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ABSTRACT

Carbon nanotube is a type of nanomaterial that has gained prominence in nanotechnology due to its high elec-
trical properties, high thermal conductivity, strength and stiffness and their wide applications in the fields of
medicine, physics, chemistry and engineering. This type of nanomaterial is formed by carbon atoms and can
be classified as single-walled nanotube or multi-walled nanotube, differentiating their applications. One of the
major challenges presented by this type of nanomaterial is its relationship to the toxicity of exposed biologi-
cal systems. Thus, the objective of this work is to perform a review regarding the studies performed on the
toxicity of carbon nanotubes in the pulmonary system from 2010 to 2017. Studies have shown that there is a
relationship between respiratory problems such as inflammatory airway process, cystic fibrosis, lung cancer
and carbon nanotube toxicity. Even so, it is still suggested that more specific studies are needed to really prove
this relationship between carbon nanotube toxicity and respiratory problems, considering that this toxicity is
associated with the purity of these carbon nanotubes.
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RESUMO

Os nanotubos de carbono sdo um tipo de nanomaterial que vem ganhando destaque na nanotecnologia
devido as suas altas propriedades elétricas, alta condutividade térmica, resisténcia e rigidez e suas amplas
aplicagoes nas areas de medicina, fisica, quimica e engenharia. Esse tipo de nanomaterial é formado por
atomos de carbono e pode ser classificado como nanotubo de parede unica ou nanotubo com paredes multiplas,
diferenciando suas aplicagoes. Um dos grandes desafios apresentados por esse tipo de nanomaterial é a sua
relag¢do com a toxicidade dos sistemas biologicos expostos. Sendo assim, o objetivo desse trabalho é realizar
uma revisdo entre os anos de 2010 - 2017 referente aos estudos realizados sobre a toxicidade dos nanotubos de
carbono no sistema pulmonares. Estudos demonstraram que existe uma relagdo entre problemas respiratorios,
como processo inflamatorio das vias aéreas, fibrose cistica, cancer de pulmdo e a toxicidade causada por
nanotubos de carbono. Mesmo assim, ainda é sugerido que sejam necessdarios estudos mais especificos para
comprovar realmente essa relagcdo da toxicidade dos nanotubos de carbono e problemas respiratorios, levando
em consideragdo que essa toxicidade esta associada ao grau de pureza desses nanotubos de carbono.
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INTRODUCTION

Nanotechnology is based on understanding and controlling matter with the ability to change
material properties in sizes between 1 and 100 nanometers and thus create materials with different
properties. This technology has been growing in the market and is being used in different areas, among
them medicine, physics, chemistry, engineering (LOVE et al., 2012). Different materials are used in
the nanometer scale, among them are carbon nanotubes (NTCs), which are carbon atoms arranged
in condensed aromatic rings, formed by cylinders wrapped in cylinders (IIJIMA, 1991). “This last
mentioned nanomaterial has been generating curiosity from the industries and some materials produced
from carbon nanotubes are already on the market, among them biosensors (KR AUSS, 2009), biomolecular
recognition devices and molecular carriers (KAM; JESSOP; WENDER , 2004), artificial water channels
(LIU, 2009), cancer therapy and molecular photoacoustic imaging (LIU, 2006; WANG, 2011).

And by modifying the surface area of this nanomaterial, specific functions can be introduced,
thus increasing the complexity and diversity of these nanomaterials. This type of material can be
presented in two ways: a single wall (SWCNTSs) or multiple walls (MWCNTs) (DONG & MA, 2015).

The interesting condition of this nanomaterial, despite its different applications and proper-
ties, is about its process of synthesis. Until then, it is necessary to use catalysts, and among the most
used are Co, Fe, Ni and Mo and these catalysts become accumulated and become residual metal con-
taminants in these nanomaterials. Some carbon nanotubes are functionalized or coated with proteins,
polymers or metals with the aim of improving their dispersion in solvents or obtaining more specific
functions (ASCHBERGER et al., 2010).

The initial concern is about an exposure to this type of material that may be a potential health
and environmental hazard (KIM et al., 2011; DONG & MA, 2015). The justification would be pre-
cisely that the metals used in the synthesis as catalysts are aggregated and it is almost inevitable that
these nanomaterials are not contaminated with residues of these catalysts, that is, when this type of
material decomposes, nanometric particles of metal are formed. Therefore, the total removal of these
metal catalysts and other types of residues from the carbon nanotubes that imply the application of
this type of material, become a great challenge for the area of nanotechnology (GE et al., 2011).

With the prospect of eliminating these types of residue, some purification methods were developed,
including chemical, physical and chromatographic purification. But some purification processes may
alter the properties of these nanomaterials. Therefore, metal catalyst residues often remain, even after
complicated purification steps (GE et al., 2011).

