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Resumo do Documento

O presente documento € o fruto do trabalho tedrico e pratico desenvolvido no ambito
da unidade curricular “Estagio”, integrada, no 2° semestre do 5° ano, no plano de estudos do
Mestrado Integrado em Ciéncias Farmacéuticas (MICF) da Faculdade de Farmacia da
Universidade de Coimbra (FFUC). A apresentacgao, discussao publica e aprovagao deste
trabalho sao condigoes necessarias para a conclusao do curso e consequente obtengao do

grau de Mestre em Ciéncias Farmacéuticas.

O documento encontra-se dividido em trés capitulos. No Capitulo | e no Capitulo I
sao apresentados, respetivamente, o Relatorio de Estagio em Farmacia Comunitaria e o
Relatério de Estagio em Industria Farmacéutica. Apds uma breve contextualizagao sobre os
locais de estagio e as principais atividades realizadas enquanto estagiaria, ambos os relatorios
tomam a forma de uma analise SWOT (do inglés, Strengths (Forgas), Weaknesses (Fraquezas),
Opportunities (Oportunidades), Threats (Ameagas)), sendo feita a apreciagao critica dos
estagios. Ademais, no Relatorio de Estagio em Farmacia Comunitaria é apresentada, ainda, a
descricdo de trés casos praticos ocorridos durante o estagio. Por ultimo, o Capitulo I
corresponde a Monografia, intitulada “Oral delivery of siRNA-containing lipid-based nanocarriers:
challenges and recent advances”. Na monografia, sao discutidas estratégias e abordagens
recentemente publicadas na literatura relativas a sistemas nanocarregadores a base de lipidos
para a administragao oral de pequenas moléculas de RNA de interferéncia (siRNAs, do inglés

small interfering RNAs).

Palavras-chave: farmacia comunitaria; inddstria farmacéutica; siRNAs; administragao oral;

sistemas nanocarregadores a base de lipidos.



Abstract of the Document

The present document is the result of the practical and theoretical work developed
within the context of the curricular unit “Internship”, included, in the 2" semester of the
5% year, in the study plan of the Integrated Master’s Degree in Pharmaceutical Sciences (MICF,
from the Portuguese Mestrado Integrado em Ciéncias Farmacéuticas) of the Faculty of Pharmacy
of the University of Coimbra (FFUC, from the Portuguese Faculdade de Farmdcia da Universidade
de Coimbra). The presentation, public discussion and approval of this work are required
conditions for the completion of the course and consequent obtention of the Master’s degree

in Pharmaceutical Sciences.

The document is divided in three chapters. In Chapter | and Chapter Il, the Community
Pharmacy Internship Report and the Pharmaceutical Industry Internship Report are presented,
respectively. Following a brief contextualization of the places where the internships took place
and of the main activities developed as an intern, both reports take the form of a SWOT
(Strengths, Weaknesses, Opportunities, Threats) analysis and a critical appreciation of the
internships is made. Additionally, in the Community Pharmacy Internship Report, a description
of three case studies which occurred during the internship is also presented. Lastly, Chapter
lll corresponds to the Monograph, entitled “Oral delivery of siRNA-containing lipid-based
nanocarriers: challenges and recent advances”. In the monograph, strategies and approaches
recently published in the literature in the field of lipid-based nanocarrier systems for the oral

delivery of small interfering RNAs (siRNAs) are discussed.

Keywords: community pharmacy; pharmaceutical industry; siRNAs; oral delivery; lipid-based

nanocarrier systems.
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Capitulo I: Relatério de Estagio em

Farmacia Comunitaria

Farmacia Santa Ana Jardim



Lista de Abreviaturas

AINE: anti-inflamatoério nao esteroide

COVID-19: Coronavirus disease 2019

cp.: comprimido

CV: cardiovascular

DM: dispositivo médico

FEFO: first expired, first out

FFUC: Faculdade de Farmacia da Universidade de Coimbra
FSAJ: Farmacia Santa Ana Jardim

IMC: indice de massa corporal

MICF: Mestrado Integrado em Ciéncias Farmacéuticas
MNSRM: medicamento nao sujeito a receita médica
MSRM: medicamento sujeito a receita médica

MUV: medicamento de uso veterinario

PA: pressao arterial

PSBE: produto de saude e bem-estar

PV: prazo de validade

PVP: preco de venda ao publico

SWOT: Strengths (Forgas), Weaknesses (Fraquezas), Opportunities (Oportunidades), Threats
(Ameagas)



l. Introducao

O Mestrado Integrado em Ciéncias Farmacéuticas (MICF), lecionado em varias
instituicoes de ensino superior, de entre as quais a Faculdade de Farmacia da Universidade de
Coimbra (FFUC), é o Unico curso académico que habilita os estudantes para o exercicio da
profissao farmacéutica. No ambito do estagio curricular do curso, o qual da cumprimento a
Diretiva 2013/55/UE do Parlamento Europeu e do Conselho de 20 de novembro 2013, é
obrigatoria a realizagao de um estagio em farmacia comunitaria. O objetivo deste estagio
obrigatorio é promover o contacto dos estudantes, em contexto simulado de trabalho, com

aquela que ¢, indiscutivelmente, a face mais visivel da profissao.

O presente relatorio diz respeito ao estagio por mim realizado em farmacia
comunitaria. O estagio foi realizado, mais precisamente, na Farmacia Santa Ana Jardim (FSA)),
de 12 de abril a 30 de julho de 2021, sob a orientagao do Dr. Filipe Oliveira, o diretor técnico

da farmacia, e sob a supervisao da restante equipa técnica.

O relatério compreende fundamentalmente trés partes. Numa primeira parte, figura
uma breve contextualizagao da FSAJ, da sua equipa técnica e das tarefas e responsabilidades
nas quais tive oportunidade de participar ao longo do estagio. Numa segunda parte, o relatério
toma a forma de uma anadlise SWOT (do inglés, Strengths, Weaknesses, Opportunities, Threats) e
€ apresentada uma reflexao critica sobre as forgas, fraquezas, oportunidades e ameagas do
estagio. Por fim, na terceira e Ultima parte, € feita a descrigao de trés casos praticos com os

quais me deparei na farmacia.

2. Estagio na FSA)

A FSA] é uma pequena farmacia situada na rua Candido dos Reis, n.° I, na Figueira da
Foz. A sua localizagao privilegiada, junto ao Bairro Novo da cidade, na proximidade de varios
estabelecimentos de restauragao e outros, como o Tribunal Judicial ou o Mercado Municipal,
faz com que seja procurada por utentes diversos (residentes, utentes fidelizados, turistas e
veraneantes). A principal atividade da farmacia ¢, indiscutivelmente, a dispensa de
medicamentos e de outros produtos de saude e bem-estar (PSBE). Nao obstante, a atividade
da FSA] vai além disso; com o seu foco no utente, a FSA] oferece uma série de servigos, que
fazem dela um espago de promogao para a saude e prevengao da doenga. A equipa técnica da

FSAJ é composta pelo Dr. Filipe Oliveira, o diretor técnico, e por outros quatro elementos,



de entre os quais dois farmacéuticos. Todos trabalham, diariamente, no sentido de assegurar

a 6tima atividade da farmacia e servigos de qualidade e exceléncia aos utentes que a procuram.

Na FSAJ, ao longo dos quatro meses do meu estdgio, tive a oportunidade de
acompanhar e de realizar, de uma forma geral, todo o trabalho efetuado pela equipa técnica.
Assim, durante o estagio, tive, de igual modo, oportunidade de seguir o circuito dos
medicamentos e PSBE na farmacia comunitaria, e pude adquirir uma visao global da mesma. A
titulo exemplificativo, encontra-se em Anexo® uma lista de algumas das tarefas e

responsabilidades que pude acompanhar e realizar ao longo do meu estagio na farmacia.

3. Analise SWOT

A andlise SWOT® que se segue visa apresentar e discutir os pontos fortes, pontos
fracos, oportunidades e ameagas que senti e identifiquei ao longo do estagio. Os pontos fortes
e os pontos fracos dizem respeito a aspetos vantajosos € menos vantajosos do estagio,
respetivamente. Por sua vez, as oportunidades e ameagas correspondem a fatores que, de
certo modo, nao estando diretamente relacionados com o estagio, o afetaram de forma

positiva ou negativa e que, por isso, nao devem ser ignorados.
3.1. Pontos Fortes

3.1.1. Grande contacto com o atendimento ao publico

Ao longo do meu estagio na FSAJ, tive sempre um grande contacto com o atendimento
ao publico. Numa fase inicial do estagio, esse contacto foi maioritariamente observacional; ou
seja, numa fase inicial, assistia, apenas, aos atendimentos realizados pelos elementos da equipa
técnica da farmacia. No entanto, com o decurso do estagio, esta postura observacional inicial
foi progressivamente substituida por uma postura mais ativa e, por fim, autbnoma nos
atendimentos. A grande disponibilidade da equipa técnica da FSA] para, durante ou apos os

atendimentos, esclarecer todas as duvidas que colocava foi crucial para que assim fosse.

O contacto com os utentes na farmacia, durante o atendimento, € um aspeto inevitavel
da profissao de farmacéutico comunitario. Pela sua natureza, este é um aspeto para a qual o
MICF pouca, ou nenhuma, preparagao confere. Apenas em contexto pratico de trabalho,
perante diversas situagoes, é possivel, na minha opiniao, adquirir as competéncias necessarias

para o contacto com os utentes e o atendimento ao publico em farmacia comunitaria. Assim,

A Anexo A: Lista das tarefas e responsabilidades principais/mais frequentes ao longo do estagio na FSA).
B Anexo B: Figura . Representagio esquematica da andlise SWOT relativa ao estagio em farmécia comunitéria.



considero que o grande contacto que tive com o atendimento ao publico durante o meu
estagio na FSA|J foi extremamente vantajoso e, por isso, relevo-o como um dos pontos fortes

desta etapa do estagio curricular.

