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PARTE I

Relatorio de Estagio em Farmacia Comunitaria

(Farmacia Sao Martinho)

g

Sl’ormécio $&o Martinho

Estagio sob a orientacao da Dra. Marta Costa




“O farmacéutico é um agente de saude, cumprindo-lhe executar todas as tarefas que ao
medicamento concernem, todas as que respeitam as andlises clinicas ou andlises de outra natureza
de idéntico modo suscetiveis de contribuir para a salvaguarda da satde publica e todas as acoes de

educacgdo dirigidas a comunidade no Gmbito da promogdo da saude.”

In Codigo Deontologico da Ordem dos Farmacéuticos



LISTA DE ABREVIATURAS

BPFC — Boas Praticas de Farmacia Comunitaria

CDI - Denominagao Comum Internacional

FFUC — Faculdade de Farmacia da Universidade de Coimbra
FSM — Farmacia Sao Martinho

MICF — Mestrado Integrado em Ciéncias Farmacéuticas
MNSRM - Medicamentos Nao Sujeitos a Receita Médica
MSRM — Medicamentos Sujeitos a Receita Médica

PVP — Preco de Venda ao Publico

SWOT - Strengths, Weaknesses, Opportunities, Threats
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I- INTRODUCAO

“As farmdcias comunitdrias constituem, muitas vezes, o primeiro elo de ligacdo do utente

” [ Perante a necessidade da prestagio de cuidados de salde, dado o

aos servicos de saude
acesso facil e gratuito, € primeiramente a farmacia que o utente se dirige. Esta premissa,
ainda se torna mais relevante, se for tomada consciéncia da auséncia de quaisquer outras
estruturas de salde, em inUmeras zonas do territorio nacional, assumindo as farmacias um
papel preponderante na imediata resolugio de transtornos de salide menores %,

O farmacéutico é reconhecido como um agente de saude publica altamente
especializado no medicamento, tendo um papel importante em todo o seu circuito,
inclusivamente na dispensa e respetiva toma pelo utente Pl Esta atividade central na 4rea do
medicamento permite destacar e diferenciar o farmacéutico face aos outros profissionais de
salde ™. Dada a sua posicio privilegiada, varios sio os servicos disponibilizados pela
profissao, que adicionalmente contribuem para uma agao cada vez mais centrada na gestao
da qualidade de vida do cidadao, como a promogao da literacia em saude, gestao da
terapéutica, administracao de medicamentos, monitorizagio de parametros bioquimicos,
detecao precoce da pessoa com doenga e sensibilizagio da comunidade para a adogao de
estilos de vida mais saudaveis '’ Supletivamente, a emergéncia de um mercado cada vez
mais competitivo, acompanhado de uma populagio mais informada e exigente, tem
direcionado o farmacéutico comunitario para a adogao de estratégias de marketing e gestao.

De acordo com o plano de estudos do Mestrado Integrado em Ciéncias
Farmacéuticas (MICF), disponibilizado pela Faculdade de Farmacia da Universidade de
Coimbra (FFUC), a formagao do farmacéutico termina com o ingresso num Estagio
Curricular em Farmacia Comunitaria, de carater obrigatério. O pinaculo do periodo
formativo é, sem duvida, a oportunidade dada a todos os futuros farmacéuticos de contactar
com a realidade profissional, possibilitando a consolidagao e aplicagio dos conhecimentos
tedricos e praticos anteriormente adquiridos, bem como o desenvolvimento de
competéncias essenciais a profissao farmacéutica. Entre elas, destaco o aumento do sentido
de responsabilidade, autonomia, empatia, capacidade de comunicar e a transparéncia de uma
constante disponibilidade e confianga ao utente.

Como estudante do MICF, exponho o presente relatorio, que consiste numa
apreciagao critica a luz da minha privilegiada experiéncia enquanto estagiaria, elaborado no
ambito do Estagio Curricular em Farmacia Comunitaria, que teve inicio a | de fevereiro e

término a 28 de junho de 2021, com uma duragao total de 810 horas, sob dedicada

orientagao da Dra. Marta Costa, Diretora Técnica da Farmacia Sao Martinho (FSM).
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Ao longo do relatorio, observa-se a adogao de uma anilise, segundo a técnica SWOT
(Strengths, Weaknesses, Opportunities, Threats), ferramenta simples e eficaz, que me permitiu
avaliar os pontos fortes, os pontos fracos, as oportunidades e as ameagas, que influenciaram
a minha aprendizagem e aplicagdo de conhecimentos, durante o decorrer do estagio em
farmacia comunitaria. Ademais, esta andlise sera previamente complementada por um
enquadramento da FSM, bem como pela apresentagao de um resumo das tarefas realizadas
no decorrer do estigio (Anexo |) e quatro casos praticos (Anexo Il e lll), relativos a

situagoes ocorridas perante o atendimento ao utente.

2 " ENQUADRAMENTO - FARMACIA SAO MARTINHO

Localizagdo e Hordrio de Funcionamento

A FSM é parte integrante do grupo Salrifarma - Produtos Farmacéuticos, Lda., tendo
como Diretora Técnica, a Dra. Marta Costa. Esta farmacia localiza-se na Rua da Escola
Agricola, em Sao Martinho do Bispo, pertencente ao distrito de Coimbra, e possui um
funcionamento de segunda-feira a saibado, no horario compreendido entre as 8:30 e as 20:00
horas. Para além do horario habitual, a insercio da FSM no regime de rotatividade das
farmacias do distrito de Coimbra, confere-lhe a responsabilidade de abertura por 24h, no
seu respetivo dia de servigo. Além disso, como o horario de funcionamento da farmacia nao
inclui interrupgao para almogo, permite que as pessoas que trabalham na regiao se possam
deslocar a farmacia durante este periodo. Constituindo, uma vantagem na rentabilizagao e
gestao do seu tempo, ponto fulcral na nossa sociedade atual, que se mostra cada vez mais

ocupada.

Equipa Técnica

A longa data de exercicio profissional de alguns elementos da equipa técnica e a
competéncia e a admiravel simpatia de todas as profissionais, garantem uma freguesia de
utentes fiéis. O ambiente familiar criado ao longo dos anos, permite que se conhegam
melhor as historias clinicas dos utentes, o que possibilita uma resposta mais eficaz as
necessidades de cada um deles. A posterior chegada de novas colaboradoras mais jovens,
veio enriquecer a equipa com novos pontos de vista e ferramentas mais dinamicas,
sobretudo ao nivel do mundo digital, que ajudam na divulgagao de sorteios e campanhas da
farmacia (Anexo V). A equipa técnica é constituida por quatro colaboradoras, trés das quais
sao farmacéuticas e uma € técnica auxiliar de farmacia, a quem se junta também, uma auxiliar

operacional, que assegura a limpeza da farmacia.
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Instalacées da Farmacia

As instalagoes da FSM obedecem as Boas Praticas de Farmacia Comunitaria (BPFC) e
ao Decreto-Lei n.° 75/2016, de 8 de novembro, que estabelece o atual regime juridico das
farmacias de oficina *°l. O Artigo 29.° do Decreto-Lei mencionado, explana o dever das
farmacias de possuir instalagoes apropriadas ao garante da seguranga, conservagao e
preparagao dos medicamentos, bem como, da acessibilidade, comodidade e privacidade dos
utentes e do respetivo pessoal .,

A FSM possui um espago interior dividido, essencialmente, em duas areas, front office
e back office. Apenas com um piso, com a sala de atendimento bem préxima do armazém de
stocks, permite que o apoio prestado aos varios utentes se faga com maior agilidade e de
forma menos morosa. Fator importante a considerar, visto que a farmacia também recebe
utentes esporadicos, que apenas se encontram de passagem e normalmente, pretendem que
o atendimento se faga com maior rapidez. A area de front office é constituida pela sala de
atendimento ao publico e pelo gabinete de atendimento personalizado. A sala de
atendimento ao publico dispde de um balcao continuo com trés postos de atendimento,
cada qual equipado com o software Sifarma 2000° e o Novo Médulo de Atendimento; um
vasto leque de Medicamentos Nao Sujeitos a Receita Médica (MNSRM) e outros produtos
de saude e bem-estar; e, uma zona de espera com assentos, destinados, maioritariamente,
aos idosos, pessoas com mobilidade reduzida e acompanhantes. O gabinete de atendimento
personalizado permite a comunicagao entre o utente e o farmacéutico, de forma mais
privada, onde também se realiza a medicao de parametros analiticos, como a pressao
arterial, o colesterol total, triglicéridos e a glicémia capilar. Este espago € ainda usado para a
prestacio de diversos servigos: administracao de injetdveis e vacinas, consultas de
osteopatia, nutrigao e podologia e rastreios auditivos. A area de back office é constituida pela
zona de recegao de encomendas, zona de armazenamento, escritorio, laboratério para a

preparagao de medicamentos manipulados e instalagoes sanitarias.

Servigos Disponibilizados

As farmacias podem prestar outros servigos farmacéuticos, a par da dispensa de
medicamentos/produtos de salde, com importante relevancia para a promogao da saude e
do bem-estar dos utentes. “As farmdcias foram evoluindo na prestacdo de servicos de saude e, de
meros locais de venda de medicamentos, bem como da produgdo de medicamentos manipulados
para uso humano e veterindrio, transformaram-se em importantes espacos de satde, reconhecidos

9 [6]

pelos utentes” ™. Neste sentido, a FSM oferece servigos farmacéuticos a populagao, como a

determinagao de parametros bioquimicos (glicémia capilar, colesterol total e triglicéridos),
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determinagao da pressao arterial, administragao de vacinas nao incluidas no Plano Nacional
de Vacinagao e medicamentos injetaveis, avaliagdio do risco cardiovascular, apoio ao
domicilio, realizagao de testes de gravidez, testes rapidos de antigénio do Estreptococos A e,
mais recentemente, testes rapidos de anticorpos (IgM e IgG) e testes rapidos de antigénio
para o SARS-CoV-2. Para além destes, o farmacéutico pode aconselhar e reencaminhar o
utente para servicos prestados por outros profissionais de saude, que colaboram com a
propria farmacia, realizando consultas de nutricao, osteopatia e podologia, bem como,

rastreios auditivos.

3 =" ANALISE SWOT

De acordo com as “Normas Orientadoras” cedidas aos estudantes do MICF, para a
realizagao da unidade curricular “Estagio”, o presente relatorio segue o padrao de uma
andlise SWOT, acrénimo em inglés para Strengths, Weaknesses, Opportunities e Threats 1. A
andlise SWOT € uma técnica de planeamento estratégico, inicialmente desenvolvida por
Albert Humphrey, por volta da década de 60, para aplicagao em qualquer organizagao, em
contexto de negodcios, como suporte para a tomada de decisdes, preponderantes na
obtencio de melhorias .

“Concentre-se nos pontos fortes, reconhega as fraquezas, agarre as oportunidades e proteja-
se das ameagas P\ Nesta acegio, e de acordo com os pressupostos de uma analise SWOT,
doravante, passarei a expor a apreciagao da minha prestagao no decorrer do estigio em
farmacia comunitaria, através do enfoque nos pontos fortes, mas nao desvalorizando, os
pontos fracos, por meio da analise do ambiente interno. Ainda que, nao imediatamente
controlaveis, por meio da andlise do ambiente externo, também devem ser consideradas as
oportunidades que foram surgindo, bem como, as ameagas identificadas. De forma resumida,
o Anexo VI relne os pontos fortes, os pontos fracos, as oportunidades e as ameagas

encontrados.

3.1. Pontos Fortes (Strengths)
3.1.1 Localizacao, horario de funcionamento e populacao envolvente

A localizagao estratégica da FSM permite o contacto com um vasto leque de utentes
com necessidades distintas, pela proximidade a uma diversidade alargada de infraestruturas.
Logo de imediato, se encontra uma escola primaria, uma igreja, um banco e um centro de
andlises clinicas. A area circundante é constituida de muitos habitantes locais, utentes

habituais da farmacia, mas também de estudantes de instituicoes de ensino superior, situadas
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ali perto, que provém de outras regioes do pais. Além disso, existem outros espagos de
interesse publico (estabelecimentos comerciais, ginasios, instituigdes privadas de saude,
entre outras) e transportes coletivos, que acabam por atrair também pessoas de outros
cantos da cidade de Coimbra. Em simultaneo, o horario alargado de segunda-feira a sabado,
sem interrupgao para almogo, e ainda, os dias de servico permanente, permite também
aumentar o nimero potencial de utentes.

No entanto, a FSM apresenta-se, essencialmente, como uma farmacia local, que serve
sobretudo utentes fidelizados e habituais da vizinhanga, devido a longa data de exercicio
profissional e simpatia da equipa técnica. Por sua vez, apesar da ampla distribuicao etaria, a
grande fatia dos utentes possui uma idade mais avangada, que esta associada a uma maior
probabilidade de medicagao com regime cronico e, consequentemente, maior frequéncia de
idas a farmacia. Nesta faixa etaria pude explorar melhor o aconselhamento de suplementos
alimentares (essencialmente, para problemas gastrointestinais, dores musculares e articulares
e afecoes das vias respiratorias), produtos de higiene oral (sobretudo para limpeza de
proteses) e dispositivos médicos. Por outro lado, num meio mais rural e em que as pessoas
de idade mais avancada vivem muitas vezes solitarias cresce o nimero de animais de
estimacao e também, os cuidados com os mesmos. Nesta acecao, pude conhecer melhor os
produtos de uso veterinario, bem como a aplicagio de medicamentos de uso humano em
animais (ex.: alopurinol é indicado na reducio da formacgio de acido drico em humanos !,
mas também é usado como adjuvante no tratamento da Leishmaniose canina). E ainda, dado
o contexto pandémico, com o gradual desconfinamento viu-se a chegar a farmacia muitos
estudantes jovens em que pude sobretudo aplicar conhecimentos acerca de contracegao de
emergéncia e aconselhar suplementos para melhorar a qualidade do sono e diminuir a
ansiedade ligeira.

Desta forma, vi a minha aprendizagem mais enriquecida pela oportunidade de atender
varias faixas etarias e diferentes classes profissionais, sociais e econémicas, que, certamente,

proporcionaram o contacto com diferentes situagoes clinicas e abordagens terapéuticas.

3.1.2. Integracao na equipa e autonomia

A longa data de exercicio profissional da equipa técnica da FSM, ganha junto da
populagao, uma certa sensagao de pertenga a propria farmacia. Este ambiente familiar, a
simpatia e a “arte de bem receber” por parte das colaboradoras, vinca a confianga que o
utente deposita no atendimento prestado. Considero que esta harmonia entre o

farmacéutico e o utente, observada por mim ao longo dos varios meses de estagio, me deu
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mais seguranga, quando me cabia a fungao de aconselhar algum produto ou simplesmente
dispensar um medicamento. A habituacdo dos préprios utentes com a chegada de novos
aprendizes e, consequentemente, maior compreensio e tolerancia, contribuiu,
conjuntamente, para a minha maior desinibigao na relagao com o utente.

A FSM conta ja com a recegao de inUmeros estagiarios, pelo que a equipa acolhe e se
adapta facilmente a integracao de novos elementos. A constante disponibilidade
demonstrada por toda a parte integrante da equipa, determinou nao s6 a aprendizagem da
maioria dos processos envolvidos numa farmacia, mas também desenvolveu em mim, um
maior grau de autoconfianga, essencial para um confortavel esclarecimento de duvidas.
Tanto, que desde o primeiro dia me incutiram “pergunta sempre que precisares, as vezes
que forem precisas”. Assim, pude sentir-me mais integrada na equipa e na dindmica da
farmacia, ao mesmo tempo que abria espago ao ganho de mais conhecimentos, fundamentais
a minha evolugdo como futura profissional farmacéutica. Assim, pude adquirir as
competéncias necessarias, que me foram dando liberdade, para a realizagao completa e
autonoma das mais variadas tarefas. Nao obstante, qualquer colaboradora demonstrou
sempre especial atengao na adverténcia de possiveis falhas, do mesmo modo que valorizou
atividades bem-sucedidas, o que levou ao aperfeicoamento das tarefas que ia realizando.

Sobretudo, aprendi que para o sucesso de um grupo de trabalho em contexto
empresarial/institucional, o eximio sentido de responsabilidade, profissionalismo e rigor,
devem andar de maos dadas com o respeito, espirito de entreajuda, humildade, boa
disposicio e amizade. Todos estes fatores positivos contribuiram para o meu
autoconhecimento na relagao com os outros, na medida em que hoje, me sinto mais

preparada para o ingresso em futuras equipas profissionais.

3.1.3. Estruturacao do plano de estagio — do back office ao front office

Aprendi que para um atendimento de exceléncia ha uma série de passos que o
precedem que tém de ser realizados e interiorizados. A fase inicial focou-se em toda a
dinamica de back office em que pude rececionar encomendas e fazer a sua verificagao, fazer a
gestao de produtos reservados pagos e nao pagos, contactar com a forma como os
medicamentos se encontravam armazenados (por forma farmacéutica, por ordem alfabética
e por ordem de dosagem), bem como, arrumar os produtos e fazer a gestao de stocks e
prazos de alidade de acordo com o método First Expired, First Out. O facto de nao existir
robot na FSM ajudou a memorizar mais facilmente os principios ativos e respetivos nhomes

comerciais. Estas fungoes desempenhadas foram cruciais para uma melhor prontidao no
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aconselhamento, durante o atendimento ao utente. Considero ainda, que foi essencial a
tomada do sentido de responsabilidade quanto aos telefonemas entre outras farmacias,
armazenistas e utentes. Cada assunto tratado por telefone era de imediato comunicado as
restantes colegas para que nao houvesse esquecimentos e para reunir a opiniao de todas de
forma a resolver melhor cada problema que ia surgindo. Numa fase posterior, tomei
conhecimento do local de armazenamento de cada “Documento de Psicotropicos”, dos
taloes de complementaridade dos organismos de comparticipagao e das receitas manuais,
bem como, observei a conferéncia do receitudrio. Posteriormente, aos poucos fui
interiorizando a forma como os lineares estavam organizados na area de front office,

Sem duvida que as tarefas mencionadas preenchem grande parte do trabalho numa
farmacia pelo que é essencial fazé-las acima de tudo para as perceber, para que o trabalho de
front office seja mais eficaz. Cada vez mais o sucesso das farmacias também depende da boa
gestao realizada atras do balcao, por isso é importante adquirir todo o conhecimento e
estratégias que seguram a satisfacao do cliente e a boa sustentabilidade econémica de uma

farmacia.

