Modelli animali di Patologie Alimentari

corso di laurea in Biotecnologie per I'Alimentazione
2 anno 1 semestre A.A. 2013-2014

Luca Bargelloni

Dipartimento di Biomedicina Comparata e Alimentazione

luca.bargelloni@unipd.it



Modelli animali di:

 Patologie inflammatorie intestinali (Inflammatory Bowel Disease IBD)
Morbo di Crohn
Colite ulcerosa

» Morbo celiaco

 Ulcera peptica

« Carcinoma del colon —retto

* Diabete

e Tossinfezioni alimentari



Laura Cavicchioli

Data/e da definire
Laboratorio di istopatologia
Aula microscopi (Pentagono)

Eric Zinni (modelli di diabete)
Data da definire



1-2 studenti

Presentazione (30 min) di un esempio di modello animale di patologia
alimentare tra quelli non trattati (diversa patologia o diverso modello)

Valutazione della presentazione concorre alla formazione del voto finale
(50%)

Esame scritto con domande a risposta aperta alla fine del corso



Che cos’e un modello? -

Nell'uso scientifico e tecnico, un modello € una rappresentazione di un s v
oggetto o di un fenomeno, che corrisponde alla cosa modellata per il fatto
di riprodurne (eventualmente alla luce di una certa interpretazione) alcune
caratteristiche o comportamenti fondamentali; in modo tale che questi
aspetti possano essere mostrati, studiati, conosciuti laddove ['oggetto
modellato non sia accessibile http://it.wikipedia.org !

“A model, whether animal or non-animal, is meant to be a mimic or surrogate and not
necessarily identical to the subject being modeled” (vational Research Council 1998)

“Il modello animale deve imitare o sostituire il soggetto di interesse, non
necessariamente essere identico ad €SS0” (F. w. Quimby, Animal Models in Biomedical Research, in

Laboratory Animal Medicine, 2002 2a edizione)



Modelli animali per lo studio di fenomeni fisiologici o patologici
(eziologia, meccanismi patogenetici)

Modelli animali di prevenzione e/o la terapia delle patologie



gli animali possono essere usati come modelli di una malattia
della specie umana o di una specie animale per studiare..

cause

progressione

terapia

-

http://www.awionline.org/ht/d/ContentDetails/i/1559

Esempio negativo: la prima specie animale su cui si | Esempi positivi:

testo la penicillina fu il porcellino d’India che diabete mellito tipo I, immunodeficienza
mori. Se le ricerche si fossero fermate a quel grave combinata,

punto si sarebbe potuto concludere che si ipercolesterolemia, distrofia muscolare
trattava di un farmaco pericoloso, invece che Duchenne,

fare il primo passo verso il nuovo capitolo emofilia A e B etc..

degli antibiotici. Venne quindi testato negli
essere umani per i quali non ¢ letale e in altre
specie animali




Come studiare una malattia?

In vivo, osservando i pazienti malati
http://www.clinicalstudyresults.org/home/
http://clinicaltrials.gov

Utilizzando dati epidemiologici

In vitro, attraverso linee cellulari o tessuti normali/malati




The NEW ENGLAND JOURNAL of MEDICINE

SPECIAL ARTICLE

The ClinicalTrials.gov Results Database —
Update and Key Issues

Deborah A. Zarin, M.D., Tony Tse, Ph.D., Rebecca J. Williams, Pharm.D., M.P.H.,
Robert M. Califf, M.D,, and Nicheolas C. Ide, M.S

Table 2. Summary Objectives and Description of Requirements for the ClinicalTrials.gov Results Database.

Objectives
Satisfy legal requirements

Promote objective, standardized reporting by capturing key trial features in the form of tabular data while minimizing
potentially subjective narrative text

Facilitate "good reporting practices,” including accommadation of publishing®® and regulatory*® guidelines

Provide structured data entry to ensure complete reporting, efficient quality review, and consistent display of both
required and voluntary data elements

Support detailed searches with the use of the database structure and other National Library of Medicine functions+
Description of scientific modules (in tabular format)

Participant flow: Progress of research participants through each stage of a trial according to group, including the num-
ber of participants who dropped out of the clinical trial

Baseline characteristics: Demographic and baseline data for the entire trial population and for each group

QOutcome measures and statistical analyses: Aggregate results data for each primary and secondary outcome measure
according to group; statistical analyses as appropriate

Adverse events: List of all serious adverse events; list of other (not including serious) adverse events in each group that ax-
ceed a frequency threshold of 59 within any group; both lists include adverse events, whether anticipated or unantici-
pated, and grouped by organ system

Administrative information
Key dates and contact information

Description of agreements, if any, between the sponsor and the principal investigator that would restrict dissemination
of results by the principal investigator




A
ClinicalStudyResults.org

AboutUs :  Useful Links

These clinical study results are supplied for informational purposes only in the interests of scientific disclosure. They are not intended to substitute for the FDA-approved package insert or other approved labeling.

Search Results: Displaying items 1 -2 0f 2

Company Business Drug Generic Unigue ID Studied Phase | Approved DrugLabel Clinical Study Summary
Name Partner Name Name Indications or
Disease
Bristol-Myers ImClone ERBITUX Cetuximab ERBTX-CHNCR Cancer, Colorectal Phase hitp:/fpackageinsers.bms.com 1) CA225-006 ST. APhase Il Randomized, Open-Label, Multicenter Study of Irinotecan and Cetuximab vs. Irinotecan Details
Squibb C44-1 ] Ipifpi_erbitux.pdf as Second-Line Treatment in Patients with Metastatic, EGFR-Positive Colorectal Carcinoma

Publication:

Sobrero AF, Maurel J, Fehrenbacher L, Scheithauer W, Abubakr YA, Lutz MP, et al. EPIC: phase Il frial of cetuximab plus
irinotecan after fluoropyrimidine and oxaliplatin failure in patients with metastatic colorectal cancer. J Clin Oncol. 2008
May 10;26(14):2311-9.

