XIV SIMPOSIO DE BIOSSEGURANCA E
DESCARTES DE PRODUTOS QUIMICOS
PERIGOSOS
E ORGANISMOS GENETICAMENTE
MODIDFICADOS (OGMs)

EM INSTITUICOES DE ENSINO E PESQUISA

| SIMPOSIO DE SEGURANCA QUIMICA E
BIOLOGICA

METODOS ALTERNATIVOS A EXPERIMENTACAO ANIMAL NO
COTEXTO DE BIOSEGURANCA
SILVYA STUCHI MARIA-ENGLER

CLINICAL CHEMISTRY AND TOXICOLOGY DEPT
SCHOOL OF PHARMACEUTICAL SCIENCES
UNIVERSITY OF SAO PAULO
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PHARMACEUTICAL SUPPLY CHAIN:

BIOSAFETY MATTERS!!!!

DRUG DEVELOPMENT PROCESS Out of every 10,000-15,000 new compounds

identified during discovery,
five are considered safe for testing

in human volunteers.

Only one of these compounds
is typically approved

as a marketed drug.
10,000-15,000 250
Compaunds Compounds 5 Compounds ‘ 1 FDA-Approved Drug
3-6 YEARS 6-7 YEARS 0.5-2 YEARS
Phase | Phase Il Phase Ill Phase IV
Post-Approval
20-100 100-500 1,000-5,000
Volunteers Volunteers Volunteers
Pre-discovery IND Submitted NDA Submitted

AVERAGE COST: $1 billion+ DURATION: 10-15 years*

CAAmA

Large-molecule therapeutics, which cannot be produced by chemical synthesis,
are traditionally manufactured either through microbial fermentation or more
commonly via mammalian cell culture.



Why do companies test cosmetics,

pharmaceuticals and other products on animals?

Determination of quantitative or qualitative value of risk related to a concrete
situation and a recognized threat (also called hazard).




Why do companies test cosmetics,

pharmaceuticals and other products on animals?

Determination of quantitative or qualitative value of risk related to a concrete
situation and a recognized threat (also called hazard).
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- Reduction,
Refinement,
Animal testing for Replacement
research and (Russell & Burch,
development 1959).

=

EURL

ECVAM

European Union Reference Laboratory
for Alternatives to Animal Testing

ECVAM promotion Seventh REACH - EUROPEAN
and validation of Amendment to the REGULATION, 2006
in vitro assays Cosmetics.

Regulation on
Registration,
Evaluation,
Authorisation and
Restriction of
Chemicals.

imposes a ban on
marketing cosmetics
in Europe if the
finished product or its
ingredients have been
tested using animals.

Animal research and testing has played a part in almost every medical breakthrough
of the last century. It has saved hundreds of millions of lives worldwide...”



Alternative Methods

Brazil

2008 - 2009

nnnnnnnnnnnnnnnnnnnnnnn

Publication of Law
AROUCA 11.794/08

Creation of the
National Council for
the Control of
Animal
Experimentation -
CONCEA

Creation of BraCVAM
connected to the
National Institute of
Quality Control and
Health - INCQS
FIOCRUZ

Creation of

RENAMA - National

Network of

Alternative Methods

(MSTI)

SN ]

Law 15.316:

CONCEA:
After the validation of
Ban the use of .
st s the alternative

methods in Brazil,
companies will have
up to five years to
implement them

cosmetics testing.
Government of
Sao Paulo



RUSSELL, W.M.S. AND BURCH, R.L.

The Principles of Humane Experimental Technique Methuen,
London, 1959

 Reducao: obter informacoes
comparavels de um numero
menor de animais.

* Substituicao: uso de métodos
nao animais sempre que for
possivel alcancar os mesmos
objetivos cientificos.

- Refinamento: minimizar ou
aliviar a dor potencial, sofrimento
ou angustia e melhorar o bem-
estar animal.



http://www.google.com.br/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=A7Wz67qcifeCNM&tbnid=yYroa3hSep8iLM:&ved=0CAUQjRw&url=http://isogenic.info/html/ethical_considerations.html&ei=U2FqU6jCOa238gHjnYD4Aw&bvm=bv.66111022,d.aWw&psig=AFQjCNHRkyWhWzAw1Eu5SemvDv6Hp1Y31g&ust=1399566980798490
http://www.google.com.br/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=A7Wz67qcifeCNM&tbnid=yYroa3hSep8iLM:&ved=0CAUQjRw&url=http://isogenic.info/html/ethical_considerations.html&ei=U2FqU6jCOa238gHjnYD4Aw&bvm=bv.66111022,d.aWw&psig=AFQjCNHRkyWhWzAw1Eu5SemvDv6Hp1Y31g&ust=1399566980798490

Critérios normativos minimos para as

pesquisas que utilizam animais

e Definir objetivos legitimos para a pesquisa em animais;
e Impor limites a dor e ao sofrimento;
e Garantir tratamento humanitario;

e Avaliar previamente os projetos por um Comité
Independente;

e Fiscalizar instalacoes e procedimentos;

e Garantir a responsabilizacao publica



TESTE DE DRAIZE

e Este teste € um dos mais criticados,
particularmente no que diz respeito
a avaliacao do potencial de irritacao |
ocular de produtos cosméticos.