3.1.4. Servicos disponibilizados

Tal como mencionado acima, atualmente, ha uma crescente versatilidade dos servicos
disponibilizados, o que revela cada vez mais o papel das farmacias comunitarias na sociedade,
promovendo a salde dos cidadaos como um todo e nao apenas focando na dispensa de
medicamentos. Nesta acecao, foi me dada liberdade para um primeiro contacto com o
publico, através da medicao da pressao arterial, servico que permitiu conquistar mais
rapidamente a confianga dos utentes habituais. Por outro lado, dado o contexto pandémico
outros servicos na farmacia mereceram maior atengao, pelo que tive oportunidade de
realizar o teste rapido de anticorpos (IgM e IgG) e agendar e recolher os dados dos utentes
para a realizagao do teste rapido de antigénio para o SARS-CoV-2 (Anexo V). Aqui, destaco
o esforgo dos farmacéuticos em aprender a executar o teste rapido de antigénio, um servigo
farmacéutico inovador, e se disponibilizarem a testar cada vez mais cidadaos, o que tem
contribuido de forma crucial para interromper a cadeia de transmissao da COVID-19. E
ainda, me coube a fungao de preparar alguns pedidos para o servigo de apoio ao domicilio,

como pude acompanhar as colegas farmacéuticas neste servigo.
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3.1.5. Realizacdo prévia de um estagio de verao

O facto de ter realizado anteriormente um estagio de verao de 140 h numa outra
farmacia, também integrada num grupo de farmacias e sem a utilizacao de robot, com
armazenamento de medicamentos em gaveta, deu a possibilidade de me familiarizar mais
rapidamente com a forma de trabalhar da FSM. Para além de ter armazenado os produtos no
local correto, também procedi a rececao de encomendas e respetiva verificagio das
embalagens, prazos de validade e cilculo do preco de venda ao publico (PVP) na farmacia
anterior, utilizando o software Sifarma 2000%, o mesmo utilizado na FSM. Desta forma, estas

tarefas foram de facil execugao para mim logo no inicio do estagio na FSM.

3.1.6. Dualidade do sistema informatico

Considero que o facto de ter trabalho com duas versoes do sistema informatico na
FSM, Sifarma 2000° e o Novo Médulo de Atendimento, me enriqueceu muito pela positiva e
fez com que nao estivesse focada em fungoes memorizadas. Houve uma preferéncia pela
utilizagio do Novo Moddulo de Atendimento, ja que este permite fazer a dispensa de
medicamentos e outros produtos para varios utentes associados a um mesmo atendimento,
gerir melhor reservas pagas, a qualquer momento do atendimento consegue-se voltar para
tras para fazer alteragdes (ndo € necessario abater vendas e refazé-las novamente), entre
outras vantagens, comparando com o Sifarma 2000®. Apesar disso, o Novo Médulo de
Atendimento é um sistema que ainda esta a ser implementado e como tal necessita de
atingir uma adaptacao total ao seu uso. No entanto, a dualidade do sistema informatico foi
particularmente importante numa farmacia com bastantes utentes fidelizados, pois grande
parte deles queriam aviar receitas, mas nao tinham conhecimento acerca de quais os
laboratorios que costumavam levar. Assim, consultando o sistema mais antigo, o Sifarma
2000®, poderia consultar quais os laboratérios anteriormente dispensados para um utente
especifico. O histérico de cada utente do Sifarma 2000® nio tinha sido transferido para o

historico do Novo Maddulo de Atendimento.

3.2. Pontos Fracos (Weaknesses)
3.2.1. Prescricao por DCI e respetivo nome comercial

Durante o curso, o ensino é centrado na aprendizagem dos principios ativos e
respetivos mecanismos de agao, sem dar grande importincia aos respetivos nomes

comerciais. Entende-se essa abordagem de ensino, ja que permite focar a atengao no agente
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responsavel pela agao farmacolégica e também porque desde 2012, a prescricao médica é
realizada por Denominagado Comum Internacional (DCI), dando uma maior flexibilidade de
escolha para o utente ', Ora, inicialmente esta foi uma barreira enfrentada por mim
enquanto estagiaria, pois possuia um grande desconhecimento acerca da associagao entre o
principio ativo e respetivo nome comercial. Alguns utentes fidelizados chegavam a farmacia e
imploravam por vendas suspensas, indicando muitas vezes apenas o nhome comercial e por
vezes dito de forma errada, o que aumentada a demora no atendimento, por tentar
perceber qual seria de facto o medicamento pretendido. No entanto, e dados os seis meses
de estagio, esta dificuldade foi ficando cada vez menor com a realizagao de tarefas como a
rececao de encomendas e atendimento ao publico. Para além disso, a maior liberdade de
escolha entre o nome comercial e os varios genéricos pode ser desvantajosa, na medida em
que os utentes muitas vezes decoram o aspeto das embalagens, sem tomar atenciao a
designagao do principio ativo, podendo resultar em duplicagao da terapéutica (exemplos em
que o utente toma simultaneamente o medicamento de marca e o genérico ou dois

genéricos diferentes).

3.2.2. Preparacao de medicamentos manipulados

A preparacio de medicamentos manipulados é um servico disponibilizado em
farmacia comunitaria, mas que é cada vez menos comum, dado o desenvolvimento da
Indlstria Farmacéutica. Apesar de nao ter contactado muito com este servi¢o, pude numa
fase inicial observar e posteriormente auxiliar na preparagao de uma pomada de vaselina
contendo enxofre a 6% para aplicagao topica em lesoes resultantes de Escabiose (Sarna) e
uma solugao oral de propranolol (5 mg/ml) para uma crianga. Estas preparagoes permitiram-
me aplicar em contexto pratico os conhecimentos adquiridos na unidade curricular de
farmécia galénica, particularmente o uso do aparelho TOPITEC® e a aplicagio de técnicas de
pulverizagao e acondicionamento. Relembrei também que o calculo do PVP se obtém com
base no valor dos honorarios da preparagao, das matérias-primas e dos materiais de
embalagem. A ficha de preparagio do manipulado era armazenada em dossier juntamente
com a copia da respetiva receita médica e o rétulo devidamente preenchido. E ainda, tive
oportunidade de realizar a preparagao extemporanea de um antibidtico em particular, o
Clamoxyl®, que é comercializado na forma de po liofilizado, mas aquando da sua
administragao, é requerida a adigao de agua purificada para se obter o mesmo medicamento

na forma de suspensao oral.
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3.2.3. Stocks reduzidos

Cada vez mais as farmacias tém que racionalizar e gerir melhor os seus stocks, para
nao ocorrerem quebras desnecessarias, com consequentes perdas economicas. De facto,
esta perspetiva leva a que se defina um nimero minimo e maximo de embalagens para um
certo medicamento ou produto de saude, conforme a sua rotatividade, para se poder
equilibrar a oferta com a procura por parte dos utentes. No entanto, existem cada vez mais
laboratérios a produzir o mesmo principio ativo, pelo que aumenta a probabilidade de um
determinado utente pedir um medicamento de um laboratério especifico, que pode nao se
encontrar na farmacia. Apesar disso, na maior parte das vezes conseguia-se fazer uma
encomenda instantanea e o medicamento chegava em algumas horas a farmacia, nao
excluindo que alguns utentes mostravam algum desagrado por terem que esperar ou porque
precisavam do medicamento no momento. Por outro lado, devido a maior quantidade de
embalagens receitadas pelo médico, dado a inacessibilidade a consultas médicas em tempos
de pandemia, havia uma tendéncia para querer levar um maior niumero de embalagens
relativamente ao stock estipulado, especialmente de Medicamentos Sujeitos a Receita Médica
(MSRM). Ora, para além dos stocks se encontrarem estipulados de acordo com a
rotatividade dos medicamentos antes do periodo pandémico, foi publicada a Portaria n.°
284-A/2016 de 4 de novembro que define um numero maximo de 2 embalagens ou 4
embalagens (no caso de embalagem unitaria) do mesmo medicamento a serem dispensadas
por utente, por receita e por més, salvo devida justificagio '), No entanto, os stocks
reduzidos foram sendo ajustados as necessidades dos utentes, durante o decorrer do
estagio, para que a falta de medicamentos nao comprometesse os préoximos atendimentos.
Esta atualizagdo permitiu mostrar empatia e cuidado com o utente, aumentando a sua

fidelizacao.

3.2.4. Produtos de dermofarmacia e puericultura

Como ja referido, e a semelhanga de outras farmacias locais, a grande fatia dos
utentes da FSM possuia uma idade mais avancada, que estd associada a uma maior
probabilidade de medicagao com regime cronico. Os idosos normalmente inserem-se num
nivel socioecondmico mais baixo, pelo que acabam por focar os seus recursos financeiros
limitados em medicamentos, nao investindo tanto em outros produtos de salde e bem-
estar. Estes produtos, sao geralmente associados a quem possuem um nivel socioeconéomico
mais elevado. Por outro lado, se outrora as farmacias possuiam a venda exclusiva de

produtos de saude e bem-estar, nomeadamente, produtos de dermofarmacia e puericultura,
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atualmente outros estabelecimentos comerciais também podem usufruir dos lucros da sua
venda, aumentando a competitividade. Tal como muitas outras farmacias que sao afetadas
pelo fator concorréncia, a FSM nao é reconhecida pela venda de um vasto leque destes
produtos, pelo que enfraquece a sua procura por parte dos clientes e, consequentemente, o
seu aconselhamento. Em suma, a idade avancada dos utentes e os estabelecimentos
concorrentes constituiram um ponto fraco, na medida em que nao pude explorar

largamente o aconselhamento nas areas da dermofarmacia e puericultura.

3.3. Oportunidades (Opportunities)
3.3.1. Novas estratégias face ao contexto de pandemia

Dado o atual contexto pandémico do pais e do mundo, as farmacias viram-se
coagidas a adaptar as suas valéncias as novas necessidades da populagao, sem comprometer a
qualidade dos seus servicos. Neste sentido, destaco a importancia do servico de apoio ao
domicilio e a possibilidade da dispensa de medicamentos hospitalares em farmacia, a utentes
em regime de ambulatorio. O servico de apoio ao domicilio, tornou-se uma ajuda
importantissima para muitos utentes, que se encontravam em isolamento profilatico ou
infetados pelo SARS-CoV-2 e necessitavam, muitas vezes, de entrega de
medicamentos/produtos de saide em suas casas. Alguns destes utentes reportavam a familia
a viver longe, sem possibilidade de lhes prestar este auxilio.

O Ministério da Salde emitiu o Despacho n.° 4270-C/2020, de 7 de abril, que
“determina as medidas de carater excecional e temporario de fornecimento de
medicamentos dispensados por farmacia hospitalar em regime de ambulatorio, a pedido do
utente, através da dispensa em farmacia comunitaria ou da entrega dos medicamentos no
domicilio”. A intervengao das farmacias comunitarias num servi¢go de proximidade, articulado
com os Servicos Farmacéuticos Hospitalares, surge como meio para o fornecimento de
medicamentos de dispensa hospitalar, ao mesmo tempo que diminui as deslocagoes dos
utentes a hospitais. Portanto, entende-se que esta medida teve como principal objetivo
evitar deslocagoes que pudessem potenciar o contacto com aglomerados de pessoas e,
assim proteger a populagio da exposicio ao virus ['’l. Este novo servigo que ja algum tempo
vem sendo debatido, ganha agora uma importancia primordial. Sem duvida, que o servigo de
dispensa de medicamentos hospitalares foi uma oportunidade Unica de alargar os meus
conhecimentos. Para além de ter contactado pela primeira vez com o Sifarma Clinico®,
plataforma onde se realiza o registo da dispensa do medicamento hospitalar, pude deparar-

me com principios ativos nao dispensados habitualmente em farmacia comunitaria (ex.:
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tamoxifeno, golimumab, anastrozol, entre outros). E mais importante, pude aprimorar o meu
sentido de responsabilidade ao estar atenta a novos sinais e sintomas indicadores de
agravamento da doenca e a interagdes medicamentosas ou efeitos nao desejaveis

recorrentes do uso do medicamento.

3.3.2. Formacgoes internas

Tal como outra area da ciéncia, entende-se que a area farmacéutica tenha que estar
permanentemente atualizada de forma a dar resposta as necessidades emergentes dos
utentes da farmacia. E notéria a evolugio da ciéncia e tecnologia, que transmite para o
mercado novos produtos que merecem a atengao e aprendizagem das suas potencialidades
por parte do farmacéutico. Neste sentido, fiquei agradavelmente surpreendida pela
diversidade de formagoes complementares a que os farmacéuticos podem ter acesso para
aprender mais. Ainda que apenas enquanto estagiaria, ao longo do estagio tive oportunidade
de assistir a formagoes pos-laborais online e na propria farmacia que me deram uma
perspetiva enriquecedora face aos novos produtos que tém chegado ao mercado, bem como
a desafios atuais na populagio. Pude assistir a formagdes da Perrigo®, Aboca®, Fresenius®,
Aveeno®, Babe®, entre outros, e aprender mais sobre endometriose, que com certeza

completaram a minha aquisicao de conhecimentos e facilitaram o aconselhamento ao utente.

3.4. Ameacas (Threats)

3.4.1. COVID-19

Se por um lado a pandemia trouxe algumas oportunidades a farmacia e aos
farmacéuticos, por outro nao deixou de ser uma ameaga. Apesar de adotar medidas
preventivas, como o uso de mascara e desinfe¢ao das maos, o contacto com os utentes ha
medicao da pressao arterial e a convivéncia com a restante equipa, em conjunto com o facto
de nao ter sido vacinada, deixava-me sempre em estado de alerta e com algum receio de
poder ficar infetada. Foi real o meu descontentamento quanto ao facto de os estagiarios em
farmacia comunitaria nao terem usufruido do acesso a vacinagao contra a COVID-19. Tal
como outros estagiarios na area da saude, os estagiarios em farmacia tém um papel
preponderante na prestacio de cuidados diretos ao doente, para além de que os
farmacéuticos na mesma altura ja tinham sido vacinados. Nao se entende esta diferenciagao
que apenas contribuiu para a revolta e aumento da ansiedade de quem iniciava os seus
estagios em farmacia comunitaria. Para além do mais, foi notoria a dificuldade em comunicar

com os utentes pela presenca de barreiras fisicas como as mascaras e o postigo. E
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finalmente, aos poucos se ia notando a diminuigao da capacidade econémica por aqueles que
perderam os seus empregos, em que havia cada vez mais um foco dos escassos recursos
financeiros para a medicacao essencial, e o descarte da preferéncia por produtos de saude e
bem-estar. Situagao inevitavel, mas que dificultou a flexibilidade no aconselhamento de

suplementos alimentares, MNSRM, entre outros.

3.4.2. Medicamentos esgotados

Ao longo do periodo de estagio, algumas foram as vezes em que o utente chegava e
simplesmente nao havia o produto que ele pretendia. Esta situagao, torna-se particularmente
mais grave, quando se trata de medicamentos essenciais para o tratamento de certas
doengas ou que exigem um uso cronico. Mais ainda, quando o utente em questao esta
muitissimo habituado ao medicamento que se encontra esgotado, oferecendo resisténcia a
mudanga para outro laboratério, e, sobretudo, perante a inexisténcia de alternativas. A
problematica dos medicamentos esgotados levanta um enorme descontentamento por parte
do utente e leva a falta de credibilidade no proéprio farmacéutico. A realidade econémica do
pais leva as distribuidoras farmacéuticas a exportar para mercados mais atrativos, o que leva,
consequentemente, ao ineficiente abastecimento de medicamentos as farmacias portuguesas.
Contudo, torna-se complexo e inoportuno explicar que a falha no fornecimento de certos
medicamentos depende de razodes alheias a farmacia.

A situacao pandémica veio trazer muitos pontos negativos para a sociedade,
incluindo-se o aumento da ansiedade e insénia, pelo que passaram a ser cada vez mais as
receitas com medicagao para este fim. Neste contexto, recordo que o medicamento
genérico diazepam, nas dosagens de 5 mg e de 10 mg, em embalagem de 60 comprimidos,
esteve temporariamente indisponivel a nivel nacional. A data encontrava-se disponivel a
opgao do nome comercial Valium®, nas mesmas dosagens, mas apenas em embalagem de 25
comprimidos. Acontecia que o utente se dirigia a farmacia, com um receituario para levantar
a embalagem de 60 comprimidos, mas estava esgotada, nao sendo possivel substituir pela
embalagem de 25 comprimidos. A falta deste medicamento, aliado a dificuldade de obter
uma consulta médica em tempos de pandemia, deixava as pessoas completamente frustradas,
por verem neste medicamento uma solugao para a sua ansiedade.

Em suma, considero que a ocorréncia de medicamentos esgotados constituiu um
fator de inseguranga no decorrer dos atendimentos ao utente que realizei. Ao mesmo

tempo, revelou-se uma oportunidade para mim, na medida em que ao contactar com a
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insatisfacdo do publico, desenvolvi estratégias para direcionar o meu discurso, por forma a

amenizar a comunicacao entre farmacéutico e utente.

3.4.3. Lacunas na prescricao da receita eletronica

Um dos pontos que melhor carateriza a boa organizagao e gestao de uma farmacia é
associagao de um determinado codigo numérico ao respetivo medicamento ou produto de
saude e bem-estar. Porém, durante o decorrer do estagio pude deparar-me com a alteragao
do cédigo de MSRM, em particular o Zomarist®, que foi prescrito por nome comercial, mas
o codigo antigo passado pelo sistema informatico do médico, nao coincidia com o cédigo das
novas embalagens disponiveis na farmacia, inviabilizando a sua leitura e comparticipagao. O
codigo antigo deixou de estar sujeito a comparticipagao. Outro ponto bastante desagradavel
prende-se com a indicagao na receita eletronica de um preco minimo bastante mais baixo
para o medicamento, que nao corresponde ao pre¢o dos medicamentos genéricos e de
marca que existem nas farmacias ou nos armazéns disponiveis. Pontualmente, alguns utentes
solicitavam o medicamento genérico mais barato, que esperavam ter o preco indicado na
receita, mas na realidade, o preco do medicamento genérico mais barato disponivel na
farmacia ou armazéns era superior. Finalmente, e com maior regularidade, acontece
existirem medicamentos esgotados no sistema informatico dos médicos, que ainda se
encontram disponiveis em algumas farmacias comunitarias (aquelas com stocks maiores) e,
vice-versa. Existem medicamentos esgotados em farmacia comunitaria que aparecem como
disponiveis no sistema informatico dos médicos.

