneous or chemically induced mutations; ‘line’ instead of ‘strain’ for GA rodents. Transgenic (Tg) rodents for animals whose genomes have been altered by random insertion of DNA.  Genetically engineered mice (GEM) or genetically modified mice (GMM) are typically used to describe any type of genetic modification in the mouse.

To obtain GA there are different approaches:

Pronuclear microinjection (early 1980s) first transgenic animals, almost exclusively created by the pronuclear microinjection of foreign DNA fragments directly into one of the two pronuclei of one-cell embryos (zygote). Is a process of additive transgenesis, in which the microinjected transgene randomly integrates into the genome as a single copy or more often as a concatemer with variable copy number. The resultant Tg mouse and rat express or overexpress a transgene placed under the control of a tissue-specific, developmental-stage-specific, or ubiquitous promoter (along with other regulatory elements), all contained in the transgene DNA construct. The founder Tg animals are hemizygous for the DNA segment (Tg/0). Transgenes are extra segments of DNA that do not have corresponding wild type (WT) sequence (for these reasons is = instead of + is recommended). To achieve a pure background the transgene must be introduced into embryos derived from an inbred strain. Tet-on and Tet-off inducible systems can be added (e.g. Tetracycline and Doxycycline). It will require a double Tg (bogenic) mouse.

Vector-mediated transgenesis uses retroviral/lentiviral vectors and transposons in spermatozoa followed with intracytoplasmic sperm injection. Usually it only integrates a single copy.

Homologous recombination in embryonic stem (ES) cells. ES are undifferentiated, pluripotent, embryonic cells derived from the inner cell mass of preimplantation blastocysts which can participate in forming the germ-cell lineage of chimeric mice. First ES cell lines were derived from embryos of the 129 inbred strains family (129S2, 129P3, etc.). Today ES cell lines are available from many mouse strains and those of the C57BL/6N origin have become widespread. When constitutive null alleles induced complex phenotypes, reduced viability, or have other drawbacks, conditional alleles may be used. Typically using the Cre/loxP system. It requires two independent lines: one providing a source of Cre recombinase, an enzyme derived from bacteriophage P1, in the tissue under study, and another containing loxP (locus of X-ing over P1) sites flanking the DNA segment of interest. The Cre enzyme cuts and recombines the ‘floxed’ DNA at loxP sites. The Cre transgene can be made inducible, adding

the tamoxifen-inducible CreERT2 which can be activated in a spatio-temporal manner by tamoxifen. The Cre-loxP strategy can also be used to regulate the expression of reporter genes. For example, the lacZ gene can be driven by a ubiquitous promoter (e.g. Rosa 26) with a floxed stop sequence, containing several terminator codons inserted between the promoter and the lacZ coding sequence.

Gene editing nucleases is an ES independent method. It uses the zinc-finger nucleases (ZFN), two complementary and sequence-specific multi-finger peptides containing the FokI nuclease. Each peptide will recognize specific DNA sequences spanning 9–18 base pairs (bp) on either side of a 5–6 bp sequence, which defines the targeted region. When injected into a pronucleus or cytoplasm of zygotes, the ZFN assemblies bind tightly, one on each strand, on both sides of the target site. The dimerized FokI endonuclease then creates double strand DNA breaks (DSBs) triggering cellular mechanisms to repair the damage. Damage is normally repaired by either homology-directed repair (HDR) or non- homologous end joining (NHEJ). HDR requires a homologous template to guide the repair and thus re-establishes the original sequence. NHEJ is less precise and causes nucleotide deletions that lead to frame shifts that create potential loss-of-function or truncation mutations. 
Transcription activator-like effector nuclease (TALEN) technology can also be used, it involves the combination of a nonspecific DNA endonuclease fused to a DNA-binding domain. They can be more easily engineered (compared to ZFN) to target a particular DNA sequence. 
The CRISPR (clusters of regularly interspaced short palindromic repeats)/Cas system uses the primitive defense mechanism that allows bacteria and archaea to fight against infection from viruses, plasmids, and phages. CRISPR-based guide RNAs (gRNAs) are designed to target a Cas endonuclease to cut DNA at the desired site through RNA-guided DNA cleavage. The RNA-guided endonucleases can be engineered to cleave virtually any DNA sequence by appropriately designing the gRNA, for example to generate KO mice. CRISPR/Cas technology has several advantages over ZFNs and TALENs. The main one is the ease of design and the flexibility of using a sequence-specific RNA interacting with the Cas enzyme instead of a complex sequence-specific protein (DNA-binding domain) fused to a nuclease. Mutations in multiple genes can be generated in a single step by injecting mice with multiple gRNAs that simultaneously target different genes.

