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Principles of the 3Rs



3Rs impacts are wide ranging, from policy and regulatory 
change to the development and uptake of new technologies 
and approaches.



Alternatives to animal testing are important for: 

• Ethical issues

• Costs

• Standard procedures



EURL ECVAM

European Union Reference Laboratory for 
alternatives to animal testing

• EURL ECVAM is actively involved in the development and promotion of 
alternative approaches to animal testing with the aim to replace, reduce or 
refine the use of laboratory animals in the safety assessment of chemicals and 
the quality control of biologicals (e.g. vaccines).

• EURL ECVAM is an integral part of the Joint Research Centre (JRC), the science 
and knowledge service of the European Commission and is located at the JRC 
site in Ispra, Italy.

• The current activities of EURL ECVAM build on over 25 years of JRC include:
- conducting research and collaborating in EU and international research initiatives;
- coordination and undertaking of validation studies of alternative methods for the 

safety assessment of chemicals;
- dissemination of information and sharing of knowledge across disciplines and 

sectors;
- promotion of alternative methods and the Three Rs in an international context.



Eye irritation tests



Alternative models
(cell culture, stem cell, c. elegans, zebrafish)  

Applications in Pharmacology









Zebrafish

• Freshwater fish native to South Asia
• Important and widely used vertebrate 

model organism in scientific research
• It has been modified by researchers to 

produce many transgenic strains
Adult fish, which is about 2.5 cm long



Barcellos et al., PeerJ. 2018 Jul 23;6:e5162.  



Nematode Caenorhabditis Elegans (C. Elegans)

Caenorhabditis elegans: 
- It is a free-living, transparent nematode, about 1 mm in length, that lives in temperate 

soil environments
- It offers an attractive genetic system to study various aspects of development, including 

the developmental regulation of cell proliferation
- It was the first multicellular organism to have its whole genome sequenced





When replacement is not possible, 
reduction e refinement are essential

ARRIVE
(Animal Research: 
Reporting of In
Vivo Experiments)

PREPARE
(Planning Research

and Experimental Procedures 
on Animals:

Recommendations for
Excellence)

Animals Research Guidelines



ARRIVE

The ARRIVE guidelines ,
originally published in PLOS
Biology, were developed in
consultation with the 
scientific community as part 
of an NC3Rs initiative to 
improve the standard of 
reporting of research using
animals.

https://www.nc3rs.org.uk/
arrive-guidelines

PREPARE
Norecopa is a member

of ecopa (European Consensus-
Platform for Alternatives).

Norecopa has produced the
PREPARE guidelines for planning
animal research and testing and 

supports National Consensus 
Platforms for the 3Rs.

https://norecopa.no/about-
norecopa



Animal models of 
human diseases



Animal models of neurodegenerative diseases

Animal models of adult-onset neurodegenerative diseases have enhanced the 

understanding of the molecular pathogenesis of some of the main neurodegenerative 

disorders that inexorably progress to severe disability and death: 

• Alzheimer’s disease (AD) 

• Parkinson’s disease (PD) 

• Frontotemporal dementia(FTD)

• Amyotrophic lateral sclerosis (ALS)

Though in many individuals these neurodegenerative disorders have no clear genetic causes, 
the field has been guided by the discovery of mutated genes that deterministically drive 
these disorders, as well as genetic variants that alter risk.

No animal model of AD, PD, FTD, or ALS fully phenocopies human disease. Many models 
recapitulate the initial proteinopathy or other pathological features linked to the human 
disorder. 



Alzheimer’sdisease (AD) 

• AD is typically characterized by early progressive memory loss 
followed by impairments in executive functions and other behavioral 
disturbances and other cognitive abilities serious enough to 
interfere with daily life. AD accounts for 60-80 % of dementia cases.

• AD is characterized by three hallmark pathologies: 

1. senile plaques (whose major insoluble component are fibrillar aggregates 
of Aβ)

2. neurofibrillary tangles

3. hippocampal and cortical neurodegeneration

• Mutations in the amyloid precursor protein (APP), presenilin 1 
(PSEN1), and presenilin 2 (PSEN2) are the main causes of autosomal 
dominant early-onset AD, while the APOEɛ4 allele is a major risk 
factor for late-onset AD.



Alzheimer’sdisease (AD)

Genetic-Based Models of Amyloid Pathology

Transgenic rodents that drive Aβ aggregate accumulation, model amyloid 
deposition in senile plaques and in some cases cerebrovascular amyloid. 