Considero que devera haver melhorias na atualizagao dos sistemas informaticos, para
que o utente nao tenha que voltar a recorrer a uma consulta médica, ficando com o
medicamento por aviar, nem que fique com duvidas quanto ao preg¢o minimo dos
medicamentos. Situagoes deste tipo levantam desconfianga por parte do utente e

descredibilizam a posi¢ao do farmacéutico.

4 -~ CONSIDERACOES FINAIS

Finalizado o estagio em farmacia comunitaria, posso concluir que esta etapa foi de
extrema importancia para poder aplicar e consolidar os conceitos teodricos anteriormente
abordados durante o curso, agora em contexto real, bem como reter muitos outros
conhecimentos, que sé o contacto com a realidade de farmacia comunitaria poderia
fornecer. Considero que a integragao numa equipa de exceléncia me permitiu evoluir sem

medos e aceitar melhor os desafios propostos que serao decerto aqueles que acompanharao
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o meu futuro. Para além de ter crescido intelectualmente e profissionalmente, os
ensinamentos a nivel pessoal sao aqueles que mais me surpreenderam, pois, o
companheirismo, a amizade, a compreensao para com o outro, a humildade, a nogao de
trabalho em equipa e o respeito independentemente da hierarquizagao profissional, fizeram-
me ficar confortavel quanto ao ingresso em futuras equipas de trabalho. Depois deste
percurso, sinto-me verdadeiramente mais preparada e confiante como futura farmacéutica.
Apos ter percebido o papel do farmacéutico na comunidade, todo o seu esforgo para
atender as mais diversas necessidades dos utentes mesmo em periodo pandémico,
entusiasmo para manter uma formagao continua de modo a informar e aconselhar cada vez
melhor os utentes, prestar os mais diversos servi¢os, entre muitas outras valéncias, faz-me

querer enaltecer cada vez mais a profissao farmacéutica e dar o devido valor.
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ANEXOS

Anexo l. Funcoes desempenhadas

v

v
v
v
v

A SERNEE NN NN

Conferéncia, rececao e armazenamento de encomendas;

Gestao de reservas pagas e nao pagas para clientes;

Controlo dos prazos de validade e confirmagao de stocks;

Dispensa de MSRM e outros produtos farmacéuticos;

Aconselhamento de MNSRM, suplementos alimentares, dispositivos médicos,
produtos de uso veterindrio, produtos de higiene oral, produtos cosméticos e de
higiene corporal;

Avaliagao atenta de prescricoes médicas;

Observagao da dispensa de medicamentos hospitalares;

Determinacao da pressao arterial;

Auxilio na preparagao de medicamentos manipulados;

Preparagoes extemporaneas;

Recolha de medicamentos fora da validade e respetivas embalagens para posterior
preparagao do contentor da ValorMed, a fim do tratamento correto dos residuos;
Recolha de radiografias antigas, uma medida de protegao ambiental, mas que também
pretende ajudar financeiramente quem precisa com o dinheiro obtido da venda da
prata obtida dessas radiografias;

Realizagao do teste rapido de anticorpos (IgM e IgG) para SARS-CoV-2;

Promocgao da literacia em salde, especialmente na cedéncia de autotestes para SARS-
CoV-2 e a pessoas ja vacinadas, alertando para a manutengao de medidas de

prevencao de contagio.
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Anexo Il. Casos praticos

Caso pratico |

Uma jovem com cerca de |8 anos dirige-se a farmacia e de seguida baixando a
mascara mostra a sua pele da face com eritema. Refere ainda que tinha estado na esplanada
ao sol com amigos e nao entendia porque ficou com a pele com sensagao de “arder”. Ao
pensar que o creme Differin®, comprado anteriormente na farmacia, poderia ter causado
uma reagao alérgica, trouxe também a sua embalagem para me questionar. De facto, o
creme Differin® contém 0,1% de adapaleno, um composto usado no tratamento cutineo da
acne vulgaris, mas que apresenta a desvantagem de ser fotossensibilizante '), Como tal, o
aconselhamento a utente foi dirigido no sentido de relembrar a aplicacio do Differin® apenas
a noite, evitar exposicao solar, proceder a aplicagdo de um protetor solar de rosto,
nomeadamente o ANTHELIOS FLUIDO INVISIVEL SPF50+ da La Roche-Posay®, que é
indicado para pele sensivel e nao contém perfume. E também, o aconselhamento de um
creme que pudesse hidratar e aliviar a sensagao de ardor e a vermelhidao visivel, como o
TOLERIANE ULTRA FLUIDO da La Roche-Posay®, que é indicado para pele alérgica ou
ultra-sensivel e nao contém perfume. A posologia indicada para o creme foi a aplicagao diaria
de manha no rosto e no pescogo e, para o protetor solar, foi a aplicacdo depois do creme e
antes da exposicao solar de manha e ir reaplicando frequentemente ao longo do dia para
manter a protegao. Informei ainda que deveria consultar o seu médico, pois poderia ter que
interromper temporariamente o tratamento até a pele recuperar. Nao deveria interromper

o tratamento sem o conhecimento do seu médico.

Caso pratico 2

Um jovem adulto com cerca de 30 anos dirige-se a farmacia reportando dor de
garganta intensa e dificuldade para engolir, questionando de seguida se havia algumas
pastilhas que Ihe pudessem aliviar a dor. Tendo estes dados, o atendimento foi direcionado
no sentido de perceber se poderia haver outros sintomas sugestivos de infecao por SARS-
CoV-2. Perguntei se tinha tosse, falta de ar, perda de olfato ou paladar, ao qual o utente
respondeu que apenas lhe doia a garganta. De seguida, expliquei ao utente que haveria a
possibilidade de realizar um teste rapido para detetar o antigénio de Estreptococos A (um
agente patogénico muitas vezes associado a infegoes da faringe e amigdalas) para
percebermos se ele teria que recorrer a um médico ou apenas tratar os sintomas por
aconselhamento na farmacia, ao qual o utente se mostrou interessado em realizar o teste.

De facto, ao utilizar o teste cassete NADAL® Strep A, um método imunocromatografico
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para a determinagao qualitativa rapida do antigénio de Estreptococos do grupo A, através da
colheita de secregao orofaringea, é possivel perceber se se trata de uma infegao bacteriana
ou viral (mais comum). Nem todas as infecoes respiratorias sao provocadas por
Estreptococos do grupo A, mas este é um dos principais agentes patogénicos. Apos
realizagao do teste, o resultado deu negativo. De seguida, questionei se tinha algum
problema de saude, se fazia outra medicacao e se ja alguma vez tinha tomado ibuprofeno, ao
qual o utente respondeu que era saudavel e ja tinha tomado ibuprofeno. Desta forma,
possivelmente o utente teria uma infegao viral, pelo que Ihe aconselhei a toma de ibuprofeno
400 mg em comprimido (8 em 8h, apos as refeigoes), caso viesse a ter febre e dores no
corpo, para além de ajudar na dor e inflamagao da garganta. Se as dores perdurassem por
mais de 7 dias e/ou a febre por mais de 3 dias, deveria consultar um médico. Para além disso,
também, aconselhei umas pastilhas com alcool diclorobenzilico e amilmetacresol, que tém
uma acao desinfetante e que vai ao encontro da preferéncia do utente, mas sem anti-
inflamatério, porque ja ia tomar ibuprofeno. E por ultimo, levou Velvita C® (I comprimido
efervescente por dia, diluido em agua) que contém vitamina C, indispensavel no refor¢o do
sistema imunitario e que previne e alivia infe¢oes virais e bacterianas.

Sem duvida que o papel do farmacéutico neste caso pratico foi preponderante, na
medida em que especialmente nesta época pandémica verificou-se uma dificuldade em obter
consultas médicas. Nao se tratando de uma infecao bacteriana nao houve necessidade de
antibiético, que tem de ser prescrito por um médico. Por conseguinte, possivelmente

reduziu-se a toma desnecessaria de medicacao e a resisténcia a antibioticos.

Caso pratico 3

Uma utente com cerca de 60 anos aparece na farmacia um pouco aflita relatando que
ha muito tempo nao tinha hemorroidas, mas que agora até tinham “saido para fora” e que
sente alguma dor e desconforto. Pede por favor algo que a alivie, um creme ou uma pomada.
De imediato pergunto se tem tido algum distUrbio intestinal, seja diarreia ou obstipagao, pois
podera ter influéncia na progressaio da hemorroida. A senhora refere que nao tem
problemas de saude, mas que tem periodos de obstipagao recorrentes, mas nunca tinha
experimentado nenhum produto para o efeito. Desta forma, o atendimento foi dirigido no
sentido de Ihe aconselhar o xarope Laevolac® 666,7 mg/ml, que contem lactulose, um laxante
osmotico, que chama agua ao intestino, tornando as fezes mais moles. A posologia
recomendada foi a toma de | colher de sopa de xarope (corresponde a |5 ml) diluida num
copo de agua, duas vezes por dia, uma antes do pequeno-almogo e outra antes do almogo

[51 Para além disso, aconselhei o Daflon®, um suplemento alimentar que contém diosmina e
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hesperidina, que sao flavonoides com agao venotonica e venoprotetora. Para o tratamento
sintomatico da crise hemorroidaria a sua posologia seria: 2 comprimidos ao pequeno-
almoco, almogo e jantar durante os primeiros 4 dias; 2 comprimidos ao pequeno-almogo e
jantar nos 3 dias seguintes; acabar a embalagem com 2 comprimidos por dia ['l. A senhora
levou ainda a pomada retal Faktu®, que contém policresuleno e cinchocaina. O policresuleno
€ um acido organico e atua como hemostatico local, ao coagular as proteinas sanguineas,
antissético, impedindo infe¢oes secundarias na zona lesada, e adstringente, impedindo o
aparecimento de exsudagao, frequentemente associado a hemorroidas. A cinchocaina é um
anestésico local tendo agao na diminuigao da dor. Deveria aplicar a pomada retal 2 a 3 vezes
por dia, sobre as lesoes, apos defecagao e lavagem cuidada da area afetada com respetiva
secagem. Nao deveria aplicar a pomada por mais de 7 dias e se os sintomas persistissem
deveria consultar um médico apés esse periodo [l Finalmente, como medidas nio
farmacologicas aconselhei uma dieta rica em fibras (pao integral, fruta como ameixa, kiwi,
laranja e legumes) evitando comidas picantes e muito condimentadas, ingestao de liquidos
(preferéncia pela agua), exercicio fisico (caminhadas e nao permanecer muito tempo
sentada) e habitos intestinais (sempre a mesma hora, sem pressas, evitar esfor¢o defecatorio

e nao ignorar o reflexo de defecagao).

Caso Pratico 4

Uma utente habitual, chega indignada a farmacia queixando-se que a mae, ja com uma
idade avancada apareceu com prurido geral no corpo, tendo até dificuldade em se cogar,
devido a se encontrar acamada, provocando bastante incomodo. Tendo em consideragao a
descricao da utente, dirigi o meu discurso no sentido de perceber se a sua mae possuia
episodios anteriores de alergias a alimentos ou se tinha comegado a tomar algum
medicamento novo e ha quanto tempo tinha iniciado o prurido. Depois de alguma reflexao, a
utente revela que a sua mae tinha comegado a tomar ha seis dias, um genérico do bisoprolol
5 mg, que coincidiu com o aparecimento dos sintomas. De imediato, pedi auxilio as colegas
farmacéuticas e de facto percebemos que a senhora tomava anteriormente o Concor® 5 mg
e tinha passado a tomar o seu genérico. De seguida, como a utente possuia a receita,
dispensei de novo o Concor® 5 mg e aconselhei a sua toma em vez do genérico. Passados 2
dias ligaram para a utente para perceber qual tinha sido a evolugao dos sintomas, e ficaram a
saber que estava tudo bem e o prurido tinha desaparecido. Na verdade, esta descrito que o
bisoprolol pode causar efeitos indesejaveis como prurido, rubor, erupgao cutanea, entre

outros '8,
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De acordo com toda a situagao, percebemos que na verdade poderia ter-se tratado
de uma reagao adversa e, portanto, pude observar o procedimento de notificagao da reagao

adversa, para profissionais de salde, pelo Portal RAM do Infarmed (Anexo lll).
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Anexo lll. Sitio da Internet para notificacao de reacao adversa, por profissionais

de saude

a Medicamentos

' Reacoes Adversas

Portal RAM

Notificagdo de Reacdes Adversas

Se tiver ocorrido mais do que uma reacao, pedera adicionar "Outra Reagao”

'Reacgéo Adversa

oy
Qutra Reacao
A }

® &

Descrigéo da RAM (de preferéncia em inglés se for optar por colocar os termos do dicionario médico MedDRA)*

Evolucdo da Reagao*
Data de Inicio
DD/MM/AAAA

Duragdo da Reagao

Tratamento da reagdo adversa

' Medicamentos

Critérios de Gravidade

Data de Fim
DD/MM/AAAA e

Causalidade

Preencha o medicamento que suspeite ter causado a reagao. Se for mais do que um, adicione *Outro Medicamento”.
Sempre que possivel, preencha com o Nome Comercial € o maximo de informacao que tiver disponivel. Se a doente se
encontrava gravida quando utilizou o medicamento p.f. consulte e preencha o campo "Outras informagoes”.

'Medicamento

Medicamento*

Lote

Posologia

Data de Inicio
DD/MM/AAAA

Via de Administragdo

Forma Farmacéutica

Indicagdo Terapéutica

Qutro Medicamento j

X -
Tipo de Autorizagéo
i}
Data de Fim
DD/MM/AAAA e
Dosagem

Medida Tomada
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' Doente

Iniciais Sexo
[ Masculino Feminino
Data de Nascimento |dade 2 Data da RAM
DD/MM/AAAA = -
Peso (kg) Altura (em)
' Notificador

Nome Propric*
Apelido(s)*
Concelho*
Local de Trabalhe®

Farmacia Heospital Local de Venda MNSREM  Centro de Saudes/USF Outro
Codigo Postal Localidade

v | @

Qualificagac* Email*
Telefone/Telemavel NE Carteira/C2dulz Profissional

' Qutras Informacoes

Medicamento Concomitante
Ocorreu Erro de Medicagdo?

Preencha com outras informacdes relevantes, tais como:

+ Via de administragdo se ndo especificada anteriormente;

- Histdria clinica e farmacolégica;

+ Alergias conhecidas;

+ Resultados de exames e analises relacionados com a reagdo adversa;

+ Informagao sobre recorréncia ou ndo de reacdo adversa com a reintroducdo do medicamento;

+ Se suspeita que a reagdo adversa resultou de interagdo com outros medicamentos, produtos & base de plantas ou
suplementos alimentares (para emagrecimento, para desportistas, vitaminas, etc.);

- Se exposi¢do na gravidez p.f. refira se a rea¢do ocorreu no bebé, na mée ou em ambos; o tempo de gestacdo a data da
toma, outros medicamentos usados durante a gravidez, informagdo de gravidezes anteriores, datas de ecografias e
resultado das mesmas; apos o parto refira também o tempo de gestagéo e informagdes do bebé, como peso, indice
APGAR e eventuais problemas detetados.

Outras informagdes

(i- Adicionar documento j
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Anexo IV. Interacao através das redes sociais pela Farmacia Sao Martinho

/ Farmacia Sao Martinho
25 de fevereiro - &

covip-19
SE TIVER ALGUM DESTES SINTOMAS

O a

TOSSE FEBRE

00

FALTA
DE AR

DIFICULDADE
RESPIRATORIA

PERDA 0U
DININUIGAD
DE OLFATO
E PALADAR

MANTENHA-SE EM AUTOISOLAMENTO

E LIGUE SNS 24 - e P SNS

DGS

Servico Nacional de Saude
25 de fevereiro - &

Saiba o que fazer se tiver algum destes sintomas. {J Cuide de si,
cuide de todos! #Salide #SNS #DGS #COVID19PT
#UmconselhodaDGS Direcdo-Geral da Salde

/ Farmacia Sdo Martinho
4 de fevereiro - @

ALIMENTACAO SAUDAVEL PODE PREVENIR O CANCRO

30%

dos cancros podem ser
prevenidos através de uma

O . @DGS- O

F :‘:r.\' !\‘ A '
Direcdo-Geral da Satde @
4 de fevereiro - @

Hoje, dia 4 de fevereiro, celebra-se o Dia Mundial de Luta
Contra o Cancro. Com o lema “eu sou e eu vou" - “juntos, todas as
nossas acoes importam” - pretende-se incentivar a importancia da
prevencao.

30% dos cancros podem ser prevenidos através de uma ... Ver
mais

/ Farmacia Sdao Martinho
- 14 de fevereiro - &

Amar € proteger! @

Dia _dos Namorados

4 de fe eIr(

Servico Nacional de Saude
14 de fevereiro - &

Este ano, o amor é vivido de forma diferente. Amar é proteger.
Viva o dia dos namorados em casa e protegido. @ #Satde #SNS 35
#Amor #DiadosNamorados

Farmacia S&o Martinho
2:-—— 10 de fevereiro - @

| Teste Rapido - Dor de garganta? |

Evite sobrecarregar o Servico Nacional de Saude.... Ver mais

Dor de garganta?

