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I.INTRODUCAO

O estagio curricular constitui a Ultima etapa do plano de estudo do Mestrado Integrado
em Ciéncias Farmacéuticas. Nesta unidade curricular, somos desafiados a aplicar os
conhecimentos adquiridos na nossa formagao académica, e a ganhar as competéncias

necessarias para sermos futuros farmacéuticos.

O farmacéutico é o especialista do medicamento e, é muitas vezes o Ultimo profissional
que contacta com o utente antes da toma da medicagao, cabendo ao farmacéutico dar todas
as indicagoes para promover uma correta adesao a terapéutica. Para além disso ¢, também o
farmacéutico a quem muitas vezes os utentes recorrem para aconselhamento, sendo este o

Unico profissional em indicagao farmacéutica.

Realizei o meu estagio curricular em farmacia comunitaria de || de janeiro a 30 de
abril na Farmacia Miranda. Escolhi esta farmacia porque, além da localizagao proxima a minha
area de residéncia, também era do meu conhecimento a enorme adesao por parte de uma
grande diversidade de utentes, e o profissionalismo e excelente aconselhamento dado pelos
profissionais desta farmacia, que pude verificar durante um estagio de verao realizado no ano

anterior.

O presente relatério consiste numa analise SWOT (Strenghts, Weaknessess,

Opportunities, Threats) que permite fazer uma analise critica de todo o meu estagio.
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2. ANALISE SWOT

Através da andlise SWOT farei uma andlise interna dos pontos fortes e fracos que
marcaram o meu estagio, bem como uma analise externa das oportunidades conferidas pelo

estagio e, dos aspetos que considero terem afetado o meu desempenho.

2.1. PONTOS FORTES
2.1.1 Localizacdao e horario de funcionamento

A Farmacia Miranda (FM) localiza-se na Rua Dr. José Cerveira Lebre, na Mealhada.
Localizando-se no centro desta cidade, encontra-se junto de diversas clinicas dentarias, um
centro médico com diferentes especialidades, um hospital privado e uma extensao de saude.
Para além dos espagos de saude em redor, a existéncia de um forte comércio e restauragao,
bem como de escolas desde o ensino pré-escolar ao secundario contribui para a enorme

afluéncia de utentes a FM.

Durante o meu estagio contactei com uma populagao de utentes bastante heterogénea
com diferentes idades e grau de literacia, contribuindo assim para a minha capacidade de

adequar o discurso consoante o utente presente.

A FM tem um horario de funcionamento bastante alargado, funcionado uma semana
das 8h15-22h e outra das 8h15-00h30. Encontra-se também aberta sibado e domingo, com
horario das 8h15-20h (sabado) e 9h-19h (domingo), alargando o horario na semana de servigo
para 8h15-00h30. Este horario alargado permitiu-me estagiar também ao fim de semana,
contactando com utentes mais jovens, que se deslocam a farmacia para aconselhamento

farmacéutico.

2.1.2 Equipa de trabalho

A equipa da FM ¢ liderada pelo Diretor técnico, Dr. Diogo Luxo, e é constituida por
sete farmacéuticos, uma técnica de farmacia, duas auxiliares de farmacia e um responsavel pelo

backoffice da farmacia.

Cada elemento da farmacia tem tarefas distintas e individualizadas, permitindo uma

melhor gestao da farmacia e rentabilidade de cada area.

Toda a equipa contribuiu para a minha integracao e aprendizagem, ajudando-me a
consolidar e colocar em pratica os conhecimentos tedricos adquiridos na faculdade, bem

como a aperfeigoar o meu atendimento ao publico.
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No inicio do meu estagio, um elemento da equipa acompanhava os meus atendimentos
ensinando-me a prestar um atendimento com maior rigor, a adequar a minha linguagem para
um nivel de entendimento simples e a trabalhar de forma mais autbnoma com o software

SIFARMA 2000® e com o novo modulo de atendimento SIFARMAZ®.

Esta equipa ensinou-me a importancia de trabalhar de uma forma organizada, a nunca

me conformar e procurar sempre aprender mais.

Levo deste estagio exemplos de profissionais de salde de exceléncia, muito

competentes e que exercem as suas fungdes em prol do bem-estar dos utentes.

2.1.3 Utentes da farmacia

A FM é conhecida pelos seus profissionais experientes e empaticos e pela diversidade
de produtos e servicos que oferece, razoes estas que contribuem para o elevado fluxo de

utentes.

A populagao que frequenta a FM é bastante heterogénea, no entanto ainda uma
percentagem consideravel diz respeito a populagao idosa. Tendo em conta o contexto
pandémico que atravessamos, € de notar que muitos dos utentes idosos que se deslocam a
FM encontram-se isolados dos seus familiares, sendo nés muitas vezes os Unicos com quem
estes conversam. Assim os atendimentos destes utentes eram ainda mais satisfatorios e

gratificantes.

Com vista a satisfacio dos utentes, a FM tem um cartao de fidelizacdo, onde ¢é
acumulado dinheiro, que pode ser posteriormente descontado em todos os produtos da

farmacia, exceto medicamentos sujeitos a receita médica (MSRM).

Tive a oportunidade de criar varios cartoes e aplicar descontos, permitindo-me

contactar com uma diferente plataforma.

2.1.4 Plano de estagio

A FM recebe estagiarios ha varios anos, por isso tem ja definido um plano de estagio
com o objetivo de maximizar a diversidade de tarefas desempenhadas pelo estagiario. A
finalidade é proporcionar ao estagiario um plano completo, de forma que este fique a conhecer

o circuito do medicamento dentro da farmacia e a atividade quotidiana do farmacéutico.

Ao longo do estagio realizei tarefas de gestao e aprovisionamento dos medicamentos,
rececao de encomendas, gestao de devolugoes, preparacao individualizada da medicagao,

medicao de parametros bioquimicos e atendimento ao publico e aconselhamento.
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Atividades de gestao e organizacao da farmacia

No inicio do meu estagio, tive a oportunidade de rececionar encomendas e de executar
encomendas didrias, instantaneas e diretas ao laboratoério, bem como realizar transferéncias
para a outra farmacia do mesmo grupo. Durante a gestao de encomendas aprendi a
importancia de gestao de stocks, de estabelecer stocks minimos e maximos de forma a
assegurar stock necessario para satisfazer as necessidades dos utentes da farmacia e garantir a
rentabilidade desta. Contactei com termos como preco de venda a farmacia, preco de venda

ao publico e margens de lucro.

Durante o armazenamento de produtos e aliada a tarefa gestao de prazos de validade,
percebi a importancia de armazenar os produtos segundo o principio “first expire, first out”, de
forma a escoar primeiro os produtos com prazo de validade mais curto. Na FM, a existéncia
de um robot permite armazenar uma grande percentagem de MSRM e medicamentos nao
sujeitos a receita médica (MNSRM), sendo apenas necessario arrumar produtos com

dimensoes nao compativeis com o robot e produtos de frio.

Tive oportunidade de participar na gestdo de psicotrépicos, na conferéncia de

receituario e tratamento de dados de temperatura e humidade dos frigorificos e armazém.

A realizagao destas tarefas permitiu-me compreender a importancia do backoffice no
suporte ao atendimento e deu-me oportunidade de me familiarizar com alguns nomes

comerciais e correlaciona-los com os respetivos principios ativos.

Preparacao individualizada da medicacao

Ao longo do estagio tive a oportunidade de preparar semanalmente as caixas de
medicagao para os utentes que recorriam a esse servi¢o, contribuindo para uma melhorar a

adesao do utente a terapéutica.

Prestacao de outros servicos farmacéuticos

O trabalho prestado na farmacia comunitaria € mais do que dispensar medicamentos,
passa também por prestar servicos farmacéuticos de promogao da salde e bem-estar dos

utentes.

A FM oferece varios servigos, tais como medi¢ao de parametros bioquimicos, medigao
da tensao arterial, determinagao do indice de massa corporal, consultas de nutricao e

massagens.

Durante o estagio realizei medigoes de glicémia, colesterol, perfil lipidico e tensao

arterial no gabinete de apoio ao utente (GAU), onde além de praticar as técnicas de medicao
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destes parametros pude estabelecer um contacto mais proximo com os utentes da FM.
Contactei com utentes que se deslocavam diariamente a farmacia para medi¢ao de tensao
arterial e glicémia, sendo para mim bastante satisfatorio observar o impacto da medicacao e

da alteragao de estilo de vida nos valores dessas medigoes.

Dispensa de medicamentos para lares

A FM dispensa medicamentos para dois lares de freguesias em redor, permitindo numa
fase inicial do estagio o contacto com o SIFARMA 2000® sem a pressido de estar perante o

utente.
Atendimento

O atendimento foi sem ddvida a tarefa mais desafiante e enriquecedora, onde tive a
oportunidade de colocar em pratica e aprofundar os conhecimentos teéricos adquiridos ao
longo do curso. Durante o atendimento temos que manter um sentido critico perante as
queixas do utente e, mesmo perante as receitas apresentadas, temos que ser capazes de

estabelecer um dialogo claro, adequado ao utente e empatico.