3.1.2. Preparacdo e concretizacdo do més de ‘“maio, més do corac¢io”

No més de maio celebra-se, por iniciativa da Fundagao Portuguesa de Cardiologia, o
“més do coragao”, por forma a alertar a populagdo para a problemadtica das doengas
cardiovasculares (CV).> Com o objetivo de celebrar este més também na FSA), os elementos
da equipa técnica sugeriram que eu e a outra estagiaria da farmacia preparassemos e
concretizassemos algo neste ambito. Assim, ao longo do més de maio, decidimos realizar
rastreios CV gratuitos. Uma vez que a hipertensao, a obesidade e as dislipidemias sao fatores
de risco importantes para o desenvolvimento de doengas CV, decidimos que os rastreios
consistiriam na medicao da pressao arterial (PA) e na determinagao do indice de massa

corporal (IMC) e do colesterol total.

Na minha opiniao, é importante que o farmacéutico, enquanto agente de saude publica,
desenvolva atividades que contribuam para a promogao e educagao para a saude dos utentes.
Penso que a atividade desenvolvida no “més do coragao” o fez e, por isso, estou bastante
satisfeita com a minha participagao na sua preparagao e concretizagao. Para mais, os rastreios
do “més do coragao” permitiram que me familiarizasse com a balanga e com os aparelhos de
medicao da PA e colesterol da farmacia, o que também considero vantajoso. Considero, entao,
que a preparagao e concretizagao do més de “maio, més do coragao” foi um dos pontos fortes

do meu estagio.
3.2. Pontos Fracos

3.2.1. A ndo preparacao de medicamentos manipulados

Entende-se por “medicamento manipulado” qualquer medicamento preparado, em
farmacia comunitaria ou nos servicos farmacéuticos hospitalares, segundo receita médica que
especifica o doente a quem o medicamento se destina (formula magistral) ou, entao, segundo

indicagdes compendiais de uma farmacopeia ou formulario (preparado oficinal).?

Atualmente, devido ao setor da indUstria farmacéutica, este tipo de medicamentos nao
tem a expressao que outrora teve em farmacia comunitaria. Na FSAJ, em concreto, a procura
por medicamentos manipulados é praticamente nula. Por esse motivo, a FSA] considera que
nao se justifica a manutengao das condigoes necessdrias para garantir a preparagdo com

qualidade destes medicamentos e, quando é procurada para o efeito, opta por pedir o
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medicamento manipulado em questao a outra farmacia. Consequentemente, ao longo do meu
estagio, nao tive oportunidade de preparar qualquer medicamento manipulado, o que

considero ter sido um ponto fraco.

Gostaria de ter tido a oportunidade de preparar um medicamento manipulado, nao
tanto pela preparagao laboratorial propriamente dita, mas sim pelos procedimentos que,
legalmente, lhe estao subjacentes. Isto é, gostaria de ter tido oportunidade de contactar com
os procedimentos de rececao de material de embalagem e matérias-primas, de preenchimento

da ficha de preparagao do manipulado e de cilculo do prego de venda ao publico (PVP).
3.3. Oportunidades

3.3.1. Contacto com o Sifarma®

O Sifarma® é um software concebido, pela Glintt®, para funcionar como o “alicerce”
informatico da farmacia comunitaria e para melhorar o desempenho da atividade farmacéutica.
Este software permite desempenhar, informaticamente, quer processos associados a logistica
da farmacia (p. ex. gestao de stocks e gestao de encomendas), quer o processo de atendimento
ao publico.* Permite, também, desse modo, a gestio dos medicamentos e PSBE, desde a sua

entrada na farmacia até a sua saida.

Na FSAJ é utilizado, como sistema informatico, o Sifarma®. Alias, sio utilizadas, em
simultdneo, as duas versdes atualmente existentes do sistema: o Sifarma 2000° e o novo
modulo do Sifarma®, que ainda se encontra em desenvolvimento. Ao longo do meu estégio,
pude, portanto, contactar diariamente com este software e com as suas duas versoes. E pude
explorar as suas funcionalidades na execucao das varias tarefas e atividades que desempenhei.
Devo acrescentar que tive, também, ao longo do estagio, a possibilidade de contactar, por

algumas vezes, com ferramentas complementares do Sifarma®, como o SifarmaGest®.

Uma vez que o Sifarma® desempenha um papel preponderante no funcionamento das
farmacias que o utilizam, e uma vez que é o sistema informatico mais utilizado pelas farmacias
comunitérias em Portugal®, penso que o contacto que tive com este software durante o estagio
curricular podera ser uma mais-valia no meu futuro profissional. Assim, destaco o contacto

com o Sifarma® como uma das oportunidades que identifiquei no estagio.

3.3.2. Posicao das farmacias no sistema de saude — Ex. da pandemia de COVID-19

Atualmente, devido a proximidade, ao facil e gratuito acesso e a sua credibilidade, as
farmacias comunitarias sao os locais do sistema de salude aos quais a populagao mais recorre.

Fa-lo em diversas situagoes, seja a procura de aconselhamento, seja para colocar questoes
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sobre a medicagao, as doengas ou outros assuntos, ou mesmo em casos de maior urgéncia.
Com a pandemia de COVID-19 (do inglés, Coronavirus disease 2019), esta tornou-se uma
verdade ainda maior e mais visivel. Ao longo do meu estagio na FSAJ, por exemplo, pude
constatar que varios utentes e cidadaos procuravam esclarecer junto da equipa técnica da
farmacia as suas duvidas sobre a vacinagao, as medidas de combate a pandemia, a realizagao
de autotestes, etc. Além disso, pude constatar, também, que, na pandemia, alguns utentes
passaram a recorrer a FSAJ por forma a terem um maior acompanhamento das suas doengas
cronicas; destaca-se o caso de alguns utentes hipertensos, que passaram a recorrer ao servigo

de medicao da PA da farmacia de forma regular.

A meu ver, esta posi¢ao que as farmacias tém, atualmente, no sistema de saude é uma
oportunidade para o proprio exercicio da profissao farmacéutica, na medida em que permite

ao farmacéutico comunitario diferenciar-se e afirmar-se como agente de saude publica.

Por sentir que, ao longo do meu estagio, eu propria tive um papel importante na
transmissao de informagao aos utentes e no esclarecimento das suas davidas em diferentes
ocasioes, como, por exemplo, a proposito da pandemia, penso que esta posigao das farmacias

acabou por constituir uma oportunidade também para mim, enquanto estagiaria.
3.4. Ameacas

3.4.1. Obras na zona envolvente a FSA)

Ao longo do ultimo ano, tém decorrido no Jardim Municipal da Figueira da Foz e na
zona envolvente, na qual se encontra a FSA), obras de remodelacao e beneficiagao. Devido as
obras, nos quatro meses do meu estagio, foram varias as ruas e estradas proximas da farmacia

nas quais a circulagao e o estacionamento ficaram condicionados, ou mesmo interditos.

Na FSAJ, esta situacao refletiu-se num menor numero de utentes. Refletiu-se, também,
muitas vezes, numa barreira adicional ao atendimento dos utentes existentes; porque, para
além das mascaras, acrilicos e da maior distancia fisica, adotadas como medidas de seguranga
devido a pandemia, o ruido das maquinas das obras tornava a comunicagao com os utentes

ainda mais dificil e limitada.

Na minha opiniao, a situagao refletiu-se, também, de forma negativa no meu estagio.
Por um lado, quando iniciei o atendimento ao publico de forma mais autonoma, senti que os
utentes se mostravam, frequentemente, impacientes com a demora do mesmo, por terem as
viaturas mal estacionadas devido aos condicionamentos e interdigoes resultantes das obras.

Por outro lado, o nimero e a diversidade de casos de atendimento com os quais tive
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oportunidade de contactar durante o estagio foi, necessariamente, menor, dada a menor

afluéncia de utentes a farmacia.

Assim, considero que as obras na zona da FSAJ constituiram uma ameaga, nao sé para

a normal atividade da farmacia nos ultimos tempos, mas também para o meu estagio.

3.4.2. Receitas médicas manuais

Relativamente as receitas médicas manuais, senti e identifiquei, ao longo do meu estagio
em farmacia comunitaria, duas ameagas: a inadequada abordagem que é feita a esta tematica
no MICF e o contacto com um nimero reduzido deste tipo de receitas durante o periodo de

estagio. Em seguida, abordo cada uma destas ameagas, separadamente, com maior detalhe.

Inadequacao da abordagem feita no MICF

No 2° semestre do 2° ano, na unidade curricular de farmacologia geral, foram
abordadas as temdticas da receita/prescricao médica e da dispensa de medicamentos em

farmacia comunitaria.

Em primeiro lugar, na minha opiniao, a abordagem feita é prematura. Penso que seria
pertinente abordar estes temas mais tarde, préximo do estagio curricular e da conclusao do
curso. Em segundo lugar, penso, também, que a abordagem feita deveria ser mais pratica e
deveria contemplar aspetos relativos aos sistemas e subsistemas de comparticipagao e a
gestio, fecho e faturagio de lotes de receitas no Sifarma® Em suma, considero que a
abordagem feita no MICF a receita/prescricio médica e a dispensa de medicamentos nao é a
mais adequada e, consequentemente, nao prepara os estudantes, de forma satisfatoria, para a
realidade subjacente a estas tematicas em farmacia comunitaria. Por este motivo, considero-a

uma ameacga.

Contacto com um numero reduzido de receitas manuais durante o estagio

Nos udltimos anos tem sido fortemente promovida a desmaterializagdo de todo o
circuito do receituario. As receitas médicas manuais sao aceites, desde que devidamente
justificadas, mas, por este motivo, atualmente, o nimero de atendimentos feitos em farmacia

comunitaria mediante este tipo de receitas é reduzido.

