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RESUMO

O diagndstico de cancer de pulméo ocorre principalmente quando o cancer ja esta
em estagio avancado. Nessa situacdo, ha poucas opcBes para o0 tratamento e a maioria
delas tem poucas chances de sucesso. Neste estudo foram desenvolvidas e testadas
microparticulas de Etoposideo como um agente de diagnostico para imagem de cancer
pulmonar em estagios iniciais de desenvolvimento. Microparticulas de Etoposideo
marcadas com tecnécio 99 metaestavel foram testadas em ratos induzidos. Os resultados
demonstraram que mais de 10% da dose total utilizada foi de absorvida no local do tumor.
Além disso, os resultados mostraram que as microparticulas tinham uma boa depuracao
renal e absorcdo pelo figado e bago. Os dados sugerem que estes micro-radiofarmacos
podem ser utilizados para exame de imagem do cancer de pulmao, especialmente

tomografia computadorizada por emisséo de foton unico (SPECT).

Palavras-chave: Nanoparticula, Citotoxicidade, Etoposideo, Nanoparticulas
Poliméricas, Tecnécio-99m.



ABSTRACT

The diagnosis of lung cancer mostly occurs when the cancer is already in an
advanced stage. In this situation, there are few options for the treatment and most of them
have few chances of success. In this study, we developed and tested etoposide
microparticles as a diagnostic agent for imaging lung cancer at early stages of
development. We tested etoposide microparticles labeled with technetium 99m in
inducted mice. The results demonstrated that over 10% of the total dose used was uptake
by the tumor site. Also, the results showed that the microparticles had a good renal
clearance and low uptake by liver and spleen. The data suggest that these micro-
radiopharmaceuticals may be used for lung cancer imaging exam, especially single-photo
emission computed tomography (SPECT).

Keywords: Nanoparticle, Cytotoxicity, Etoposide, Polymer Nanoparticles,
Technetium-99m.
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INTRODUCAO

O céncer € definido como um conjunto de doengas (>100 tipos), caracterizado por um
crescimento desordenado e anormal de células que se tornam capazes de invadir 0s mais
variados tecidos e drgdos (INCA, 2018a). Nas ultimas décadas o cancer, se tornou uma
epidemia de propor¢des globais, em especial nos paises desenvolvidos, com uma prospeccao
de aproximadamente 18,1 milhdes de novos casos de céancer, com 9,6 milhdes de morte em
2018 (BRAY et al., 2018a).

Dentre os diversos tipos de cancer, o de pulmé&o é o segundo mais incidente, com mais
de 2,1 milhdes de novos casos de cancer de pulmao por ano em todo o mundo (BRAY et al.,
2018b). No Brasil, foram registrados 31.270 novos casos em 2018, e atinge tanto homens
como mulheres (DEVANATHAN; KIMBLE-HILL, 2018; MAHASE et al., 2018; WU et al.,
2018a). O cancer de pulmao ocupa a posigéo de primeiro no ranking, quando considerados a
incidéncia e mortalidade, representando 11,6% todos os novos casos de cancer no mundo
(HSIN; HO, 2018; RICH; BECKETT; BALDWIN, 2018; WU et al., 2018a).

O cancer de pulméo pode ser definido como uma patologia que acomete vias aéreas
e/ou parénquima pulmonar (GEMINE et al., 2019; HSIN; HO, 2018; RICH; BECKETT,
BALDWIN, 2018; WU et al., 2018a). Nao obstante, a classificacdo histolégica o divide em 4
tipos: carcinoma de pequenas células, carcinoma escamoso ou epidermdide, adenocarcinoma e
carcinoma de células ndo pequenas (GEMINE et al., 2019; SATO, 2018). Contudo, de forma
clinica ele ¢é dividido em 2 grandes tipos: carcinoma de células ndo pequenas e carcinoma de
células pequenas (Al et al., 2018; MASON et al., 2017). Estas classificacfes sdo baseadas nas
diferencas clinicas, poder metastatico e resposta terapéutica (BATUM et al., [s.d.];
BREITBACH et al., 2018; JUNGRAITHMAYR, 2018; WINK et al., 2019).

O principal fator de risco associado ao cancer de pulmao é o tabagismo, seja ele ativo
ou passivo. Desde a década de 50, estudos apontam o tabagismo como uma das principais
causas do desenvolvimento da doenca (CASTELLETTI et al., 2019; WU et al., 2018b;
ZHENG; CHEN, 2018). O quadro clinico inicial do céncer de pulm&o, ndo possui

sintomatologia especifica e, pode manifestar-se por meio de sintomas comuns, tais como:
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dispnéia, tosse, hemoptise e perda de peso. Em apenas 15% dos casos, o diagndstico, é
feito de forma precoce, levando ao incremento da sobrevida do paciente (HOUGHTON,
2018; SOLASS et al., 2016; XIONG; WANG,; YU, 2018)

O diagnostico é realizado por meio de exames de imagens inespecificos como
Raios-X e Tomografia Computadorizada (TC). Posteriormente podem ser necessarios
exames complementares, como uma endoscopia respiratoria (broncoscopia) com a coleta
de material para bidpsia para complementacdo de diagnostico (GORHAM et al., 2019;
KHADEM ANSARI et al., 2018; LEE, 2018a; POMPILI et al., 2018; PROTO et al.,
2019)
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1. Revisdo Bibliogréfica
1.1.Céancer

O cancer ¢ uma patologia caracterizada pelo crescimento anormal de
células que sdo capazes de invadir tecidos e 6rgaos e podem espalhar-se para
outras regides do corpo (GHONCHEH; POURNAMDAR; SALEHINIYA, 2016;
INCA, 2018b). A metastase pode ocasionar a presenca de tumores em regides de
dificil acesso ao tratamento, aumentando a comorbidade associada a doenca
(SIMSEK; BASOL TEKIN; BILICI, 2019; SOLASS et al., 2016). Sua ocorréncia
é multifatorial (ambiental, genética entre outras) ocasionando mudangas
sucessivas na sobrevida celular, em especial levando a alteragdes no processo de
multiplicacdo, diferenciacio e interacdo celular (GAO et al., 2018; KROLCZYK
et al., 2018; ONICESCU et al., 2018).

Os tipos de cancer estdo relacionados aos tecidos do organismo onde se
desenvolvem inicialmente, o cancer que se desenvolve em tecidos epiteliais, tais
como: pele ou mucosa, é conhecido como carcinoma (BATTELLI et al., 2019;
KOTCHERLAKOTA; RAHAMAN; PATRA, 2019; ZHAO et al., 2019). Ja o
cancer que se desenvolve em tecidos conjuntivos, tais como: 0sso, musculo ou
cartilagem, é conhecido como sarcoma. (DALGLEISH; STERN, 2018;
KURUBA; GOLLAPALLLI, 2018; MATUSZEWSKI et al., 2018; WANG et al.,
2019a; XU et al., 2018).

No ano de 2018, séo previstos, no Brasil, aproximadamente, 576 mil
novos casos de cancer de pulmao (Grafico 1) (SILVER et al., 2018; STANKOVIC
etal., 2019a). O cancer € uma patologia assintomatica, entretanto, alguns sintomas
podem ser notados dependendo da regido em que o tumor esteja se
desenvolvendo, dentre alguns fatores que podemos citar: fadiga cronica, perdade
peso, dor, febre, mudangas na pele estdo entre esses fatores. (UEDA et al., 2019;
XIAO et al., 2018).
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Gréafico 1 - Nimero estimado de casos incidentes de 2018 a 2040, todos os canceres,
homens e mulheres, todas as idades.

Namero de Casos
R Homens

15 000 000+
Mulheres

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-’—‘
-
-
-
-
-
-
-
-
-
-
-
-
-
e
-
-
I
-
—

10 000 000

5000 000

2018 2020 2025 2030 2035 2040

Anos

Fonte: GLOBOCAN, 2018

1.2.Carcinogénese
A carcinogénese é o processo de formacao do cancer. Este processo ocorre

lentamente podendo levar anos até que seja possivel visualiza-lo na forma de
tumor. De modo geral, o crescimento celular possui um controle complexo e
dependente de expresséo génica (BERRY, 2018; CLEMENTINO; SHI; ZHANG,
2018; COZAR et al., 2018). Os processos de crescimento e diferenciagao celular
sdo controlados pelos protooncogenes, estes por sua vez também sao responsaveis
pelo controle da divisdo mitotica (BINATO et al., 2018; LALLEMAND et al.,
2018).

Por meio de ativagcdes anormais dos genes ou mutacGes génicas, 0sS
protooncogenes sao transformados em oncogénese. Estes por sua vez, tendem a
aumentar a producdo de proteinas para estimulacdo da divisdo, inibicdo da
diferenciacéo e da morte celular, desta forma, ddo origem as células cancerosas,
que se multiplicam de modo superior e procuram a eternidade (MA et al., 2017,
MAZONAKIS et al., 2017).

A carcinogénese pode ser dividida em quatro estagios : inicio, promocao,
conversao maligna e progressao tumoral. (LIU; SANIN; WANG, 2017; SAK,
2017; ZHANG et al., 2017). (Figura 1 e 2) (CALADO et al., [s.d.]; XU et al.,
2019a).
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O primeiro estagio € caracterizado por um periodo em que ocorrem
modificacBes irreversiveis (LEDFORD, 2017; MENG et al., 2017). Essas
modificacbes podem ser causadas por agentes externos e/ou internos que
ocasionam modificacBes estruturais durante a sintese de DNA, acarretando
mutagdes, resultando em modificacdo génicas, e a formacdo de clones celulares
anémalos (HUSSAIN et al., 2019; LIU et al., 2019a).

O segundo estagio, a promocéo, € 0 momento onde ocorre a expansao dos
clones das celulas modificadas/danificadas, no entanto, até este momento as
células ndo apresentam carater oncoldgico. Para tal necessitam de um ativador
metabdlico, que ira ser responsavel para a conversdo maligna. (MATSUI et al.,
2017; RAHMAN et al., 2017; SCHMIDT et al., 2018).

No terceiro estagio as células podem ser convertidas e passar a expressar
o fen6tipo maligno. Uma fracdo destas células poderdo sofrer divisdes em tumores
benignos ou lesdes pré-neoplasicas, alguns fatores externos, como a alimentagéo
e a exposicao excessiva a horménios, por exemplo, sdo fatores que influenciam a
transformacOes de células em malignas (XU et al., 2019b; ZHANG; ZHANG,
2018).

O quarto estagio, a progressdo, caracteriza-se pela propensdo de células
malignas em adquirir caracteristicas agressivas ao longo do tempo, assim como a
capacidade de metastatizar, associada a capacidade das celulas tumorais em
excretar proteases que invadem outros lugares distantes do tumor primério e desta
forma instalam-se e evoluem até as primeiras manifestagfes clinicas da doenca
(CAO, 2017; MOMMERSTEEG et al., 2018; TAO et al., 2019).

O processo de multiplicacdo desordenada de células forma novos vasos
sanguineos (angiogénese) que sdo responsaveis pelo abastecimento de nutrientes
de forma adequada para as células cancerigenas. Estes vasos podem se desprender
destes tumores e invadir tecidos adjacentes, posteriormente podem atingir a
circulacdo sanguinea e desta forma atingir 6rgaos e assim, ajudar no processo de
metastase também (MILLER; CONOLLY; KIMBELL, 2017; PIOTROWSKI et
al., 2017; XU et al., 2017).
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Figura 1- Etapas da formagéo de tumores
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Fonte: Inca — Instituto Nacional de Cancer — Ministério da Salde, 2016

Figura 2 - Esquema da formacéao de tumores
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Fonte: Hospital Hélio Angotti, 2017
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1.3.Cancer de Pulmé&o

O cancer de pulméo representa um dos tipos de cancer com maior incidéncia
e mortalidade associada em todo o mundo. E o segundo mais comum para ambos 0s
sexos e representa mais de 13% de todos os novos casos de cancer (EGE AKTAS;
SARIKAYA; SOYLUOGLU DEMIR, 2017; JUNG et al., 2018). Durante a Gltima
estimativa mundial realizada em 2012, foram apontados 583 mil novos casos em
mulheres e 1,24 milhGes de novos casos em homens. No Brasil mais de 26 mil pessoas
morreram em 2015 devido ao cancer de pulmao (Grafico 2) (GAO et al., 2018; GUO;
ZHENG, 2019). O tabagismo, bem como a exposi¢ao passiva aos derivados de tabaco
sdo fatores de risco associados ao desenvolvimento de cancer de pulméo, em 85% dos
casos. (Figura 3) (HAIDER et al., 2019; VAINSHELBOIM et al., 2019).

Em 90% dos casos, o cancer de pulmé&o € diagnosticado depois dos 50 anos,
na faixa que compreende dos 60 aos 70 anos. Nas Ultimas décadas acreditava-se que
o cancer de pulméo era uma patologia exclusiva do sexo masculino, contudo, dados
recentes, apontam que isso era um mito, e 0s nimeros de caso no sexo feminino vem
aumentando progressivamente (KAPLAN, 2017; SAPPINGTON et al., 2018). Tal
fato esta associado a um maior consumo de tabaco e a uma maior dificuldade que
mulheres apresentam em deixar de fumar. Ndo obstante, estudos comprovaram a
maior susceptibilidade das mulheres aos efeitos cancerigenos dos componentes dos
cigarros (ILIE et al., 2018; MAO et al., 2018; TAN et al., 2017).

