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RESUMO

As nanoparticulas de amido (NPAs) tém sido aplicadas em diferentes areas da ciéncia
dos materiais, principalmente na area farmacéutica devido as suas caracteristicas
como pequeno tamanho de particula, alta relacédo superficie-volume e compatibilidade
biolégica. No entanto, em ciéncias farmacéuticas, ndo ha registros de uma revisao de
escopo que tenha mapeado extensivamente todas as informacgdes disponiveis sobre
NPAs. A contribuicdo destas informagdes sobre nanoparticulas de amido, direcionam
0s pesquisadores na jung¢ao dos dados necessarios para iniciar pesquisas desde a
fonte do amido até os tipos de analises para avaliar as nanoestruturas. O
detalhamento das publicag¢des ja realizadas na area, auxiliam na jungéo de dados nas
pesquisas sobre a obtencao e aplicacao de um material de vasta fonte natural. Uma
revisdo de escopo foi realizada aqui, pesquisando bancos de dados eletrbnicos
(Pubmed e Science Direct) para identificar estudos publicados antes de junho de
2020. Do total de 699 registros, 37 atendeu aos critérios de inclusdo. Os resultados
demostraram que os NPAs tém sido utilizadas para o desenvolvimento de diferentes
sistemas de entrega de ingredientes farmacéuticos ativos com 83,8% das pesquisas,
também como pickering emulsion com 5,4%, inibidor de enzimas 5,4%, adsorgéo e
agente de precipitagcdo de DNA, ambos em 2,7% das aplicagcbes em artigos
publicados. As metodologias utilizadas na obtencdo e analises para avaliar a
estrutura, sdo diversificadas de acordo com a necessidade de aplicagdo. Em
conclusao, ao combinar diferentes fontes e métodos de amido, os NPAs apresentam
uma notavel diversidade em aplicagdes farmacéuticas. Estudos futuros devem
explorar a seguranga dos NPAs e fornecer informagdes sobre variaveis que podem

afetar propriedades importantes para este tipo de aplicacao.

Palavras-chave: nanocristal de amido; revisdo de escopo; nanotecnologia;

nanoamido.



ABSTRACT

Starch nanoparticles (SNPs) have been applied to different areas of material sciences,
especially in pharmaceuticals due to their characteristics such as small particle size,
high surface ratio-volume, and biological compatibility. However, in pharmaceutical
sciences, there are no records of a scoping review that had extensively mapped all
available information about SNPs. The contribution of this information on starch
nanoparticles directs researchers to gather the necessary data to start research from
the source of the starch to the types of analyzes to evaluate the nanostructures. The
detailing of the publications already carried out in the area, helps to gather data in
research on obtaining and applying a material from a vast natural source. A scoping
review was performed here by searching electronic databases (Pubmed and Science
Direct) to identify studies published previous to June 2020. From 699 total records, 37
matched the criteria for inclusion. The results showed that SNPs have been used for
the development of different delivery systems for active pharmaceutical ingredients
with 83.8% of the researches, as well as pickering emulsion with 5.4%, enzyme
inhibitor 5.4%, adsorption and agent of DNA precipitation, both in 2.7% of applications
in published articles. The methodologies used in obtaining and analyzing the structure
are diversified according to the application need. In conclusion, by combining different
starch sources and methods SNPs show a remarkable diversity in pharmaceutical
applications. Future studies should explore SNPs safety and provide information about

variables that may affect important properties for this kind of application.

Key-words: starch nanocrystal; scoping review; nanotechnology; nanostarch.
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1 INTRODUCAO

O amido é um polimero natural, biodegradavel e renovavel (KIM et al. 2017).
Biocompativel, ndo téxico, facilmente estruturado e modificado com uma variedade de
usos (ACEVEDO-GUEVARA et al., 2018; PATEL et al., 2016). Os granulos de amido
apresentam regides amorfas e cristalinas (ZHOU et al., 2016). Por esse motivo, esse
polissacarideo € amplamente utilizado em nanotecnologia, tanto para sintese, quanto
como agente estabilizador de nanoparticulas de diversos tipos.

Em ciéncias dos materiais, as nanoparticulas de amido (NPAs) séao notaveis
devido ao seu pequeno tamanho de particula e a alta razdo de superficie-volume
(PATEL et al., 2016). Este contraste de tamanho notavel é em comparagédo com
materiais de tamanho maior (QIN et al., 2016). Em geral, o termo nanoparticula de
amido refere-se a muitos tipos de amidos nanoestruturados: tipo plaqueta, quadrado,
redondo, tubular e até oval (KIM et al., 2017; ROSTAMABADI et al., 2019). NPAs
obtidas através do processamento de granulos de amido, possuem diferentes graus
de relagédo cristalino/amorfo (ROSTAMABADI et al., 2019). Para padronizar a
nomenclatura desta pesquisa, o termo nanoparticulas de amido (NPA) se referira a
todos os processos de obtencao de estruturas de amido com tamanho nanométrico.

As nanoparticulas de amido podem ser obtidas através de inumeras técnicas,
como homogeneizagdo a alta pressédo, emulsificacdo, nanoprecipitagéo, hidrélise
quimica ou enzimatica e fragmentacgéao fisica (MISKEEN et al., 2019; PATEL et al.,
2016; QIN et al., 2016; SHI et al., 2016). No processo de produgdo de NPAs, as
camadas concéntricas cristalinas e amorfas sao alteradas com a estrutura dos
granulos de polissacarideos (KIM et al., 2017). Isso resulta na formacgao de estruturas
com caracteristicas uUnicas, como pequeno tamanho de particula, alta relacao
superficie-volume e compatibilidade biolégica (DING et al. 2018).

Nos ultimos anos, as NPAs tém sido estudadas em termos de sua aplicagao
e métodos de preparacao (REN et al., 2016). Isso se deve a sua rigidez especialmente
intrinseca, alta cristalinidade e baixa permeabilidade. Os processos de obtencdo de
NPAs s&o vantajosos pela relagao custo-beneficio (ZHOU et al., 2016). Entre muitos
processos de obtengao, o uso de acidos HCI e HoSO4 s&o mais utilizados (MISKEEN
et al., 2019). Uma vez que esses acidos promovem a hidrdlise, que elimina
especificamente as porcbes amorfas do polissacarideo, preservando a estrutura
cristalina (DAl et al., 2018).
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Outro processo para obtencdo de NPAs é a nanoprecipitacao; isso inclui a
nucleacdo de particulas e a teoria do crescimento. Neste método, o amido é
gelatinizado e entdo um solvente (etanol, metanol, n-propanol, isopropanol, entre
outros) é adicionado gota a gota a solugao gelatinizada (QIU et al., 2019). Além disso,
a técnica de emulsificacdo mencionada Rostamabadi et al. (2019), envolve a
dispersdo de uma fase aquosa composta por materiais como amido e agentes de
reticulacdo em uma fase oleosa. Nesse caso, o tamanho dos NPAs é determinado
pela variagdo de parametros, como tipo de tensoativo, aquoso, proporcao de fases
oleosas, concentragao de amido, homogeneizagao e ciclos de pressao aplicados (KIM
et al., 2015).

As nanoparticulas podem ser obtidas de acordo seu uso, como um sistema
de liberacado sustentada e controlada de farmacos, para melhorar a estabilidade do
medicamento resultando no aumento da eficacia terapéutica, reduzir a toxicidade e
degradagdo do medicamento (NAJAFI et al., 2016). Portanto, considerando que o
amido é abundantemente disponivel em todo o mundo, que as nanoparticulas de
grande area superficial e biocompatibilidade podem ser produzidas usando métodos
relativamente simples e baratos, as NPAs possuem aplicacdes farmacéuticas
promissoras. Isso ocorre em sistemas de direcionamento de farmacos e liberacao
modificada, também como um intensificador de estabilidade para substancias
bioativas, como inibidor de enzimas e como agente estabilizador para Pickering
emulsion (EL-SHEIKH, 2017; JI et al., 2019).