Fruto do reduzido numero de receitas médicas manuais com as quais contactei durante
o meu estagio na FSAJ, sinto que nao me foi possivel, ao longo do mesmo, desenvolver a
pratica e confianga necessarias para, de forma 100 % autonoma, proceder a dispensa deste
tipo de receitas. Senti, com frequéncia, a necessidade de confirmar junto dos elementos da

equipa técnica se estava a proceder de forma correta a validagao técnico-cientifica deste tipo
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de receitas. Também com frequéncia, surgiam duvidas e questoes aquando da dispensa de
receitas médicas manuais abrangidas por subsistemas de saude. Pelas razoes referidas, indico
o contacto com um numero reduzido de receitas médicas manuais durante o meu estagio

como uma das suas ameacgas.

4. Casos Praticos

Segue-se a apresentagao, sucinta, de trés casos praticos com os quais me deparei ao
longo do meu estagio na FSAJ, bem como a descricao da forma como procedi face aos

mesmos, aplicando os conhecimentos técnico-cientificos adquiridos ao longo do MICF.
Caso Pratico I: Obstipacao

Uma senhora, com cerca de 50 anos, dirige-se a farmacia a procura de aconselhamento
farmacéutico. Refere que esta de férias na cidade e que, desde que chegou, ha 3 dias, ainda
nao foi a casa de banho, o que refere também ser estranho, atendendo a sua frequéncia normal,
diaria, de dejegoes. Quando questionada, nega outros problemas de saude ou estar a fazer

qualquer tipo de medicagao.

Aconselhamento farmacéutico: Comecei por aconselhar a ado¢ao de algumas medidas

preventivas, de natureza nao farmacologica: a ingestao de | L a 2 L de agua por dia, a ingestao
de alimentos ricos em fibras (frutas, vegetais, cereais integrais, etc.) ou a pratica regular de
exercicio fisico, por exemplo. Aconselhei, depois, Dulcolax® (bisacodilo) 5 mg, comprimido
revestido, um laxante de contacto. Indiquei a senhora que tomasse | comprimido (cp.) ao
deitar, para que o efeito do mesmo se produzisse na manha seguinte.” Além do mais, adverti
a senhora para a “agressividade” do laxante dispensado, referindo que este deve ser tomado

apenas em situagoes pontuais, como era o caso, e nao de forma recorrente.
Caso Pratico Il: Secura ocular

Uma jovem, com cerca de 20 anos, dirige-se a farmacia, acompanhada da mae,
queixando-se de ter os olhos “muito vermelhos” nos Ultimos dias. Apos algumas questoes, a
jovem refere que os sintomas afetam os dois olhos e que, além da vermelhidao, sente algum
ardor e os olhos cansados, sobretudo ao final do dia. Nao apresenta sintomas nasais
concomitantes ou secregoes oculares, nem sofre de condigoes alérgicas (p. ex. asma, rinite
alérgica ou eczema). Refere, ainda, que nao usa oculos ou lentes de contacto. A mae acrescenta
que a rapariga € estudante universitaria em engenharia informatica e que, por se encontrar em

época de exames, tem passado muito tempo ao computador recentemente.



Aconselhamento farmacéutico: Conclui que, provavelmente, se tratava apenas de um caso de

secura ocular. Aconselhei Hyabak® (hialuronato de sédio 0,15 %), gotas oftdlmicas, um
lubrificante e hidratante ocular. Expliquei que poderia aplicar | gota em cada olho, varias vezes
ao dia, no canto do saco lacrimal inferior, puxando ligeiramente a palpebra inferior para baixo
e dirigindo o olhar para cima®. Expliquei, também, que, antes de proceder 2 aplicagao, deveria
lavar as maos e que deveria evitar tocar com o conta-gotas no olho ou nas palpebras. Alertei,
ainda, a jovem para a importancia de descansar os olhos enquanto trabalha no computador,
dizendo-lhe que deveria desviar o olhar do computador com regularidade, focando-o em

objetos mais distantes, e que deveria tentar pestanejar mais vezes.”®
Caso Pratico llI: Dismenorreia

Uma utente dirige-se a farmacia. Procura aconselhamento para a filha, pois a rapariga,
de 12 anos de idade, sente algumas dores nos primeiros dias da menstruagao. Apos algumas
questoes, inclusive questoes relacionadas com eventuais contraindicagoes (p. ex. “A sua filha
tem problemas de estomago, asma ou qualquer outra doenga?”), a utente refere que a filha é

asmatica.

Aconselhamento farmacéutico: Perante a informagao que me foi transmitida, optei por

dispensar um analgésico nao-AINE (anti-inflamatério nao esteroide); os AINEs podem
provocar broncoconstricao e induzir agudizagdes em doentes asmaticos. Assim, dispensei
Ben-U-Ron® (paracetamol) 500 mg, comprimidos. Indiquei a utente que a filha poderia tomar
| cp. de 8 em 8 h ou de 6 em 6 h, se necessario, nao devendo ultrapassar a toma de 4 cps.
por dia.” Indiquei, também, que para ajudar a reduzir a dor, como medida nio farmacoldgica
adicional, a filha poderia experimentar aplicar calor, com um saco de agua quente, sobre a

regiao pélvica/abdominal.

5. Consideracoes Finais

O presente relatorio tinha por principal objetivo apresentar uma reflexao critica, sob
a forma de uma andlise SWOT, da minha experiéncia de estagio em farmacia comunitaria, a
qual decorreu, mais precisamente, na FSAJ. Fruto da reflexao apresentada, concluo que o

balango final do meu estagio, e de tudo aquilo que este me proporcionou, é bastante positivo.

Este periodo de estagio proporcionou-me um contacto impar com a farmacia
comunitaria e com esta vertente tao importante e visivel da profissao, que é a de farmacéutico

comunitario. Com a realizagao do estagio curricular em farmacia comunitaria, nao s6 adquiri
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uma visao mais global da farmacia, da sua atividade e do seu importante papel no sistema de
saude, como também adquiri uma maior percegao da importancia que o farmacéutico tem na
promogao e educagao para o uso racional dos medicamentos e para a saude dos seus utentes,

em particular, e dos cidadaos, de forma geral.

O estagio proporcionou-me, de igual modo, a possibilidade de aplicar e de consolidar
os conhecimentos obtidos ao longo do MICF e de adquirir novos conhecimentos e
competéncias; destaco competéncias sociais e de comunicagao que, pela sua natureza, sao
dificeis de adquirir de outra forma que nao em contexto real ou simulado de trabalho, e que
tive a oportunidade de adquirir durante o estagio, devido ao grande contacto que tive com os

utentes e com o atendimento ao publico.

Posto isto, concluo que esta etapa do estagio curricular, a qual foi uma etapa de
constante aprendizagem e desenvolvimento académico, profissional e pessoal, me dotou de
ferramentas valiosas para, num futuro proximo, estar mais apta a exercer a profissao

farmacéutica, atuando como especialista do medicamento e agente de saude publica.



Referéncias Bibliograficas

l. EUROPEAN COMMISSION - Diretiva 2013/55/UE do Parlamento Europeu e do
Conselho, de 20 de novembro de 2013. Jornal Oficial da Uniao Europeia. (2013).

2. SERVICO NACIONAL DE SAUDE - Maio — Més do Coracio — SNS, atual. 2016. [Consult.
29 ago. 2021]. Disponivel em: https://www.sns.gov.pt/noticias/2016/05/02/maio-mes-do-

coracao/

3. INFARMED I.P. - Medicamentos manipulados - INFARMED, I.P. [Consult. 29 ago. 2021].
Disponivel em: https://www.infarmed.pt/web/infarmed/entidades/medicamentos-uso-humano/

inspecao-medicamentos/medicamentos-manipulados

4. Sifarma [Consult. 30 ago. 2021]. Disponivel em: https://www.glintt.com/pt/o-que-fazemos/

ofertas/SoftwareSolutions/Paginas/Sifarma.aspx

5. INFARMED I.P. - RESUMO DAS CARACTERISTICAS DO MEDICAMENTO - Dulcolax
5 mg comprimido revestido [Consult. 2 set. 2021]. Disponivel em: https://extranet.infarmed.

pt/INFOMED-fo/detalhes-medicamento.xhtml

6. Hyabak | Laboratoires Théa [Consult. 2 set. 2021]. Disponivel em: https://thea.pt/
produtos/hyabak

7.  Olho seco | Laboratoires Théa [Consult. 2 set. 2021]. Disponivel em: https://thea.pt/

patologias/olho-seco

8. INSTITUTO PHARMACARE - Protocolo de Indicacio Farmacéutica no Olho Seco.
Farmacia Distribuicao. 343 (2021).

9. INFARMED I.P. - RESUMO DAS CARACTERISTICAS DO MEDICAMENTO - ben-u-ron
500 mg comprimidos [Consult. 2 set. 2021]. Disponivel em: https://extranet.infarmed.

pt/INFOMED-fo/detalhes-medicamento.xhtml



Anexo A

Anexos

Lista das tarefas e responsabilidades principais/mais frequentes ao longo do estagio na FSA|.