O céancer de pulméo é caracterizado pelo surgimento de tumores nas células
pulmonares. O mecanismo natural de multiplicacéo celular sofre alteracdes que levam
ao crescimento desordenado de células mutantes com alto grau de malignidade nos
pulmdes (CARRERAS; GORINI, 2017; KURISHIMA et al., 2017; OBEID;
PIETRZIK, 2018). O surgimento de tumores em decorréncia desta mutacdo pode
ocorrer ndo somente nos pulmdes, como podem estar associados ao trato respiratorio
(FENG et al., 2017; NOMORI et al., 2018; VERGHESE; REDKO; FINK, 2018).

A identificacdo do tipo de cancer e feita atraves de andlise de amostra das
lesBes. A partir disso, o cancer de pulméo pode ser divido como: cancer de pulméo de
células ndo pequenas (CPNCP) e cancer de pulmao de células pequenas (CPPC).
Além dessa divisdo, o cancer de pulméo de células ndo pequenas € subdividido em

trés
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subtipos: Adenocarcinoma (inclui o bronquiolo-alveolar, subtipo mais raro),
Carcinoma de células escamosas e Carcinoma de células grandes (AKBARI SARI et
al., 2017; BERTAGLIA et al.,, 2017; NAKAMURA; SANAI; MIWA, 2018;
SHARMA; GOEL; LAL, [s.d.]).

Gréafico 2 - Numero estimado de mortes por cancer de pulméo de 2018 a 2040,
masculino e feminino, todas as idades.
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Fonte: GLOBOCAN, 2018
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Figura 3 - NUmeros do cancer de Pulm&o no Brasil e no Mundo.
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Fonte: Adaptacéo de Global Lung Cancer Coalition, 2018

1.3.1.

Cancer de Pulmao de Células N&do Pequenas (CPCNP)

O cancer de pulmdo de células ndo pequenas, também chamado de
cancer de pulméo indiferenciado, apresenta um crescimento mais lento
quando comparado a outros tipos de cancer, entretanto, sua capacidade em
metastatizar € muito maior (DYER; DALY, 2017; HARDESTY;
KANAREK, 2018; MAMDANI; JALAL, 2017; WOODFORD et al.,
2017). De maneira geral, este tipo de cancer representa 80% dos casos de
cancer de pulmdo, podendo acometer qualquer parte do tecido pulmonar

e na maioria das vezes se manifesta como nédulos ou massas periféricas,
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podendo, também, acometer a a regido pleural (IN et al., 2017; JACKY;
BAIK, [s.d.]; ZHANG; YU; SHEN, 2018). Devido ao tipo de tecido e o
local de crescimento do cancer pulmonar, ele pode ser dividido em dois

tipos:

Tabela 1- Estagios do Cancer de Pulmé&o de Células N&o Pequenas.

Estagio 1A

Estagio 1B

Etapa 2A

Estagio 2B

Estagio 3A

Estigio 3B

Estigio 4

Estagio do Cancer de Pulmio de Celulas Nao Pequenas

O cincer ¢ apenas nos pulmdes, ndo esta em nenhum dog ginglios linfaticos ¢ tem menos
de 3cm de didmetro,

O céncer ¢ apenas nos pulmdes, ndo estd em nenhum dos ginglios linfaticos, porém, pode

ser:
O cancer ¢ maior que 3em.

* O cancer esta crescendo na via aérea principal do pulmao ou no revestimento interno
do pulmo.

O céncer tem menos de 3cm, mas se espalhou para os nodulos linféticos mais proximos

do pulmio afetado.

* O cincer ¢ maior que 3em ¢ ha céncer nos ganglios linfaticos mais proximos do
pulmado afetado.

* O cincer cresceu para outras dreas proximas ao pulmio afetado, como a parede
toracica.

* O cancer sc espalhou para os ganglios linfaticos mais longe do pulmao afetado, mas
ainda do mesmo lado do torax.

* Ha cancer apenas nos ganglios linfaticos mais proximos do pulmao afetado, mas o
cincer se espalhou para a parede tordcica ou para o meio do peito.

= O céncer se espalhou para os ginglios linfiticos do outro lado do térax ou para os
nédulos acima da clavicula.
Ha mais de um tumor no pulmao.

« O tumor cresceu em outra parte principal do seu peito.

« Ha fluido em torno de seus pulmdes que contém células cancerigenas,

O céncer se espalhou para outra parte do corpo, por exemplo. figado ou ossos.

Fonte: Adaptacéo de Global Lung Cancer Coalition, 2018

1.3.1.1.Adenocarcinoma Pulmonar

Este tipo de tumor acomete, principalmente, ex-fumantes e é o
tipo mais comum em pessoas ndo fumantes. A maior incidéncia deste
tipo de céncer esti associada a mulheres jovens (JOUINOT et al.,
2018; YAMASAKI et al., 2018; YANG et al., 2018b). O
adenocarcinoma pulmonar é frequentemente encontrado nas areas
externas do pulmao, possui um crescimento lento, tornando possivel
seu diagnostico antes da metéastase. Os tumores se iniciam em células

de revestimento alveolar responsaveis pela producdo de muco (LEE,

22



2018b; LIM et al., 2018a; LIU et al., 2019b; STANKOVIC et al.,
2019b).

1.3.1.2. Carcinoma Escamoso ou Epidermdide

Este tipo de cancer esta frequentemente associado a fumantes,
geralmente acomete pessoas idosas com histérico de tabagismos por
longos periodos (LI et al., [s.d.]; OGHALAIE et al., 2017). E
caracterizado pelo crescimento irregular de células do revestimento do
interior das vias aéreas na regido central dos pulmdes proximo aos
bronquios (AIRES et al., 2017; WANG et al., 2017). O crescimento
deste tumor pode levar a um bloqueio na passagem de ar nos pulmoes
levando a dificuldade de respiracdo. Este tipo de tumor, em grande
parte dos casos, pode ser removido através de cirurgias (MAHFOUD
etal.,, 2017; WANG; YANG; ZHUANG, 2017; YU et al., 2017).

1.3.2. Cancer de Pulméao de Pequenas Células (CPPC)

Este tipo de cancer representa aproximadamente 20% dos casos de
cancer de pulméao e atinge ambos 0s sexos, além disso, estd associado ao
tabagismo ao longo da vida (DEAN; SUBEDI; LEE, 2018a; GLATZER
etal., 2017; ZHANG; SUN; JIANG, 2018a). De forma geral, o CPPC tem
seu inicio nos brénquios, localizado na regido central do pulméo e vias
aéreas, sendo considerado a forma mais agressiva de cancer de pulmao
(DEAN; SUBEDI; LEE, 2018b; ZHANG; SUN; JIANG, 2018b). A
metastase ocorre de forma rapida e progressiva. Em termos gerais, 60%
dos pacientes diagnosticados com CPPC apresenta a doenca em estagios
avancados e com metastase (FRENZEL et al., 2018a, 2018b;
PETRUSEVSKA et al., 2017; XIONG et al., 2018).
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Tabela 2 - Estagios do Cancer de Pulméo de Pequenas Células

Estagio do Cancer de Pulmio de Pequenas Células
Estagio limitado = O céincer € apenas em um pulmio

Estagio extensivo = O céancer se espalhou para outras partes do corpo

Fonte: Adaptagdo de Global Lung Cancer Coalition, 2018

1.3.3. Outros Tipos de Cancer de Pulméo
1.3.3.1. Mesotelioma

Este é o tipo de cancer pulmonar associado a um histérico de
exposicdo a amianto, geralmente associado a trabalhadores
diretamente ligados a indastria de producdo de produtos que
contenham amianto (BLYTH; MURPHY, 2018; SADDOUGHI;
ABDELSATTAR; BLACKMON, 2018). Frequentemente, este cancer
afeta principalmente homens na faixa dos 35- 40 anos. (MORIYAMA
etal., 2017; TRANCHANT et al., 2018; YIN et al., 2017).

O Mesotelioma se desenvolve nos revestimentos pulmonares e
aumenta a capacidade de producdo de fluidos, no entanto, esses fluidos
ndo sdo facilmente expelidos e necessitam de drenagens frequentes
para a melhora da respiracdo do paciente (CROVELLA et al., 2018;
QINetal., 2017; TSAO et al., 2018; XING et al., 2018).

1.3.3.2. Tumor Carcinoide

No geral, esse cancer representa de 1 a 2% dos casos de cancer
de pulmé&o. Os tumores tém inicio nas vias respiratdrias menores e nas
periferias dos pulmdes (CHU; EL-ANNAN, 2018; KIDD et al., 2018;
OUEDE et al., 2017). Esse tipo de tumor pode causar blogueio parcial
ou total da passagem de ar e possui sintomas muito parecidos com
pneumonia, este fato é o principal responsavel pelo diagnostico tardio,
uma vez que os médicos s6 conseguem diagnostica-lo apds o uso de

antibidticos onde observam a permanéncia dos sintomas
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(ALJASSEM; ALJASEM, 2018; MOHAPATRA et al., 2017;
OLOFSON; TAFE, 2018; VAHIDI et al., 2018).

Estes tumores sdo assintomaticos nos estagios inicias, porém,
em estagios avangados interferem na respiracdo e seu diagndstico é
realizado por radiografia ou tomografia onde podem ser observados
pontos (CUSUMANO et al., 2017).

1.4.Diagnostico

De maneira geral, o diagndstico do cancer de pulmao é crucial para o
aumento da sobrevida do paciente. O diagnoéstico, na sua maioria € proveniente
de analises tomogréafica de térax ou radiografia de tdrax, em casos mais
avancados, € necessaria uma bidpsia do tumor para garantia de identificacdo do
tipo de tumor em questdo (CHATURVEDI et al., 2018; SNOECKX et al., 2019).
A escolha do procedimento ideal para a identificacdo do tumor vai depender da
localizacdo da massa a ser investigada. Quando em regides mais centrais do
pulmdo, é recomendado a Broncoscopia (Figura 4) (BRUN et al., 2018; QIN;
DUA, 2017). Tumores localizados em regides periféricas do pulmao, regido de
surgimento do adenocarcinoma, sdo recomendados procedimentos mais
eficientes como a biopsia guiada por tomografia (Figura 5) (LIM et al., 2018b;
SNOECKX et al., 2017; WINK et al., 2019; WOLF et al., 2019).

Em alguns casos, o0s pacientes podem apresentar os linfonodos
aumentados em regides pulmonares proximas ao tumor ou na regido central do
torax, chamada de mediastino. Nestes casos, onde ha suspeita de invasdo dos
linfonodos, é indicado a retirada por cirurgia para uma correta avaliagdo, este
procedimento é denominado mediastinoscopia (BOUGIOUKAS; SEIPELT;
HUWER, 2019; SPEAR et al., 2019). Em determinados centros especializados,
a biopsia do mediastino também pode ser realizada por ultrassom endoscépico
através do esdfago ou até mesmo através dos brénquios grandes localizados no
mediastino (EGBERTS et al., 2019; OGUZ KAPICIBASL 2019; SANTOS
SILVA; COSTA; CALVINHO, 2019).
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1.4.1. Tomografia computadorizada por emisséo de foton unico (SPECT)

A tomografia computadorizada por emissdo de foton unico,
também concedida como SPECT, foi desenvolvida nas décadas de 1960 e
1970 para ser amplamente disponivel como uma opgao de diagndstico por
imagem (D’ARIENZO; COX, 2017; GOLDKLANG et al., 2019). O
sistema consiste em uma gama camara com trés detectores de Nal (lodeto
de Sédio), computador que permite a aquisicdo e processamento de dados
e um sistema especifico para exibicdo (DURMO et al., 2019; NUDI et al.,
2019).

Para permitir a deteccdo do sistema SPECT, é utilizado
radioisétopos que emitem radiacdo gama, tais como, 99mTc, 123I, :
1111n ¢ 67Ga, na forma de radiofarmacos: 9MTc-MAA, 99MTc-MmIBI,

99mTc-ECD, entre outros. A radiacdo emitida por estes radioisétopos
pode ser detectada pelo aparelno e processada em imagem
(ABDOLLAHI et al., 2016; PRICE et al., 2019; SONG et al., 2019).

A sensibilidade da técnica de SPECT é muito alta, cerca de 95%,
entretanto, a resolucdo anatdbmica é consideravelmente baixa, ficando
proxima de 10 mm (HUTTON, 2014; KHALIL et al., 2011). Nestes casos,
para uma localizagdo mais precisa as imagens SPECT sdo necessariamente
associadas a imagens de Tomografia Computadorizada e/ou Ressonancia
Magnética, visando oferecer uma avaliagdo mais eficaz (POLYAK;
ROSS, 2018; SONG et al., 2017; YANG et al., 2018a).
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Figure 4 - Realizacdo do procedimento de Broncoscopia
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Figura 5 — Realizacao do Procedimento de Broncoscopia Guiado por Tomografia
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1.5.Etoposideo

O fosfato de Etoposideo é um medicamento utilizado com a finalidade de
retardar o crescimento de tumores variados. Este medicamento é um derivado
semissintético da podofilotoxina, substancia toxica pertencente a classe das
lignanas (PATEL et al., 2016; SAMBASIVAN et al., 2014). Esta substancia é
extraida do vegetal conhecido como Mandragora Americana (Podophyllum
Peltatum L.) que exibe atividade antitumoral (CAl et al., 2019; SAROJ; RAJPUT,
2018). A baixa toxicidade do Etoposideo, quando comparado a podofilotoxina, é
devido a mudangas conformacionais na estrutura da molécula, assim como a
insercdo de uma unidade de glicose a estrutura da podofilotoxina. (Figura
6)(BOYE et al., 2017; CORDERO et al., 2017; POLISTENA et al., 2017) .

