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OBJECTIVES

A) Provide theoretical and/or practical knowledge on various in vivo experimental
models currently used in Neuroscience:

i) production: fundaments, applications, practical requirements,
advantages, limitations and type of answers they can provide;

ii) question the adequacy of each model to the objective of the study

iii) validation: molecular, biochemical and behavioral approaches

B) Provide the competency:

i) to analyze and plan the best approach to scientific questions in
different neuroscience fields by using the most appropriate
experimental model;

ii) to design and execute own experiments and understand the work
performed by others
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EXPERIMENTAL MODELS

i) In Vitro:

o Cell culture

ii) In Vivo:

 Drug/pathogen-induced In Vitro
* Surgically-induced
* Gene manipulation-induced
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WHY USING IN VIVO ANIMAL MODELS

"Research on relevant, carefully designed,
well-characterized and controlled animal
models will remain for a long time an
essential step for fundamental discoveries,
for testing hypotheses at the organism
level and for the validation of human data.”

Barré-Sinoussi F, Montagutelli X. Animal models are essential to biological research: issues and perspectives. Future
Sci OA. 2015;1(4):FS063. Published 2015 Nov 1. doi:10.4155/fs0.15.63
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WHY USING IN VIVO ANIMAL MODELS

Research studies at multiple levels, in healthy or diseased conditions:
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« molecules

. cells in vitro approaches (e.g., cell culture)

* organs

- physiological functions and systemic interactions between organs =mm=)  requires a whole organism

Example:

most hormonal regulations, v' no in vitro model currently
qlssemnnaflon of microorganisms dur'm_g mfecfnous diseases available to fully recapi’rula‘re
influence of the intestinal microorganisms on immune defense th int 4 _

development of brain functions. ese interacrions,

v investigations on humans and
animals are still necessary

Hypotheses and models can emerge from in vitro studies but they must be tested and
validated in a whole organism, otherwise they remain speculative. All levels of
investigations are required to get a full description and understanding of the

mechanisms.

Barré-Sinoussi F, Montagutelli X. Animal models are essential to biological research: issues and perspectives. Future
Sci OA. 2015;1(4):FS0O63. Published 2015 Nov 1. doi:10.4155/fs0.15.63



WHY USING IN VIVO ANIMAL MODELS
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. 40 REASONS WHY &

WE NEED ANIMALS IN RESEARCH

Life Stories Human diseases and 40 reasons why we need
treatments animal research

https://www.understandinganimalresearch.org.uk/why




WHY USING IN VIVO ANIMAL MODELS
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HUMAN studies IN VIVO:;

v' important ethical issues involved

v' mostly restricted to neuroimaging

v' difficult to get large and reliable samples

v' difficult to get adequate controls (non-diseased humans do not usually want to
participatell)

v' Longitudinal studies: partcipants give up participating in the study during the course of

study duration

POST-MORTEM HUMAN fissue:
v" has some limitations:
* Involves ETHICAL concerns and FAMILY CONSENT;
* Tissue is most of the tfimes in BAD FIXATION CONDITIONS and/or in BAD
conditions for further processing;
 Not always easy to obtain in adequate number for statistical analysis




WHY USING IN VIVO ANIMAL MODELS
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ANIMAL MODELS

ADVANTAGES

v Allows PERFORMING certain studies that are NOT POSSIBLE in HUMAN
studies IN VIVO (allow mostly neuroimaging): pharmacology, use of biological

tissue for expression studies, gene manipulation, drug screening, etc;

v' Allows evaluating CIRCUITS and CELLS BEHAVIOUR in interaction with the
whole system(s) instead of studying isolate cell types - particularly important

in the nervous system;
v REPRODUCTIBILITY of the experimental conditions;

v" Possible to use ADEQUATE CONTROLS;



WHY USING IN VIVO ANIMAL MODELS
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ANIMAL MODELS

DISADVANTAGES

v': SYMPTOMATOLOGY in animals is NOT always equal to that observed in Human

v Need of VALIDATION:

- Clinical symptomatology

- Modelling and evaluating certain HUMAN behaviours: NOT always EASY

- Testing animal BEHAVIOUR is NOT always EASY, OBJECTIVE and
"TRANSLATABLE" into human behaviour

- Search for MOLECULAR/BIOCHEMICAL markers similar to those observed in
post-mortem human tissue (e.g.: amyloid plaques in Alzheimer's Disease models)