* Rececao e verificagao de diversos tipos de encomendas (diarias, instantaneas, reforgo,

manuais, etc.), de diferentes fornecedores;

* Realizagao de encomendas (sobretudo, encomendas instantaneas e didrias);

* Armazenamento de medicamentos e de PSBE de acordo com as suas caracteristicas e

segundo a regra FEFO (do inglés, first expired, first out);

* Exposigao e organizagao de produtos em lineares;

* Verificagao periddica de discrepancias entre stock fisico e stock informatico;

* Controlo mensal dos prazos de validade (PV) dos produtos em inventario;

* Dispensa de medicamentos, dispositivos médicos (DM) e PSBE:

Dispensa de diferentes tipos de medicamentos (medicamentos sujeitos a
receita médica (MSRM), medicamentos nao sujeito a receita médica (MNSRM),
psicotropicos e estupefacientes, medicamentos de uso veterinario (MUV), etc.);
Dispensa de preparagdes extemporaneas (p. ex. Cipamox® ou Clavamox DT®)
apos reconstituicao das mesmas;

Dispensa de diferentes DM e PSBE (suplementos alimentares, produtos de
dermofarmacia e cosméticos, etc.);

Dispensa mediante diferentes tipos de receita médica (receita eletronica
desmaterializada, receita eletrénica materializada e receita manual);

Dispensa de medicamentos hospitalares;

Transmissao ao utente, aquando da dispensa, e quando pertinente, de
informacao relativa a forma de administragao/utilizagao, posologia e modo de
conservacao e armazenamento dos medicamentos, DM ou PSBE;

Avaliagao, aquando da dispensa de medicamentos, DM e PSBE, da possibilidade
de ocorréncia de interacoes medicamentosas e/ou reagcoes adversas;
Transmissao ao utente, quando pertinente, de possiveis medidas nao

farmacologicas a adotar;

* Fecho mensal do receituario e faturagao as diferentes entidades;

* Medicao PA e determinagao de parametros bioquimicos (nomeadamente, glicémia e

colesterol total).
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Anexo B

Pontos Fortes
Grande contacto com o atendimento ao
publico;
Preparagio e concretizagdo do més de

“maio, més do coragao”.

Pontos Fracos
A nao preparagao de medicamentos

manipulados.

Oportunidades
Contacto com o Sifarma®;
Posicao das farmacias no sistema de

saude — Ex. da pandemia de COVID-/9.

Ameacgas
Obras na zona envolvente a FSA|;

Receitas médicas manuais.

Figura I. Representaciao esquematica da analise SWOT relativa ao Estagio em Farmacia Comunitaria.
Abreviaturas: COVID-19: Coronavirus disease 2019; FSAJ: Farmacia Santa Ana Jardim.
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Capitulo ll: Relatério de Estagio em

Industria Farmaceutica

Laboratorios Basi — Industria Farmaceéutica, S.A.



Lista de Abreviaturas

CQ: Controlo de qualidade

FFUC: Faculdade de Farmacia da Universidade de Coimbra
HPLC: high performance liquid chromatography

I/M: injectable manufacturing

LSM: liquid and semisolid manufacturing

MICF: Mestrado Integrado em Ciéncias Farmacéuticas
SOP: standard operating procedure

SWOT: Strengths (Forgas), Weaknesses (Fraquezas), Opportunities (Oportunidades), Threats
(Ameagas)
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l. Introducao

O Mestrado Integrado em Ciéncias Farmacéuticas (MICF) da Faculdade de Farmacia da
Universidade de Coimbra (FFUC) inclui no seu plano de estudos, no 2° semestre do 5° ano, a
unidade curricular “estagio”. No ambito desta unidade, e em cumprimento com a Diretiva
2013/55/UE do Parlamento Europeu e do Conselho de 20 de novembro 2013', é obrigatéria
a realizagao de um estagio em farmacia comunitaria. Ademais, a FFUC da, aos estudantes que
estejam interessados, a possibilidade de realizar também um estagio numa outra area ligada ao

medicamento, ao doente e a saude publica.

Posto isto, o presente relatorio diz respeito ao estagio por mim realizado nos
Laboratorios Basi — Industria Farmacéutica, S.A. (doravante designados apenas por Basi), de
Il de janeiro a 9 de abril de 2021, sob a supervisao da equipa de estudos de estabilidade, onde
fui integrada, e sob a orientagao da Dra. Claudia Mota, responsavel pela equipa. Optei por
realizar parte do estdgio curricular em industria farmacéutica, nao sé porque, ao longo do
curso, esta area sempre me despertou particular interesse, mas também por considerar que
um primeiro contacto com a area ainda nesta etapa seria um fator diferenciador na minha

formacao académica.

O relatorio compreende fundamentalmente duas partes. Numa primeira parte, € feita
uma breve contextualizagao do espago fisico e da equipa onde fui integrada durante o estagio,
das suas tarefas e responsabilidades, bem como das tarefas e responsabilidades nas quais eu
propria tive oportunidade de participar enquanto estagiaria. Em seguida, o relatério toma a
forma de uma analise SWOT (do inglés, Strengths, Weaknesses, Opportunities, Threats). Assim, é
feita uma reflexao critica do estagio, apresentando e discutindo as suas forgas, fraquezas,

oportunidades e ameagas.

2. Estagio na equipa de estudos de estabilidade

O estagio por mim realizado nos Basi decorreu no laboratério de controlo de
qualidade (CQ), que se encontra organizado em diferentes grupos de trabalho e equipas®.
Apos uma primeira semana de caracter formativo, durante a qual assisti a diferentes sessoes
de formacgao e pude ler varios SOPs (do inglés, standard operating procedures), fui integrada na

equipa de estudos de estabilidade do laboratoério.

A Anexo A: Figura |. Organograma dos Laboratérios Basi, com destaque para os grupos de trabalho e equipas
do CQ.
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A equipa de estudos de estabilidade é responsavel pela elaboragao de estudos de
estabilidade de acordo com as guidelines respetivas, bem como pela elaboragao de protocolos
e planos mensais de estabilidade. E responsavel pela subsequente concretizacio laboratorial
dos mesmos, pela andlise dos resultados obtidos e, ainda, pela elaboragao de tabelas e
relatorios de estabilidade. Importa referir que o objetivo dos estudos de estabilidade ¢ avaliar
o impacto de fatores ambientais, como a temperatura e humidade, nas propriedades fisico-
quimicas, microbiologicas e toxicologicas do medicamento, ao longo do tempo. A informagao
obtida a partir deste tipo de estudos permite compreender de que forma os referidos fatores
podem afetar a qualidade, eficacia e seguranga do produto. Permite, também, estabelecer o
prazo de validade e as condicdes de armazenamento e conservagio.’ Assim, os estudos de
estabilidade (e, por conseguinte, a equipa que os concretiza) revestem-se de grande

importancia.

Ao integrar a equipa de estudos de estabilidade, tive a oportunidade de acompanhar e
de participar na realizagao das suas tarefas diarias, nomeadamente tarefas laboratoriais.
Realizei inlmeros ensaios, necessarios para a concretiza¢ao dos estudos de estabilidade de
diversos medicamentos, sob diversas formas farmacéuticas — tais como, xaropes, solugoes e
suspensoes orais, solugoes cutdneas, geles, cremes, pomadas e enemas (LSM, liquid and
semisolid manufacturing); injetaveis de pequeno e de grande volume (I/M, injectable
manufacturing). Os ensaios variam, precisamente, consoante o produto e forma farmacéutica.
A titulo de exemplo, em seguida, refiro alguns dos ensaios que tive oportunidade de realizar
ao longo do estagio — ensaios de identificagao, controlo de caracteristicas organoléticas (como
aparéncia, cor, odor e textura), pH, densidade, viscosidade, doseamento de substancia ativa,

etc.

3. Analise SWOT

A analise SWOT® que se segue visa apresentar e discutir os pontos fortes, pontos
fracos, oportunidades e ameagas que senti e identifiquei ao longo do estagio. Os pontos fortes
e os pontos fracos dizem respeito a aspetos vantajosos € menos vantajosos do estagio,
respetivamente. Por sua vez, as oportunidades e ameagas correspondem a fatores que, de
certo modo, nao estando diretamente relacionados com o estagio, o afetaram de forma

positiva ou negativa e que, por isso, nao devem ser ignorados.

B Anexo B: Figura 2. Representacio esquemitica da analise SWOT relativa ao estagio em industria farmacéutica.
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3.1. Pontos Fortes

3.1.1. Integracdao na equipa de estudos de estabilidade

A equipa de estudos de estabilidade, na qual decorreu o meu estagio no laboratorio de
CQ dos Basi, € uma equipa na qual sao evidentes uma boa disposi¢ao e um grande sentido de
companheirismo e entreajuda. Estes, e a forma como, desde o primeiro dia, fui bem acolhida,
foram fatores fundamentais para que rapidamente me sentisse totalmente integrada na equipa
e, diria até, na empresa. Em retrospetiva, penso que esta boa integragdo permitiu que me
sentisse mais a vontade para colocar duvidas e questoes; duvidas e questoes essas as quais as
analistas da equipa, dentro da sua disponibilidade, sempre se mostraram prontas a responder,
devo acrescentar. Dito isto, por considerar que a forma como fui integrada na equipa de
estudos de estabilidade contribuiu para tornar a minha experiéncia de estagio mais agradavel

e proveitosa, inclusive a nivel formativo, saliento-a com um dos pontos fortes.

3.1.2. Elevada execucio laboratorial

O MICF da FFUC tem uma forte componente pratica e, por conseguinte, proporciona
aos seus estudantes capacidades e competéncias laboratoriais importantes e variadas,
conforme, alids, irei elaborar mais a frente, na secgao 3.3. Oportunidades. Nao obstante, sinto
que a execugao diaria e, praticamente, exclusiva de tarefas de laboratorio, ao longo do estagio,
me permitiu, nao s6 consolidar e expandir os conhecimentos e competéncias adquiridos no
curso, mas também desenvolver, de forma excecional, novas competéncias técnicas e pratico-
laboratoriais. Mais acrescento: apds o meu estagio nos Basi, sinto que, se a minha futura
atividade profissional o exigir, estarei mais apta a realizar, de forma eficaz e eficiente, atividades
laboratoriais. Pelos motivos anteriormente referidos, destaco, entao, a elevada execugao

laboratorial do estagio como um dos pontos fortes do mesmo.
3.2. Pontos Fracos

3.2.1. Auséncia de um plano de estagio e fluxo de trabalho irregular

Considero que um dos pontos fracos do meu estagio nos Basi foi a inexisténcia de um
plano que delineasse as varias tarefas a executar ao longo do mesmo. Na minha perspetiva,
um plano estruturado de atividades poderia ter ajudado a colmatar o fluxo de trabalho
irregular que caracterizou o periodo de estagio. Se, por um lado, houve dias bastante
preenchidos, em que me foram atribuidas varias tarefas, por outro lado, houve também dias
de estagio caracterizados pela existéncia de varios “tempos mortos”, o que, de igual modo,

considero ter sido um ponto fraco. Durante os “tempos mortos” criados devido ao fluxo
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irregular de trabalho, senti que nao estava a ser retirado o maximo partido do meu estagio na

equipa de estudos de estabilidade, nem por mim, nem por parte da empresa.