A utilizagdo desse medicamento no tratamento de cancer se deve a sua
capacidade inibitéria dos processos de multiplicacdo celular, mais
especificamente, a inibicdo da topoisomerase 1l (LEGUAY et al., 2016; PEREZ-
SOMARRIBA et al., 2019; WANG et al., 2019b; ZHANG et al., 2019a). Desta
maneira, as células tumorais sdo impedidas de crescer, uma vez que Seus
processos de divisdo sdo parados. O Etoposideo atua na fase G2 do ciclo celular,
através de inducdo a ruptura na alca dupla do DNA devido a sua interacéo
enzimatica com a DNA-topoisomerase |1, assim o ciclo celular ndo pode ser
concluido (FARNAULT et al., 2019; INABA et al., 2017; LAMARCA et al.,
2018; SRINIVAS et al., 2015).

Figura 6- Estrutura Quimica da Podofilotoxina (a) comparado a estrutura do Etoposideo (b)

Fonte: Autor
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1.6.Radiofarmacos

De acordo com defini¢Ges da ANVISA, os radiofarmacos séo preparacoes
farmacéuticas cuja a finalidade € diagnostica ou terapéutica e que, quando prontas
para o uso, devem conter um ou mais radionuclideos (CAROLLO et al., 2019;
KUNOS; CAPALA; IVY, 2019). Podem compreender componentes néo-
radioativos para marcacdo e os radionuclideos, incluindo os componentes
extraidos dos geradores de radionuclideos (ANVISA, 2009). Para que um
radionuclideo seja ideal para uso ele deve possuir facilidade em ser produzido e
meia vida fisica e bioldgicas suficientes para serem utilizadas nos procedimentos
ao qual se destinam (AL-HADDAD; ISMAILANI; ROTSTEIN, 2019; BRANDT
etal., 2019; KUNOS et al., 2019)

Cerca de 95% dos radiofarmacos sdo utilizados para o diagnostico,
enguanto a porcentagem restante € utilizada com finalidade terapéutica (FAY;
HOLLAND, 2019). Devido a sua principal fonte de administracdo ser a via
intravenosa, devem apresentar grau de esterilidade, ser isentos de pirogénios e
passar por todos os testes de controle de qualidade utilizados para medicamentos
estéreis (KUNOS et al., 2019; MANTEL; WILLIAMS, 2019; OMAR et al., 2019)

Os medicamentos caracterizados como radiofarmacos apresentam dois
componentes: um radionuclideo emissor de radiacdo de interesse, podendo ser o
(alfa), B (beta) ou y (gama), alguns radionuclideos podem emitir mais de um tipo
de radiacdo e por este motivo apresentam atividade teranostico (terapia +
diagnostico) e um carreador que possua afinidade com o sitio alvo (DE SILVA et
al., 2019; SCHMEISER et al., 2019; USMANI et al., 2019). Os radionuclideos
utilizados para diagndsticos, sdo geralmente, os emissores de raios gamas e
positrons, uma vez que ambas as radia¢des atravessam o tecido com facilidade e
sdo facilmente detectados por SPECT e PET, respectivamente. Cerca de 80% dos

exames em medicina nuclear com finalidade diagndstica utilizam o tecnécio 99
metaestavel (O9MTc) (KHAN et al., 2019; YANG et al., 2019a).

O tecnécio-99m apresenta uma meia fisica vida de 6,01 horas, € um
radionuclideo filho do Molibidénio-99, cuja meia vida fisica € de 66,02 horas
(Figura 7). O decaimento radioativo dessa forma, possibilitou o desenvolvimento

de geradores baseados em elui¢des que permitem a producao de radiofarmacos de
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forma diaria em radiofarmacias dos servicos de medicina nuclear (DING et al.,
2019a; JIANG; HOU; CHENG, 2019).

Os radiofarmacos utilizados para terapia se baseiam em propriedades
especificas dos radioisotopos chamadas de LET (linear Energy transfer, ou em
portugués, transferéncia linear de energia). Desta maneira, 0s radioisotopos
liberam quantidades de energias ionizantes que se depositam sobre a matéria
causando a sua destruicdo, neste caso, da massa tumoral (SHARMA et al., 2019;
SMALL; RUDDY, 2019a). Seguindo o conceito de Bergonie e Tribondeau, a
sensibilidade que as células apresentam a radiacao, € diretamente proporcional a
sua capacidade de reproducdo e inversamente proporcional ao seu grau de
especializacdo (BRASSE; NONAT, 2015; MCCREADY, 2017).

Atualmente acredita-se que o futuro da radiofarmacia e da medicina
nuclear se baseiam no uso de radionuclideos na forma de nanoparticulas
(nanorradiofarmacos) (ANTUGANOV et al., 2019; DING et al., 2019b; SMALL;
RUDDY, 2019b). Esta modalidade permite o uso de moléculas, tais como:
anticorpos, peptideos e siRNA. Estas biomoléculas possuem afinidade pelo
organismo ao qual se deseja tratar pois, em sua grande maioria, Sdo sintetizados
tendo como base uma molécula do proprio organismo (YADAV; DHAGAT;
ESWARI, 2019). Por esse motivo se mostram com excelente carreadores devido
as suas caracteristicas e similaridade que permitem um direcionamento da
radiacdo ao tumor e possibilitando um uso mais eficaz (KLAUNIG, 2019; WANG
etal., 2019c; ZHOU et al., 2019).

Para a producdo do *™Tc, os servicos de medicina nuclear fazem uso do
gerador de molibdénio -99/tecnécio-99 metaestavel (*Mo/®"Tc) . O ®Mo ¢é
produzido em um reator nuclear através da ativacdo do molibdénio natural
enriquecido (*® Mo) com néutrons ou através da fissdo do 2°U. Apds o processo
de purificacdo quimica, **Mo, na forma de anion molibdato (MoO4?), é inserido
em uma coluna de troca ionica contendo alumina (Al, O3 ) em condicbes de
meio 4cido o que favorece a ligacdo do * Mo a coluna. Com o decaimento do ¥
Mo, através da emissdo de particulas beta, ocorre o surgimento do *™Tc,
atingindo sua atividade méxima 23 horas apés sua Gltima eluicdo. A meia vida
do % Mo é de 66 horas, sendo de 6,03 horas para o *™Tc. O *™Tc , por sua vez,
decai por emissdo de fétons gama, produzido o ruténio-99 (*Ru ), que é um
isétopo estavel (ZOLLE, 2007).
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Figura 7 - Esquema de um Gerador de Molibdénio/ Tecnécio
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Fonte: Lieverson,W., 2012

1.7.Nanotecnologia

Nos ultimos anos a nanotecnologia vem ganhando destaque com um
investimento consideravel para a pesquisa e desenvolvimento de novas estruturas
em escala atbmica e molecular (EVANS et al., 2018; RAVANSHAD et al., 2018).
Com potencial de aplicacdo em diversas areas, destaca-se sua aplicacdo em saude.
(ANDREOU et al., 2017; IQBAL et al., 2018; JONES; SABA, 2011).

As NP’s sdo confeccionadas para serem direcionadas a células e tecidos
alvos permitindo a melhora da eficacia, diminuicdo dos efeitos colaterais e
aumento da biodistribuicdo. As variadas formulacBes de nanoparticulas sdo
investigadas para uso pré-clinico e clinico como sistema de entrega de farmacos
como nanorradiofarmacos (ARAMI et al., 2019; KHEIRKHAH et al., 2018;
MUOTH et al., 2016; UPPAL et al., 2018).
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1.7.1. Mecanismo de Absor¢do de Nanoparticulas

As propriedades fisico-quimicas das NP’s e as condi¢fes do meio
celular influenciam diretamente a sua internalizagdo. Algumas
caracteristicas podem influenciar tal internalizagao, tais como: tamanho,
forma, carga superficial, grupos funcionais de superficie e hidrofilicidade
(Figura 8) (COOPER; CONDER; HARIRFOROOSH, 2014; SEVERINO
etal., 2011).

O mecanismo de internalizacdo de NPs é descrito na literatura
como via endocitica e via ndo endocitica. Para 0 mecanismo de via ndo
endocitica, é descrito meios como difusdo ou transporte ativo (DING et
al., 2015). Na difusdo o gradiente molecular de alta concentragdo é
reduzido, isso geralmente ocorre para moléculas pequenas, hidrofébicas e
sem carga. As NPs lipossoltveis também possuem a capacidade se
difundir através da membrana (DREIFUSS et al.,, 2018; DRUDE;
TIENKEN; MOTTAGHY, 2017).

Moléculas que apresentam solubilidade em &gua atravessam
membranas de forma passiva através de poros, esse processo € chamado
de difusdo facilitada (EDGAR; WANG, 2017; HU et al., 2017,
SANTAMARIA et al., 2017). Os poros permitem que NPs de uma certa
faixa de tamanho e carga elétrica atravessem a membrana. As NPs maiores
atravessam a membrana com auxilio de proteinas transportadoras contra o
gradiente de concentragdo (ANSARI et al., 2016; BOYD et al., 2019;
LAW et al., 2017).

A via endocitica também apresenta uma dependéncia relacionada
ao tamanho da particula e das modificac6es de superficie. As Particulas na
escala de micrdbmetros tendem a entrar nas células através de fagocitose
ou macropinocitose (COOPER; CONDER; HARIRFOROOSH, 2014,
DARAEE et al., 2016). A fagocitose serd a responsavel pelo
direcionamento e consequentemente, a formagdo de protuberancias de
membrana que tendem a envolver as particulas e as direciona-las para o
meio intracelular (COOPER; CONDER; HARIRFOROOSH, 2014; LU;
LV; LI, 2019; YANG et al., 2019b; ZHANG et al., 2019b).

A macropinocitose se refere a um processo onde ha uma regulagéo

por actina. A actina desempenha um papel importante no processo de
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captacdo e projecdo da membrana que serd rearranjada e formara
microfilamentos capazes de captar o fluido extracelular com as
nanoparticulas (BARBOSA et al., 2016; COHEN-PFEFFER et al., 2017).
O englobamento de uma grande quantidade de fluido extracelular e
nanoparticulas acontece através do enrrugamento da membrana
plasmética (SARAVANAKUMAR; KIM; KIM, 2017; WEI et al., 2016).

Nos processos de endocitose que sdo mediados por clatrina, a
ligacdo receptor-ligante desencadeia um recrutamento e formagdo de
clatrina no lado citosélico da membrana plasmatica. Este tipo de
endocitose, mediada por clatrina, € a via endocitica mais comum explorada
pelas nanoparticulas (COOPER; CONDER; HARIRFOROOSH, 2014;
KETTLER et al., 2014; LI; MONTEIRO-RIVIERE, 2016; ZHANG;
GAO; BAO, 2015).

Nos processos de endocitose que sdao mediados por caveolina ha
uma montagem de camadas de caveolina do lado citosolico da membrana
plasmatica, que formam uma cavidade de 50 a 80 nm de didmetro (Figura
9). De maneira geral, tanto a endocitose mediada por clatrina quanto a
endocitose mediada por caveolina envolvem diversas cascatas de
sinalizagdo bioquimica complexas. No entanto, a entrada de NPs
modificadas reguladas por sinalizacdo bioquimica é pouco compreendida
(KOCH et al., 2016; Ll et al., 2017; TABERNERO et al., 2017).

De maneira geral, os nanossistemas administrados por via
endovenosa sdo acumulados na zona do tumor atraves do efeito de
permeacao e retencdo (EPR) devido a arquitetura dos vasos sanguineos
desses tecidos doentes. A eficacia do efeito EPR esta relacionada ao
tamanho de particula, carga de superficie ou hidrofobicidade (COOPER,;
CONDER; HARIRFOROOSH, 2014; DARAEE et al., 2016; HILL;
MOHS, 2016; KARAMAN et al., 2018).
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Figura 8 - Propriedades das nanoparticulas que influenciam na sua absorcao
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Fonte: Adaptado de KETTLER et al., 2014.

Figura 9- Vias de internalizacdo de nanoparticulas

Fonte: Adaptado de ZHANG; GAO; BAO, 2015.
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1.7.2.

1.7.3.

Nanoparticulas Poliméricas

As nanoparticulas poliméricas se apresentam como sistemas de
carreamento de farmacos com diametro inferior a 1 um. S&o consideradas
nanoparticulas poliméricas estruturas como nanocapsula e nanoesferas,
que se diferem basicamente em sua composi¢do e organizagdo de suas
estruturas  (MADKOUR; BUMAJDAD; AL-SAGHEER, 2019;
STARSICH; HERRMANN; PRATSINIS, 2019). Esses sistemas séo
utilizados nas mais diversas aplicacdes, com a area de vetorizacdo de
farmacos se destacando como uma das mais promissoras. (CHAUDHARY
etal., 2019; DESALEGN et al., 2019; ISLAM; DMOUR; TAHA, 2019).
O destaque no uso de nanoparticulas polimeéricas se deve principalmente
pelas pesquisas que demonstram elevada reducdo de efeitos adversos,
assim como uma baixa toxicidade ao individuo e uma grande
biocompatibilidade com diversos matérias e farmacos.

Os métodos de preparo destas NP’s se baseiam em polimerizagao
in situ de monGmeros dispersos ou na precipitacdo de polimeros, tais como
poli(acido latico) (PLA), poli(acido latico-co-acido glicélico) (PLGA),
poli(e-caprolactona) (PCL) (FARAZ et al., 2019; GAKIYA-TERUYA,
PALOMINO-MARCELO; RODRIGUEZ-REYES, 2018; MAZUMDER
etal., 2019; MOFOKENG et al., 2019).