IN VIVO ANIMAL MODELS IN NEUROSCIENCES

[A) Meoplastic disorders Meurological disorders Mental [psychiatric) disorders

e cancers

I
Tissue damage e

NEURODEGENERATIVE DEPRESSION,

DISORDERS, CHRONIC OBSESSIVE -

PAIN COMPULSIVE
DISORDER (OCD)
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IN VIVO ANIMAL MODELS
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HOW TO PRODUCE GOALS

Induction of disease-

responsible genes into -
animals =0 *Elucidation of

, pathogenesis
Administration of drugs to N | *New

animals - '- % | prophylaxis
i =Dagnosis
Fh"ﬂﬂﬂ! treatment such "FIEEEE":I'I ﬁ}r
as operation l/ establishments
of new
RiDoUiaton Ol InfeotioLs LIET

pathogens into animals
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ANIMAL SPECIES

/" Drosophila melanogaster 2 Cell lines R

e a———, §

= wep@
= Chemical and genetic screens . : .
= Transplantation of human cells s Lenetic manipulation
= [n vivo imaging * Pathway dissection
* Chemical and genetic scroens . = Lross-species. Igenomics / = Dirug screening
® [n vivo imaging e — * Target identihcation
= Cross-species:  genomics \ *Economical Y,
|, = Economical . = :
5 ey

f Genetically engineered mice i

* Genetic background studies
i different strains

= Study early events in

disease develapment

» Drug response studies
* Molecular and biochemical pa-'-hology )

| studies; behavioural studies |
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ANIMAL SPECIES
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Problems regarding the use of animals for scientific purposes

1. Results obtained on animals are not necessarily confirmed in further human studies:

= Genetic differences between a given animal species and humans:
= over 95% of the genes are homologous between mice and humans but there are also
differences for example in the members of genes families, in gene redundancies and in
the fine regulation of gene-expression level

= Genetic and physiological variations within each species or between closely related species:
= Laboratory mice were developed as inbred strains, with highly homogeneous geneftic
composition to increase the reproducibility of results and the statistical power of
experiments
= Experiments in different strains of ten show distinct data

No single animal model is able to mimic a given human
disease which is itself polymorphic between patients, but
the differences between strains or species provide
unmatched  opportunity  to  understand  disease
development and differential host response, and to find
new cures
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Problems regarding the use of animals for scientific purposes

2. Animal protection and welfare (European Directive 2010/63/EV):

Three fundamental principles (the three Rs):

= animals must not be used whenever other, non-animal-based,
experimental approaches are available, with similar relevance and
reliability - Replacement

= the number of animals used must be adjusted to the minimum needed to
reach a conclusion - Reduction

= all provisions must be taken throughout the procedures to minimize any
harm inflicted to the animals - Refinement
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Science in living animals - the numbers (in UK)

Procedures on Animals in Great Britain tandi
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Science in living animals - the numbers (in UK)

Statistics of Scientific Procedures
on living animals
2018

Total Number of procedures
3,519,917

Basic Research Regulatory
56% 26%

Animal Research in Great Britain
in 2018

pri d
as mild or sub-threshold, however in 2018 3.6% were

classed as severe.

Number of Procedures by Species

» o ¥

2.6M 514,340 177,904 148,047

Mice Fish

Y o d o

53,672 6,445 11,159 9,873

Sheep Guinea Pigs Rabhits Amphibians

Specially Protected Species

¢ UK law. This mea
ald b

How many people suffer from disease in the UK?
4 million oibers L
900,000 Heart Disease 145,000 Parkinson's Disease

850,000 - 102,000 HvaDs

http://www.understandinganimalresearch.org.uk/news/communications-media/animal -research-numbers-in-2018/



Science in living animals - the numbers (in UK)

20 Years of Animal Research G

in Great Britain (2001 - 2021) ANIMAL

Scientific testing on animals Types of animal research

Organisations that carry out scientific, veterinary and

medical research in Great Britain must record the number

of procedures that are carried out on live animals each

year to comply with the Animals (Scientific Procedures)

Act 1986. Animals can only be used in scientific research Basic Translational Regulatory Environmental Animals are not used to
when there is no viable alternative available. test cosmetic, household

or tobacco products

Procedures and their purpose

. Experimental procedures . Breeding and creation of genetically altered animals

Labs temporarily
closed due to

4M Covid-19
3M *
2M
™

0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

https://www.understandinganimalresearch.org.uk/what - is-animal-research/numbers-animals#GB



Science in living animals - the numbers (in UK)
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Procedures by animal species

Most commonly used animals

Only used when no other species is suitable

@ Horses [ Dogs [} Monkeys

Cats

|

2001

2002
2003
2004
2005
2006
2007

2008
2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020
2021

Procedures by severity

From 2014, procedures have been categorised by their
retrospective severity. Procedures can be as mild as an
injection or as severe as an organ transplant.