3.2.2. Impossibilidade de contactar com a HPLC

A HPLC (do inglés, high performance liquid chromatography) é uma técnica analitica
rotineiramente utilizada no CQ na industria farmacéutica, dada a sua grande versatilidade e
precisao. Durante o meu periodo de estagio, em razao da excessiva carga de trabalho do(s)
analista(s) da equipa de estudos de estabilidade alocados especificamente a HPLC, foram poucas
as ocasioes em que tive oportunidade de os acompanhar. Além disso, quando o fiz, estive
envolvida, sobretudo, na preparagao de solventes e no preenchimento informatico de tabelas

de estabilidade; estive, portanto, pouco em contacto com a HPLC propriamente dita.

Ao longo do MICF, apesar de nos ser dada a oportunidade de contactar com este tipo
de cromatografia, esse contacto é minimo também. Por esse motivo, considero que a
possibilidade de me familiarizar com o equipamento e técnica subjacentes a HPLC no estagio
seria uma mais-valia. A meu ver, tal contribuiria para tornar a minha formagao académica mais
ampla e robusta. Em contrapartida, considero que o facto dessa possibilidade nao se ter

verificado foi um dos pontos fracos do estagio.
3.3. Oportunidades

3.3.1. Competéncias laboratoriais proporcionadas pelo MICF

O MICF da FFUC comtempla, no seu plano de estudos, varias unidades curriculares
cuja forte componente pratica permite dotar os estudantes de capacidades e competéncias
laboratoriais importantes e variadas. No decorrer do meu estagio nos Basi, pude constatar
que a “bagagem” pratico-laboratorial conferida por unidades curriculares do curso — das quais
destaco as unidades de quimica analitica, quimica organica, quimica farmacéutica, métodos
instrumentais de analise e tecnologia farmacéutica — é adequada ao exercicio de fungées num
laboratério de CQ em industria farmacéutica. A sua adequagao refletiu-se positivamente no
meu dia-a-dia enquanto estagiaria e permitiu-me executar, sem grandes dificuldades, as tarefas
laboratoriais que me eram atribuidas. Assim sendo, vejo as capacidades e competéncias
laboratoriais conferidas pelo MICF como uma oportunidade, nio so para a realizagao deste

estagio em concreto, mas também numa perspetiva profissional futura.

3.3.2. Contacto com outras equipas e sec¢oes do laboratério de CQ

Nao obstante o que foi anteriormente dito, na subsecgao 3.2.1., devo admitir que a

existéncia de “tempos mortos” no meu estagio na equipa de estudos de estabilidade acabou
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por possibilitar o meu contacto com outras equipas e secgoes. Por mais do que uma vez, fui
chamada a colaborar com a equipa das matérias-primas e com a equipa dos produtos de /M
na realizagao de varios ensaios. Pude, também, ao longo do estagio, contactar com o trabalho
das secgoes de higienizagao e limpeza e de rececao de amostra do laboratério de CQ. Ainda
que estas secgoes nao estejam diretamente envolvidas nos procedimentos de analise de CQ
dos produtos, o seu trabalho é fundamental para o normal funcionamento do laboratério e,

por isso, nao deve ser subvalorizado.

O contacto com as equipas e sec¢oes de trabalho supramencionadas nao estava
inicialmente previsto no meu estagio. Todavia, na minha opiniao, foi bastante vantajoso,
proporcionando-me a oportunidade de adquirir uma perspetiva mais holistica do laboratério

de CQ dos Basi, em particular, e da industria farmacéutica, de uma forma geral.
3.4. Ameacas

3.4.1. Entrada de uma nova colaboradora na equipa de estudos de estabilidade

Aquando da minha inser¢ao na equipa de estudos de estabilidade, no final da primeira
semana de estagio, entrou, também, para a equipa uma nova colaboradora. Apos reflexao,
considero que a sua entrada acabou por condicionar de forma negativa o meu estagio,
sobretudo numa fase inicial, pelos motivos que abaixo refiro; assim, destaco-a como uma

ameaga.

Apos a entrada da nova colaboradora, a sua formagao e qualificagao eram prioritarias,
por forma a que ficasse apta a desempenhar as suas fungdes enquanto analista o mais
rapidamente possivel. Isto fez com que os restantes membros da equipa de estudos de
estabilidade, os quais ficaram responsaveis pela formagao e qualificagao, tivessem menor
disponibilidade para acompanhar o meu estagio na fase inicial do mesmo. Uma vez que ainda
nao me tinha sido possivel desenvolver qualquer autonomia no laboratério, com a entrada da
nova colaboradora, surgiram varios “tempos mortos” no estagio. Além do mais, sinto que o

desenvolvimento da autonomia anteriormente referida também foi mais dificil e demorado.
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4. Consideracoes Finais

O presente relatorio tinha por principal objetivo apresentar uma reflexao critica, sob
a forma de uma analise SWOT, da minha experiéncia de estagio em indUstria farmacéutica, mais
precisamente, na equipa de estudos de estabilidade do laboratoério de CQ dos Basi. Fruto da
reflexao apresentada, fago um balango final positivo da experiéncia e de tudo aquilo que me

proporcionou.

Em primeiro lugar, o estdgio nos Basi deu-me a possibilidade de contactar com a area
da indastria farmacéutica ainda enquanto estudante e constitui, por isso, um fator
diferenciador na minha formagao académica. Na minha opiniao, o facto desse contacto ter
ocorrido no laboratério de CQ da empresa foi uma mais-valia; porque, sendo o CQ um setor
transversal a toda a atividade da mesma, o estagio proporcionou-me uma visao mais holistica

da industria.

Além do mais, o estagio nos Basi permitiu-me consolidar e expandir competéncias e
conhecimentos adquiridos no MICF. Permitiu-me, de igual modo, desenvolver novas
competéncias técnicas, pratico-laboratoriais e outras, as quais hoje se chama vulgarmente soft
skills, como a capacidade de organizagao, o trabalho em equipa ou a flexibilidade, por exemplo.
Considero, portanto, que o estagio representou uma excelente oportunidade de

desenvolvimento, nao so6 a nivel formativo e profissional, como também a nivel pessoal.

Em conclusao, levo do meu tempo enquanto estagidria nos Basi uma experiéncia
bastante gratificante, que certamente serda uma mais-valia para a minha vida futura,
nomeadamente para a sua vertente profissional, seja ela desenvolvida na area da industria

farmacéutica ou nao.
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Anexo B

Pontos Fortes Oportunidades
* Integragao na equipa de estudos de *  Competéncias laboratoriais
estabilidade; proporcionadas pelo MICF;
* Elevada execugao laboratorial. » Contacto com outras equipas e sec¢oes

do laboratério de CQ.

Pontos Fracos Ameacas
* Auséncia de um plano de estagio e fluxo * Entrada de uma nova colaboradora na
de trabalho irregular; equipa de estudos de estabilidade.

* Impossibilidade de contactar com a

HPLC.

Figura 2. Representagao esquemdtica da andlise SWOT relativa ao Estagio em Industria Farmacéutica.
Abreviaturas: CQ: Controlo de qualidade; HPLC: high performance liquid chromatography; MICF: Mestrado Integrado em
Ciéncias Farmacéuticas.
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Capitulo 1ll: Monografia

“Oral delivery of siRNA-containing lipid-based nanocarriers:

challenges and recent advances”



Abstract

The successful oral delivery of small interfering RNA (siRNA)-based drugs would
undoubtedly be an important milestone in therapeutics. However, although not impossible,
achieving it has proven to be especially difficult. The development of nonviral delivery
nanocarrier formulations for oral delivery applications of siRNA-based drugs is challenged by
characteristics of the gastrointestinal tract (GIT). In view of these characteristics, lipidic
materials, for instance, show an inherent instability in the gut. Therefore, despite the fact that
lipid-based nanocarriers are generally considered the most widely used and clinically advanced
nonviral formulation strategies for the delivery of siRNAs, their use for the oral delivery of
these molecules has been limited. Nonetheless, in recent years, some studies have exploited
novel strategies and approaches which can fit this category of nanocarriers to reach this
purpose. In this monograph, some of those studies, together with their promises and
limitations, will be discussed. Although, in this context, a solid body of data is still lacking, the
existing preclinical results seem interesting. Moreover, the strategies and approaches reported
may have the potential to help overcome some of the limitations common to other existing

synthetic lipid-based nanocarriers.

Keywords: RNAi; siRNAs; oral delivery; nonviral delivery nanocarrier systems; lipid-based

nanocarrier systems.
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Resumo

A bem-sucedida administragao por via oral de medicamentos a base de pequenas
moléculas de RNA de interferéncia (siRNAs, do inglés small interfering RNAs) seria, sem duvida,
um marco importante na area da terapéutica. Contudo, apesar de nao ser impossivel, esta
tarefa tem demonstrado ser particularmente dificil. As caracteristicas do trato gastrointestinal
(TGI) dificultam o desenvolvimento de formulagoes nao-virais de nanocarregadores de
entrega, por via oral, de medicamentos a base de siRNAs. Materiais lipidicos, por exemplo, sao
inerentemente instaveis no TGl. Por esse motivo, apesar dos nanocarregadores a base de
lipidos constituirem, no geral, as estratégias de formulagao nao-virais mais comuns e
clinicamente mais avangadas para a administragao de siRNAs, para a via oral o seu uso tem sido
limitado. No entanto, recentemente, alguns estudos com vista a administragao via oral de
siRNAs tém explorado novas estratégias e abordagens que se podem enquadrar nesta categoria
de nanocarregadores. Nesta monografia, sao discutidos alguns desses estudos, bem como o
seu potencial e limitagoes. Embora, neste contexto, os dados existentes ainda sejam escassos,
os resultados preé-clinicos obtidos parecem interessantes. Além do mais, as estratégias e
abordagens em questao tem potencial para ajudar a ultrapassar algumas das limitagoes de

outros nanocarregadores sintéticos a base de lipidos existentes.