* Avaliar os efeitos da irritacao de
substancias na conjuntiva, na cornea -
e na iris de olhos de coelhos albinos.

e Kay & Calandra (1962) incluiram
parametros como eritema e

espessura das palpebras,
abrangendo edema, lacrimejamento,
opacidade, danos e i

neovascularizacao da cérnea neste
protocolo.



TESTE DE DRAIZE

« Estimativas variaveis de irritacdo ocular %

38 - 59% variabilidade intra laboratorial
- Variabilidade da exposicao tempo e dose
- VariacOes das respostas entre animais

 Diferencas entre coelhos e humanos
- Diferencas fisiologicas

- Coelhos mais sensiveis que humanos



TESTE DE OPACIDADE DA CORNEA

BOVINA (BCOP)

e Sao testadas:
m opacidadee
m permeablidade de cornea

provinda de olhos de bovinos (que
seriam descartados), apods a
exposicao a substancia a ser
testada.



MICROORGANISMOS

Geralmente os microorganismos, tais como bactérias e
leveduras, sao aceitos como modelos para estudo de
metabolismo, genética e bioquimica.

Exemplo - Leveduras: Possuem receptores de estrogénio
que apresentam afinidade idéntica aos encontrados em
utero de ratas.



TESTE DA MEMBRANA CORION ALANTOIDE

(HETCAM):

e Utiliza ovos de galinha fertilizados

 Avalia a irritabilidade da membrana
corion alantdéide, que possui uma
grande guantidade de Vasos
sanguineos

* Semi-quantitativo (hiperemia,
hemorragia e coagulacao), apos cinco
minutos de aplicacdao do produto,
puro ou diluido, sobre a membrana
corio-alantoide.


http://www.google.com.br/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=u0f9IgS4gQLC3M&tbnid=RjFW-O9v8k8M6M:&ved=0CAUQjRw&url=http://phenion.de/gb/in_vitro_service_3.php&ei=ZqAGU8yTHoTPkQfU54HYCQ&bvm=bv.61725948,d.eW0&psig=AFQjCNFh9sMqVVsk9oVWUkYx9tZMM4C2tg&ust=1393029592419551
http://www.google.com.br/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=u0f9IgS4gQLC3M&tbnid=RjFW-O9v8k8M6M:&ved=0CAUQjRw&url=http://phenion.de/gb/in_vitro_service_3.php&ei=ZqAGU8yTHoTPkQfU54HYCQ&bvm=bv.61725948,d.eW0&psig=AFQjCNFh9sMqVVsk9oVWUkYx9tZMM4C2tg&ust=1393029592419551

MODELOS MATEMATICOS

Os modelos matematicos podem contribuir para o
trabalho experimental através da definicao de variaveis e
testando teorias, reduzindo o custo desses experimentos
e os tornando mais eficazes.

Um exemplo disso &€ a predicao, através de modelos
matematicos, da estrutura de proteinas, que poderiam
prever suas propriedades fisicas e guimicas.

E sempre preciso lembrar que computadores processam
e armazenam conhecimentos ja existentes e muitos deles
foram adquiridos com a utlizacao de animais nha
pesquisa.



Experimentos in vitro s&o apropriados para algumas
areas da ciéncia biologica. Por exemplo, varios
estudos sobre o metabolismo intermediario utilizam a
bioguimica para o estudar a dinamica de reacoes
enzimaticas que ocorrem em Nnosso Sistema
bioldgico.



Aceitacao de metodologias

alternativas pela OECD

* 1999-2001
* Refinamento: Teste i1ndolor para a
sensibilizacao da pele
* Reducao: O numero de animails para
toxicologia aguda 45-8.

