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ABSTRACT

Introduction: Nanotechnology is a transdisciplinary technology that is being developed
and applied in several areas, including health, especially in terms of therapy and diagnosis.
However, the relationship between some of their physicochemical properties and their
toxicological effects remains unclear. Therefore, it is necessary to understand whether
the regulatory requirements, in terms of toxicological evaluation, for the registration
of a nanotechnology-based drug, are able to identify the possible risks arising from this
new technology. Objective: To compare the regulatory approach of US Food and Drug
Administration (FDA), European Medicines Agency (EMA) and Brazilian Health Regulatory
Agency (Anvisa) with respect to nanomedicine evaluation compared to conventional
drugs evaluation. Method: Qualitative bibliographic research was performed in different
databases and regulatory agencies websites. Results: Many limitations of the currently
recommended tests have been demonstrated, and several are under review for better
adaptation to the effect that may suffer by the evaluated nanoparticles themselves.
Conclusions: Toxicological tests currently recommended by the regulatory agencies of
the United States of America, the European Union and Brazil, although aligned, are not
specific for the evaluation of nanomedicines.

KEYWORDS: Nanomedicine; Safety; Toxicology; Regulation; Anvisa

RESUMO

Introducdo: A nanotecnologia é uma tecnologia transdisciplinar que esta sendo
desenvolvida e aplicada em diversas areas, dentre as quais cabe ressaltar a da salde,
principalmente no que tange a terapéutica e ao diagnostico. Entretanto, ainda nao se
tem clara a relacdo entre algumas de suas propriedades fisico-quimicas e seus efeitos
toxicologicos. Por isso, € necessario entender se os requisitos regulatorios, em termos de
avaliacao toxicoldgica, para registro de um medicamento com base em nanotecnologia,
sdo capazes de identificar os possiveis riscos advindos desta nova tecnologia. Objetivo:
Comparar a abordagem regulatéria da US Food and Drug Administration (FDA), da
European Medicines Agency (EMA) e da Agéncia Nacional de Vigilancia Sanitaria (Anvisa)
com relacdo a avaliacdo de nanomedicamentos em comparacdo com medicamentos
convencionais. Método: Foi realizada pesquisa bibliografica qualitativa em diferentes
bases de dados e agéncias regulatérias. Resultados: Foram demonstradas muitas
limitacoes dos testes atualmente preconizados, sendo que diversos deles encontram-se
em carater de revisdo para melhor adequacéo ao efeito que podem sofrer pelas proprias
nanoparticulas avaliadas. Conclusées: Testes toxicologicos preconizados atualmente
pelas agéncias reguladoras dos Estados Unidos da América, da Unido Europeia e do Brasil,
apesar de estarem alinhados, nao sao especificos para a avaliacao de nanomedicamentos.

PALAVRAS-CHAVE: Nanomedicina; Seguranca; Toxicologia; Regulamentacdo; Anvisa
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INTRODUCTION

Nanotechnology is a field of transdisciplinary knowledge that is
being enhanced and applied to several areas, like automotive,
textiles, sports equipment, telecommunications, electronics,
food, beauty, medical devices, diagnostic tests and pharmaceu-
tical products’? 3. Among these areas, it is worth highlighting
the importance of nanotechnology for healthcare, especially for
therapy and diagnosis*, since the need for more efficient thera-
peutic and diagnostic systems is clear, especially regarding the
risk/benefit ratio for the patients®.

In this sense, one of the areas in which there is greater exposure
to the toxicity of traditional treatments and diagnostic agents
is oncology. In this area, there are often very long treatments,
frequent need for imaging tests, and high doses of drugs in the
treatments. Furthermore, combination therapies are common,
since there are many mechanisms of resistance to conventional
therapies in which drugs are distributed non-specifically in the
patient’s body®”:8.

With the progress of nanotechnology, it is expected that some
shortcomings currently identified in the treatment of can-
cer will be resolved or, at least, mitigated, thanks to some
characteristics of nanomaterials, like high surface/volume
ratio (greater carry over of active ingredients), shape and
size (enabling uptake by the target cell - an effect of the
enhanced permeability and retention (EPR), introduction of
targeting molecules and physicochemical improvements in the
nanosystem (increased blood circulation time, evasion of the
reticuloendothelial system, effective targeting and build-up
at destination sites)® 1,

Most of these benefits have not yet been translated into com-
mercially available drugs. For cancer treatment we can mention:
Doxil® and Caelyx®, which are the trade names of Schering-Plow’s
pegylated liposomal doxorubicin - Doxil® is the name registered
in the United States of America (USA) and Caelyx®, in Europe and
in Brazil - Abraxane®, Myocet® and Daunoxome®'%'31415_ |n this
scientific pursuit of nanomedicines and nanodevices, one must
take into account - with equal importance - the adequate char-
acterization of the toxicity profile inherent in these new mate-
rials. Although some publications have shown the toxicological
effects of nanoparticles (NPs) on cells, the nature of this cyto-
toxicity is still unclear’®.

In fact, the population is already exposed to the beneficial
effects and potential risks of this new technology. Therefore,
it is important to understand and characterize these materials
properly, as well as to compile and make this information avail-
able to the scientific community, industry, regulatory bodies and
society as a whole.

The justification for choosing this topic is given by the impor-
tance of nanomaterial toxicity for patients. Consequently, we
must understand whether the toxicological assessment regula-
tory requirements for approving a nanotechnology-based drug
can identify the possible risks arising from this new technology.

http://www.visaemdebate.incgs.fiocruz.br/

Overview of nanotechnology in the regulatory processes of
the USA, Europe and Brazil

The evolution of the regulatory methodology to deal with emerg-
ing technologies is not a new issue. Lessons learned from pre-
vious technological revolutions, including in vitro fertilization,
genetically modified organisms and cloning, have shown the
need to strike a balance between industrial innovation, risk
reduction and public debate on the regulation of these technol-
ogies. This is even more important when it is not clear whether
or not the potential risks of the technology can be qualified and
quantified by the methodology recommended by the legislation
in force?. Along the same lines, the fast growth of nanotech-
nology in recent years has led to the scientific questioning of
the current methods for analyzing and monitoring the risks these
new materials pose to the society?.

Considering the US Food and Drug Administration (FDA), the
European Medicines Agency (EMA) and the Brazilian National
Health Surveillance Agency (Anvisa), we note that these regula-
tory agencies have been increasingly interested in understanding
the adequacy of the current regulation for medicines, in order
to assess the possible risks arising from nanomaterials. This con-
cern can be seen in the articulation of specific working groups
to assess the needs of this new technology, discussion forums on
the topic, and government investment in research on the toxicity
and benefits of these materials.

For this reason, regulatory agencies continue to work to
understand how effective their regulation and toxicological
tests are, so as to evaluate the impact of nanotechnology on
human health17,18,19,20,21,22,23,24.