Abstract:
hitp:/) nchi.nlm.nih.govientrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=Abstractilist_uids=18390971&
query_hl=12&itool=pubmed_docsum ...{Full Text)
Bristol-Myers ImClone ERBITUX Cetuximab ERBTX-CNCR Cancer, Colorectal Phase | hitpiipackageinserts.bms.com 1) CA225-041: Anti-Epidermal Growth Factor Receptor (EGFR) antibody, Cetuximab (C225), in patients with stage [V Details
Squibb Cd4-l I Ipifpi_erbitux.pdf Colorectal Carcinoma who failed all standard therapy: an Access Protocol.

Reagistration:

hitp:/fwww clinicaltrials. gowict2iresults 7tlerm=MNCT00055419
-(Full Text)
MNew Search
Search Criteria
Company Name Drug Mame
ImClone - Please Select one -
Studied Indications or Disease Study Mame

Cancer, Colorectal -




Fase O
Dosi subterapeutiche farmaco cinetica

Fase | (sicurezza del farmaco)
Valutazione di sicurezza, farmacovigilanza, tollerabilita, farmacocinetica farmacodinamica

Fase Il (effetto del trattamento iniziale) lla llb

La fase lla € progettata specificatamente per valutare la quantita di farmaco necessaria.

La fase llb & progettata specificatamente per studi di efficacia (valutare come il farmaco
lavora alla dose prescritta). Vengono anche chiamati con un termine inglese dose ranging.
Fase lll (valutazione generale)

Quando un farmaco e considerato ragionevolmente efficace e sicuro, viene somministrato
a un numero alto di soggetti.

Gli studi in fase Il sono trial multicentrici randomizzati e controllati, effettuati su un grande
gruppo di pazienti (300-3000 o piu, a seconda della malattia o della condizione medica
investigata), e vengono utilizzati per effettuare la valutazione definitiva sull'efficacia del
farmaco versus il "gold standard" corrente. In virtu della loro grandezza e durata, i trials in
fase lll sono i piu costosi, duraturi e difficili per quanto concerne progettazione e decorso,
soprattutto nel caso di malattie croniche.



Come studiare una malattia?

In vivo, osservando i pazienti malati
http://www.clinicalstudyresults.org/home/
http://clinicaltrials.gov

Utilizzando dati epidemiologici

In vitro, attraverso linee cellulari o tessuti normali/malati
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Come studiare una malattia?

In vivo, osservando i pazienti malati
http://www.clinicalstudyresults.org/home/
http://clinicaltrials.gov

Utilizzando dati epidemiologici

In vitro, attraverso linee cellulari o tessuti normali/malati




The Reductionist View A Heterotypic Cell Biology

Cancer cells Cancer cells Fibroblasts

Immune cells




LETTER

Directed differentiation of human pluripotent stem
cells into intestinal tissue in vitro

Jason R. Spence!, Christopher N. Mayhew!, Scott A. Rankin', Matthew F. Kuhar', Jefferson E. Vallance?, Kathryn Tolle',
Elizabeth E. Hoskins?, Vladimir V. Kalinichenko™?, Susanne I. Wells®, Aaron M. Zorn', Noah F. Shroyer™? & James M. Wells'

doi:10.1038/nature09691
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Osservando animali con una malattia simile alll'uomo

Inducendo la malattia in una specie animale suscettibile

Modelli animali

http://news.medill.northwestern.edu/chicago/news.aspx?id=105989



Modelli animali

Spontanei: animali normali con meccanismi
fisiologici simili a quelli della specie di interesse o
iIndividui, appartenenti alla specie modello, anormali
a causa di mutazioni spontanee

Indotti: animali normali che vengono sottoposti a
manipolazione (chirurgica, chimica, farmacologica,
genetica) per indurre uno stato patologico



» | modelli spontanei possono consistere in animali che in condizioni normali hanno
processi fisiologici simili a quelli del’'uomo oppure patologie animali che spontaneamente
si verificano in una specie

» Non sono spesso anticipabili su base filogenetica

LSD Si, (20) Si, (10) Quaglia giapponese
Epatite B/EpatoK No No Woodchuck

Tumori mammari Si (misti) Si (sempilici) Topo, virale
Neoplasie testicolari Si (20 volte piu No

frequenti dell’'uomo)

Ipertensione arteriosa No No Tacchino americano

Cheloide cicatriziale No No Cavallo (“proud flesh™)



THE UNIVERSITY OF

ey SYDNEY OMIA - ONLINE MENDELIAN INHERITANCE IN ANIMALS

OMIA  FACULTY OF VETERINARY SCIEMCE UNMNERSITY HOME CONTACTS Enter search terms SEARCH

OMIA home Browse Search Landmarks, Reviews, Maps Download Curate Contact Citing OMLA Mews | Acknowledgements Links

You are here: OMLA / Home

WELCOME TO OMIA

Cnline Mendelian Inheritance in Animals (OMIA) is a catalogue/compendium of inherited disorders, other (single-locus) traits, and genes
in 213 animal species (otherthan human and mouse and rats, which have their own resources) authored by Professor Frank Micholas of Balancing selection at the

the University of Sydney, Australia, with help from many people over the years. OMIA information is stored in a database that contains polledhorns locus:
textual information and references, as well as links to relevant PubMed and Gene records at the NCBI, and to OMIM and Ensembl. 21 August 2013 A

fascinating evolutionary story
concerning the polledihorns
locus in Soay sheep has
been uncovered by Johnston
et al. (2013). This has all the
hallmarks of a classic

OMIA is manually curated by a team of specialists. If you see an error or wish to submit an entry, please contact us.

From 1st September 2011, the OMIA number is binomial, with the format OMIAxocoo-yyyy, where 00000 is the G6-digit number for a
trait'disorder, and yyyy is the NCBI species taxonomy id.

Summary
textbook example of
) ) _ Japanese golden heterozygote advantage
dog cattle cat sheep pig horse chicken goat rabbit quail hamster Other TOTAL (overdominance) for fitness.
Total traits/disorders £h| 443 318 229 226 221 208 74 62 43 40 18 | 3013

Manx taillessness resolved.

