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Abstract

Introduction: Technological advances in recent decades have led to the development of therapeutic approaches in medicine on a new
scale of nanometric molecular applications, allowing the establishment of new therapies such as nanotherapy. The use of nanoparticles
entails numerous opportunities as well as major challenges for human application where use requires a thorough understanding of the
biocompatibility and pharmacodynamics of molecules. In cancer, nanoparticles act mainly in the active forms that are characterized by
the use of ligands or antibodies on their surfaces where they bind to certain cells, and in the passive form, where particles accumulate
in tumor tissues due to the large fractions of tumor endothelium. Objective: To address the main properties of protein, metal, polymer
and lipid nanoparticles, their structures and uses against specific cancer cells and the advantages and disadvantages of their use. Method:
Selection of articles with studies on nanoparticles from 2010 to 2018 in the PubMed and SciELO databases through narrative review
of the literature. Results: Nanoparticles have different mechanisms of action and may obtain more favorable results according to their
chemical structure. Conclusion: Based in this review, it was concluded that certain nanoparticles have functionalities that enhance the

anticancer effects of antineoplastic drugs and emerge as a new approach for cancer treatments.
Key words: Nanoparticles/administration & dosage; Nanoparticles/therapeutic use; Neoplasms; Antineoplastic Agents.

Resumo

Introdugdo: Os avancos tecnoldgicos das dltimas décadas levaram ao
desenvolvimento de abordagens terapéuticas na medicina em uma nova
escala de aplicagoes moleculares nanométricas, permitindo o estabelecimento
de novas terapias como a nanoterapia. O uso de nanoparticulas implica
inimeras oportunidades e também grandes desafios para a aplicagio humana,
esse uso requer uma compreensio minuciosa da biocompatibilidade e
da farmacodinimica das moléculas. No cincer, as nanoparticulas atuam
principalmente na forma ativa, que se caracteriza pela utilizagio de ligantes
ou anticorpos em suas superficies onde se ligam a determinadas células, e,
na passiva, onde as particulas se acumulam nos tecidos tumorais em razio
das largas frenestragoes dos endotélios tumorais. Objetivo: Abordar as
principais propriedades das nanoparticulas de proteina, metal, polimero e
lipidio, suas estruturas e utilizages contra células cancerigenas especificas
e as vantagens e desvantagens do seu uso. Método: Selecionar artigos com
estudos sobre nanoparticulas entre os anos de 2010 a 2018 nos bancos de
dados PubMed e SciELO por meio de revisao integrativa da literatura.
Resultados: As nanoparticulas apresentam diferentes mecanismos de agio e
podem obter resultados mais favordveis de acordo com sua estrutura quimica.
Conclusao: Concluiu-se com esta revisao que determinadas nanoparticulas
apresentam funcionalidades que potencializam os efeitos anticancerigenos
dos fidrmacos antineopldsicos e surgem como uma nova abordagem para
tratamentos contra o cincer.

Palavras-chave: Nanoparticulas/administragio & dosagem; Nanoparticulas/
uso terapéutico; Neoplasias; Antineopla’sicos.

Resumen

Introduccién: Los avances tecnoldgicos en las tltimas décadas han llevado
al desarrollo de enfoques terapéuticos en medicina en una nueva escala de
aplicaciones moleculares nanométricas, lo que permite el establecimiento
de nuevas terapias como la nanoterapia. El uso de nanoparticulas
conlleva numerosas oportunidades, asi como desafios importantes para la
aplicacién en humanos, este uso requiere un conocimiento profundo de
la biocompatibilidad y farmacodindmica de las moléculas. En el cdncer,
las nanoparticulas actdan principalmente en las formas activas que se
caracterizan por el uso de ligandos o anticuerpos en sus superficies donde
se unen a ciertas células, y el pasivo, donde las particulas se acumulan en
los tejidos tumorales debido a las grandes fracciones del endotelio tumoral.
Objetivo: Abordar las principales propiedades de las nanoparticulas de
proteinas, metales, polimeros y lipidos, sus estructuras y usos contra
células cancerosas especificas y las ventajas y desventajas de su uso.
Meétodo: Seleccionar articulos con estudios sobre nanoparticulas de 2010
a 2018 en las bases de datos PubMed y SciELO, a través de revisién de
la literatura integrativa. Resultados: Las nanoparticulas tienen diferentes
mecanismos de accién y pueden obtener resultados mds favorables segtin
su estructura quimica. Conclusién: Concluido con esta revisién que
ciertas nanoparticulas tienen funcionalidades que mejoran los efectos
anticancerigenos de los fdrmacos antineopldsicos y emergen como un nuevo
enfoque para los tratamientos contra el cdncer.