« 2004-2010
* Substituicao:
» Fototoxicidade
* Irritacao e corrosao ocular /cutana



BRASIL. EM RELACAO AOS METODOS
ALTERNATIVOS

Lei AROUCA f -
(11.794/08) ICI e
chulamcnla a . Pl 1Y ::::? XeCUtiye
experimentagdo animal T Ly
i = o~ Bt Pruzo final para o que
Sekcalsticheoiniestioe ds LEI N° 15.316, DE 23 DE JANEIRO DE 2014, i
enSINo0 € pesquisa. B " O Brasil subs
‘;’ Governa de SP promulga lei que proibe ensaios em animais
CONC EA BraéVAM o uso de animais em testes de produtos pormétodos
st ot cosméticos , no cstado de Sio Paulo. validados
2007 Set/2012 Jan/2014 2019?
Jul/2012 2013 Set/2014
ST L o ¥ STITUTO ROVAL ?\ lnvasz’ii)e ANVISA'reconhece ~€05
RE NAMA ) depredagiodo 17 métodos milhdes
Rede Nacional de . P el Instituto Royal alternativos ao uso de
Métodos Alternativos N\ \i_/ V' ) por ativistas animais v
{5\ acendem a discussio .Inyebumcnto )
PP U o (R P e brasileiro cm pesquisa
- RENAMA

PEDROSA et al. 2015

sobre métodos
alternativos

(2012-2014)

E 238MI
2003-2011




CONCEA & ANVISA setia

| - Para avaliacao do potencial de irritacdo e corrosao da pele:

Método OECD TG 430 - Corrosao dérmica in vitro: Teste de Resisténcia Elétrica Transcutanea;
Método OECD TG 431 - Corrosao dérmica in vitro: Teste da Epiderme Humana Reconstituida;
Método OECD TG 435 - Teste de Barreira de Membrana in vitro; e

Método OECD TG 439 - Teste de irritacdo Cutanea in vitro.

Il - Para avaliacao do potencial de irritagcdo e corrosao ocular:

Método OECD TG 437 - Teste de Permeabilidade e Opacidade de Cornea Bovina;

Método OECD TG 438 - Teste de Olho Isolado de Galinha;

Método OECD TG 460 - Teste de Permeacao de Fluoresceina.

lIl - Para avaliacao do potencial de fototoxicidade:

Método OECD TG 432 - Teste de Fototoxicidade in vitro 3T3 NRU.

IV - Para avaliacdo da absorcao cutanea:

Método OECD TG 428 - Absorcdo Cutanea método in vitro.

V - Para avaliagcdo do potencial de sensibilizacdo cutanea:

Método OECD TG 429 - Sensibilizacdo Cutanea: Ensaio do Linfonodo Local; e

Método OECD TG 442A e 442B - Versdes nao radioativas do Ensaio do Linfonodo Local.

VI - Para avaliagcao de toxicidade aguda:

Método OECD TG 420 - Toxicidade Aguda Oral — Procedimento de Doses Fixas;

Método OECD TG 423 - Toxicidade Aguda Oral — Classe Toéxica Aguda;

Método OECD TG 425 - Toxicidade Aguda Oral — procedimento "Up and Down"; e

Método OECD TG 129 - estimativa da dose inicial para teste de toxicidade aguda oral sistémica.
VIl - Para avaliacao de genotoxicidade:

Método OECD TG 487 - Teste do Micronucleo em Célula de Mamifero in vitro.



ALL MODELS HAVE LIMITATIONS
NO MODEL CAN POSSIBLY EXPLAIN EVERY DETAIL

OF A SCIENTIFIC PHENOMENA

drug properties, absorption,
distribution, metabolism,
elimination and toxicity, are
properties crucial to the final
clinical success of a drug
candidate.

It has been estimated that nearly
50% of drugs fail because of
unacceptable efficacy, which
includes poor bioavailability as a
result of ineffective intestinal
absorption and undesirable
metabolic stability.

It has also been estimated that up to
40% of drug candidates have failed
in the past because of safety
Issues.

e Species differences between

animals and humans can
cause fundamental
confounders such as
metabolic processes,
enzymes, and membrane
proteins.

in vitro human cell-based drug
evaluations, including drug
efficacy testing, toxicology,
and basic cell biology, are of
great importance as an
alternative to animal
experiments to solve the
significant issue of species

differences.



(3R) RECYCLING SKIN

eparation and digestion
O
keratinocytes | %% fibroblasts

melanocytes

ALTERNATIVE METHOD
FOR SCREENING OF:

‘NEW COMPOUNDS BASED ON
BRAZILIAN FLORA
*PLANT EXTRATS

*‘NEW SYNTHETIC MOLECULES/

COMPOUNDS

PHARMACOLOGICAL POTENTIAL AND
CLINICAL APPLICATIONS IN SKIN

*ANTI-TUMORAL (melanoma, cervical
cancer)
*SKIN DISORDERS (psoriasis)

COSMETICS INDUSTRY ( BRAZIL AS A
HUGE MARKET)