It is, therefore, important to compare the regulatory approach
of EMA, FDA and Anvisa to toxicity assessment for conventional
and nanotechnological drugs in order to identify shortcomings
in the required tests and, whenever possible, suggest strate-
gies to improve them and strengthen the regulatory dossiers
for nanomedicines.

METHOD

This study was conducted based on a literature review, with
a qualitative focus. It should be noted that the language of
the area is not yet fully standardized. To corroborate the jus-
tification of the methodology used here we have the precari-
ousness of the documentary language, which fails to provide
an information retrieval that is consistent with the informa-
tional needs of this paper. The low degree of specificity of
the language adopted by the information systems in this area
hinders the appropriate indexing/retrieval of information
and reduces the accuracy of the results obtained through the
quantitative approach.

Thus, we made queries in the following databases: Scientific
Electronic Library Online (SciELO), Scopus, Pubmed, Embase,
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Cochrane Library, CAPES Journals TrialTrove and Clinical Tri-
als. Whenever necessary, bibliographic data were added to
information retrieved from websites belonging to governmen-
tal and intergovernmental organizations, whose purpose is
to share studies, newsletters and data related to the topics
addressed in this article. Among them, we can mention: FDA,
EMA, Anvisa, Ministry of Science, Technology and Innovation
(MCTI), National Institute of Metrology, Quality and Technol-
ogy (Inmetro) and Organization for Economic Cooperation and
Development (OECD).

The following terms were used as primary descriptors:
Nanotecnologia/Nanotechnology, Nanomedicina/Nanomedicine,
Nanoparticula/Nanoparticle,
Nanodispositivos/Nanodevices and Cdncer/Cancer. As secondary
descriptors: Testes toxicologicos, toxicologia/Toxicological anal-
ysis, toxicology, Tolerabilidade/Tolerability, Estudos de fase IV/
Phase IV studies, Evento adverso/Adverse event, Observacional/
Observational, Aprovacdo regulatdria, dossié regulatério/Regu-
latory approval, regulatory dossier, OCDE/OECD.

Nanocarreadores/Nanocarriers,

No time limit was established for the research and it ended in
June 2019. The articles and/or documents we found were selected
based on the analysis of their relevance to the chosen topic.

RESULTS AND DISCUSSION

To provide an overview of the development stage and the initia-
tives in this area in the USA, Europe and Brazil, Chart 1 intro-
duces the results that will be discussed below.

The regulatory requirements for submitting applications of
nanotechnological drugs to the regulatory agencies in the
USA (FDA), Europe (EMA) and Brazil (Anvisa) were compared.
Although the progress of nanomedicine is gaining momentum
worldwide, we can notice that regulatory agencies are adopt-
ing conservative criteria for the evaluation of these new drugs.
Both the FDA and the EMA make their position on the nano-
medicine regulation available on their websites. In the case
of the FDA, two official documents are worth mentioning: the
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Guidance for Industry Considering Whether an FDA-Regulated
Product Involves the Application of Nanotechnology, pub-
lished in 2014, and a preliminary version for comments of Drug
Products, Including Biological Products, that Contain Nano-
materials Guidance for Industry DRAFT GUIDANCE, published
in December 2017. In these two documents, the FDA makes it
clear that there is no distinguished process for nanotechnolo-
gy-based drugs, but one must take extra care in relation to the
submitted data. It is important to remember that these guide-
lines are not of a regulatory nature, but rather they help the
industry prepare their submissions following recommendations
that facilitate the review and approval process?.

In the light of the publications of its scientific and advisory
committees and of its independent risk assessors, the Euro-
pean Union has published a definition of nanomaterials and
the confirmation that nanotechnology-based drugs follow the
standard process for the assessment of any other medication,
as well as its toxicological assessment, even though studies on
specific aspects of the risk assessment of these new materials
are still necessary?. Like the FDA, the EMA, since 2011, has
released documents (reflection papers) to assist the industry
in the content of their submissions, namely: a) Joint MHLW/
EMA reflection paper on the development of block copoly-
mer micelle medicinal products (EMA/CHMP/13099/2013)%;
b) Reflection paper on the data requirements for intra-
venous liposomal products developed with reference to an
product (EMA/CHMP/806058/2009/
Rev. 02)%; c) Reflection paper on surface coatings: general
issues for consideration regarding parenteral administration
of coated nanomedicine products (EMA/325027/2013)%; d)
Reflection paper on non-clinical studies for generic nanopar-
ticle iron medicinal product applications (EMA/CHMP/
SWP/100094/2011)%°; e) Reflection paper on the data require-
ments for intravenous iron-based nano-colloidal products
developed with reference to an innovator medicinal prod-
uct (EMA/CHMP/SWP/620008/2012)%'. The latter addresses a
controversial topic that will begin to emerge as soon as the
patents for nanomedicines that are already approved expire:
the regulatory approval of nanosimilar products. Like the

innovator liposomal

Chart 1. Map of processes and activities focused on nanotechnology in regulatory agencies.

Processes and activities Lt 2 Bra.zil
(FDA) (EMA) (Anvisa)

Financial investment for the development of nanotechnology in the country Yes Yes Yes
Specific regulations for nanomedicines No No No
Guides to orient the regulated sector on the submission of nanomaterials Yes Yes No
Specific form for declaring the presence of nanomaterials in the final medicine Yes Yes No
Position on the applicability of toxicological tests for nanomedicines Yes Yes No
Federal investments are directed to the validation and improvement of toxicological tests for

. Yes Yes Yes
nanomedicines
Metrology laboratories are adapted to nanotechnology Yes Yes Yes
Unified database available to store information about nanomaterials Yes Yes No

Source: FDA':1819 EMA??, Anvisa®2.

USA: United States of America; EU: European Union; FDA: US Food and Drug Administration; EMA: European Medicines Agency; Anvisa: National Health

Surveillance Agency.
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FDA guide, these documents are not of a regulatory nature.
They are educational documents to guide manufacturers and
other stakeholders.

With regard to the regulation of this new technology in Bra-
zil, as mentioned earlier, only in 2013, ten years after the
beginning of the Brazilian Federal Government’s initiatives to
encourage and develop nanotechnology, was Anvisa’s Inter-
nal Nanotechnology Committee established (officially only in
2014)*. Although it is a subject of fierce debate, there is still
no information on Anvisa’s website about its position in rela-
tion to the need to adapt the regulation to nanomedicines.
However, it can be noted that society is seeking guidance on
this discussion. The concern with the topic stands out when
we analyze the bills (PL) submitted by congresspeople for the
appreciation of the government (Chart 2).

Guides for the toxicological analysis of nanomedicines

After analyzing the pre-clinical tests recommended by the FDA
and the EMA, we can notice that these agencies adopt a very
flexible approach, which enables the choice of tests according
to the characteristics of the drug to be tested and its clinical
development plan. The aforementioned agencies are based on
the guidelines of The International Council for Harmonisation

Chart 2. Bills submitted by congresspeople on nanotechnology.