AD-linked human mutations in APP, PSEN1 and PSEN2, function in the mouse 
model much as they do in human.

• APP mutants either increase total Aβ or more commonly 

• PSEN½ mutants alter endogenous processing of mouse APP, but do not lead 
to amyloid deposition. Co-expression of PSEN½ mutants with an APP 
transgene dramatically accelerates the amyloid phenotype by increasing the 
relative production of Aβ42.



Aβ plaques found in the brains of AD transgenic mice are structurally similar to those found in 
the human brain; they initiate as diffuse plaques consisting mainly of Aβ42, develop a dense 
Aβ42 core, and then incorporate Aβ40, as well as numerous other non-Aβ components such as 
ubiquitin and α-synuclein. As in the human brain, these plaques stain positive with both 
thioflavin and Congo red, and show similar fibrillar structures by microscopy.

Visualization of amyloid plaques in 3xTg-AD mice with classical stains. 3xTg-AD mice develop diffuse and fibrillar
plaques, as detected with antibody 6E10 (A and B), thioflavin-S (C), Congo red (D), and Gallyas stain (E).

Frank M. LaFerla and Kim N. Green. Animal Models of Alzheimer Disease. Cold Spring Harb Perspect Med. (2012)



Li and his colleagues showed how amyloid plaques influence tau tangles, two key features 
in brains of Alzheimer’s, to provoke death of nerve cells and brain atrophy that underlies 
memory loss. This new model will help scientists to better understand the root cause of 
this devastating illness and for preclinical drug screening.





MULTIPLE SCLEROSIS: 
experimental allergic encephalomyelitis (EAE)

Chronic/relapsing experimental allergic encephalomyelitis (CREAE)  was  induced  
in  Biozzi AB/H  animals  according  to  the Baker protocol (Baker et al., 1990). 

Experimental allergic encephalomyelitis (EAE) was induced in Biozzi AB/H (antibody high) 
mice by sensitization with spinal cord homogenate in  Freund’s incomplete adjuvant, 
containing a mixture of Mycobacterium tuberculosis H37Ra and Mycobacterium
butyricum. Injections were performed on day 0 and day 7.

Biozzi AB/H mice were highly susceptible to 
EAE induction and followed a chronic 
relapsing pattern of disease. Disease 
episodes were characterized by 
mononuclear infiltration of the central 
nervous system, with demyelination being 
particularly evident in relapse. The cellular 
infiltrates, which were associated with 
immunoglobulin deposition, consisted of 
macrophages and CD4 T-lymphocytes.





Strategies for the development of new animal 
models for  neurodegenerative disorders

• Efforts to better model various non-genetic factors and co-morbid diseases that commonly 
occur in humans suffering from various neurodegenerative disorders might be warranted. 
We should recognize that the relatively sterile environments, in terms of behavioral 
enrichment, microbiome, and environmental exposures, do not represent the exposure 
history of humans who develop neurodegenerative conditions.

• More studies should be conducted in the setting of old models that better mimic the 
physiology of aging typically present in humans with these diseases. Given the expense 
associated with such studies, like the aging rat colonies, the field may consider a standard 
resource that generates such aged models to enable more standard use.

• We should make a more concerted effort to understand and model selective CNS-cell 
vulnerability. Though often thought of in terms of neuronal vulnerability, a major gap in 
knowledge relevant to these human disorders is that despite widespread expression of a 
given mutant protein, not all areas of the brain degenerate at equivalent rates. Such 
selective regional or cellular vulnerability is often not carefully considered in most of our 
current models.

• Use of novel tools and techniques (e.g., gene editing) to generate models in mammals 
other than mice should be considered, but only when an appropriate underlying hypothesis 
frames the study. Development of such models will inherently be expensive. 

Dawson et al., Nat Neurosci. 2018



PAIN 



NEUROPATHIC PAIN MODELS 

Jaggi AS, Jain V, Singh N. Animal models of neuropathic pain. Fundam Clin Pharmacol. 2011;25(1):1-28



Neuropathic Pain

• PNL: Partial sciatic nerve ligation 
(Seltzer, Dubner and Shir, 1990)

• SNL: Spinal nerve ligation
(Kim and Chung, 1992)

• CCI: Chronic Constriction Injury
(Bennett and Xie, 1988)



CHRONIC CONSTRICTION INJURY (CCI)



HOT/COLD PLATE

TAIL FLICK PLANTAR TEST

VON FREY TEST

METHODS USED TO EVALUATE PAIN BEHAVIORS IN RODENTS