CRISPR/Cas9 has been used to create insertions, deletions, and point mutations in any genetic background. DNA can be electroporated (with size restrictions) or injected into either the cytoplasm or pronuclei of 1-cell or 2-cell stage embryos. This technology requires extensive sequence analysis to characterize multiple putative founders to ensure the presence of the desired mutation and the absence of undesired on- and off-target mutations or unpredictable larger genome alterations while also identifying mosaic founders (G0). Once identified, the selected founder should be bred with wild type animals to evaluate transmission of the mutation.

Spontaneous mutations usually come from the observation of abnormal phenotype. They can be deletions, insertions, and point mutations, generating not only loss-of-function alleles but also hypomorphic and hypermorphic alleles. They can happen in different backgrounds including inbred strains and outbred stocks. Including the nude (Foxn1nu), scid (Prkdcscid), hairless (Hrhr), diabetes (Leprdb), obese (Lepob) and X-linked muscular dystrophy (Dmdmdx) in the mouse; and the mutations behind the Rowett nude (Foxn1rnu) and Zucker diabetic fatty (Leprfa) models in the rat.

Chemically induced mutations bloomed with the discovery of the alkylating agent N-ethyl-N-nitroso urea (ENU) as a mutagen. ENU typically creates point mutations, it has been widely used in forward genetic screens. The major drawback of ENU-induced mutagenesis is that it creates random mutations rather than targeted mutations.

Genetic variations usually come from accidental genetic contamination (accidental mating of individuals), spontaneous mutations and polymorphisms which present alternative DNA sequences (alleles) al a locus at a frequency >1% (the markers for its genetic quality will be microsatellites and single nucleotide polymorphisms (SNPs)); the genetic drift due to permanent inbreeding which will eliminate a proportion of new mutant alleles meanwhile another undetected fraction will be fixed contributing to divergence and generating substrains (e.g. in mice there are c. 10 documented BALB/c substrains and c. 15 C57BL/6 substrains including the J and N substrains, in rat SHR has at least four substrains (including SHR/Ola and SHR/NCrl), and WKY and F344 have at least three substrains each); or undesirable passenger mutations which will affect phenotypes as a consequence of genetic drift (C57BL/6JOlaHsd substrain are homozygous for a deletion of the a-synuclein (Snca) and multimerin (Mnrn1) genes, some spontaneous mutations differentially segregate in C57BL/6J and C57BL/6N, the most common substrains of C57BL/6, separated in 1951. These include a retinal degeneration mutation in the Crb1 gene (Crb1rd8), present only in the N substrain, and a deletion in the Nnt gene, present only in the J substrain.

Quality assurance and exchange of GA-rodents needs to keep adequate records of detailed information for all genetically modified strains. This information must be transferred with the strain to all collaborators and users. It will include the correct strain name, a complete description of the mutation, the genetic background of the animals, a genotyping protocol and observed phenotypic changes (rodent-passport). Marker systems for Genetic Monitoring (GeMo) include qPCR detection of microsatellites (Simple Sequence Length Polymorphisms (SSLPs) or Short Tandem Repeats (STRs) by using a small panel of 40 polymorphic SNPs, evenly distributed across the chromosomes, and SNPs genotyping and phenotypic parameters (coat colour, behaviour and breeding performance). For inbred strains, homogeneity will be the aim whereas for outbred strains will be heterogeneity and allele pool of a colony. Background characterization (BC) will be also a key point to monitor the problem of undefined ‘mixed backgrounds’ in experimental rodents. This is worrisome for inducible and conditional models that require the crossing of two independent lines (e.g. Cre-expressing lines crossed with floxed lines). Given that genetic background influences phenotype, especially through the influence of modifier genes; mutations, both spontaneous and induced, transgenes, and targeted alleles that are introgressed into a new background may not exhibit the expected phenotype. An example is the diabetes (Leprdb) mutation that presented transient diabetes in a C57BL/6 background but overt diabetes in C57BLKS. A typical BC employs polymorphic markers to distinguish between the suspected inbred strains. The use of DNA markers allowed a quickly and rigorous process of congenic strain development called marker-assisted backcrossing or speed congenics. This relies on using polymorphic genetic markers covering the whole genome to determine the percentage of donor genome present in the animals, then selecting the animals with the lowest percentage of donor DNA for the next backcross to the recipient strain. This depends on the regions between the polymorphic genetic markers being those of the donor genome: the denser the number of markers the higher the donor genome can be inferred. Common practice is the use of 100–300 markers.