Palabras clave: Nanoparticulas/administracion & dosificacidn;
Nanoparticulas/uso terapéutico; Neoplasias; Antineopldsicos.
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INTRODUCTION

Nanotechnology studies the production of particles in
nanometric scale from 1 to 100 nm that can be applied in
various areas as in technology industry or in medicine and
calls the attention of the scientists for its good performance
in trials either iz vivo as in vitro'. The physics Richard
Feynman was the first to quote nanotechnology as an
optimized tool, demonstrating some methods that helped
the development of extremely small molecules to the size
that was necessary™.

The nanoparticles can be produced from many
materials and in various sizes, which depending on their
forms, are encountered in 0D, 1D, 2D or 3D?. Through
the possibility of molding its size and form, these particles
are extremely useful in the treatment of infirmities by the
capacity of carrying drugs, for being a tcumor flag and yet,
helping the diagnosis of diseases and configure themselves
as a new therapy targeted to the use of nanoparticles (NP)
in the medical mean, the nanotherapy*.

Because of the heterogeneity of cancer, new strategies
of approaching the processes of neoplastic death are being
evaluated’, opening space for the utilization of NP that
alleviate the disseminated side effects of chemotherapies®
because of its specificity targeted to the tumor tissue and of
its higher absorption”®. The NP are molded to be able to
deposit themselves in inflammation or tumor sites because
of the distance of the endothelial cells, characteristic of
the neoplastic tissue’. The overall objective of this article
is to evaluate the principal properties of protein, metal,
polymer and lipid NP, its structures, utilizations and
advantages against carcinogenic cells.

METHOD

To claborate this integrative review of the literature,
the current databases PubMed and SciELO were searched
between 2010 and 2018 because of the increasing evolution
of the studies about nanotherapy during these years. It were
used the descriptors nanoparticle; cancer, anticancer to
refine the searches, without the utilization of the Boolean
descriptors (AND, OR, AND NOT). Among the criteria of
literature selection, were articles in English and Portuguese,
articles that presented experiments 7 vivo and in vitro with
NP articles that addressed protein, metallic, lipidic and
polymeric NP encountered currently in trials and articles
involving nanoparticles carriers or not of drugs. For the
selection of the main metallic NP, the most frequent NP
were filtered in the database where bibliographic search was
conducted. Upon reading the articles encountered, only the
metalliczinc, platin and silver NP were selected to elaborate
this review in the category of metal.
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It were encountered 1,219 articles involving the
descriptors utilized for the search in the two databases,
of which, only 261 complied with the inclusion criteria.
Non-specific studies involving neoplastic cells were
excluded and the following exclusion criteria were applied:
productions involving only articles with experiments of
production of NP, articles that used NP as tumor marker
indirectly, articles that presented only trials of cellular
cytotoxicity without using experiment with malignant
neoplastic cells and articles that failed to inform the time
of execution of the experiment performed. After thorough
reading and application of the exclusion criteria, 65 articles
were selected to form the bibliographic review. For better
approach of this review, five complementary literature
with journals and books involving physiology of cancer
and fabrication of NP were added to the bibliographic

compilation.
RESULTS AND DISCUSSION

NP can be produced from several materials. Metals,
lipids, proteins, liposomes or polymers are some of the
NP found today in the main lines of research of cancer
treatment®.