Ha uma abundancia relativa em pesquisas experimentais sobre NPAs para
produtos farmacéuticos; entretanto, ndo ha registros, em revisdo de escopo, que
tenham mapeado extensivamente todas as informagdes disponiveis sobre
nanoparticulas nesta area. Este estudo tem como objetivo fazer uma revisdo de
escopo sobre este tema. Explorara a informacao disponivel sobre as aplicacdes
farmacéuticas mais comuns dos NPAs, bem como os dados relacionados com os seus

métodos de producgao e técnicas de caracterizagao mais utilizadas.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Realizar uma revisdo de escopo sobre as pesquisas ja publicadas sobre

nanoparticulas de amido com aplicagao na area das ciéncias farmacéuticas.

2.2 OBJETIVOS ESPECIFICOS

e Realizar uma revisao de escopo, a fim de mapear a localidade e ano dos
estudos sobre nanoparticulas de amido;

¢ Realizar uma analise sobre as fontes de amido e métodos de obtencado das
nanoparticulas de amido;

e Verificar os ensaios utilizados para a caracterizacdo das nanoparticulas;

e |dentificar as aplicagbes das nanoparticulas de amido na area farmacéutica.
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3 METODO

Realizou-se uma revisdo de escopo a fim de revisar e direcionar os
pesquisadores da area de nanotecnologia. Essa revisdo permite definir e diferenciar
os termos da area, principalmente através da identificacdo dos métodos de obtencao
das nanoparticulas.

Apods a definicdo dos critérios de inclusdo e exclusao dos artigos a serem
estudados nesta revisdo de escopo, os dados permitem mapear os tipos de
nanoparticulas de amido ja pesquisados e suas aplicagdes na area das ciéncias
farmacéuticas.

A revisdao de escopo contou com a participagdo um segundo integrante para
leitura, execugao e discussao dos dados obtidos e um terceiro integrante (orientador
da pesquisa) que direcionou na definicdo dos critérios de inclusdo e exclusdao dos

artigos.

3.1 SELECAO DOS ESTUDOS

A revisdo de escopo foi conduzida seguindo as recomendagbes do Joanna
Briggs Institute e com a colaboragdo Cochrane (Cochrane Handbook for Systematic
Reviews of Interventions) HIGGINS, JPT; THOMAS, 2019; JOANNA BRIGGS
INSTITUTE 2015). Foram seguidas as orientacées do PRISMA, que estabelece um

check-list contendo 27 itens para elaboragao e escrita de uma revisdo de escopo.

3.2 CRITERIOS DE INCLUSAO

Foram incluidos estudos publicados antes de junho de 2020, em qualquer
idioma com caracteres romanos. As buscas sistematicas foram realizadas no
PubMed, que inclui Medline e PubMed Central e Science Direct.

Os critérios de inclusdo dos artigos foram:

e A fonte do material pesquisado ser amido;

e O amido estar em tamanho nanométrico;

e As nanoparticulas poderiam ser nanocristais de amido (NCA) ou
nanoparticulas de amido (NPA);

e Possuir uma aplicacao farmacéutica;
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e A nanoparticula de amido deveria conter analises de caracterizagao.

3.3 CRITERIOS DE EXCLUSAO

Os fatores que estabeleceram os critérios de exclusdo dos artigos, seguiram
algumas exigéncias em todas as etapas, sendo os critérios:
¢ Amido nanoestruturado nao aplicado;
e Artigo de revisao;
e Sem aplicacao farmacéutica;
e Estrutura modificada do nanoamido;
e Amido nanoestruturado aplicado apenas como adjuvante;
¢ Resumo de congresso.
Os artigos excluidos foram detalhados no APENDICE 1 deste documento,

durante as etapas de selegao, inclusive apds a leitura na integra dos artigos.

3.4 ESTRATEGIAS DE BUSCA

As estratégias de pesquisa usadas para coletar os dados para esta revisdo de
escopo em cada banco de dados sdo descritas a seguir: (1) Medline and PubMed
Central: (((“nano starch” OR nanostarch” OR starch nanocrystals” OR starch
nanoparticles” OR’starch nanocarriers” OR’nano starch films” OR” starch nano
biocomposites” OR” bionanocomposites films starch”) AND (pharmac* OR drug OR
Drug Carriers [MH] OR medicine OR medication))). (2) Science Direct ((“nano starch”
OR ‘“nanostarch” OR “starch nanocrystals” OR “starch nanoparticles” OR “starch
nanocarriers” OR ‘nano starch fiims” OR “starch nano biocomposites” OR
“bionanocomposites films starch’).

As estratégias de pesquisa foram realizadas no idioma inglés devido a origem
de cada banco de dados. Os termos foram selecionados para permitir uma ampla
procura, 0os quais tiveram seus sinbnimos combinados com o operador booleano “OR”
e “AND” entre os grupos de pesquisa. Os sinbnimos deveriam estar presentes

obrigatoriamente no titulo, resumo ou palavras-chave dos artigos.
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3.5 SELECAO DE ESTUDOS

Titulos e resumos dos artigos recuperados foram selecionados para
elegibilidade, seguido de leitura do texto completo e extragdo de dados de registros
relevantes. Qualquer estudo que descreva a utilidade das nanoparticulas de amido
(NPAs) para fins farmacéuticos, independentemente das fontes empregadas ou
método de produgédo ou aplicabilidade, foram incluidos nesta revisédo de escopo.
Foram excluidos artigos de revisdo e resumos publicados em conferéncias e livros,
bem como alguns outros fins (por exemplo, processamento de alimentos e aplicagbes
ambientais). Outras exclusdes envolveram qualquer estudo de NPAs que foram
aplicados em algumas etapas do método de pesquisa, mas nao utilizaram NPAs como

seu objetivo principal no estudo.

3.6 EXTRACAO DE DADOS

Foram coletadas as seguintes caracteristicas dos estudos: ano e local de
publicacdo. Além disso, também foram extraidas informagdes especificas sobre os
NPAs: fonte de amido, método de producgado, tipo de nanoparticulas de amido
utilizados, aplicagao farmacéutica, método de secagem e ensaios de caracterizagao,
conforme os dados do APENDICE 2. Todos os dados coletados foram registrados em
planilha com auxilio do Microsoft® Excel, versdo 16.38. Todos as etapas de extracéo

de dados foram realizadas com dois revisores independentes.

4 RESULTADOS E DISCUSSAO

A revisao de escopo identificou 647 artigos. Apds a remogao das duplicatas,
realizou-se a leitura dos titulos e resumos, dos quais 565 artigos foram excluidos. Dos
82 artigos lidos na integra, 37 estudos preencheram os critérios de elegibilidade
(FIGURA 1). Os estudos excluidos, apos leitura do texto completo e justificativa, séo
relatados no APENDICE 1, conforme ja mencionado na sec&o 3.3 deste documento.
Os percentuais referidos ao longo do texto e figuras, foram calculados com referéncia

ao numero total de artigos incluidos nesta revisdo de escopo (n = 37).
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Os artigos incluidos nesta revisdo de escopo, foram em sua maioria realizados
na Asia (APENDICE 3), especialmente na China (48,6%), seguido pela india (16,2%)
e foram publicados de 2007 a 2020 (APENDICE 4). Autores de outros paises também
publicaram sobre o uso de NPAs em ciéncias farmacéuticas, como Colémbia, Malasia,
EUA e Taiwan (5,4%), citados na GRAFICO 1.

GRAFICO 1 - NACIONALIDADE DAS PUBLICAGCOES

Brasil

Tailandia

Emirados Arabes Unidos
Canada

Ira

Taiwan

USA

Malasia

Colémbia

india
China

OHHHHUHHHH

10 20 30 40 50
Numero de artigos (%)

Fonte: A autora (2022)
Os paises com menos publicagdes (2,7%) nesta area, estao: o Brasil, Canada,

Ira, Tailandia e Emirados Arabes Unidos. A maioria dos artigos revisados foi publicado
entre 2016 e 2020 (70,3%), conforme identificado no GRAFICO 2.
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GRAFICO 2 - ANO DAS PUBLICAGOES

2007  —

2008 —

2010 —

2011

2012

2013 | |

2014 | |

2016 | = |
2017 | |

2018 | |
2019 | -

2020 |

1 3 5 7 9 11 13 15 17
Numero de artigos (%)

Fonte: A autora (2022)

A TABELA 1 descreve os resultados referentes a distribuicdo geografica e
temporal dos estudos revisados, bem como dados sobre fontes de amido, métodos
de processamento e aplicagbes farmacéuticas. Informagdes mais detalhadas sobre
todos esses aspectos, e também sobre outras técnicas de caracterizagdo, séo

exploradas pela pesquisa revisada e estdo disponiveis no APENDICE 2.
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4.1 METODOS DE OBTENCAO DAS NANOPARTICULAS DE AMIDO

Os estudos selecionados nesta revisdo de escopo revelaram grande
variabilidade, em alguns aspectos, na escolha da fonte de amido, nos métodos de
obtencdo e nas técnicas de caracterizacdo do uso de NPAs para fins farmacéuticos.