Numa fase inicial do estdgio, comecei por assistir aos atendimentos efetuados pelos
elementos da equipa, comegando a contactar com as diversas funcionalidades do SIFARMA
2000° e do novo médulo de atendimento SIFARMA®, foi me também transmitida a melhor
forma de abordar os utentes e as questoes mais pertinentes que devemos colocar. Aprendi

também a interpretar corretamente as diferentes receitas médicas.

Quando comecei a sentir mais confianga passei a realizar os atendimentos, inicialmente
acompanhada e depois sozinha, sendo que sempre que precisava de ajuda a equipa estava

pronta a auxiliar-me.

Durante os atendimentos tomei consciéncia que muitas vezes os utentes nao cumprem
as indicagoes prestadas pelo médico ou farmacéutico, sendo necessario aquando da dispensa
da medicagao alertar o utente para a toma correta da medicagao, passando muitas vezes pelo

simples ato de escrever nas caixas a posologia.

Muitas vezes os utentes deslocam-se a farmacia procurando aconselhamento
farmacéutico. Na indicagao farmacéutica é importante abordar o utente relativamente ao
motivo da consulta, sintomas, duragao, outros problemas de salde e existéncia de episodios
semelhantes no passado. Apos reunir toda a informagao, procurava o melhor caminho a seguir:
aconselhamento de medidas nao farmacolégicas, cedéncia de MNSRM ou referenciagao para

o médico ou outro profissional de salde especializado.
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Na cedéncia de um MNSRM ¢ importante explicar ao utente a posologia e a forma
correta de administragao do medicamento e alerta-los para a necessidade de consultarem um

médico caso os sintomas nao melhorassem.

Organizacao do espaco da farmacia

O espago da farmacia encontra-se dividido em 6 grandes secges: dermocosmética,
puericultura, higiene oral, suplementos alimentares, veterinaria e produtos ortopédicos. Estes
espagos encontram-se devidamente identificados para que o utente rapidamente os
identifique, nomeadamente a secgao de dermocosmética encontra-se dividida por marcas,
cada uma identificada com o seu logo. Além destas sec¢oes, também existe uma secgao de
lineares reservados a artigos sazonais, tendo participado diversas vezes na sua organizagao,

adequando os produtos a estagao.

A montra da farmacia era frequentemente alterada de modo a atualizar os utentes face

as promogoes em vigor, assim como as prateleiras destinadas aos produtos em campanha.

A organizagao das montras e lineares permitiu-me aplicar os conhecimentos adquiridos

em unidades curriculares como marketing e organizagao e gestao farmacéutica.

2.1.5. Robot e Cash Guard
A FM possui dois sistemas de tecnologia, o robot e o Cash Guard.

O robot permite armazenar uma grande quantidade de MSRM e MNSRM e encontra-
se ligado ao SIFARMA 2000°, permitindo a gestao dos medicamentos através deste programa.
A entrada no robot ¢é efetuada por um elemento da equipa e a sua saida é feita de acordo com

o prazo de validade.

Este sistema além de permitir uma melhor gestao do espaco e dos prazos de validade,
permite diminuir a probabilidade de selegao errénea de medicamento com dosagens, nomes

ou embalagens semelhantes.

Considero que o robot permite um atendimento mais focado no utente, em que o
tempo gasto na procura do medicamento no armazém pode ser utilizado em conversa com o

utente.

O sistema Cash Guard permite armazenar todos os lucros e movimentos diarios de

cada colaborador da farmacia, facilitando os trocos e fechos de caixa.

Considero estes dois sistemas um ponto forte no meu estagio, pois auxiliou-me

bastante nos meus atendimentos, permitindo-me focar mais no utente. O Cash guard facilitou-
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me os trocos e devolugoes, diminuindo a probabilidade de erros de caixa, e é sem duvida um

aliado na altura do fecho de caixa diario.
2.2 PONTOS FRACOS

2.2.1 Preparaciao de medicamentos manipulados

Com a evolugao da indUstria farmacéutica, o nimero de pedidos de medicamentos
manipulados diminuiu bastante. Ao longo do meu estigio, apenas tive a oportunidade de
participar na preparagao de um manipulado, solugao alcoodlica a 70° de acido borico a

saturagao, utilizado para o tratamento de otites externas.

Durante essa preparagao, foi-me explicado todo o procedimento de preparagao, o
calculo do PVP e os dados a inserir no rotulo, tendo por base a Portaria n.°769/2004 de | de

julho [I] e a Portaria n.°594/2004 de 2 de julho [2].

Considero, entao, um ponto fraco nao ter tido a oportunidade de preparar mais

medicamentos manipulados.
2.3 OPORTUNIDADES

2.3.1 Participagao em formacgoes

Devido ao constante langamento de novos produtos e ao rigor subjacente ao
atendimento em farmacia, a profissao farmacéutica exige uma atualizagao constante. A FM
promove formacgoes individuais e, em grupo com o objetivo de manter a sua equipa

devidamente informada e atualizada.

Ao longo do meu estagio participei em diversas formagoes, nomeadamente
Laboratoire Native® (gama completa da Phyto®), ISDIN® (gama fotoprotecao), Bayer® (gama
Canesten®), Fresenius Kabi® (Fresubin® “terapéutica nutricional adaptada a cada doente”),

Bioderma®, Uriage® (gama Bariéderm ®).

Tive também oportunidade de me inscrever na plataforma online Cosmética Activa,

que oferece formagdes das marcas Vichy®, La Roche-Posay®, Skinceuticals® e Cerave®.

Para mim a participagao nestas formagoes foi muito proveitosa e enriquecedora, pois
tive oportunidade de conhecer e/ou recordar novos produtos de diferentes de marcas e os
seus mecanismos de acao e indicagoes terapéuticas. Contribuiram assim para o sucesso dos

meus atendimentos, permitindo um aconselhamento com maior rigor.
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2.4. AMEACAS

2.4.1. Informacao de precos nas guias de tratamento

Na guia de tratamento, encontra-se a informagao relativa ao prego maximo que o
medicamento devera custar, no entanto esse valor refere-se ao medicamento mais barato que

muitas vezes nem se encontra comercializado.

Ao longo do meu estagio, deparei me com varias situagoes, em que o utente mostrou

desagrado por estar a pagar mais do que o prego mencionado na guia.

Muitas vezes, apds a minha explicagao o utente compreendia, no entanto, senti que

alguns utentes ficavam desconfiados.

2.4.2. Interpretacao das receitas manuais

Apesar de a grande maioria das receitas prescritas serem eletronicas, ainda chegam a

farmacia receitas manuais.

As receitas eletronicas permitem minimizar os erros durante o atendimento, pois apos
a insercao dos codigos de acesso da receita, obtemos a informagao dos medicamentos
prescritos, do numero de embalagens, do prazo de validade da prescri¢ao, informagao do

utente e prescritor e planos de comparticipagao associados a essa receita.

No caso da receita manual todos os dados tém de ser verificados e inseridos pelo
farmacéutico, sendo da sua responsabilidade verificar se todos os campos estao devidamente

bem preenchidos.

Numa fase inicial do estagio, a interpretagao destas receitas era bastante desafiante,
nao so pela quantidade de detalhes a ter em atenc¢ao, mas também pela caligrafia das mesmas.
No entanto, apds contactar com algumas receitas manuais, tornou-se mais facil e ganhei mais

confianga.
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3. CASOS PRATICOS

Caso |: Utente sexo feminino, com cerca de 30 anos, dirige-se a farmacia com queixas

de infegao urinaria, solicitando um antibiotico.

Questionei a utente em relagao aos sintomas que tinha, e esta referiu que sentia uma
sensa¢ao de peso e desconforto na zona da bexiga, vontade constante de urinar e sensagao
de ardor, sintomas que comegaram a manifestar-se na noite anterior. Quando questionada

acerca da presenga de sangue na urina, a utente disse que nao.

Apos andlise da sintomatologia da utente e explicando a impossibilidade de ceder um
antibidtico, aconselhei a toma de Cistisil®, duas vezes ao dia. O Cistisil® é um suplemento
alimentar composto por complexo de arando vermelho, uva-ursina, cavalinha e fruto-
oligossacaridos (FOS) [3]. O arando-vermelho tem demonstrado efeitos benéficos no
tratamento e prevengao da infe¢ao urinaria ao impedir a adesao de bactérias as paredes da

bexiga.

Reforcei a importancia da ingestao abundante de agua, nao retardar o ato de urinar,
evitar o uso de roupas justas e uma correta higienizagao da zona intima, inclusive apds relagoes

sexuais.