Mendelian traitidisorder 246 180 82 96 50 41 126 13 | 22 28 162 1087 15 August 2013
. -~ . Buckingham et al. (2013)
Mendelian trait'disorder,
key mutation known 173 87 46 42 23 23 38 8 7 2 3 e 238 have reported mutations in
i the T gene that are causal
Potential models for 342 159 182 98 85 116 42 30 37 11 15 269 1386  forthevarious short-tail

human disease - T |7 phenotypes characteristic of

Manx cats. Short tail in Manx
cats was the first feline trait
to be documented as

[ [P R T U S T



» | modelli indotti sono stati sottoposti a manipolazione chirurgica, chimica, fisica,
farmacologica o genetica per creare sperimentalmente la condizione che deve essere
studiata

» | modelli negativi sono animali nei quali una malattia non si sviluppa o che non
possiedono una reattivita ad un determinato stimolo

» La singola categoria di modelli animali piu frequentemente utilizzata in biomedicina é
quella ottenuta con manipolazioni genetiche (animali transgenici)
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BUT SOME ANIMALS ARE
MORE EQUAL THAN
OTHERS.

Fig. 2. Phenotype of VDR knockout mouse (KO) compared to wildtype littermate
(WT; NMRI background strain] at the age of 4.5 (top) and 8.5 (bottom) months.



Figure 2: Gene Targeting and Conditional Knockouts
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Modelli animali ideal

-uguale al processo umano che devono riprodurre

-facilita di manipolazione

-abilita di fornire cucciolate numerose

-economicamente vantaggioso

-facilita nell’eseguire prelievi di sangue e tessuti sequenziali nello stesso individuo
-composizione genetica definita

-facilita nell’esternare la malattia o lo “status” richiesto

Migaki and Capen, 1984, Leader and Padgett 1980, Dodds and Abelseth 1990



Variabili per la selezione di un modello animale app  ropriato

-Specie: mammifero/non mammifero

-Eta: immaturo o maturo, velocita di sviluppo

-Dieta: ruminante/monogastrico, carnivoro/erbivoro/onnivoro
-Sesso: maschio/femmina castrato

-Variazione diurna: livelli ormonali etc

-Stagionalita: specie stagionali (es. pecore)

-Temperatura: omeotermi/eterotermi

- Genetica-genomica

Harrison et al: Gastrointestinal-tract models and techniques for use in safety pharmacology.
Journal of pharmacological and toxicological methods 49(200) 187-199



Selezione di un modello animale

Ratto:
A livello intestinale differisce dall'uomo per 1) assenza di cistifellea, 2) attivita notturna
3) flora batterica intestinale; 4) capacita di legare i farmaci a livello plasmatico

Es. ratti di 14 giorni hanno una motilita intestinale limitata, pero i ratti allevati con la madre
hanno una motilita intestinale spontanea maggiore e sono piu sensibili alla stimolazione
con analoghi dell’acetilcolina.

La funzione gastrointestinale non é solamente limitata al grado di maturita di un particolare
modello animale, ma é correlata allo stress, alla stabulazione, manipolazione

Harrison et al: Gastrointestinal-tract models and techniques
for use in safety pharmacology.

Journal of pharmacological and toxicological methods
49(200) 187-199




Suini:

-Anatomicamente e fisiologicamente molto simili alluomo (monogastrici, onnivori, lunghezza del
tratto intestinale, termoneutralita, limitata superficie corporea coperta dal pelo, stato
endocrinologico simile alla nascita)

-I suinetti di una settimana mostrano un quadro di motilita intestinale simile a quello di un bambino
prematuro di 6 settimane

-1l suino viene utilizzato come modello animale soprattutto per i sistemi cardiovascolare, digestivo e
cutaneo.

-la vascolarizzazione coronarica € molto simile e permette studi sull'infarto miocardico Acuto (IMA)
e sullimpianto di stent

-sviluppano aterosclerosi quando viene somministrata una dieta ad elevato livello di grassi

-la fisiologia dell'apparato digerente € molto simile

-sono utilizzati come modelli per la guarigione di ferite cutanee e per gli studi di

tossicologia cutanea :Im. Ed Switzer
Flastic Surgery
S

Edith, after the wounds
heal and bandages come off,
your looks WILL improve but
you will still be a pig.

-trapianti di organi e fonte di organi per xenotrapianto
-modelli chirurgici




Pancreatic islets
(diabetes mellitus)

Heart
(bridge to allotransplantation,
end-stage cardiac disease)
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(general surgery and orthapaedic surgery) (multiorgan failure)




Transgenic pigs and virus adaptation

Pigs offer the best hope of providing organs for transplantation to humans. But, in overcoming the problems of
tissue rejection, we may be increasing our risk of infection from pig viruses.

Robin A. Weiss

Homer's story of what Circe achieved with
an early formulation like cyclosporine has
inspired the name of a biotechnology com-
pany that provides pig hepatocytes for ex vivo
treatment of fulminant liver failure, and we
named a pig retrovirus in her honour. Down
the ages there have been many tales of men
being transformed into beasts, and princes
into frogs. Marie Darrieussecq’s Truismes,
now available in English trandation’, is a
modern parable on the porcine fate of a
young woman in a ‘massage’ parlour who
gradually turns plumper and pinker and
who begins to grunt and squeal in a way that
initially delights her clients, Billed as a femi-
nist version of Kafka's Metamorphosis, it
probably owes as much in its undertones of
fascism to loncaco’s Rlninoceros. Converscly,
anthropomorphism in animals is an equally
popular gente for cautionary tales, ranging
from Aesop’s Fables to the telling climax in
Orwell's Amimal Farrm when the pigs totter
around on their hind legs. [t is this second
aspect, the humanization of pigs, that I wish
toaddress in thiscommentary on xenotrans-
plantation — in which tissue is transferred
fromonespeciesto another—andinfection.

Circe offered Odysseus's men a potion mixed with
cheese, honey and wine. And when they had emptied
their bowls, they grew pigs' heads and bristles, and they
grunted like pigs; but their minds were as human as ever.