'ép.\do L mlmmemm
Teste ) =
=2 ' 5 minutos

& INDICAGOES
5" | Dor de garganta na qual se deseja saber se

[, || héinfegio bacteriana (necessidade de
visita médica — antibiético) ou infeg3o viral

VANTAGENS
Evita ida ao centro de sadde e toma

QT

EFICACIA
Especificidade e sensibilidade de 99,9 % na
identificagdo da mais prevalente bactéria
em infegdes da garganta Streptococcus
pyogenes A

indevida de antibiéticos, reduzindo a toma

2 antibiéticos /




Anexo V. Ficha de marcacao de teste rapido de antigénio para SARS-CoV-2 e
respetiva declaracao do resultado do teste

Farmacias Logotipo da Farmécia
Portuguesas

" CONSENTIMENTO INFORMADO E DECLARAGAO DE COMPROMISSO

=

nascido em ___ , portador do CC n.° emitido
pela bt ,Véalido até ____ ftitular de autorizagdo de
residéncia N foutro  documento identificativo,
portador do cartdo de Utente do SNS n.° /outro documento que valide o

sistema de salde/subsistema ou entidade financiadora, residente na
, com os contactos

DECLARO que
E minha vontade realizar o Teste Rapido de Antigénio, na Farmécia
que servird para detetar qualitativamente proteinas especificas do SARS-CoV-2,
Compreendi a informagdo que me fol disponibilizada, tendo percebido tudo o que me foi
explicado, em concreto o tipo de teste e método de recolha da amostra biolégica com
zaragatoa nasofaringea, os objetivos do teste e das acgdes que terei que realizar em caso de
um resultado positivo.
Fui informado que o resultado do teste serd comunicado, através da entrega pela farmécia por
uma das Seguintes formas:

RE&gisto escrito

SMS

E-mail

A comunicagdo serd enviada no prazo maximo de 12 horas, no caso de os procedimentos de
recolha serem eficazes e ocorrerem como previsto. No caso da necessidade de repeticio dos
procedimentos, serei informado pela Farmécia através de contacto telefénico, com confirmagao
por SMS ou e-mail e, nessa altura, poderei propor uma nova data para realizagéo do teste.

Fui ainda informado pelo Farmacéutico que um resultado positivo podera significar infecgdo
pelo virus SARS-CoV-2 e, ainda, que um resultado ndo detetdvel poderd nZo excluir a
existéncia de infecgéo.

Estou qente de que deverel cumprir todos os cuidados e orlentagdes que me forem dados pelo
Farmacéutico antes e depois do procedimento associado ao teste no qual consinto.

Foi-me ainda dito que posso solicitar ao Farmacéutico, todas as informagdes adicionais de que
necessite, a qualquer momento, e que s6 deverei tomar a minha decis&o que aqui expresso se
estiver totalmente esclarecido e capaz de decidir de forma livre, ponderada, Informada e
consciente.

Também me foi dada oportunidade para fazer todas as perguntas sobre o teste, obtive
respostas esclarecedoras e tive tempo de reflexdo suficiente para tomar a decisao.

Tomei igualmente conhecimento de que poderei revogar a qualquer momento, até ao inlcio do
procedimqg_to, a realizagéo do teste.
B

Farmécia: Contactos:



Farmacias
Portuguesas Logotipo da Farmécia

Tomei nota que a Farmécia adota todos os procedimentos na recolha e no tratamento dos
meus dados pessoais, conforme a legislagdo de protegdo de dados em vigor.

Assim, AUTORIZO a realizagdo do Teste Rapido de Antigénio, bem como dos procedimentos
ou intervengdes relacionadas, a fim de tornar possivel uma boa execug&o do mesmo.
2,

Mais RECONHEGO que a realizagio do feste sé6 & possivel na Farmacia

Porque CONSINTO que o resultado seja comunicado pela mesma as Autoridades de Saude,
nomeadamente ao Sistema Nacional de VigilAncia Epidemiolégica (SINAVE) e ao Instituto
Nacional de Saude Doutor Ricardo Jorge (INSA), e ao médico prescritor

Assumo o COMPROMISSO de, no caso de um resultado positivo, adotar as medidas de
seguranga que me sdo impostas, em concreto, a colocagao correta da méascara de protegdo, a
garantia do distanciamento social de 2 metros, o recolhimento obrigatério, e a identificagdo de
todas as pessoas com as quais contactei as autoridades publicas de salde.

Na presente data foi-me entregue o documento informativo iSatde - Testes COVID-19.

Assinatura

Data

\

Farmacia: : Contactos:




Farmacias Logotipo da Farmécia
Portuguesas ¥ .

TESTE COVID-19 NA FARMACIA

RELATORIO
-
Nome do utente: N
Data de nascimento: ___/___/
Data de realizagdo doteste: ___/__ [

Tipo de teste: Teste Répido de Antigénio (TRAg)
+ Nomes=omerclal do teste:

Fabricante do teste:

Lote:

Prazo de validade:

Resultado do teste: Positivo D Né&o Detectével D

Nome do Farmaceutfco que realizou o teste:

Nome do Farmacéutico que comunica o resultado do teste:
Nome da Farmécia:

Contacto da Farmécia:

Adopte todas as madldu de protecgdo Individual e seja qual for o resultado garanta o
conhecimento pelo seu Médico.

Proteja-se e ajude a proteger os outros, seja um agente de Salde Publica.

Farmécla: Contactos:
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Anexo V1. Resumo da analise SWOT do estagio em farmacia comunitaria —
Pontos Fortes, Pontos Fracos, Oportunidades e Ameacas

++

- Localizagdo, horério de funcionamento e
populagcdo envolvente

- Integrac¢do na equipa técnica e autonomia

- Estruturacdo do plano de estdgio — do back office
ao front office

- Servigos disponibilizados

- Realizagdo prévia de um estagio de verao

- Dualidade do sistema informatico

/ - Prescrigao por DCI e respetivo nome
W comercial

- Preparagdo de medicamentos manipulados

- Stocks reduzidos
SWOT

- Produtos de Dermofarmacia e Puericultura
(0]

- Novas estratégias face ao contexto de pandemia
\ - Formagdes internas
!

- COVID-19
- Medicamentos esgotados
- Lacunas na prescrigao da receita eletrénica

T
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PARTE 1l

NATURAL POLYMERS-BASED SYSTEMS FOR TOPICAL MANAGEMENT OF
ATOPIC DERMATITIS AND WOUND HEALING

Monografia sob orientacdao do Professor Doutor Francisco Veiga




LIST OF ABBREVIATIONS

AD - Atopic dermatitis

AgNP - Silver nanoparticle

CHX - Chlorhexidine

CMA - carboxymethyl agarose

DDS - Drug delivery system

ECM - Extracellular matrix

EE - Entrapment efficiency

EMA - European Medicines Authorities
FDA - US Food and Drug Administration
HA - Hyaluronic Acid

HC - Hydrocortisone

HNTs - Halloysite clay nanotubes

HT - Hydroxytyrosol

MBC - Minimum bactericidal concentration
MRSA - Methicillin-resistant Staphylococcus aureus
NP - Nanoparticle

PBSA - Poly (butylene succinate-co-adipate)
PGA - Poly (glycolic acid)

PHA - Polyhydroxyalkanoate

PLA - Poly (lactic acid)

PLC - Poly (caprolactone)

PLGA - Poly (lactic-co-glycolic acid)

PS - Particle size

PVA - Polyvinyl alcohol

PVP - polyvinylpyrrolidone

ROS - Reactive oxygen species

SC - Stratum corneum

TEWL - Transepidermal water loss

ZnO NP - Zinc oxide nanoparticle

ZP - Zeta potential
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ABSTRACT

The increasing emergence of skin diseases and the difficulty in treating damaged skin
using conventional therapies have been calling for the development of novel drug delivery
systems (DDSs) towards an effective topical drug administration. DDSs are able of these
results by means of improved drug delivery features of controlling drug release, increasing
drug skin retention, and decreasing the systemic adverse effects of some drugs. This way,
considering the pathophysiology scenario of atopic dermatitis (AD), the most common
inflammatory skin disease, novel DDSs have been designed, not only to mitigate the known
side effects of topical corticosteroids frequently used in the clinic, as well as to provide lipids
in a targeted way to the stratum corneum (SC), towards an effective skin repair. In parallel,
acute or chronic skin wounds are one of the main current complications in hospital
environments, responsible of patient morbidity and health care costs serious raises. New
wound dressings capable of releasing antiseptics molecules and/or metallic nanoparticles
(NPs) by a controlled pattern, as a challenge to surpass their associate toxicity; as well as
capable of releasing antibiotics, given the growing worldwide concern of resistance to
antibiotics, are urgently needed. Natural polymers have been proving to behave as a good
excipient for incorporation in hybrid systems (nanocarriers dispersed in a semi-solid base)
for the management of both skin concerns of AD and wounds. In addition of being
biocompatible, biodegradable, economic, easily available and based on renewable resources,
natural polymers also have intrinsic bioactive properties that greatly enhance their
applicability in DDSs. Natural polymers, play a crucial role in the preparation of polymeric
NPs, that increase skin penetration, but also in the preparation of semi-solid bases for
cutaneous application, which improve the viscosity of formulations and, consequently,
provide a suitable topical application for the management of atopic dermatitis. On the other
hand, natural polymers-based wound dressings control the release pattern of both
encapsulated active agents and nanocarriers, and exhibit native antimicrobial and wound
healing properties that accumulates benefits towards the acceleration of the healing process.
This review aims to present and discuss some of the latest DDSs technologies using natural
polymers and analyze the respective in vitro, ex vivo and in vivo experiments to improve the

topical treatment and care of atopic dermatitis and wounds.

Keywords: natural polymer, hybrid system, nanotechnology, atopic dermatitis, skin wound,

controlled release.
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RESUMO

O crescente surgimento de doencas de pele e a dificuldade em tratar a pele lesada
mediante o uso de terapias convencionais tém imposto a necessidade de desenvolvimento
de novos sistemas de libertagao de farmacos para que a sua administragao tépica seja mais
eficaz. Os sistemas de libertagao de farmacos apresentam beneficios, nomeadamente através
da modelagao da libertagao do ingrediente ativo, aumento da retengao do ingrediente ativo
na pele, e através da diminuicao dos efeitos adversos sistémicos de algumas dessas
moléculas. Dessa forma, considerando o cenario fisiopatolégico da dermatite atopica, a
doenca inflamatoria cutinea mais comum, novos sistemas de libertacdo de farmacos tém
sido desenvolvidos, nao s6 para mitigar os conhecidos efeitos colaterais dos corticosterodides
topicos frequentemente utilizados na clinica, mas também para fornecer lipidos de forma
direcionada ao estrato cérneo, para uma efetiva reparagao da pele. Paralelamente, as feridas
cutaneas agudas ou cronicas sao uma das principais complicagcoes atuais dos ambientes
hospitalares, responsaveis por niveis consideraveis de morbilidade, e por aumentos sérios
nos custos em cuidados de salide. Novos materiais de penso, capazes de libertar moléculas
antisséticas e/ou nanoparticulas metalicas de uma forma controlada como alternativa para
ultrapassar o desafio da toxicidade associada a estas situagoes, para além da capacidade de
encapsulacao e libertagao efetiva de antibioticos, face a crescente preocupagao mundial com
a resisténcia aos antibioticos, sao urgentemente necessarios. Os polimeros naturais tém
evidenciado boas caracteristicas como excipiente das formulagoes para efeitos de
incorporacao em sistemas hibridos (nanotransportatores dispersos numa base semissolida),
tanto para o controlo da dermatite atopica como das feridas cutineas. Para além de serem
materiais biocompativeis, biodegradaveis, economicos, facilmente acessiveis, e serem
baseados em recursos renovaveis, os polimeros naturais também apresentam propriedades
bioativas intrinsecas que muito enriquecem a sua aplicabilidade em sistemas de libertagao de
farmacos. A sua aplicagao tem demonstrado que os polimeros naturais desempenham um
papel crucial na preparagao de nanoparticulas poliméricas, aumentam a capacidade de
penetragao na pele dos sistemas de libertagao de que fazem parte, sendo também de realcar
a sua relevancia na preparagao de bases semissolidas de formulagoes para aplicagao cutanea,
capazes de melhorar a viscosidade das formulagoes e, consequentemente, proporcionar uma
aplicagao topica adequada e eficaz para o controlo da dermatite atdpica. Por outro lado, os
sistemas curativos a base de polimeros naturais exibem controlo do perfil de libertagao de
ingredientes ativos encapsulados e também de nanotransportadores, e podem ainda exibir

propriedades antimicrobianas nativas, e de cicatrizagao de feridas, acumulando assim varios
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beneficios que contribuem para a aceleragao dos processos de cicatrizagao e de resolugao
das feridas. Esta revisao bibliografica tem como objetivo apresentar e discutir algumas das
mais recentes tecnologias de libertagao de ingredientes ativos utilizando polimeros naturais,
bem como analisar os respetivos ensaios in vitro, ex vivo e in vivo como estratégias viaveis para

o tratamento e cuidado tépicos da dermatite atopica e das feridas cutaneas.

Palavras-chave: polimero natural, sistema hibrido, nanotecnologia, dermatite atodpica,

ferida, libertacao controlada.
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| = INTRODUCTION

Topical administration of active agents to the skin has many advantages for several
skin diseases management, as well as other skin injuries, as compared to systemic
administration. Namely, easy and convenient usage, absence or minimization of pain,
controlled active agent release, targeted skin drug delivery, mitigation of off-target effects,
smaller drug quantity needed to achieve the desired effect, avoidance of blood oscillation
drug levels, decrease of the hepatic first-pass effect in order to increase drug bioavailability;
and good compliance by patients, due to eliminating frequent dosing. However, these
advantages are mitigated by the difficulty of active agents penetrate on the different skin
layers, attending to its excellent barrier properties, mainly supplied by the stratum corneum
(SC) and tight junctions, being skin administration of active agents a technological challenge
41 Therefore, there is a growing need to develop novel formulations and techniques
capable of successfully overcome skin strata. Particularly, nano-scale systems for active agent
delivery have attracted a lot of interest for topical therapy . The effectiveness of applying
topical products depends on the factors that affects penetration/permeation of a molecule
(and consequently also of a nanomaterial, by the same reasons): i) physicochemical
properties of the penetrating molecule; ii) physicochemical properties of the vehicle; and iii)
physiological or pathological state of the skin '], Three main steps are involved during the
penetration of an active agent into the skin towards the obtainment of a local effect: (i)
active agent release from the formulation “; active agent penetration in the SC (iii) active
agent partition from SC to the following layers in the viable epidermis or dermis, depending
on the target site . Furthermore, an active agent can passively across the skin barrier via
three different pathways: (i) the transepidermal intracellular route (movement of molecules
through the cells) ©; the transepidermal intercellular route (movement of molecules
between cells, through the intercorneocyte lipid matrix); (iii) and the transappendageal route
(movement of molecules across sweat glands, sebaceous glands, and hair follicles) ['*®. The
skin penetration/permeation occurs mainly through intracellular and intercellular
transepidermal route, however the transappendageal route, despite covering only 0.1% of
the skin surface, is also an efficient penetration pathway, and can function as a reservoir for
active agents applied to the skin Pl. The use of nanoformulations has attracted special
attention for the topical administration in both atopic dermatitis (AD) and skin wounds, due
to their ability to control the release of active agents '%.

Among various diseases and injuries that can affect the skin, AD and wounds have

become a growing concern not only for patients but also for healthcare professionals "',

45



AD is the most common inflammatory cutaneous disease ). This skin disease is
characterized by a disruption of the skin barrier that leads to increased transepidermal water
loss (TEWL), and inflammation ['*l. In addition, the impairment of the skin barrier may trigger
secondary infections, namely infections by Staphylococcus aureus (S. aureus) ' The treatment
of AD focuses on repairing the skin barrier, reducing inflammation processes and bacterial
infections. Skin hydration plays an important role in AD as it improves dryness, pruritus and
restoration of the compromised SC ¥l. Corticosteroids are the mainstay of AD treatment,
being traditionally applied through creams and ointments. However, in these conventional
formulations, corticosteroids have several topical and systemic side effects that limit their
applicability in chronic treatment regimens, namely allergic contact dermatitis, TEWL
increase, telangiectasia, reduction of keratinocytes after 3-4 weeks, adrenal suppression,

among others ["'>!¢]

. Fortunately, corticosteroid-loaded nanocarriers have been developed
and incorporated into creams, ointments, and chitosan gels, which have shown increased
viscosity of the nanocarrier suspension for suitable topical administration, controlled drug
delivery, increased drug retention in the epidermis (site of inflammation process), and
mitigation of the adverse effects of corticosteroids ['"'>'",

The incidence of wound skin infections and chronic skin wounds has steadily
increased. Acute wounds usually heal spontaneously, but chronic wounds have a high pH
value, necrotic tissue, and a high number of metalloproteases, which impede the
physiological process of wound healing ['”. The most common bacteria associated with
wound infection are S. aureus and Pseudomonas aeruginosa (P. aeruginosa). Fighting bacterial
infection of wounds is a great challenge because they have the ability to form biofilms and
present increasing antibiotic resistance, that delay the healing process, increase morbidity
and health costs ['¥l, Several antibacterial agents have been used to manage wounds, mainly
antiseptics, antibiotics, and metallic nanoparticles (NPs). Traditionally, antiseptics and
antibiotics are administered topically in the form of creams, ointments, and gels. In these
conventional formulations, there is a higher chance of these drugs not reaching the adequate
concentration at the site of infection, due to their degradation in the wound environment,
difficulty in penetrating biofilms, short application period and rapid clearance. This
inadequate dosing accuracy can potentiate the toxic effects on human cells caused by
antiseptics and develop contact dermatitis and bacterial resistance caused by antibiotics ['%.
Furthermore, conventional semi-solid bases are poorly suited for the absorption of exudates
from wounds. Moreover, metallic NPs have also shown cytotoxic effects '), On the other

hand, traditional dry dressings such as gauze, cotton wool, and synthetic bandages do not

provide a moist environment necessary for wound healing. Also, polyurethane film dressings
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do not absorb enough exudates, silicone or polyurethane foam requires a secondary
dressing to adhere to the skin, and hydrocolloids are cytotoxic, not providing the ideal

% For all the aforementioned, a large panoply

environment for accelerated wound healing
of new DDSs has emerged for wound management, in which hydrogels based on natural
polymers have drawn attention attending to their favorable features, namely provision of a
moist environment, absorption of wound exudates, controlled release of active agents and
nanocarriers, and many other advantages **%4,

Natural polymers have attracted the attention of the scientific community for being
suitable for preparation of nanocarriers or semi-solid bases (e.g., hydrogels). Furthermore,
natural polymers can be incorporated in hybrid systems (nanocarriers dispersed in a semi-
solid base), either in the nanocarrier or in the semi-solid base. In addition to controlling the
release of active agents through its incorporation in DDSs, natural polymers are
biodegradable, biocompatible, easily accessible, inexpensive and have intrinsic bioactive
properties, such as antimicrobial and wound healing activity, advantages required for
application in AD and skin wounds ['7#%,