Sub-threshold . Mild .Moderate . Severe . Non-recovery

Procedure examples

Below
minimum
threshold

Surgery
under general
anaesthetic

A procedure
that causes
long-term pain

Euthanised
while under
anaesthetic

4M
3M
h l

™

An injection
or similar

2014 2015 2016 2017 2018 2019 2020 2021

This data has been sourced from the UK Government Home Office
annual report 'Statistics of scientific procedures on living animals,
Great Britain' for the years 2001 - 2021.

https://www.understandinganimalresearch.org.uk/what - is-animal-research/numbers-animals#GB
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Laboratory Mouse

Education Overview
Caltech, Oxford, Stanford, Harvard, MIT, Princeton, Cambridge, Imperial, e Involved in around 75% of research
Berkely, Chicago, Yale, ETH Zurich, Columbia, UPenn, John Hopkins, UCL, o Short life-span and fast reproductive rate

means mice are suitable for studying
disease across whole life cycle

* 98% of genes have comparable genes in
humans

e Similar reproductive and nervous
systems and suffer many of the same
diseases as humans including cancer
diabetes and anxiety

e Can be genetically modified to include
human genes in enhance biological
relevance

o(Can act as an avatar for a human cancer to
allow drug therapies to be trialled safely

Cornell, Northwestern, UMichigan, Toronto, Carniege Mellon, Duke,

UWashington, UTexas at Austin, GA Tech, Tokyo, Melbourne, Singapore,
UBC, Wisconsin-Madison, Edinburgh, McGill, Hong Kong, Santa Barbara,
Karolinska Institute, UMinnesota, Manchester . ... and just about
every other major university, medical 3
school & research institution in the world.

Nobel Prizes

1905 - Transmission and treatment of TB
1906 - Structure of Nervous System
1907 - Role of protozoa in disease

1908 - Immunity to infectious diseases
1928 - Investigations on typhus

1929 - Importance of dietary vitamins
1939 - Discovery of antibacterial agent, Prontosil
1945 - Discovery of penicillin

1951 - Yellow fever vaccine

1952 - Discovery of streptomycin

1954 - Culture of the polio virus

1960 - Understanding of immunity

1970 - Understanding of neurotransmitters
1974 - Structural & functional organisation of cells
1975 - Tumour-viruses and genetics of cells
1977 - Hypothalamic hormones

1984 - Techniques of monoclonal antibody formation

Research Areas

Alzheimer's disease, anaesthetics, AIDS

& HIV, anticoagulants, antidepressants,

asthma, blindness, bone and joint disease,

brain injury, breast cancer, cardiac arrest,

' cystic fibrosis, deafness/hearing

loss, Down's sndrome, drugs for high

blood pressure, transplant rejection,
Hepatitis B, C & E, Huntington's disease,

influenza, leukaemia, malaria, motor neurone

disease, multiple sclerosis, muscular

1986 - Nerve growth factor and epidermal growth factor dystrophy, Parkinson's disease, prostate
1990 - Organ transplantation techniques cancer, schistomiasis, spinal cord injury,
1992 - Regulatory mechanisms in cells stroke, testicular cancer, tuberculosis,

1996 - Immune-system detection of virus-infected cells

1997 - Discovery and characterisations of prions

1999 - Discovery of signal peptides C ‘ Of a M . .

2000 - Signal transduction in the nervous system www.understandinganimalresearch.org.uk

2004 - Odour receptors and organisation of olfactory systems www.animalresearch.info
WWW.amprogress.org

. . ; [
2008 - Role of HPV and HIV in causing disease
2010 - Development of in vitro fertilization Llf‘ Esa ‘ ‘ : I www.speakingofresearch.com
2011 - Discoveries around innate and adaptive immunity
2012 - Reprogramming mature cells to pluripotent ones
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VALIDITY OF ANIMAL MODELS UP

DEFINITION:

[APORTO

.(..) the agreement between a test score or measure and the quality it is believed

to measure." (Kaplan RM, Saccuzzo DP: Psychological testing. Principles, applications, and issues. Pacific Grove: Brooks/Cole Publishing
Company; 1997)

v' One validates, not an animal model, but the interpretation of the data arising from
this model.

v" No animal model can be valid in all situations, for all purposes. Validity is restricted to

a specific use of the model.