Palavras-chave: RNAi; siRNAs; administragao oral; sistemas nanocarregadores nao-virais de

entrega; sistemas nanocarregadores a base de lipidos.
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Abbreviations

Ago?2: argonaute 2
CD: Crohn’s disease

DMAPAP: 2-{3-[bis-(3-amino-propyl)-amino]-propylamino}-N-ditetradecylcarbamoyl methyl-

acetamide

Dmtl: divalent metal-ion transporter |

DOPE: |,2-dioleoyl-sn-glycero-3-phosphoethanolamine
DOTARP: |,2-dioleoyl-3-trimethylammonium-propane
DSPC: distearoyl-sn-glycerol-3-phosphocholine

DSPE-PEG(2000)-azide: 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-
[azido(polyethylene glycol)-2000]

dsRNA: double-stranded RNA

EMA: European Medicines Agency

FA: folic acid

FDA: U.S. Food and Drugs Administration
GAPDH: glyceraldehyde 3-phosphate dehydrogenase
GDLYV: ginger-derived lipid vehicle/vector

GDNP: ginger derived-nanoparticle

GDNV: ginger derived-nanovector

GeRPs: B1,3-D-glucan-encapsulated siRNA particles
GFP: green fluorescent protein

GIT: gastrointestinal tract

hATTR: hereditary transthyretin-mediate

IBD: inflammatory bowel disease

IEC: intestinal epithelial cell

IV: intravenous

LNP: lipid nanoparticle
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mExo: milk exosome

miRNA: microRNA

MLN: mesenteric lymph node

mRNA: messenger RNA

ncRNA: non-coding RNA

NP: nanoparticle

nt: nucleotide

p: phosphate

PDNP: plant-derived edible nanoparticle
PEG: polyethylene glycol

PEIl: polyethylenimine

PPADT: poly-(l,4-phenyleneacetone dimethylene thioketal)
RISC: RNA-induced silencing complex
RNAi: RNA interference

RNAse: ribonuclease

ROS: reactive oxygen species

SC: subcutaneous

siRNA: small interfering RNA

TJ: thigh junction

TKNs: thioketal nanoparticles

TNF: tumor necrosis factor

TTR: transthyretin

UC: ulcerative colitis



l. Introduction

RNA interference (RNAI) is a cellular process of gene silencing which occurs at the
post-transcriptional level, with specific messenger RNAs (mRNAs) being targeted by
complementary RNA molecules for enzymatic degradation.'”® Since the discovery of RNAi*
and the subsequent demonstration that exogenous, chemically synthetized small interfering
RNAs (siRNAs) could act as mediators of this process when delivered into the cytoplasm of
cells®®, a lot of efforts have been made to exploit these RNA molecules for therapeutic

purposes.’

Due to unfavorable physicochemical characteristics, however, siRNAs have very low
membrane permeability and their intracellular delivery has proven challenging.”® In fact, it has
been the most prominent challenge to the development and clinical application of siRNA-
based drugs.” Therefore, the development of siRNA-based drugs has been strongly dependent
on the development of formulation strategies that make use of delivery carrier systems. Viral
and nonviral carriers can be employed for the delivery of siRNAs. Among nonviral carriers,

d 10;11;12;13

nanocarriers in particular have been extensively investigated and use In this

monograph, focus is placed primarily on this type of systems.

To date, the number of nonviral delivery nanocarriers developed for oral delivery
applications of siRNA-based drugs remains scarce when compared to the number of those
developed for other routes, notably for parenteral routes. This can possibly be explained by
the additional barriers imposed on delivery by characteristics of the gastrointestinal tract
(GIT). For instance, the low pH in the stomach, the abundance of enzymes, the mucus layer
and the very own design of the intestinal epithelium are all characteristics that seriously limit
the bioavailability of siRNA-based drugs delivered orally.*®*'* Nonetheless, achieving successful
oral delivery for siRNAs would undoubtedly be an important milestone and would
revolutionize treatments by giving patients powerful therapeutics in a convenient and

accessible way."

Whereas, in general, lipid-based nanocarrier systems can be considered the most
widely used and clinically advanced nonviral formulation strategies for the delivery of
siRNAs'¢'”'8 for the oral route in particular, they have found limited applicability in past years,
as a direct consequence of the inherent instability of lipidic materials in the gut.'’ But, interest
in using lipid-based nanocarrier systems in the oral delivery of siRNA-based drugs seems to
be renewed and progressively growing, since recently new strategies and approaches were

reported in studies in this field of research. While there are several reviews on the existing
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8;16;20;21

nonviral nanocarrier strategies for the oral delivery of siRNAs , few, even among the

most recent, discuss the previously mentioned reports.

This monograph aims at discussing some of the recently published studies in the field

of lipid-based nanocarrier systems in the oral delivery of siRNA-based drugs.

To this aim, first, in order to provide some context, a brief description of the structural
characteristics of siRNAs and of their mechanism as mediators of RNAi is presented.
Furthermore, after summarizing the promise of siRNA-based drugs, barriers to their
development and clinical application, as well as possible strategies to circumvent them, are
also presented. Then, an overview of the obstacles encountered in oral administration and of
the advantages of the oral route is provided. Finally, attention is placed on lipid-based
nanocarriers for the oral delivery of siRNAs; recently published studies in the literature are
reviewed. At last, identified limitations and opportunities for future work related with the

described studies and approaches are also discussed.

2. siRNA-based drugs

2.1. Structural characteristics of siRNAs and basic mechanism as mediators of the

RNAIi gene silencing process

RNA.: is a cellular process of gene silencing which occurs at the post-transcriptional
level with the degradation of specific mMRNA molecules.'? This process, widespread and
conserved across a large number of organisms", can be mediated by different species of non-
coding (nc) double-stranded (ds) RNAs in a homology-dependent fashion."” In mammalian
cells, siRNAs are some of its most important effectors'?; moreover, in mammalian cells, RNAi

can be induced by exogenous, chemically synthesized siRNAs.**

siRNAs are dsRNA molecules of approx. 21 — 23 nucleotides (nt), with 5’ phosphate

groups and characteristic 2-nt overhangs at the 3’ end of each strand.'*? (Figure |.)
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Figure |. Schematic representation of the structure of siRNAs. Adapted from !3.
Abbreviations: p: phosphate; siRNA: small interfering RNA.

In the natural endogenous pathway of RNAI, siRNAs are obtained from the cleavage
of longer dsRNA precursors by a cytoplasmic enzyme, member of the ribonuclease (RNAse)
[l family, named Dicer.” These siRNAs are then loaded into the RNA-induced silencing
complex (RISC). Exogenous synthetic siRNAs, on the other hand, enter the RNAi pathway
downstream of Dicer and directly bind to this multiprotein complex.'*** (Figure 2.) The RISC
is initially inactive; its activation happens upon recognition and degradation of the sense strand
of the siRNA. This process is mediated by the endonuclease Argonaute 2 (Ago2), one of the
RISC proteins, and is based on thermodynamic differences between the two ends of the
duplex. Subsequently, the antisense strand, which remains incorporated into the now activated
RISC, acts as a guide, directing it towards mRNA molecules with a nucleotide sequence fully
complementary to its own.'””” Ago2 then cleaves the target mRNA between nucleotides 10
and || relative to the 5’ end of the guide strand.” Target mRNA degradation leads to a
decrease in its translation, and therefore, the production of the protein it encodes is inhibited;
as a result, there is a silencing effect in the expression of the corresponding gene.'”?' Finally,
the activated RISC can be recycled, to bind and destroy additional target mRNA molecules,

thus prolonging the gene silencing effect.””’
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Figure 2. RNAI gene silencing process mediated by siRNAs. Adapted from 59.
Abbreviations: Ago2: Argonaute 2; dsRNA: double-stranded RNA; mRNA: messenger RNA; RISC: RNA-induced silencing
complex; RNAi: RNA interference; siRNA: small interfering RNA.

2.2. Therapeutic potential of siRNA-based drugs and barriers to their widespread

clinical application

Following the discovery of RNAI, in 1998, and later, in 2001, the first report of the
ability of exogenous synthetically produced siRNAs to mediate this gene silencing process in
mammalian cells®, the scientific community was quick to realize the tremendous potential of
these molecules in therapeutics.” Indeed, siRNAs can, in theory, be designed to silence any
gene in the body.” Therefore, diseases such as cancers, autoimmune diseases and genetic
disorders, for example, are amenable to be treated by siRNA-based drugs.”? Moreover, after
knowing the sequence of the corresponding target mRNA, siRNAs can be designed in a

rational and rapid manner, making their manufacture relatively easy.’

However, despite all their potential, and contrary to what the initially high expectations
they sparked may have led to believe, siRNA-based drugs are not yet a widespread reality. As
a matter of fact, only recently they are starting to be approved by regulatory agencies and

used in the clinical setting.”® (Table 1.)
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Table 1. Overview of the approved siRNA-based drugs. Adapted from 26.

Brand Therapeutic
Drug name Company indication Agencylyear Ref
- L FDA/2018 27:28
Patisiran Onpattro® Alnylam hATTR amyloidosis
EMA/2018 29
Givosiran Givlaari® Alnylam Acute hepatic porphyria FDAR2019 o
IVOSI 1\ 1 Yy u patic porphyri EMA/2020 n
, Primary hyperoxaluria FDA/2020 3
L Oxlumo® Alnyl
umasiran xlumo nylam type | EMA/2000 "
H holesterolaemi
Inclisiran Leqvio® Novartis e e e EMA/2020 &

or mixed dyslipidaemia

Abbreviations: EMA: European Medicines Agency; FDA: US. Food and Drugs Administration; hATTR: hereditary
transthyretin-mediate; siRNA: small interference RNA.