Dezesseis diferentes fontes de amido foram descritas nos estudos (APENDICE
5). O amido mais recorrente foi o milho, representando 24,3% de todas as publicacdes,
conforme GRAFICO 3. Seguiu-se a batata (10,8%) e depois o milho ceroso (8,1%).
Ligado a uma preparagao de polissacarideo industrial chamada amido soluvel, esse

tipo de milho ceroso € composto por quase 100% de amilopectina.

GRAFICO 3 - FONTE DE AMIDO DAS PUBLICAGOES
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Muitas plantas armazenam amido como fonte de energia, de modo que esse
polimero natural pode ser obtido de diferentes fontes naturais, como graos, raizes,
tubérculos, vegetais e frutas. Identificou-se que, dentre as fontes vegetais utilizadas,
0s cereais sao a principal fonte para obtencdo de NPAs. Além disso, dentre estes, o
milho é a fonte mais recorrente (24,3%).

O amido nativo pode ser utilizado em sua forma natural e sofrer algumas
modificag¢des fisicas e/ou quimicas (EL-SHEIKH, 2017; ODENIYI et al., 2019). Uma
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modificagcdo estrutural comum do amido é a acetilacdo, na qual o amido nativo
hidrofilico € convertido em acetato de amido hidrofébico. Entre os artigos revisados,
as mudangas estruturais relatadas incluem modificagédo por acetilagao (10,8%) e uso
de amido resistente (2,7%). O amido resistente difere de outros tipos de amido devido
as suas limitagdes no tamanho das particulas e baixa relagao superficie-volume. No
entanto, tem a vantagem de ser util para liberagao especifica no célon, pois esse tipo
de amido so6 é degradado ap6s atingir essa porgao do trato gastrointestinal (DING et
al., 2018).

A variedade de técnicas para obtencdo de NPAs utilizadas nos estudos
revisados justifica-se devido a diversificacdo de fontes e métodos de preparagao (DAI
et al., 2018). A utilizagdo de métodos fisicos ou enzimaticos associados a uma etapa
de hidrdlise, por exemplo, otimiza o processo de producdo de NPAs, reduzindo o
tempo de reacdao (KIM et al., 2017) e aumentando o rendimento do material
nanométrico (MISKEEN et al., 2019). A diversificagdo dos métodos de obtengao de
NPAs baseia-se no aumento dos rendimentos de producdo e na minimizacao das
etapas de purificagdo pela adicdo de uma etapa anterior de hidrélise acida (BOUFI et
al., 2018). Os métodos mais utilizados incluem precipitagdo, hidrolise &cida,
emulsificacao e reticulagao e ultrassom (ISMAIL; GOPINATH, 2017), conforme consta
no APENDICE 6.

Quanto aos métodos de obtencao utilizados (GRAFICO 4); foram identificadas
10 técnicas diferentes. Dentre essas técnicas, a mais recorrente foi a precipitacédo
(31,6%), em seguida de hidrélise acida (21,1%) e, com menor recorréncia, a

emulsificagao cross-linking (15,8%) nos estudos analisados.
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GRAFICO 4 - METODOS DE OBTENGAO DE NPA DAS PUBLICACOES

Retrogradacdo =3
Oxidagdo por extrusdo reativa com TEMPO =3
Moinho de bolas E3

Emulsificagdo ==

Congelamento alcalino ===

Ultrasonicagdo EBHVHFe—=x2

Emulsificagdo e reticulagdo I ]

Hidrdlise acida | 1

Precipitagcdo I ]

0 5 10 15 20 25 30 35

Numero de artigos (%)

Fonte: A autora (2022)

Dentre os métodos revisados, a precipitacao foi o que mais publicou. Nesta
técnica, uma solugédo de polimero diluida é adicionada a um solvente ou vice-versa,
resultando em precipitacdo de polimero em nanoescala (FARRAG et al., 2018). Outro
método, emulsificagcdo e reticulagdo, foi utilizado para obter NPAs em 15,8% dos
estudos. Neste método de emulsificagdo e reticulagdo (intimamente relacionado a
precipitagdo), um agente de reticulagao é fixado a nanoparticula, possibilitando assim
a melhoria das propriedades de superficie e potencializando a adsor¢cao de farmacos
ou outras substancias ativas (YANG et al., 2014). No entanto, com o método de
emulsificacdo e reticulacdo, a maioria das particulas obtidas sao relativamente
grandes, com tamanho de até 1 ym (DING et al., 2018).

Nos métodos de obtencdo quimica, a estrutura do amido € aberta e dispersa
pela adigao de alcalis, acidos ou enzimas (EL-SHEIKH, 2017). A hidrdlise acida foi
utilizada para sintetizar NPAs em 21,1% dos artigos revisados, dentre os quais o acido
mais utilizado foi o acido sulfurico (87,5% dos artigos revisados). Tais dados podem
ser justificados uma vez que a preparacdo de nanocristais de amido (NCA) por
hidrélise acida se mostra um método simples e de facil controle, embora também
estejam relacionados a alguns inconvenientes, como maior tempo de reagao € menor
rendimento (AMINI; RAZAVI, 2016).

Dentre os métodos fisicos aplicados para obtencao de NPAs, a ultrassonicacéo

representou 10,5% de todas as técnicas. Neste caso, as mudancas na estrutura sao
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atribuidas a um fendbmeno chamado cavitacdo onde a formacéo de microbolhas, que
explodem e se propagam via onda sonora em solugéo, produzem energia suficiente
para alterar os estados vibracionais e moleculares dos materiais a granel (BERA;
MONDAL, 2019; CHANG et al., 2017). Outro método recorrente, o congelamento
alcalino (5,3%), utiliza baixas temperaturas e maior taxa de dissolugdo do amido em
solugdes alcalinas, permitindo que as ligagdes de hidrogénio intra e intermoleculares

sejam quebradas alterando a estrutura do carboidrato (ZHANG et al., 2013).

4.2 TECNICAS DE CARACTERIZAGCAO

As modificacbes estruturais realizadas no amido alteram suas propriedades
fisicas e quimicas, ampliando assim sua aplicabilidade nas ciéncias farmacéuticas
(MCNAMEE et al., 2018). Sendo assim, espera-se que as técnicas de caracterizagao
escolhidas estejam de acordo com os objetivos propostos da aplicagdo. Isso justifica
a grande variedade de métodos de caracterizagdo encontrados nesta pesquisa.

No que diz respeito aos resultados relativos aos métodos de caracterizacao,
observou-se também uma grande variabilidade. As técnicas sao escolhidas de acordo
com a proposta de aplicacdo aos NPAs. Em geral, conforme APENDICE 7, os
métodos relatados buscaram caracterizar as nanoparticulas em relacdo a sua
morfologia estrutural e superficial, bem como, em alguns casos, elucidar os tipos de
interacdes que ocorrem entre os NPAs e a substancia ativa acoplada.

Em geral, as formulagdes de nanoparticulas requerem caracterizagdo em
termos de tamanho, carga superficial e distribuicdo de tamanho (CARVALHO et al.,
2018). Uma dessas técnicas, o potencial zeta, aplicada em 48,6% dos artigos
revisados, avalia a distribuicdo eletrostatica na superficie das nanoparticulas, medindo
sua estabilidade, aspecto especialmente relevante em produtos farmacéuticos (SUFI-
MARAGHEH et al., 2019).