OBJECTIVE OF VALIDATION:

v To increase the probability that the results in the model predict similar results in
humans

v To improve the confidence in a model, i.e. o evaluate its plausibility and consistency
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VALIDITY OF ANIMAL MODELS

CRITERIA FOR VALIDATION

v Willner', 1991 (Behavioural models in Psychopharmacology. Paul Willner. Cambridge University Press, Cambridge, 1991)

Three criteria:

1) Face validity: does the model phenotype recapitulates the clinical manifestations of
the disease of interest?

2) Construct wvalidity: do experimental manipulations produce mechanisms of
pathogenesis similar to those observed in the disease of interest? - This criterion
may be more difficult fo achieve since the first criterion can be achieved without
the pathological/molecular mechanism being similar

3) Predictive validity: is the model able to predict pathological consequences of
manipulations which are known to exacerbate or mitigate the physiological conditions
in the disease of interest (eg, response to therapeutic drugs) - our ultimate goal



VALIDITY OF ANIMAL MODELS

CRITERIA FOR VALIDATION

[APORTO

v' van der STaay et Gl. , 2009 (F Josef van der Staay, Saskia S Arndt and Rebecca E Nordquist; Evaluation of
animal models of neurobehavioral disorders, Behavioral and Brain Functions 2009, 5:11 doi:10.1186/1744-9081-5-11)

Five criteria:

1) Reliability and replicability (internal validity): NEW
= reliability indicates how consistent an assessment/ testing device/method is;
= replicability or reproducibility is the degree of accordance between the results of the
same experiment performed independently in the same or different laboratories

Internal validity: High reliability and replicability

Reflects the quality of the experimental evaluation of the animal model:

i) how well a study was performed

ii) how strictly putative confounding variables were controlled

iii) how confident one can be that the changes observed in the dependent variable(s)
are caused by experimentally manipulating the independent variable(s), and not by
confounding factors

FM
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VALIDITY OF ANIMAL MODELS

1) Reliability and replicability (internal validity) - NEW

Confounding factors st bita

Experience and
workmanship of stockmen
and experimenters

State and health
of the experimental animals

Time of testing, Test conditions,
day-night rhytm, - - previous test experience
season . : of the model animal
_affect the results of animal
experimental studies

Level of measurement
(nominal, ordinal, interval, ratio),
distribution, variability;
missing values, outliers

Strain, subline,
genetic background,
gender, age

Development: Data acquisition:

level of automation,
technical state and calibration
of test equipment

rearing conditions,
housing conditions,
social hierarchy

Trait factors of the model animal Technical factors

Figure 3
Factors affecting the results of animal experimental studies. In order to increase internal validity, care must be taken
to identify, control and/or eliminate confounding factors (after [83]).
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VALIDITY OF ANIMAL MODELS
CRITERTA FOR VALIDATION

v’ van der‘ STaay et Gl. , 2009 (F Josef van der Staay, Saskia S Arndt and Rebecca E Nordquist; Evaluation of
animal models of neurobehavioral disorders, Behavioral and Brain Functions 2009, 5:11 doi:10.1186/1744-9081-5-11)

2) Face validity: is the degree of descriptive similarity between, for example, the
behavioural dysfunction seen in an animal model and in the human affected by a
particular neurobehavioral disorder.

v' proposed to constitute a major or even the most important criterion for model

evaluation

v' a too strong emphasis on face validity may be an obstacle for developing animal

models using phylogenetically lower animal species as the similarity of

symptoms is generally higher in species that are phylogenetically closer to

humans
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VALIDITY OF ANIMAL MODELS

CRITERIA FOR VALIDATION

v’ van der‘ Sfaay et Gl. , 2009 (F Josef van der Staay, Saskia S Arndt and Rebecca E Nordquist; Evaluation of
animal models of neurobehavioral disorders, Behavioral and Brain Functions 2009, 5:11 doi:10.1186/1744-9081-5-11)

3) Predictive validity: allows extrapolation of the effect of a particular

experimental manipulation from one species to other species, including humans, and

from one condition (e.g. the laboratory) to the other (e.g. the ‘Real World"), or from

one testing time point to another;

In psychopharmacology: refers to the ability of a drug screening or an animal model

to correctly identify the efficacy of a putative therapeutic
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VALIDITY OF ANIMAL MODELS
CRITERIA FOR VALIDATION

[APORTO
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v’ van der‘ STOGY et Gl ., 2009 (F Josef van der Staay, Saskia S Arndt and Rebecca E Nordquist; Evaluation of animal
models of neurobehavioral disorders, Behavioral and Brain Functions 2009, 5:11 doi:10.1186/1744-9081-5-11)