Several barriers have held back the development of siRNA-based drugs. Among those

%13 and the intrinsic

are off-target effects, stimulation of immune and inflammatory pathways
instability of siRNAs in vivo, upon both enteral and parenteral administration.'’ For instance,
upon parenteral administration by the intravenous (IV) route, siRNAs are rapidly cleared from
the bloodstream, not only because of their rapid renal excretion, but also because of their
high susceptibility to degradation, particularly by nucleases.”” Though not the focus of this
monograph, it is worth mentioning that a variety of chemical modifications has been
investigated and used in siRNA molecules in order to try and alleviate the abovementioned

obstacles.'¥!?2

The most prominent obstacle to the development of siRNA-based drugs and their
widespread clinical application, however, has undoubtedly been the intracellular delivery of
these molecules.” As previously described, siRNAs exert their mechanism of action in the
cytoplasm of cells, where they are recognized by the RNAi machinery. But, thanks to their
relatively large molecular weight (approx. |3 kDa) and their hydrophilic and polyanionic nature
(approx. 40 negative charges due to the phosphate backbone), siRNAs have very low
membrane permeability. They are basically uncapable of crossing the cellular membrane, into

the cytoplasm, on their own and need assistance in the process.'*®

2.2.1. The main strategy to overcome the delivery challenges of siRNAs: carrier

systems

Viral and nonviral carriers can be used for the delivery of siRNAs, and nucleic acids in
general. Viral approaches are more efficient in terms of transfection, but their inherent risk of

immunogenic reactions and oncogenicity plagues their real clinical utility.'*'' Nonviral carriers,
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on the other hand, although not completely exempt from toxicity either, raise less safety
concerns, and thus have been used in alternative. Nanocarrier systems in particular, such as,
for example, liposomes, lipid nanoparticles (LNPs) or polymeric nanoparticles (NPs), have
been pivotal approaches to overcome the challenges associated with the delivery of these

therapeutic molecules.'*'*?¢

Nanocarriers not only can facilitate and even promote the cellular uptake of siRNAs,
but since they physically protect their payloads by complexation/encapsulation, they can also
reduce their premature degradation, and reduce toxicity compared to free siRNA molecules.
Moreover, depending on their chemical composition and surface modification with specific
ligands, nanocarriers can enable controlled release and targeted delivery. In other words,
nanocarriers can help increase the stability of siRNAs and confer a certain degree of specificity

to their delivery, reducing toxicity and improving the pharmacokinetic profile.'**7383%40

Concerning cellular uptake, siRNA-containing nanocarriers are usually internalized via
endocytosis. The resulting endocytic vesicles can, however, |) be recycled back to the
membrane and ejected to the lumen; or 2) be transferred to lysosomes for degradation.®'¢??
In both cases, siRNA loading onto the RISC is prevented and, consequently, the desired
therapeutic effect is reduced or even abolished. Therefore, in addition to the abilities and
functions mentioned in the previous paragraph, it is important that nanocarrier systems can
help evade the endo-lysosomal pathway as well. Their chemical composition is the factor that
most strongly influences their ability to aid in endosomal escape and cytoplasmic release. For
this reason, lipid-based nanocarriers, for example, are usually specially designed, with lipids
being carefully selected in order to enhance this function and, as such, further increase the

overall effectiveness of siRNA-based drugs.'****

3. Oral delivery of siRNA-based drugs

To date, most efforts to develop siRNAs as therapeutic agents have focused on
parenteral administration or on site-specific delivery, either way being strongly dependent on
the use of injectable formulations. IV injections have been the main approach used for the
delivery of siRNA-based drugs, but injectable formulations have also been exploited for other

administration routes, such as the subcutaneous (SC) or intravitreal route.®'®

Conversely, oral delivery of siRNA-based drugs is lagging behind.'® It is true that, in the
past decade, there has been an increasing interest in using oral administration and GIT for the

delivery of siRNAs."””® Nonetheless, the progress made in this area, though undeniable, is still
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comparatively minor. Indeed, to date, delivery of siRNA-based drugs through oral
administration has been limited to preclinical research.*'%'® And the number of delivery carrier
systems developed for this purpose remains scarce when compared to the number of those

developed for other routes of delivery, notably for parenteral routes.

This relative lack of progress is mainly explained by the fact that, in addition to the
barriers described in the previous section, which hamper their intracellular delivery, siRNAs
administered by the oral route, as well as their delivery carriers, must overcome several other
challenges, posed by characteristics of the GIT itself.”*'¢

The present section aims at discussing the obstacles encountered by siRNA-based drug
formulations following oral administration (Figure 3.). These obstacles, faced by siRNAs, but
also by therapeutic nucleic acids in general, have already been thoroughly addressed in

reference review papers®'®?

and, for that reason, will only be discussed briefly here; for a
more detailed discussion the reader is referred to those reviews. Additionally, in this section,
positive aspects of the oral route will also be presented, so as to prove that, despite all the
challenges associated with the GIT, oral delivery of siRNAs is not totally inaccessible and even

encompasses advantages.'®
3.1. Obstacles to the oral delivery of siRNA-based drug formulations

When siRNA-based drugs are delivered via oral administration, the first major
challenge is their passage through the stomach. Exposed to the harsh acidic environment of
this organ, where pH values can be as low as .5, siRNAs can suffer denaturation and
depurination, which negatively impacts their efficiency as therapeutic agents. Additionally,
pepsin in the stomach can affect the stability of delivery carrier systems and can contribute to

the enzymatic degradation of the loaded therapeutic siRNAs.%'%'%%

Oral formulations then proceed to the intestines, where enzymatic activity is also
present and enzymes such as trypsin, amylases, lipases, proteases and nucleases can further
amplify the abovementioned problems. pH, on the other hand, is not as extreme as in the
stomach; in the intestinal lumen, pH is higher, ranging from about 5.0 — 8.0. Since pH values
across the intestines are variable, and also significantly different from those observed in the
stomach, stability over a wide pH range is an important point to consider when thinking about
the oral delivery of siRNAs and the development of delivery carrier systems for that

8;19;20;37
PU rpose.
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Figure 3. Major obstacles to the oral delivery of siRNA-based drug formulations: the acidic pH of the

stomach and the varying pH across the GIT, the abundance of enzymes, the intestinal microbiota, the

mucus layer, the glycocalyx and the epithelium. Adapted from !520,
Abbreviations: GIT: gastrointestinal tract; MLN: mesenteric lymph node; NP: nanoparticle; siRNA: small interfering RNA;
TJ: thigh junction.

Another point to consider is the intestinal microbiota, i.e. the collection of commensal
microorganisms, including bacteria, fungi and viruses, that can be found in the GIT, especially
in the colon. In this regard, it is important to consider that some enzymes produced by these

microorganisms might interact with the delivery carriers. On one hand, these interactions may
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affect the stability and delivery efficiency of siRNA-containing nanocarrier formulations. On
the other hand, however, they can be exploited as tools to promote site-specific delivery to

certain regions of the GIT, such as the colon.'****’

On top of the previously described obstacles, oral delivery of siRNA-based drug
formulations still faces considerable barriers of anatomical and physical nature, related, more

specifically, to the intestinal epithelial tissue, the glycocalyx and mucus layer.

The gut epithelium consists of a monolayer of different, specialized cells, connected to
each other by tight junctions (TJs). Enterocytes are by far its major cell type, representing
approx. 90 % of whole tissue, but intestinal epithelial cells (IECs) also include goblet cells, M-
cells and others.*”**” Depending on the therapeutic strategy, it might be desirable for orally
delivered siRNA-based drug formulations to target these cells. Alternatively, the goal might be
to access the numerous immune cells in the underlying lamina propria, such as macrophages,
for example, that can make for attractive targets in some therapeutic strategies as well.
Moreover, the lamina propria itself can constitute a promising target, seeing as it is highly
vascularized and siRNAs could potentially enter the systemic circulation. If gaining access to
the lamina propria and its cells is the goal, ultimately the epithelial tissue portrays just another
barrier.*'** TJs seriously hinder the passage of most delivery carriers between IECs (i.e. by
the paracellular route) and translocation into the lamina propria through these cells directly

(i.e. by the transcellular route) is not straightforward as well.**'

The glycocalyx is a filament-like structure of glycoproteins/proteoglycans and
glycolipids that acts as a size-selective diffusional barrier for pathogens and other particulate
matter, including drug delivery carrier systems. Though it is present on the apical surface of
all IECs, forming a protective layer that lines the entire lumen of the GIT, the glycocalyx is
particularly thick on enterocytes and significantly reduces access to their apical
membrane.®”*** Considering that enterocytes, being the most common cells of the
epithelium, are the largest cell population available for the uptake of siRNA-containing systems,
then their glycocalyx is at least a limiting factor to the translocation of orally delivered siRNA-

based drugs across the epithelial cell lining via the transcellular route.