Tobler JP & Rocha HVA Regulatory grounds for assessing the safety of nanotechnology-based drugs

of Technical Requirements for Pharmaceuticals for Human Use
(ICH), which consider the recommendations of the OECD and
international working groups on the topic.

Brazil has prepared a guide for medicines in general (it is not
nanomedicine-specific either) based on the same guidelines
and agencies mentioned above (ICH, OECD, FDA and EMA) - the
so-called Guide for conducting non-clinical studies on toxicology
and pharmacological safety for drug development®. This guide
is a guideline for conducting non-clinical safety studies during
the development process of a drug. It is not regulatory in nature
and is flexible when it comes to the inclusion of other tests that
are not listed in the document, as long as they are validated and
accepted internationally. It covers the following areas: single
dose (acute) toxicity studies, repeated dose toxicity, reproduc-
tive toxicity, genotoxicity, local tolerance and carcinogenicity,
as well as studies of interest in the assessment of pharmaco-
logical and toxicokinetic safety (Administration, Distribution,
Metabolism and Excretion - ADME).

Although the aforementioned tests are widely used for the
assessment of conventional drugs and have demonstrated their
importance for correlating the toxicological profile of conven-
tional drugs in preclinical tests and clinical practice, based
on the information currently available we notice that this

Project Topic

Situation

PL n. 880/2019%,

being debated nanotechnology.

Creates the Legal Framework for Nanotechnology and establishes
incentives for scientific development, research, training and innovation in

April/3/2019 - Constitution, Justice and
Citizenship Commission (Secretariat of Support
to the Constitution, Justice and Citizenship
Commission)

April/3/2019 - Matter with the rapporteur

March/13/2019 - Commission for Science,
Technology, Innovation, Communication

Complementary PL
n. 23*, of February
4, 2019

PL n. 683%, of July
2, 2019

PL n. 6.741%, of
November 11, 2013

PL n. 5.133%, of
March 13, 2013

PL n. 5.076%, of
April 18, 2005

PL n. 131/2010%,
being debated

Allows the inclusion in the Simples Nacional category of companies whose
activity is support, technical and technological analysis, research and
development of nanotechnology.

Confers the title of “National Capital of Nanotechnology and New
Materials” on the city of Floriandpolis (5C).

Provides for the National Nanotechnology Policy, research, production,
the disposal of waste and the use of nanotechnology in the country and
provides other measures.

Regulates the labeling of nanotechnology products and products that use
nanotechnology.

Provides for the research and use of nanotechnology in the country,
creates the National Technical Commission on Nanosafety (CTNano),
institutes the Fund for

the Development of Nanotechnology (FDNano) and other measures.

Amends Decree-Law n. 986, of October 21, 1969, which establishes basic
rules on food, and Law n. 6.360, of September 23, 1976, which provides
for health surveillance to which medications, drugs, pharmaceutical and
related supplies, cosmetics, sanitizing products and other products are
subject and takes other measures to determine that labels, packaging,
tags, package inserts and advertising materials for products made using
nanotechnology contain information about this fact.

and Informatics (Secretariat to Support the
Commission for Science, Technology, Innovation,
Communication and Informatics)
March/13/2019 - Matter with the rapporteur

June/6/2019 - Plenary of the Federal Senate
(Legislative Secretariat of the Federal Senate)
June/6/2019 - Awaiting appeal

April/5/2017 - Join PL n. 6.741/2013 with PL n.
5.133/2013
January/31/2019 - Archived

April/5/2017 - Join PL n. 6.741/2013 with PL
n. 5.133/2013
January/31/2019 - Archived

November/5/08 - Rejected

February/18/2009 - Archived

“The Finance and Taxation Committee, in an
ordinary meeting held today, unanimously
concluded that Law n. 5.076-B/05 is incompatible
and inadequate in both financial and budgetary
terms, pursuant to the rapporteur’s opinion”

August/1/2013 - Rejected

“Finally, in addition to creating confusion and
alarm, the project under analysis may increase
the price of products, due to the imposition of
more bureaucratic requirements”

Source: Prepared by the authors based on the aforementioned legislation, 2019.

PL: Bill of Law.

http://www.visaemdebate.incgs.fiocruz.br/
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correlation is not necessarily true when it comes to nanomed-
icines. Therefore, there is a need to evaluate the applicability
of these tests for nanomedicines.

One of the topics on the agenda of the Working Party on
Manufactured Nanomaterials (WPMN), established in 2006, is
the review of toxicological tests recommended in the OECD
guidelines (Chart 3), bearing in mind the emerging needs
arising from nanotechnology. The objective of this project is
to identify the need for new guidelines, as well as points of
improvement and shortcomings of the existing guidelines for
the assessment of nanomaterials.

After analysis, the OECD considers that part of its current guide-
lines is applicable to nanomaterials. In some cases, adjustments
to the methodology are necessary. In other cases, the design of
a new methodology will be necessary, since the available guide-
lines are inadequate. This inadequacy is primarily related to the
lack of standardization and validation of qualitative and quanti-
tative analysis methods for nanomaterials*'.

In addition to the review done by the WPMN, it is worth men-
tioning the studies by Nel et al.# and Jones and Grainger®,
where one can identify some critical points that influence the
analysis of the results of in vitro toxicological tests. Among
the characteristics to be analyzed, we can mention: particle
size; size of the formed aggregate and/or agglomerate, size
distribution in the formulation; area, chemistry and surface
charge; zeta potential; structure/format; formulation sta-
bility; solubility; surface reactivity; purity; porosity, among
other characteristics*#546:47,

One of the most important discussions about nanomedicines is
the establishment of criteria for assessing their dosage. Even
though mass is used by many of the published studies, it may
not be the most appropriate measure for assessing exposure in
relation to the effects on the patients’ health. Considering that
there is still a knowledge gap regarding what the best alternative
is, some proposals available in the literature can be discussed,
but without the hope of reaching a consensus, at least not in the
short term.

The dose expressed in mass/volume has the advantage of being
easier to quantify. However, this does not guarantee relevance
to the dose-response correlation that must be analyzed, since
nanomaterials are considered “different” from materials on
a macro scale, especially because of their high surface/vol-
ume ratio, among other reasons. In addition, the need for
further investigation of the relevance of this measure in rela-
tion to the observed response stands out when we consider
the results of toxicological studies that demonstrated greater
toxicity of nanomaterials when compared to the material on
a macro scale using the same dose in relation to mass/vol-
ume*4, Some researchers, like Wittmaack (2007), consider
the number of particles/volume ratio to be the most relevant
for their studies, but others, like Oberdérster®, have demon-
strated that the measure that would have the best dose-re-
sponse correlation would be the surface area/volume. That

http://www.visaemdebate.incgs.fiocruz.br/
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is because we know that the toxicological response depends
on the surface properties of the nanomaterial and that the
surface area increases exponentially with the decrease in the
size of the NP. Therefore, since there is still no consensus
on the criteria to be used, it may be necessary to take into
account that different nanomaterials are likely to need differ-
ent criteria and, therefore, it is very important to invest in
studies in this area.