Microparticulas

O termo microparticula faz referéncia ao tamanho associado a estas
estruturas, que pode variar de 1 a 100 um. (RINTELMANN et al., 2019;
YU et al., 2019; ZAHRAN et al., 2019). O uso de sistemas na forma de
microparticulas, permite a protecdo de fa&rmacos contra fatores externos,
assim como: protecdo do principio ativo, mucoadesao e gastrorresisténcia,
melhor biodisponibilidade e maior adesao do paciente ao tratamento, além
de permitir a eliminagdo de incompatibilidade entre ativos e possibilitar
uma liberagdo prolongada (NAGY et al., 2019; WANG et al., 2019d).

Para que o processo de microencapsulacao seja considerado ideal
€ necessario que apresente fatores como: rapidez, simplicidade,
reprodutibilidade, baixo custo e apresentar facilidade no escalonamento

industrial.  Os métodos de encapsulamento baseiam-se na
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hidrofilia/lipofilia dos farmacos empregados (ABBASI et al., 2019;
BENAMEUR et al., 2019; HODGKINSON et al., 2019; SIERKO et al.,
2019a, 2019b; SIWAPONANAN et al., 2019).

Nanorradiofarmacos

Os nanorradiofarmacos sdo a associacdo dos radiofarmacos a
nanotecnologia, baseados na formacdo de um sistema nanométrico que
contém um ou mais radioisotopos radioativos (COELHO et al., 2015;
SANTOS-OLIVEIRA, 2017). (JIMENEZ-LOPEZ et al., 2019;
SANTOS-OLIVEIRA et al., 2016). A utilizacdo de sistemas em
nanoescalas permite que os radiofarmacos permanecam integros,
impedindo sua degradac@o e melhora sua farmacocinética, seu tempo de
retencdo e captacdo celular (PORTILHO et al., 2018; SANTOS-
OLIVEIRA; STABIN, 2018; SILVA et al., 2017).
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2. Objetivo
Desenvolver e caracterizar microparticulas de de Etoposideo e radiomarca-
las com Tecnécio-99m, para obtencdo de agente diagndstico de tumores de cancer

de pulmdo em estégios iniciais.

2.1.0bjetivos Especificos

e Produzir e caracterizar as microparticulas de Etoposideo;

e Marcacdo das microparticulas de Etoposideo o radionuclideo Tecnécio-99m;

e Controle de qualidade das particulas radiomarcadas;

e Avaliacdo das concentracbes das microparticulas de Etoposideo
radiomarcadas com Tecnécio-99m nos tumores xenoenxertados em imagens
de SPECT;

e Avaliacdo da biodistribuicdo das 99mTc-Etoposideo em camundongosBalb/c

nude saudaveis e induzidos (xenoenxertados).
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3. Materiais e Métodos

A metodologia deste trabalho encontra-se descrita no artigo 1, intitulado

Diagnosing lung cancer using etoposide microparticles labeled with 99mTe
publicado no Artificial Cells, Nanomedicine, and Biotechnology em 2017 de propria
autoria.

Para fins de entendimento deste artigo, considerou-se nanoparticulas (NPs)
as particulas abaixo de 1 um de didmetro. Contudo, uma vez que a distribui¢do de
tamanho das particulas obtidas exibiram estruturas acima de 1 pm, convencionou-se

chamar o conjunto de particulas obtidas como microparticulas (MP"s).

4. Resultados e Discussao

Os resultados e discussdes deste trabalho encontra-se descrita no primeiro
artigo, exibido a seguir, intitulado “Diagnosing lung cancer using etoposide
microparticles labeled with *™Tc”, publicado no periodico “Artificial Cells,
Nanomedicine and Biotechnology”, em 2017, de propria autoria. Além deste artigo,
cujo contetido apresenta os resultados experimentais desta tese, um segundo artigo de
revisdo sobre sistemas de nanoparticulas radioativas para aplicacdes biomédicas
encontra-se submetido ao periodico “Advanced Drug Delivery Reviews”. Este

artigo encontra-se submetido até a data de defesa desta tese.
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ABSTRACT ARTICLE HISTORY

The diagnosis of lung cancer mostly occurs when the cancer is already in an advanced stage. In this Received 4 February 2017
situation, there are few options for the treatment and most of them have few chances of success. In Revised 10 March 2017
this study, we developed and tested etoposide microparticles as a diagnostic agent for imaging lung  Accepted 14 March 2017
cancer at early stages of development. We tested etoposide microparticles labeled with technetium
99m in inducted mice. The results demonstrated that over 10% of the total dose used was uptake by
the tumor site. Also, the results showed that the microparticles had a good renal clearance and low  pagigpharmaceuticals;
uptake by liver and spleen. The data suggest that these micro-radiopharmaceuticals may be used for micro-radiopharmaceuticals;
lung cancer imaging exam, especially single-photo emission computed tomography (SPECT). oncology; cancer; nuclear
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Introduction
non-small-cell lung cancer (NSCLC). SCLC arises in the midlevel

Lung cancer is the most deadly and the leading cancer killer in  airway and is a very aggressive, highly metastasizing and lethal
men since the early 1950s and of women since 1980s. The mor-  cancer type that comprises 15% of all lung cancers. NSCLC is
tality rate is one the highest, raising this cancer to the fourth the major type of lung cancer and comprises 85% of all lung
position in rank of death by cancer worldwide [1,2]. The lung cancers. NSCLC includes lung adenocarcinoma, lung squamous
cancer may be classified into: small-cell lung cancer (SCLC) and  cell carcinoma (LSCC), and lung large-cell carcinoma [3].

CONTACT Ralph Santos-Oliveira @ roliveira@ien.gov.br @ Brazilian Nuclear Energy Commission, Nuclear Engineering Institute, Rio de Janeiro, Brazil
© 2017 Informa UK Limited, trading as Taylor & Francis Group
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The statistics on cancer are very discouraging, ~13 million
new cancer cases and 7.6 million cancer deaths occur each
year worldwide [4]. In the last 40 years, the volume of financial
resources for treatment, research and prevention of cancer
was ~$90 billion [5].

The treatment of lung cancer in USA and Europe remains
cisplatin or carboplatin plus etoposide. The etoposide is a
chemotherapeutic that works by blocking an enzyme (called
topoisomerase |l) interacting directly with the ATP-bound
enzyme monomer in such a way that each molecule of eto-
poside stabilizes only a single-stranded break. Depending on
the dose of etoposide, single-stranded or double-stranded
DNA breaks are generated. Furthermore, the inhibition of
topoisomerase |l by etoposide is reversible and discontinu-
ation of ternary complex allows quick DNA repair and dimin-
ishes the cytotoxicity of the drug, which is necessary for
cancer cells to divide and so grow into two new cells. If the
enzyme is blocked, the cell's DNA gets tangled up and
the cell cannot divides [6,7]. However, lung cancer still has a
poor prognosis, with an overall survival at 5 years ~15%.
Unfortunately, in most patients (80%), the disease is diag-
nosed at an advanced stage (llI-IV) and less in the early
stages (I-1l), when it would be potentially curable [2].

Imaging is one of most unique approach to visualize
tumors in 3D concept. It may be done, normally, by computed
tomography (CT), magnetic resonance imaging (MRI), single-
photon emission computed tomography (SPECT) and positron
emission tomography (PET). However, the first two modalities,
i.e. CT and MRI shows a great number of limitations regarding
the: (i) minimum detectable tumor (typically >1mm? (and
often >125mm?), (ii) usefulness to interrogate tumor micro-
environment composition; (iii) limited coverage to a few mm?
and a depth of ~100 um before resolution is degraded by light
scattering [8-15]. On the other hand, the use of techniques
that employ radioactive material as imaging methods, like
SPECT and PET may overcome this limitation and obtain
images of high quality and specificity [14-17], especially with
the use of nano and/or microparticles [18-21]. In this direction,
we have developed the etoposide microparticle-labeled with
99MTc as a diagnostic agent for lung cancer in order to develop
a new micro-radiopharmaceutical for early, precise and preco-
cious diagnosing of lung cancer.

Materials and methods
Development of etoposide microparticles

The etoposide microparticles were prepared by double emul-
sion-solvent evaporation method using polycaprolactone
(PCL) as polymer. A solution of 50mg of the drug (etoposide)
in 200 pL of 1% polyvinyl alcohol (PVA) aqueous solution was
dripped into an organic solution of 50 mg of polymer in 2mL
of dichloromethane under agitation (Ultra-Turrax T10 Basic
IKA, Hitachi, Wilmington, NC) for 1min at 21,200 rpm. This
first emulsion was emulsified again with 4mL of PVA 1.0 wt%
solution by homogenization at 21,200 rpm for 2 min to pro-
duce a water-in-oil-in-water (W/O/W) emulsion. Then, to form
the particles the organic phase was removed by evaporation
under reduced pressure during 1.5h at 25°C.

Etoposide NPs mean size assessment

Etoposide microparticles size distribution, mean size and
polydispersity index (PDI) were determined by dynamic light
scattering (DLS) using the equipment Zetasizer Nano ZS
(Malvern Instruments, Malvern, UK). Measurements were
performed in triplicate at 25°C and the laser incidence angle
in relation to the sample was 173° using a 12mm? quartz
cuvette. The mean + standard deviation (SD) was assessed.

Scanning electron microscopy

The morphology of etoposide microparticles were performed
by scanning electron microscopy (SEM) (TM 3000; Hitachi).
In this study three SEM images were performed, as followed:
(i) immediate image (2 h) after the preparation of the micro-
particle; (ii) 4 h after the preparation of the microparticle and
labeled with °*™Tc and (iii) 1 month after the preparation of
the microparticle after labeling with °°™Tc.

Labeling with **™Tc nano-radiopharmaceuticals

The method used was the direct-labeling process as described
previously [22-26]. The labeling process used 150 uL of the
etoposide microparticles. First, 2 mCi (~300 pL) solution of per-
technetate (Na”*™TcO,") was incubated with stannous chloride
(SnCly) solution (30 uL/mL) (Sigma-Aldrich, St. Louis, MO) for
20 min at room temperature. Then, this solution was incubated
with 150 L of etoposide microparticles for 10 min, which
labeled the microparticles with Tc-99m.

In order to characterize the labeled etoposide micropar-
ticles, paper chromatography was made using Whatman paper
no 1 (triplicate). The paper chromatography was performed
using 2ul of the labeled nanoparticle in acetone (Sigma-
Aldrich, St. Louis, MO) as mobile phase. The radioactivity of
the strips were verified in a gamma counter (Perkin Elmer
Wizard® 2470, Shelton, CT) after 2h. In order to confirm the
stability of the labeling process of the etoposide micropar-
ticles, a lately paper chromatography was performed after 8 h
(Tables 1 and 2).

In vivo analysis

Tumor xenograft models
A549 cells (American Type Culture Collection, Manassas, VA)
were cultured in RPMI (Gibco/Life Technologies Inc., Rockville,

Table 1. Percentage of labeled etoposide micropar-
ticles by ascending chromatograms of *™Tc com-
pared with free pertechnetate (Na®*™Tc0, ) in 2h.

Time (h) Labeling (%)+SD
2 99.5+0.4%

Table 2. Percentage of labeled etoposide micropar-
ticles by ascending chromatograms of **™Tc com-
pared with free pertechnetate (Na®®™Tc0,7) in 8h.

Time (h) Labeling (%)+SD
8 98.9+0.9%
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MD) supplemented with 10% of fetal bovine serum (Gibco/Life
Technologies Inc) and 50pug/mL of gentamicin (Gibco/Life
Technologies Inc.). Mycoplasma contamination in cultured
cells was excluded using Lonza Mycoplasma Detection Kit
(Portsmouth, NH).

Tumors were established by subcutaneous (sc) injection of
2% 10% A-549 cells at the back of seven 6-week-old male
Balb/c nude mice. Tumor size was monitored for 3 weeks and
measured by a caliper. The tumor size before imaging was
~2cm. Mice were observed three times per week for evi-
dence of distress, ascites, paralysis or excessive weight loss.

Biodistribution studies

Evaluation of the biodistribution of etoposide microparticles
were made with a Intervention Group using loaded micropar-
ticles etoposide labeled with ®™Tc (n = 7). Mice were anesthe-
tized with mix solution of 10% ketamine and 2% xylazine in
volume of 15 L and administered intramuscularly (thigh). The
micro-radiopharmaceuticals (3.7 MBg in volume of 0.2mL)
were administered by retro-orbital via. Mice were sacrificed by
asphyxiation using a carbon dioxide gas chamber after 2h
(120 min) of radio-compound administration. Organs [brain,
lungs, kidneys, stomach, small and large intestine, bladder,
heart, blood pool and the xenografted tumor (lesion)] were
removed, weighted and the activity in each organ, blood and
tumor has been counted by a gamma counter (Perkin Elmer
Wizard®™ 2470). The results were expressed as pCi per organ.

SPECT imaging

SPECT were performed to obtain planar images after 120 min
retro-orbital injection of the micro-radiopharmaceuticals
(3.7 MBq in 0.2 mL), integrating for 5 min the radiation counts
centered at 140KeV, with a Millenium Gamma Camera (GE
Healthcare, Cleveland, OH) using a 15% window. The images
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were done in Balb/c nude mouse inducted with lung cancer
as described in xenografted model.