The normal vascular endothelium has nearly 5 to 10
m of distance between its fenestrations (openings among
the cells), while the new vessels, that appear because of
the tumor angiogenesis' and of the high necessity of
nutrition'!, have sizes ranging from 100 to 780 nm'.
This type of utilization of NP is known as Enhanced
Permeability and Retention (EPR) or passive vectorization
targeted to the accumulation of these NP in the neoplastic
endothelium’.

In addition to the mechanism of accumulation, there
is another technique involving the administration of NB,
the active vectorization. In this process, ligands designed in
the surface of the NP will interact specifically with cancer
cells and its receptors. These ligands can be monoclonal
antibodies, aptamers or peptides'’. After NP is absorbed
by the cell, through the formation of micropinosome and
endosome'?, the endosome is fused with the lysosome,
which will be responsible for degrading the particle
absorbed'®. Many drugs utilize the endosomal pathway to
reach the cytosol and initiate its mechanisms of action'*.

The quantity of metals utilized in the pharmaceutical
industry as antimicrobial'® and antineoplastic agent is
vast'®. Metals as silver, gold, platinum and iron form
the list of the principal metals used in experiments in
cancer therapy'’, whose importance of metallic agents for
nanomedicine is attractive for investigators. Being able to
be molded in various sizes and variate forms the metallic
particles present pharmacodynamic and pharmacokinetics



aspects that favor the induction of the cancer cells to
death'®.

Overall, the mechanism metals use to generate cell
death is mainly the induction of apoptosis or necrosis
by the generation of reactive oxygen species (ROS). The
ROS are the main molecules responsible for damaging the
structure of the cellular membrane through peroxidation
and protein denaturation occasionally leading the cell to
death". Cell death caused by generation of ROS is specific
of the metals N, The excess of production of ROS can be
damaging for the cell, being responsible also for damages
to double-band DNAY.

Cell death by apoptosis is a natural process positively
regulated by tumor suppressor genes as p53, which induces
other pro-apoptotic genes as receptors of the cellular death
and genes of the family BCL-2 that release apoptotic cells
for cytosol, accelerating the process of cellular death®.
The principal producing source of ROS inside the cell
is the mitochondria because of its chemical processes of
generation of energy. When ROS are in excess or escape
from mitochondria, these molecules invade the cytosol,
succeeding in destroying larger molecular structures as
DNA or cause oxidative stress by lesion of the plasmatic
', making ROS an important mechanism
against neoplastic cells'. After the genetic lesion, the pro-

membrane

apoptotic genes are activated, inducing the cell to death
by apoptotic pathways or by autophagy'®.

Zinc is a metal encountered in several industry
segments, as cosmetics, dental products, plastics, etc.
Recently, with the advance of nanomedicine, it became an
important component utilized to produce NP. The efficacy
of the zinc molecules against hepatocellular carcinoma
cells (HepG2), prostate cancer and ovary cancer has been
reported in several experimental studies?'.

Zinc is a metal acknowledged as safe by the Food and
Drug Administration (FDA) and presents low levels of

Table 1. Experiments involving base-metal nanoparticles

Antitumor Use of Nanoparticles in Cancer

toxicity in relation to its size, aspect that needs attention
to not become a dangerous and unstable carrier with low
biocompatibility??. The zinc molecule induces the cancer
cell to death from the oxidative stress caused by ROS,
provoking rupture of the genetic material and successively
cellular death. Pro-inflammatory molecules as Interferon
C, interleukin 2 (IL-2) or tumor necrosis alpha factor are
observed in high levels when zinc NP is utilized'®.

Studies utilizing zinc NP report high selectivity
for cancer cells in comparison with other anticancer
therapies'®. In the study presented by Chung et al., for
instance, the zinc NP are utilized to treat cells of HepG2 in
different doses and concentrations that alternate between
50 mg and 500 mg (Table 1).

At higher doses of 500 mg, it was observed a rate of
cellular death of approximately 86% in cells HepG2 in
the first 24 hours, concluding that cellular death is mainly
dose-dependent. In this study, it were also measured
the levels of caspases present in the culture, in different
concentrations of zinc NP, indicating the progressive
increase along the dosage, which contrasts with cellular
death of HepG2.