There is still a lively discussion in the literature about in vitro
tests based on cell cultures**%5', For example, 3D cultures pro-
duce a more complex and dense extracellular matrix and their
cells are distributed in an inhomogeneous manner, which trans-
lates into a greater challenge for the transport and uptake of
nanomaterials by the deeper cells in relation to the most super-
ficial cells of the culture. Moreover, this variation in the pene-
trating power of nanomaterials is also related to the size of the
nanomaterial and how long the cells are exposed to it. This fact
could be better observed after the advent of 3D cell cultures,
since in 2D cell cultures there was no demonstrated difference
in the penetrating power of NPs, which, despite their different
sizes, were homogeneously distributed in the cells. The study
by Huang et al. has shown that in a 3D cell culture there was a
significant increase in the uptake of smaller NPs (2 and 6 nm),
with an increase in the incubation period from 3 to 24 h, which
was not observed in bigger NPs (15 nm). These data demon-
strated that, in general, the NP-induced toxicity was lower in
the 3D culture than in the 2D culture’53.5,

Another important aspect that must be taken into account
when it comes to the applicability of toxicological tests for
nanomedicines is the possible interference of nanomaterials
with the components and in the testing processes. A literature
review by Ong et al.®® demonstrated that in 2010, approxi-
mately 84% of publications on nanotoxicology used at least
one type of colorimetric or fluorescence test. Of these ana-
lyzed tests, 95% were published without information about
the use of appropriate controls to identify this interference.
The same researchers did an identical analysis with the pub-
lications of 2012, to understand whether greater access to
information about this type of interference could improve the
planning of these tests. However, the results have shown that,
of the publications from 2012, 90% did not report the use of
controls for this purpose. That study also reported that the
most commonly used control was the addition of the NPs alone
with the test components (2010: 5%, 2012: 8%), followed by
fluorescence/intrinsic absorbance analysis of the NPs (2010:
2%, 2012: 5%) and then the concomitant use of the NP with
an analyte (2010: 1%, 2012: 4%). Regarding the procedures
adopted as control, the study highlighted that, although the
addition of NPs to the test components was the most frequent
procedure, this method is not completely reliable for the
control of NP interference. That is because in real conditions
there will be interference from other factors, like proteins,
which will affect the results, eliminate or potentiate the
interference. Therefore, there is a clear need to characterize
the action of every component in the chosen test.
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LCED Title Opinion
number
420 Acute Oral Toxicity - Fixed Dose Procedure Adequate It would be appropriate for an initial investigation. It must be
423 Acute Oral toxicity - Acute Toxic Class Method Adequate ;:E‘;gi:zgd that the extent of the pathological assessment at autopsy
425 Acute Oral Toxicity: Up-and-Down Procedure Adequate « Expanded assessment of pathology/histology is required.
436 Acute Inhalation Toxicity - Acute Toxic Class « It is likely that they cannot contribute much to the toxicity profile
Method At first they are of nanomaterials.
not suitablz- for ° Materials of low intrinsic toxicity should be tested up to a dose of
. . nanomaterials 5,000 mg/m?, which would lead to death due to airflow obstruction
403 Acute Inhalation Toxicity and not intrinsic toxicity.
« TG 403 - Includes only very limited histological examination at autopsy.
. s Revised and Review:
iz SR Wi le 1lGias Ay Sy adequate « Specific measurements of bronchoalveolar lavage fluid (BALF)
to be performed for all test chemicals, dividing the lung for
histopathology and BALF analysis. Any planned recovery group must
. . . Revised and also include the BALF analysis.
413 Subchronic Inhalation Toxicity: 90-day Study adequate « Measurement of pulmonary deposition and retention of particles.
« Consider the mean aerodynamic diameter of the mass < 2 pm with
a geometric standard deviation of 1-3.
402 e el Requu'_es onl_y m!mmal pathology; improved pathology is desirable
when investigating nanomaterials.
430 In Vitro Skin Corrosion: Transcutaneous No mention It can be used but bearing in mind that measuring cell viability using
Electrical Resistance Test (TER) MTT may not be appropriate due to inactivation of the marker.
It can be used but bearing in mind that measuring cell viability using
MTT may not be appropriate due to inactivation of the marker.
Some critical issues related to the protocol were identified, for
431 In Vitro Skin Corrosion: Human Skin Model Test No mention example: lack of circulation in the subcutaneous region, the duration
of exposure for a relevant time, area of exposure, the compatibility
of the receiving fluid for nanomaterials, which suggest the need to
make this test more adequate.
In Vitro Membrane Barrier Test Method for . It can be used but bearing in mind that measuring cell viability using
435 X . No mention R - s
Skin Corrosion MTT may not be appropriate due to inactivation of the marker.
404 Acute Dermal Irritation/Corrosion No mention It may be appropriate to assess the irritability of nanomaterials.
405 Acute Eye Irritation/Corrosion No mention It may be appropriate to assess the irritability of nanomaterials.
TG 429 is more appropriate than TG 406 because of the well-being
. e . . and number of animals used in the test, objectivity of the outcome,
429 Skin Sensitisation No mention . . i X
estimation of the potency of sensitizing agents, less compound is
necessary.
406 Skin Sensitisation No mention Less appropriate when compared to TG 429.
407 Repeated Dose 28-day Oral Toxicity Study in Adequate
Rodents Provides general information about a range of potential toxic effects,
N ici i including neurotoxicity.
408 Repeated Dose 90-Day Oral Toxicity Study in Adequate g Y:
Rodents
Repeated Dose 90-Day Oral Toxicity Study in Additional studies may be necessary to characterize neurotoxic,
409 Adequate . . )
Non-Rodents immunological or reproductive organ effects.
Justification: the bacterial cells used are not able to perform
endocytosis and the diffusion of nanomaterials through the bacterial
471 Bacterial Reverse Mutation Test Not recommended cell wall can be limited; both of these factors limit nanomaterial
uptake; some nanomaterials also have antibacterial properties.
TG 476 is considered as an alternative to TG 471.
473 b vl Lttt gel:rsrtomosome LR Adequate No interference of nanomaterials with the test was reported.
476 In vitro Mammalian Cell Gene Mutation Test Adequate Potential ln_ﬂuence on the conduction oflthe‘ test when assessing high
concentrations of ZnO-based nanomaterial (increased turbidity).
474 Mammalian Erythrocyte Micronucleus Test Adequate
Mammalian Bone Marrow Chromosome
475 Aberration Test Adequate
486 Unscheduled DI\{A Sypthesrs (UPS) .Test with Adequate*
Mammalian Liver Cells in vivo
421 Rep roductvon/Devglop mental Toxicity Adequate* For oral administration.
Screening Test
Combined Repeated Dose Toxicity Study with
422 the Reproduction/Developmental Toxicity Adequate* For oral administration.
Screening Test
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Test " .
- Title Opinion
415 One-Generation Reproduction Toxicity Study Adequate**
416 Two-Generation Reproduction Toxicity Adequate**
414 Prenatal Development Toxicity Study Adequate**
428 Comet Assay (Single-Cell Gel Electrophoresis) Adequate TG 427/428 in combination with complementary tests are, in
general, suitable for the evaluation of nanomaterials. Some changes,
427 Skin Absorption: In Vivo Method Adequate for example those related to longer observation periods with
nanomaterials, should be mentioned in its next update.
Bovine Corneal Opacity and Permeability Test
Meth?d e B ) glhemlcal.s et Adaptation is necessary to include the complete characterization of
437 Serious Eye Damage and ii) Chemicals Not Adequate . )
Requiri o L nanomaterials (powders or suspensions).
equiring Classification for Eye Irritation or
Serious Eye Damage
Adaptations to the test are necessary, including: the application
of CytoB and nanomaterial to cells separately, exposure time (24 h
487 In Vitro Mammalian Micronucleus Test Adequate seem to be enough), attention to serum concentration to avoid false
positives and the use of stable genetically modified cell lines and
competent P53.
489 In Vivo Mammalian Alkaline Comet Assay No mention