Overall, for inbred, co-isogenic and congenic strains, breeding methods and genetic stability programmes help to minimize substrain divergence due to genetic drift, and also to prevent genetic contamination by accidental crosses with other strains. To reduce genetic drift, the number of generations of in-house breeding should be minimized and the lines submitted to repositories. This secures the line and provides a means of replacing the breeding stock every 10 generations to slow down cumulative genetic drift. For outbred stocks, the intent is to minimize inbreeding, maintain heterozygosity and manage genetic drift that would otherwise lead to colony divergence. Ideally, outbred colonies should be maintained with ≥25 breeding pairs, all of which have to contribute to the next generation, in order to avoid an increase of the inbreeding coefficient per generation of more than 1%. Smaller colonies drift fast toward homozygosity because breeders are closely related. Cryopreservation strategies have been adopted for long-term storage of embryos and gametes in several large centralized repositories.

 

QUESTIONS (True or False)
1. 
Outbred colonies should be maintained with ≥20 breeding pairs, all of which have to contribute to the next generation, in order to avoid an increase of the inbreeding coefficient per generation of more than 1%. 

2. 
For quality assurance and exchange of GA-rodents needs, genetic Monitoring (GeMo) can be done only by qPCR detection of microsatellites (Simple Sequence Length Polymorphisms (SSLPs) or Short Tandem Repeats (STRs) which usually uses a small panel of 40 polymorphic SNPs.

 

ANSWERS
1. 
False, it is ≥25 breeding pairs

2. 
False, this is true but also can be done by SNPs genotyping and phenotypic parameters assessment

 

SEVERITY ASSESSMENT IN ANIMAL-BASED RESEARCH

Lewejohann et al. Impulse for animal welfare outside the experiment, pp. 150-158

Domain 5: Regulatory Responsibilities; Task 2. Advocate for humane care and use of animals. 

 

SUMMARY

Introduction: Refinement of living conditions shall be taken into consideration as minimum requirements according to the 3Rs for maximizing potential animal welfare. Improving living conditions of experimental animals is mainly limited by experimental and economic reasons. 

What Is Animal Welfare?: Animal welfare describes (objectively verifiable) the status of a subjectively perceived quality of life of an individual at a given period and is measured on an ordinal (nonlinear), multidimensional scale. 

Assessing Animal Welfare: Measuring animal welfare is not an easy endeavor. Poor welfare can be measured by evaluating the first four freedoms (hunger and thirst; discomfort; pain, injury, and disease; and fear and distress). In a broad sense, being free of them could be assessed as a minimum standard to be the normal state a laboratory animal. 

Specific Conditions In Animal Experiments: Overall, transience between welfare states within the range of very good, good, neutral, and even lightly aversive is most likely part of an interesting life worth living. Subjects with regard to their relation to animal experimentation and different measures and constraints related to animal welfare might be breeding Stock; breeding reserve; biological surplus; managed surplus; sentinel; accompanying animals; waiting; experimental animals; and post-experimental animals. 

Enhancing Animal Welfare: Possible interferences of improved as well as of restricted housing conditions with the experimental design, reproducibility, and external validity should be kept in mind for enhancing animal welfare. Enrichment is generally thought to enhance animal welfare. 

Improving Animal Welfare In- And Outside The Experiment: Laboratory animals involved in experiments spend much of their lives outside of the experiment and a large number of them are not even used for research but held available for breeding or other maintenance objectives. Time out of the experiment could be highlighted as a special opportunity to improve animal welfare in laboratory animals. 

Conclusions: Everybody related to laboratory animals should aim to maximize animal welfare owing to the fact that they are responsible for their well-being. 

  

QUESTIONS 

1. 
True or False. Post-mortem analysis such as ulcers and adrenal weights could help to retrospectively assess poor animal welfare. 

2. 
An early approach in defining animal welfare was raised by a press release of the Farm Animal Welfare Council in 1979 and is referred to as the five freedoms. Which are the 5 freedoms from?  
a. 
Hunger and thirst

b. 
Discomfort

c. 
Pain, injury, and disease

d. 
Fear and distress

e. 
Restrictions to express normal behavior

f. 
All of them are true

3. 
Obvious signs for poor welfare in laboratory animals which might be indicative for how well an animal is able to cope with the challenges introduced by the environment provided under laboratory conditions?  

a. 
Sickness behavior

b. 
Wounds 

c. 
Signs of starvation or dehydration

d. 
Physiological parameters such as stress hormones and heart rate 

e. 
All of them are true

 

ANSWERS

1. 
True.

2. 
f. All of them are true

3. 
e. All of them are true

 

ORIGINAL ARTICLES

Murph et al. Diet-regulated behaviour: FVB/N mice fed a lean diet exhibit increased nocturnal bouts of aggression between littermates, pp. 159-170

Domain 4

Primary Species: Mouse (Mus musculus)

SUMMARY: The reported number of laboratory animals used in research may be inaccurate owing to different factors: criteria for deciding what to count. Most countries report number of animals used in research but do not reflect the additional animals (those that have not been used in research as for breeding/maintenance of a genetic line or surplus animals.).