This review will present some recent DDSs based on natural polymers, which could
be interesting for the management of AD and skin wounds. Among these DDSs, hybrid
systems based on natural polymers have been shown to be particularly interesting. Several
hybrid systems for the management of AD have been emerged in the literature. Chitosan
NPs 13172261 "starch NPs #and liposomes [''! have been incorporated into cream ['*'7"#] or

27]

Carbopol® gel ™, or chitosan gel '"*, to improve the delivery of corticosteroids I"'"'>'"%

1 or hydroxytyrosol (HT) !''”%] or phytoceramides ¥\, In parallel, hybrid systems for the

[18,28]

management of skin wounds have also emerged. Liposomes , silver nanoparticles

(AgNPs) ™ zinc oxide nanoparticles (ZnO NPs) ['>*% silica NPs P2 halloysite clay

[18,28,36]

nanotubes (HNTs) ?*** and niosomes P, have been incorporated into chitosan , or

o [1233.35] n G132

silk fibroin %), or agarose %, or hyaluronic acid (HA) P%, or alginat , or collage
or gelatin P***! hydrogels (mostly) to improve the delivery of chlorhexidine (CHX) ['**], or
Ag" P or Aloe vera '’ or mupirocin ', or gentamicin and ryfamicin "%, or vancomycin
331 or ciprofloxacin and polymyxin B sulfate ®%. In vitro, ex vivo and in vivo studies for natural

polymer-based systems will be analyzed.
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3 " POLYMERS

Biomaterials can be classified according to their chemical composition in metals,
ceramics, polymers, and composites ®. Polymers have advantages compared to other
biomaterials, given their great manufacturability and versatility, can be used for the most
diverse forms such as films, sheets, membranes, hydrogels, fibers/nanofibers, sponges,
microparticles, NPs, among others P&,

A polymer is a macromolecule (large molecule) constituted of repeating structural
units, which are typically linked by covalent chemical bonds. There are synthetic and natural
polymers, but the latter have attracted special attention for a multitude of applications P”. At
large, synthetic polymers come from the petrochemical industry, that is, they are produced
from non-renewable resources, while natural polymers occur in nature in large quantities
through renewable sources. There are several problems associated with petroleum-derived
polymers, namely growing economic and environmental concerns related to waste disposal,
the awareness of its finitude, soaring petroleum costs, and most of them are non-
biodegradable in nature "*3. Both synthetic and natural polymers can be biodegradable .
Biodegradable polymers are widely classified according to their origin, in natural or synthetic
polymers, as it is systematized in Figure |. The majority of biodegradable polymers are
obtained from renewable sources, overcoming problems related to the scarcity of
petroleum resources and their residues in the environment ™.,

Biodegradable polymers may be classified into four groups, based on their method of
production: a) those extracted directly from biomass feedstocks (polysaccharides and
proteins); those produced by microbial fermentation (e.g., polyhydroxyalkanoates (PHAs),
bacterial cellulose, xanthan); c) those obtained by chemical synthesis using natural monomers
from biomass (e.g., (poly(lactic acid) (PLA)); d) those obtained by chemical synthesis from
fossil resources (e.g., (polycaprolactone) (PCL), poly(butylene succinate-co-adipate) (PBSA))
(1431, Moreover, some polymers can be produced partially by microorganisms or entirely by
chemical synthesis. For example, lactic acid is the basic monomer unit of PLA, and it is
primarily produced in large amounts through the fermentation of rich carbon sources (e.g.,
sugar cane, corn) by lactic acid bacteria. After this process, PLA can be chemically
synthesized via ring-opening polymerization, using the monomers previously obtained by the
bacterium. But also, lactic acid can be obtained synthetically through the hydrolysis of
lactonitrile ©4,

Depending on its chemical structure and source, we can classify the natural polymers

into polysaccharides, proteins, and microbial polymers. Polysaccharides result from
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glycosidic linkages between monosaccharides. Chitin/chitosan, hyaluronic acid, alginate, and
starch are examples of polysaccharides. Proteins are large biomolecules, consisting of a single
or many amino acid residues joined together to form long chains. Collagen, gelatin, and silk
fibroin are examples of proteins. Some microorganisms can naturally produce polymers such
as polysaccharides and polyesters. Through genetic manipulation, the biotechnology industry
is able to place microorganisms to produce polymers with great interest in various
applications, in particular, in drug delivery. PHAs, bacterial cellulose and dextran are

examples of microbial biopolymers **1,

4 " NATURAL POLYMERS

Natural polymers have been used and investigated in the medical, pharmaceutical, and
cosmetic fields *. Among polymeric forms, polymeric NPs and hydrogels based on natural
polymers have been of growing interest for topical delivery of drugs and cosmetic active and
skin regeneration M,

Polymeric NPs have been widely used to properly deliver the drugs in the various
skin layers of the skin, while mitigating the SC damage. The advantages of polymeric NPs
over various nanocarriers, for topical/transdermal drug delivery, are controlled release rates,
high entrapment efficiency (EE), and decreased enzymatic degradation ['>'",

Hydrogels are three-dimensional networks consisting mainly of hydrophilic polymers,
with a great capacity to absorb water, without, in most cases, dissolving . The
intercrossing of hydrogels can be reversible (or physical) or permanent (or chemical). The
physical crosslinking gels are maintained by molecular entanglements and secondary bonds
such as hydrogen bonds, ionic bonds, and hydrophobic interactions. In contrast, chemical
crosslinked gels are held by covalent bonds 1. The high-water content of hydrogels,
softness identical to extracellular matrix (ECM), adjustable physicochemical properties, and
high permeability to small compounds, make them interesting materials for several
biomedical applications, including wound healing, drug delivery, tissue engineering and
ophthalmic applications ***. Specifically for wound healing, this high-water content of
hydrogels not only preserve moist environment, in order to reduce the risk of scarring, but
also provides a cooling sensation and decreases tissue adherence, thus reducing patient pain
4 On the other hand, an essential property of hydrogels is their swelling capacity, which is
very useful for absorbing wound exudates that are rich in nutrients for bacteria ™%, Their
high porosity facilitates oxygen permeation which allows the tissue to "breathe" and oxygen-

requiring reparative processes *** Also, hydrogels themselves form a barrier to the entry
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of microorganisms into the wound bed and can be loaded with antimicrobial and anti-

4 Furthermore, the

inflammatory drugs, growth factors, and NPs to improve bioactivity
physiological environment of a skin wound is characterized by an increased pH !'”. Thus, the
demand for hydrogels dressings with pH-responsive properties that can smartly release the
encapsulated active agent has been growing to meet actual needs ***. In addition, hydrogels
have the potential to form a physical barrier at the hemorrhage site to help in hemostasis .

The next sections concern the technological role of natural polymers in DDSs, as

well as the presentation of in vitro, ex vivo and in vivo studies.

4.1. Isolated application of natural polymers
4.1.1. Polysaccharides
4.1.1.1. Chitin/ Chitosan

Chitin is an abundant natural polysaccharide and is present in crustaceans, mollusks,
insects, and fungal cell wall ', The greatest commercial interest is attributed to shrimp
and crab residues of the seafood industry, because they are the main source of chitin ',
Chitin is composed of N-acetyl glucosamine linked by B-1, 4 glycosidic linkages ®%. Chitosan,

the active form, is obtained by deacetylation of chitin ***

. Unlike the majority of naturally
occurring polysaccharides, with a neutral or acidic nature, chitin and chitosan are
characterized by being highly basic, due to the high nitrogen concentration (5-8%). Chitin is
extremely hydrophobic and insoluble in water and majority of organic solvents. These
aspects limit its application. However, chitosan is soluble in aqueous acidic solutions.
Chitosan exhibits pH-dependent solubility, that is explained by protonation of its amine
groups in presence of aqueous acidic media (pH below 6). For the dissolution of chitosan,
hydrochloric and acetic acids are often used. On the contrary, increased basicity of aqueous
media will neutralize the amine groups, and consequently, precipitate the hydrated polymer

(444551 This chitosan property is important for the preparation of

to form a hydrogel
chitosan NPs, for example. The pH variation of a chitosan solution can influence zeta
potential (ZP), particle size (PS), and EE of chitosan NPs '], In this context, Hussain et al
[17] verified that the ZP of chitosan NPs decreases (+48 to +12 mV) with utilization of
various chitosan solutions with an increasing pH (3 to 7) to its preparation. That is, the
protonation extent/degree of the chitosan backbone decreases (more NH, groups instead of
the NH;") with increasing pH of the solution. It is understood that with high pH values (6-7),

a considerable number of the amino groups are in the NH, form and therefore do not

contribute to the surface charge of the chitosan NPs. In addition, these solutions with high
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pH showed to increase the PS of chitosan NPs, which may be due to the agglomeration of
particles. Particle agglomeration may in turn have resulted in a decreased repulsive potential
on the NPs surface due to the increase in the pH of the solution. Finally, the increase in the
pH of the solution, decreases the drug EE, that is explained by the diminishing of the cross-
linking sites (NH;"), that are not available for ionic interaction with the ionized drug !'"..

The chitosan properties in a solution depend on its degree of deacetylation,
distribution of acetyl groups in the chain, and molecular weight ¥4, On the other hand,
among various polymers used to produce polymeric NPs, chitosan has attracted active
interest, due to its mucoadhesive properties and its capacity to enhance skin penetration by

s 517331 Fyurthermore, chitosan has shown

an interaction with intercellular tight junction
bioactive properties such as antimicrobial property, by interacting with the bacterial
membrane, and wound healing property, by interacting with macrophages (fundamental cells
throughout the entire healing process) #**4.

In addition to being widely used in the preparation of polymeric NPs, chitosan has
also been used as a surface stabilizer when coating other NPs, to decrease their systemic
toxicity. The properties of NPs, such as a large surface area and small size, are sometimes
disadvantageous. Besides penetrating bacterial cells, nanoparticles also manage to penetrate
human cells, leading to a cytotoxic effect on human skin cells ' In this sense, Peng et al. !'”
prepared AgNPs coated with chitosan for the treatment of methicillin-resistant S. aureus
(MRSA)-infected wounds, which also worked as a reducing agent. The researchers showed
that chitosan-coated AgNPs were effective against MRSA, had better biocompatibility and
had lower body absorption through the wound site when compared to AgNPs without
surface stabilizer (uncoated AgNPs) and polyvinylpyrrolidone-coated AgNPs (PVP-AgNPs) in
a mouse model. This study suggested that chitosan coated AgNPs are important materials
for large area burn, because these patients need local application in wound site of

antibacterial materials for a long time ',

4.1.1.2. Alginate

Alginate is a natural polysaccharide polymer mostly extracted from algae and is

biocompatible, non-expensive, and abundant in nature

. Structurally consists of B-D-
mannuronic acid (M-blocks) and 14 a-L-guluronic (G-blocks) residues arranged alternately.
Alginate has the ability to form gels in an mild environment by ionic crosslinking with divalent
cations, such as Ca, Ba, Sr .. Alginate gels have been commonly applied as a drug carrier in

wound dressings, controlled drug delivery, and tissue engineering P**.. Alginate gels can be
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easily dissolved by exchanging divalent ions for monovalent cations (e.g., sodium ions).
Although alginate chains are quite stable under physiological conditions, there may be slow
cleavage of glycosidic bonds under acidic and basic conditions, but there is no evidence that
there are enzymes in humans capable of degrading alginate. Thus, strategies have been
developed to improve the in vivo degradation of alginate, for example through the partial
oxidation of the polymer chains. In aqueous media, these weakly oxidized chains are easily
degraded, allowing the use of alginate as a biodegradable carrier in the controlled release of

55]

drugs !

4.1.1.3. Agarose

Agarose is a natural occurring linear polysaccharide, neutrally charged, hydrophilic
and non-pH sensitive, extracted from marine red algae ®**®. Structurally, it is comprising of
disaccharide repeating units made up of D-galactose and 3,6-anhydro-L-galactose connected
by a (I—4) and B (I—3) linkages ®"*’\. This natural polymer is known to form stable

thermoreversible gels in water at low concentration on cooling below 40 °C, via physical

¢ (23600

cross-linking without using a cross-linking agen , Which represents a notable advantage,

particularly over chemical cross-linking that can be highly cytotoxic, normally related to the

[60,61]

toxicity of cross-linking agents . Chemical cross-linking generally occurs through the

formation of covalent bonds between polymer chains, whereas in physical cross-linking these
bonds occur through weak interactions. These weak bonds are most often ionic bonds, but

) B>¢4420 1t was found that the decrease in

they can also be hydrogen bonds (e.g., agarose
temperature leads, firstly, to the establishment of intramolecular hydrogen bonds and,
secondly, to intermolecular hydrogen bonds between the agarose chains. This process
results in the formation of agarose helices that aggregate to form an ordered and flexible

m %2 Therefore, its

structure with an average pore size of approximately 100-300 n
excellent gelling properties, combined with its unique mechanical properties, good
biocompatibility, being readily available, inexpensive, non-toxic, and bioinert nature have

s [BS7608] - Apother relevant

seen agarose widely applied in biomedical and cosmetic area
agarose property is their anti-adhesive characteristics, leading to low cell adhesiveness and
proliferation. This property is favorable in hydrogel based wound dressings because it can
prevent the ingrowth of tissue into the matrix, which could injure healing tissue when
removed [’ Also, agarose have high mechanical strength, a requirement in wound dressings,
as they must be durable, stress resistant, soft, and elastic, so that it can adjust to the stress

[57,63]

caused by movement of the body . Finally, functional groups can be introduced to
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agarose in order to change its physicochemical properties, as well as to improve drug
delivery, for example, by adding pH responsive properties to the hydrogel through the

introduction of carboxymethyl groups ™.,

4.1.1.4 Starch

Starch is the main reserve polysaccharide of plants, present in corn, potato, rice,
wheat, and tapioca, and is composed of two homopolymers: amylose and amylopectin ¢4,
Pure starch has disadvantages for medical applications, such as poor mechanical strength and
processing difficulties, as it is highly sensitive to water. For this reason, it is generally studied
in the form of blends with other polymers or by modifying its chemical structure ™, The
applicability of starch in nanotechnology can be implemented through chemical, physical, and
enzymatic modifications to the native structure. Chemical modification of starch through
acetylation is one of the most common alterations, which allows its application in controlled
drug release, given its hydrophobicity and film-forming ability .. In this sense, Tessema et dl.
7] brepared NPs from cassava starch acetate to encapsulate phytoceramides. The degree of
substitution was determined, and it was found that NPs made from starch with a higher
degree of substitution (2.72) showed a significant increase in EE compared to nanoparticles
made from starch with a lower degree of substitution (1.74 and 2.15). In this way, the

cassava starch acetate with the highest degree of substitution was chosen to prepare

phytoceramides-loaded starch NPs for a better efficiency in lipid replenishment in AD #’,

4.1.1.5 Hyaluronic Acid

HA or hyaluronan is an interesting material as drug delivery carrier, especially for
topical application on the skin, since the HA is part of the constitution of the epidermis and
dermis and represents a high fraction of ECM. HA is a polyanionic polysaccharide that
occurs in nature and consists of repeating disaccharides composed of N-acetyl-B-D-
glucosamine linked to B-D-glucuronic acid by a |—4 glycosidic bond. The HA chain is
formed by |—3 glycosidic bonds between the disaccharides . It has a high molecular-
weight (order of millions of Da) and interesting viscoelastic characteristics. The molecular
weight of HA influences its half-life, biological functions, and rheological properties. Only HA
with high molecular weight has mucoadhesive and anti-inflammatory properties. The HA is
highly soluble in water, but when it is desired to reduce its solubility and prevent water
ingress, esterification and cross-linking can be performed ™. The unique viscoelastic

properties of HA, as well as its non-immunogenicity, biocompatibility, and biodegradability
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justifies its use in various clinical applications, namely as a drug delivery material for topical
administration "), One of the modalities of clinical application of HA is viscoprotection, i.e.,
HA is applied to protect healthy tissue surfaces, wounds or tissue damaged by dryness or
external noxious agents, and to promote the healing of these surfaces. The topical
application of formulations with high molecular weight HA promotes fresh and chronic

wound healing !

. Furthermore, HA has been used to prepare nanocarriers to improve
wound healing. Manca et al. * showed that hyalurosomes, nanovesicles based on HA and
soy phosphatidyl choline, comparing with liposomes, improved the epidermis and dermis
deposition of curcumin. It turns out that HA immobilized the nanovesicles improving
considerably the entrapment efficiency of curcumin, stability of nanovesicle, rheological

properties, drug bioavailability in local of injury, and formulation therapeutic activity, which

resulted in fast healing process in in vivo context ®.

4.1.2. Proteins

4.1.2.1. Silk fibroin

Silk fibroin is a natural occurring protein extracted from domestic silkworm Bombyx
mori (B. mori) and has attracted special attention in the biomedical and pharmaceutical fields
due to advantageous properties such as great biocompatibility, controllable biodegradation
forming non-inflammatory by-products, proper mechanical properties and ability to stabilize

69,70]

drugs "% Hence, silk fibroin has been broadly used to obtain sustained-release DDSs,
tissues regeneration, biosensor, and many. Particularly, several wound dressings based on
silk fibroin, like hydrogels, and membranes have been produced . Hydrogels are the silk
fibroin-based material that has had the most interest, as one of the relevant physical
properties of silk fibroin is the ability to form gels capable to easily attach to the skin’s
surface. The gelation behavior, high-water content, and molecular structure of silk fibroin gel
can keep skin desirably hydrated, prevent the skin cracking, and promote wound healing. In
addition, many silk fibroin-based hydrogels have a sponge-like structure that forms a three-
dimensional network, which enable the loaded and stabilized nanocarriers to diffuse through
and perform slow release of drugs. This structure can also only carry drugs 7%
Nevertheless, Li et al. " prepared a blank silk fibroin-based hydrogel to study for the first
time the effect of silk fibroin to prevent hypertrophic scars. It was prepared various silk
fibroin-based hydrogels with different silk fibroin concentrations, namely 1.5%, 3% and 6%.

The 6% formulation exhibited high hardness and difficult application to the skin surface. In

vivo studies in rabbits showed that both silk fibroin-based hydrogel (1.5% and 3%) groups
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decreased the scar hyperplasia index in comparison with negative control. However, only
silk fibroin-based hydrogel (3%) group showed a statistically significant therapeutic effect on
the hypertrophic scar, by whitening the scar's color and reducing its thickness. The
researchers found that the therapeutic effect of silk fibroin-based hydrogels could be due to
the decrease in expression levels of a-smooth muscle actin. Moreover, the scar hyperplasia
index in the silk fibroin-based hydrogel (3%) group compared to control group was reduced

by 16.6%, whereas in previous reports the bacterial cellulose decreased by only 15.5% .