Source: OECD, 2009.

MTT: 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide.
* Except for analysis of the respiratory tract as the target organ.

** For oral use only.

Tests that use colorimetric or fluorescence detection, in gen-
eral, depend on redox reactions. These reactions occur in the
presence of cellular activity, however, the study noted that
some metallic NPs can also interact with the dye/marker (for
example: alamar blue, 2.7-dichlorodihydrofluorescein - DCF) and
cause its reduction®.

The optical properties vary both according to the chemical com-
position of the material and its physical properties (particle size,
shape, crystallinity, among others). Overall, both the alamar
blue test and the 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) are affected by this interference. In
these tests, fluorescence indicates cell viability and, since some
NPs are also capable of generating fluorescence, false positive
results eventually appear and lead to an underestimation of the
toxicological impact of these NPs. On the other hand, NP inter-
ference in tests that measure cellular oxidative stress may over-
estimate their toxicological impact>®357,58,59.60,61,

NPs have also been shown to interfere with the conformation
of some proteins and, thus, decrease their enzymatic activity.
For example, there is the interference of NPs with the activity
of lactate dehydrogenase (LDH), an enzyme used in the test to
assess cell viability. There is also some information about the
catalytic activity of NPs in the reduction of 2-(4-lodophenyl)-3-
(4-nitrophenyl)-5-phenyl-2H-tetrazolium chlorine (INT), similar
to the catalytic action of LDH®. In addition, it is also worth high-
lighting the effects of adding proteins to the test and their influ-
ence on the stability of NPs and, consequently, on their activity
in the assay®.

Other interactions may arise from the existence of electro-
static interactions between the NPs and the test materials. We
must understand how much the NP charge (positive or negative)

http://www.visaemdebate.incgs.fiocruz.br/

leads to the observed interference. We must also understand
whether the observed interaction comes only from this criterion
or whether other characteristics of the NP could be potentiating
the interaction. NP behavior does not always follow a steady
interaction pattern. There is data showing that both positively
and negatively charged NPs can interfere with the tetrazolium
marker. In addition, the same NP can interfere or not with the
same marker in different tests. That is why it is important to use
as much information as possible about the characteristics of the
NPs to interpret the results®.

In view of all the information compiled and discussed, here are
some important recommendations for the regulation of this
technology in Brazil:

1. More assertive and active participation in international working
groups that are validating toxicological tests for nanomaterials.

2. Better control over the progress and publication of results
achieved in research on nanotoxicology sponsored by federal
government programs.

3. Invest in the proper training of Anvisa’s staff to ensure that
the regulatory analyses of these new products are done with
the appropriate depth and time to guarantee Brazil’s compe-
titiveness in the area of nanomedicines, but also the popula-
tion’s right to safety and information.

4. Implement a procedure to ensure the proper labeling of
drugs containing nanomaterials. That does not mean we need
specific regulations for nanotechnology or a symbol on the
label, as is the case of genetically modified organisms, but
something that can guarantee that the labels and package
inserts of medicines include enough information to protect
the population’s right to information and informed decisions.

Vigil. sanit. debate 2020;8(2):64-74 | 70



s?

5. Improve Anvisa’s communication plan about its initiatives and
positioning in relation to the regulation of nanomedicines.

6. Ensure that the federal government’s investments in rese-
arch and development in nanotechnology are allocated to
the generation of knowledge in the area of pre-clinical tests
that are necessary to:

a. assess the safety and efficacy of nanomaterials;

b. obtain data on the impacts of nanomaterials on the
absorption, distribution, metabolism and elimination of
conventional drugs;

Cc. obtain data to better understand the structure-activity
relationship of these new materials.

7. Regarding the adaptation of the requested toxicological tests:

a. The minimum group of requested tests should be cons-
tantly aligned with international guidelines.

8. Regarding regulatory submission, in addition to the conventional
process, at least the following information should be required:

a. Appropriate bio-physical-chemical characterization of
the nanomedicine, considering the factors that may
influence this analysis (means, different exposure con-
ditions, aggregation and agglomeration potential, manu-
facturing residues, formulation stability, surface binders,
possible interactions with characterization procedures).

b. Make sure there is a rationale specifically mentioning the
nanotechnological characteristics that may impact the
selection of tests for the pre-clinical assessment of nano-
medicines (chosen cell line, cell culture model, analyzed
outcomes, test exposure time, etc.), as well as an expla-
nation of every adaptation made to the tests, seeking
alignment with the published/available methodologies,
whenever possible. If this is not possible, the rationale
behind the adaptation should be recorded.

c. Rationale for choosing reference materials for toxico-
logical tests.

9. Inclusion of all nanomedicine data in a database designed
for this purpose.

REFERENCES

Tobler JP & Rocha HVA Regulatory grounds for assessing the safety of nanotechnology-based drugs

Given that nanotechnology is comprehensive in scope and
interdisciplinary in nature, ensuring the participation of those
involved in its application and regulation is essential to improve
the technical training in this area, reduce information asymme-
try and streamline the process of knowledge incorporation in
the country.

The late start of the regulation review for nanomedicines in
Brazil, when compared to the FDA and EMA, can be used to
our advantage. In view of all the information that is already
available, the working groups already established and the
experience of the countries that have already implemented
some initiatives to regulate the approval of nanomedicines, it
is expected that Anvisa’s development speed in this area will
be fast and that in a short time it can be well established and
producing results.