Results and discussion
Etoposide NPs mean size assessment

Etoposide microparticles presented a mean size of
430+10.2nm, with a PDI of 0.23+0.02 and a unimodal and
narrow size distribution (Figure 1).

Scanning electron microscopy

The data from SEM corroborates the data from DLS. Also
shows that the etoposide microparticles has a spherical shape
and aggregates forming clots with a size range of 450 nm. Is
important to notice that although with a higherrate of aggre-
gation in the beging (2 h) it seems that this reach a optimal
plateau, and that the aggregation stop trough the time, and
after one in one moth is totally stable. Is also important to
notice that the presence of *™Tc does not interfere in the
stability or in the morphology of the microparticles, as in the
aggregation process (Figure 2).

Labeling with **™Tc micro-radiopharmaceuticals

The direct method used for labeling etoposide microparticles
was a sucess and all the microparticles showed a rate over
99% of labeling (Table 1). The lately paper chromatography
(after 8h of labeling) also showed a great result and con-
firmed the stability of the labeling process (Table 2).

Biodistribution studies

The result of the biodistribution study is expressed in Figure 3.
The results from biodistribution may show several information.
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Figure 1. Etoposide microparticle mean size and size distribution.
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Figure 2. SEM image. The figure “A” is an immediate image, the “B” is after labeling with ®*™Tc and “C" is 1 month after labeling with **™Tc.
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Figure 3. Biodistribution of labeled etoposide microparticles in inducted mice with lung cancer (xenograph model). The y-axis is the dose in pCi and the x-axis is

the organ. Is important to observe that lesion means xenograph lung tumor.

First of all, is possible to observe that a considerable uptake
occurred in the lesion (xenografted lung tumor), a total of
X0.11 pCi. This is almost 15% of the total dose administrated.
In general, for acquisition of an imaging is necessary that at
least a value equivalent to 5% of the total dose reach the site.
So, this result confirmed that this etoposide microparticle may
be used as an imaging agent for lung cancer diagnosing. The
etoposide microparticles also showed an expressive value
20.33 pCi and £0.42 puGi in left and right kidney, respectively.
This means that the etoposide microparticles have a good
renal clearance. These data are corroborated with the findings
in bladder X042 pCi. The high uptake by the left lung
20.24 puCi is due the administration via (retro-orbital via). In
this way, the drug reaches the blood through the ocular
plexus via the vena cava. Once in the vena cava, the first way
is the small circulation, reaching first the left lung and then
the right lung, thus, we believe that most is retained in the
pulmonary alveoli of the left lung due the size of the etopo-
side microparticles. The uptake by liver and spleen may be
explained by the fact that polymeric microparticles could be
retained in organs such as liver and spleen. Also, is possible
that etoposide microparticles could activated liver macro-
phages, increasing the uptake by this organ [27,28]. The
uptake by stomach and intestines could be explained due the
fact that etoposide is substrate of several ABC transporters,

notably ABCB1 (MDR1) and ABCC1 (MRP1), ABCC2 (MRP2),
ABCC3 (MRP3) and ABCG2 (BCRP), most of them present in
intestine and stomach. Nevertheless, etoposide metabolism
principally occurs in the liver, but may also happen in other
tissues, like intestinal mucosa, since it is O-demethylated pri-
marily by cytochrome P450 (CYP) 3A4 and to a lesser extent
by CYP3AS5 [7]. The uptake by the blood means that the etopo-
side microparticle have a good interaction with blood proteins
and may remain linked to it increasing the circulating time.
Finally, the uptake by the brain was negligible.

SPECT imaging

The result (Figure 4) of the SPECT corroborates the findings
of the biodistribution, especially the uptake by the tumor and
renal clearance due the presence in kidneys and bladder. Is
also observed the remaining dose in the top of the image
(retro-orbital injection). For this reason, it is not possible to
corroborate the negligible uptake by the brain.

Conclusions

The etoposide-microparticle labeled to °*™Tc demonstrated
to be a micro-radiopharmaceutical that may be used for early
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Figure 4. SPECT imaging of Balb/c nude mouse inducted with xenograft cancer
model in the back.

diagnosing of lung cancer; nevertheless, the use of a poly-
meric microparticle showed to be stable and capable to reach
the tumor in a high concentration. The biodistribution data
also demonstrated that the renal clearance is effective and
showed negligible uptake by the brain. The results from
SPECT imaging corroborates the biodistribution and also
showed the possibility of use of this micro-radiopharmaceuti-
cal as imaging agent.
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ABSTRACT

The most important components of a living cell are polymers. Because of their
broad range of properties both synthetic and natural polymers play an essential and
ubiquitous role in everyday life. In Drug delivery systems, polymers are essential
components, since they exert direct action in the release of the drugs. Recent years have
witnessed a growth of research and applications in nanoscience. The reason
nanoparticles are attractive for medical purposes is based on their important and unique

features, such as their surface to mass ratio, quantum properties and ability to adsorb
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and carry other compounds. The aims for nanoparticle entrapment of drugs are either
enhanced delivery to target cells and/or a reduction in the toxicity of the free drug to
non-target organs. Thus, creation of long-lived and target-specific nanoparticles is
needed. Radiopharmaceuticals are molecules linked to radioactive elements, employed
in medicine for therapy and for imaging diagnostic. The aliphatic polyester poly(lactic
acid) (PLA), the copolymer poly(lactic-co-glycolic acid) (PLGA)are by far the most
used bio-absorbable synthetic polymers in the biomedical field. The development of
nanoradiopharmaceuticals provides a new paradigm for both Nuclear Medicine and
emerges as a viable alternative to the treatment and diagnosis of tumors.

Key words: cancer; nanotechnology; smart device; oncology;

nanoradiopharmaceuticals

1. INTRODUCTION

The most important components of a living cell (proteins, carbohydrates, and
nucleic acids) are all polymers. A polymer is a large molecule composed of many
repeated sub-units[1]. Conjugated polymers are widely propagated for applications
relying on their conductivity, photo- or electroluminescence, or light-induced charge
generation, such as light-emitting devices and displays photovoltaics or chemical
sensors of variable complexity concerning their structure and function [2-8]. Among
others, such devices can be advantageous toward inorganic materials in terms of cost
and flexibility. The most prominent types of conjugated polymers are polyaniline,
polypyrrole, and polyacetylene and derivatives thereof, which have been studied
intensely primarily due to their intrinsic conductivity, while polythiophenes,
polyphenylenes,polyfluorenes, poly-(arylenevinylene), andpoly-
(phenyleneethynylene)have also been studied extensively due to their electrooptical and

photoluminescence properties[9].
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Because of their broad range of properties both synthetic and natural polymers
play an essential and ubiquitous role in everyday life [10]. In nature, polymers are
indispensable for construction and as part of the complex cellular mechanism. Polymers
range from familiar synthetic plastics such as polystyrene to natural biopolymers such
as DNA and proteins that are fundamental to biological structure and function[11].
Polymers, both natural and synthetic, are created via polymerization of many small
molecules, known as monomers. Their consequently large molecular mass relative
to small molecule compounds produces unique physical properties, including toughness,
viscoelasticity, and a tendency to form glasses and semi-crystalline structures rather
than crystals. The merge of polymer science with the pharmaceutical sciences has led to
a spectacular breakthrough on the innovation (flexibility in fitness, shape, size and
surface) in the design and development of new drug delivery systems (DDS) [10].

Polymeric biomaterials and their composites can be classified as biostable, fully
biodegradable or partially biodegradable. Biostable polymers are virtually inert, cause
minimal tissue response and maintain their properties for years. Partially absorbable
polymers are hydrolytically unstable, but since they cannot be fully metabolized by the
body and eliminated, they do not dispense the need for the second surgery that removes
the implant after tissue healing. Fully absorbable implants are also hydrolytically
unstable and have biodegradation characteristics such that they are capable of being
totally eliminated by metabolism [12].

In relation to the properties of the polymers, two criteria must be followed in the
establishment of a formulation. First, the chemical characteristics of the polymer should
not compromise the action of the active ingredients; Second, the physical properties of

the polymer must be consistent and reproducible [13].
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Polymers degradation are influenced by the following factors: chemical structure
and composition of the polymer, physical-chemical factors (ionic charge, ionic strength
and pH), physical factors (shape and size), morphology (amorphous, semi-crystalline,
crystalline, microstructure), degradation mechanism (enzymatic, hydrolysis, microbial),
molecular weight distribution and route of administration [10].

Conventional medicines are characterized by the immediate release of the drug.
Technologically, they are easy to prepare, since their production is well established,
requiring no sophisticated components and equipment [15]. Polymers are used as
excipients in conventional medicament and cosmetic preparations. Conventional solid
drugs, such as powders, tablets and capsules, contain polymeric excipients having
varying functions. Most often, effective and safe therapeutic responses are achieved by
administering traditional medicines. In typical delivery systems, drug concentration
reaches a peak shortly after administration and then declines. Levels are dose-dependent
and each drug has a therapeutic index above which it is toxic and below which it is
ineffective. Otherwise, the optimal therapy requires an advanced drug delivery system
[16]. In the revolutionary drugs, polymers are essential components, since they exert

direct action in the release of the drugs [17].

By definition, Drug Delivery System is an administration system designed to
extend drug release time in the body, sustain its plasma concentration and control
the temporal and spatial location of the molecules in vivo [15;18;19]. Thus, cyclic
fluctuations in the concentration are eliminated and the biological availability of the
drug is increased. Also, reduction of toxicity and decrease in the number of daily doses
can be achieved [20-22]. In addition to presenting modified release of the drug, the
manufacture of DDS often requires the use of specific equipment, processes and

components [21;23]. The development of modified release systems for drug
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establishment is an interesting strategy for this purpose. Such systems include

drug/polymer conjugates, polymer micelles, liposomes, and nanoparticles [24].

The biodegradation of the polymer is a process in which the macromolecule is
converted into simpler products, either by the action of enzymes or microorganisms, or
by hydrolysis of the chain in aqueous media [25]. Thus, biodegradable polymers have
an advantage over non-biodegradable polymers, since they are fully absorbed by the

body, requiring no further removal [26].

Biodegradable polymers are of significant interest to a variety of fields including
medicine, agriculture, and packaging. One of the most active areas of research in
biodegradable polymer is in controlled drug delivery and release. Biodegradable
polymers have an innumerable uses in the biomedical field, particularly in the fields
of tissue engineering and drug delivery [27;28]. In order for a biodegradable polymer to
be used as a therapeutic, it must meet several criteria: 1) be non-toxic in order to
eliminate foreign body response; 2) the time it takes for the polymer to degrade is
proportional to the time required for therapy; 3) the products resulting from
biodegradation are not cytotoxic and are readily eliminated from the body; 4) the
material must be easily processed in order to tailor the mechanical properties for the

required task; 5) be easily sterilized; and 6) have acceptable shelf life [27].

Different classifications of various biodegradable polymers have been proposed
according to their synthesis process (Figurel): (i) polymers from biomass such as
biopolymers from agro-resources (e.g., starch or cellulose), (ii) polymers obtained by
microbial production such as the polyhydroxyalkanoates (PHAs), (iii) polymers
conventionally and chemically synthesized from monomers obtained from agro-
resources, e.g., the polylactic acid (PLA), and (iv) polymers obtained from fossil

resources. Only the first three categories (i—iii) are obtained from renewable resources.
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We can further classify these biodegradable polymers into two main categories: the
agro-polymers (category i) and the biodegradable polyesters or biopolyesters

(categoriesii—iv) [29].

wm
r e e e
Blomass products From micro-organisms From From
From agro-resources (=
> Agro-polymers trom beo-denved trom
i | |
Poly saccharides Proteins, Lignins ... wﬁmﬂ——- Polylactides Polycaprolactones
PCL)
| | |
Starches Animais Proteins - Poly(hydroxybutyrase) (PHB) Polylactic acid Others homo-polyesters
! Wheat (PLA)
Potatoes Whey Poly(hydraxybetyrate co- Aliphstic co-polyesters
Maize Cassava . (PHEV),
Ligno-cellulose products: Plants Proteins: Aromatic co-polyesters
| Wood Zein
| Swaws._ Soya
Gluten
Others:
Pectins.
ChaosanChan

Agro-polymers Biopolyesters

Figure 1. Classification of the main biodegradable polymers [29].

Structurally, biodegradable polymers possess bonds (i.e., ester, amide, or ether
bonds) which are cleavable enzymatically or hydrolytically. A polymer with a C-C
backbone can resist the degradation. Depending on the structural properties of the
polymer, a heteroatom-containing polymer presents different degrees of
biodegradability. Based upon their synthesis methodologies, biodegradable polymers
can be classified into (i) natural (e.g., fibrin, collagen, cellulose, hyaluronan, pectin), (ii)
semisynthetic (e.g., chitosan), and (iii) synthetic [e.g., poly(lactic acid)(PLA),
poly(glycolic acid)(PGA), poly(lactic-co-glycolic acid) (PLGA), poly(dioxanone)
(PDO), poly(anhydrides) and poly(ortho esters) [24].