Another study that can substantiate the effectiveness
of zinc NP is the experiment conducted by Bai et al.'.
In this study, the zinc dioxide NP (ZnO) were utilized to
treat ovary cancer cells in concentrations of up to 30 pg/ml
during 12 and 24 hours. After 24 hours, Bai et al.' observed
that there was a reduction of almost 70% of cancer cells
when these were exposed to 30 pg/ml of ZnO NP (Table 1).

Silver is largely commercialized and is present in many
products as industrial machinery, prosthetics and surgical
instruments®. For a long time, silver NP were used in
electronics and energy, but recently has been drawing the
attention for its apoptotic properties®.

Silver ions can induce cellular cytotoxicity through
increasing the instability of sodium and potassium in

Reduction of

In vivo/in Type of tumor

Avuthor/year vitro cell Cell line Concentration viability (%)
after 24 h
Wang et al., 2014 In vitro Oral CAL-27 100 ug/ml *>80%
Zinc Bai et al., 2017 In vitro Ovary SKOV3 30 mg/ml *>70%
Arooj et al., 2015 In vitro Melanoma Ht144 100 ug/ml *>80%
Choi et al., 2016 In vitro Ovary 2780 1,000 ug/ml 60 %
Silver Han et al., 2017 Invitro  Germina tiva F9 50 ug/ml 60 %
Baharara et dl. In vitro Cervical HeLa 60 ug/ml 80%

2018

Caption: *> = cellular death bigger or above.
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the ionic channels of the cellular membrane, which
destabilizes the mitochondria and releases ROS, leading
the cell to death". Despite its efficacy in generating ROS
and tumor death, in the study of Bhanumathi et al.?®, mild
cytotoxic effects were observed in healthy tissues of mice
that would have been exposed to silver NP in the heart,
kidneys, brain and lung.

Studies show that human epithelial alveolar tumor
cells (A549), neuroendocrine cells and ovary cells have
been encountered in experiments with silver'?, in addition
of having been proven its effectiveness against myeloid
leukemia cells and breast cancer?”. In Table 1, some
experiments involving silver NP and its respective rates
of tumor depletion are presented.

In the studies of Bahahara et al.?® and He et al.?,
silver NP were produced from natural extracts of plants
and fruits, utilizing the alternative principle of Green
Technology or Environmental Technology, an option
that utilizes only natural components’. In the study of
He et al.?, the extract of Dimocarpus longan, a traditional
Chinese fruit, was utilized as a compound that reduces
silver, because of its phenolic composition. He et al.?
observed that, when exposed to lung cancer cells, silver NP
produced from Dimocarpus longan succeeded in inhibiting
until 90% of the percent of tumor growth. In the study
of Bahahara et al.”® (Table 1), silver NP were not only
reduced with the extract of Zataria multiflora, but have
also received oxidative compounds of this plant, which
potentialized the toxic effect already present in the silver
NP, showing its apoptotic effect in tumor cells.

In only 24 hours, silver NP was able to reduce in up to
80% the growth of cervical cancer cells in a concentration
of 60 pg/ml, demonstrating oxidative and apoptotic
efficacy of natural extracts also encountered in the study
of He et al.?.

Choi et al.?* have also utilized Green Technology to
produce silver NP from cultures of E. coli. In 24 hours,
the cellular viability was reduced in 50% and the levels
of lactate dehydrogenase prominin-1 and other markers
of cellular lesion by immunofluorescence were also
quantified.

In contrast with the natural reducers utilized in the
studies of Bahahara et al.?® and He et al.??, the experiment
presented by Bhanumathi et al.? utilizes the chemical
compound sodium borohydride (NaBH,) as reducer
agent of silver NP In the study of Bhanumathi et al.?, the
silver NPs carried folic acid and berberine in its interior
causing a reduction of more than 80% of the cellular
viability of breast cancer cells. Another important data
is demonstrated in the study of Bhanumathi et al.?,
who exposed silver NPs conjugated with folic acid and
berberine to healthy breast cells, being observed that the
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toxic effect of the cellular viability in relation to these cells
was of nearly 20% in 48 hours, concluding that normal
breast cells would not be severely affected when exposed
to silver NPs conjugated.