Alertei para que caso os sintomas persistissem ou piorassem para se deslocar ao

médico.

Caso 2: Utente sexo feminino, 76 anos, aflita, queixa-se de obstipagao ha cerca de 5
dias, sentindo desconforto na regiao abdominal e dor na regiao anal ao tentar defecar. Dada a
sua indisposicao a utente pedia algo que atuasse rapidamente. Aconselhei a administracao de
| bisnaga de Microlax® [4], um laxante de contacto, que pelo facto de ser uma bisnaga que se
insere diretamente no anus, atua amolecendo as fezes que se encontram na zona do célon e
reto, e tem um efeito rapido de 5 a 20 minutos apés administragao. Dado que a utente se
queixa que a obstipagdo é recorrente, aconselhei a toma de Laevolac® [5] uma saqueta por dia
até terminar a caixa. O Laevolac® é um laxante osmético constituido por lactulose, e é por

isso menos irritante para o intestino, podendo ser usado de forma prolongada.

Para além das medidas farmacolégicas aconselhadas, reforcei a importancia de uma
dieta rica em fibras, ingestao de agua e, ainda aconselhei que a utente tenta-se defecar sempre

a mesma hora para “reeducar” o intestino.
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Caso 3: Utente sexo masculino, cerca de 30 anos, queixa-se de corrimento nasal, nariz
entupido e espirros, referiu ainda que ja é costume ter estes sintomas na altura da Primavera.
Aconselhei a toma de HeperPoll® [6] | vez por dia, composto por cetrizina, um anti-
histaminico oral de segunda geragao, que por nao atravessar a barreira hematoencefilica nao
causa sonoléncia, no entanto aconselhei na mesma a sua toma a noite. Aconselhei juntamente
o spray nasal Vibrocil® [7] anti-alergias, constituido por um corticosteroide, o propionato de
fluticasona, que exerce uma agao anti-inflamatéria local, o que vai diminuir a inflamagao da

mucosa nasal e, consequentemente, melhorar os sintomas de nariz entupido e congestao nasal.



Relatério de Estagio em Farmacia Comunitaria

4. CONSIDERAGOES FINAIS

O estagio curricular em farmacia comunitaria foi uma experiéncia muito
enriquecedora, que sem duvida teve um papel crucial no meu desenvolvimento enquanto
futura farmacéutica. Ao longo do estagio pude aplicar os conhecimentos teoricos adquiridos

durante os quatro anos e meio de formagao académica.

A minha experiéncia na farmacia fez-me admirar ainda mais o papel do farmacéutico na
sociedade. O trabalho do farmacéutico vai muito além da dispensa de medicamentos, este é
também agente promotor da saude e, é muitas vezes o primeiro profissional de saude a quem
o utente recorre para esclarecimento de duvidas e aconselhamento. O papel multidisciplinar
do farmacéutico foi-me transmitido durante o estagio, pois além de o farmacéutico ser o

especialista do medicamento, também desempenha na farmacia tarefas de gestao.

Neste tempo de pandemia, o farmacéutico viu o seu papel enaltecido: as farmacias
mantiveram-se abertas; foram adotadas medidas para entrega de medicamentos e produtos
ao domicilio; muitos utentes, principalmente idosos, que viviam sozinhos deslocavam-se a

farmacia e viam no farmacéutico um ouvinte para conversarem.

O sucesso do meu estagio deve-se a excelente equipa da FM, a quem eu deixo um
enorme agradecimento, fizeram-me sentir integrada, deram-me autonomia para realizar as
tarefas e sempre se mostraram disponiveis para esclarecimento de duvidas. Com esta equipa
aprendi a importancia de investirmos continuamente na nossa formagao, tendo como principal

foco o utente.

Gragas a este estagio, sinto-me mais preparada para o futuro enquanto farmacéutica e

profissional de saude.
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INTRODUCAO

O estagio curricular do Mestrado Integrado em Ciéncias Farmacéuticas constitui o
contacto do estudante com o mercado de trabalho, permitindo a este desenvolver

competéncias necessarias para o seu futuro enquanto mestre em ciéncias farmacéuticas.

Ao longo do meu percurso académico percebi que o farmacéutico pode intervir em
diversas areas do ciclo do medicamento, nao se restringindo apenas a farmacia comunitaria,

como tipicamente associado.

A Faculdade de Farmacia da Universidade de Coimbra (FFUC) permite ao estudante
explorar as diversas saidas profissionais, criando oportunidades de estagio nao s6 em farmacia
comunitaria e farmacia hospitalar, mas também estabelecendo protocolos com diversas

entidades permitindo aos seus estudantes a realizacao de estagios em diversos setores.

Sendo do meu interesse e curiosidade em aprofundar os meus conhecimentos na area
da indUstria, decidi realizar um estagio na Bluepharma, Industria Farmacéutica, S.A. Este estagio
decorreu de 5 de maio a 30 de julho, estando enquadrada no departamento de

desenvolvimento galénico (DG), mais especificamente na area de Tecnologias Diferenciadas.

A Bluepharma é uma industria farmacéutica que iniciou a sua atividade em 2001 apos
aquisicao das instalagoes pertencentes a multinacional Bayer, encontra-se sediada em Sao
Martinho do Bispo, Coimbra. A sua atividade passa pela produgao de medicamentos préprios
e para terceiros, investigagao, desenvolvimento e registo de medicamentos e comercializagao

de medicamentos genéricos. [1]

A missao da Bluepharma visa a inovagao e internalizacao, com isto em mente, o
desenvolvimento galénico é crucial na formulagao de novos medicamentos genéricos,

contribuindo para a expansao do portfélio da Bluepharma. [2]

No presente relatério irei fazer uma analise SWOT (Strengths, Weaknesses,

Opportunities, Threats), onde irei analisar os pontos criticos do meu estagio.
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ANALISE SWOT

Através de uma analise SWOT fundamentada irei analisar os pontos fontes e fracos
que marcaram o meu estagio e a minha prestacao, bem como as oportunidades que este me

conferiu e os aspetos extrinsecos que ameagaram o meu desempenho.
2.1 PONTOS FORTES
2.1.1. Plano de integracao

A Bluepharma elabora planos de integragao individuais tanto para estagiarios como
novos colaboradores, o objetivo é de enquadrar os novos elementos dentro da empresa,
transmitir a missao e valores da Bluepharma e, a nivel mais particular, abordar certos conceitos

que serao necessarios as futuras fungoes que o colaborador ira desempenhar.

No inicio do estagio, fui recebida por um elemento dos recursos humanos que fez uma
breve apresentacgao relativa a historia da Bluepharma, sendo de seguida encaminhada para a
minha mentora, Dra. Ana Cidalia Martins. O facto de cada estagiario ter o seu mentor ajuda
bastante no processo de integracao, pois € este quem nos faz a visita as instalagoes e aos varios
departamentos, apresenta-nos aos membros de diferentes equipas e nos orienta nas primeiras

tarefas.
O plano de integragao visou um conjunto de formagoes sobre conceitos importantes
para o meu desempenho dentro da empresa.

2.1.2. Equipa de trabalho

Desde o dia em que ingressei na Bluepharma senti-me integrada na equipa, todos os
colaboradores proporcionaram um ambiente de compreensao, entreajuda, cumplicidade e

partilha de conhecimentos.

O sucesso do meu estagio devo-o a toda a equipa, além de me facultarem todo o
conhecimento cientifico, com eles aprendi a trabalhar em equipa, a adotar medidas que

possibilitem um ambiente de trabalho mais organizado e com um maximo de rigor.
2.1.3. Formacoes internas

Ao longo do estagio tive oportunidade de assistir a diversas formagoes, para além das
formagoes inerentes ao plano de integragao. Destaco as formagoes “Melhoria continua”,

“Regras e procedimentos laboratoriais” e “Ambiente, salide e seguranca no trabalho”.
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Tive também oportunidade de assistir a uma formagao de R Studio, ministrada por um
aluno do mestrado em estatistica médica, onde foi abordado os métodos estatisticos que se
utilizam para demonstragao de bioequivaléncia entre um medicamento genérico e um

inovador, nomeadamente o bootstrap.

Assisti também a um conjunto de participagoes, ministradas por elementos da equipa
de Investigacao e Desenvolvimento da Bluepharma, que tinham como suporte apresentagoes

da [2th PBP World Meeting.

E de realcar a oportunidade que me foi dada de fazer uma apresentacio intitulada
“Introduction of generic liposome formulations: Differences between the EMA regulation and FDA

regulation”.

2.1.4. Aquisicdo de conhecimentos sobre o desenvolvimento de

formulagdes lipossomais

Na Bluepharma os projetos sio denominados por “Blue” por uma questio de

confidencialidade.