CONCLUSIONS

With this study, we can conclude that the toxicological tests
currently recommended by the regulatory agencies of the USA,
the European Union and Brazil, albeit aligned, are not specific
for the assessment of nanomedicines. In this sense, based on
the available information, it cannot be taken for granted that
the data generated by the requested tests are reliable for
the establishment of a robust risk/benefit ratio for nanomed-
icines. Furthermore, many of the limitations of these tests and
some suggestions for improvements in their conduction have
already been demonstrated. However, this “homemade” pro-
cess of adapting tests that should be “standardized” distorts
the results and, consequently, makes it difficult to understand
and correlate the generated data with those available in the
literature, even though this process is useful to increase the
suitability of the available guidelines.

On the same note, the importance of the bio-physical-chemi-
cal characterization of every nanomedicine submitted to anal-
ysis stands out, since, as demonstrated, one of the greatest
challenges is the alignment between the definitions used by
the research group for the classification of its nanomaterials -
which also negatively impacts the data compilation process for
the generation of evidence. We believe that the suggestions
elaborated in the present study can strengthen the regulatory
assessment process for nanomedicines.

1. Lauterwasser C. Small sizes that matter:
opportunities and risks of nanotechnologies.
Paris: Organisation for Economic Co-operation and
Development; 2005.

2. Bowman DM, Hodge GA. Nanotechnology: mapping the
wild regulatory frontier. Futures. 2006;38(9):1060-73.
https://doi.org/10.1016/j.futures.2006.02.017

3. Agéncia Brasileira de Desenvolvimento Industrial - ABDI.
Cartilha sobre nanotecnologia. Brasilia: ABDI; 2010.

http://www.visaemdebate.incgs.fiocruz.br/

4. Murday JS, Siegel RW, Stein J, Wright JF.
Translational nanomedicine: status assessment and
opportunities. Nanomedicine. 2009;5(3):251-73.
https://doi.org/10.1016/j.nano.2009.06.001

5. Shi J, Xiao Z, Kamaly N, Farokhzad OC.
Self-assembled targeted nanoparticles:
evolution of technologies and bench to bedside
translation. Acc Chem Res. 2011;44(10):1123-34.
https://doi.org/10.1021/ar200054n

Vigil. sanit. debate 2020;8(2):64-74 | 71



s?

10.
1.

12.

13.
14.

15.

16.
17.

18.

19.

20.

Ferrai M. Cancer nanotechnology: opportunities
and challenges. Nat Rev Cancer. 2005;5(3):161-71.
https://doi.org/10.1038/nrc1566

Davis RR, Lockwood PE, Hobbs DT, Messer RL, Price

RJ, Lewis JB et al. In vitro biological effects of sodium
titanate materials. J Biomed Mater Res B Appl Biomater.
2007;83(2):505-11. https://doi.org/10.1002/jbm.b.30823

Haley B, Frenkel E. Nanoparticles for drug delivery
in cancer treatment. Urol Oncol. 2008;26(1):57-64.
https://doi.org/10.1016/j.urolonc.2007.03.015

Maeda H, Wu J, Sawa T, Matsumura Y, Hori K. Tumor

vascular permeability and the EPR effect in macromolecular
therapeutics: a review. J Control Release. 2000;65(1-2):271-84.
https://doi.org/10.1016/50168-3659(99)00248-5

Jain RK, Stylianopoulos T. Delivering nanomedicine to
solid tumors. Nat Rev Clin Oncol. 2010;7(11):653-64.
https://doi.org/10.1038/nrclinonc.2010.139

Doane TL, Burda C. The unique role of nanoparticles in
nanomedicine: imaging, drug delivery and therapy. Chem Soc
Ver. 2012;41(7):2885-911. https://doi.org/ 10.1039/c2cs15260f

Huynh NT, Passirani C, Saulnier P, Benoit

JP. Lipid nanocapsules: a new platform for
nanomedicine. Int J Pharm. 2009;379(2):201-9.
https://doi.org/10.1016/j.ijpharm.2009.04.026

Desai N. Challenges in development of nanoparticle-based
therapeutics. AAPS J. 2012;14(2):282-95.
https://doi.org/10.1208/512248-012-9339-4

Parveen S, Misra R, Sahoo SK. Nanoparticles: a boon to drug
delivery, therapeutics, diagnostics and imaging. Nanomedicine.
2012;8(2):147-66. https://doi.org/10.1016/j.nano0.2011.05.016

Svenson S. What nanomedicine in the clinic right
now really forms nanoparticles? Wiley Interdiscip
Rev Nanomed Nanobiotechnol. 2014;6(2):125-35.
https://doi.org/10.1002/wnan.1257

Elsaesser A, Howard CV. Toxicology of nanoparticles.
Adv Drug Deliv Rev. 2012;64(2):129-37.
https://doi.org/10.1016/j.addr.2011.09.001

US Food and Drug Administration - FDA. Manual of policies
and procedures: reporting format for nanotechnology-related
information in CMC review. Silver Spring: FDA; 2010.

US Food and Drug Administration - FDA. Guidance for
industry considering whether an FDA-regulated product
involves the application of nanotechnology. Silver
Spring: FDA; 2014[acesso 24 mar 2018]. Disponivel em:
https://www.fda.gov/media/88423/download

US Food and Drug Administration - FDA. Guidance for
industry assessing the effects of significant manufacturing
process changes, including emerging technologies, on the
safety and regulatory status of food ingredients and food
contact substances, including food ingredients that are
color additives. Silver Spring: FDA; 2012.

US Food and Drug Administration - FDA. S2(R1) genotoxicity
testing and data interpretation for pharmaceuticals
intended for human use. Silver Spring: FDA; 2012[acesso

13 jun 2018]. Disponivel em: http://www.fda.gov/
downloads/Drugs/Guidances/ucm074931.pdf

http://www.visaemdebate.incgs.fiocruz.br/

21.

22.

23.

24.

25.

26.

27.

28.

29.

Tobler JP & Rocha HVA Regulatory grounds for assessing the safety of nanotechnology-based drugs

US Food and Drug Administration - FDA.