Metal-based NP, mainly zinc, present significant
generating effects of autophagia that facilitate and
potentialize the effects caused by ROS and, consequently,
induce more easily the death of cancer cells, also caused by
the flexibility of zinc molecules, which also makes them
optimal molecules carriers?3%3!,

In nanotherapy, platinum presents various chemical
and conjugated forms. The drugs cisplatin and carboplatin
are two examples of platinum-based variations in studies®.
These drugs are applied to treat head and neck, ovary and
lung cancer®.

Cisplatin or cis-diamminedichloroplatinum? is an
antineoplastic drug utilized to treat ovary, testicles cancers
and cells of the human peripheral cells®. The mechanism
of action of cisplatin is related to the rupture of the
DNA. The drug can annihilate the biological processes
of transition and translation, leading the cell to death by
genetic lesion®®. However, cisplatin finds many biological
barriers as fast elimination, drug-resistance, severe toxic
effects in kidneys, brain, liver and mainly, in bone marrow
cells*.

Despite the toxic aspects of cisplatin, some studies did
not find elevated cytotoxicity in determined cells. In the
experiment conducted by Bendale et al.?’, the platinum
NPs did not show cytotoxic effects in mononuclear cells
of the peripheral blood. However, when in contact with
lung, pancreas and ovary cancer cells, the NPs managed
to induce them to cellular death, proving their cytotoxic
specific effect for tumor cells, mainly in phase G1 of the
cellular cycle.

Carboplatin, formed by cis-diammine platinum
(1,1-cyclobutanodicarboxilate), was developed to replace
cisplatin® mainly for its capacity of being administered
in elevated doses®®, becoming more recommended
than cisplatin and presenting less toxicity and higher
compatibility. Regardless of its non-toxic peculiarities,
carboplatin presents low tumor uptake, which makes it
a drug with reduced efficacy®. This drug was ineffective
against neck cancer cells, testicular germinative cells and
squamous carcinoma cells®®.

Protein NPs demonstrate biodegradability as one of its
great advantages, an important characteristic that is not
present in the metals due to environmental technology’.
Protein NPs are biocompatible, easily degraded by the
organism and have facility to mold themselves and add
ligands in their surfaces®.

The protein NP have better compatibility with the
human body because they are produced from an existing



protein as gelatin or albumin’. Albumin NP or NAB,
as is also known, is produced from a drug encapsulated
inside the albumin molecule, having great importance for
nanotechnology because of its power of tumor retention
in the vessels that irrigate the cancer tissue®. The main
application of protein NPs in anticancer treatment is its
drug carrier capacity that circumvent the immune system
making the drug carried by protein NP to remain in the
blood flow for more time*.

Protein NP can also be utilized with other NP of
different chemical compositions as in the study presented
by Azizi et al.*!. In this experiment, the albumin NP were
utilized to carry silver NP. The rate of breast cancer cells
dead by this complex reached nearly 70% with NP of size
100 pM. The albumin NP are commonly studied and are
already in the pharmaceutical market as an albumin NP
that carries the antineoplastic placlitaxel in its interior’.
In the study of Lee et al.*, placlitaxel was internalized in
an albumin NP coated with polyethylenoglycol (PEG)
to treat a xenographic tumor of breast cells. Lee et al.*
observed that, in a concentration of 100 nm, the tumor
cellular viability was reduced in more than 50% in only
24 hours.

Regardless of albumin being the main protein utilized
as nanocarrier, it is not the only one. Some studies utilize
other NP as proteins of camel milk® gelatin, elastin and
even soy proteins®.