Ao longo do meu estagio pude participar no desenvolvimento de duas formulagoes

lipossomais com caracteristicas muito diferentes.

O BlueCl02 é uma formulagao constituida por vesiculas multilamelares, preparado por
ethanol injection, em que a entrada do principio ativo (APl) ocorre depois da formagao das
vesiculas por diferencas de gradiente de pH. Pude também contactar com um extrusor de
membranas, utilizado para homogeneizar o tamanho de particulas. Ao longo desta preparagao
tive oportunidade de manusear o APl dentro de uma glove box e de adotar as medidas de

seguranga inerentes a sua manipulagao.

O BlueCl04 é uma formulagao constituida por lipossomas multivesiculares, cuja
preparagao consiste numa dupla-emulsao, seguida de evaporagao do solvente, terminando
com o processo de filtragao tangencial. Neste procedimento tive oportunidade de utilizar um

homogeneizador de alta velocidade, nomeadamente o Politron®.
2.1.5. Autonomia e espirito critico

Apds a semana de integragao, em que tive oportunidade de compreender os
procedimentos internos da Bluepharma, as regras basicas de seguranca no laboratorio e os
fundamentos tedricos dos projetos em desenvolvimento, comecei a contactar com a pratica

laboratorial.
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Fui sempre incentivada a trabalhar de forma auténoma e proativa, com certeza de que
tinha o apoio da equipa para qualquer esclarecimento. Durante as primeiras semanas, sempre
que iamos trabalhar na produgao de determinada formulagao era-me feito um resumo de

todos os passos, de forma a consolidar o processo e puder contribuir durante a sua realizagao.

Desde cedo percebi a importancia de desenvolver espirito critico, nomeadamente no
setor de desenvolvimento galénico, € muito importante saber interpretar os resultados e

investigar eventuais problemas e solugoes para obter os resultados pretendidos.

Tive oportunidade de auxiliar na preparacio de métodos de investigacao de
determinadas caracteristicas da formulagao. Ressalvo, o método desenvolvido para
determinacdo de pH interno da formulacio de BlueCl04 e do seu correspondente

medicamento inovador.
2.2 PONTOS FRACOS
2.2.1 Duracao do estagio

A curta duragao do estagio é sem duvida um ponto fraco, embora compreensivel

considerando a duragao obrigatéria do estdgio em farmacia comunitaria.

Considero que um estagio de 3 meses em industria limita uma aprendizagem mais
aprofundada, pois as primeiras semanas sao de integragao a empresa e ao respetivo
departamento, e nao sobra muito tempo para consolidarmos as nossas aprendizagens e

coloca-las em pratica no nosso trabalho.
2.3. OPORTUNIDADES
2.3.1 Desenvolvimento de competéncias extracurriculares

Além dos conhecimentos tedricos adquiridos ao longo do estagio, constatei que
existem soft-skills que sao muito importantes para o desenvolvimento do nosso trabalho em

industria.

Sendo a industria farmacéutica constituida por diferentes departamentos que
trabalham em conjunto, é muito importante a comunicagao, entreajuda e espirito de equipa.
Trabalhando num ambiente partilhado por varias pessoas, percebi a importancia de

organizagao e colaboragao para garantir o sucesso do nosso trabalho.
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A industria farmacéutica depende muito de prazos, por isso € crucial uma boa gestao
do tempo, para que o nosso horario de trabalho renda ao maximo, e nio deixemos outros

departamentos que dependem do nosso trabalho em espera.

Compreendi a importincia do dominio do inglés, principalmente na area do
desenvolvimento galénico, pois uma componente do trabalho consiste na pesquisa de artigos,

além disso muito dos clientes e parceiros da Bluepharma sao estrangeiros.

Durante o estagio percebi a importancia de desenvolver estas caracteristicas e aprendi

a valoriza-las ainda mais.
2.3.2 Metodologia Kaizen

A Bluepharma tem implementado a metodologia Kaizen, uma filosofia de melhoria
continua de origem japonesa desenvolvida por Masaaki Imai, cuja missao é mudar (“Kai”) para

melhor (“Zen”). [3]

No DG, as reunides ocorriam diariamente as |4h, via Microsoft Teams® (adaptagio face
ao contexto pandémico COVID-19) juntamente com a equipa do desenvolvimento analitico
alocada aos nossos projetos. Nessas reunioes os varios elementos da equipa exponham o seu
trabalho, possiveis problemas e constrangimentos, e a equipa debatia solugoes e proximos
passos a seguir. As reunioes eram de curta duragao, |5 minutos, mas eram muito importantes,
para que toda a equipa do galénico e analitico pudessem estar informados e contribuir no

desenvolvimento dos projetos.
Estas reunides permitiram-me ficar a conhecer os diferentes projetos, assimilar os
conhecimentos que me iam sendo transmitidos e puder contribuir com possiveis solugoes.

2.3.3 Conhecimentos em Microsoft Excel®

No decorrer do estagio utilizei diversas vezes o Microsoft Excel® para tratamento de
dados decorrentes dos nossos ensaios, pelo que compreendi a importancia desta ferramenta,
tendo constatado algumas lacunas da minha parte, no manuseamento de uma folha de calculo

excel.

Aprendi diversas funcionalidades, tais como construgao de graficos e sua manipulagao,

introdugao de formulas e aplicagao de filtros para selegao de informagoes especificas.

As competéncias adquiridas serio certamente necessarias para o meu futuro

profissional.
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2.4. AMEACAS
2.4.1. COVID-19

Devido ao contexto pandémico, era dada preferéncia ao teletrabalho sempre que as
atividades nao exigissem a permanéncia nas instalagoes na Bluepharma. Com o aumento dos
casos de COVID-19 na regiao de Coimbra e dentro da Bluepharma, apos sensivelmente | més
de estagio, foi necessario tomar novas medidas para evitar o cruzamento de turnos, com isso
acabei por nao contactar com varios colegas, para além de ter de realizar parte do estagio em

casa.

Atividades de team building acabaram sendo canceladas devido a evolugao negativa do

numero de casos.
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CONSIDERAGOES FINAIS

O estiagio curricular em industria farmacéutica na Bluepharma permitiu-me
compreender o papel do farmacéutico dentro da industria, e conhecer diferentes possiveis

saidas profissionais.

A minha experiéncia no departamento de desenvolvimento galénico foi bastante
enriquecedora e desafiante. Pude aplicar conhecimentos adquiridos ao longo da minha

formagao académica, bem como aprofundar e adquirir novos conhecimentos e competéncias.

E de realcar que a confianca depositada em mim pelos elementos da equipa do DG,
contribui para desenvolver o meu espirito critico e autonomia. Gragas a esta equipa, percebi
0 quao importante um bom ambiente de trabalho é para o desempenho e motivagao de cada

um.

Levo deste estagio aprendizagens e conselhos que contribuiram para o meu

enriquecimento pessoal e profissional, e que certamente me tornarao melhor farmacéutica.

Deixo o meu agradecimento a FFUC por me ter proporcionado um estagio nesta area
e também a equipa do DG pelo constante apoio, partilha de conhecimentos e confianga

depositada em mim e no meu trabalho, culminando num estagio inesquecivel.
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LIST OF ABREVIATIONS

AMD - Age-related macular degeneration
ApoE - Apolipoprotein E

BBB - Blood brain barrier

BOB - Blood ocular barrier

BRB - Blood retinal barrier

cGMP - Cyclic guanosine- 3',5-monophosphate
CNS - Central nervous system

CNYV - Choroidal neovascularization
CPP - Cell penetrating peptide

CSF - Cerebrospinal fluid

DEACM - 7-(diethylamino) coumarin-4-yl] methyl carboxyl
DOX - Doxorubicin

DR - Diabetic retinopathy

EBD - Evans blue dye

GA - Gambogic acid

GBM - Glioblastoma multiforme

GLUTs - Glucose transporters

InR - Insulin receptor

LDLR - Low density lipoprotein receptor
MMP-9 - Matrix metalloproteinase-9
MNP - Magnetic nanoparticles

MPS - Mononuclear phagocyte system
MPSI - Mucopolysaccharidosis Type |
NaF - Sodium fluorescein

NP - Nanoparticle
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P2Ns - Precision-polyester nanoparticles
PAMAM - Poly(amidoamine)

PEG - Polyethylene glycol

Pg-p - P-glycoprotein

PKG - Protein kinase G

RGD - Arginine—glycine—aspartic acid
RP - Retinitis pigmentosa

SGLTs - Sodium-dependent glucose transporters
Tf - Transferrin

TfR - Transferrin receptor

TRH - Thyrotropin-releasing hormone

VEGEF - Vascular endothelial growth factor
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RESUMO

O aumento da prevaléncia de doencgas relacionadas com o envelhecimento da
populagao, tal como doencgas neurodegenerativas e doengas degenerativas da retina levou a

um crescente interesse em otimizar o tratamento destas.