Int. J. Biol. Sci. 2007, 3 179

International Journal of Biological Sciences
[55N 1440-2288 www biolsciorg 2007 3(3):179-184
©The Author. All rights reserved
Review

Advaneces in Swine Biomedical Model Genomiecs

Joan K. Lunney



Table 1. Advantages of Swine as a Biomedical Model

® & & & & @#

Human size — particularly miniature pigs

Physiology similar to humans

Large litter sizes

Cloming and transgenic technology well-advanced

Numerous well defined cell lines

Similar disease progression

o metabolic |, e.g. obesity and heart disease

o infectious diseases — NUMErous organisms cause
infections across species

Ability to deliberately time studies and collect repeated

and, at kill, detailed tissue samples

High sequence and chromosome structure homology

with humans

Improving genomic and proteomic tocls



Table 2. Swine Biomedical Models

Maodel! Current Ref.
« Heart physiology
r o Stent design, tissue engineering of blood vessals [28, 28]
Atherosclernsis [, 10]
Myocardial infarction 127, 28]
Ex vivo heart model [29]
o Emergency procedurses [30. 31]
+ Reproductive function
IMaternal-fetal interactions [14]
= Embryo development [15=17]
o Sperm 120, 21]
+ Transplantation
Cell and organ transplants [32, 23]
o Xenotransplantation 5, 24, 35]

o Drug therapies and bictherapeutics
+ Skin physiology

o~ Percutaneous permeation [36, 37
Contact dermatitis [28]
o Skin eguivalent cultune model [39]
o Melanoma [40.41]
+« Brain
= Stroke - facal cerabral ischemia [42]
ARG dementia - Multinucleated giant cell formation [43]
o Drug binding sites and interactions [44]
+ Gut physiology and Mutrition
o Gut structure and intestinal metabalism |45, 46)
o Obesity [47]
Frobiotics and gut physiclogy [48. 49)
Biologic and immunelogical basis of food allergies [50. 51]
+ Bilomechanical maodels
= FResponse to injury [S2]
o Imaging lechnigquas 153, 84]
Bone densily analyses - Osteoporosis [55]
+ Tissue engineering
= Cartilage repair - chondrocytes [56]
o Spinal fusion [57]
Organ specific gene delivery 58]
Lens capsule epithelial calls for cataract rapairs [59, &0]
-~ Palymer scaffolds [B1, 82]
o Tooth development - dental @name &3]
. espiratory function
= Meonatal respiratory distress [64]
o Thofadic aimfisial lung [65]
Disease models and therapies; Asthma [66.67]

« Infectious disease models
Therapeutics Vaccines, Biotherapeutics, Drug therapias [&&. &a]

-

o Developmental Inleractions [70.71]
o Mugosal lissue responsas [T2-75]
o Genomics of host responses [7€]



Table 3. Lessons learned from Swine Melanoma Studies

« Well established and characterized models
5 Sinclair melancma
- Melanoma-bearing Libechav Minipig (MeLiM)
Large numbers of affected individuals for mapping studies
Detailed phenotypic information
o> Comparative analyses of normal versus tumor tissues
= Assessment of factors determining development of pathology
o Well defined tumor regression
« Access to cancerous tissues
~  Analyses of specific lumor subsets
o Cell migration and tumor infiltrating lymphocyte analyses
= Definition of regulatory pathways



Table 4. Utilizing genomuics for Swine Models - Issues to
Consider

« Genotyping
Population Design
Mapping or gene/protein expression
Increasing number of SNPs available for swine
» Fhenotyping
o Extensiveness of phenotype improves ability to reveal full
details of genetic control
o |Importance to sample local tissues, not just peripheral
blood ar mucosal scorctions
o Additive information provided by in vitro cellular systems
< Impact of imaging technigues on expanding phenotype
= (Candidate genes versus hypothesis independent analyses
o BExperimental effort required to consider numerous
candidate genes
Fotential for uniased arrays/ comparative maps
Datasets — Current limits on numbericomplexity of samples

to compare phenotype with genctype

(o



Data Sheet: DNA Analysis l I I umina

PorcineSNP60 Genotyping BeadChip

More than 62,000 SNPs that deliver the densest coverage available for the porcine genome

— Highlights : Flgure 1: PorcineSNPG0 BeadChip

* Comprehensive and Uniform Coverage
Evenly distributed polymormphic SMPs with a median < 28 kb
gap spacing

* Unrivaled Call Rates and Accuracy
= 09% average call rates and > 99.9% reproducibility

* Simple Workflow
PCR- and ligation-free protocol
* High-Throughput Format
Up to 12 samples can be interrogated in parallel




Legislazioni nazionali sull'utilizzo
degli animali nella ricerca

UK animals Act 1986

USA Institute for Laboratory Animal Research (ILAR): Giude for the Care and Use
Of Laboratory Animals (http://dels.nas.edu/Laboratory

EU webpage of Laboratory animals
(http://ec.europa.eu/environment/chemicals/lab_animals/home_en.htm)

Public Health Service Policy on humane care and use of laboratory animals
(Office of Laboratory Animal Welfare, NIH 2002)

Direttiva del Consiglio europeo del 24/11/1986 (86/609/CEE) sulla protezione degli
animali utilizzati ai fini sperimentali o per altri fini scientifici
recepita in Italia con il Decreto Legislativo 27/01/1992 n°® 116

Directive 2010/63/EU revising Directive 86/609/EEC
Legge 6 agosto 2013, n. 96, articolo 13
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European Commission > Environment > Chemicals > Laboratory Animals

Introduction

The protection and welfare of animals is an area coverad by a wide range of EU legislation.
This includes the protection of wildlife, zoo animals, farm animals, animals in transport and
animals used for scientific purposes. Animal studies, whether for the development or
production of new medicines, for physiological studies, for studying environmental effects
or for the testing of chemicals or new food additives, has to be carried out in compliance
with EU legislation.

Laboratory Animals Since 1986, the EU has had in place spedific |eagislation covering the use of animals for
scientific purposes. On 22 September 2010 the EU adopted Directive 2010/63/EU which
updates and replaces the 1986 Directive 86/609/EEC on the protection of animals used for
scientific purposes. The aim of the new Directive is to strengthen legislation, and improve
the welfare of those animals still needed to be used, as well as to firmly anchor the
principle of the Three Rs, to Replace, Reduce and Refine the use of animals, in EU
legislation.