Uma vez que as nanoparticulas sao definidas como estruturas cujo didametro
critico € inferior a 100 nm (SHAHID-UL-ISLAM et al., 2019), é essencial que sejam
caracterizadas em termos de tamanho, principalmente se utilizadas como sistemas de
liberacao de farmacos (ODENIYI et al., 2019). Isso é realizado nos estudos revisados,
uma vez que as analises realizadas para avaliar o tamanho de particula ou distribuicao

de tamanho foram realizadas em 81,1% de todos os artigos revisados.
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A morfologia e o tamanho das particulas foram avaliados por espectroscopia
eletrénica de varredura (SEM) em 54,1% dos estudos e por espectroscopia eletrénica
de transmissdo (TEM) em 35,1%. A verificagdo SEM permite a caracterizagdo da
morfologia da superficie do material, principalmente mostrando se existem diferengas
estruturais nas nanoparticulas obtidas (CHADHA; BHANDARI, 2014).

Para avaliar os aspectos cristalinos das nanoparticulas, 56,8% dos estudos
realizaram testes de difracao de raios-X. Além disso, as interacdes quimicas entre os
componentes das nanoparticulas e um eventual farmaco aderido foram verificadas por
meio de espectroscopia no infravermelho com transformada de Fourier (FTIR) em
75,7% dos estudos. Analises quimicas como FTIR e difragdo de raios X permitem a
identificacdo de modificagdes quimicas nas unidades de glicose devido a abundancia
de grupos hidroxila (ODENIYI et al., 2019).

Outros testes de caracterizagdo, como a capacidade de carregamento do
farmaco e a eficiéncia de carregamento do farmaco, respectivamente, expressam a
propor¢ao entre as massas do farmaco e das nanoparticulas e a porcentagem de
farmaco que esta efetivamente associada as particulas. O ensaio de carregamento do
farmaco indica como a estrutura quimica e fisica do carreador é decisiva para o
transporte do farmaco. Por outro lado, a eficiéncia de carregamento do farmaco é
determinada pelo proprio processo de transporte, a massa de farmaco adicionada e
outras variaveis experimentais. Assim, ambos os parametros sao de grande
importancia em processos envolvendo nanoparticulas carreadoras de drogas, de
modo que 35,1% dos estudos realizaram a capacidade de carga enquanto o ensaio

de eficiéncia de carga de droga foi realizado em 43,2% dos estudos (PRESS, 2017).

4.3 ESTUDOS IN VITRO, IN VIVO E DE CITOTOXICIDADE

A absorcdo de um farmaco a partir de uma forma farmacéutica solida em
administracao oral depende primeiramente da liberagao, seguida da dissolugao ou
solubilizagéo do ingrediente farmacéutico ativo (IFA) e finalmente da permeagéo FDA,
2018. Por esta razéao, os testes de dissolugao in vitro sdo de grande relevancia para
avaliar o desempenho e a qualidade de uma forma farmacéutica. Dentre os estudos
analisados em que o objetivo era desenvolver um sistema de liberagado de farmacos
ou para encapsulamento, todos realizaram testes de dissolugao in vitro. As condigbes

de pH utilizadas em cada teste variaram de acordo com o tipo de liberacao do farmaco



27

previamente determinado. Quanto a quantificacdo do farmaco liberado, a maioria,
77,4%, realizou por espectroscopia UV-Vis.

Além da caracterizacao fisico-quimica e do perfil de dissolucdo, também é
indispensavel avaliar a seguranga das nanoparticulas, principalmente no que diz
respeito a aplicacdo na area farmacéutica. Devido ao pequeno tamanho, tais
particulas possuem uma grande area superficial, resultando em uma maior reatividade
quando comparadas a elementos maiores. Portanto, nanoparticulas tém sido
submetidas a estudos in vitro e in vivo para investigar e caracterizar possiveis
mecanismos de toxicidade (CARVALHO et al., 2018).

Embora nenhum dos artigos analisados tenha realizado testes de citotoxicidade
in vivo, 20% promoveram testes in vitro, sendo utilizado o teste colorimétrico de 3-[4,5-
dimetiltiazol-2-il] -2,5-difenil tetrazolio brometo (MTT) para viabilidade celular e
citotoxicidade, que reflete a integridade da cadeia celular respiratéria (PUTRO et al.,
2019). Entre os tipos de células humanas utilizadas para avaliar a citotoxicidade in
vitro estdo as células Hela, fibroblastos e células Caco-2. Diferentes tipos de
linhagens celulares de fibroblastos ndo humanos também foram aplicados, ou seja,
fibroblasto de camundongo L929, fibroblasto embrionario de camundongo (MEF) e
fibroblasto de camundongo 7F2 (PUTRO et al., 2019; XIAO et al., 2016; YANG et al.,
2014.

4.4 APLICACOES FARMACEUTICAS

Dentre as aplicagcées de NPAs para fins farmacéuticos, o uso dessas particulas
como carreadores de IFA (83,8%) representa a grande maioria dos estudos revisados.
Os sistemas de liberacao de farmacos nanoestruturados sao capazes de minimizar os
efeitos adversos sistémicos dos medicamentos, direcionando e promovendo a
liberagdo de um farmaco especifico do local (EL-NAGGAR et al., 2015). Além disso,
os NPAs promovem o aumento da solubilidade do farmaco, a permeagédo na mucosa
gastrointestinal e a possibilidade de desenvolver formas farmacéuticas de liberagao
modificada (LIU et al., 2011).

Os artigos revisados relataram diferentes aplicagcdes farmacéuticas para as
nanoparticulas. Estes foram entdo agrupados em 5 categorias diferentes, de acordo

com o objetivo principal, sendo relatados em cada estudo da seguinte forma: entrega
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ou encapsulamento de (IFA), inibicdo enzimatica, pickering emulsion e
encapsulamento ativo, adsorcao e precipitacdo de DNA, conforme APENDICE 8.

A primeira categoria engloba as nanoparticulas usadas para melhorar a
estabilidade dos ativos, incluindo substancias como probidticos, prebidticos e blend
de éleos, sendo que todas elas classificadas como drug delivery. Isso corresponde a
83,8% dos estudos revisados para NPAs aplicados ao desenvolvimento de sistemas
de entrega de IFA; isto €, independentemente da via de administragao pretendida. A
segunda categoria compreende NPAs sendo usados como inibidor enzimatico (5,4%).
A terceira categoria incluiu artigos que relatam o uso de NPAs para estabilizac&o de
emulsdes, e posteriormente para uso como sistema de liberacdo de substancias
ativas, foram classificados como emulsao de pickering e encapsulamento ativo (5,4%).
As duas categorias restantes de artigos relataram o uso de NPAs como agente de
adsorgéo (2,7%) e precipitagdo de DNA (2,7%). O APENDICE 8 mostra a classe de
IFA utilizada nos sistemas de entrega ou encapsulamento desenvolvidos com NPAs.

Nos estudos revisados, as drogas antineoplasicas foram as mais utilizadas
(22,6%) para desenvolver sistemas de liberagdo de drogas. Uma das maiores
desvantagens em termos de tratamento do cancer ainda é a falta de especificidade
dos tratamentos disponiveis para atingir apenas células tumorais, sem ferir tecidos e
células saudaveis. As nanoparticulas tém o potencial de resolver este problema, néo
sO devido a sua elevada relacdo superficie/volume, mas também devido as suas
propriedades elétricas de superficie e numero de formas - permitindo a fixagcdo de uma
diversidade de farmacos e substancias ativas (SINGH, 2019). Em um dos estudos
revisados, Likhitkar; Bajpai (2012) exploraram a aplicagdo de NPAs como
nanocarreadores magnéticos para a entrega de cisplatina, um farmaco nefrotoxico
usado para tratar tumores epiteliais sélidos. Seus achados mostraram que o uso de
NPAs reticulados com material magnético, combinado com a aplicagdo de um campo
magneético, permitiu a entrega especifica de cisplatina ao tumor, evitando
nefrotoxicidade.