2013 Nanotechnology regulatory science research plan.
Silver Spring: FDA; 2013[acesso 6 abr 2019]. Disponivel
em: http://www.fda.gov/ScienceResearch/SpecialTopics/
Nanotechnology/ucm273325.htm

European Medicines Agency - EMA. Reflection paper on
nanotechnology-based medical products for human use.
London: EMA; 2006[acesso 24 mar 2019]. Disponivel em:
http://www.ema.europa.eu/docs/en_GB/document_
library/Regulatory_and_procedural_guideline/2010/01/
WC500069728. pdf

European Medicines Agency - EMA. Reflection paper on non
clinical studies for generic nanoparticle iron medicinal
product applications. London: EMA; 2011[acesso 2 fev
2019]. Disponivel em: http://www.ema.europa.eu/docs/
en_GB/document_library/Scientific_guideline/2011/04/
WC500105048. pdf

European Medicines Agency - EMA. Reflection paper on

the data requirements for intravenous liposomal products
developed with reference to an innovator liposomal
product. London: EMA; 2013[acesso 14 set 2018]. Disponivel
em: http://www.ema.europa.eu/docs/en_GB/document_
library/Scientific_guideline/2013/03/WC500140351.pdf

US Food and Drug Administration - FDA. Drug products,
including biological products, that contain nanomaterials
guidance for industry draft guidance. Silver Spring: FDA;
2017[acesso 15 maio 2019]. Disponivel em https://www.
fda.gov/media/109910/download

European Comission - EC. Comunicacao da comissao ao
parlamento europeu, ao conselho e ao comité economico
e social europeu. Brussels: EC; 2012[acesso 15 maio
2019]. Disponivel em: http://ec.europa.eu/research/
industrial_technologies/pdf/policy/communication-
from-the-commission-second-regulatory-review-on-
nanomaterials_pt.pdf

European Medicines Agency - EMA. Joint MHLW/EMA
reflection paper on the development of block copolymer
micelle medicinal products. London: EMA; 2013[acesso
19 set 2018]. Disponivel em: https://www.ema.europa.
eu/en/documents/scientific-guideline/joint-mhlw/ema-
reflection-paper-development-block-copolymer-micelle-
medicinal-products_en.pdf

European Medicines Agency - EMA. Reflection paper on

the data requirements for intravenous liposomal products
developed with reference to an innovator liposomal product.
London: EMA; 2013[acesso 19 set 2018]. Disponivel em:
https://www.ema.europa.eu/en/documents/scientific-
guideline/reflection-paper-data-requirements-intravenous-
liposomal-products-developed-reference-innovator_en-0.pdf

European Medicines Agency - EMA. Reflection paper on
surface coatings: general issues for consideration regarding
parenteral administration of coated nanomedicine
products. London: EMA; 2013[acesso 19 set 2018].
Disponivel em: https://etp-nanomedicine.eu/wp-content/
uploads/2018/10/reflection-paper-surface-coatings-
general-issues-consideration-regarding-parenteral-
administration_en.pdf

Vigil. sanit. debate 2020;8(2):64-74 | 72



s?

30.
31.

32.
33.
34.

35.

36.

37.

38.

39.

European Medicines Agency - EMA. Reflection paper
on non-clinical studies for generic nanoparticle

iron medicinal product applications. London:

EMA; 2011[acesso 19 set 2018]. Disponivel em:
https://etp-nanomedicine.eu/wp-content/
uploads/2018/10/reflection-paper-non-clinical-
studies-generic-nanoparticle-iron-medicinal-product-
applications_en.pdf

European Medicines Agency - EMA. Reflection paper

on the data requirements for intravenous iron-based
nano-colloidal products developed with reference to an
innovator medicinal product. London: EMA; 2015[acesso
19 set 2018]. Disponivel em: https://www.ema.europa.
eu/en/documents/scientific-guideline/reflection-paper-
data-requirements-intravenous-iron-based-nano-colloidal-
products-developed_en.pdf

Agéncia Nacional de Vigilancia Sanitaria - Anvisa. Portaria
N° 1.358, de 20 de agosto de 2014. Institui o comité interno
de nanotecnologiada da Agéncia Nacional de Vigilancia
Sanitaria (Anvisa) e da outras providéncias. Diario Oficial
Unido. 21 ago 2014.

Brasil. Projeto de lei N° 880, de 19 de fevereiro de

2019. Cria o marco legal da nanotecnologia e estabelece
incentivos ao desenvolvimento cientifico, pesquisa,
capacitacédo e inovacao no ambito da nanotecnologia. Diario
do Senado Federal. 20 fev 2019.

Brasil. Projeto de lei complementar N° 23, de 12 de
fevereiro de 2019. Altera a lei complementar N° 123, de
14 de dezembro de 2006 a fim de incentivar a pesquisa e
desenvolvimento da nanotecnologia no Brasil. Diario do
Senado Federal. 13 fev 2019.

Brasil. Projeto de lei N° 683, de 12 de fevereiro de 2019.
Confere ao municipio de Florianopolis, SC o titulo de capital
nacional da nanotecnologia e novos materiais. Diario do
Senado Federal. 18 jun 2019.

Brasil. Projeto de lei N° 6.741, de 11 de novembro de
2013. Dispde sobre a politica nacional de nanotecnologia,
a pesquisa, a producao, o destino de rejeitos e o uso da
nanotecnologia no pais, e da outras providéncias. Diario do
Congresso Nacional. 11 nov 2013.

Brasil. Projeto de lei N° 5.133, de 13 de marco de 2013.
Regulamenta a rotulagem de produtos da nanotecnologia
e de produtos que fazem uso da nanotecnologia. Diario do
Congresso Nacional. 14 mar 2013.

Brasil. Projeto de lei N° 5.076, de 18 de abril de 2005.
Dispoe sobre a pesquisa e o uso da nanotecnologia no
pais, cria comissao técnica nacional de nanosseguranca

- CTNano, institui fundo de desenvolvimento de
nanotecnologia - FDNano, e da outras providéncias. Diario
do Congresso Nacional. 19 abr 2005.

Brasil. Projeto de lei N° 131, de 12 de maio de 2010.
Altera o decreto-lei N° 986, de 21 de outubro de 1969,
que institui normas basicas sobre alimentos,

e a lei N° 6.360, de 23 de setembro de 1976,

que dispde sobre a vigilancia sanitaria a que ficam
sujeitos os medicamentos, as drogas, os insumos
farmacéuticos e correlatos, cosméticos, saneantes e

http://www.visaemdebate.incgs.fiocruz.br/

40.

M.

42.

43.

44,

45.

46.

47.

48.

49.

Tobler JP & Rocha HVA Regulatory grounds for assessing the safety of nanotechnology-based drugs

outros produtos, e da outras providéncias, para determinar
que rotulos, embalagens, etiquetas, bulas e materiais
publicitarios de produtos elaborados com recurso a
nanotecnologia contenham informacao sobre esse fato.
Diario do Senado Federal. 2 out 2013.

Agéncia Nacional de Vigilancia Sanitaria - Anvisa.

