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ABSTRACT

Currently, the deliberate use of medications is discussed due to the resistance that patients have shown in rela-
tion to conventional treatments, addiction processes and often intoxication due to self-dosing. Seeking to mini-
mize this tendency, many compounds of natural origin have been studied in an attempt to less toxic and less
costly therapies, due to the fact that they are compounds present in nature in abundance. Obtained from natural
compounds, extracts from plants have gained space in studies that seek new potential pharmacological appli-
cations. Nanosystems are known for their ability to add different potentials to compounds, such as increasing
stability, protecting from degradation and minimizing possible adverse effects. Inorganic nanoparticles have
gained space in the focus of cancer treatment, however, toxicological and biopersistent factors have caused
discussions and led to the search for alternatives. Thus, the “green synthesis” arises, where natural products
and other compounds, added to the production of this type of nanostructured systems would have the potential
to add biocompatibility to nanoparticles, thus making possible therapeutics. In this context, a review study was
carried out, using the Scopus database, which mentioned the application of extracts linked to the production
of inorganic nanoparticles, in order to propose new treatments for cancer. As a result, we can observe that the
use of inorganic nanoparticles production methods involving natural compounds is growing. This study aimed
to encourage research that emphasizes the use of compounds of natural origin linked with nanotechnology,
envisioning innovative and effective treatments against cancer.
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RESUMO

Atualmente discute-se o uso deliberado de medicamentos devido a resisténcia que os pacientes tém apresentado
frente a tratamentos convencionais, processos de dependéncia e muitas vezes intoxicag¢do por auto-dosagem.
Buscando minimizar essa tendéncia, muitos compostos de origem natural vém sendo estudados na tentativa
de terapias menos toxicas e de menor custo, pelo fato de serem compostos presentes na natureza em
abundancia. Obtidos a partir de compostos naturais, os extratos provenientes de plantas tém conquistado
espago em estudos que buscam novas potenciais aplicabilidades farmacologicas. Os nanossistemas sdo
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conhecidos pela capacidade de agregar diversas potencialidades a compostos, como aumentar a estabilidade,
proteger de degradacdo e ainda minimizar possiveis efeitos adversos. As nanoparticulas inorganicas tém
ganhado espago no enfoque do tratamento do cancer, no entanto, fatores toxicologicos e biopersistentes tem
causado discussoes e ocasionado a busca por alternativas. Assim surge a “sintese verde”, onde produtos
naturais e outros compostos, agregados a produgdo dessa modalidade de sistemas nanoestruturados teriam
o potencial de agregar biocompatibilidade as nanoparticulas viabilizando assim possiveis terapéuticas.
Nesse contexto, foi realizado um estudo de revisdo, utilizando a base de dados Scopus, que fizeram meng¢do
a aplicagdo de extratos vinculados a produgdo de nanoparticulas inorganicas, com o intuito de propor
novos tratamentos para o cancer. Como resultados podemos observar que o uso de métodos de produgdo de
nanoparticulas inorgdnicas envolvendo compostos naturais encontra-se em crescimento. Esse estudo teve
por objetivo incentivar pesquisas que enfatizem a utilizagdo de compostos de origem natural interligados com
a nanotecnologia, vislumbrando tratamentos inovadores e eficazes contra o cancer.

Palavras-chave: extratos vegetais, nanotecnologia, atividade antitumoral.

INTRODUCTION

Cancer can be defined as an abnormal proliferation of cells within tissues of living organisms
(MEDINA CRUZ et al., 2019). It is estimated, for Brazil, that in the 2018-2019 biennium, the occur-
rence of 600 thousand new cases of cancer, for each year (INCA, 2017). In addition, another concern
that is intertwined with a high incidence of cancer is the resistance that tumor cells have developed
against chemotherapy commonly used in the therapy of the disease (MEDINA CRUZ et al., 2019).

Plants are an important source of bioactive substances and natural compounds (BHOURI et al.,
2018). Most plant-derived compounds have direct or indirect therapeutic effects and are widely studied as
medicinal agents (JAMSHIDI-KIA et al., 2018). A study by Yu et al. (2020) highlights that natural com-
pounds made up of some specific constituents would be able to induce a process called “programmed
necrosis”, thus having the ability to lead malignant cells to cell death, enabling new therapeutic horizons
for cancer using natural compounds.