Em dois dos trinta e sete estudos revisados (5,4%), € abordado o uso de NPAs
para o desenvolvimento de pickering emulsion. Sao emulsées em que O USO
convencional de tensoativos € substituido por emulsificantes particulados de
dimensdes e angulo de contato adequados (SHAO et al., 2018). A pickering emulsion
promove grande estabilidade e previne a coalescéncia devido a esta estabilidade que

confere as emulsdes, mas, ao contrario dos surfactantes tradicionais, os
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emulsificantes particulados s&o irreversivelmente adsorvidos na interface dos dois
liquidos imisciveis (SUFI-MARAGHEH et al., 2019). Além do efeito de estabilizagao
da emulséo, as pickering emulsion também permitem o desenvolvimento de sistemas
de liberacdo de farmacos baseados em emulsdes, que promovem maior estabilidade,
dispersibilidade e biodisponibilidade do ingrediente ativo incorporado (HUANG et al.,
2010). Esta propriedade foi investigada por ambos os estudos que tiveram acesso ao
desenvolvimento de pickering emulsion, uma vez que demonstraram o0 uso da
pickering emulsion no encapsulamento e liberagéo de curcumina (SUFI-MARAGHEH
et al., 2019) e polifendis da espécie (SHAO et al., 2018).

Dois artigos revisados (5,4%) exploraram o potencial dos NPAs como inibidores
enzimaticos. O primeiro estudo, de Jiang et al. (2018), avaliaram o efeito dos NPAs
na inibicdo da alfa-amilase, que € uma das enzimas que metabolizam o amido em
glicose, sendo essa enzima uma estratégia terapéutica para tratar a hiperglicemia
causada pelo diabetes tipo 2. Neste estudo, foi demonstrado que NPAs esféricos e
poligonais podem inibir a alfa-amilase. Os autores sugeriram ainda que a inibigado, que
foi ainda mais efetiva para NPAs poligonais, € devido a competicdo de substrato e
também devido ao aprisionamento de enzimas na estrutura dos NPAs (JIANG et al.,
2018).

O segundo estudo abordou as propriedades de inibicdo enzimatica sobre a
enzima tirosinase. A tirosinase esta envolvida na producdo de melanina e quando
superexpressa pode causar disturbios cutaneos. Yang et al. (2016) testaram a
atividade inibidora da tirosinase de diferentes tipos de NPAs, incluindo: nanoparticulas
ocas (NPOs), nanoparticulas de amilopectina (NPAPs), nanoparticulas de amido de
milho (NPAMs) e nanoparticulas de amido de tapioca (NPATs). NPOs, NPAMs e
NPATs causaram inibigdo por mecanismo misto, enquanto NPAPs promoveram
inibicao da tirosinase por mecanismo competitivo.

Assim, vale ressaltar que os NPAs tém aplicagdes potenciais ndo apenas para
o desenvolvimento de sistemas nanoestruturados, mas também demonstram ter um
potencial terapéutico (YANG et al., 2016).

Um estudo revisado examinou os efeitos dos NPAs oxidados. Os NPAs
oxidados (oxi-NPAs) possuem a propriedade de remocgéao eficiente de uréia devido a
sua melhor capacidade de adsorgao, e esta aplicacao foi identificada em 2,7% dos

estudos revisados. Abidin et al. (2018) utilizaram NPAs em um sistema de
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regeneracao de dialisado, onde fornece muitos sitios ativos para fixacdo de uréia
devido a maior area superficial deste nanomaterial.

O estudo final desta revisdao de escopo examinou NPAs que foram usados
como agente de precipitacdo de DNA (2,7%), um fenbmeno incomum que ocorre entre
amido e DNA. Ip et al. (2014) recuperaram DNA usando NPAs, permitindo que os dois
se associassem em fase aquosa seguida de precipitagcdo com etanol (ou solvente

organico comparavel) a temperatura ambiente.
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5 CONCLUSAO

Esta revisdo de escopo revelou que os estudos sobre as aplicagdes de
nanoparticulas de amido na area farmacéutica, apresentam notavel diversidade de
processos e aplicacbes farmacéuticas ao combinar fontes naturais de amido e
métodos simples. As fontes podem variar de acordo com as localidades onde a
pesquisa foi realizada, como também em relacdo as aplicacbes das nanoestruturas.
A modificacdo das caracteristicas fisico-quimicas do amido € uma area de pesquisa
ativa devido aos beneficios das estruturas nanométricas deste polissacarideo. As
técnicas de obtencdo isoladas ou combinadas permitem que as nanoestruturas
apresentem diversas aplicagdes, de acordo com o objetivo e caracteristica do
material. As diferentes técnicas de caracterizacdo aplicadas demonstram que testes
podem ser realizados para determinar a presenca, eficiéncia e aplicabilidade de NPAs.
As metodologias de obtengao das nanoparticulas e técnicas de analise, variam de
acordo com a necessidade de estudo, porém, o tamanho e a avaliagao da aplicagao
foram parametros decisivos para inclusdo dos estudos realizados sobre
nanoparticulas de amido na area farmacéutica. Estudos futuros também devem
avaliar a seguranga dos NPAs por meio de ensaios in vivo e estudos mais robustos, a
fim de fornecer informacdes precisas sobre quais variaveis podem afetar propriedades

importantes dos NPAs para aplicacées farmacéuticas.
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ARTICLE INFO ABSTRACT
Am‘clg history: Starch nanoparticles (SNPs) have been applied to different areas of material sciences, especially in pharmaceuti-
Received 6 January 2021 cals due to their characteristics such as small particle size, high surface ratio-volume, and biological compatibility.
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However, in pharmaceutical sciences, there are no records of a scoping review that had extensively mapped all
available information about SNPs. A scoping review was performed here by searching electronic databases
(Pubmed and Science Direct) to identify studies published previous to June 2020. From 699 total records, 37
matched the criteria for inclusion. The findings showed that SNPs have been used, not only for the development

ﬁiﬂg{:&h of different active pharmaceutical ingredient delivery systems, but also as an enzyme inhibitor, adsorption, and
Drug delivery DNA precipitation agent. In conclusion, by combining different starch sources and methods SNPs show a remark-
Starch nanocrystals able diversity in pharmaceutical applications. Future studies should explore SNPs safety and provide information
about variables that may affect important properties for this kind of application.

© 2021 Elsevier B.V. All rights reserved.
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1. Introduction

Starch is a natural, biodegradable, and renewable polymer [1]. It is
* Correspongling a}lthor at: Federal University .Of Parana, Dgpartment of Pharmacy, Av. biocompatible, non-toxic, easily structured and modified for a variety
Prefeito Lothario Meissner, 632, 80210-170 Curitiba, PR, Brazil. of uses [2,3]. The granules of starch have amorphous and crystalline re-

E-mail address: caldonazo.aline@gmail.com (A. Caldonazo). . . . . . . .
! A, Caldonazo and S. Almeida contributed equally to this paper. gions [4]. For this reason, this polysaccharide is widely used in

https://doi.org/10.1016/j.ijbiomac.2021.03.061
0141-8130/© 2021 Elsevier B.V. All rights reserved.
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nanotechnology, both for synthesis, and as a stabilizing agent for nano-
particles of various types [2].

In material sciences, starch nanoparticles (SNPs) are remarkable due
to their small particle size and high surface ratio-volume [2]. This note-
worthy size contrast is in comparison with larger size materials [5]. In
general, the term starch nanoparticle refers to many types of nanostruc-
tured starches: platelet-like, square, round, tubular, and even oval-like
[1,6]. SNPs obtained through the processing of starch granules, possess
different extent of crystalline/amorphous ratio [6]. To help facilitate
the findings of this research, the term starch nanoparticles will refer to
nanoparticles acquired through the starch process and will cover all
starch structures of this size.

Starch nanoparticles can be obtained through numerous techniques,
such as mechanical treatment, high-pressure homogenization, emulsifi-
cation, nanoprecipitation, chemical or enzymatic hydrolysis, and physi-
cal fragmentation [2,5,7,8]. In the process of SNPs production, the
crystalline and amorphous concentric layers are altered within the
structure of the polysaccharide granules [1]. This results in the forma-
tion of structures with unique characteristics, such as small particle
size, high surface ratio-volume and biological compatibility [9].