Latest documents



Horizontal legislation on the protection of animals used for scientific purposes
Directive 2010/63/EU

Directive 2010/63/EU revising Directive 86/609/EEC on the protection of animals
used for scientific purposes was adopted on 22 September 2010. The Directive is
firmly based on the principle of the Three Rs, to replace, reduce and refine the use
of animals used for scientific purposes. The scope is now wider and includes
cyclostomes and foetuses in their last trimester of development as well as animals
used for the purposes of basic research, higher education and training. It lays down
minimum standards for housing and care, regulates the use of animals through a
systematic project evaluation requiring inter alia assessment of pain, suffering
distress and lasting harm caused to the animals. It requires regular risk-based
Inspections and improves transparency through measures such as publication of
non-technical project summaries and retrospective assessment. The development,
validation and implementation of alternative methods is promoted through
measures such as establishment of a Union reference laboratory for the validation
of alternative methods supported by laboratories within Member States and
requiring Member States to promote alternative methods at national level. The
Directive will take full effect from 1 January 2013.



Concetto delle "3R", proposto da Russell e Burch nel 1959 (“The principle of
humane experimental technique” London, Meuthen): Refinement, Reduction
and Replacement.

Replacement : rimpiazzare gli animali con metodi alternativi

Reduction : del numero degli animali per ottenere gli obiettivi prefissati
Refinement : utilizzare metodiche che minimizzano la sofferenza degli animali

Il termine "metodi alternativi” & stato introdotto solo piu tardi, nel 1978 da
Smyth, come sintesi del modello delle 3R, generando tuttavia non poche
aspettative e resistenze su tutti i fronti.
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Scopi

Come definito nella comunicazione della
Commissione Europea al consiglio europeo e al parlamento europeo (Ottobre 1991):

1.

2.

Coordinare la validazione di metodi alternativi a livello del’'Unione Europea
Centralizzare lo scambio di informazioni per lo sviluppo di metodi alternativi
Creare, mantenere e gestire un database con le procedure alternative
Promuovere il dialogo tra legislatori, industrie, ricercatori, consumatori,

organizzazioni e gruppi animalisti con lo scopo di sviluppare, validare e far
riconoscere a livello internazionale le procedure dei metodi alternativi



Horizontal legislation on the protection of animals used for scientific purposes
Directive 2010/63/EU

Directive 2010/63/EU revising Directive 86/609/EEC on the protection of animals
used for scientific purposes was adopted on 22 September 2010. The Directive is
firmly based on the principle of the Three Rs, to replace, reduce and refine the use
of animals used for scientific purposes. The scope is now wider and includes
cyclostomes and foetuses in their last trimester of development as well as animals
used for the purposes of basic research, higher education and training. It lays down
minimum standards for housing and care, regulates the use of animals through a
systematic project evaluation requiring inter alia assessment of pain, suffering
distress and lasting harm caused to the animals. It requires regular risk-based
Inspections and improves transparency through measures such as publication of
non-technical project summaries and retrospective assessment. The development,
validation and implementation of alternative methods is promoted through
measures such as establishment of a Union reference laboratory for the validation
of alternative methods supported by laboratories within Member States and
requiring Member States to promote alternative methods at national level. The
Directive will take full effect from 1 January 2013.
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DIRECTIVES

DIRECTIVE 2010/63/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 22 September 2010
on the protection of animals used for scientific purposes

(Text with EEA relevance)



Artidle 1
Subject matter and scope

1.  This Directive establishes measures for the protection of
animals used for scientific or educational purposes.

To that end, it lays down rules on the following:

(a) the replacement and reduction of the use of animals in
procedures and the refinement of the breeding, accom-
modation, care and use of animals in procedures;

(b) the origin, breeding, marking, care and accommeodation and
killing of animals;

(c) the operations of breeders, suppliers and users;

(d) the evaluation and authorisation of projects involving the
use of animals in procedures.



6)

New scientific knowledge is available in respect of factors
influencing animal welfare as well as the capacity of
animals to sense and express pain, suffering, distress
and lasting harm. It is therefore necessary to improve
the welfare of animals used in scientific procedures by
raising the minimum standards for their protection in
line with the latest scientific developments.



Gli animali soffrono?

La sofferenza € una condizione di dolore, che puo riguardare il corpo e/o il
vissuto emotivo del soggetto. Essa puo derivare direttamente da un trauma,
fisico o emotivo, oppure pud essere espressione di una afflizione interiore piu
profonda, di cui puo essere difficile o impossibile individuare un fondamento
oggettivo (...). nupiitwikipedia.orgwikiSofterenza

Animal welfare is the physical and psychological well-being of non-human
animals.[1] The term animal welfare can also mean human concern for animal
welfare or a position in a debate on animal ethics and animal rights.[2]

Systematic concern for animal welfare can be based on awareness that non-
human animals are sentient and that consideration should be given to their
well-being, especially when they are used by humans.[3] These concerns can
include how animals are killed for food, how they are used for scientific
research, how they are kept as pets, and how human activities affect the
survival of endangered Species. nupiienwikipedia.orghvikiiAnimal_welfare



: F@ H Farm Animal Welfare Council

Homepage Five Freedoms

Council role

Strategic plan The welfare of an animal includes its physical and mental state and we consider that good animal welfare implies both fitness and a sense of well-being. Any animal kept by man, must at least, be

Current activities protected from unnecessary suffering.

Reports . . . . . . .

e P i We believe that an animal's welfare, whether on farm, in transit, at market or at a place of slaughter should be considered in terms of 'five freedoms’. These freedoms define ideal states rather than
SV e es standards for acceptable welfare. They form a logical and comprehensive framework for analysis of welfare within any system together with the steps and compromises necessary to safeguard and

Members improve welfare within the proper constraints of an effective livestock industry,

Meetings

Five freedoms 1. Freedom from Hunger and Thirst - by ready access to fresh water and a diet to maintain full health and vigour.

Dpenness 2. Freedom from Discomfort - by providing an appropriate environment including shelter and a comfortable resting area.

FAWC opinions

FAWC advice 3. Freedom from Pain, Injury or Disease - by prevention or rapid diagnosis and treatment.