The lipid NP, which encompasses the liposomal and
micellar forms, are atoxic and biocompatible inside
the human body'. Some studies report the facility of
lipid NP of being molded in solid forms and, therefore,
become more susceptible to encapsulation of drugs in its
interior*. The lipid NP have the most efficient delivery

Antitumor Use of Nanoparticles

of the drug in the sites of action in the treatment against
cancer, because of its hydrophilic structure with only one
layer of phospholipid™.

The liposomal form of lipid NP is one category of
chemotherapic drug carrier. Currently, liposomal NP
present two drugs in study, cytarabine and irinotecan®.
With its phospholipid structure, the liposomes enable the
carrying of hydrophilic and lipophilic drugs at the same
time, in addition of presenting more fluidity compared
to lipid NP'. The micelles also are part of the lipid NP.
These NP present layers of amphiphilic copolymers that
are disposed around a hydrophobic nuclear structure,
where are incorporated the drugs with low solubility in
water that will be encapsulated®.

Despite its benefits, some important obstacles are faced
by lipid NT. The easy degradation by the stcomach PH and
by the enzymes of the intestine, for example, reduce the
capabilities of storage of these particles. Other frequent
problems are the instability in lipid mean and the toxicity
of compounds utilized in the fabrication of these NP*.
In Chart 1, the main advantages and disadvantages of
biodegradable NP (proteins, polymers and lipids) and of
metals are shown.

The attribution of polymers as NP appeared from the
necessity of new forms of fabrication of NP that were not
toxic to the environment. These synthetic-based polymers
molecules are biocompatible, have optimal tissue uptake
and are not toxic for the organism, which makes this
category one of the subtypes of NP utilized in the most
recent trials with delivery of drugs®.

There are several types of synthetic formulations of
polymers that differ according to the therapeutic finality
it is planned to be obtained. The most used polymers

Chart1.Advantages and disadvantages of the categories of metals nanoparticles and biocompatible

Metallic

Polymeric, lipid and proteic

Advantages - Can generate oxygen reactive

species

- Can be produced by Green
Technology

Disadvantages - Can cause cellular cytotoxicity

nephrotoxic effects
- In its production, some toxic

are used

- Are easily molded and produced

- Normally present neurotoxic or

components to the environment

- Normally, they don’t use toxic reagent for the
environment

- Can carry two drugs at the same time in its
structure (lipids)

- Polymers can circumvent the formation of protein
corond, in addition to preventing non-specific
phagocytosis

- Less expensive and biocompatible

- Lipids can suffer enzymatic action earlier and not
being absorbed by the tumor cell
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as drug carriers are polyacid lactic (PLA) and PEG*.
PLA is a polymer formed from copolymerization of two
monomers, the glycolic acid and the lactic acid, that are
easily degraded by the human metabolism by the cycle of
Krebs®. PLA is present in plastic bags, packages or even
cosmetics?.

PLA has effective tumor retention from the passive
vectorization in systems 7 vivo and is much associated
to other polymers as PEG, in the combined form of
MPEG-PLA.

PEG is another biodegradable polymer with properties
that favor its utilization as a good carrier. Many times,
PEG is manipulated associated to other molecules or
simply as coating polymer of NP*'. Its main function is
to make NP coated by it non perceptible to the immune
system and to the cells of the reticulo-endothelial system
(RES)*, for blocking the insertion of the corona protein
in its surfaces”’, prolonging the systemic circulation of
the NP in the organism™. PEG and PLA (PEG-PLA) are
commonly encountered as excellent carriers of molecules.
Its conformation is amphipathic, can be administered in
aqueous or lipid mean after intravenous administration™.

In the study presented by Xiang et al.”*, PEG NP in
association were utilized to carry doxorubicin against
cells of hepatocarcinoma. The authors observed that, in
the first 24 hours, the cancer cellular viability reduced
in 40%, compared with the culture control in different
concentrations of this conjugation.

