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O que é a nanotoxicologia?
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O que sao nhanomateriais?

ISO/TS 27687:2008

Nanofibra de NTC Nanoplaca de Ag Nanoparticula Fe/Pt
100 nm 100 nm 100 nm
1nm 1nm 1nm
100 nm 100 nm

100 nm
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Teoria da toxicologia

Risco = Perigo + Exposicao

NANO HAZARD
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O perigo das nanomateriais

* Os nanomateriais sao mais toxicos que seus
homoélogos nao-nano?

e Como eles afetam as células?

— Efeito
* Agudo

 Cronico

 Eles se transformam em formas mais toxicas?

PAiS RICO E PAIS SEM POBREZA
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Fig. 4. Representative
TEM images
demonstrating the
protamine-induced
aggregation of AuNPs
and the subsequent de-
aggregation by heparin.
. o «  (A) Citrate-stabilized
 100nm  ¥8 (D) native AuNPs. (B and C)

e | i Aggregated AuNPs
([protamine], B: 0.7
ug/ml; C: 1.6 pug/ml). (D)
De-aggregated AuNPs
([heparin]: 10.2 pg/ml).
Inset shows the enlarged
view of the 2D
aggregates.

Jena & Raj, 2008, http://dx.doi.org.ezproxy.med.nyu.edu/10.1016/j.bios.2007.11.C
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Jena & Raj, 2008, http://dx.doi.org.ezproxy.med.nyu.edu/10.1016/j.bios.2007.11.014,
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Exposicao a nanomateriais: desafio
metrologico

Lung

HSA 250 300

Fig. 3. Nanoparticle entry route into the body via the lung, particle accumulation in the liver and the most vulnerable site: the brain.
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Biodistribuicao de nanomateriais em
funcao do revestimento

‘ + Human Plasma =

“Uncoated” Particle

¥ 4+ Human Plasma = © y

“PEGylated" Particle Few Proteins Bound

+ Human Plasma = —_ .
[ 4

“Polysorbate Coated” Particle ApoE Bound
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Alvos intracelulares dos nanomateriais

Nucleus
- DNA damage

Nanoparticles

Vesicle
- lipid peroxidation

Golgi apparatus
- protein misfolding
- protein oxydation

Mitochondria Membrane
- mitochondrial damage - disruption of cell membrane
- oxidative damage

- surfactant damage

- damage by toxic ions

Fig. 2. Nanoparticle interaction with cells: intracellular targets and nanotoxicological mechanisms.
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Vias de administracao dos nanomateriais

Toxicological considerations of clinically applicable nanoparticles

\ for NPuptake )

o \ Pulmonary

Oral Advantage:
Advantage: *Non-invasive
*Non-invasive means of NP
means of NP delivery
delivery *Large surface
Disadvantage: area
*First-pass *Local action
metabolism in the *Avoidance of
liver — potentially first-pass
hepatotoxic metabolism in the
*Potential for liver
translocation into 4 Disadvantage:
systemic *Local toxicity
circulation *Potential for
*Requires intact translocation into
intestinal mucosa systemic

\ circulation )

Transdermal ) Intravenous )
Advantage: Advantgge:
*Non-invasive 'Sy§tem1c
means of NP delivery of NP
delivery *Systemic action
*Large surface area Disadvantage:
*Local action 'Flrst-pqss _
Disadvantage: metabolism in the
*Local irritation liver —potentially
*Potential for hepatoto_xxc
translocation into 'Sy_st.emm

\ toxicity /

\.systemic circulation /

Figure 1  Routes of administration of nanoparticles and their advantages and disadvantages.
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Nanomateriais biologicamente uteis

Toxicological considerations of clinically applicable nanoparticles

o

'/ ’DC

-

Functionalized gold NPs
(e.g. for per oral drug delivery)
—

[ron Oxide NPs
(e.g. for sunscreen preparations)

Carbon NTs
(e.g. for inhaled drug delivery

QDs

(e.g. for in vivo imaging)

Figure 2  Selection of biologically useful nanoparticles [30].
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Nanoparticle characterisation, pathways and toxicological impact