Poly (hydroxyalkanoates) - hydroxy acid polyesters - are optically active, stereo-
regular biopolymers produced by biosynthetic route from natural sources. Poly

(hydroxybutyrate) and poly (3-hydroxybutyrate-co-3-hydroxyvalerate) copolymer have
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been studied in the preparation of DDS. The use of these polymers may represent a
lower cost when compared to other conventional biodegradable polymers [30].
Aliphatic polyesters are the polymers which undergo biodegradation in biological
medium, being more studied in drug delivery systems. It includes: poly (lactic acid)
PLA, poly (glycolic acid) PGA, poly (caprolactone) (PCL) and copolymers of lactic and
glycolic acids (PLGA) [30-32].Therapeutic polymers are those to which therapeutic
properties are attributed. Management of structure of synthetic polymers allows them to
bind to specific receptors, present in pathogens or cells, promoting recognition,

triggering the modulation of cell function [34-36].

Until 1960, hydrolytically unstable polymers were considered a terrible
discovery. However, with the advancement of research, these materials arouse interest
in the medical and pharmaceutical areas especially due to the possibility of being used
in temporary implants (e.g. sutures, staples and nano-reservoirs). Poly (lactic acid)
(PLA) and Poly (lactic acid-co-glycolic acid) (PLGA) are relatively hydrophobic
polyesters, unstable in humidity, biodegradable and produced from renewable resources
easily. Polymers derived from lactic and glycolic acids have received a lot of attention
in the research of alternative biodegradable polymers, and have already been approved
by the Food and Drug Administration (FDA) for use as DDS.

In contrast to the great amount studies of the preparation of conjugated polymers
and their properties in the bulk or in thin films, nanoparticles of conjugated polymers
have been relatively little addressed[9;37-39]. To render the term more precisely, a
nanoparticle is considered to be a sub-micrometer entity which represents a separated
continuous phase, surrounded by a continuous free-flowing medium (usually a low-
molecular-weight liquid, most often water) or placed on a surface. Although the

definition identifies nanoparticles as having dimensions below 0.1 pm or 100 nm,
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especially in the area of drug delivery relatively large (size >100 nm) nanoparticles may
be needed for loading a sufficient amount of drug onto the particles [40-43].

Recent years have witnessed a growth of research and applications in the area of
nanoscience. Anticipated uses in medicine include drug delivery, diagnostics,
nutraceuticals and production of improved biocompatible materials [42;44;45]. The
reason why these nanoparticles (NPs) are attractive for medical purposes is based on
their important and unique features, such as their surface to mass ratio that is much
larger than that of other particles, their quantum properties and their ability to adsorb
and carry other compounds. The composition of the nanoparticles may be of biological
origin like phospholipids, lipids, lactic acid, chitosan, or have more “chemical”
characteristics like wvarious polymers, carbon, silica, and metals. The aims for
nanoparticle entrapment of drugs are either enhanced delivery to target cells and/or a
reduction in the toxicity of the free drug to non-target organs. For these aims, creation
of long-lived and target-specific nanoparticles is needed.

Nanoparticles administered by the oral route can follow different routes: direct
transit in the TGI until elimination by the feces, bioadhesion (adhesion to the intestinal
mucosa) and absorption, being the first two routes most important [46]. Thus, rising
bioavailability of drugs inserted in nanoparticles is the result of a longer contact time of
the drug with the intestinal mucosa due to their increased relative surface area.

Bioadhesion is a process by which particles are immobilized on the intestinal
surface by an adhesion mechanism. This mechanism extends the time of interaction of a
drug at the site of action and improves the absorption [46].Gut mucus is composed of
high molar mass glycoproteins that allow adhesion by nonspecific interactions of the
polymer nanoparticles through hydrogen bonds or Van der Waals forces [46]. Adhesion

is optimized when the polymer is dry, but oral administration causes the particles to mix
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with the endogenous liquids. Bioadhesion may also occur through specific interactions
between intestinal cells and carriers through cell membrane receptors. In this case, it is
possible to use clusters attached in the polymeric walls that allow a specific interaction
with the target receptors. However, these mechanisms are more difficult to happen due
to the limited diffusion of the particles through the mucus [46].

One of the complications in the use of particulate drug carriers including
nanomaterials is the entrapment in the mononuclear phagocytic system as present in the
liver and spleen [19; 47-50]. Surface modification with polyethylene glycol (PEG)
extended the presence in the circulation by inhibiting recognition and phagocytosis by
the mononuclear phagocytic system [51-53]. In addition, when gold nanorods were
modified using PEG, it altered the distribution and reduced the in vitro toxicity
[53].Although nanoformulation is aimed at enhancing drug delivery without loss of
drug activity. In a study comparing insulin-chitosan nanoparticles to chitosan solution
and chitosan powder formulations, the insulin-chitosan nanoparticles were less effective
in terms of bioavailability and lowering blood glucose level in both a rat and sheep
model [54]. NP size influence its distribution and bioavailability as demonstrated for
lipid vesicles for which a lower liver uptake was found for the smaller vesicles (200/300
nm versus 25/50 nm) [54-56]. For liposomes with sizes >100 nm the clearance rate by
the mononuclear phagocytic system increased with increasing size, while for sizes
below 100 nm charge was more important [57].

Physical degradation such as heating and light may be used to provoke the
therapeutic effect or for local drug release, respectively. Thermosensitive nanoparticles
may be used for selective release of the content after specific localization. For example,
doxorubicin-enhanced cytotoxicity was observed in vitro at 42 °C compared to 37 °C

using copolymers of polyethylene glycol (PEG) and poly-L-lactide (PLLA) (Na et al
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2006). In addition, the release of photosensitizers from nanoformulations by light,
(photodynamic therapy-PDT), was able to induce cytotoxicity [58;59].

One of the major challenges in drug delivery is to get the drug at the place it is
needed in the body thereby avoiding potential side effects. The entrapment of
chemotherapeutics in nanosized formulations like liposomes has been already subject of
study for considerable time [60-61]. Liposomes nanostructures have the advantage of
being small, flexible and biocompatible thus being able to pass along the smallest
arterioles and endothelial fenestrations without causing clotting. Also, other material as
(co)-polymers and dendrimers at the nanosize range alters the distribution of
encapsulated or attached drugs. The nanoparticle formulation resulted in paclitaxel-
enhanced cytotoxicity for tumor cells iz vitro and improved therapeutic efficacy in an in
vivo animal model [63]. Paclitaxel encapsulated in vitamin E TPGS-emulsified poly
(D,L-lactic-co-glycolic acid) (PLGA) nanoparticles resulted in a higher and prolonged
level above the effective concentration iz vivo.

There is a concern of how the body behaves with these nanomaterials. Once in
the body nanoparticles must be monitored because due to the small diameter it can
accumulate in the body and not be eliminated [64]. This is particularly true for the
applications of nanoparticles for drug delivery. In these applications particles are
brought intentionally into the human body and some of these new applications are
envisaged an important improvement of health care. Opinions started to divert when
toxicologists claimed that new methods and protocols are needed [65-68].

‘When nanoparticles are used for their unique reactive characteristics it may be
estimated that these same characteristics also have an impact on the toxicity of such
particles. Carbon derived nanomaterials showed that platelet aggregation was induced

by both single and multi-wall carbon nanotubes, but not by the Cso-fullerenes that are
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used as building blocks for these carbon nanotubes(CNT) [69]. Silica nanoparticles of
15 nm and 46 nm showed similar dose dependent cytotoxicity in viftro [70]. However,
for cationic silica nanoparticles using amino-hexyl-amino-propyltrimethoxysilane as a
surface modification, no cell toxicity was detected [71]. The amount of data about NPs
toxicity is based on a small panel of NPs (combustion derived NPs and TiO2) and the
premise that the effects observed by particulate matter are driven by the ultrafine
particle fraction in it [72].

A great number of biodegradable polymers have been synthesized in natural
environment during the growth cycles of organisms. Biodegradable polymers are
considered as ideal biomaterials for the development of controlled sustained-release
DDS as well as therapeutic devices such as degradable implants, impermanent
prostheses, and degradable 3D scaffolds for tissue engineering [73-75].

Some aspects such as the toxicity of the solvents used and the efficiency of the
encapsulation of the desired material must be observed when formulating polymeric
nanoparticles. Monomers polymerization allows the "design" of the material to be
obtained, since the synthesis of the polymer is being carried out at the same time as the
encapsulation. In situ polymerization is a technique that can be carried out by different
routes, with emulsion, mini-emulsion and microemulsion polymerization being the most
used [76]. The most common nanoparticle preparation process in the pharmaceutical
field is the solvent evaporation technique [76-78].

The choice of the method of preparation should consider the nature of the
polymer and the drug and also the route of administration. The final product should
have the following characteristics: (i) Maintenance of the stability and activity of the
drug; (i1) High encapsulation efficiency, as higher the concentration of encapsulated

drug, the amount of nanoparticles to be used in the pharmaceutical forms will be lower;
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(iii) Low polydispersity in size; (iv) Reproducible drug release profile, so that the
nanoparticles always show similar dissolution kinetics; (v) micro/nanoparticles must do
not present aggregation or adhesion, since these factors causes the loss of product and
difficulties of adjusting the dose. [79].

The biodegradable polymers are also bioactive and hence can be used as
polymer-therapeutics which can also be exploited for targeted delivery of a wide range
of small and large molecules in a controlled, sustained or pulsatile manner.
Biodegradable polymeric nanoparticles (NPs) and nanosystems (NSs) are supposed to
be very efficient drug delivery systems (DDSs) that are extremely safer than any other
non-biodegradable polymers and lipids used for gene/drug delivery [80-82].

Nanoparticles administered intravenously concentrate mainly in the liver, spleen
and bone marrow, by the mononuclear phagocytosis. These organs function as
reservoirs, causing the nanoparticles to rapidly disappear from the circulation. Thus, one
should be concerned with the accumulation, elimination and degradation of these

systems [83].

2. RADIOACTIVE NANOPARTICLES

Nuclear imaging modalities include single-photon emission computed
tomography (SPECT) and positron emission tomography (PET) as tools to visualize in
vivo abnormalities. Nuclear imaging is noninvasive and provides high sensitivity for
detection of biological processes, especially in diagnosing and staging disease states.
Several radiopharmaceuticals have been approved by the Food and Drug Administration
(FDA) for use in humans. However, selective delivery of a radioisotope to visualize a
particular region of interest remains a challenge. In this context, nanoparticles (NPs)

have emerged as promising vehicles to transport radioisotopes to desired sites within the

59



374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

body [84, 85].Several FDA-approved contrast agents and molecular imaging probes and
contrast agents are listed in the Molecular Imaging and Contrast Agent Database
(MICAD) [85].

Radiopharmaceuticals are molecules containing at least one radioactive element
that emits useful radiation, employed for therapy and for diagnostic imaging in Nuclear
Medicine. Radiopharmaceuticals are typically constituted of two components: carrier
(particles) and radionuclide, and it is directly related to the radioisotope used [86].
However there are also “pure” radiopharmaceuticals, as Na[18]F, [223]RaCl2 Na[131]I
where no carriers are needed

Radionuclide characteristics are responsible for the application and indication of
the radiopharmaceutical. For diagnostic applications in Nuclear Medicine,
radiopharmaceuticals based on nuclides providing an emission of gamma radiations (y,
E = 140 keV) or a positron (B, E = 511 keV)should be employed [87]. Thus, after
administration, the radiopharmaceutical penetrates the tissues and its radiation is
measured by means of single photon detection (SPECT) or a detection of (3'/electron
annihilation, which generates two coincidence y radiations (PET). This procedure
allows evaluating the biodistribution of the radiopolymer and locating the foci where it
was most captured [88].The ideal radiopharmaceutical reaches the tissue target avoiding
that the radiation spreads to other tissue around. In addition, a radiopolymer should
remain in the body for a period short enough to avoid prolonged exposure of the patient
to radiation, but long enough to allow the acquisition and processing of images, as well
as to develop its therapeutic action [89].

Radioactive NPs for imaging can be designed by two possible methods (Figure
2). The first method involves incorporation of a radioactive element into a nanosized

cluster. Despite the advantageous of this method, many radioactive elements tend to get
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oxidized at the nano level and subsequently elude the properties associated with
nanoscale imaging. Noble metals such as gold can be bombarded with neutrons in a
nuclear reactor to generate radioactive core NPs. The second method involves attaching
a radioactive element to a NP (also called radiolabeling of a particle). This method is
versatile and can incorporate various radioelements of choice into a ligand on the NP
surface. In this method multi-carboxylate ligands are grafted on the surface of the NP.
Subsequently, these chelators are used to carry metallic radionuclides [85]. However,
the dissociation of the radionuclide under iz vivo conditions could result in a false

imaging [85].

Radioactive Stabilizing Core Radioactive

Core ? ; Ligands Nanoparticles ; Isotope

Type | Type ll

FIGURE 2: Schematic of radioactive polymer nanoparticles. In the Type I
configuration, the radioactive elements incorporated into a nano-sized cluster, whereas
in the Type 1I configuration, the radioactive element is decorated onto the nanoparticle
surface.

Todine 131 (**'T) is a commonly used radioisotope; The y (gamma) emission of
BIT can be used for imaging and B (beta) for therapy, but the release of *'T and 3'I-

tyrosine in the blood poses a potential health hazard [85].
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As reviewed by Psimadas et al. [91], !!!In-labeled NPs have been widely used to
understand the biodistribution of NPs. For this purpose, polymeric and micellar NPs
have been labeled with !'In. Also, NPs of carbon, gold, or iron oxide were labeled with

nfor understanding the biodistribution or evaluating disease states.