In recent years, SNPs have been studied in terms of their application
and preparation methods [10]. This is due to their especially intrinsic ri-
gidity, high crystallinity, and low permeability. The processes of
obtaining SNPs are advantageous through cost-effectiveness [4].
Among many obtaining processes, the use of HCl and H,SO, acids is par-
ticularly prominent [8]. Once these acids promote hydrolysis, which
specifically eliminates the amorphous portions of the polysaccharide,
the crystalline structure remains preserved [11].

Another process for obtaining SNPs is nanoprecipitation; this in-
cludes particle nucleation and the theory of growth. In this method,
starch is gelatinized and then a non-solvent (ethanol, methanol, n-
propanol, isopropanol, among others) is added dropwise to the
gelatinized solution [12]. Additionally, the noted emulsification tech-
nique [6], involves the dispersion of an aqueous phase composed by ma-
terials such as starch and crosslinkers into an oily phase. In this case,
SNPs size is determined by the variation of parameters, such as type of
surfactant, aqueous, oily phases ratio, starch concentration, homogeni-
zation, and pressure cycles applied [13].

Nanoparticles are prominent due to their use as a sustained and con-
trolled drug delivery system. They enhance drug stability and result in
boosted therapeutic efficacy and lowered drug toxicity and degradation
[14]. Therefore, considering that starch is abundantly available world-
wide, and that nanoparticles of large surface area and biocompatibility
can be produced from this polysaccharide using relatively simple and
inexpensive methods, SNPs have promising pharmaceutical applica-
tions. This is mainly in drug targeting and modified release systems,
but also as a stability enhancer to bioactive substances, as an enzyme in-
hibitor, and as a stabilizing agent for Pickering emulsions [15,16].

There is a relative abundance in experimental research on SNPs for
pharmaceuticals; however, there are no records, with a scoping review,
that have extensively mapped all available information about nanopar-
ticles in this area. This study aims to make a scoping review about this
topic. It will explore the available information about SNPs most com-
mon pharmaceutical applications, as well as the data related to its pro-
duction methods and characterization techniques most widely
employed.

2. Methods
2.1. Literature selection

A scoping review was conducted following the recommendations of
the Joanna Briggs Institute, the PRISMA statement, and the Cochrane
Collaboration [17-19]. All steps in the study selection and data extrac-
tion phases were performed by two authors independently and, in
case of disagreement, a third reviewer was contacted.

698

International Journal of Biological Macromolecules 181 (2021) 697-704

We included studies published prior to June 2020, in any language
with Roman characters. Systematic searches were performed in
PubMed, which includes Medline and PubMed Central and Science
Direct.

The search strategies used to collect the data for this scoping review
in each database are described as follow: (1) Medline and PubMed Cen-
tral: (((“nano starch” OR nanostarch” OR starch nanocrystals” OR starch
nanoparticles” OR”starch nanocarriers” OR"nano starch films”
OR”starch nano biocomposites” OR”bionanocomposites films starch”)
AND (pharmac* OR drug OR Drug Carriers [MH] OR medicine OR med-
ication))). (2) Science Direct ((“nano starch” OR “nanostarch” OR
“starch nanocrystals” OR “starch nanoparticles” OR “starch
nanocarriers” OR “nano starch films” OR “starch nano biocomposites”
OR “bionanocomposites films starch”).

Titles and abstracts of the retrieved articles were screened for eligi-
bility, followed by full-text reading and data extraction of relevant re-
cords. Any study describing the utility of SNPs for pharmaceutical
purposes, regardless of sources employed or production method or ap-
plicability, were included in this scoping review. Review articles and ab-
stracts published in conferences and books were excluded, as well as,
some other purposes (e.g. food processing and environmental applica-
tions). Further exclusions involved any study of SNPs that were applied
in some stages of research method, but did not use SNPs as their main
objective in the study.

2.2. Data extraction and analysis

The baseline characteristics of the included studies were collected:
year and place of publication. In addition, specific information regarding
SNPs were also extracted: starch source, producing method, type of
SNPs used, pharmaceutical application, drying method and characteri-
zation assays. All the collected data were registered on a worksheet
with the aid of Microsoft® Excel, version 16.38.

3. Results

The scoping review process identified 647 records. After the removal
of duplicates, 565 records were excluded based on their title and ab-
stract. Of the 82 records read in full, 37 studies fulfilled the eligibility
criteria (Fig. 1). The studies excluded, after full-text reading and justifi-
cation, are reported in Appendix A online. In addition, the percentages
referred to throughout the text and figures, in the current and following
sections, were calculated with reference to the total number of articles
included in this scoping review (n = 37).

The included articles were mostly performed in Asia, especially in
China (48.6%), followed by India (16.2%) and were published from
2007 to 2020. Authors from other countries have also published regard-
ing the usage of SNPs in pharmaceutical sciences, such as Colombia,
Malaysia, USA, and Taiwan (5.4%). Countries with even fewer publica-
tions (2.7%) carried out in this area included Brazil, Canada, Iran,
Thailand, and United Arab Emirates. Most of the revised papers were
published between 2016 and 2020 (70.3%).

Sixteen different sources of starch were described, in the studies. The
most recurring starch was corn, representing 24.3% of all publications.
This was followed by potato (10,8%) and then by waxy corn (8.1%).
Bound together with an industrial polysaccharide preparation called
soluble starch, this waxy type of corn is composed of nearly 100%
amylopectin.

In regard to the obtaining methods used; 10 different techniques
were identified. From among these techniques, the most recurrent
was precipitation (31.6%), then, acid hydrolysis (21.1%) and then, emul-
sification cross-linking (15.8%) in the analyzed studies. Fig. 2 depicts all
relevant data regarding year and place of publication, as well as the
starch sources and SNPs obtaining methods.

The reviewed articles reported different pharmaceutical applications
for such nanoparticle. These were then grouped into 5 different
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Records identified through
database searching after
excluding duplicates

n =647

IDENTIFICATION

Records screened
n =647
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Records excluded after title
and abstract review

o
=
4
L
w
72
O
(7]

Full-text assessed for
eligibility
n =82

n =647

Full-text excluded
n =45
- Nanosctructured starch not applied (n=21)

ELIGIBILITY

Records included in this

Scoping review
n=37

INCLUSION

- Other application besides pharmaceutical (n=19)
- Type of study (n=3)
- SNP was not the main objective (n=2)

Fig. 1. Flowchart of this scoping review.

categories, according to the main objective, and reported in each study
as follows: active pharmaceutical ingredient (API) delivery or encapsu-
lation, enzymatic inhibition, Pickering emulsion and active encapsula-
tion, adsorption and DNA precipitation.

Table 1 describes the results regarding the geographic and temporal
distribution of the reviewed studies, as well as data on starch sources,
processing methods, and pharmaceutical applications. More detailed in-
formation about all these aspects, and also about other characterization
techniques, are explored by the revised research and are available in
Appendix B.

The first category encompasses nanoparticles used to improve
active's stability included substances such as probiotics, prebiotics, and
oil blends and these were all classified as drug delivery. This corre-
sponds to the 83.8% of the studies reviewed for SNPs as applied for de-
veloping delivery systems of API; this is regardless of the intended
route of administration. The second category comprises SNPs being
used as an enzyme inhibitor (5.4%). The third category included articles
reporting the use of SNPs for emulsion stabilization, and later for use as
arelease system of active substances, were classified as Pickering emul-
sion and active encapsulation (5.4%). The remaining two categories of
articles reported the use of SNPs as an agent for adsorption (2.7%) and
DNA precipitation (2.7%). Fig. 3 shows the class of API used in the deliv-
ery or encapsulation systems developed with SNPs.
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Turning to the findings that concern the characterization methods, a
great variability was also observed. Techniques are chosen according to
the proposed application to SNPs. In general, the reported methods
sought to characterize the nanoparticles in relation to their structural
and surface morphology, as well as, in some cases, to elucidate the
types of interactions occurring between the SNPs and the coupled active
substance.

4. Discussion
4.1. SNPs obtaining methods

The studies revised through this scoping review revealed a great var-
iability, in some aspects, of considering the choice of starch source, the
methods for obtaining, and the characterization techniques concerning
the use of SNPs for pharmaceutical purposes.