Guia para a conducéo de estudos nao clinicos

de toxicologia e seguranca farmacologica necessarios

ao desenvolvimento de medicamentos. Brasilia:

Anvisa; 2013[acesso 18 jul 2017]. Disponivel em:
http://portal.anvisa.gov.br/documents/33836/2492465/
Guia+para+a+Condu%C3%A7%C3%A30+de+Estudos+N%C3%A30
+Cl%C3%ADnicos+de+Toxicologia+e+Seguran%C3%A7
a+Farmacol%C3%B3gica+Necess%C3%A1rios+ao+Dese
nvolvimento+de+Medicamentos+-+Vers%C3%A30+2/
a8cad67c-14c8-4722-bf0f-058a3a284f75

Organisation for Economic Co-operation and Development
- OECD. Database on research into the safety of
manufactured nanomaterials. Paris: OECD; 2009[acesso
25 mar 2017]. Disponivel em: http://webnet.oecd.org/
NANOMATERIALS/Pagelet/Front/Default.aspx

Nel A, Xia T, Meg H, Wang X, Lin S, Ji Z et al.
Nanomaterial toxicity testing in the 21st century: use of
a predictive toxicological approach and high-throughput
screening. Acc Chem Res. 2013;46(3):607-21.
https://doi.org/10.1021/ar300022h

Jones CF, Grainger DW. In vitro assessments of nanomaterial
toxicity. Adv Drug Deliv Rev. 2009;61(6):438-56.
https://doi.org/10.1016/j.addr.2009.03.005

Powers KW, Palazuelos M, Moudgil BM, Roberts
SM. Characterization of the size, shape and state
of dispersion of nanoparticles for toxicological
studies. Nanotoxicology. 2007;1(1):42-51.
https://doi.org/10.1080/17435390701314902

Warheit DB. How meaningful are the results of
nanotoxicity studies in the absence of adequate material
characterization? Toxicol Sci. 2008;101(2):183-5.
https://doi.org/10.1093/toxsci/kfm279

Sayes CM, Warheit DB. Characterization of
nanomaterials for toxicity assessment. Wiley Interdiscip
Rev Nanomed Nanobiotechnol. 2009;1(6):660-70.
https://doi.org/10.1002/wnan.58

Berhanu D. Characterisation of carbon
nanotubes in the context of toxicity studies.
Environ Health. 2009;8(Suppl 1):1-4.
https://doi.org/10.1186/1476-069X-8-S1-S3

Oberdorster G. Safety assessment for
nanotechnology and nanomedicine: concepts of
nanotoxicology. J Intern Med. 2010;267(1):89-105.
https://doi.org/10.1111/j.1365-2796.2009.02187.x

Landsiedel R, Kapp MD, Schulz M, Wiench K,
Oesch F. Genotoxicity investigations on
nanomaterials: methods, preparation and
characterization of test material, potential
artifacts and limitations: many questions, some
answers. Mutat Res. 2009;681(2-3):241-58.
https://doi.org/10.1016/j.mrrev.2008.10.002

Vigil. sanit. debate 2020;8(2):64-74 | 73



o
o

51.

52.

53.
54.

55.

56.

Tobler JP & Rocha HVA

Hanahan D, Weinberg RA. Hallmarks of cancer:
the next generation. Cell. 2011;144(5):646-74.
https://doi.org/10.1016/j.cell.2011.02.013

Unger RE, Halstenberg S, Sartoris A, Kirkpatrick CJ.
Human endothelial and osteoblast co-cultures on 3D
biomaterials. Methods Mol Biol. 2011;695:229-41.
https://doi.org/10.1007/978-1-60761-984-0_15

Huang K, Ma H, Liu J, Huo S, Kumar A, Wei T et al.
Size-dependent localization and penetration of ultrasmall
gold nanoparticles in cancer cells, multicellular spheroids,
and tumors in vivo. ACS Nano. 2012;6(5):4483-93.
https://doi.org/10.1021/nn301282m

Mitra M, Mohanty C, Harilal A, Maheswari UK, Sahoo
SK, Krishnakumar S. A novel in vitro three-dimensional
retinoblastoma model for evaluating chemotherapeutic
drugs. Mol Vis. 2012;18:1361-78.

Godugu C, Patel AR, Andey T, Sams A, Singh M. AlgiMatrix
based 3D cell culture system as an in-vitro tumor model
for anticancer studies. PLoS One. 2013;8(1):1-13.
https://doi.org/10.1371/journal.pone.0053708

Ong KJ, MacCormack TJ, Clarck RJ, Ede

JD, Ortega VA, Felix LC et al. Widespread
nanoparticle-assay interference: implications for
nanotoxicity testing. PLoS One. 2014;9(3):1-9.
https://doi.org/10.1371/journal.pone.0090650

Monteiro-Riviere HA, Inman AO. Challenges

for assessing carbon nanomaterial toxicity

to the skin. Carbon. 2006;44(6):1070-8.
https://doi.org/10.1016/j.carbon.2005.11.004

Regulatory grounds for assessing the safety of nanotechnology-based drugs

57.

58.

59.

60.

61.

62.

Casey A, Herzog E, Davoren M, Lyng FM, Byrne
HJ, Chambers G. Spectroscopic analysis confirms
the interactions between single walled carbon
nanotubes and various dyes commonly used to
assess cytotoxicity. Carbon. 2007;45(7):1425-32.
https://doi.org/10.1016/j.carbon.2007.03.033

Doak SH, Griffiths SM, Manshian B, Singh N, Williams PM,
Brown AP et al. Confounding experimental considerations
in nanogenotoxicology. Mutagenesis. 2009;24(4):285-93.
https://doi.org/10.1093/mutage/gep010

Monteiro-Riviere NA, Inman AO, Zhang LW. Limitations
and relative utility of screening assays to assess
engineered nanoparticle toxicity in a human cell

line. Toxicol Appl Pharmacol. 2009;234(2):222-35.
https://doi.org/10.1016/j.taap.2008.09.030

Worle-Knirsch JM, Pulskamp K, Krug HF. Oops they
did it again! Carbon nanotubes hoax scientists

in viability assays. Nano Lett. 2006;6(6):1261-8.
https://doi.org/10.1021/nl060177¢

Kroll A, Pillukat MH, Hahn D, Schnekenburger J.
Current in vitro methods in nanoparticle

risk assessment: limitations and challenges.
Eur J Pharm Biopharm. 2009;72(2):370-7.
https://doi.org/10.1016/j.ejpb.2008.08.009

Kroll A, Dierker C, Rommel C, Hahn D, Wohlleben

W, Schulze-Isfort C et al. Cytotoxicity screening of

23 engineered nanomaterials using a test matrix of ten
cell lines and three different assays. Part Fibre Toxicol.
2011;8:1-19. https://doi.org/10.1186/1743-8977-8-9

Authors’ Contribution

Tobler JP - Planning (study design), data acquisition, analysis and interpretation and writing of the paper. Rocha HVA - Conception and

writing of the work. All authors approved the final draft of the paper.

Conflict of interest

The authors report that there is no potential conflict of interest with peers and institutions, nor political or financial conflicts in this study.

e

http://www.visaemdebate.incgs.fiocruz.br/

This publication is licensed under the Creative Commons Attribution 3.0 Unported license.
To view a copy of this license, visit http://creativecommons.org/licenses/by/3.0/deed.pt.

Vigil. sanit. debate 2020;8(2):64-74 |



