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O que é a nanotoxicologia? 
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POR QUE DEVEMOS NOS 
PREOCUPAR? 
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O que são nanomateriais? 
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Teoria da toxicologia 

Risco = Perigo + Exposição 
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O perigo das nanomateriais 

• Os nanomateriais são mais tóxicos que seus 

homólogos não-nano? 

• Como eles afetam as células? 

– Efeito 

• Agudo 

• Crônico 

• Eles se transformam em formas mais tóxicas? 



Nanometrologia e o Desenvolvimento 

de Nanomateriais para Cosméticos  

Fig. 4. Representative 
TEM images 
demonstrating the 
protamine-induced 
aggregation of AuNPs 
and the subsequent de-
aggregation by heparin. 
(A) Citrate-stabilized 
native AuNPs. (B and C) 
Aggregated AuNPs 
([protamine], B: 0.7 
μg/ml; C: 1.6 μg/ml). (D) 
De-aggregated AuNPs 
([heparin]: 10.2 μg/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.2007.11.014, 
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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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Exposição a nanomateriais: desafio 
metrológico 
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Biodistribuição de nanomateriais em 
função do revestimento 
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Alvos intracelulares dos nanomateriais 
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Vias de administração dos nanomateriais 
Toxicological considerations of clinically applicable nanoparticles 587

Figure 1 Routes of administration of nanoparticles and their advantages and disadvantages.

drug delivery systems; secondly, the production of cytotoxic

heat when subjected to alternating magnetic fields could

be utilized in cancer treatments [24]. A different modality

of exposure to metal oxide NPs comprises that of topi-

cally applicable formulations such as creams and sunscreen

lotions containing titanium dioxide and zinc oxide NPs [25].

Here, it is important to determine whether NPs can pen-

etrate deeper into skin layers and possibly be absorbed

into the systemic circulation and accumulate in tissues.

Nanoscaled silver (AgNP) became popular for its marked

antimicrobial effect which is successfully exploited in medi-

cal applications such as silver-impregnated wound dressings,

contraceptive devices, surgical instruments and bone pros-

theses [26—29]. Carbon nanotubes are made from rolled up

sheets of graphene and are classified as single-walled (SWC-

NTs) or multi-walled carbon nanotubes (MWCNTs) depending

on the constituent numbers of graphene layers. Due to their

unique size and shape, much effort has been dedicated to

analyzing biomedical applications of CNTs. Such extensive

potential requires the meticulous evaluation of toxicity.

This widespread use of different types of NPs in the

biomedical field raises concerns over their increasing access

to tissues and organs of the human body and, consequently,

the potential toxic effects. Various studies evaluating

in vit ro and in vivo absorption, distribution and biocom-

patibility of NPs have been reviewed and are critically

appraised in this article. Fig. 2 shows a summary of

biologically important nanoparticles and their possible

routes of administration (adapted from reference [30]).

Toxicological profiling in cell based targets,

animal targets and human volunteers

Due to their small size and physical resemblance to physio-

logical molecules such as proteins, NPs possess the capacity

to revolutionise medical imaging, diagnostics, therapeutics

as well as carry out functional biological processes. But

these features may underlie their toxicity. Also, depend-

ing on the mode of administration and sites of deposition,

toxicity may vary in severity. Therefore, to maintain clini-

cal relevance, information on toxicity is presented using a

system-based approach focusing on experimental lung, der-

mal, liver and brain targets (see Table 1).
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Nanomateriais biologicamente úteis 
Toxicological considerations of clinically applicable nanoparticles 597

Figure 2 Selection of biologically useful nanoparticles [30].

Lung targets

The lung is an attractive target for drug delivery due to the

non-invasive nature of inhalation therapy, the lung’s large

surface area, localization/accumulation of drugs within the

pulmonary tissue and avoidance of first-pass metabolism,

thus reducing systemic side effects [82,83]. Nanocarrier sys-

tems for pulmonary drug delivery have several advantages

which can be exploited for therapeutic reasons and, thus,

are intensively studied.

Polymeric nanoparticles

Polymeric NPs are biocompatible, surfacemodifiable and are

capable of sustained drug release. They show potential for

applications in the treatment of various pulmonary condi-

tions such as asthma, chronic obstructive pulmonary disease

(COPD), tuberculosis (TB) and lung cancer as well as extra-

pulmonary conditions such as diabetes [84—89]. Already,

there is a multitude of organic nano-polymers including col-

lagen, gelatin, chitosan, alginate and bovine serum albumin

(BSA). Furthermore, the last three decades has seen a rise

in the development of synthetic polymers such as the bio-

compatible and biodegradable poly(lactic-co-glycolic acid)

(PLGA) for use as drug carrier devices [90,91].