DERMIC
EQUIVALENT
KERATINOCYTE
S AND
MELANOCYTES

AIR LIQUID
INTERFACE

e W SIS

" VEEKS LATER

SKIN
DNSTRUCTED

Brohem et al... Maria-Enagler., 2010 - Pigment cell and Melanoma Research



FULL-THICKNESS SKIN MODEL
AND MELANOMA INVASION IN FULL THICKNESS

Reconstructed Skin

Keratinocytes |

o

Melanocyte | =

&=

Fibroblasts |

Melanoma




ORGANOTYPIC CELL CULTURE MODELS PROVIDE ESSENTIAL
CONTEXT-DEPENDENT INFORMATION CRITICAL FOR THE

DEVELOPMENT OF NEW THERAPEUTIC STRATEGIES

Control

NT

10uM

i




E6 E7 HPV16 ONCOPROTEINS IN
ORGANOTYPICAL CULTURE: CERVICAL
CANCER IN VITRO

Laura Cardeal et al Silvya Maria-Engler, FCF-USP, PLoS One. 2012;7(3) 2012 Mar 16.



Skin reconstructs: a tool for

pathophysiological models
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*PIGMENTED SKIN RECONSTRUCTED
*PHOTOPROTECTION AND PHOTOAGING MODEL (UV EFFECT)



2 WEEKS LATER

AIR LIQUID
INTERFACE

-'A

EQUIVALENT:
COLLAGEN+ KERATINOCYTES AND
FIBROBLASTS MELANOCYTES

DERMAL EQUIVALENT RECONSTRUCTED

Collagen

IV film KCs

6.\{@ \ |
u 0/0c0[0)
—

e C P —
12 DAYS IN
1 DAY IN AIR-LIQUID EPIDERMAL
MEDIUM EQUIVALENTS

INTERFACE



DEVELOPMENT OF EPIDERMAL EQUIVALENT

1L NN

Immersion Air-liquid
fase interfase
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Artificial Skin In

Pharmaceutical/Cosmetic productive
chain in Brazil

Systematize the protocol of
generation of the epidermal
equivalent on transwell focused
on future evaluation of safety
and efficacy tests;

Investigate the functionality of
the model evaluating corrosive
and non-corrosive substances
via MTT, according to the Guide

431 - OECD (“Organization for
Economic Co-operation and
Development)”;

Brazil is one of the largest

consumer markets of cosmetic in

the world.

In Brazil, the use of artificial
skins as alternative methods for
cosmetics testing is still lacking;

The importation of commercial
kits of artificial skin is unfeasible
due to customs processing
Issues;



OECD Recommends epidermis models
RENAMA (BRAZILIAN NETWORK FOR ALTERNATIVE METHODS) MCTI/
CNPQ 2013
AIM: SKIN RECONSTRUCTS (EPIDERMAL LAYERS)

SkinEthic ™ RHE (L’oreal)  EpiDerm TM Tissue Model (MatTek) EpiSkin model LabCyte EPI-MODEL

in house epidermal equivalente

28



RENAMA ACHIEVEMENTS:
Brazilian Network on Alternative

GOVERNO FEDERAL

BR:SIL

PATRIA EDUCADORA

Methods
Epidermal Equivalent in vitro

VMR= validated methods references

corneum -

S e

granulosu
spinous

‘”‘4-;,,3«& e
A S

basal

ot AR

Skin
USP (2014) EpiSkin EpiDerm™ Tisue SkinEthic
L Oreal Model L Oreal
MatTek®

e Draize Test

Human epidermis



renama Validation of an in house Epidermis

Rede Nacional de

Métodos Alternativos ReconStrUCtS (E R)

Standarizing the protocol: ER: Morphological analisys - HE staining
and Protein expression - imunofluorescence

HE Ki67 CK14

CK10 Involucrin Filagrin

CATARINO, C. M, et. al. Desenvolvimento de epiderme equivalente sobre membrana do tipo transwell e membrana biopolimérica, tese mestrado, 2015



http://www.bv.fapesp.br/pt/bolsas/143159/desenvolvimento-de-epiderme-equivalente-sobre-membrana-do-tipo-transwell-e-membrana-biopolimerica/

Viability (%)
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Ministéria da
RENAMA Ciéncia, Tecnologia
Rede Nacional de & Inovacio

Métodos Alternativos
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GOVERNO FEDERAL

PATRIA EDUCADORA

1. Application 2. Wash out 3. Viability assay

ion 3min - 1hr {4hrs) MTT 3 hrs
l - 1. Application 2. Wash out 3, Post treatment incubation 4. Viability assay 5. Rasulls
Irritation

42 min treatment 42 hrs MTT 3 hrs

Irritation Test - Epidermal Equivalent
Corrosion Test - Epidermal Equivalent

—
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MICROFLUIDIC SYSTEMS, ORGAN AND BODY ON A CHIP




Biological complexity

IN VITRO METHODS 2D X 3D

AS ALTERNATIVE TO ANIMAL TESTING
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Relevance for drug development
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