Many plants store starch as an energy source, so this natural polymer
can be obtained from different natural sources, such as grains, roots, tu-
bers, vegetables and fruits [20]. It was identified that, among the plant
sources used, cereals are the main source for obtaining SNPs. Further-
more, among these, corn is the most recurrent source (24.3%).

Native starch can be used in its natural form or undergo some phys-
ical, mechanical and/or chemical modifications [15,20]. A common
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structural starch modification is acetylation, in which the hydrophilic
native starch is converted to hydrophobic starch acetate [3]. Among
the revised articles, the reported structural changes include modifica-
tion by acetylation (10.8%), and use of resistant starch (2.7%). Resistant
starch differs from other types of starch due to its limitations in particle
size and low surface-to-volume ratio. It does, however, have the advan-
tage of being useful for colon-specific release because this type of starch
is only degraded after reaching this portion of the gastrointestinal tract
[9].

The variety of techniques for SNPs obtaining used in the reviewed
studies is justified due to the diversification of sources and methods of
preparation [11]. The use of physical or enzymatic methods associated
with a hydrolysis step, for example, optimizes the process of SNPs

production, reducing reaction time [1] and increasing the yield of the
nanometric material [8]. The diversification of SNPs obtaining methods
is based on increasing production yields and minimizing the purifica-
tion steps by adding a previous acid hydrolysis step [21]. The most
used methods include precipitation, acid hydrolysis, emulsification
and cross-linking, and ultrasonication [22].

Among the reviewed methods, precipitation comprised the largest
number of publications, being applied to 31.6% of the reviewed studies.
In this technique, a diluted polymer solution is added to a non-solvent
or vice versa, thus, resulting in nanoscale polymer precipitation [23]. An-
other method, emulsification and cross-linking, was used to obtain SNPs
in 15.8% of the studies. In this emulsification and cross-linking method
(closely related to precipitation), a cross-linking agent is attached to
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Table 1

Main characteristics of the included studies.
Author Year Country Source Method Application
Liu 2020 China Waxy corn Precipitation API delivery or encapsulation
Queiroz 2020 Brazil Corn Precipitation API delivery or encapsulation
Qin 2020 China Waxy corn Ultrasonication API delivery or encapsulation
Putro 2020 Taiwan Potato Acid hydrolysis and precipitation API delivery or encapsulation
Nallasamy 2020 India Corn Precipitation API delivery or encapsulation
Santoyo-Aleman 2019 Colombia Green banana Precipitation API delivery or encapsulation
Sufi-Maragheh 2019 Iran Corn Alkali-freezing Pickering emulsion and active encapsulation
Ahmad 2019 United Arab Emirates Water chestnut Ball milling API delivery or encapsulation
Putro 2019 Taiwan Potato Acid hydrolysis and precipitation API delivery or encapsulation
Xiao 2019 China Broken rice Acid hydrolysis API delivery or encapsulation
Abidin 2018 Malaysia Corn Precipitation Adsorption
Ding 2018 China Resistant starch Il Emulsification and cross-linking API delivery or encapsulation
Shao 2018 China Taro Emulsification Pickering emulsion and active encapsulation
Acevedo-Guevara 2018 Colombia Green banana Precipitation API delivery or encapsulation
Jiang 2018 China Corn Retrogradation and precipitation Enzymatic inhibition
Charoenthai 2018 Thailand Cassava Acid hydrolysis API delivery or encapsulation
Li 2017 China Potato Ultrasonication API delivery or encapsulation
Liu 2017 China Waxy corn Ultrasonication API delivery or encapsulation
Sadeghi 2017 USA Corn Precipitation Improvement of curcumin stability
Ismail 2017 Malaysia Corn Precipitation API delivery or encapsulation
Yang 2016 China Waxy corn, tapioca and potato  Precipitation Enzymatic inhibition
Bakrudeen 2016 India Cassava, corn and potato Acid hydrolysis API delivery or encapsulation
Xiao 2016 China Broken rice Acid hydrolysis API delivery or encapsulation
Shi 2016 China Soluble starch Emulsification and cross-linking API delivery or encapsulation
Wang 2016 China Acid-treated granular starch Emulsification and cross-linking API delivery or encapsulation
Hari 2016 India Sago Precipitation API delivery or encapsulation
Zhou 2014 China Acid-treated granular starch Emulsification and cross-linking API delivery or encapsulation
Sivapragasam 2014 USA Soybean Ultrasonication API delivery or encapsulation
Yang 2014 China Soluble starch Emulsification API delivery or encapsulation
Ip 2014 Canada Research grade SNPs Reactive extrusion oxidation with TEMPO®* DNA precipitation
Han 2013 China Corn Precipitation API delivery or encapsulation
Zhang 2013 China Corn Alkali-freezing API delivery or encapsulation
Likhitkar 2012 India Soluble starch Emulsification and cross-linking API delivery or encapsulation
Lin 2011 China Pea Acid hydrolysis API delivery or encapsulation
Zhang 2010 China Pea Acid hydrolysis API delivery or encapsulation
Jain 2008 India Potato Emulsification and cross-linking API delivery or encapsulation
Simi 2007 India Cassava Dialysis (DMSO) API delivery or encapsulation

¢ (2,2, 6, 6-tetramethylpiperidin-1-yl)oxyl.

the nanoparticle, thus, enabling the improvement of surface properties
and potentiating the adsorption of drugs or other active substances [24].
However, with the emulsification and cross-linking method, most of the
obtained particles are relatively large, with size up to 1 um [9].

In the chemical obtaining methods, starch structure is opened and
dispersed through the addition of alkalis, acids or enzymes [15]. Acid

hydrolysis was used to synthesize SNPs in 21.1% of the reviewed articles,
among which the most recurrent used acid was sulfuric acid (87.5% of
articles reviewed). Such data can be justified since the preparation of
SNCs by acid hydrolysis proves to be a simple and easy control method,
although they are also related to some drawbacks, such as longer reac-
tion time and lower yield [25].

protein -
- API delivery
or encapsulation curcumin - N
(83.8%)
. Flavonoid _
= iion
Oil or
(5.4%) oil blend -
Pickering Methylxanthines -
B emulsion N i
(5.4%) onsteroidal
anti-inflammatory [
3 Adsorption
(2.7%) Hormone [
DNA L
W recipitation Antibiotic - |
) Antincostastc |
|
0 5 10 15 20 25

Number of papers (%)

Fig. 3. SNPs as carrier for different APL. The percentages regarding all pharmaceutical application were calculated considering the number of papers included (n = 37).
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Among the physical methods applied to obtain SNPs, ultrasonification
represented 10.5% of all the techniques. In this case, changes in structure
are attributed to a phenomenon called cavitation where the formation of
microbubbles, which explode and propagate via sound waves in solution
[26], produce enough energy to change the vibrational and molecular
states of bulk materials [27]. Another recurring method, alkali-freezing
(5.3%), uses low temperatures and a greater starch dissolution rate in al-
kaline solutions, allowing the intra- and intermolecular hydrogen bonds
to be broken altering the carbohydrate structure [28].

4.2. Characterization techniques

The structural modifications applied to the starch particles alter their
physical and chemical properties, thus, improving their applicability in
pharmaceutical sciences [29]. Consequently, it is expected that the cho-
sen characterization techniques are in accordance with the proposed
objectives. This justifies the great variety of characterization methods
found in this research.

In general, nanoparticles formulations require characterization in
terms of size, surface load and size distribution [30]. One of these tech-
niques, zeta-potential, applied in 48.6% of reviewed articles, evaluates
the electrostatic distribution on the nanoparticles surface, measuring
their stability, which is an especially relevant aspect in pharmaceutical
products [31].

Since nanoparticles are defined as structures whose critical diameter is
less than 100 nm [32], it is essential that they are characterized in terms of
size, especially if used as drug delivery systems [20]. This is corroborated
by the reviewed studies, since analysis performed in order to evaluate par-
ticle size or size distribution were performed in 81.1% of all revised articles.