Carbon nanotubes can exist as compact tangles of nanotubes that can be considered as par-
ticles, or as breathable fibers with a high aspect ratio (length to width). The risk of these two forms
of carbon nanotubes is different, for example; effects of nanotube particles would be confined to the

lungs, possibly causing fibrosis and cancer, while the effects of nanotube fibers would affect the
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pleura (DONG & MA, 2015). The characteristics of the dimensions of carbon nanotubes, such as
diameter and length, are directly related to the action on the target site of action of the nanotubes in
the airways and in the pulmonary parenchyma. It is understood that the clearance of carbon nanotubes
in the airways occurs by hair cells or by slow phagocytosis of macrophages. Consequently, accumulation
occurs in the lungs, as the particles or fibers become deposited (LANONE et al., 2013).

Some studies already carried out with a variety of different carbon nanotube samples, being
single-wall or multiple-wall in research laboratories have demonstrated that they can provoke inflam-
matory responses (BHATTACHARYA et al., 2013).

The implication of the behavior of carbon nanotubes when they meet biological systems
creates the need for a careful toxicological evaluation for a better understanding of their biologi-
cal impact, thus allowing greater exploitation in applications of different areas. This concern with the
evaluation of the toxicity caused by carbon nanotubes opens a space for the introduction of nanotoxicity
that evaluates the effects of these systems when they meet biological systems (DONG & MA, 2015).

In 2007, the Organization for Economic Co-operation and Development (OECD) created a
program called: Sponsorship Program for the Testing of Manufactured Nanomaterials. This program
was created with the aim of gaining insight into the safety of nanomaterials from the assessment of
their effects on human health and the environment. A list of biopersistent nanomaterials, whose priority
risk assessment among the top five nanomaterials, has been established by the OECD, they are: C60
fullerene, single-wall carbon nanotubes, multiple-wall carbon nanotubes, silver nanoparticles and
iron nanoparticles (OECD, 2011).

The OECD reviews continuously the methodologies used and emphasizes that it is necessary
to adapt these methodologies according to the characteristics of these manufactured nanomaterials
(OECD, 2011).

Thus, the objective of this literature review is the association of the nanotoxicity presented
by carbon nanotubes in biological systems against pulmonary diseases, among them pneumonias,
emphysema, bronchitis, cystic fibrosis caused in people exposed to this type of nanomaterial. It is
important to emphasize that this orientation was not developed to address specific characteristics of
the nanomaterials and the respiratory system, but rather to review the association of carbon nanotubes

with breathing problems already mentioned.

MATERIALS AND METHODS

This study constitutes a bibliographical review, developed with scientific production indexed
in the following electronic databases: Science Direct, Pub Med, Scielo, Web of Science. The time cut
covered the period between 2010 and 2017 and the main focus of this study were scientific papers

focused on the toxicity of carbon nanotubes in the lungs. The descriptors used for the bibliographic
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review were: carbon nanotubes, toxicity and lung diseases. The summary and results of these articles
were used for the development of this review.

After the survey, a final number of 22 articles was obtained, and 11 articles were studied and
tabulated as to the tests performed to verify the toxicity of the carbon nanotubes in the lungs and the
rest of the articles were used to understand the terms discussed in this article and construction of a

review also addressed.

RESULTS AND DISCUSSIONS

In the search carried out in all mentioned databases, we found 22 articles related to the descriptors
carbon nanotubes, toxicity and lung diseases, and only 11 articles performed some type of experiment,
where they verified the existence or not of toxicity of the carbon nanotubes in the lungs. The period of
publication was between 2010 and 2017, and the year 2017 concentrated the largest number, respectively
five articles. The other years presented 1 or 2 articles. After reading and registration the selected articles,
the 11 articles that compose an experiment to verify the toxicity of the carbon nanotubes in the lungs
were evaluated, in terms of the type of carbon nanotubes (single wall or multiple walls), degree of purity
and problematic presented in the lungs.

In most of the articles studied here, some kind of damage to the lungs was reported when contact
on carbon nanotubes, among them, AISO et al. (2010); KASAI et al. (2016); Duke et al. (2017) & NIKOTA
et al. (2017) reported fibrosis as the main clinical finding, these authors only studied carbon nanotubes
with multiple walls. On the other hand, KATWA et al. (2012); GERNAND and ELIZABETH (2014);
LUYTS et al. (2014) & MORIMOTO et al. (2017) have demonstrated that carbon nanotubes with single
or multiple walls are capable of causing cellular inflammation when they come into contact with lung
cell types, mainly provoking a neutrophil infiltration in this organ.

Among the other clinical findings also cited by some authors, are acute toxicity, lung tumors,
absorption in lung epithelial cells and epithelial hyperplasia.

Another aspect that was evaluated is whether these authors took into account the degree of pu-
rity of these carbon nanotubes when they performed the toxicity tests, since it is already described in
the literature that this toxicity can be given due to the presence of metallic residues that remain in this
nanostructure, even after performing different types of purifications. One justification would be that
very strict purification processes could alter the structure of this type of nanomaterial, by this way
changing its properties. About 5 articles did not report the degree of purity presented by the studied
carbon nanotubes, representing a number a little below half of the articles studied. This shows that
the clinical findings found in these 5 studies may be associated with metallic residues that remained
in the studied nanostructure and not specifically the type of nanostructure. The purity values cited by

the authors were not always necessarily obtained by them during their studies, some used the degree
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of purity reported by the manufacturers of the carbon nanotubes and the values reported by all were
between a range of 90% and 99,8% purity.