No entanto, a entrega de farmacos no cérebro e no olho nao é assim tao linear, devido

a presenca de barreiras que protegem estes 6rgaos.

Tornou-se, portanto, necessario desenvolver estratégias para a formulagao de

farmacos eficazes no tratamento destas doencas.

A utilizagao de nanotecnologia para o tratamento de doengas tem crescido nos ultimos
anos. O uso de nanoparticulas tem provado um enorme potencial em melhorar a

farmacocinética do farmaco e a sua veiculagao.

Devido as suas caracteristicas, o uso de nanoparticulas para o tratamento de doengas

do sistema nervoso central e da retina tem sido imensamente estudado.

Esta revisao pretende abordar as dificuldades em ultrapassar as barreiras que protegem
o cérebro e o olho, bem como os varios estudos de desenvolvimento de nanoparticulas com
o objetivo de formular estratégias terapéuticas para o tratamento de doencgas

neurodegenerativas e doengas degenerativas da retina.

Palavras-chave: Barreira hematoencefalica, barreira hemato-retiniana, nanoparticulas.
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ABSTRACT

The increasing prevalence of diseases related to an aging population, such as
neurodegenerative diseases and retinal degenerative diseases, has led to a growing interest in

optimizing their treatment.

However, drug delivery to the brain and eye is not that easy, due to the presence of
barriers that protect these organs. Therefore, it became necessary to develop strategies for

the formulation of effective drugs in the treatment of these diseases.

The use of nanotechnology to treat diseases has grown interest in recent years. The
use of nanoparticles has proven an enormous potential in improving drug pharmacokinetics

and its delivery.

Due to their characteristics, the use of nanoparticles for the treatment of diseases of

the central nervous system and the retina has been extensively studied.

This review intends to address the difficulties in overcoming the barriers that protect
the brain and the eye, as well as the various studies on the development of nanoparticles with
the aim to formulate therapeutic strategies for the treatment of neurodegenerative diseases

and retinal degenerative diseases.

Keywords: Blood brain barrier, blood retinal barrier, nanoparticles.
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INTRODUCTION

The administration of pharmacologic molecules involves crossing one or more
biological barrier. These barriers have different characteristics, therefore, the mechanism to

overcome them varies from tissue to tissue.[l]

Towards these difficulties, the idea to create more efficient drug delivery systems

became necessary to improve the therapeutic effect of molecules.

The development of drug delivery systems aims to improve the ability of the drug to
reach the target, diminishing the side effects and allowing the transport across biological

barriers.

When developing a successful drug delivery system, some aspects must be taken in
account, such as the drug, vehicle, physiological barriers, biomarkers and pathophysiology of

the disease.[2]

Nanomedicine as a drug delivery system has started to grown interest in the early
2000s, with the Doxil® approval in 1995. In the present day, over 20 nanomedicines are in the

market and over 40 are in ongoing clinical trials, being the cancer the most attracted area.[3,4]

Nanotechnology has been used to enhance poor soluble drug, control drug release,
enable transport across biological barriers and combined therapy.[5] Nanoparticles have
proven to be a successful drug delivery system, due to their small size and high surface
ratio.[6,7] Besides improving delivery of current drugs, nanotechnology has enable the
development of new classes of bioactive macromolecules and with applications in

diagnostic.[2]

Apart from the NP small size, NP have the capability to enhance the performance of a
drug using different approaches: the drug molecule can be trapped inside the NP, protecting
the molecule from environment degradation; the surface can be modified with specific

receptors to increase the ability to reach the target.[7]

The NP formulations are complex, and because of that, during the development some
aspects need to be taken in account: physicochemical properties, sterility, stability, and drug

release.[8]

The evaluation of these aspects is important to assess the toxicity of these
nanoparticles, therefore the development of qualified characterization methods is crucial.[9]

With the exponential growth of the nanotechnology, several studies had been focusing on
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their safety. The major issue regarding toxicity is the accumulation of the NPs in organs, such
as spleen, kidneys, liver, and lungs. This toxicity seems to be dependent on the size, shape,

surface charge and aggregation state of the NP.[10]

When the nanoparticle enters the body contacts with the biological fluids and forms a
layer with the biomacromolecules present in the fluids, called protein corona. This protein
layer modifies the physicochemical characteristics of the NP and can induce changes in the
endogenous biomolecules that contacts with the NP. Also, the protein corona can induce
protein aggregation, therefore these aspects can pose safety problems. However, there is
evidence that shows correlation between the density of the protein corona and the decrease
in toxicity, the interaction between the NP and the circulant proteins limits the interaction

between the NP and tissue.[| ]

Several NPs showed ability to induce oxidative stress with the production of reactive

oxygen species, epigenetic modifications, and production of inflammatory mediators.[12]

Some strategies can be used when developing a NP formulation to minimize the

toxicity: surface protection (eg. PEGylation) and conjugation with targeting moieties.[9]

Besides the safety issues, NPs offers multiple benefits in allowing a site-specific delivery
with subsequent decrease in side effects. Some of the NPs in use are polymeric NPs,

liposomes, and solid NPs.

With the aging of the population, the prevalence of age-related disorders has increase,
such as Alzheimer’s and Parkinson’s diseases. The problem is not only with central nervous
system (CNS) diseases but also with ocular diseases, like age-related macular degeneration

and glaucoma.[3]

The treatment of these diseases presents some issues regarding the ability to target

the affected cells, due to the presence of the biological barriers.

The brain is protected from the blood circulation due to the blood brain barrier (BBB).
This barrier is important to protect the brain from toxic substances, however, consequently

this barrier limits the delivery of drugs.[14]

In the eye, the existence of a similar barrier, the blood retinal barrier poses the similar

delivery problems.

To overcome these problems, the development of nanoparticles presents an attractive

approach to delivery drugs to these organs.
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BLOOD BRAIN BARRIER

The Blood Brain Barrier is an important structure that contributes to homeostasis and
protection of the brain. [I5] The barrier is formed by capillary endothelial cells, pericytes,

astrocytes, neuronal cells, and perivascular macrophages.[16]

The endothelial cells are connected by tight junctions forming continuous
nonfenestrated vessels. This strong system limits the diffusion of molecules and ions, by limiting

the paracellular transports.[|7]

/Pericyte

Astrocyte |

Endothelial cell

Tight junction /

Figure | - Schematic representation of the BBB. In blue is represented the astrocytes; green is a neuron; orange
is the pericyte; the endothelial cells are in pink with tight junctions between them. Created in biorender.

The transport between the blood and the brain involves passive diffusion, transporters,

and receptors.

There are carrier-mediated transporters, receptor-mediated transporters, and efflux

transporters.[14]

The carrier-mediated transporters are responsible for the transportation of glucose,

aminoacids, hormones, fatty acids, nucleotides, ions and vitamins.
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Figure Il - Schematic representation of the type of transporters in the BBB. Created in Biorender.

Some of the main explored receptors and transporters include the transferrin

receptor, insulin receptor, low density lipoprotein receptor and the glucose transporter.[ 18]

Transferrin receptor

The Transferrin’s receptor-mediated transcytosis has been intensively investigated due

to its higher expression on BBB.[19]

Transferrin (Tf) is a glycoprotein responsible for the transport of ferric iron, each
protein can bind to two iron atoms. [20] This binding is pH dependent, at a pH of 7.4 the iron-
transferrin binding is almost irreversible, however at a pH lower than 6.5 the transferrin

releases the iron.[21]

The Tf-receptor (TfR) can bind to two molecules of Tf, so in total the TfR can

internalize four ferric iron.

Davis et al. conducted a study where they demonstrate that Tf containing gold particles
are capable to pass through the BBB, [22] further in another study conducted by the same
group, they verify that by incorporating a pH sensitive linker between the Tf and the AuNP
core the transport of the gold nanoparticles into the brain would increase. This linker will
permit high-avidity interaction with TfR on the blood side and once within endothelium the

linker will cleave, dissociating the Tf from the nanoparticle core.[19]

However, under physiological conditions the TfR is almost saturated, so to overcome
this problem, some studies are being conducted using monoclonal antibodies, like OX26, an

antibody that recognize a binding site different from the natural ligand Tf.[21]
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Glucose transporter

The brain depends on glucose as an energy source, using around 100-150 g of glucose

per day.[23]

Glucose reaches the brain by two types of transporters: uniporter glucose transporters

(GLUTs) and sodium-dependent glucose transporters (SGLTs).