4.1.2.2. Collagen/gelatin

Collagen is the extracellular protein present in the largest amount in mammals. Its
ability to support tissue ingrowth makes it a potential biopolymer for application in wound
healing ™. Collagen has also been used in tissue engineering and drug delivery due to
biofriendly, biocompatibility, biodegradability, low antigenicity, and cross-linking ability. The
use crosslinkers or blend with other polymers can overcome the poor mechanical stability
and the easy degradation, as well as controlling water-uptake properties **7'1. Given the
wide applicability of collagen in wound healing, antimicrobial agents have been incorporated
in various forms of collagen, such as hydrogels, films and others, to obtain a controlled
release of the drug V'L Partial hydrolysis of collagen results in another polymer, called
gelatin, that consists of a water-soluble protein. Like collagen, gelatin has the ability to form
crosslinked hydrogels, that are used to drug release in a control manner for de wound

healing and pain management I,

4.2. — Natural polymer-based blends

Both natural and synthetic polymers can be employed in the preparation of DDSs.
However, natural-synthetic polymer blends have gained greater interest when compared to
natural—natural or synthetic—synthetic polymer blends, as they provide an improved support
that combines bioactive and mechanical properties. The choice beyond the use of synthetic
polymers comes from their remarkable mechanical, physical and resistance properties.
Among the most used synthetic polymers in DDSs, PLA, poly (glycolic acid) (PGA) and
polylactic-co-glycolic acid (PLGA) stand out, due to their approval for human use by the
European Medicines Authorities (EMA) and the US Food and Drug Administration (FDA) 2,
An example of a natural-synthetic polymer blends follows. It is well described in the
literature that AgNPs present antimicrobial properties, which elects them as potential

therapeutic agents for wound healing. Although alginate based wound dressings are already
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being used commercially, the AgNPs incorporated in alginate have a considerable tendency

[73]1

to aggregate In this sense, Ghasemzadeh et al " prepared a AgNPs-loaded

alginate/polyvinyl alcohol(PVA) hydrogel network, which showed high stability and no signs
of aggregation, even during storage for months 4 .

Despite this finding, several blends of natural-natural polymers have been investigated
to apply topically to the skin, an example is shown below. Given the negative charge on the
surface of bacteria, several positively charged NPs have shown a favorable influence on
bacterial adhesion, due to the electrostatic attraction between the two. Positively charged
polymeric NPS are no exception . A recent example was presented by Hu et al. "* who
created light-responsive cationic NPs based on HA and chitosan functionalized with
photosensitizer chlorin e6 and quaternary ammonium salt, loaded with Mg/(-)-
epigallocatechin-3-gallate complex (Figure 2a). Authors emphasized that the metal ions (e.g.,
magnesium ions, zinc ions, copper ions, calcium ions, and many) are crucial catalysts of
various proteins and enzymes, playing an important role in the wound healing process. Also,
they reported that HA can be depolymerized by reactive oxygen species (ROS), as
previously reported. The electrostatic interaction between chitosan (positive polymer) and
HA (negative polymer) resulted in the spontaneously assemble formation of NPs, which in
the end showed a positive ZP (+21 mV). In vitro studies showed a significative increase in
release of Mg®* from the prepared NPs in 24 h (96%), after 660 nm laser irradiation (Figure
2b). This was due of conversation light energy by photosensitizer chlorin e6 into ROS, that
in turn could destruction the HA, inducing the disassembly of NPs, allowing the spontaneous
release of Mg”. In vivo studies using wound infection rat models showed that topical
application of laser-irradiated NPs caused a considerably smaller wound area on the 7" day
compared to non-irradiated NPs. On the 14" day, only laser-irradiated NPs group present
complete disappearance of the wound, having completely healed (Figure 2c). This study
concluded that the negative charge of NPs allows their rapid adsorption to the surface of
bacteria (S. aureus and Escherichia coli (E. coli)) and the ROS generated has a close action in
the destruction of bacteria. ROS and quaternary ammonium chitosan killed bacteria
synergistically and Mg®* accelerated the wound-healing process. This system opened an

opportunity to explore promising materials in order to combat antimicrobial resistance °l.
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5 = NATURAL POLYMERS-BASED HYBRID SYSTEMS FOR TOPICAL
APPLICATION

The next sections refer to in vitro, ex vivo and in vivo studies for the hybrid systems

based on natural polymers for topical application in AD and skin wounds.

5.1. Natural polymers applied as nanocarriers’ ingredients
5.1.1. Chitosan-based polymeric nanoparticles

Beyond their administration alone, chitosan-based polymeric NPs incorporated in a
semi-solid base have been extensively studied (usually in a w/o cream) to treat inflammatory
skin diseases !'*'"*7%% The following study is an example applied to the management of
ADs, in which Hussain et al. I"*! prepared HC-loaded chitosan-based polymeric NPs into a
QV cream. Ex vivo permeation studies demonstrate that the formulation with NPs had lower
significant permeation flux of the drug compared to commercial 0.5% (POS-CON-0.5) and
% (POS-CON-1) formulation, after 24 h. These findings indicated that HC-loaded chitosan-
based polymeric NPs into a QV cream can decrease drug permeation across the skin in
controlled manner, which could be useful to alleviate systemic adverse effects. The retention
of HC in the epidermis was higher than in the dermis, for all formulations. Furthermore, the
retention of HC in both epidermis and dermis was higher for the formulation with NPs
compared to POS-CON-0.5 and POS-CON-I. In this way, it was confirmed that HC-loaded
chitosan-based polymeric NPs into a QV cream presents higher efficiency for topical drug
delivery with minimal systemic absorption. In vivo studies showed a better control of TEWL
after 6 weeks, and a reduction in erythema intensity after the 4 weeks of treatment for HC-
loaded chitosan-based polymeric NPs into a QV cream compared to the other formulations
(a1

The next study is similar to the previous but adds one more active agent to the
formulation. Hussain et al. !'”! prepared chitosan-based polymeric NPs with HT, a potent
antioxidant, co-encapsulated with HC, to minimize the systemic side effects of the latter and
to provide benefits to the management of AD, such as additional antioxidant and anti-
inflammatory effects. The co-loaded NPs were incorporated in an occlusive cream
formulation. An ex vivo study was conducted using HC/HT-loaded chitosan-based polymeric
NPs into a QV cream comparing with commercial cream formulation with free HC (POS-C)
and QV cream with free HC/HT co-solution (HC-HT-SOL). Here, compared to the other
formulations, the HC/HT-loaded chitosan-based polymeric NPs into a QV cream showed a

significant decrease in drug permeation flux across mouse skin (Figure 3a) and an increase in
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drug retention in the epidermis, followed by a lighter increase in the dermis after 24 h
(Figure 3b). Such results are in line with the initial objective of decreasing the systemic
effects of HC by transcutaneous permeation and increase its site-specific clinical response in
the AD lesion, respectively. Similar results for HT were observed, where the reduction in
HC and HT permeation across the skin, by using the HC/HT-loaded chitosan-based
polymeric NPs into a QV cream, may be due to the mucoadhesive properties of the chitosan
that allow the attachment of polymeric NPs to the skin appendages and skin tissue, leading
to locally drugs release in a controlled manner. In this study, an occlusive cream was used to
increase skin contact time and improve SC hydration to facilitate the diffusion of the drug
through the skin via the transcellular and intercellular pathways. Then, an in vivo study
involving AD model mice was performed comparing HC/HT-loaded chitosan-based
polymeric NPs into a QV cream with healthy skin (NRM), skin without treatment (negative
control, NG-C), QV cream (vehicle, VGR), POS-C (positive control), and HC-HT-SOL. The
HC/HT-loaded chitosan-based polymeric NPs into a QV cream formulation showed lower
TEWL and erythema intensity values in comparison with the others (Figure 3c-d). Co-
delivery formulations of HC and HT, particularly HC/HT-loaded chitosan-based polymeric
NPs into a QV cream, exhibited a decrease in TEWL and erythema intensity values after 6
weeks. This is because the synergy between HC and HT is thought to promote an increased
regeneration of SC and decrease inflammatory cascades. The most promising results for
HC/HT-loaded chitosan-based polymeric NPs into a QV cream allowed to infer that the use
of chitosan NPs can decrease TEWL, contributing to collagen regeneration and increased
wound healing. The low TEWL levels and erythema intensity of the HC/HT-loaded chitosan-
based polymeric NPs into a QV cream can explain the reduction in the AD signals and
symptoms (Figure 3e), namely itching episodes, in comparison to other groups ['71,

Another similar study was carried out by Hussain et al. ™ who prepared HC/HT-
loaded chitosan NPs into a QV cream or aqueous cream. In vitro drug release studies of
HC/HT-loaded chitosan-based polymeric NPs were performed at pH 4.0 (mimic intact skin)
and at pH 7.4 (mimic inflammatory/AD skin). It was observed that at higher pH (7.4) there
was a superior drug release. The authors explain that this behavior may be due to the
conversion of the positive amino groups (NH;") of chitosan into the non-ionized form
(NH,), because of the increase in pH. In this way, there is a decrease in the extent of ionic
crosslinking between the chitosan chains and the crosslinking agent pentasodium
tripolyphosphate, facilitating drug release by loosening the polymer matrix. Ex vivo
permeation studies using a Franz diffusion cells through mouse skin showed that

formulations with active agents-loaded NPs incorporated into a cream significantly reduced
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permeation flux of HC and HT compared to free drugs formulations. This event could be
due to the presence of chitosan and the cream base that provide a barrier effect to diffusion
and permeation of the active agents through the skin. On the other hand, the mucoadhesive
properties of chitosan allow chitosan-based polymeric NPs to attach to the skin's
appendages and tissues, allowing for local drug release, being beneficial for reducing the risks
associated with topical corticosteroids. In vivo studies using AD mouse models allowed to
better results in decreasing AD symptoms for cream formulations with incorporated NPs,
rather than for cream formulations with the free drug and for the commercial 0.5%
formulation with free HC. Furthermore, HC/HT-loaded chitosan NPs into a QV cream was
more effective in controlling AD severity compared to HC/HT-loaded chitosan NPs into an
aqueous cream. This could have happened as a result of the higher permeation flux of the
drug through the NC/Nga mouse skin in case of NPs were inside the QV cream base. The
higher viscosity of a cream has a higher influence on controlling the rate of drug release from
the cream base, but it also allows for a greater occlusive and bio-adhesive effect when
applied to the skin. The HC/HT-loaded chitosan NPs into a QV cream showed higher
viscosity compared to HC/HT-loaded chitosan NPs into an aqueous cream, which allowed to
increase the close contact between the released NPs and the skin surface, for a longer
period of time, enhancing its anti-AD efficacy. In addition, the higher occlusive effect of the
QV cream allowed for better SC hydration, which resulted in higher permeation flux of the
drug across the skin. These results suggested that HC/HT-loaded chitosan NPs into a QV
cream were more effective in repairing skin integrity and were associated with lower
symptoms of dryness, itching and erythema **,

More recently HC/HT-loaded chitosan-based polymeric NPs were produced in a
large scale and incorporated into aqueous cream formulation to test their tolerability and
safety in healthy human volunteers. These HC/HT-loaded chitosan-based polymeric NPs into
an aqueous cream was applied to arms of subjects for 28 days, and the TEWL and erythema
intensity did suffer no significant changes. In general, no irritation, signs of skin atrophy,
redness, systemic absorption, or toxicity were detected after the application of NPs
formulation. It can be concluded that the transposition to a large scale, managed to maintain
the physicochemical properties of the nanoparticulate formulation verified in the laboratory
scale. Also, prolonged use of HC/HT-loaded chitosan-based polymeric NPs into an aqueous
cream was found to be safe and well tolerated, as no signs of skin irritation or atrophy were

observed "¢,
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5.1.2. Starch-based polymeric nanoparticles

On the other hand, a common feature of skin with AD is the depletion of SC lipids,
especially ceramides. Thus, it would be interesting to associate novel DDSs that can bring to
the skin exogenous lipids capable of nourishing the skin. In this sense, Tessema et al. *”
developed oat-derived phytoceramides-loaded starch-based NPs into a Carbopol® gel. Ex
vivo permeation studies in human skin showed that oat-derived phytoceramides-loaded
starch-based NPs into a Carbopol® gel allow a higher retention of oat-derived
phytoceramides in the SC when compared to the same NPs only in solution. The authors
explain that the increase in viscosity conferred by the presence of Carbopol® gel can
decrease the depth of oat-derived phytoceramides penetration into the skin layers.
Furthermore, the use of NPs provided a high specific area that facilitated the contact of
phytoceramides with the SC. This oat-derived phytoceramides-loaded starch-based NPs into
a Carbopol® gel was considered interesting hybrid system for maintaining phytoceramides in
the topmost skin layers, as they function as reservoirs for the release of phytoceramides in a

controlled manner into the SC, being valuable for regenerating the aged, diseased, and/or

affected skin barrier 71,

5.2. Natural polymers applied as formulations’ semi-solid bases
5.2.1. Chitosan-based gels

Still on drug delivery for AD management using hybrid systems, chitosan-based semi-
solid bases have been used. Liposomes are vesicular nanocarriers formed by layers of
phospholipids. The phospholipids that constitute them are identical to the lipids present in
the skin, which brings advantages such as biodegradability, low toxicity, and high affinity with
tissue 'l In this sense, Erog’lu et al. ' prepared soybean phosphatidylcholine-based
liposomes loading betamethasone |7-valerate (BMV) (moderate potency) and diflucortolone
valerate (DFV) (high potency) separately and incorporated the previous two formulations
into a chitosan gel for AD treatment. Although good results have been obtained in the
retention of drugs in the epidermis, liposomes in solution have poor stability and low
viscosity for an adequate topical application. Hence, usually liposomes are incorporated in
hydrogels, because is difficult to formulate stable liposomal creams. Ex vivo permeation
studies using a rat skin exhibited higher drug retention and extended drug retention time in
the epidermis for the liposomes-loaded into a chitosan gel compared to the free drug
chitosan gel and commercial free drug formulation. In addition, the two anti-inflammatories-

loaded lecithin/chitosan NPs were also prepared 2., It was shown that liposomes and NPs
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incorporated in chitosan gel formulations both exhibited sustained drug release profiles for
6 h. In vivo studies using AD model rats showed a more pronounced anti-inflammatory
effect and reduced erythema intensity for the liposomes-loaded chitosan gel compared to
the lecithin/chitosan NPs-loaded chitosan gel. However, no significant differences were
observed for the TEWL values between these two formulations, and when compared to the
commercial formulations. In addition, both formulations had superior efficacy compared to
commercial free drug formulations that contained a |0-fold higher concentration of
corticosteroid due their high drug retention times into epidermis, which increased the safety
of the new prepared formulations. Nevertheless, there was a preference for liposomes-
loaded chitosan gel. The researchers concluded that liposomes-loaded chitosan gel improved
drug permeation into the skin, while decreasing drug clearance by reducing its passage into
the systemic circulation. The chitosan gel showed adequate viscosity which led to an
increased drug retention time in the epidermis, also improving the anti-inflammatory activity.
Beyond that, liposomes reduced skin irritation caused by corticosteroids by providing
hydration of the SC and a sustained release of the drug, thus decreasing the incidence of
toxic concentrations of the drug in the skin ', Also, liposomes have the advantage of

®2 which renders them as

providing lipids and water to restore the skin's barrier function
good candidates for skin applications particularly when combined with natural biopolymers-

based formulations.

5.2.2. Chitosan-based hydrogels

On the other hand, liposomes have been applied in wounds, particularly in infected
wounds. A recent study, conducted by Hemmingsen et al. '], developed liposomes
containing CHX loaded in their lipid bilayer, which were in turn incorporated into a chitosan
hydrogel for chronic wounds (Figure 4a). CHX is an antiseptic with a broad and rapid
bactericidal effect commonly utilized in local treatment of infected wounds. The
chlorhexidine-loaded liposomes had a PS = 318 nm, ZP = + 46 mV, and EE = 95%. In drug
release tests CHX-loaded liposomes into a chitosan-based hydrogel revealed a more
sustained drug release than CHX-loaded liposomes, and these, in turn, a more sustained
release profile than free CHX into a chitosan-based hydrogel. A lower total release of drug
for CHX-loaded liposomes into a chitosan-based hydrogel after 24 h was obtained.
Furthermore, the chitosan hydrogel with or without CHX-loaded liposomes showed anti-
inflammatory effects, as it significantly reduced the levels of nitric oxide produced by

macrophages. In addition, CHX-loaded liposomes into a chitosan-based hydrogel improved
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the CHX antibacterial effect against S. aureus and P. aeruginosa, by showing a lower minimal
lethal concentration than CHX-loaded liposomes and free CHX. Furthermore, the chitosan
hydrogel exhibited antimicrobial activity by itself against both bacteria. The anti-biofilm
activity was higher for CHX-loaded liposomes into a chitosan-based hydrogel compared to
the other formulations (Figure 4b). It appears that incorporation of CHX into positively
charged liposomes have a favored penetration into the extracellular matrix of the biofilm,
compared to the free CHX. Furthermore, the chitosan hydrogel showed a mild anti-biofilm
native activity (Figure 4b). It is concluded that the designed formulation is an innovative and
promising strategy for topical application in chronic wounds, as it could mitigate
antimicrobial resistance and the inhibition and eradication of biofilms !'®.