Particle morphology and size were assessed by scanning electronic
spectroscopy (SEM) in 54.1% of the studies and by transmission elec-
tronic spectroscopy (TEM) in 35.1%. SEM verification allows the charac-
terization of material's surface morphology, mainly showing if there are
any structural differences in the obtained nanoparticles [33].

To assess nanoparticle's the crystalline aspects, 56.8% of the studies
carried out X-ray diffraction tests. In addition, the chemical interactions
between the nanoparticles components and an eventual attached drug
were verified using Fourier transformed infrared spectroscopy (FTIR)
in 75.7% of studies. Chemical analysis such as FTIR and X-ray diffraction
allows the identification of chemical modification in the glucose units
due to the abundance of hydroxyl groups [20].

Other characterization tests, such as drug loading capacity and drug
loading efficiency, respectively, express the proportion between drug
and nanoparticles masses and the percentage of drug that is effectively
associated with the particles. The drug loading assay indicates how the
chemical and physical structure of the carrier is decisive for drug carry-
ing. Conversely, drug loading efficiency is determined by the carrying
process itself, the mass of drug added and other experimental variables.
Thus, both parameters are of great importance in processes involving
drug-carrying nanoparticles, so that 35.1% of the studies carried out
loading capacity while drug loading efficiency assay of was performed
in 43.2% of the studies [34].

4.3, In vitro, in vivo and cytotoxicity studies

The absorption of a drug from a pharmaceutical solid dosage form in
oral administration firstly depends on the release, followed by the disso-
lution or solubilization of the API and finally on permeation [35]. For this
reason, in vitro dissolution tests are of great relevance for evaluating the
performance and quality of a pharmaceutical dosage forms. Among the
analyzed studies in which the objective was to develop a drug delivery
system or for encapsulation, all of them carried out dissolution tests
in vitro. The pH conditions used in each test varied according to the
type of drug release previously determined. As for the quantification
of the released drug, most of them, 77.4%, performed UV-Vis
spectroscopy.
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In addition to the physico-chemical characterization and the dissolu-
tion profile, it is also indispensable to evaluate nanoparticles on their
safety, especially regarding application in pharmaceutical field. Due to
the small size, such particles have a large surface area, resulting in a
greater reactivity when compared to larger elements. Therefore, nano-
particles have been subjected to in vitro and in vivo studies in order to
investigate and characterize any possible toxicity mechanisms [30].

Although none of the analyzed articles performed cytotoxicity tests
in vivo, 20% promoted in vitro tests. All of these did so by the 3- [4,5-Di-
methylthiazol-2-yl] -2,5-diphenyl tetrazolium bromide (MTT) colori-
metric test for cell viability and cytotoxicity, which reflects the
integrity of the respiratory cell chain [36]. Among the human cell
types used to evaluate in vitro cytotoxicity there were such as, HeLa
cells, fibroblasts and Caco-2 cells. Different types of non-human fibro-
blast cell lines were also applied, namely mouse fibroblast L929,
mouse embryonic fibroblast (MEF) and 7F2 mouse fibroblast
[24,36-41].

4.4. Pharmaceutical applications

Among SNPs application for pharmaceutical purposes the use of these
particles as API carriers (83.8%) represent the great majority of studies
reviewed. Nanostructured drug delivery systems are able to minimize
systemic adverse effects of medicines, directing and promoting a site-
specific drug release [42]. Moreover, SNPs promote increased drug solu-
bility, permeation in the gastrointestinal mucosa and the possibility of de-
veloping modified-release pharmaceutical dosage forms [43].

In the reviewed studies, antineoplastic drugs were most frequently
used (22.6%) to develop drug delivery systems. One of the biggest draw-
backs in terms of cancer treatment is still the lack of specificity of the
available treatments to target tumor cells only, without injuring healthy
tissues and cells. Nanoparticles have the potential to solve this issue, not
only due to its high surface to volume-ratio but also because its electri-
cal surface properties and number of shapes - enabling the attachment
of a diversity of drugs and active substances [44]. In one of the reviewed
studies, Likhitkar & Bajpai [45] explored the application of SNPs as mag-
netic nanocarriers for the delivery of cisplatin, a nephrotoxic drug used
to treat solid epithelial tumors. Their findings showed that the use of
cross-linked SNPs with magnetic material, combined with the applica-
tion of a magnetic field, allowed specific delivery of cisplatin to the
tumor, avoiding nephrotoxicity.

In two out of the thirty-seven reviewed studies (5.4%), the use of
SNPs for the development of Pickering emulsions is addressed. These
are emulsions in which the conventional use of surfactants is replaced
by particulate emulsifiers of adequate dimensions and contact angle
[46]. Pickering emulsion promotes great stability and prevents coales-
cence due to the stability it gives to emulsions but, unlike traditional
surfactants, particulate emulsifiers are irreversibly adsorbed at the in-
terface of the two immiscible liquids [31].

In addition to the effect of emulsion stabilization, Pickering emulsions
also enable the development of emulsion-based drug delivery systems,
which promote increased stability, dispersibility and bioavailability of
the incorporated active ingredient [47]. This property was investigated
by both studies that had access the development of Pickering emulsions,
since they had demonstrated the use of Pickering emulsion on encapsula-
tion and release of curcumin [31] and tea polyphenols [46].

Two reviewed papers (5.4%) explored the potential of SNPs as enzy-
matic inhibitors. The first study, by Jiang et al. [48], evaluated the effect
of SNPs on alfa-amylase inhibition, which is one of the enzymes that
metabolize starch into glucose, and, this enzyme is a therapeutic strat-
egy to treat hyperglycemia caused by type 2 diabetes. In this study, it
was demonstrated that spherical and polygonal SNPs could inhibit
alpha-amylase. The authors further suggested that the inhibition,
which was even more effective for polygonal SNPs, is due to substrate
competition and also due to enzyme trapping in the structure of the
SNPs [48].
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The second study addressed the properties of enzyme inhibition
on the enzyme tyrosinase. Tyrosinase is involved in the production
of melanin and when overexpressed can cause skin disorders. Yang
et al. [49] tested tyrosinase inhibiting activity of different types of
SNPs including: hollow nanoparticles (HNPs), amylopectin nano-
particles (APNPs), corn starch nanoparticles (CSNPs) and tapioca
starch nanoparticles (TSNPs). HNPs, CSNPs and TSNPs caused inhi-
bition by a mixed mechanism, while APNPs promoted tyrosinase
inhibition by a competitive mechanism.

Hence, it is noteworthy that SNPs have potential applications not
only for the development of nanostructured systems, but also demon-
strate to have themselves a therapeutic potential [49].

One reviewed study examined the effects of oxidized SNPs. Oxidized
SNPs (oxy-SNPs) have the property of efficient urea removal due to
their improved adsorption capacity, and this application was identified
in 2.7% of the reviewed studies. Abidin et al. [50] used SNPs in a dialysate
regeneration system, where it provides many active sites for urea fixation
due to the greater surface area of this nanomaterial.

The final study in this scoping review (2.7%), examined SNPs that
were used as a DNA precipitation agent, an unusual phenomenon that
occurs between starch and DNA. Ip et al. [51] recovered DNA using
SNPs by allowing the two to associate in aqueous phase followed by pre-
cipitation with ethanol (or comparable organic solvent) at room
temperature.

4.5, Limitations of the study

As with any scoping review, our study has some limitations.
Search strategies may not retrieve all the relevant literature in the
field, since the search was performed on two online databases and
no data was collected through manual research. However, these re-
sults robustly summarize the relevant applications of pharmaceuti-
cal purposes and identify the prominent obtaining methods and
starch sources.

5. Conclusion

This scoping review revealed that the studies on the applications of
SNPs in the pharmaceutical area present remarkable diversity of pro-
cesses and pharmaceutical applications by combining natural sources
of starch and simple methods. The modification of starch physical-
chemical characteristics is an active area of research due to the benefits
of the nanometric structures of this polysaccharide. The different char-
acterization techniques applied demonstrate that tests can be carried
out to determine the presence, efficiency and applicability of SNPs. Fu-
ture studies should also assess SNPs safety through in vivo assays and
more robustly designed studies, in order to provide accurate informa-
tion about what variables may affect important SNPs properties for
pharmaceutical applications.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijbiomac.2021.03.061.
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