In the brain, the transporters GLUT| and GLUT3 play a major role in the glucose

uptake via facilitated diffusion.[24]

Using endogenous transporters has a problem since they are generally highly
stereospecific for their natural substrate. To overcome this problem certain modifications

must be made: pro-drug approach.[23]

Some strategies have been developed like synthesis of liposomes from glucose
derivatives of cholesterol to encapsulate drugs targeting GLUTI| in the BBB. Using this
strategy, a study was conducted using these liposomes loaded with docetaxel, and results
showed significantly increase in docetaxel when compared with uncoupled liposomes and

naked docetaxel.[25]

Insulin receptor

To reach the brain, insulin interact with insulin receptor (InR), expressed at luminal
side of BBB endothelial cells. However, the use of insulin as a targeting ligand is not viable due
to side effects related to physiological effects of this hormone, like hypoglycemia.[ 18] Similarly
to what happened with TfR, monoclonal antibody strategy was explored and one HIRMADb

bound with InR with high affinity and was rapidly transported to all parts of the brain.[26]

Using this monoclonal antibody, experiments were made with the aim to develop a
strategy to use in Mucopolysaccharidosis Type | (MPSI), a disease caused by mutations in IDUA
gene,[27] whose responsible for provide instructions for the synthesis of alpha-L-iduronidase

enzyme that hydrolyzes large sugar molecules.[28]

In the experiment, the HIRBMADb was fused with this enzyme and successfully delivered

IDUA to brain cells.[29]
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Low density lipoprotein receptor

The cholesterol homeostasis in the brain is controlled by a receptor in the BBB called
low density lipoprotein receptor (LDLR). This receptor is responsible for the uptake of

cholesterol through binding to apolipoprotein B and E.[18]

Although these apolipoproteins are effective targeting agents, angiopep-2, a LDLR
targeting peptide has been investigated and demonstrated better results compared with apo
B and apo E. This peptide has been used to transport a variety of nanocarriers with ranges

between 7 and 200 nm into the brain.[30]

ATP-binding cassette (ABC) transporters

This family is responsible for the efflux of substance through the cellular membrane,

including therapeutics one.

In the BBB, P-glycoprotein | (Pg-p) is expressed in the endothelial cells, astrocytes and

microglia.[ 18]

To minimize the efflux of therapeutic molecules, strategies using an inhibitor of the Pg-
p co-administered with the drug are being developed. In the brain, the inhibitor can act by
competitively or allosterically blocking the drug binding site or by interfering with the ATPase

binding site in the efflux pump, impeding the production of energy required to the transport.

The problem with this strategy is the increase uptake of toxic substances into the brain,

so the use as a long-term therapy as to be carefully thought out.[31]

Besides the use of receptors and transporters of the BBB to drug delivery to the brain,
the altered expression profiles and molecules modifications, characteristics of certain diseases
can be used as a marker. For example, the use of nanomedicines developed with components
that respond to specific stimulus (pH, temperature, enzymes). Cell-mediated transport is also
a strategy, where a specific cell (e.g., leucocytes and steam cells) involved in the physiological

response of that disease can be used to carrier our formulation.[32]
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NANOMEDICINES

According to the definition given by the European Commission, a nanomaterial

contains particles in the size range |nm-100nm.[33]

Free drugs like peptides, proteins and genes have been explored as a therapeutic
approach to CNS diseases, however due to the complexity of the BBB, these drugs showed
poor stability, inadequate release profiles, difficulty reaching the brain and rapid enzymatic

degradation.

So, to defeat these obstacles, nanocarriers are being developed to protect and deliver

these free drugs.[34]

The brain accumulation of these nanoparticles depends primary on their size, surface

charge and shape.

Regarding the size, an ideal size for brain delivery is between 10nm and 100nm, small
particles (<IOnm) are rapidly removed via renal clearance and large particles (>200nm)

accumulate in the liver, spleen, and bone marrow.

Cationic nanoparticles interact better with the brain capillary endothelium due to its
negative charge cells, however they are susceptible of being attacked by the mononuclear

phagocyte system (MPS).[32]

When entering the body, nanoparticles contact with biological fluids and absorb their
proteins forming a protein layer, called protein corona. The formation of the protein corona
depends on the size, shape and surface of the NP and can alter the NP biological response,
like cellular uptake, toxicity, and clearance.[15,35] A way to escape the MPS and to mitigate
the formation of the protein corona, is using PEGylation as a strategy - coating or conjugation

polyethylene glycol (PEG) with nanocarrier systems.
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Figure Il — Schematic representation of different types of nanoparticles. Created in biorender.

Lipid base nanoparticles
e Liposomes

Spherical versicles composed by uni or multi-lamellar phospholipid bilayers with
an aqueous core.[36] Cholesterol is frequent included in the formulation, he gives stability and

modulates the membrane permeability.[37]

They can be loaded with hydrophobic, hydrophilic and amphiphilic drugs, and also
they are non-toxic, biocompatible and biodegradable, making them a very versatile drug-

delivery system.[36,38]

However, liposomes are not able to cross the BBB, so to overcome this problem,

specific ligands are attached to their surface.

Chen et al. conducted a study where they use dual-ligand liposomes loaded with
two different drugs, paclitaxel, and doxorubicin, to target a glioma tumor. To overcome the
BBB, they use as ligand transferrin, however, the use of TfR is sometimes unavailable due to

its saturation. To tackle this issue they used TAT, a well-studied cell-penetrating peptide.

In this formulation, liposome enables the use of a combine therapy with hydrophobic
paclitaxel and hydrophilic doxorubicin. The study was conducted in glioma mouse models, and

as result this dual targeting delivery improved the cellular uptake, stronger BBB permeation
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and glioma targeting. The chemotherapeutic effect was higher when compared with other

formulations.[38]

e Solid lipid nanoparticles

Composed by a solid lipid core dispersed in aqueous solution containing a surfactant.

These nanoparticles can be loaded with hydrophilic and hydrophobic molecules, and
they can carry different types of drugs: small molecules, large biomacromolecules, DNA and

siRNA.

Solid lipid nanoparticles (SLN) improve drug stability and control of drug release,
however they pose some limitations such as insufficient drug loading capacity and unexpected

phase transition.[39]

These nanoparticles seems to cross the BBB through receptor-mediated endocytosis,

so some studies around SLN surface functionalization have been made.[40]

One study conducted by the University of Porto, used SLNs functionalized with
apolipoprotein E (ApoE). As mentioned before, BBB has LDL receptors that can bind with

ApoE, so this study took advantage from this interaction.

In this study they use hCMEC/D3 cell line as a model of the human BBB, in the end

they successfully validate their ApoE-functionalized SLNs.[41]

Polymeric nanoparticles

o Micelles

Solid colloidal systems formed in solution by self-assembling of amphiphilic polymers,

in which the drug can be incorporated during their formation.[42]

This nanoparticle is special attractive due to the ability to incorporate low water-
soluble drugs, high drug-loading capacity, prolonged blood circulation and potential to be used

for controlled drug release.[14,43]

Miura et a.l used these nanoparticles to develop a strategy with therapeutic utility to
reach glioblastoma multiforme (GBM). In the study, cyclic Arg-Gly-Asp (cCRGD) was used as
ligand due to this peptide affinity for the RvpB3 and Rvp5, integrins overexpressed in the cells
of tumor angiogenic vessel and GBM cells. The cRGD-linked polymeric micelles loaded with
an antitumor drug achieved the GBM cells and induced potent antitumor effects in a mouse

model of GBM.[44]
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e Dendrimers

Dendrimers are nanosized macromolecules with symmetric branching units coming out

of a core.[45]

The end groups of these nanoparticles can be modified allowing drugs, antibodies, and
peptides to be attached. Small molecules can also be encapsulated, allowing the improvement

in solubility, bioavailability, and control drug release.

Dendrimers with positive charged functional groups in the surface usually cause
hemolysis and low compatibility. To mitigate this problem, surface functionalization with PEG

is often performed.

PEGylation is also used to overcome the problem of low water solubility complexes

due to conjugation of many drug molecules.[46]

Liu et al. developed a study using a dual targeting drug delivery dendrimer to target
glioma cells. Poly(amidoamine) (PAMAM) dendrimer loaded with doxorubicin and conjugated

with angiopep-2 and EP-I(peptide targeting epidermal growth factor receptor).

Results showed improvement in BBB permeability and increase in doxorubicin (DOX)

anti-glioma effect.[47]

Inorganic nanoparticles
Nanoparticles with easily modified physiochemical properties and high stability. Their
unique electrical, magnetic, and optical properties make them interesting nanoparticle for

theragnostic purpose.[14]

e Gold nanoparticles

Nanoparticles with gold in the core, mainly synthesized by reduction of a gold salt and

can be produced in defined size ranges.

These particles have several characteristics like high surface-area-to-volume ratio,
ability to deliver several therapeutics like drugs, proteins, nucleic acids or enzymes and higher
drug loading capacity. AuNP have plasmonic properties, which is useful for gold detection,

measuring gold concentration and characterization of these nanoparticles.[48]

The smaller AuNPs can cross the BBB through the spaces between astrocytes and the
capillary endothelium, the ability to modified AuNPs surface allows active targeting and limits

the off-target toxicity.[49]
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Ruan et al. developed a study where they use doxorubicin in AuNPs covered with PEG

and Angiopep 2 to target glioma cells.