PLA and PEG can also be used as carriers of molecules,
as miRNA, as demonstrated in the experiment of
Devulapally et al.>. Chart 2 shows the summary of
the main NP addressed and its general utilizations that
encapsulated miRNA suppressor of protein and the drugs
gentamicin against hepatocarcinoma cells in PLA NP,

They observed that the cellular viability of the
tumor was reduced in 30% insofar as the size of the NP
increased”. Cosco et al.* also utilized PLA together with
chitosan to carry RNA of interference against myeloma
cells. The two cell lines utilized in this study® had their
viability reduced in untl 30% in 24 hours. After 48

Chart 2. Principal types of nanoparticles and its general functionalities

hours, the cellular viability diminished in 50% with a
concentration of 100 nm of chitosan NP (Table 2).

Quitosana or chitosan (N-acetyl glucosamine) is
a biodegradable polymerized polysaccharide, of low
immunogenicity and nontoxic, which is also utilized as
drug carrier”. It can be encountered in association both
with PLA and PEG, carrying known antineoplastic as
cisplatin or doxorubicin®®. However, chitosan also presents
challenges as low solubility of its material, characteristic
of natural compounds®”>.

In the studies of Xiang et al.”* and Devulapally et
al.>>, both involving hepatic tumor cell lines HepG2,
it can be observed discrepancies through the molecules
carried and the concentrations involved in the study. In
the experiment of Xiang et al.**, the reduction of 70% of
the quantity of tumor cells was observed in the first 24

1.>%, only after

hours, while in the study of Devulapally et a
48 hours the rate of reduction reached 60% indicating
that the conjugated presented by Xiang et al.”* is more
effective against cells of HepG2.

Fasehee et al.® verified a drop of 80% in the tumor
viability when encapsulating disulfiram, an inhibitor
of aldehyde dehydrogenase (ALDH) with molecules of
Poly(lactic-co-glycolic) acid (PLGA). In this study, it were
observed disulfiram free and disulfiram encapsulated. In
the study of Fasehee et al.?, the maximum inhibition
was obtained after 48 hours and the effect of cytotoxicity
doubled in relation to the first 24 hours. However, in the
study of Wang et al.®’, it were not observed great cytotoxic
effects within 48 hours in relation to the first 24 hours,
even utilizing different cancer line cells for comparison.

There was no drop of visible viability between 24 and
48 hours, demonstrating that in the study of Wang et
al.*!, the main limiting factor was not the encapsulation
in PGLA, but the carried molecules utilized in the tumor
cells lines.

Normally, the most utilized process of production of NP
is the chemical method, where a specific reducing solution
of ions as NaBH  or sodium nitrate is used to reduce a
certain compound that contains the material wanted.

Types of Principal nanoparticles molecules
nunr:mrﬁcles ° rep:esenied General Utilization
Metallic Platinum, iron and silver Potentialization of tumor death through
generation of reactive oxygen species; drug
carrier

Polymeric Polyethylene glycol and lactic polyacid Nanoparticles coating; drug carrier

Proteic Albumin Drug carrier
Lipid Micellar, liposomal and lipid Drug carrier
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Reduction of

Pol In vi T f C trati
Author/year o.y.mer Molecule carried n w.v o/ Typeo Cell line onceniration viability (%)
utilized in vitro tumor cell Hg/mL
after 48 h
Feseh t
esehee ¢ PLGA Disulfiram Invitro  Breast ~ MCF-7 500* 80%
al., 2017
Doxorubicin
Xi t al. d thyl
1ang LAl peg.ppLLa M MMMV vitre Liver  HepG2 2 70%**
2013 ether
Hematoporphyrin
t al.
;g? 6e b PLGA Docetaxel e LHRH In vitro Prostate LNCaP 10 80%
Devula-pally Gemcitambine e .
PLGA-PE In vit L H 2 * 9
etal, 2016 G G miRNA n vitro iver epG 5 60%
C t al. Multipl
oscoetd pLGA miR-34a Invitro NP SMMI 100* 50%
2015 myeloma
W t al. Paclitaxel
angetals pLga aclitaxeland = 0 Bone  Saos-2 10 70%
2015 Etoposide

Captions: *The concentration is expressed in nanometer (nm); **The rate of reduction presents in the first 24 hours.