Liaison Group 4. Freedom to Express Normal Behaviour - by providing sufficient space, proper facilities and company of the animal's own kind.

Contacts

5. Freedom from Fear and Distress - by ensuring conditions and treatment which avoid mental suffering.

1. Freedom from Hunger and Thirst — by ready access to fresh water and a diet to maintain full
health and vigour.

2. Freedom from Discomfort — by providing an appropriate environment including shelter and a
comfortable resting area.

3. Freedom from Pain, Injury or Disease — by prevention or rapid diagnosis and treatment.

4. Freedom to Express Normal Behaviour - by providing sufficient space, proper facilities and
company of the animal’s own kind.

5. Freedom from Fear and Distress — by ensuring conditions and treatment which avoid mental
suffering.
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5. Freedom from Fear and Distress — by ensuring conditions and treatment which avoid
mental suffering.

First, freedom from fear and distress 1s a typical anthropo-
centric construct. Fear 1s an emotion produced by the percep-
tions of impending danger and is normal in appropriate
situations. It is a vital evolutionary legacy that leads an organ-
ism to avoid threat. Without fear, few vertebrates in the wild
would survive long enough to reproduce. Thus, fear has fitness
value. However, this does not mean that in the absence of
threats animals should feel fear,

Korte et al. 2007



5. Freedom from Fear and Distress — by ensuring conditions and treatment which avoid
mental suffering.

sibilities under the Animal Welfare Act [9]. They came up with
a working definition of distress: “a state in which an animal
cannot escape from or adapt to the internal or external stressors
or conditions it experiences, resulting in negative effects on its
well-being”. The Federation of American Societies for
Experimental Biology objected that this definition is “vague
and could lead to widely varying, highly subjective interpreta-
tions”, and “there are no simple physiological or behavioral
criteria to mark the point where an animal that experiences
stress becomes distressed™ [10]. Previously, it has been con-
cluded that the term (dis)stress has so many different meanings
that it becomes counterproductive by inhibiting a proper
application and critical interpretation of experimental results
[11]. Distress has mostly been associated with negative events
and consequences. There is, however, no justification for the
assumption that the expression of stress responses always
compromise health or welfare. Indeed, the functional aspects
of stress have often been neglected [12]. The paradox of
stress lies in the simultaneity of its adaptive nature and its
possible maladaptive consequences [13,14]. The best known

Korte et al. 2007



Second, one might expect that natural selection will shape a
body for maximum health and longevity. Unfortunately, this is
not always true. Health 1s not the outcome of natural selection,
maximal reproduction is. If a mutation causes a disease, but
yields a net increased reproductive success, it will be selected
for [19]. Here is exactly where fitness and animal welfare
depart: something can benefit reproductive success but involve
negative experiences for the individual, causing poor animal
welfare,

Korte et al. 2007



3. Freedom from Pain, Injury or Disease — by prevention or rapid diagnosis and treatment.

Third, freedom from pain, injury or disease 1s a utopia. For
example, pain 1s a natural defense mechanism that helps to
protect organisms from potential threats and dangerous
substances. Pain, nausea, fever, vomiting and diarrhea are
products of natural selection. Although they produce suffering,
they are defense mechanisms that protect organisms [20].

Korte et al. 2007



4. Freedom to Express Normal Behaviour - by providing sufficient space, proper facilities and company
of the animal’s own kind.

Fourth, intuitively it is appealing to improve animal welfare
by respecting the nature of the animals. However, one has to
realize that due to natural selection, nature i1s by no way a
paradise. For instance, mice from some laboratory lines can
survive as long as three years, while free-living wild mice are
likely to die much earlier from disease, competition, or
predators [21]. Male mice will tolerate their own offspring,
but will kill oftspring born to females that belong to other demes
[22]. Wild animals try to increase their genes in a population. In
contrast, many farm and laboratory animals are docile, due to
artificial selection on the calmest amimals. Consequently,
behavior, temperament and associated physiology of these
animals may have been modified during domestication. It is
important to realize that wild, farm and experimental animals
differ in the way genetic (natural or artificial) selection takes
place with different consequences for ethics and animal welfare
(see Table 1).

Korte et al. 2007



1. Freedom from Hunger and Thirst — by ready access to fresh water and a diet to maintain full health and vigour.

Fifth, freedom of hunger or ad libitum food availability in
farm animals and zoo animals also produces problems [23].

Freedom from hunger together with an impoverished environ-
ment may disturb mental health as retlected by stereotypic and
compulsive behaviors in zoo, circus and farm animals. Quan-
titively this 1s the world’s largest animal welfare problem. In
addition, mammals that are fed a restricted calorie diet live
longer. Thus, longevity and hunger are part of a healthy mam-
mal’s life.

Korte et al. 2007



Korte et al. 2007

affected farmers but also society on a large scale. In European
law, animals now are defined as “sentient” creatures, indicating
that they are considered as conscious feeling animals, no longer
just as agricultural products, and they have a value of their own.
This is an understandable change, because conscious feeling
animals are crucial to animal welfare, but without scientific
background it opens the door for anthropocentric (public)
thinking of how animals ought to be handled. This increases the
risk that subjectivity, cultural and non-scientific opinions will
largely affect legislation on how to keep and treat animals. This
creates a considerable obstacle for progress on animal welfare
on a more global scale.