Animal welfare has been described in terms of the five degrees but in order to define animal welfare more attention should be focused on what we have to provide the animals instead of describing what we should avoid. Animal welfare can be also determined as a subjective perception of each individual which makes assessment of animal welfare challenging. The authors present a multidisciplinary approach in which different levels must be taken into consideration: compensatory or additive factors or the non-linearity between measurements and the animal welfare states, previous life events to the period of time assessed.

When it comes to assess animal welfare one of the challenges is associated to the fifth degree as behaviour assessment of general patters associated to the species in a captive live animal can be difficult or non-applicable. Day to day behaviour assessment could overcome this difficulty. The authors also mentioned that good welfare in more difficult to assess compare to poor welfare. Another challenge for animal welfare is the fact that experimentation needs standardization, and this could induce boredom and under-stimulation. Positive reinforcement using treats or rewarding, social interactions, promoting of locomotory activity and environmental enrichment are considered to have a positive effect on animal welfare. It is also important to take into consideration that environmental enrichment can induce changes in the physiological status and thus affecting experimental results.

QUESTIONS (True or False)

1.
Some items for environmental enrichment can lead to stereotypic behaviours

2.
Delay time to weaning has a positive effect on social interactions in adulthood

3.
In laboratory animals ‘food treats’ are usually offered outside the experiment

4.
Most animals spend most time outside the experiment than in the experiment

5.
Animal welfare is more efficient when applied in the period of time the animals are inside the experiment

ANSWERS

1.
True

2.
True

3.
False

4.
True

5.
False

Alemán-Laporte et al. Combination of ketamine and xylazine with opioids and acepromazine in rats: Physiological changes and their analgesic effect analysed by ultrasonic vocalization, pp. 171-182

Primary Species: Rat (Rattus norvegicus)

 

SUMMARY: Rats are the one of the most used laboratory animals and anaesthesia is included in many experimental procedures. For this, authors evaluated four different anaesthetic protocols in order to elucidate which one was safer and balanced for rats of both sexes. As pain indicator, ultrasonic vocalization during anaesthetic recovery period was selected. This is  because rats do ultrasonic vocalization when in pain or distress.  

All four protocols include ketamine and xylazine as anaesthetics, but were combines with four different analgesics: acepromazine, methadone, morphine, and tramadol. Results demonstrated that xylazine, ketamine and acepromazine for both sexes and xylazine, ketamine and methadone in females were the best protocols to achieve surgical anaesthetic plane, although the first protocol was not the best one to provide control of immediate postoperative pain.  

Authors concluded that a good monitoring during anaesthesia is essential to avoid complications and ensure animal recovery and analgesia have to be included in anaesthetic protocols to minimize pain and therefore reliable results in experimental procedures.  

QUESTIONS  

1.
What are the challenges of use of anaesthesia in laboratory rodents?  

2.
The goal of anaesthetic protocols are:  

a.
Good control of unconsciousness  

b.
Analgesia  

c.
Myorelaxation  

d.
All of above  

3.
T/F: One anaesthetic product is enough to ensure all desired effects in anesthesia.  

4.
T/F: Two or more parenteral products need to be mixed for anaesthesia to ensure all desired effects. 

5.
What are the desired effects of anaesthetic protocols?  

6.
One of the most used parenteral anaesthetics in rats is  

a.
Xylazine  

b.
Medetomidine  

c.
Ketamine  

d.
Propofol  

7.
T/F: The use of preoperative analgesia in rats reduces anaesthesia and postoperative analgesia needs.

8.
Vocalization is an indicator of ____________ and _________      __________ in rats  

9.
How many types of ultrasound vocalizations emit rats? What differentiates them?  

10.
T/F: Rats emit two types of ultrasound vocalization: 22KHz when juvenile and 50 KHz when adults. 

11.
What is the test used in rat pads to evaluate effectiveness of opioids?  

12.
T/F: There are a lot of studies that evaluate opioid effects in rat anaesthesia.  

13.
T/F: Although opioids for pain control in rats have been widely studied, little is known about their effect when used with anesthesia.  

14.
Name four physiological parameters used to evaluate anaesthetic protocols  

15.
T/F: To evaluate anaesthetic protocols, administration has to be done in the same time each day to avoid interferences with circadian rhythm.  