Nanoparticles in the body
and possible entry routes

o ... o’ e® Dy 6}5 @ N9
P - P s gut £
@ Production, ~ ——— .. characterisation Sxpokiire toxicity 0)
.- ° o® © Uf{) 8 r.:y}i:}@ skin A @
O o O s o5y &= o A )
. FJ ."‘ L] ...
. . " o $®O
Nanoparticles: Nanoparticles in ‘ o 0
: the environment: %, ot _ _
" Industry Nanoparticles in cells:

e research » alteration of surface | | |
* production of reactive oxygen species

e medicine * protein corona

: * protein misfolding
* agglomeration

* membrane damage
* mitochondrial damage

* DNA damage
Yildirimer et al., 2001, doi:10.1016/j.nantod.2011.10.001
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Exposicao ambiental de nanomateriais

Human exposure

Release into
the air

Release into the
Aquatic environment

Accumulation
in the
food chain

eakage into sﬁent and ground wate

Ground water



Nanometrologia e 0 Desenvolvimento S IL
e Comércio Exterior

de Nanomateriais para Cosmeéticos INMETRO PAIS RICO E PAIS SEM POBREZA

Mecanismos de nanotoxicidade
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Estado da arte - desafios

 Estresse oxidativo

— Grande area de superficie das NMs

* Radicais livres // ROS

» Oxidacao de macromoléculas (P/L/AN)

— Estrutura e fungao comprometida

* Regulagao pré-inflamatdria / estado de defesa celular
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Estado da arte - desafios

 Fluxo de calcio

— Consequencia de ROS

* Ativacao descontrolada de fatores de transcrigcao

* Regulagao pré-inflamatoria
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Estado da arte - desafios

* Viabilidade celular
— Adequabilidade dos métodos Formazana 460 nm

atuais o
* M/XTT, Alamar blue © ous }__{__,H/{ —— Formazana
* NRU ‘§ _._ Formazana + Au-NPs
5 030] T SIS (1:10000)
* CV <
0.154
— Novos biomarcadores 0.00
. L. o 20 40 60 80 100
— Ensaios de toxicidade capazes Tempo (min)
de acessar o risco v
— Sistemas biomiméticos ~10.000 AuNPs / células

— Comparabilidade de ensaios de
toxicidade
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O Inmetro e a nanotoxicidade

e Coordena a Rede Nanotox
e Coordena a Rede Nacional de Métodos Alternativos
* Participa do Nanovalid (FP7 — CE)

End points

Viabili

& Agogtose J

| Envelhecimento ‘

\ \ Senescéncia ‘

| Sinalizacao ‘

\ Metilagao DNA ‘
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Modelos in vitro

e Células * Tecidos equivalentes
— Pulmonar — Pulmao
e MRC5 — Vaso
e A549 — Gastrico
— HUVEC — Pele
* Endotélial
e Estromal
— G@Gastrica

e BCRJ

* Fibroblasto

— Pele
* Queratindcito
* Fibroblasto
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Pureza e autenticidade

Deteccdao de micoplasma (PCR)

STR para todas as linhagens humanas

PPM A549 MRC5 C+ C-
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Au-NPs

Producgdo e caracterizacdo Dipro/Dimci
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Interacao célula - NP

£y

mag det cur WD HV - 500 nm
200 000 x STEM 11 0.10 nA 4.5 mm 20.00 KV Inmetro - Magellan 400

nm
elan 400
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Ensaio de citotoxicidade
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Analise do citoesqueleto
(microscopia confocal e marcacao com faloidina)
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Nanotoxicidade e Métodos Alternativos
(MA)

* Analise da adequacao dos MA validados ao ensaio
de toxicidade de NPs (guides da OECD)

— Fototoxicidade (GD OECD 432)
— Irritacao cutanea (GD OECD 439)

* Desenvolvimento de tecido equivalente de pele
(Pascal Sommer e Leslie Laquieze,

IBPC/CNRs/Lion/Fr)
* BraCVAM - RENAMA
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Tecido equivalente de pele

3D Epidermis

2D Eeratinocytes
monolayer
Cell lines
Iecruitment
2D Fibroblasts
monolayer
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Obrigado

jmgranjeiro@inmetro.gov.br