Only a single study that was carried out by HORIBATA et al. in 2017 did not show negative
results, they did not verify the degree of purity of the carbon nanotubes and stated that only an intra-
tracheal instillation of carbon nanotubes with multiple walls were not mutagenic.

Pulskamp et al. found in 2007 that commercially available carbon nanotubes (CNTs) do not
cause acute toxicity but induce the production of reactive oxygen species (ROS) in human A549 lung
cells and rat macrophages. However, the authors attributed high levels of ROS to metal residues found
in carbon nanotubes.

Tsukahara & Haniu, in 2011, used highly purified multi-walled carbon nanotubes and
demonstrated that even without the generation of reactive oxygen species (ROS) that are attributed to metal
impurities, there was membrane damage, increased cytokine release, and induction to cell necrosis.

Love et al. (2012) have stated that carbon nanotubes are toxic and can affect different cell types,
but it is necessary to understand that factors such as metal impurities, particulate state, structural dif-
ferences and the surface properties of CNTs are linked to the cytotoxicity of these nanomaterials. And
that to advance in this study requires a more detailed characterization of the carbon nanotubes before
the toxicity tests and carry out a standardization of the tests used.

Ge et al., (2012) suggests that it is essential to systematically understand how endogenous and
exogenous factors can influence the toxicity of carbon nanotubes. They further claim that the pres-
ence of metallic and carbonaceous impurities and the mechanism of toxicity are the crux of carbon
nanotubes, but unfortunately, they are still not entirely clear.

Thus, we can understand that nanotechnology has played an important role in the technological
area and directly affects the development of science, but due to this growth in a short time, some pre-
cautions regarding the risks caused by some nanomaterials go unnoticed and there is still no conclusive
results if these nanomaterials may or may not pose risks to health and the environment in the future.

The following table describes the main studies on the toxicity of carbon nanotubes against

lung diseases between 2010 and 2017:

Table 1 - Description and results of studies carried out in the years 2010 - 2017 on
nanotoxicity of single or multiple wall carbon nanotubes.

Autor Journal CNT Purity Results
AISO . . Inflammation, hyperplasia of type II cells,
Industrial Health MWCNT Uninformed ] .
etal., 2010 microgranulomas and fibrosis.
KATWA .
J. Small MWCNTs Uninformed Inflammatory pulmonary responses.
etal., 2012
LUYTS Particle and . . .
. . MWCNTs Uninformed Pronounced inflammatory response in the lung.
etal.,2014 Fibre Toxicology
DUKE Particle and

. . MWCNT Uninformed Fibrosis.
etal., 2017 Fibre Toxicology
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The findings indicated that a single intratracheal

HORIBATA Genes and . . .
. MWCNTs Uninformed instillation of MWCNTSs was not mutagenic for
etal., 2017 Environment
both bone marrow and rat lung.
The results indicated that the major risks to humans
ASCHBERGER Critical Reviews . result from chronic occupational inhalation,
] ) MWCNT 90% purity . . . . .
etal., 2010 in Toxicology especially during activities involving high CNT
release and uncontrolled exposure.
ALI-BOUCETA . . I
Jornal small MWNTs 94% purity Absorption in lung epithelial cells
etal., 2011
GERMAND and . . . . .
Risk Analysis CNT 95% purity Pulmonary inflammation
ELIZABETH, 2014
KASAI Particle and MWCNT Around 99,6 and  Epithelial hyperplasia, granulomatous alteration,
etal., 2016 Fibre Toxicology 99,8 % purity fibrosis, bronchioloalveolar carcinoma and adenomas.
Advance Industrial o
MORIMOTO . . Acute pulmonary toxicity and pulmonary
Science and MWCNT 99,6% purity o ]
etal., 2017 neutrophil infiltration.
Technology
NIKOTA Particle and Fibre ) ) o .
. MWCNT 93% purity Fibrotic disease and inflammatory response.
etal 2017 Toxicology
CONCLUSION

It is noticed that only seven of the 11 studies addressed in this review presented the purity value
of the carbon nanotubes used in their studies, and only two studies performed characterization tests for
analysis of metals present in nanomaterials. For future perspectives, a purification method is required to
ensure the exclusion of any kind of metallic waste while at the same time not altering any characteristics
of the nanomaterial while maintaining its properties intact. Finally, this study has shown that before per-
forming any type of test to check the toxicity of carbon nanotubes in the lungs or other organs that may
be affected, it is necessary to perform characterization and identification tests on the impurities of this
nanomaterial. Only after that, there can be safely associated that the toxicity presented in in vitro and in

vivo tests is really from carbon nanotubes and not from carbon nanotubes metal waste.
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