The An-PEG-DOZ-AuNPs system showed higher cellular uptake and accumulation in
glioma cells. The angiopep 2 ligand showed increase in glioma targeting capacity when
compared with AuNPs without angiopep 2 and free doxorubicin, probably due to the

interaction with low density lipoprotein receptor in the BBB.[50]

e Magnetic nanoparticles

Consisted of an iron oxide core coated by a biocompatible surface. This surface can

attach different ligands specifics to the target receptor.

To reach the target, these nanoparticles use an external magnet that generates
magnetic force which in turn will increase the movement of the magnetic nanoparticle (MNP)

in the systemic circulation.[51]

One of the limitations of these NPs is the risk of forming aggregates due to their large
hydrophobic surface. This has several safety implications due to the risk of blood clotting. A

way to overcome this is using superparamagnetic nanoparticles.

Magnetite (Fe;O,) and maghemite (yFe,O;) are superparamagnetic, meaning that at
certain temperatures they do not retain any magnetization in the absence of an external
magnetic field, make them ideal to drug delivery because their response can be modulate with
an external magnetic field and their activity ceases when the field is turned off, so the risk of

agglomeration is lower.[52,53]

A study conducted in 2016, demonstrated an increase in the permeability of the
vascular endothelium by using iron oxide nanoparticles with an external magnetic field. That
increased in permeability seemed to be due to the temporarily disrupt in the endothelial

junctions caused by these NPs.[54]

Ling et al. developed a study using Polysorbate 80 coated temozolomide-loaded PLGA-
based superparamagnetic nanoparticles (P80-TMZ/SPIO-NPs) for cancer therapy in brain
glioma Cé cells. P80-TMZ/SPIO-NPs exhibited excellent sustained drug release, almost 21

days, high drug loading and great encapsulation efficiency.[55]

e Quantum dots

Semiconductor nanocrystals with diameter less than 10 nm and generally composed of

cadmium, lead, and mercury.[56]
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This strategy has been investigated as a therapy option for HIV-associated
encephalopathy. HIV infection leads to an upregulation of matrix metalloproteinase-9 (MMP-
9), causing proteolytic degradation of endothelial cells matrix, disruption of tight junctions and

increase in BBB permeability.

Inhibition of MMP-9 is possible by using siRNA to silence the expression of MMP-9
gene in the brain endothelial cells. A study where quantum dots complexed with MMP-9-

siRNA was used, showed decrease in endothelial permeability.

Following this study, quantum dots with targeting molecule transferrin and Saquinavir,
a protease inhibitor, were evaluated and the results showed an increase in drug solubility,
distribution, and accumulation in the brain. This study and another with the same principle but
instead of using Saquinavir was used Amprenavir, showed significantly inhibition of HIV-I

replication in infected cells.[57]
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NASAL DRUG DELIVERY

In the past years, the nasal route has been explored to target drugs to bypass the blood
brain barrier. This transport seems to be possible due to the olfactory nerves existing in the
olfactory epithelium, that transports the drug to the cerebrospinal fluid (CSF) and therefore
into the BBB.

The nasal route is a high-vascularity area, characterized by a rapid absorption and high
permeability. However, the absorption in this area is sometimes compromised by the rapid

mucociliary movement and diseases affecting the nasal mucous membrane (e.g., cold).[58]

Figure IV - Schematic representation of nasal drug delivery to the CNS. Created in biorender.
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BLOOD RETINAL BARRIER

Our eyes are dividing in two segmentes: the anterior segment composed by the
aqueous humor, conjuctiva, cornea, iris, ciliary body and lens; the posterior segment
composed by the vitreous humor, sclera, choroid, retina, macula and optic nerve.[59]

The drug delivery to the eye has several challenges due to the physical and
physicological barriers.[60]

The primary defense mechanisms of the eye includes the blinking reflex, tear turnover
and nasolacrimal drainage.[61]

The cornea also functions as a barrier to pathogens due to the multilayer epithelium
with tight junction.[62] To protect the eye from the circulatory system, there are two barriers:
blood-aqueous barrier and blood-retinal barrier.[63]

This review will focus on the blood-retinal barrier (BRB) and the impact in the drug
delivery to the eye.

The BRB is divided in inner BRB and outer BRB. The inner is formed by the tight
junctions between the retinal capillary endothelial cells and the outer BRB is formed by the
retinal pigment epithelial cells and is responsible for regulating the transport of solutes and
nutrients from the choroid to the retina.[64] These tight junctions limit the substances

diffusion, only allowing small molecules, like O,and CO,and lipophilic molecules to diffuse.[65]

Inner blood retinal barrier

Retina

Pericyte Retinal capillary

Lens endothelial cell

Cornea

Outer blood retinal barrier

Anterior
chamber

Tight junctions

Iris Retinal pigment epthelial cell

Choroid
Sclera

Figure V - Schematic representation of the eye and the blood retinal barrier. Created in biorender.
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The transport across the BRB involves:

* Paracellular diffusion: Substance’s diffusion is regulated by the tight junctions.
* Transcellular diffusion:
= Facilitated diffusion: Transport in favor of the concentration gradient, one example
is the transport of glucose via glucose transporter (GLUTI).
= Active transport: Transport against the concentration gradient with ATP
consumption.
= Transcytosis: Vesicles transport through the invagination of the membrane. This
method is not so relevant in a normal BRB.[66]
= Efflux transport: The BRB has transports capable of removing xenobiotics and

anionic drugs.[67] One example is the ABC transporter superfamily.[68]

Breakdown of the BRB occours in many occular diseases and leads to a macular
edema.[69] This edema is responsible for visual loss in retinopathies, such as diabetic

retinopathy and age-related macular degeneration.[70]

The breakdown is caused by disruption of the tight junctions, changes in the vascular

endothelial cells, loss of pericytes and increases cappilary pressure.[71]

OCULAR DELIVERY

Most of the drugs used to treat eye diseases are for topical administration, such as eye
drops. Although, problems like poor bioavailability, rapid clearance, and difficult patient
compliance limits the use of the drops to anterior segment conditions.[61] These problems
are mostly due to the fact that the cul-de-sac of the eye can only hold 30uL of volume so
when applying an eye drop, which is about 25-50puL, the volume increases and the blinking

reflex removes the majority.[61,72]The cornea barrier also explains this ineffectiveness.

The intravitreal delivery is the most efficient to drug delivery to the posterior segment
of the eye, however, this administration is invasive, leading to safety issues.[72] Due to high
drug elimination rate associated, frequent injections are required, increasing the risk of retinal

detachment, cataract ad glaucoma.[64]

Although the systemic route is less invasive, the existence of the BRB significantly
decreases the bioavailability. Higher doses are required, leading to significant systemic side

effects.[72]
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NANOMEDICINES

Inorganic nanoparticles

* Gold nanoparticles: Kim et al. conducted a study addressing the use of gold

nanoparticles as potential nanocarriers to drug delivery across the BRB. In their study, they
evaluated the gold nanoparticle’s ability to cross the BRB and their toxicity. To do that, they
used two sizes of gold nanoparticles (20nm and 100nm), that were administered by
intravenous injection to C57BL/6 mice. The toxicity evaluation was also performed in human
retina microvascular endothelial cells. The results showed that the 20nm nanoparticles were
able to cross the BRB and were found in the retina bound with retinal neurons, endothelial
cells, and peri-endothelial glial cells membrane. These nanoparticles seemed to cross the BRB
through transcytosis. No retinal toxicity effect was found when evaluating cellular viability of
retinoblastoma cells, retinal endothelial cells and astrocytes.[73]

Diabetic retinopathy (DR) is one of the common causes for visual impairment [74] and
is characterize by an increase in vascular endothelial growth factor (VEGF) that causes
neovascularization and increase in vascular permeability, resulting in vision loss.[75] Gold
nanoparticles showed ability to suppress VEGF and inhibit angiogenesis in retinal cells.[76]

Dong et a.l. developed an AuNP produced with resveratrol in eco-friendly synthetic
mechanism. The administration was performed in Wistar male rats by oral gavage, diabetes
was induced in these rats. Results showed a higher permeability of the BRB, measured by

Evans blue dye (EBD) injection technique, and decrease in VEGF.[77]

* Magnetic nanoparticles: Tabatabaei et al. performed a study to assess the increase

in permeability of the BRB using hyperthermia induced by MNPs. The MNPs were coated with
human transferrin glycoproteins (Tf), since Tf receptors are expressed in the endothelium.
After the local injection of the MNPs, they applied a magnetic field to induce hyperthermia.
To evaluate the permeability of the BRB, they systemically injected two dyes: sodium
fluorescein (NaF) and EBD.