The same group of researchers designed chitosan-infused liposomes (chitosomes)
loaded with CHX in their lipid bilayer, embedded in a chitosan-based hydrogel for the
treatment of burns, cuts, and other acute skin injuries, with special focus on infection
prevention and control (Figure 4c) ®®. CHX is also often used in the prevention of skin
infections and commonly applied in burn units. The main accepted antibacterial mechanism
of chlorhexidine is the destruction of the bacterial membrane. The authors intended to
tailor the release of CHX in order to obtain rapid and efficient bacterial prevention and
eradication. The above formulation mentioned above had achieved a sustained release of
CHX, indicated for chronic wounds treatment. To prevent bacterial colonization of the
acute wounds, the authors decided to modify the release rate of CHX to achieve a faster
and more efficient antibacterial action, through the incorporation of high molecular weight
chitosan in the lipid bilayer of liposomes. Release studies have shown a higher total release
of CHX from chitosomes after 24 h compared with liposomes, which may be due to
competition between chitosan and CHX in the lipid bilayer, expelling CHX (Figure 4d). For
formulations of vesicles in hydrogel, the release of CHX was more sustained for chitosomes
than for liposomes, which was explained by the higher ZP of CHX-loaded chitosomes (+79
mV) (increased repulsion which improved the stability of chitosomes in the hydrogel) in
comparison to CHX-loaded liposomes, (+ 54 mV). In addition, both CHX-loaded liposomes
and CHX-loaded chitosomes did not potentiated the inflammatory activity of macrophages.
The antimicrobial activity against S. aureus and Staphylococcus epidermidis for the CHX-loaded
chitosomes was superior, comparing with empty chitosomes and CHX-loaded liposomes, as
verified by the lowest minimum bactericidal concentration (MBC) value and indicating that
there is a synergistic effect between chitosan and chlorhexidine (Figure 4e). The chitosan
infused in liposomes was available on the surface, enabling its closely and immediate

interaction with the bacterial membrane in order to destroy it, by electrostatic interaction
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between the positive charge of the chitosan and the negative charge of the bacteria. In this
way, chitosan could act synergistically with CHX against bacteria. Furthermore, hydrogel
formulations showed greater antimicrobial effects compared to suspension formulations and,
particularly, CHX-loaded chitosomes into a chitosan-based hydrogel showed the most

potent antibacterial action compared to all formulations 2.,

5.2.3. Silk fibroin-based composites

Metals, in particular noble metals, have had their application over the years to treat
health problems, including skin conditions . In this context, AgNPs have been one of the
most used metallic NPs for antimicrobial effects ®*. Silver is a noble metal with recognized
antimicrobial properties, including multirresistant microorganisms, namely bacteria, which
works as a healing agent in wounds with associated bacterial infection ™. In turn, AgNPs
combine these broad-spectrum antimicrobial properties with advantageous physicochemical
properties, preferably being chosen as a promising material to be incorporated into wound
dressings . In addition to the antimicrobial properties, it has also been reported that
AgNPs play an important role in wound healing, improving the biological properties of some

%1 The silk fibroin has amino acid residues of tyrosine that

polymers such as silk fibroin
provide a strong electron donation capable of reducing Ag" to Ag. Based on this reaction, Fei
et al. ™! developed a AgNPs-loaded silk fibroin-based composite through an environmental-
friendly process. This hybrid system showed an effective antibacterial activity against MRSA
and formation of biofilm caused by the same microorganism. Also, this composite produced

by a facile and clean method has shown to be an economical and effective potential

antimicrobial material for clinical application .

5.2.4. Agarose-based hydrogels

AgNPs exhibit antibacterial activity through oxidation of Ag to Ag®, which is a slow
process and results to the obtainment of low effective Ag® concentrations. Under these
conditions, Ag" is rapidly consumed, and the antibacterial activity is maintained for a short
period of time. Thus, interest in the investigation of wound dressings that can incorporate
appreciable amounts of Ag* and prolong its release has grown P%%1 A recent example was
presented by Huang et al. ®»! who prepared a macroporous hydrogel dressing composed of
carboxymethyl agarose (CMA) loaded with Ag®, with antibacterial, anti-inflammatory, and
pH-responsive properties to accelerate the wound healing. Firstly, CMA was obtained by

introduction of carboxymethyl groups in agarose chain (Figure 5a). In turn, hydrogel was
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formed by physical cross-linking of CMA chains by hydrogen bonding and ionic interaction
between the deprotonated carboxylic groups and Ag” (Figure 5b-c). The surface morphology
analysis of the CMA-Ag hydrogel showed a more compact structure and a smaller pore size
compared to the CMA hydrogel (Figure 5d). The swelling assay showed that acid conditions
(pH 2.0) disrupted the complexation between Ag+ and carboxymethyl groups, lowering the
strength of intermolecular ionic connections, which ultimately led to an increased hydrogel
swelling. This explains the higher release of Ag" as the pH decreased. Temperature-
responsive properties were also tested, showing that the release of Ag" increases with
increasing temperature, because of the decrease in the strength of ionic interactions due to
the action of higher temperatures (4 °C, 20 °C, and 37 °C). In vivo studies with a cutaneous
wound animal model (with S. aureus infection) showed a marked acceleration in wound
closure for CMA-Ag compared to CMA and untreated (control) groups, and after 14 days
there were still 14% and 30% of open wounds in the CMA and control groups, respectively
(Figure 5e-g). The authors concluded that the prolonged Ag" release, ability to absorb
exudates and surface properties of dressing, all provided by the agarose hydrogel, may have

contributed to the positive results in wound healing ..

5.2.5. Hyaluronic acid-based hydrogels

Among metallic NPs, zinc oxide NPs (ZnO NPs) together with AgNPs are the most
used as antibacterial agents . Although ZnO NPs have shown significant bacterial
properties for a wide variety of bacteria, the use of these nanocarriers embedded in wound
dressings promotes the enhancement of their stability and prolong their action at the site of
infection. In addition, there has been a parallel effort to develop biomaterials using polymers
from the ECM, such as the HA. Rao et al. ®” prepared ZnO nanobelt-like structures-loaded
HA-based hydrogels or wound dressing application. The incorporation of ZnO nanobelt-
like structure into a HA hydrogel improved the rheology properties. Furthermore, the
increase in the concentration of ZnO nanobelt-like structures within the hyaluronic acid
hydrogel increased the porosity, which consequently increased swelling capacity compared
to the simple hydrogel and hydrogel with lower concentrations of ZnO nanobelt-like
structures. In vitro degradation studies by the action of hyaluronidase after 3 days showed
higher degradation for hydrogels with higher concentrations of ZnO nanobelt-like
structures, when compared to the simple hydrogel. Through in vitro blood clotting
experiments, it was verified better blood clotting capability for ZnO nanobelt-like

structures-loaded HA-based hydrogels compared to the simple hydrogel. Lastly, antibacterial
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experiments against S. aureus and E. coli showed higher antibacterial activity for larger
amounts of ZnO nanobelt-like structures in the hydrogel, whereas the simple hydrogel did
not show any activity. The newly designed system has been shown to have potential

application in wound dressings P% .

5.2.6. Alginate-based hydrogels and gels

More recently, in vivo studies in humans using ZnO NPs-loaded hybrid systems for
the management of wounds have been described in the literature. Gao et al. ['¥ designed an
alginate-based hydrogel incorporated with Aloe vera, mupirocin, and ZnO NPs to accelerate
the healing process of the cesarean section. Aloe vera gel contains antibacterial and antifungal
properties and has been shown to heal wounds more effectively. However, the wound
healing effects caused by herbal agents are less than those provided by drugs. Mupirocin is an
antibiotic commonly loaded in ointments for topical application in wounds. It was hoped that
the combination of several active antibacterial agents could improve wound healing. In vitro
hydrolytic degradation studies showed that as the hydrogel weight decreased, its loaded
elements were easily released. The 800 women were divided into two groups, the group
treated with Aloe vera, mupirocin, and ZnO NPs-loaded into an alginate-based hydrogel, and
the group treated with regular ointment incorporated with mupirocin (control). After 24
days, the group treated with Aloe vera, mupirocin, and ZnO NPs-loaded into an alginate-
based hydrogel, present lower values of ecchymosis, redness, discharge, edema, and
cesarean section approximation. Furthermore, almost no patients had an allergic reaction
and had a faster recovery compared to the control. This technology was considered as a
possible new treatment for the reduction of complications associated with cesarean section,
by accelerating the wound healing process, and consequently reducing nursing care and
associated costs "2,

HNTs are a natural occurring tubular structure that contains a lumen of positively
charged alumina and an outer surface of negatively charged silica. This nanocarrier has
advantages in drug loading compared to other clay nanomaterials, because inside and outside
the lumen there are opposite charges that allow to selectively load and release various drugs
1 Kurczewska et al. ¥ studied the influence of HNTs incorporation into a wound gel
dressing, the drug release rate and biological activity. HNTs-loaded into an alginate-based gel
showed a more sustained release of vancomycin compared to the previous study using silica.
In the new approach, vancomycin, an antibiotic against Gram-positive bacteria, was

encapsulated in HNTs, which were then incorporated into alginate gel or alginate/gelatin gel.
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In release studies, after 24 h, the amount of vancomycin released was 44% for HNTs-loaded
into an alginate-based gel, while for HNTs-loaded into an alginate/gelatin-based gel the
amount released was only 37%. Therefore, the incorporation of gelatin in the gel dressing
had a favorable impact on slowing drug release. Nevertheless, this change had a negative
impact on the antimicrobial activity of the tested system. This means that the reduction in
drug release rate for HNTs-loaded into an alginate/gelatin-based gel was so high that the
verified antimicrobial activity after 24 h was worse compared to HNTs-loaded into an
alginate-based gel. Therefore, only vancomycin encapsulated in HNTs-loaded into an
alginate-based gel was considered as a potential approach for wound treatment. This study
leads to the reflection that the most complex systems, such as the creation of blends, do not
always and necessarily promote favorable results. Therefore, there must be a judicious
choice of materials when preparing DDSs that incorporate antibiotics, so that very slow

release of the antibiotic does not promote bacterial antibiotic resistance ®*.

5.2.7. Collagen-based hydrogels

Silica NPs are other inorganic nanocarriers, in which drugs can be loaded into the
pores or grafted on their surface. Although mesoporous silica NPs enable for a high load
capacity, it was previously found that they did not allow retention of antibiotics beyond 24 h
Bl On the other hand, collagen has been widely exploited to aid in wound healing, given its
biofriendly properties. Therefore, an approach to healing with controlled release of
antibacterial agents combined with various forms of collagen wound dressings, whether films,
hydrogels or others, has been receiving great attention 'l In this sense, Alvarez et al. P"
encapsulated two antibiotics, rifamycin and gentamicin, in plain silica NPs of various sizes,
which in turn were incorporated into a collagen hydrogel. Regarding collagen
biodegradation, the researchers verified the degradation reaction of collagen hydrogels to
accelerated enzymatic degradation experiments using collagenase. In fact, the collagen
hydrogel had been completely disrupted, while the incorporation of silica nanoparticles in
the hydrogel preserved 40% of the hydrogel weight, after 24 h. The more limited and slower
degradation for the silica NPs-loaded into a collagen-based hydrogel was explained thanks to
the lower availability of the collagen molecules as they interact with silica nanoparticles.
Therefore, the increase seen in the proteolytic stability is of great importance, as the
breakdown of the dressing by the action of metalloproteases can considerably affect their
life-time when in contact with the wounded skin tissues, and consequently compromising the

therapeutic effect. Moreover, the different charges of the drugs used, namely gentamicin
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(positively charged) and rifamycin (negatively charged), influenced the release of the drugs
from the hydrogel and, consequently, the antibacterial effect. In fact, during the preparation
of the silica NPs, the negative charge of rifamycin caused a decrease in its loading amounts as
the PS of the silica NPs increased, because of undesirable repulsive electrostatic interactions
between rifamycin and silica. Furthermore, the conditions of preparation of the collagen
hydrogel (i.e., pH = 7.0), allowed it to acquire a positive charge, as the isoelectric point of
collagen is 7.8. Thus, the attractive electrostatic interactions between rifamycin and collagen
caused the drug to remain trapped inside the collagen network, making its diffusion hindered
to inhibit the S. aureus growth. To improve the release of rifamycin from the collagen
hydrogel, the researchers suggested to add anionic polyelectrolytes to tune the surface
charge of the collagen fibers to more negative values. Once again, here the importance of
often preparing blends is highlighted. On the contrary, the positive charge of gentamicin
increased its loading amounts on silica NPs. The gentamicin-loaded silica NPs into a collagen-
based hydrogel marvelous sustained release of the drug that lasted up to 7 days, without
changing the structure and mechanical properties of the hydrogel. These findings are
extremely useful, as controlled and sustained delivery of antibiotics into the skin can protect
the wound from infections, while at the same time avoiding side systemic effects due to high
drug concentrations as well as decrease daily wound dressing change P'!.

. B2 designed a collagen hydrogel loaded with core—shell

In another study, Mebert et a
silica nanoparticles, which in turn carried two topical antibiotics, rifamycin in the shell and
gentamicin in the core, to prevent wound infection. The silica NPs presented a PS = 336 nm.
In vitro antibacterial activity against S. aureus showed a sustained antibacterial activity for 10
days for rifamycin and gentamicin silica-loaded silica NPs into a collagen-based hydrogel.
Gentamicin-loaded silica NPs into a collagen-based hydrogel showed weaker antibacterial
activity, but also acted sustainably for 10 days. In vivo antibacterial efficiency against S. aureus
in a rat model with infected wound after 48 h showed a significant reduction of bacteria
population for rifamycin and gentamicin silica-loaded silica NPs into a collagen-based
hydrogel, in comparison with the unloaded nanocomposite. This approach has been shown

to have a potential application for controlled dual release of antibiotics to prevent infection

and aid wound repair P2,

5.2.8. Gelatin-based elastomers

Using HNTs again, Shi et al. ¥ prepared a gelatin elastomer incorporated with free

ciprofloxacin and HNTs (which in turn carried polymyxin B sulfate) (Figure 6a). Although
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gelatin has many characteristics indicated for wound dressing application, it needs
modifications in order to enhance the manufacturing capacity and to prolong the degradation
time. Thus, a plasticizer was added to increase gelatin flexibility and a crosslinking agent to
extend gelatin degradation time. Tests to evaluate the mechanical properties showed that
the incorporation of HNTs in the gelatin elastomer increased the tensile strength of all
system. This was due to the hydrogen bonds between the HNTs and gelatin, which allowed
for a firmer structure, necessary to protect the wound from external interference and
prevent the bacterial breeding. In vitro degradation tests showed a rapid initial mass loss in
the first 10 h and a slower, almost unchanged, mass loss during the 10-20 h period. The
accentuated initial weight loss may have been due to the release of part of the drug and
glycerol, which, due to its high hydrophilicity, leaved the system. After 3 days, the slow and
linear degradation of the dressing tested resulted from the mass loss, because the release of
the drug and the degradation of gelatin. Furthermore, the increase in HNTs content led to a
lower degradation rates, explained by HNTs and gelatin interactions (Figure 6b). Water
absorption tests for 3 days at 37 °C showed an 8-fold increase in dressing weight, and the
incorporation of HNTs in the elastomer influenced the water absorption of different
samples, due to the interaction between the two (Figure 6c). Therefore, based on its
degradation rate and high swelling ability, the tested dressing could maintain its function and
structure for at least 3 days and absorb the surrounding tissue fluid of the wound,
respectively, thus allowing drug delivery and efficient wound healing. In vitro release studies
showed an initial burst release of the two drugs in the first 5 h and a sustained release in the
following hours for 3 days. However, the total release of ciprofloxacin was less than 25%
(due its low water solubility), while the polymyxin B sulfate was continuously released
reaching a total release of up to 70% (due its high-water solubility) in the various samples
(Figure 6d-e). The increasing in HNTs content led a decreased drug release rate. These
results allowed them to infer that an initial rapid release of two antibiotics with synergistic
action can lead to the elimination of the higher number of initial bacteria from a wound and
the subsequent sustained release of drug can eliminate the remaining bacteria. In vitro
antibacterial studies suggest an antibacterial activity (against S. aureus and P. aeruginosa) for
more than 7 days for the various elastomers loaded with different concentrations of HNTs,
due to prolonged release of the drugs. This hybrid system showed potential for application

in pathologies requiring chronic drug treatment and for wound healing ?.
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5.3. Hybrids of natural polymers-based blends
5.3.1. Alginate/gelatin-based hydrogels

Among various nanoscale DDSs, niosome, a vesicular nanocarrier composed by
nonionic surfactants, has been used due capability for high drug loading and biocompatibility
%1 Although alginate-based hydrogels are largely applied in wound dressings, alginate is
biologically inactive. Therefore, the preparation of blends with other bioactive polymers,
such as gelatin, allows for adhesion and elongation of the cells, which makes it a desirable

B3 Furthermore, several studies report

material for application in tissue engineering
satisfactory results from the application of alginate/gelatin blends in wound dressings and
drug release '7**'. On the other hand, the incorporation of herbal agents as active agents in
these dressings, such as Aloe vera, improve their bioactivity P2, In fact, Aloe vera, in addition
to having antioxidative, antibacterial, and antiviral properties, contains glucomannan that

exhibits healing properties **Y. In this sense, Dadashzadeh et al. ©**

prepared Aloe vera gel-
loaded niosomes into an alginate/gelatin-based hydrogel (Figure 7a). The obtained niosomes
presented the values 270 nm and 42% for PS and EE, respectively. Three formulations were
prepared for in vitro Aloe vera release tests for 7 days: Aloe vera-loaded niosomes, free Aloe
vera into an alginate/gelatin-based hydrogel, and Aloe vera-loaded niosomes into an
alginate/gelatin-based hydrogel. Both Aloe vera into an alginate/gelatin-based hydrogel and
Aloe vera-loaded niosomes into an alginate/gelatin-based hydrogel exhibited a sustained
release of Aloe Vera, while Aloe vera-loaded niosomes presented a burst release of Aloe vera in
the first day (Figure 7b). Nevertheless, the encapsulation of the Aloe vera in niosomes
increased the sustained release of Aloe vera, since free Aloe vera into an alginate/gelatin-
based hydrogel released 30% and Aloe vera-loaded niosomes into an alginate/gelatin-based
hydrogel released 20% of the initial Aloe vera content, after 7 days (Figure 7b). Therefore,
both the niosomes and the alginate/gelatin hydrogel have been shown to play an important
role in obtaining a prolonged release of compounds, useful to accompany skin regeneration.
Swelling experiments were performed to assess the ability of the hydrogel formulations
(alginate hydrogel, alginate/gelatin hydrogel, and Aloe vera-loaded niosomes into an
alginate/gelatin-based hydrogel) to absorb excessive fluid from the wound. Up to 24 h to 37
°C, the three formulations showed a constant rate of water absorption, but with increasing
swelling ratios according to the order alginate hydrogel < Aloe vera-loaded niosomes into an
alginate/gelatin-based hydrogel < alginate/gelatin hydrogel (Figure 7c). Thus, the presence of
gelatin increased the hydrogel's ability to absorb water. The lower water absorption to Aloe

vera-loaded niosomes into an alginate/gelatin-based hydrogel compared to alginate/gelatin

69




hydrogel could be explained by the interactions of the polar heads of the niosomes with the
carboxyl groups present in the gelatin. Hence, the free hydrophilic groups available to bind
the water molecules in Aloe vera-loaded niosomes into an alginate/gelatin-based hydrogel
were in smaller amounts than in alginate/gelatin hydrogel. Also due to this interaction
between niosomes and gelatin, after 24 h, the water absorption by Aloe vera-loaded
niosomes into an alginate/gelatin-based hydrogel increased due to lower dissolution of the
gelatin in the water, not being removed from the structure of the hydrogel blend. Therefore,
Aloe vera-loaded niosomes into an alginate/gelatin-based hydrogel could be a potential

candidate for applications as wound dressing ©°.