16.
T/F: When more than one product is used in anesthetic protocol, it is recommended to mix them and give in one injection to minimize animal stress.  

17.
The four periods to record in parenteral anaesthesia in rats are  

18.
How the following reflexes are evaluated in an anasthetized rat: pedal withdrawal reflex, palpebral reflex, tail pinch reflex  

19.
T/F: Pedal withdrawal reflex in rats under anaesthesia always is tested in the same hindlimb.  

20.
T/F: ultrasonic vocalization measurements is useful to evaluate effectiveness of analgesic drugs in rats under anaesthesia.  

21.
Ultrasonic vocalization measurements is not useful to evaluate effectiveness of analgesic drugs in rats under anaesthesia. 

22.
T/F: Male and female rats have different response to same parenteral anesthetic drugs.  

23.
Why rodents lose heat so easily when anesthetized?  

24.
T/F: An increase in heart rate and blood pressure is observed in any anaesthetic protocol including ketamine.  

25.
T/F: Opioids induce respiratory depression due to abundance of opioid receptors in respiratory control center.  

26.
Is it recommended the use of xylazine alone or in combination in animals with urinary tract obstruction? Why?  

27.
T/F: If corneal evaluation is important, protocols with xylazine-ketamine are not recommended  

28.
What opioid has great analgesic effect?  

a.
Buprenorphine  

b.
Tramadol  

c.
Morphine  

d.
Methadone  

29.
T/F: Xylazine-ketamine-acepromazine is a good anesthetic protocol for both male and female rats and can be improved if intraoperative analgesia is used.  

ANSWERS  
1.
Size, metabolism, hypothermia presents easily, difficulty of cardiorespiratory rate and function  

2.
d  

3.
False
4.
True
5.
Hypnosis, muscle relaxation, analgesia  

6.
c  

7.
True
8.
Emotional,  aversive states  

9.
Two types differentiate by its frequency: 22KHz as response to aversive and dangerous situations and 50 KHz as response to appetitive situations  

10.
False 

11.
Formalin test  

12.
False 

13.
True 

14.
Heart rate, respiratory rate, temperature, clinical signs  

15.
True
16.
True  

17.
Induction, non-surgical, surgical, recovery  

18.
Pedal withdrawal reflex: pressing the paw with an atraumatic forceps altering both hindlimbs  


Palpebral reflex: slight touch with the atraumatic forceps in the margin of the eyelid  


Tail pinch reflex: compression of the tail with the atraumatic forceps  

19.
False  

20.
True  

21.
False 

22.
True
23.
Due to high proportion of body surface related with its weight  

24.
False 

25.
True  

26.
No because xylazine inhibits the antidiuretic hormone release  

27.
True  

28.
d  

29.
True
 

Brønstad and Sandøe. Examining compliance with ethical standards for animal research: is there a need for refinement? A qualitative study from norther Europe, pp. 183-193

Domain 5

   

SUMMARY: Animal research raises ethical issues. The 3Rs, defined in EU Directive 2010/63, aim to reduce negative impacts on animals by Replacing or Reducing the use of animals or Refining procedures. At the same time, harm-benefit evaluation of each the project is mandatory. Several bodies have defined codes of acceptable research practice. Compliance of these codes is crucial even when high ethical standards compete with research activities. The aim was to understand the ways in which ethical guidance competes with other research considerations.  

Four groups of four Northern European countries were anonymously interviewed. Different levels and types of competence were represented in all groups. The participants were first asked what they thought was important, second their motivation and finally about difficulties when planning animal research. No attempt was made to lead the discussion towards ethical issues. Acquisition of ethical permissions is a practical issue. Participants agreed that proper designing of experiments is necessary to obtain valid results.  

The study results showed that scientists put a strong emphasis on both scientific standards and in ethical standards, although the latter is normally focused on obtaining good science rather than due to an ethical concern per se. 3Rs assistance should be constructive and neutral and provided by an expert. Lack of reproducibility is a major concert in preclinical science. This may be due to the difficulty of achieving the ethical standards described during the planning phase. Nurturing a collaborative culture around animal research activities to better facilitate both good science and high standards of animal welfare.  

QUESTIONS (True or False) 

1.
Advisory bodies on the 3Rs and the researchers are both mainly responsible for ensuring the 3Rs application.  

2. 
Researchers favour refinement over reduction. Inclusion of sufficient number of animals to assure statistical power is very important.  

3.
3Rs are used to maximize high-quality science more than an ethical tool.  

 

ANSWERS

1.
False  

2.
True  

3.
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