The results showed increase in the dye penetration, and a recovery of the BRB after 2

h.[78]
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Polymeric nanoparticles

* PLGA nanoparticles: Singh et al. successfully performed a study where they used
PLGA nanoparticles functionalized with arginine—glycine—aspartic acid (RGD) peptide,
transferrin or both and loaded with VEGF to manage choroidal neovascularization (CNV)
present in age-related macular degeneration. (AMD).[79]

AMD is a disease that affects the macula and is the leading cause for severe vision loss.
It can be divided in neo vascular (wet AMD) and non-neo vascular (dry AMD). The current
treatment for wet AMD is the intravitreal injection of anti-VEGF intraceptor plasmid, however,
despite the effectiveness of this treatment, the need for repeated intravitreal injections has is
downside.[80]

In this study, they used RGD because it binds integrin o,B;, this integrin is
overexpressed in age-related macular degeneration (AMD).

They used Brown Norway rats and the lesions were induced in the right eye through
laser.

The results showed increased in the retinal delivery of this functionalized nanoparticle
and the consequent delivery of anti-VEGF intraceptor plasmid to CNV lesions, leading to a

reduction in these lesions areas.[79]

* Dendrimers: AMD, diabetic retinopathy and glaucoma are the most prevalent
retinal disorders. Associated with them is the increase in microglia activity, which leads to the
progression of these diseases.[8]] The microglia cells can be potential target to limit the
development of damaging effects in the retina.[82] Kambhampati et al. evaluated the PAMAM
dendrimers uptake in microglia cells. To perform this study, they worked with BALB/c albino
mice. An ischemia/reperfusion (I/R) injury was inflicted in the mouse left eye; the other eye
served as control. Fluorescent labelled dendrimer with cyanine dye (Cy5) were injected
intravitreally or intravenously.

The dendrimers targeted and stayed in the microglia cells during approximately 21 days
in the diseased retina, either when administered via intravitreal or systemic. The dendrimers
were rapidly eliminated from the healthy eyes (24h-72h) and from off-target organs. Given
these results, these dendrimers could be a possible carrier to use in retinal diseases

treatment.[83]
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» Precision-Polyester nanoparticles: The transport of precision-polyester

nanoparticles (P2Ns) conjugated with gambogic acid (GA) across the BRB was evaluated. The
principle behind this study consists in using the TfR present in the inner BRB, ganglion cell
layer, inner nuclear layer, outer plexiform layer, photoreceptor inner segment, RPE, and
choroid by using the ligand GA. The experiment was performed using an ex vivo rat eyeball
model. The results indicate the presence of P2Ns-GA in the ganglion cells, the same not

occurred with P2Ns without GA.[84]

Liposomes

= Cationic liposome: This type of liposomes proved in previous studies to be efficient

in target angiogenic vessels [85], make them a potential carrier to target choroidal
neovascularization in AMD. With this premise, Gross et al. developed cationic liposomes
loaded with paclitaxel and succinyl-paclitaxel. The experiment was performed in C57BL/6)
mice with laser induced CNV, and as control they use non-loaded cationic liposomes, free
paclitaxel, and trehalose buffer. The results showed a significant decrease in CNV areas in
paclitaxel and succinyl paclitaxel liposomes in comparison with the control groups.

The authors concluded that the systemic intravenous injection of this loaded cationic
liposomes had a significant antiangiogenic effect and could be a potential strategy to

management of AMD.[86]

= PEGylated liposome: Vighi et al. used PEGylated liposome as drugs delivery carrier

in hereditary retinal degeneration.

Hereditary retinal diseases are characterized by mutations that lead to progressive
photoreceptor cell death.[87]The cGMP (cyclic guanosine- 3',5-monophosphate)-dependent
activation of protein kinase G (PKG) and cyclic nucleotide-gated channel (CNGP) seems to be
responsible for the apoptosis of these cells.[88] In the previous mentioned study, they loaded
the liposomes with an inhibitory analog (CNO3). The aim was to use an inhibitory ¢cGMP
capable of inhibit PKG and CNGP.[89]

They used glutathione-targeted PEGylated (GSH-PEG) liposomes (LP-CNO3) and
compared their effect with empty GSH-PEG liposomes and free CNO3.

The results showed that LP-CNO3 were capable to cease the photoreceptor
degeneration and preserved the retina. The encapsulation with GSH-PEG liposomes showed

higher in vivo half-life in the bloodstream when compared with free CN03.[89]
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Photo-targeted nanoparticles

To target CNV in AMD, Wang et al developed a nanoparticle capable to be
administered intravenously and reach the CNV lesion via light-triggered targeting. The
nanoparticles were functionalized with a cell penetrating peptide (CPP) binding to a
photocleavable caging group, 7-(diethylamino) coumarin-4-yl] methyl carboxyl (DEACM).
DEACM allows the nanoparticle to accumulate in the lesions and minimizes the off-target
effects by protecting the CPP. When the NP reaches the target, irradiation with blue light
cleaves DEACM from the CPP.

The experiment was conducted using an induced CNV mouse model. The results
showed higher fluorescence intensity, leading to a conclusion that these NPs can accumulate

in CNV areas.

After these promising results, the group loaded NPs with doxorubicin, a drug used in
AMD. These irradiating NPs were capable to significantly reduce the CNV lesion when

compared with free doxorubicin and NPs loaded with doxorubicin without irradiation.[90]
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BBB AND BRB MODULATION

Between the endothelial cells of the BBB and BRB exists tight junctions that limit the
paracellular transport.[91] These tight junctions consists of at least three different types of
membrane proteins — occludin, members of the junctional adhesion molecule family of

proteins and claudin protein.[92]

Campbell et al. developed a study to modulate the tight junctions in the BBB by using

a siRNA targeting claudin-5.[93] Claudin-5 is specific for endothelial cell’s tight junctions.[94]

To evaluate the permeability of the BBB, the group used EZ-Link TM Sulfo-NHS-Biotin
(443 Da), Hoechst H33342 (562 Da) and FITC-labelled dextran FD-4 (4400 Da), molecules
that are not able to cross normal BBB. The EZ-Link TM Sulfo-NHS-Biotin and Hoechst
H33342 were able to cross the BBB for | week and 72 hours, respectively. FITC-labelled
dextran FD-4 was not able to cross the BBB, which shows that the modulation of the BBB
using this approach is time-dependent and size-dependent. In this study, they also evaluated
the delivery of small neuropeptide thyrotropin-releasing hormone (TRH), the results showed

an increase in TRH delivery to the brain, when the claudin-5 is suppressed.[93]

After this study, Campbell et al. performed a study to evaluate the impact in suppressing
the claudin-5 in the permeability of the BRB. They used the same approach used in the previous
study and a mousse model of autosomal recessive retinitis pigmentosa (RP) and a mouse model

of light-induced retinal degeneration.

To evaluate the permeability of the BRB, before the procedures they administered
claudin-5 siRNA. After, in the mouse model of RP, they injected GTP, a mediator of visual
phototransduction. To evaluate this approach, they performed an electroretinography, the
results showed an improve in visual enhancement. In the group submitted to light ablation,

they injected an apoptosis inhibitor, and the results showed less photoreceptor cell death.[95]

Temporary hypotony and ocular inflammation

The major obstacle of the systemic administration is the presence of blood ocular
barriers (BOB), with that in mind Occhiutto et al. reflected on the hypothesis of temporary
breakdown the BOB to drug delivery via systemic administration. There are three possible
ways to disrupt the BOB: intraocular surgery, induced ocular hypotony and pharmacologically

induced ocular inflammation.
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Temporary hypotony doesn’t cause irreversible damage to the eye and is a current
practice in some ophthalmic procedures. Since there are no current topical hypotensive drug
capable to achieve the satisfactory drop in the intraocular pressure, the only option is to

proceed with a paracentesis, which is an invasive procedure.

Ocular inflammation could be induced using specific drugs, epinephrine and bradykinin

showed ability to increase the permeability of the BOB.

Although these strategies seem promising, their use requires not only a topical drug to

induce the breakdown but also a drug to reverse it.[96]
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CONCLUSIONS

Nowadays an urge in developing medicines to treat diseases related with the aging
population leads to find new technologies. Some of the most prominent diseases related with
the increase in life expectancy are the neurodegenerative and the retinal degenerative diseases.
In these diseases the difficulty to reach the target poses a significant problem and new

approaches are being considered.

The use of nanoparticles to treat neurodegenerative and retinal degenerative diseases
seems promising and it has been extensively studied. However, most of these nanoparticles
had only been studied in in vitro and animal models. Although these models pretend to mimic
the interaction in human body and the drug performance, sometimes they can’t predict the

human response.

Some extensive studies should be performed to access the efficacy and safety of the

nanoparticles as a drug delivery system.
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