Nanotechnology studies the control of matter at the atomic and molecular scale, triggering
new properties (AL-RADADI, 2018). It appeared in the 1980s and, shortly afterwards, being applied
to medicine, it caused the origin of nanomedicine (MEDINA CRUZ et al., 2019). Nanotechnology
has many benefits in its handling, such as: several forms of encapsulation, specific functionalization
of surfaces and nanoparticles designed for the administration of chemotherapeutic agents aiming at
lower toxicity (CHANDRASEKARAN et al., 2016).

Inorganic nanoparticles are among the most explored nanosystems in commercial products,
being based on metal - (Ag, Ti, Zn, Au), carbon - (carbon nanotubes, fullerenes, graphene) and silicon -
(silicon and silica) are among the most popular nanoparticles (CAO et al., 2017).

The biocompatibility factor is one of the main concerns when it comes to inorganic nanopar-

ticles for applications where they will be used as a drug delivery system (POOJA ef al., 2015). In an
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attempt to circumvent these issues, natural compounds such as sugars and plant extracts have been
added to the production of inorganic nanoparticles showing the potential to add biocompatibility to
these systems through this approach called “green synthesis” (POOJA et al., 2015).

This study aims to make a bibliographic review on extracts used for the “green synthesis” of
different modalities of inorganic nanoparticles and that propose innovative therapies for the treat-

ment of cancer.

MATERIALS AND METHODS

An updated review of scientific literature indexed in the Scopus® database was carried out,
which currently consists of 3,850 journals from different areas of knowledge, until the period of July
31, 2019. Three restrictions were made during the research, filtered the search was made only by the
format of research articles, final version of publication and in the English language. Three descriptors
were used for the bibliographic survey: “human cancer and inorganic nanoparticles” and later “green
synthesis and extracts” properly grouped. A concise analysis of the articles was carried out, address-

ing their relevant aspects for the preparation of this review study:.

EVALUATION OF ARTICLES

A search was carried out in the Scopus database, where through the descriptor “human cancer
and inorganic nanoparticles” 578 results were found, with articles published over a period of 17 years,
between 2003 and 2019, including numerous journals.

Subsequently, the second descriptor “green synthesis and extracts” was added, demonstrating
the decay of results for 28 articles published over 9 years (2010-2019).

After the application of the three restriction criteria, the search was completed with 10 re-
search articles, in the final version of publication, in english published in the period between the years

2013-2019 to continue the analyzes.

EXCLUSION CRITERIA

The criteria for selecting articles for this study occurred as follows, to be considered suitable
for the review, they had to:

* Present any proposal related to cancer;

» Make use of some inorganic nanoparticle;

* Use extract for “green synthesis” of nanoparticles;

§ www.scopus.com
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Articles that did not meet these criteria were excluded from this review study. The analy-
sis was carried out based on the summary of the articles and, in case of doubt, a study as a whole

was consulted.

RESULTS AND DISCUSSIONS

DESCRIPTORS ANALYSIS

After searching the database, using the descriptor “human cancer and inorganic nanoparticles”,

the results shown in Figure 1 were found below.

Figure 1 - Number of articles published in 17 years of research (2003-2019).
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* Partial results, data published until the end of the 1st semester of 2019.
Source: Elaborated by the author based on the results obtained from the Scopus database.

Table 1 below presents a list of the 10 journals that most publish studies in this area, data based
on the results found from the descriptor “human cancer and inorganic nanoparticles”.

Later, when the second descriptor “green synthesis and extracts” was added and the restric-
tion criteria were applied, the results are shown in Figure 2, which shows the number of publications

on the subject over the course of 7 years (2013-2019).
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Table 1 - Ranking of journals that publish the most on the theme.

Classification Periodic Tmpact
factor
1° Nanomedicine 6.500
2° Biomaterials 10.273
3° Journal Of Controlled Release 7.901
4° ACS Nano 13.903
5° ACS Applied Materials and Interfaces 8.456
6° Nanomedicine 5.005
7° International Journal Of Molecular Sciences 4.183
8° Advanced Drug Delivery Reviews 15.519
9° Colloids and Surfaces B: Biointerfaces 3.973
10° International Journal of Nanomedicine 4471

Source: Prepared by the authors based on the results obtained in the Scopus database.