There are other methods of fabrication as the radiolytic,
photochemicals or biogenic®. In the entire process, the
administration of reagents needs to be very careful, because
any error caused by the differences of concentrations can
disturb the formation of nanomolecules®.

The problem of utilization of the many chemical
compounds involved in this process of fabrication is
the high rate of toxicity that restrains the application
of these solutions, in addition to being quite expensive.
Recently, because of this obstacle, a new alternative for the
production of NP is being addressed in nanotechnology,
the Green Technology® or environmental technology
focused in the non-utilization of chemical compounds
in industry. This new tool, in addition of not using toxic
substances for the environment, is less expensive and can
use plants, bacteria or proteic compounds as inputs”®.

Extracts from plants and fruits are used to substitute
the oxidation reduction of chemical compounds and can
be stabilizers or even promote, depending on the extract
utilized, biological activity without causing damages to
the organism®. The golden NP, as demonstrated in the
experiment of Bahahara etal.
India-origin plant, the Zazaria multiflora, utilized as metal
reducer. Despite the benefits of the Green Technology,
its utilization in the scientific laboratories is still farther

, were constructed from an

ahead because of the lack of knowledge and training in
this technique®.

In addition to the Green Technology, other applications
are appearing along the years involving NP in the treatment
of cancer, for example, phototherapy and photothermal
therapy. Phototherapy is a direct combination with

chemotherapics, where photosensitizers are activated
from a source of irradiation, becoming an option of safer
and specific application, since NP will be activated in
the region of the body where the light is concentrated®’.

In photothermal therapy, NP are activated from a heat
source, normally, infrared, where waves of small or great
length are applied. After activation through heat, the NP
already absorbed is disintegrated by heat, causing necrosis
to the tumor cell. Normally, carbon-based NP are used
in this procedure®.

Another type of recent application with NP is the
genic therapy. In this therapy, small molecules that can
interfere or change of DNA structure are incorporated
in the interior of the NP, as plasmids of DNA, miRNA
or RNA of interference®, as shown in the studies of
Devulapally et al.”> and Xiang et al.’* Therapies that use
interfering genes and chemotherapy are favorable for the
eradication of tumors, but face challenges as reduced
structure of its materials, failing to reach considerable
effects®’. The viruses are also been studied as new drugs
carriers because they have biocompatible characteristics
with the human body, facility of mold in several sizes and
forms, can be conjugated with PEG to prolong its time
in the blood flow.

Some treatments already known as radiotherapy and
chemoradiotherapy are adopting the use of NP. In the
study of Au et al.”?, the wortmannin was conjugated with
docetaxel in PEG-PLA NP, presenting tumor size below
10% in a period of 120 days. Inorganic compounds also
present optimal uptake of radiation and are good materials
to be used in radiotherapy”.

Revista Brasileira de Cancerologia 2019; 65(4): e-13400

n



Lopes JC, Torres MLP

-1

CONCLUSION

The discovery of nanotechnology in medicine granted
the utilization of anticancer therapies that earlier would
have high toxicity rate for the human body because of
the possibility of reduction of cytotoxic adverse events
caused by the non-specificity of conventional therapy. As
time went by, the techniques involving fabrication and
application of NP evolved, offering improved efficiency in
delivering drugs and site-specific orientation. In addition
to metallic NP already known by the scientific community,
other molecules have gained space because they pursued
the use of cleaner production methods and non-toxicity
as polymer, proteins and lipid-based NP that occupy
the center of the new chemotherapy scenario with NP,
being responsible for introducing important drugs in
the tumor fight.

With its diversified chemical properties and its
mechanisms of generation of ROS, some NP have toxic
effects against different tumor cells, despite carrying or
not any drug and can present more effective antitumor
effect in certain tumor cell lines that indicate cellular
susceptibility for that type of NP or drug carried. Despite
the good results involving NP and antineoplastic, obstacles
as nonspecific phagocytosis and adverse effects caused
by toxicity of fabrication need to be well discussed and
studied.
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