The ®*Cu is one of the most studied isotopes of copper, mainly due to its
potential in imaging and therapy applications. Its decay occurs by three processes:
positron, electron capture, and beta decays. Superparamagnetic iron oxide nanoparticles
(SPIONs) have been functionalized with DOTA (1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetraacetic acid) and radiolabeled with ®*Cu [7]. In this study, micelle-coated
SPIONs were synthesized by treating 6.2nm sized SPIONs with polyethylene glycol
(PEG) derivatives, amino-PEG2000 and mPEG5000 phospholipids. The amino groups
on the lipids were utilized to attach DOTA ligands to the surface. After coating with
phospholipids, the hydrodynamic size of SPIONs increased from 7 to 20 nm. DOTA
ligands on the surface of SPIONs were subsequently used to radiolabel with °*Cu. The
resultant conjugate showed excellent stability for 24 hours in mouse serum. Finally,
64Cu labeling of the NP was achieved by mixing ®*Cu in acetate buffer with DOTA-
functionalized polymeric nanoconjugates. Nonspecifically bound °*Cu to amide and
ester groups was removed by treating the radiolabeled NPs with DTPA with subsequent

removal of DTPA-°*Cu complexes by Centricon separation [92,93]

18F_labeled radiopharmaceuticals was synthesized by paramagnetic iron oxide
NPs using ‘click’ chemistry, a condensation of azide and alkyne groups catalyzed by
Cu(l). In this study, aminated-cross-linked dextran iron oxide NPs of an average size of

30 nm, containing40 primary amines per particle, were used. As a first step, five
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primary amine groups in each NP were used to functionalize with a fluorescent dye,
Vivotag-680.The remaining primary amino groups present on the surface of the iron
oxide NPs were derived to anazide functional group. Subsequently, azide groups on the
NPs were chemoselectively reacted with propargyl '®F-PEG3 in the presence of catalytic
amounts of copper salts to obtain '®F-labeled iron oxide NPs in 99% radiochemical
purity within 120 min. In the absence of copper salts, however, '%F labeling could not be
achieved [94:;95].

Technetium-99m is the most widely used SPECT radionuclide because it
possesses optimal imaging characteristics, including a short half-life of 6.0 h and a vy
emission of 140 keV for SPECT imaging applications. NPs have been labeled with
9mTe to expand understanding of their biodistribution characteristics. Radiolabeling
with *"Tc has usually been accomplished using two different methods. In the case of
iron oxide NPs, direct labeling with *"Tc was performed by Madru et al. and Fu et al
[96;97]. However, other metallic or polymeric NPs have been modified by both the
direct labeling approach and hydrazine nicotinic acid (HYNIC)-type ligand systems for
labeling with “"Tc. In the case of direct labeling, superparamagnetic iron oxide
nanoparticles (SPIONs) were treated with *™"TcO4 in the presence of stannous chloride
as the reducing agent [96]. Using this method, 99% radiolabeling was
achieved.Technetium-99m-SPIONs showed homogenous size distribution with a mean
diameter of 13 nm, as measured by transmission electron microscopy (TEM)studies.
The zeta potential of the conjugate was between 5 and 15mV at pH 4-6. In another
study,CoFe204 NPs were directly labeled with °°™Tc usingSnClz [98]. In this method,
the conjugates were stabilized using ethyl 12-(hydroxyamino)-12-oxododeconate,poly-
(lactic-co-glycolic acid) (PLGA) and bovine serum albumin. The average hydrodynamic

diameter of NPs increased from 106 to 160.8 nm after labeling with *™Tc. The zeta
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potential remained constant(—23.6 to —23.8mV) after labeling. This study demonstrated
that direct labeling of SPTONs with Na®*™TcO4 using a SnClz reducing agent provides
high yields. This technique is easy to translate into clinical settings.

Technetium99 metastable radionuclide (°"Tc) stands out because it is used in
90% of diagnostic procedures in Nuclear Medicine [99]. Nanorapharmaceuticals based
on Technetium-99m and, more recently, to Rhenium-186 have become important tools
for the diagnosis and therapy of various diseases or dysfunctions of organs and systems
that make up the human body [100-102]. Development of nanoradiopharmaceuticals
provides a new paradigm for both Nuclear Medicine and Radioprotection and
Dosimetry and emerges as a viable alternative to the treatment and diagnosis of tumors
[103;104].

Others radiopolymers - all labelled with beta emitters — are currently used in the

treatment of bone pain caused by Bone Metastasis [105].

a. Polymeric nanostructures use in therapy

Polymeric nanostructures have the potential to improve the medical outcomes of
various therapeutics and diagnostics by enhancing the accumulation of the embedded
active species into the target sites of diseased tissues via passive and/or active targeting.
They can also be utilized for combinational therapy/diagnosis. In passive targeting,
nanoparticles accumulate into pathological sites with leaky vasculature (e.g. tumor and
inflammation sites) due to the EPR (enhanced permeability and retention) effect,
whereas active targeting is achieved through decorating the surface of nanoparticles
with targeting ligands that bind to receptors overexpressed on the diseased tissues.

Active targeting features can also be incorporated into the nanostructures via including
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stimuli-responsive components into the nanomaterials. Ideally, both targeting
mechanisms aim to concentrate the nanomaterials, while containing the embedded drugs
and/or diagnostic probes, at the diseased tissues and avoiding accumulation or drug-
release at healthy tissues.

Biodegradable scaffolds composed of PLA and B-tricalcium phosphate is
developed for complex maxillofacial reconstruction. Biocompatibility tests with
mesenchymal stem cells indicated better proliferation, without toxicity. The porous
interconnected structures make possible cellular adhesion and wvascular proliferation.
The in vivo investigation in rats led to complete bone ingrowth within 30 days with
minimal inflammatory impacts [106]. A study reported the development of NPs targeted
to regions of vascular angiogenesis in the course of reperfusion and re-oxygenation of
ischemic tissue [107].

Recent advances in the field of nanotechnology can be applied to pharmacology
to solve the above problems and have proved to be excellent tools to treat different

diseases [108].

2.1.1 Cardiovascular diseases

Cardiovascular diseases are the number one death-causing disease and according
to the World Health Organization, in 2012, 3 in every 10 people worldwide died from
cardiovascular diseases (CVD).44 In the United States, in 2010, more than 300 billion
dollars were spent on medical expenses due to CVD.45 Diseases related to the
cardiovascular system include atherosclerosis, hypertension, and coronary artery
diseases (CAD), which could result in heart attack or stroke.

Polymeric nanoparticles with specific biomarkers have been highly investigated

in medical imaging for diagnosis and treatment of cardiovascular diseases, such as,
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atherosclerosis, hypertension, and coronary artery diseases [109-113]. In their previous
studies, Col TV-targeting peptide conjugated-polymeric nanoparticles encapsulated with
paclitaxel reduced the thickness of neointima to 50%, compared to a carotid injury
model control group [114;115].

The first generation of DES (drug-eluting stents) effectively reduced restenosis,
but profoundly delayed healing. Oh and Lee reported the preparation of nanofibers as a
drug (B-estradiol) eluting coating on a stent. They used Eudragit S-100 (ES) as a
nanoparticle (NP) base, and the mixtures of hexafluoro-2-propanol (HFIP), PLGA and
PLA as a nanofiber base at tunable ratios [116].

Col TV-targeting peptide conjugated-polymeric nanoparticles encapsulated with
paclitaxel reduced the thickness of neointima to 50%.Results showed that the peptide
treatment using polymeric nanostructures and specific targeting have potential for

treatment of inflammation-involved diseases like atherosclerosis[114;115;117].

2.1.2. Infectious diseases

Infectious diseases are usually caused by bacteria, viruses, parasites or fungi.
They usually spread from one to another, and, sometimes, could become serious,
difficult to treat, and life-threatening. Since the expansion of the global transport
network, infectious diseases have become more broadly transmissible, increasing the
urgency to develop efficient treatment methods [118].

Although there are several therapeutics and diagnostics that have been tested
with varying degrees of success for management of infectious diseases, the poor
bioavailability and serious side effects of some of these agents compromise the expected

therapeutic outcomes [119-121]. Nanoparticles have been utilized to improve delivery
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efficiency of antimicrobials to the site of infection, together with the use of auxiliary
devices for localized delivery[122-124]. Nanoparticles could improve the stability and
pharmacokinetics of the encapsulated antimicrobials, allow prolonged retention and
sustained release of the drugs at the sites of infections, and overcome the drug resistance
of the bacteria [126-130].Cationic cobaltocenium polymers were prepared to treat
MRSA  (Methicillin-resistant Staphylococcus aureus) infection [131]. Ionic
complexation between cationic metallopolymers and carboxylate in B—lactam antibiotics
inhibited B—lactamase activity to protect B—lactam antibiotics from hydrolysis, which
improved antimicrobial efficacy. Fully degradable polymeric nanoparticles were then
developed and their antimicrobial activities were evaluated in vitro against

Staphylococcus aureus and Escherichia coli [132].

2.1.3. Cancer

Tumor is a disease characterized by uncontrolled growth of cells, where this
group of cells might have the ability to spread in the body through the blood and lymph
systems. The main characteristics of cancer are sustaining proliferative signaling,
evading growth suppressors, avoiding immune destruction, enabling replicative
immortality, promoting inflammation, invading and metastasizing, inducing
angiogenesis, accruing genome instability and mutation, resisting cell death, and
deregulating cellular energetic, which are shared by more than 100 cancer-related
diseases [133]. These diseases can be categorized by the type of cell or tissue in which
cancer originates. Cancer usually acquires these characteristics due to genetic and
epigenetic alterations, which consequently result in molecular variations, such as,
overexpression of receptors and proteins, changes in upstream and downstream

effectors, and tumor progression [134-137].Cancer treatment include surgery,
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chemotherapy, radiation therapy, hormonal therapy, immunotherapy, hyperthermia,
stem cell transplantation, photodynamic therapy and laser surgery. Besides, more than
one strategy can be combined together, depending on the type and stage of cancer. To
date, complete removal of cancerous tissues remains a challenge [138].

The two main goals for the treatment of cancer with various therapeutic agents
are the selective delivery of drugs to the target sites and interfering with molecular
events involved in the cancer progression without affecting normal healthy cells. The
%4Cu-labeled RGD-targeted carbon nanotubes and non-targeted gold nano shells were
each evaluated in a mouse model of brain cancer, showing efficient tumor uptake at 6—
24 h [139-140].Although nanoparticle-based formulations for treatment of cancer have
been showed greater efficacy inm vifro and in vivo, conversion of those promising pre-
clinical results to successful clinical trials has been challenging. Only few
nanoparticulate systems have been approved for clinical usage [e.g. Abraxane®,
DaunoXome®, DepoCyt®, Doxil®/Caelyx®/Myocet®] and few additional candidates are
undergoing clinical trials [e.g. BIND-014 (Phase 2), NC-6004 (Phase 1/2), NKO12
(Phase 2), NK 105 (Phase 3), CRLX101 (Phase 2), PK1 (Phase 2)] [138].

One of major challenges in nanoparticle-based drug delivery in cancer therapy is
the incompatibility between prolonged blood circulation for EPR (enhanced permeation
and retention) effects, which requires neutral or slightly negative surface charges, and
efficient tumor cell uptake, in which positive surface charges are preferred. Two
strategies, switch of surface charge and removal of stabilization layer, have been applied
to address this issue [138]. Polymeric nanostructures, capable to adjust their surface
charge to the surrounding pH conditions, were prepared by self-assembly of block
copolymers comprised of a hydrophilic zwitterionic polyphosphoester block and a

hydrophobic PCL segment [PCL-6-P(AEP-g-TMA/DMA)]. The zwitterionic surface
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enabled elongated circulation of the nanocarriers in blood. Once they reached tumor
sites, however, cleavage of amide bonds between 2,3-dimethylmaleic anhydride (DMA
or DMMA) and primary amine under acidic tumor extracellular environment, decreased
the anionic character in the zwitterionic segments and resulted in positively-charged
nanoparticles that could be internalized more easily into tumor cells [141]. In another
study, Doxorubicin-loaded into these nanoparticles inhibited growth of human breast
cancer cell MDA-MB-231 xenografts in nude mice[142].

Bioabsorbable polymers in DDS can be defined as polymers that undergo
transformations in the biological environment by, for example, phagocytosis, through
cellular activity [80]. Advanced biodegradable NSs (Nanosystems) have the ability to
penetrate into tumor and target the cancer cells only with no or little effects on the
healthy cells [143-146].Figure3 represents schematic structures of advanced DDSs and

multifunctional NSs used for targeted therapy of cancer.
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Figure 3. Schematic illustration of advanced multifunctional drug delivery systems

[80].

Furthermore, the biodegradable polymeric carriers have been modified by tumor
targeting agents to enhance the NPs translocation into tumor cells. PEG-PCL-PEG
thermo-sensitive hydrogel containing a tumor-targeted biodegradable folate-poly(ester
amine)/DNA complexes has been synthesized and investigated for targeted gene
delivery. The hydrogel composite indicates slight cytotoxicity with high transfection

efficiency 7n vitro [80].
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3. NATURAL NANOPOLYMERS

Natural polymers can be divided into two main classes: proteins and
polysaccharides. Albumin and gelatin are the proteins with more relevance for the
preparation of DDS for cancer therapy [24]. Gelatin is a protein obtained by the thermal
denaturation of animal collagen, in which the triple helix of collagen is broken giving
water-soluble strains. Gelatin is a poly-ampholyte whose structure comprises cationic
and anionic groups, along with the hydrophobic groups. Because of its biodegradability
and biocompatibility, gelatin has been used in the development of DDS for different
biomedical applications, namely cancer therapy [147]. Albuminis the most abundant
protein in the human blood plasma, accounting for 50 % of its total mass. It presents a
molecular weight of about 66.5 kDa and a diameter of7.2 nm. Albumin is a
hydrosoluble protein, is stable in a pH range of 4 to 9, and can be heated at 60 °C for up
to 10 h without deleterious effects. Human serum albumin (HSA) has a multitude of
functions in the human body. To mention: solubilization of long chain fatty acids,
binder for bilirubin (resulting from heme breakdown), transport of metal ions
(copper(1l), nickel(Il), calcium(ll), and zinc (II)) in the bloodstream, and major
responsibility for colloid osmotic pressure of the blood, and upon hydrolytic
breakdown[32;148]. Inthe development of DDS for cancer therapy, the use of albumin
brings some advantages since this protein isused by the proliferating tumor cells for
their nutrition [147].