However, this anthropocentric thinking of how animals
ought to be handled should be rejected because the latest
developments in neurobiology and behavioral physiology make
it possible to objectively investigate the relationships between
emotional individual beings and their environment to under-
stand and improve animal welfare where needed. To understand
animal welfare in conscious feeling animals i1t is crucial to
investigate both brain and periphery states in relation to the
environmental challenges that have led to these states. Accord-
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Table 2

The different mediators of allostasis, assocmted allesatic state and allostatic load due to hypostimu lation or hyperstimulation, respectively

Madiawrs of allosiasis Assesamient of allosmie sate Mismsures of allostatic load
Hypostmulation Hyperstimulation
Central nervous Glucocoricoids, Amino acids, change in centml MR /GR balunge violenge cognilive mpatrment
Svslém Cytokines, Serolonin, - impulse control disorders - anxiety disorlers
Dopamine, Norepinephrne, ~ altered hippocampal CA3 dendnne ~ afypical depression - metancholic depression
Weuropeplides ke URF, ete, tree atrophy
- altered DG cell tumover = hypersomnia =~ IS
- expresson and fnction of 3-HT; 4 3-HTae = chronic tatipue - pEychobc siates
Cordio-vascube  Catecholamines: -elevated levels of overnight urinuy ~ventrscular arrhythmia’s - hyperieirion
syslem e adrenaline catecholamines
= decreased vagal activity - sudden death - ventricular bean
hypertrophy
~ increased cloing faetors - merensed blood
clommyz
Immine tilcocorticouls Cylokines decreased plosma cortisol kevels and infection mflammation
sydem g IL-1,-4-6-10, TNF-a, decreased mobility of white cells ~ impaired wound healing ~ Butsim ity
THF-y, et ~ increased levels of mflsmmatory = retarded mmmonzation
eytokines
Metaho lic Cilucocorticods ~clevaled and Nattensd diumal ~weight loss ~phdominal fal
Sysiem arnary cortisol - athenoscleross
miuscle wasting
- increased insulm and glucose levels - bone thinning
- diabetis

Abbmviations: CRF

— Corthcotropin releating factor; MR — mineralocorticoid receptor, GR

hydroxytryptophan, 1L — mtedenkine; TNF — tumor necrosis factor,

glucocorticoid receplor; DG

- Dentte Gyrus, 3-HT — 3



(13)

The choice of methods and the species to be used have a
direct impact on both the numbers of animals used and
their welfare. The choice of methods should therefore
ensure the selection of the method that is able to
provide the most satisfactory results and is likely to
cause the minimum pain, suffering or distress. The
methods selected should use the minimum number of
animals that would provide reliable results and require
the use of species with the lowest capacity to experience
pain, suffering, distress or lasting harm that are optimal
for extrapolation into target species.



(14) The methods selected should avoid, as far as possible,
death as an end-point due to the severe suffering
experienced during the period before death. Where
possible, it should be substituted by more humane end-
points using clinical signs that determine the impending
death, thereby allowing the animal to be killed without
any further suffering.




{15) The use of inappropriate methods for killing an animal
can cause significant pain, distress and suffering to the
animal. The level of competence of the person carrying
out this operation is equally important. Animals should

therefore be killed only by a competent person using a
method that is appropriate to the species




(16) It is necessary to ensure that the use of animals in
procedures does not pose a threat to biodiversity.
Therefore, the use of endangered species in procedures
should be limited to a strict mmimum.




(17)

Having regard to the present state of scientific
knowledge, the use of non-human primates in scientific
procedures is still necessary in biomedical research. Due
to their genetic proximity to human beings and to their
highly developed social skills, the use of non-human
primates in scientific procedures raises specific ethical
and practical problems in terms of meeting their behav-
itoural, environmental and social needs in a laboratory
environment. Furthermore, the wuse of neon-human
primates is of the greatest concern to the public.
Therefore the use of non-human primates should be
permitted only in those biomedical areas essential for
the benefit of human beings, for which no other

alternative replacement methods are yet available. Their
use should be permitted only for basic research, the
preservation of the respective non-human primate
species or when the work, including xenotransplantation,
is carried out in relation to potentially life-threatening
conditions in humans or in relation to cases having a
substantial impact on a person’s day-to-day functioning,
i.e. debilitating conditions.



(18)

The use of great apes, as the closest species to human
beings with the most advanced social and behavioural
skills, should be permitted only for the purposes of
research aimed at the preservation of those species and
where action in relation to a life-threatening, debilitating
condition endangering human beings is warranted, and
no other species or alternative method would suffice in
order to achieve the aims of the procedure. The Member
State claiming such a need should provide information
necessary for the Commission to take a decision.
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(20) There is a need for certain species of vertebrate animals
used in procedures to be bred specifically for that
purpose so that their genetic, biological and behavioural
background is well-known to persons undertaking the
procedures. Such knowledge both increases the scientific
quality and reliability of the results and decreases the
variability, ultimately resulting in fewer procedures and
reduced animal use. Furthermore, for reasons of animal
welfare and conservation, the use of animals taken from
the wild in procedures should be limited to cases where
the purpose of the procedures cannot be achieved using
animals bred specifically for use in procedures.
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(26)

At the end of the procedure, the most appropriate
decision should be taken as regards the future of the
animal en the basis of animal welfare and potential
risks to the environment. The animals whose welfare
would be compromised should be killed In some
cases, animals should be returned to a suitable habitat
or husbandry system or animals such as dogs and cats
should be allowed to be rehomed in families as there is a
high level of public concern as to the fate of such
animals. Should Member States allow rehoming, it is
essential that the breeder, supplier or user has a
scheme in place to provide appropriate socialisation to
those animals in order to ensure successful rehoming as
well as to avoid unnecessary distress to the animals and
to guarantee public safety.




(46)

The availability of alternative methods is highly
dependent on the progress of the research into the devel-
opment of alternatives. The Community Framework

Programmes for Research and Technological Devel-
opment provided increasing funding for projects which
aim to replace, reduce and refine the use of animals in
procedures. In order to increase competitiveness of
research and industry in the Union and to replace,
reduce and refine the use of animals in procedures, the
Commission and the Member States should contribute
through research and by other means to the development
and validation of alternative approaches.