4) Construct validity: do experimental manipulations produce mechanisms of
pathogenesis similar to those observed in the disease of interest? - This criterion may be
more difficult to achieve since the face validity can be achieved without the molecular
mechanism being similar or knowing it

v Measures the degree of similarity between the mechanisms underlying the behaviour

in the model and that underlying the behaviour in the condition that is being modelled.

v' Is a theory-driven, experimental substantiation of the behavioural, pathophysiological,

and/or neuronal components of the model
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VALIDITY OF ANIMAL MODELS
CRITERIA FOR VALIDATION

v’ van der‘ STGGY et Gl. , 2009 (F Josef van der Staay, Saskia S Arndt and Rebecca E Nordquist; Evaluation of
animal models of neurobehavioral disorders, Behavioral and Brain Functions 2009, 5:11 doi:10.1186/1744-9081-5-11)

5) External validity (generalizability): NEW

the extent to which the results obtained using a particular animal model can be

generalized/applied to and across populations (and eventually, species) and

environments, or "the extent to which experimental findings make us better able to

predict real-world behavior"



VALIDITY OF ANIMAL MODELS

5) External validity
(generalizability):
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Standard conditions of model development

CRE-

“Standard” laboratory One gender (usually One age (usually young Asmall number of tests One species, usually

housing (usually small males; sometimas adults) rat, or
same-sex groups, no females, or pooled data (genetically modified)
objects in cage, inci- of males and females mouse

dentally nesting matenal) are used)

Extended model development: increasing generalizability (external validity)

g A o L L e B T T St T s Y

Different housing Both sexes Different ages Additional tests Different species,
conditions, such as a) ontogeny, e.q.: {incl. tests that are including non-rodents
environmental from birth 1o adulthood believed lo maasure

enrichment ﬁ fhe same trait)
) ; g.g. ral
b) aging, e.g.: ; W
3 months ﬁ@! : J

(young adult)

Q 12 months = &g (e

(middie-aged)
é 24 month
{old)
Figure 1

Increasing the generalizability (or external validity) of a model. This can be achieved by assessing the effects of rearing
and housing conditions (first column) through partal, systematic, and conceprual replications (see Fig. |). Gender effects (sec-
ond column), ontogenetic and aging effects (third column) should be an integral part of the model building process. In addition,
the battery of tests for assessing the dependent variables (see Table |, Part B, second and third column) should be extended
and should include tests that are believed to measures the same trait/construct (fourth column; e.g. the Barnes maze [78], the
T-maze [80], and the Morris maze [79] may be used to assess spatial working memory performance). Quasireplications are not
part of the model building process, but may be used for assessing the generalizability across species.
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CHOICE OF SPECIES/ANIMAL MODEL

S Phylogenetic distance
small == [0 species to be modeled

S Exirapolation distance
small — .. tﬂspecies to be modeled

Degree of resemblance

large ith species to be modeled

Generalizability, EXtEmarssss
[argg: validity of animal model 8

striving for generalizability
vs. ethical reservations against
using (particular) model animal
species or animal models

‘Area of potential conflict: small

large f”

Ethical concerns

large about model animal sgg'l"

or animal model

Figure 4

Area of potential conflict between the choice of a specific model animal species/animal model and the
expected degree of generalizability of the results obtained and the ethical reservations against using a particu-
lar model animal species/animal model.
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evaluation: disE:rl:rf?:te N Reduce discomfort, or
A W’?;Lzm'; iusified? abandon development

building/development

STEPS: -
Scientific Singular, or
v' Relevance of the model :"'2:::?“;:; ‘idiosyncratic’
miehosin findings
. . consensus stage
v' Ethical concerns: the degree of discomfort
. Lack of face validty
shown by the model animal as consequence of P Note: this doesn't per se
i i invalidate a model
the experimental manipulations is acceptable,
considering the expected gain of knowledge Fomaogos
v" Internal validity: data obtained in the model e
are reliable and replicable
v . ge Predictability?
FGCC VCllldl"'y Model suffers from
v Predictive validity L
v' Construct validity: satisfy criteria developed
X Vi Duesmndﬂl_
by basic and clinical experts pintidriogy
v

Generalizability/external validity: validity

across different housing conditions and

. . . Model with il -
leOf‘GTOF‘IZS, across different behavioural biological and/or clinical Moriebmeay have

relevance limited applicability

tests, efc

Figure &
Evaluation of an animal model using ethical and scientific evaluation criteria
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