While such drug loaded nano-configurations demon-

strate promising alternatives to current cancer treatment,

cytotoxicity needs to be evaluated. PLGA NP successfully

improve therapeutic outcome and reduce adverse effects

via sustained and targeted drug delivery. Additionally, the

use of biological capping materials such as chitosan or BSA

further reduce toxicity while their biocompatibility and

biodegradative capacity making them an intuitive choice for

nanoparticulate surface modification. Romero et al. demon-

strated a reduction in cytotoxicity of PLGA NPs stabilized

with BSA compared to synthetic coating materials in cul-

tured lung cancer cells [90]. Albumin, the most abundant

serum protein, was found to be highly biocompatible mak-

ing it a useful stabilizer for drug delivery vehicles. Similarly,

chitosan-stabilization resulted in near-total cellular preser-

vation and improved pulmonary mucoadhesion in an in vivo

lung cancer model [31].

Biological capping materials reduce cytotoxicity by mim-

icking the physiological environment, thus ‘hiding’ from

the immune system. However, the possibility of enzymatic

degradation due to biophysical resemblance needs further

investigation.

Carbon nanotubes (CNTs)

CNTs are frequently used for in vivo inhalation models and

can be subdivided into SWCNTs and MWCNTs with the former

being considered more cytotoxic. This difference in toxicity

has been attributed to the larger surface area of SWCNTs

compared to the multi-layered alternative [92]. CNTs show

biomedical potential in areas such as drug delivery, photo-

dynamic therapy (PDT) and as tissue engineering scaffolds

[93—95]. Previous studies have highlighted the toxic poten-

tial of both SWCNTs and MWCNTs; after murine intra-tracheal

instillation of CNTs, pulmonary epitheloid granulomas and

interstitial inflammation with subsequent fibrotic changes

were observed [10,11,96]. Cytotoxicity is thought to be
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Yildirimer et al., 2001, doi:10.1016/j.nantod.2011.10.001 
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Exposição ambiental de nanomateriais 
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Mecanismos de nanotoxicidade 
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Estado da arte - desafios 

• Estresse oxidativo 

– Grande área de superfície das NMs 

• Radicais livres // ROS 

• Oxidação de macromoléculas (P/L/AN) 

– Estrutura e função comprometida 

• Regulação pró-inflamatória / estado de defesa celular 
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Estado da arte - desafios 

• Fluxo de cálcio 

– Consequencia de ROS 

• Ativação descontrolada de fatores de transcrição 

• Regulação pró-inflamatória 
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Estado da arte - desafios 

• Viabilidade celular 
– Adequabilidade dos métodos 

atuais 

• M/XTT, Alamar blue 

• NRU 

• CV 

– Novos biomarcadores 

– Ensaios de toxicidade capazes 
de acessar o risco 

– Sistemas biomiméticos 

– Comparabilidade de ensaios de 
toxicidade 

 

 

~ 10.000 AuNPs / células 
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O Inmetro e a nanotoxicidade 

• Coordena a Rede Nanotox 

• Coordena a Rede Nacional de Métodos Alternativos 

• Participa do Nanovalid (FP7 – CE) 

MR - NPs 

Caracterização FQ 

Produção Padronizada 

Análise Biológica End points 

Viabilidade 

Apoptose 

Sinalização 

Envelhecimento 

Senescência 

Metilação DNA 
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Modelos in vitro 
• Células 

– Pulmonar 

• MRC5 

• A549 

– HUVEC 

• Endotélial 

• Estromal 

– Gástrica 

• Caco 

• Fibroblasto 

– Pele 

• Queratinócito 

• Fibroblasto 

 

• Tecidos equivalentes 
– Pulmão 

– Vaso 

– Gastrico 

– Pele 

 

BCRJ 
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Pureza e autenticidade 

PPM  A549 MRC5  C+ C- 

300pb 

200pb 

Detecção de micoplasma (PCR) STR para todas as linhagens humanas 
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Au-NPs 

Produção e caracterização Dipro/Dimci 
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Interação célula - NP 
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Ensaio de citotoxicidade 
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Análise do citoesqueleto  
(microscopia confocal e marcação com faloidina) 
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Nanotoxicidade e Métodos Alternativos 
(MA) 

• Análise da adequação dos MA validados ao ensaio 
de toxicidade de NPs (guides da OECD) 

– Fototoxicidade (GD OECD 432) 

– Irritação cutânea (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 
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