Figure 2 - Number of publications on the subject in the last 7 years (2013-2019).
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* Partial results, data published until the end of the 1st semester of 2019.
Source: Prepared by the authors based on the results obtained in the Scopus database.

Among the journals to which they presented publications from the secondary descriptor “green
synthesis and extracts” are shown in Table 2, where the year of publication of the article is described,
the journal where the study is published, the nanosystems used/proposed in the study and finally the

work reference.
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Table 2 - List of articles found, author of the article, nanosystem used and respective year of publication.

Year of publication Journal Nanosystems Reference
2019 Nanotechnology a-Fe203/NiO nanocomposite Bhushan et al. (2019)
Environmental Toxicology Fe,0,-TiO, nanoparticles Suetal (2018)
2018 Nanomedicine Inorganic nanocomposite Orsi et al. (2018)
Journal of Photochemistry and . . .
) . Zinc oxide nanoparticles Zhao et al. (2018)
Photobiology B: Biology
Journal of Biomedical )
Text unavailable Wang et al. (2017)
2017 Nanotechnology
Phytochemistry Reviews Inorganic nanoparticles in general Cao et al. (2017)
RSC Advances Silver nanoparticles Kalaiyarasan et al. (2017)
International Journal of . .
) . Gold nanoparticles Pooja et al. (2015)
Biological Macromolecules
2015 . .
Journal of Biomaterials . .
L Gold nanoparticles Manjumeen et al. (2015)
Applications
Drug Delivery and . . . .
2013 Inorganic nanoparticles in general ~ Pranatharthiharan ez al. (2013)

Translational Research
Source: Prepared by the authors based on the results obtained in the Scopus database and reading of the articles.

ANALYSIS OF ARTICLES

After analyzing the articles previously mentioned and submitting each one to the study’s exclusion
criteria, results were obtained where the use of inorganic nanoparticles production methods involving natu-
ral compounds demonstrates a comprehensive and growing form. Aiming at the use of a natural compound
as a production agent of the nanosystems to which they were then studied for cancer therapy.

The works found by the secondary descriptor and which did not mention promising therapies
for cancer were excluded from the discussion due to the theme not including the review article.

Of the authors found, eight studies make no direct mention of the use of natural compounds
for the production of inorganic nanoparticles. Then we made a brief account of these researches,
which also require relevant approaches for cancer research.

The first study published by Pranatharthiharan ez al. (2013), it is a review of nanovectors in the
delivery of nucleic acids. The article makes reference to inorganic nanovectors, which in turn, have
gained prominence in studies due to their microbial resistance, low toxicity, satisfactory stability and
may still be subject to functionalization. The authors state that, although extremely promising, ana-
lyzes on inorganic nanovectors are still limited, however third authors cited in the text report their
promising action against cancer. This review covers, among other approaches, specific properties and
types of inorganic nanovectors, their methods of preparation and applications as therapeutic, diagnostic
and teranostic agents. As perspectives, the authors bring that aspects of the safety profile of nanovectors
as well as the environmental impact in the use / handling of these systems must be further investi-
gated, aiming at future biodegradable and biodegradable products, thus minimizing possible toxicity

and enabling in vivo model tests.
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The article published by Orsi et al. (2018), aims at the synthesis and characterization of an
inorganic nanocomposite with applicability in self-illuminated photodynamic therapy against cancer,
considering the combination of radiotherapy and photodynamic therapy enabled by self-illuminated
photodynamic therapy allows localized treatment of deep tumors, with greater efficiency, reduced
doses of radiographs and less side effects in healthy tissues. The nanocomposite is composed of a
combination of CeF, and ZnO, where CeF, absorbs 6-MeV x-rays and activates the ZnO photoensi-
tizer; this system was characterized using transmission electron microscopy (TEM), TEM scanning,
energy dispersive X-ray spectrometry and fluorescence spectroscopy. Subsequently, this system was
applied to human lung adenocarcinoma cells - A549 (standard model for this type of evaluation), the
evaluation took place using the following methodologies: fluorescence spectroscopy, cytofluorimetry,
viability tests, clonogenic tests and progression tests of the cell cycle. As a result, the authors found
that when internalized in A549 cells for 24 hours, the NCs block the cell cycle before mitosis in the
absence of irradiation, effectively reducing the viability of pathological cells without inducing apopto-
sis or necrosis and how they intend to focus on a strategy coating of the nanocomposite, with a view to
seeking a way for the recognition and elimination by the immune system, envisioning studies in vivo.