5.3.2. Chitosan/gelatin-based xerogels

Uncontrolled bleeding can cause up to 40% of deaths in traumatic accidents.
Conventional topical hemostatic agents, such as gauze, are inadequate to halt large blood
loss. Other traditional hemostatic physical agents such as gelatin foam, synthetic agents such
as glutaraldehyde and cyanoacrylates, and biological agents such as fibrin sealants can cause
inflammation, tissue toxicity, and transmission of viral infection. Given the limitations
presented, it is imperative to create new effective and safe hemorrhage control dressings.
Chitosan is also known for its hemostatic potential, so there are already commercial
chitosan formulations approved by the FDA, such as Celox and chitosan-coated dressings.
Nevertheless, these wound dressings lack porosity and mechanical strength, and tend to
adhere to the wound surface, which can disrupt the already formed clot or lead to repeated
bleeding. On the contrary, chitosan xerogels (commonly referred to as sponges) have been
reported as good hemostatic agents for their porosity and good absorption capacity.
Xerogels are porous structures obtained from the dehydration of wet polymeric gels (with
or without crosslinkers). Furthermore, gelatin also has hemostatic potential by activating
platelet aggregation, being also used as an absorbable hemostatic agent, and it has been
incorporated into chitosan xerogels to strengthen the porous structure P, In this way, to
improve hemostasis, Patil et al. ** incorporated silica NPs (PS = 120 nm; ZP = -22 mV) and
calcium into a chitosan/gelatin-based xerogel ionically crosslinked with sodium
tripolyphosphate. Silica and calcium also improve blood clotting. This new wound dressing
showed high absorption or swelling capacity, porosity, robustness (good mechanical
strength), easy removal, and high in vitro efficacy, with a |6-times higher capacity of blood
clotting, compared to Gauze and commercial Celox. In vivo studies in a rat artery bleeding

model showed that silica NPs into a chitosan/gelatin-based xerogel were able to achieve
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hemostasis significantly more quickly than commercial Celox and Gaze, in addition to have
the added advantage of being easily removed from the wound injury site. Furthermore, the
incorporation of silica NPs and calcium separately in the chitosan/gelatin xerogel improved
the blood clotting capacity and the incorporation of both together in the chitosan/gelatin
xerogel further enhanced the clotting capacity in comparison with the bare chitosan/gelatin

xerogel ¢,

6 " ADVANTAGES, DISADVANTAGES, AND FUTURE CHALLENGES

Natural polymers have aroused great interest in the preparation of
dermopharmaceutical and cosmetic products attending to their considerable advantages

[45%1 (Figure 9). These materials are suitable for the most diverse

over synthetic biopolymers
applications, which include cosmetics (makeup, hair care, and skin care products) and
therapeutics, including (wound dressings, DDS, and many others) being this review focused
on the latter application. Also, they can work as stabilizers and modifiers in formulations
[44%]  Compared to synthetic polymers, natural biopolymers are especially attractive
attending to their economic (low production costs), easily availability (also produced for
another industries), biodegradability (eliminated in environment and by the human being),
biocompatibility, safety, and non-toxicity (facing their composition of monosaccharides and

amino acids) P

In fact, natural occurring polymers are identical to biological
macromolecules, which are recognized and metabolized by the human body. These natural
polymers are not associated to toxicity and to the induction of immunological reactions or
chronic inflammatory - due to their similarity to the ECM -, which are often present in the
use of synthetic polymers. Furthermore, natural polymers are prone to chemical
modifications, and to the adsorption of bioactive molecules required for the treatment of
various disorders, including skin diseases >*!,

However, natural polymers also have some disadvantages (Figure 9), such as the
exposition to the external environment throughout production, which can lead to heavy
metal and microbial contamination. These contaminations can be prevented by using
preservatives Y. Another relevant contamination is the risk of viral infection. For example,
Hino et al., presents the case of parvovirus B19 infection, able to be transmitted by fibrin.
Fibrin is a blood product used as hemostatic agent, surgical adhesive and sealant P°.
Moreover, batch-to-batch variation and slow processing difficult large-scale natural polymer

production. In contrast, the manufacture of synthetic polymers uses fixed quantities of

ingredients and consists of a controlled procedure, while the production rate of natural
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polymers is dependent of the many factors, including environment and physical factors. For
example, for natural polymers of plant origin, the percentage of chemical constituents may
vary depending on the different seasons, growing regions, climate conditions and species,
which may influence the hydration of the material #**4,

When it comes to include natural polymers in DDSs for the management of AD and
wounds, there are still challenges to overcome (Figure 9). For both conditions, there is still a
poor toxicological characterization in the early stages of the development of technologies
that make use of natural polymers P'%. A clear example are cytotoxicity tests in wound
studies, where usually researchers only use one cell line "®*?®] which often derive from

s B*3¢ which could result in failures in further clinical trials

animals and not from human
prosecution. Thus, it is necessary to develop new protocols that can address all toxicological
concerns in order to create truly biocompatible macro- and nanomaterials. On the other
hand, although many studies report successful results for formulations based on
nanotechnology, a proportional number of these technologies in the market does not exist,
as the scale-up translation for clinical application is one of the biggest challenges, due the
not only safety and regulatory issues, but also to the complexity and costs associated with
nanotechnology formulations . Despite this existing reality for most nanoscale
technologies, some recent studies in humans with promising results have begun to appear in
the literature, both for AD and for wounds. A study for AD showed safety and good
tolerability for the application of hybrid systems in humans, which could be a lever for
further clinical studies, as the way to determine the treatment regimen and finally becomes
commercially available "l In the case of wounds, it was observed that a hybrid system
applied to post-cesarean wounds in humans resulted in a faster healing process and the
absence of allergic effects, which offers hope for the arrival of these new treatment

approaches to patients and a contribution to lower health costs and nursing care in the near

future ['2,

Specifically, regarding AD there is only 30% similarity between skin associated genes
of murine and the respective of humans, and although mouse models are still the gold
standard for early research, they do not allow for a spontaneous development of atopic
dermatitis. Several studies in this review used the induction by chemical stimulus to obtain
AD-like lesions to test the efficacy of formulations, but this could lead to unsuccessful results
in clinical trials, even if favorable results were observed in mice. Therefore, in the near
future, it would be opportune to select a standard that uses human cells to mimic, as much

as possible, both healthy and diseased human skin in order to study the administration of
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drugs to the skin. Furthermore, more clinical trials must be carried out in order to obtain
more robust promising results .

In the case of wounds, primarily in a technological context, it should be noted that
the ambition to create increasingly complex DDSs, using different biomaterials, is not always
advantageous, especially for the administration of antibiotics at the site of infection. In
particular, the association of various polymers that incorporate the matrix of a wound
dressing may significantly delay the release of antibiotic-loaded nanocarriers, providing an
insufficient dose at the site of action, thus increasing the probability of bacterial resistance to
antibiotics. In future studies, there should be a careful choice of biomaterials, so that this
type of outcomes, namely the antibacterial ineffectiveness, does not take place P2
Furthermore, the complexity of a formulation system must be as small as possible, in order
to reduce production costs and cost-benefit ratio. In relation to pre-clinical studies, similar
to what happens for studies in the management of AD the immune response in mice and
rats is significantly different, and the alternative for animals with more similarities to humans,
such as pig models, entails many costs which sometimes are not feasible. Furthermore, the
option for several animal models reduces the comparability between the results, and there
should be a better-studied correlation between animal models. Therefore, in future
experiments there should be a preferential choice for in vitro and ex vivo wound models using
human cells, capable of minimizing the variation of results that may exist between studies

carried out in animals and those carried out in humans "%

7 - CONCLUSION

Topical administration of active agents is one of the preferred routes, attending the
recognized advantages over systemic administration. However, the skin constitutes an
excellent barrier against the entry of external agents and that is why few molecules are able
to penetrate into or through the skin. In addition, concerns about the side effects of topically
administered drugs, in which corticosteroids stands out, for the management of atopic
dermatitis are far to be solved. In the case of wounds, resistance to antibiotics, one of the
major concerns of the century, constituting one of the United Nations’ sustainable
development goals, as well as the formation of biofilms and the difficulty in wound healing
process make the management of these skin lesions a great challenge.

Nanotechnological approaches have been allowing the encapsulation of drugs, namely
corticosteroids, reducing their side effects on the skin surface, as well as to contribute for

prolonged and targeted drug release on the skin. Furthermore, the incorporation natural
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polymers-based nanocarriers, including chitosan NPs and liposomes, in a semi-solid bases, as
creams, ointments, gels, allowed to improve the skin contact time, hydrate the skin, improve
the rheological properties necessary for a suitable topical application, diminish systemic
absorption of corticosteroids, reduce drug dosage, further control drug release, increase
drug retention especially in the epidermis (target site for steroidal treatment), improve the
visible appearance of skin lesions and decrease the inflammation, erythema and TEWL.
There are already clinical studies in healthy patients that prove that the prolonged use of
HC/HT-loaded chitosan NPs into an aqueous cream is safe and well tolerated. However,
further controlled studies are needed to authenticate the results of this clinical trial and to
establish a meticulous treatment regimen with this new formulation. Moreover, in the
incorporation of phytoceramides-loaded starch NPs in a Carbopol® gel increased the
retention of phytoceramides in the topmost skin layers, namely the SC, contributing for a
potential enhancement of the skin’s barrier properties in an atopic dermatitis skin model.
Concerning the topical treatment of skin wounds, today we are concerned about
bacterial resistances to antibiotics, as well as about the toxicity of antiseptics and metallic
NPs to human cells. In addition to optimizing the delivery of the antibacterial agents through
in the use of nanocarriers, hybrid systems are increasingly gaining potential to develop new
wound dressings capable of supporting their encapsulation and exhibiting bioactive
properties provided by natural polymers to improve the healing process. In this sense, the
incorporation of liposomes, chitosomes, AgNPs, ZnO NPs, silica NPs, HNTs, and niosomes
incorporated in natural polymers-based hydrogels, based on specifically chitosan, silk fibroin,
agarose, HA, alginate, collagen, and gelatin, increased the antibacterial activity of the
encapsulated agents, as well as improved the healing process of the various wounds,
evidencing promising features for this end. It would be desirable in the near future to create
and apply improved dressings, that can bring together the controlled release of the drug,
antimicrobial properties, infection prevention and eradication of already formed biofilms, and
acceleration of the healing process. Additionally, natural polymers are able of improving the
potential of these wound dressings by presenting biocompatibility, low costs, intrinsic
antimicrobial, and anti-inflammatory properties, and for contributing in some cases to the
high trend of the present times, that has been significantly highlighted during the present
pandemic, of green synthesis. Furthermore, natural polymers have been shown to be useful
in tuning the faster or slower release of drugs, depending on whether it is the treatment of
acute or chronic wounds, respectively. Finally, the option for hybrid systems using natural

polymers showed potential for application by accelerating wound healing. This could be a
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good technological solution, to be applied in clinical practice, since it is urgent to improve
the life quality of patients, and to reduce nursing care and costs in health.

Undoubtedly, the incorporation of natural polymers in DDSs brings many advantages
for the topical administration of active agents, not forgetting that natural polymers also have
some disadvantages to considert. However, the results of the various studies for AD and for
skin wounds reflect a promising future for the applicability of improved technologies in
practice. For a complete realization of the arrival of these DDSs on the market, pre-clinical
studies are still a challenge today. The correlation of data between animals and between
animals and humans, as well as the transposition to an industrial scale are far from being
achieved. Moreover, in vitro and ex vivo human skin models should be implemented, and
clinical trials should be a possibility to consider, in order to proper enable a transposition of
hybrid systems to an industrial scale in a possible near future, which will require much more

scientific efforts towards emerging potential technologies.
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Figure 2. — (a) Schematic illustration of the preparation of chitosan/hyaluronic acid nanoparticles
and respective antibacterial and wound healing mechanism through the application of laser
irradiation; (b) Mechanism of reactive oxygen species (ROS) -responsive Mg?* release and Mg2*
cumulative release from nanoparticles after 660 nm light in various time points; (c) Photographic
images of wound closure obtained from in vivo studies on 0, 2, 4, 7, and |4 days, in Staphylococcus
aureus (S. aureus)-infected rat models and wound closure rate along 14 days of treatment. Adapted
from [76l.
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Figure 3. — (a) Permeation of hydrocortisone (HC), by using Franz diffusion cells, through full-
thickness NC/Nga mouse skin by applying chitosan nanoparticles loaded with HC and hydroxytyrosol
[74] incorporated into QV cream (HC-HT-NPs), comparing with commercial cream formulation
with free HC (POS-C) and with QV cream with free HC/HT co-solution (HC-HT-SOL); (b) Amount
of HC retained in the epidermis (dark pattern) and dermis (lighter pattern) by using Franz diffusion
cells through full-thickness NC/Nga mouse skin after 24 h. Data were determined in amount of HC
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per g of tissue; (c) Clinical effectiveness of HC/HT comparing with healthy skin (NRM), skin without
treatment (negative control, NG-C), QV cream (vehicle, VGR), POS-C (positive control), and HC-
HT-SOL groups with regard to transepidermal water loss (TEWL), and (d) erythema intensity after 6
weeks; (e) Images obtained from Dino-Lite® of (A) NRM, (B) NG-C, (C) VGR, (D) POS-C, (E) HC-
HT-SOL and (F) HC-HT-NPs groups. Adapted from [71.
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Figure 4. — (a) Schematic representation of liposomes containing chlorhexidine loaded in their lipid
bilayer, which were in turn incorporated into a chitosan hydrogel (CHX-liposomes-in-hydrogel) for
chronic wounds application; (b) Anti-biofilm activity against Staphylococcus aureus (S. aureus) and
Pseudomonas aeruginosa: percentage of inhibition of biofilm development and of eradication of pre-
formed biofilm for free chlorhexidine, liposomes, chitosan hydrogel, chlorhexidine-loaded liposomes
(CHX-liposomes), chlorhexidine chitosan hydrogel, and CHX-liposomes-in-hydrogel; (c) Schematic
representation of liposomes containing chlorhexidine and chitosan, both loaded in their lipid bilayer,
which were in turn incorporated into a chitosan hydrogel (HG-CHI-CHX); (d) Percentage of
chlorhexidine release and permeation from the various formulations after 24 h: free chlorhexidine
(CHX), CHX in liposomes (PL-CHX), CHX in chitosomes (CHI-CHX), PL-CHX into hydrogel (HG-
PL-CHX); and HG-CHI-CHX; (e) Minimum bactericidal concentration (MBC) in S. aureus cultures
using a modified broth micro-dilution method for each formulation: hydrogel; empty liposomes into
hydrogel (HG-PL-EMP); empty chitosomes into hydrogel (HG-CHI-EMP); HG-PL-CHX; and HG-
CHI-CHX. Adapted from [828],
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Figure 5. — Schematic representation of (a) carboxymethyl agarose molecule (CMA) and (b)
carboxymethyl agarose hydrogel loaded with Ag* (CMA-Ag); (c) Ag* release due the pH-responsive
properties of the CMA-Ag hydrogel; (d) Scanning electron microscope images of the surface
morphology to CMA and CMA-Ag hydrogels; (e) Representation of the application of CMA-Ag
hydrogel on wound and the respective healing process; In vivo test results: (f) photographic images of
wounds infected by Staphylococcus aureus (S. aureus) of the tested groups over 14 days and (g)
evolution of wound size and wound closure times for the various tested groups. Adapted from [23.
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Figure 6. — (a) Schematic representation of elastic gelatin-based dressing loaded with two
antibiotics: free ciprofloxacin added into the gelatin matrix; and polymyxin B sulfate loaded into
halloysite clay nanotubes (HNTs), which in turn were loaded into the gelatin matrix; (b) Mass loss
obtained from degradation and (c) water absorption by gelatin-based dressing with 0%, 5%, 10%, 15%
and 20% concentration of drug loaded HNTs at different time-points in PBS buffer; Profiles of
cumulative drug release from elastic gelatin-based dressing for the various HNTs contents: (d)
released percent of total polymyxin; (e) released percent of total ciprofloxacin. Adapted from B41.
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Aloe Vera Plant
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Figure 7. — (a) Schematic illustration of the preparation of Aloe vera loaded niosomes into
alginate/gelatin hydrogel (AG-nAV Hydrogel); (b) Release profile of Aleo vera for Aloe vera loaded
niosomes (AV-Loaded Niosomes), free Aloe vera into alginate/gelatin hydrogel (AG-AV Hydrogel),

and AG-nAV Hydrogel; (c) Swelling profile for alginate hydrogel, alginate/gelatin hydrogel and AG-
nAV Hydrogel. Adapted from [351.




Appendix VI

[ Advantages ]

- Biodegradability

- Biocompatility

- Safety

- Non-toxicity

- Low immunogenicity
- Eco-friendly nature
- Renewable
resources based

- Highly marketable
- Economic

- Easily availability

- Plethora of
applications

- Heavy metal and
microbial
contamination

- Risk of viral infection
- Batch-to-batch
variation

- Slow processing

[ Disadvantages

>

[ Future Challenges ]

- Careful choice of
polymers for drug
delivery systems

- Need for superior
toxicological cellular
models

- Need for improved in
vitro and ex vivo
models of human skin
- Translation to larger
scale

- More development of
clinical experiments

Figure 8. — Advantages, disadvantages, and future challenges of using natural biopolymers on drug

delivery systems (DDSs).
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