Art. 13

Criteri di delega al Governo per il recepimento della direttiva 2010/63/UE del Parlamento europeo e del Consiglio, del 22 settembre 2010, sulla
protezione degli animali utilizzati a fini scientifici

1. Nell'esercizio della delega per I'attuazione della direttiva 2010/63/UE del Parlamento europeo e del Consiglio, del 22 settembre 2010, sulla protezione
degli animali utilizzati a fini scientifici, il Governo e' tenuto a seguire, oltre ai principi e criteri direttivi di cui all'articolo 1, comma 1, anche i seguenti principi e
criteri direttivi specifici:

a) orientare la ricerca all'impiego di metodi alternativi;

b) vietare I'utilizzo di primati, cani, gatti ed esemplari di specie in via d'estinzione a meno che non si tratti di ricerche finalizzate alla salute dell'uomo o
delle specie coinvolte, condotte in conformita' ai principi della direttiva 2010/63/UE, previa autorizzazione del Ministero della salute, sentito il
Consiglio superiore di sanita’;

c) considerare la necessita' di sottoporre ad altre sperimentazioni un animale che sia gia' stato utilizzato in una procedura, fino a quelle in cui I'effettiva
gravita' delle procedure precedenti era classificata come «moderata» e quella successiva appartenga allo stesso livello di dolore o sia classificata come
«lieve» o «non risveglio», ai sensi dell'articolo 16 della direttiva 2010/63/UE;

d) vietare gli esperimenti e le procedure che non prevedono anestesia o analgesia, qualora esse comportino dolore all'animale, ad eccezione dei casi di
sperimentazione di anestetici o di analgesici;

e) stabilire che la generazione di ceppi di animali geneticamente modificati deve tener conto della valutazione del rapporto tra danno e beneficio,
dell'effettiva necessita' della manipolazione e del possibile impatto che potrebbe avere sul benessere degli animali, valutando i potenziali rischi per la
salute umana e animale e per I'ambiente;

f) vietare I'utilizzo di animali per gli esperimenti bellici, per gli xenotrapianti e per le ricerche su sostanze d'abuso, negli ambiti sperimentali e di
esercitazioni didattiche ad eccezione della formazione universitaria in medicina veterinaria e dell'alta formazione dei medici e dei veterinari;

g) vietare |'allevamento nel territorio nazionale di cani, gatti e primati non umani destinati alla sperimentazione;

h) definire un quadro sanzionatorio appropriato e tale da risultare effettivo, proporzionato e dissuasivo, anche tenendo conto del titolo IX-bis del libro Il del
codice penale;

i) sviluppare approcci alternativi idonei a fornire lo stesso livello o un livello superiore di informazioni rispetto a quello ottenuto nelle procedure che
usano animali, ma che non prevedono l'uso di animali o utilizzano un numero minore di animali o comportano procedure meno dolorose, nel limite
delle risorse finanziarie derivanti dall'applicazione del criterio di cui alla lettera h), accertate e iscritte in bilancio;

I) destinare annualmente una quota nell'ambito di fondi nazionali ed europei finalizzati alla ricerca per lo sviluppo e la convalida di metodi sostitutivi,
compatibilmente con gli impegni gia' assunti a legislazione vigente, a corsi periodici di formazione e aggiornamento per gli operatori degli stabilimenti
autorizzati, nonche' adottare tutte le misure ritenute opportune e al fine di incoraggiare la ricerca in questo settore con I'obbligo per ['autorita’
competente di comunicare, tramite la banca dei dati nazionali, il recepimento dei metodi alternativi e sostitutivi.

2. Nell'applicazione dei principi e criteri direttivi di cui al comma 1, il Governo e' tenuto a rispettare gli obblighi che derivano da legislazioni o farmacopee
nazionali, europee o internazionali.

3. Dall'attuazione della delega di cui al presente articolo non devono derivare nuovi o maggiori oneri per la finanza pubblica.

La presente legge, munita del sigillo dello Stato, sara' inserita nella Raccolta ufficiale degli atti normativi della Repubblica italiana. E' fatto obbligo a
chiunque spetti di osservarla e di farla osservare come legge dello Stato.

Data a Roma, addi' 6 agosto 2013
NAPOLITANO

Letta, Presidente del Consiglio dei ministri
Moavero Milanesi, Ministro per gli affari europei
Visto, il Guardasigilli: Cancellieri



Metodi alternativi

viene comungue elaborato da un essere umano
ed e legato a cio che si conosce fino a quel

Modello matematico )
momento della malattia

il limite e dato dal fatto che € una porzione di
tessuto rimosso che non funziona esattamente
come quando e in rapporto con il sangue, il
sistema immunitario, il sistema nervoso, i tessuti
adiacenti etc...

Studi in vitro

Malattie concomitanti
Volontari Il normale decorso puo essere molto lungo
Problemi etici
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Cosa dicono gli oppositori dei modelli animali?

tutte le specie animali sono diverse, un modello animale non potra mai mimare una condizione
presente nella specie umana. | modelli animali sono analoghi di condizioni umane con le quali
condividono alcune caratteristiche

I modelli animali sono utilizzati per 2 scopi: pronosticare la risposta di un essere umano agli stimoli
(infettivi, traumatici, tossici, farmacologici etc...) ed offrire nuove strade per spiegare I'anatomia, la
fisiologia e la patologia umana (H. LaFollette N. Shanks)

-LaFollette H, Shanks N. Animal models in biomedica | research: some epistemiological
worries. Pubblic affairs quarterly 1992;7(2):113-130

-LaFollette H, Shanks N. The intact systems argumen t: problems with the standard

defense of animal experimentation.  Southern journal of philosophy 1993;31 323-333
-LaFollette H, Shanks N. Animal modelling in psychop harmacological contenxts. Behav Br Sci
Dec 1993



Un dato modello animale assomiglia ad una condizione umana in alcune caratteristiche
es A, B e C, quindi sarebbe necessario asserire che un’ulteriore caratteristica, D,
presente nel modello animale (es una particolare funzione fisiologica o risposta ad

una terapia) si debba riscontrare anche nell’essere umano.

La Follette e Shanks dicono che tale affermazione e logica solo se la caratteristica

D é causalmente correlata a A B e C sia nel modello animale che in quello umano

Esempio

2 cani abbaiano, amano mangiare le ossa e scodinzolano quando i loro proprietari
arrivano a casa, siccome i 2 cani hanno un comportamento simile, ci si aspetta che
appartengano alla stessa razza. Quindi se conosciamo la razza del 1 cane possiamo
predire la razza del secondo

La RAZZA pero non e causalmente correlata alle altre caratteristiche che i 2 cani
hanno in comune

Se conosciamo la razza del primo cane e sappiamo che il secondo cane ha gli stessi
genitori del primo allora possiamo dire anche la razza del secondo cane anche se i 2
cani non sono identici per colore del mantello o comportamento.