In the work carried out by Su et al. (2018) the objective was to evaluate toxicity and molecular
mechanisms through different methods of Fe,O,-TiO, nanoparticles and TiO, nanoparticles against
human liver cells (HL-7702). The authors highlight as results that both Fe,O,-TiO, and TiO, nanopar-
ticles decreased cell viability and ATP levels when exposed to cells, but increased the generation of
malonaldehyde and the generation of reactive oxygen species (ROS). In addition, results suggest that
both Fe,0,-TiO, nanoparticles and TiO, nanoparticles could induce oxidative stress and could induce
an in vitro carcinogenic effect at higher concentrations. The authors highlight the importance of com-
plementary studies to elucidate the mechanisms of toxicity at higher concentrations of these systems.

After analysis, the studies that were selected for discussion on the central theme of this study,
were 3 articles, to which they are: Zhao et al. (2018), Manjumeen et al. (2015) and Pooja et al. (2015).

In the study by Zhao et al. (2018), Anacardium occidentale leaf extract was used in the “green
synthesis” of zinc oxide nanoparticles. In the present study, the authors report the production of the
extract, the biosynthesis of the nanoparticles, their characterization (diffractometer, spectrophotom-
eter, spectroscopy, transmission electron microscopy, among others) and finally, the cell culture of
normal human fibroblast strains (Hu02) and of human pancreatic cancer cells (Panc-1 and AsPC-1)
with cell viability assessment. The results obtained in the characterization of the UV-Vis spectro-
photometer demonstrated a range of 375 nm, which indicates the formation of zinc oxide nanopar-
ticles using plant extract; in the X-ray diffraction analysis, the crystalline nature of the synthesized
nanosystem was confirmed and, in the absence of additional peaks in this analysis, the purity of
the nanoparticles is adequate; from the images obtained by transmission electron microscopy, the

presence of hexagonal nanoparticles and an average size of 33 nm can be confirmed; through
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spectroscopy analysis, the presence of signals corresponding to elemental zinc and oxygen is verified,
confirming the formation of zinc oxide nanoparticles. The second part of the study, which consisted
of analyzing the cytotoxicity of zinc oxide nanoparticles from the feasibility study in the pancreatic
cancer lineage, demonstrated that NPsZnO caused a significant growth inhibition for cancer cells in a
concentration-dependent manner. The IC50 values for Panc-1 and AsPC-1 cells after 24 h are 40 + 5.6
uM and 30 £ 4.6 uM, indicating that NPsZnO are more effective for AsPC-1 cells when compared to
Panc- 1. Therefore, the concentration of 40 uM and 30 uM of NPsZnO was considered for its use in in
vivo systems in Panc-1 and AsPC-1 cells, respectively. The authors conclude that the cytotoxicity of
NPsZnO observed in pancreatic cancer cells is considerably higher when compared to the cytotoxicity
caused in normal fibroblast cells.