Albumin based NPs have been prepared and tested as DDS in different types of
cancer. Albumin nanoparticles decorated with RGD were used as DDS in the treatment
of pancreas cancer. RGD was bound to the nanoparticles’surface with the aim of
targeting integrin av3, which is expressed in pancreatic tumor cells. The nanoparticles

were prepared by the desolvation-crosslinking method conjugated with RGD and loaded
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with fluorescein isothiocyanate (FITC).Gemcitabine was used as the anti-cancer
drug.The in vitro tests, conducted on BxPC-3 cells, showed that the presence of RGD at
the surface of the nanoparticles led to a higher intracellular uptake when compared with
the nanoparticles without the tripeptide[149].The nanoparticles, loaded with
gemcitabine, have shown improved anti-tumor efficacy, both in vitro and in vivo.

The a-amino acids resulting from the lysosomal digestion of albumin are used
by the cancer cells as a source of nitrogen and energy. There is already an injectable
formulation of PTX(paclitaxel) albumin nano particles, known as Abraxane®, that has

been used in the treatment of breast cancer [24;150].

4. BIOABSORBABLE SYNTHETIC NANOPOLYMERS

The aliphatic polyester poly(lactic acid) (PLA), the copolymerpoly(lactic-co-
glycolic acid) (PLGA), and poly(e-caprolactone)(PCL) (Fig. 1) are by far the most used
bioabsorbable synthetic polymers in the biomedical field [24;151].

As mentioned before, several radiopharmaceuticals have been used for both
diagnosis and therapy. In order to improve the performance of radiopolymers, in
particular their penetrability and specific targeting, nanotechnology has been developing
micro and nano particles with the objective of improving the results of radiotherapy and
the quality of diagnosis [152].

The strategies of targeting systems can be divided in: 1) passive signaling, which
acts in line with the EPR effect and 2) active signaling, which use directional vectors or
ligands. Passive targeting is achieved by incorporating the therapeutic agent into
nanoparticle, which reaches the target organ via passive form. Drugs encapsulated in

nanoparticles can passively reach the tumors through the EPR effect [153-155].
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The methods of preparing polymer nanoparticles are generally classified in
methods based on the in situ polymerization of dispersed monomers (alkyl
cyanocrylate) or precipitation of preformed polymers (nanoprecipitation) [156]. The
double emulsion method is better appropriate for the nanoencapsulation of hydrophilic
drugs. The method consists in the preparation of a water/oil (w/0) primary emulsion by
sonication of a small volume of water containing the drug and an organic solvent
containing the polymer. This emulsion consists of the inner phase of the second
emulsion, also prepared by sonication, the outer phase of which is an aqueous solution
of the surfactant. The preparation of the nanoparticle formulations by this method
requires the presence of an emulsifying agent to stabilize the dispersed phase in a
multiple emulsion. After the establishment of a water/oil/water (a/o/a), the solvent is
removed by evaporation [157;158]. This method requires a high energy homogenization
and the particle size can be controlled by the speed and time of agitation or sonication
[157].

The development of nanoradiopharmaceuticals, provides a new paradigm for
both Nuclear Medicine and Radioprotection and Dosimetry emerging as a viable
alternative to the treatment and diagnosis of tumors [159;160]. There exist various
synthetic biodegradable polymers such as (poly(hydroxylbutyrate), poly anhydride
copolymers, poly(orthoester)s, polyphosphazenes, poly(amidoester)s, poly(cyano

acrylate)s and PLGA [80].

a. Poly(lactic-co-glycolic acid) and Polylactic acid

PLGA is obtained through the copolymerization of LA(or lactide) and glycolic

acid (GA) (or glycolide), and the properties of the copolyester can be easily tailored by
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changing the relative amounts of monomers in the final copolymer. The products of
degradation are existing metabolites lactic acid and glycolic acid (LA and GA,
respectively) of the human body [24;161].

Due to their biodegradability, biocompatibility, and possibility for development
of sustained-/controlled-/pulsatile-release and targeted delivery, PLGA is a widely used
polymer. It has been approved by the United State Food and Drug Administration
(FDA) for various therapeutic/diagnostic applications [162] It should be noted that
PLGA undergoes hydrolytic degradation in aqueous environment where ester linkages
along with the polymer backbone are randomly hydrolyzed. The ratio LA to GA plays
an important role in degradation mechanism of the PLGA. For instance, PLGA 50:50
degrades at a faster rate in comparison with PLGA 85:15 due to the higher hydrophilic
GA content of the copolymer [163; 164]

Technically, PLGA NPs can be formulated by emulsification—diffusion, solvent
emulsion—evaporation, interfacial deposition, or nanoprecipitation methods However,
the scale-up process of PLGA NPs’ formulation by means of these methods appears to
be costly [165].Cisplatin and cisplatin prodrugs are broad-spectrum chemotherapeutics
that have been loaded into polymeric nanoparticles, in attempts at avoiding systemic
delivery of these relatively-hydrophilic small molecule drug complexes. Mitaplatin-
loaded PEG-b/-PLGA nanoparticles, stabilized with poly(vinyl alcohol) (PVA), using a
double emulsion method encapsulation of mitaplatin is equivalent to the dual loading of
cisplatin and DTIC (dacarbazine) for combinational therapy [167]. The resulting
nanoparticles showed prolonged circulation times, reduced accumulation of Pt in the
kidneys, and long-term efficacy by controlled drug release 77 vivo[167;168].

PLGA is the most used bioabsorbable synthetic polymers employed to prepare

nanoparticles for cancer treatment. In 2012, Danhier et al.[172] devoted part of their
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review article entitled “PLGA-based nanoparticles: An overview of biomedical
applications” to the useof PLGA nanoparticles in cancer treatment. In the lastyears,
PLGA-based DDSs have been developed and testedas carriers of different drugs to treat
different types of cancer [172-166].

PLGA nanoparticles prepared for the delivery of small interfering ribonucleic
acid (siRNA) in tumors has already been reported [170]. The iz vivo results showed that
the PLGA-based DDS was effective in controlling the growth of tumor and in
prolonging the knockdown of the PLK1 gene, which is essential for mitosis. More
recently, Wang et al. [171]co-encapsulated doxorubicin (DOX) and epidermal growth
factor receptor (EGFR) siRNA in PLGA nanoparticles in which the angiopep-2 (ANG)
was conjugated .ANG is a brain-targeted peptide, and its use could bring advantages in
overpassing the blood brain barrier (BBB). The DDS was tested /n vitro making use of a
U87MG cell line (human primary glioblastoma cell line). Co-encapsulated
nanoparticles were able to efficiently release the DOX and siRNA, contributing to an
inhibition of the cell growth, apoptosis, and EGFR silencing. The iz vivo tests showed
that DDS was capable of crossing the BBB and the therapy using both EGFR siRNA
and DOX contributed to extend the survival time of the U87MGglioma-bearing mice.
Vascular endothelial growth factor receptor (VEGFR) conjugated to the surface of
PLGA nanoparticles encapsulating PTX. The PLGA-nanoparticles were prepared by the
emulsion-solvent evaporation method, and then, the VEGFR was conjugated to the
nanoparticles’ surface. The results showed that16.6 wt.% of VEGFR was conjugated to
the nanoparticles surface. The anti-tumor activity of PTX encapsulated in the VEGFR-
PLGA nanoparticles was studied in vitro making use of 7721 human hepatocarcinoma

cells and A549 human lung cancer cells. The results showed that the PTX-loaded
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VEGFR-PLGA nanoparticles have a high inhibitory activity of tumor growth when
compared with native PTX or with PTX-loaded PLGA-nanoparticles [172].

The cytotoxic effect of encapsulated gold nanoparticles in PLGA nanoparticles
coatedwith a lipid PEG monolayer was tested in 2D monolayers of breast cancer cells
(SUM-159) and 3D tumor spheroids of glioblastoma multiform cells(U87MG). The
overall results suggest that the encapsulation of the AuNPs in the coated PLGA
nanoparticles improved the photothermal ablation [62].

The development of biocompatible drug nanocarriers can enhance the
physiological stability of PTX [14—16].Moreover, 1311, was used to radiolabel the
PLGA-lipid nanoparticles to clearly assess their in vivo behavior. The results
demonstrate that the !*!'I-labeled PLGA-lipid nanoparticle can be simultaneously
applied for targeted drug delivery and reliable tracking of drugs in vivo[173].Oncogel ™
(ReGel™/paclitaxel) is a paclitaxel delivery system comprised of PLGA-PEG-PLGA
triblock copolymer (ReGel) andthe drug. It’s a thermo sensitive controlled drug delivery
system. Oncogel can be successfully used for the site specific targeting of the tumor;
and also it shows synergistic effects in combination therapy [174] . Encouraging results
inthe treatment of skin SCC have been reported inA431 cells (derived from human
epidermoid SCC),by using PLGA coated 5-aminolevulinic acid [175].

Dacarbazine (DTIC)- loaded PLAconjugated to TRAIL-receptor-2 (DRS)
monoclonal antibody (DTIC-NPs-DRS5 mAb) provides an activetargeting DDS [176].
Also, cucurbitacin (Cuc)-loaded PLGA-nanoparticles can act as sustained-release
system for intra tumor injection [177]. A novel poly(d,l-lactide-co-glycolide) (PLGA)
lipid nanoparticles (PNPs) conjugate to folic acid (FA) and indocyanine green (ICQG),

loaded with resveratrol for targeted delivery of anticancer drug and fluorescence
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imaging. Intravenous injection of these PNP into U87 tumor-bearing mice demonstrated
a tumor inhibition effect [162].

PLA was discovered in 1932 by Carothers (at DuPont). He was only able to
produce a low molecular weight PLA by heating lactic acid under vacuum while
removing the condensed water. The problem at that time was to increase the molecular
weight of the products; and, finally, by ring-opening polymerization of the lactide, high-
molecular weight PLA was synthesized. PLA was first used in combination with
polyglycolicacid (PGA) as suture material and sold under the name Vicryl inthe U.S.A.
in 1974 [178Mehta 1996].PLA can be obtained either from the poly-condensation of
lactic acid (LA) or by the ring opening polymerization(ROP) of lactide. This polyester
can exist in four different morphological forms: poly(L-lactic acid) (PLLA),poly(D-
lactic acid) (PDLA), the racemic poly(D,L-lacticacid) (PDLLA), and meso-PLA. PLLA
and PDLA aresemi-crystalline, and PDLLA is amorphous in nature. Typically, these
polyesters degrade by the hydrolysis ofthe ester linkage, giving LA as the degradation
product[24]. In biomedical applications, PDLIL A presents a faster degradation time than
PLLA, being more suitable for drug delivery applications [151].

Indocyanine green, a near-infrared fluorophore, was encapsulated into
proteinoid-poly(lactic acid) nanoparticles, which were used to image colon cancer
tumors in a LS174t colorectal cancer orthotopic mouse model. Based on the
overexpression of CEA by LS174t cells, the nanoparticles localized to tumor tissue and
generated fluorescent signal at the tumor sites. In comparison, control nanoparticles
without anti-CEA antibody produced no appreciable fluorescence signal, indicating the
enhancement of tumor targeting achieved through the use of antibodies [179].

Although less used than PLGA, PLA-based nanoparticles also showed to be

promising as anti-cancer drug DDS. Additionally, the nanoparticles were subjected to a
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magnetic resonance imaging (MRI)scanning analysis, and it was shown that the
nanoparticles had higher longitudinal relaxivity in water than the Mn-porphyrin, making
them excellent candidates to be used in T1l-weighed MRI [180].Very recently, Yang et
al. developed a DDS based on PLA nanoparticles for the treatment of lung cancer
metastasis. The nanoparticles encapsulating docetaxel (DTX) were prepared by the
single emulsion method and a targeting peptide was conjugated on their surface. The
targeting peptide, screened from lung carcinoma stem cells, showed a high specific-
binding ability to pulmonary adenocarcinoma tissue. The anti-metastatic efficacy of the
nanoparticles was tested in vivo making use of a nude mice model of liver metastasis.
The results revealed that the peptide had a key role in the anti-metastatic efficacy of the

nanoparticles [24;181].
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5. Conclusdes
A microparticula polimérica com Etoposideo marcada com **™Tc demonstrou ser

um micro-radiofarmaco com potencial para ser usado no diagndstico precoce do cancer
de pulmdo, no entanto, o uso de um polimero no processo de producdo das
microparticulas se mostrou estavel e capaz de atingir o tumor em alta concentracao.

Os dados de biodistribuigdo também demonstraram que a depuracgéo renal é eficaz
e mostrou captacdo insignificante pelo cérebro. Os resultados de imagem SPECT
corrobora a biodistribuicdo e também mostrou a possibilidade de uso deste micro-

radiofarmaco como agente de imagem.
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