And the study by Manjumeen et al. (2015), the aqueous extract of Couroupita guianensis was
linked to the production of gold nanoparticles through “green synthesis”. The study steps consist of
preparing the extract, linking it to the production of gold nanoparticles and their characterization,
production of nanofibers by the electrospinning process and their characterization. They were evalu-
ated for their antibacterial and antifungal activity using the zone of inhibition method. Biocompat-
ibility and antiproliferative activity in Vero, breast cancer (MCF-7) and cervical cancer (HeLa) strains
were also evaluated through MTT assay. As a result of the characterization step of the biosynthesized
gold nanoparticles, the UV-Vis spectra showed a well-defined band centered around 526 nm, which
is the characteristic of gold nanoparticles and clearly indicates the formation of gold nanoparticles in
solution; the average size of the gold nanoparticles was about 15 nm; the crystalline nature of gold
nanoparticles has been confirmed by X-ray diffraction analysis. From the evaluation of biocompat-
ibility and antiproliferative activity by different strains, the Vero strain demonstrated a maximum
percentage of viability (90%) at the end of 72 hours of incubation, indicating that the nutrition for cell
lines was not harmed by nanofibers, leading to increased cell viability; the presence of gold nanopar-
ticles in the nanofiber showed antiproliferative effects in the cell lines MCF-7 and HeLa. The percent-
age of proliferation of cell lines MCF 7 and HeLa was only 8% and 9%, respectively, at the end of 72
hours of incubation with nanofibers. The proliferation of MCF-7 and HeLa cells decreased in direct
proportion to the incubation time of cell lines treated with nanofibers, whereas in cell lines treated
only with nanofibers, which did not contain gold nanoparticles, cell proliferation was high.

In the study by Pooja et al. (2015), the researchers obtained a dry exudate from Sterculia
urens Roxd called GK, a polysaccharide of a non-toxic nature, low cost and easily available, in
addition, it has already been widely used in the pharmaceutical and food industries. In 2013,
studies with inorganic copper oxide nanoparticles and silver nanoparticles had already been ob-
tained from GK. Therefore, the objective of this study was to evaluate GK as a potential reducing
agent for the production of gold nanoparticles and to investigate these gold nanoparticles linked

to gemcitabine hydrochloride (GEM) in the treatment of cancer. The nanoparticles produced with
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GK (GKNP) were characterized by different analytical techniques and tested for the biocompat-
ibility of the nanosystem against normal ovarian cells and lung cancer cells, in addition to studies
of hemolytic toxicity. Cytotoxicity studies with human lung cancer cells were performed with
GKNP associated with GEM and GEM in its simple form. As a result, the authors stated that
the data obtained from the stability studies suggested that the presence of GK molecules on the
surface of the nanoparticles not only acted as a reducing agent, but also a capping agent provided
colloidal stability to the nanoparticles. GKNP demonstrated high biocompatibility during the
studies carried out and GEM-GKNP showed better inhibition of cancer cell growth in the applied
tests, when compared to native GEM. The authors conclude the article by highlighting that due to
the stability and biocompatibility found during the study, gold nanoparticles linked to GK would
be a potential nanosystem in the delivery of anticancer drugs.

In view of the observation and analysis of each article in this study, it appears that among the
inorganic nanoparticles associated with gold, it has gained prominence in studies around the world
when it comes to the study of therapies for cancer. This statement can be attributed to its various
optical-electronic properties, ease of production, possibilities for changes in its surface, low toxicity
and biocompatibility; in addition to being able to be produced through physical, chemical and biologi-
cal aspects (POOJA et al., 2015).

FINAL CONSIDERATIONS

After the construction of this work, it can be seen that its main contribution was to identify
which studies and which are the focus of studies in the nanotechnological area, involving extracts of
natural fruitful origin in the production of inorganic nanoparticles related to potential proposals for
cancer therapy.

During the construction of this brief review, it became evident that the discussion made here
is still grounded and gaining space in cancer research. From the analysis of the studies explained, we
can evidence that the research is focused on inorganic nanoparticles, which, due to their history of
toxicity and biopersistence, open a wide discussion about their use in several areas. So, the new pro-
posal is to use extracts in the production of these nanoparticles, thus opening a new field of view and
making it possible to change the research aspect in relation to this class of nanosystems.

Within the research contemplated in the text of this review, it can be seen that the potential ap-
plicability of these “green nanosystems” to different types of cancers is quite expressive, but it should be
noted that a deep focus on the nanotoxicological investigation of these nanoparticles is needed, bearing
in mind that, they will be envisaged to be administered to very weak and immunodepressed people.

It is extremely important to proceed with innovative and potential investigations in the most

diverse areas of knowledge, as well as to search / investigate with responsibility new natural compounds
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that associated with nanotechnology may show unique and promising mechanisms in the fight against

the most prevalent disease in the world, cancer.
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