Lastly, another great barrier to the use of the GIT for the delivery of siRNAs using
carrier systems is its mucus. The GIT is covered by a layer of mucus, or in other words a layer
of a viscous and adhesive gel, of varying thickness, composed primarily of water and large
glycoproteins secreted by goblet cells, named mucins. Its role is to prevent contact of external

and potentially harmful particles with the underlying tissues of the intestinal wall. Owing to its
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adhesiveness, as well as to its net negative charge and its short turnover time of about | h —
4.5 h, the mucus layer is capable of efficiently trapping foreign particles and quickly clearing
them. Unfortunately, however, those “foreign particles” might include particle-based siRNA-
containing delivery carriers. Hence, the mucus layer might decrease the residence time of
siRNA-containing systems in the gut and, similarly to the glycocalyx, it might decrease their

contact with IECs, thereby limiting the opportunities for siRNA uptake.'®'%?%*%

3.2. Advantages of the oral route of delivery

As has been previously mentioned, parenteral delivery via injections is currently the
main approach used for the delivery of siRNA-based drug formulations. However, compared
to this drug delivery route, oral delivery offers several advantages.'* Besides its non-invasive
nature, and the obvious advantage of avoiding needle-associated pain, drug delivery through
oral administration is easy and self-manageable; it does not require specialized personnel or
devices. These patient-friendly features result in an increased patient compliance, which, in
turn, can be associated with a reduction of overall healthcare costs.*'“* Furthermore, since
the GIT is not a sterile environment, from the perspective of the pharmaceutical industry,
production of oral formulations is convenient, because it does not require specific sterile

manufacturing conditions.'??'#%

In addition to these more general advantages, another feature adds to the appeal of
oral administration as a delivery route for siRNAs: the possibility of delivering these
therapeutic agents not only locally, for the treatment of diseases involving the GIT, but also
to distant sites of action, for systemic treatment applications, after transport across the
intestinal epithelium and entry into the systemic circulation.®'” However, as a rule, the results
obtained so far in terms of the systemic bioavailability of orally delivered nucleic acids are very
low and are still far from being considered acceptable — even in spite of all the efforts made
to develop and use optimized carriers.'® For this reason, oral delivery of siRNAs has mainly
focused on therapeutic applications related with the treatment of diseases that affect the GIT.
Indeed, most of the work done so far in this regard has focus on inflammatory bowel disease

(IBD), which includes Crohn’s disease (CD) and ulcerative colitis (UC).'*"*

To ensure the delivery of therapeutic siRNAs to the GIT for the treatment of IBD,
disease/colon-targeted nanocarriers have been widely employed; the obtained results explain

why, illustrating the potential of targeted drug delivery approaches.'**
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An example worthy of note are the nanocarrier systems named thioketal nanoparticles
(TKNs), developed by Wilson et al.”’. These systems are prepared by first complexing siRNAs
with the cationic lipid |,2-dioleoyl-3-trimethylammonium-propane (DOTAP), and then
encapsulating the resulting complexes into NPs of poly-(1,4-phenyleneacetone dimethylene
thioketal) (PPADT). Because PPADT is a reactive oxygen species (ROS)-sensitive polymer,
TKNs are capable of exploiting abnormally high levels of ROS that are associated with
intestinal inflammation (one of the defining traits of IBD)* as a way of achieving targeted,
selective release/delivery of their payloads.”*” These nanocarrier systems with PPADT have
yielded positive results in studies in vitro and in vivo. The oral gavage of TKNs containing tumor
necrosis factor (TNF)-a siRNAs to an UC mouse model, for instance, resulted in a localized
delivery, with a decrease in TNF-a mRNA levels in the colon, and alleviated clinical signs of

the disease. 16,21;47;49

4. Nonviral delivery nanocarrier systems for siRNA-based drugs

4.1. General overview

Lipid-based nanocarriers, such as liposomes and LNPs, can be considered the most
widely used and clinically advanced nonviral formulation strategies for the delivery of

SiRNAS.Is;”;Ig

What is more, interest in using these systems for the delivery of siRNA-based drugs
has only increased in the past years; one of the main reasons being the approval of Patisiran

(Onpattro®).*

As shown in Table 1., in 2018, Patisiran became the first ever siRNA-based drug
approved for the treatment of hereditary transthyretin-mediate (hATTR) amyloidosis, a
disease characterized by a mutation in the gene encoding the protein transthyretin (TTR). This
drug is formulated as a suspension of LNPs for IV injection and its therapeutic effect is
dependent on these carriers capacity to mediate targeted delivery to hepatocytes, where TTR
is predominantly synthesized.”***' As such, the approval of Patisiran (Onpattro®) emphasized
the suitability and potential for clinical translation of lipid-based nanocarriers as delivery

systems for siRNA therapeutics.*'"*

4.2. Nanocarriers for the oral delivery of siRNA-based drugs

The first study reporting on the successful oral delivery of siRNAs was put forth by
Aouadi et al*."”*'* In this study, nanoparticles synthesized by absorbing yeast tRNA, the

cationic polymer polyethylenimine (PEl) and siRNAs in a layer-by-layer format were further
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encapsulated in micrometric sized B1,3-D-glucan shells purified from baker’s yeast.
Subsequently, using the resulting delivery systems, which were called Bl,3-D-glucan-
encapsulated siRNA particles (GeRPs), significant, targeted, siRNA-mediated gene silencing
was observed in mouse macrophages in vitro and in vivo, after oral administration.”®** Since this
initial account, in 2009, several other studies (all preclinical) reported on the oral delivery of

siRNA:s.

Contrary to the general tendency towards the preferred use of lipid-based
nanocarriers for the delivery of siRNAs, for the oral route in particular, polymer-based

approaches, like the GeRPs, have been more popular.”

Moreover, it is curious to note that, even among formulations for the oral delivery of
siRNAs that report the use of lipidic materials, there are strategies that owe part (if not most)
of their success to the use of polymers as well. An illustrative example are the previously
described TKNs®. In these NPs, the pre-complexation of siRNA molecules with the cationic
lipid DOTAP provides two great advantages: the electrostatic interactions established
between the two help protect siRNAs from degradation®; and, because of DOTAP, the NPs
surface acquires an overall positive charge, which can help increase mucosal adhesion and
transport, cellular internalization and endosomal escape.”** Nonetheless, these NPs owe a
major part of their success to the polymer PPADT and its chemistry. PPADT is composed of
thioketal linkages, which are stable to acid-, base- and protease-induced degradation, but are
ROS-sensitive. It is this characteristic that ensures TKNs remain stable during transit through
the GIT, protecting their siRNA payloads, and releasing them only at intestinal sites of
inflammation, where high levels of ROS are produced and induce selective PPADT

degradation.**

NPs produced with polymeric materials present several features that make them
attractive as nanocarriers for drug delivery: polymers can be easily synthesized and fabricated;
their versatility in terms of physicochemical properties allows the development of customized
nanocarrier formulations, with sustained or stimuli-responsive release mechanisms, for

example; and polymeric nanocarriers can also be surface modified for targeted delivery.'®'*"

4.2.1. Lipid-based nanocarriers for the oral delivery of siRNA-based drugs

Before focusing on lipid-based nanocarriers, perhaps a small "parenthesis” is in need,
to highlight the following. Despite their advantages and important contribution to the progress
of siRNA therapeutics, and despite all the efforts made in their development and optimization,

nonviral nanocarriers in general (the lipid-based ones included) still show many limitations to
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their clinical application. This is evident when all the scientific research already made in this
area is confronted with the actual number of drug products on the market. In fact, there are
still issues relating, not only with their economic large-scale production and stability, namely
because nanocarrier formulations usually take the form of aqueous suspensions®', but also with
their potential toxicity.”’”®*” Although nonviral strategies surpass the safety concerns
associated with viral delivery systems, there is evidence suggesting that almost all synthetized
nanocarriers might have some degree of toxicity as a result of the physicochemical properties
of their components.*****® Synthetic liposomes and LNPs composed of cationic lipids, for
instance, might provoke cellular harm due to the electrostatic interaction of their positively-
charged surface with the negatively-charged cell membrane.'**

With that being said, one limitation that afflicts lipid-based nanocarriers especially is
the intrinsic instability of lipidic materials in the GIT. This explains why lipid-based systems
have found limited applicability for the oral delivery of siRNA-based drugs so far.'” And why,
on the other hand, polymer-based approaches, which, in comparison, are more stable in the
GIT and have a better ability to protect their payloads against extreme pH- and enzyme-
induced degradation'®, have been more commonly reported, having a dominant presence in

the literature.”

But, even so, interest in simultaneously using lipid-based nanocarrier systems and the
oral route for the delivery of siRNA-based drugs seems to be renewed and progressively
growing. Over the recent years, some, very interesting, studies and new strategies and

approaches were published in this field.>" %434

While there are several in-depth reviews describing and analyzing nonviral nanocarrier
strategies for the oral delivery of siRNAs in particular, or nucleic acid therapeutics in
general,¥'*??' few, even among the most recent, report on the previously referred studies
and approaches. Therefore, in the next subsection, the content and contribution of these
papers will be further discussed, as they represent advances in this field of research.
Interestingly, as it will be explored in the next subsection as well, these approaches can also
be interpreted, in a way, as responses to the limitations of the existing synthetic lipid-based

carriers.

4.2.1.1. New studies and approaches

The recently published studies and approaches in the field of lipid-based nanocarrier

formulations for the oral delivery of siRNA-based drugs can be broadly divided into three
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themes: |) elucidation of the fate in the GIT of orally delivered siRNA-containing lipid-based
nanocarriers®’; 2) oral delivery of siRNA-containing naturally-derived lipid-based
nanocarriers®?****  3) lyophilization and compression of siRNA-containing lipid-based

nanocarriers into tablets for oral administration®'.

4.2.1.1.1. Elucidation of the fate in the GIT of orally delivered siRNA-containing

lipid-based nanocarriers

In a recent study, Ball et al.*' set out to investigate the stability and transport properties
of orally delivered siRNA-containing lipid-based nanocarriers, with the final objective of

further expanding the knowledge on the fate of this type of delivery systems in the GIT.

Lipidoid NPs were used as lipid-based nanocarriers (Figure 4A.). As the name suggests,
their active delivery component was a lipidoid, more precisely lipidoid 3060,;, i.e. an
amphiphilic lipid-like molecule synthesized by Michael addition chemistry of an alkyl-amine with
an alkyl-acrylate. The choice of lipidoid NPs for this study and, more, NPs with this specific
lipidoid molecule, was prompted by prior work of Ball and colleagues.®** Additionally, it is
worth mentioning that the composition of the NPs used also included the helper lipids
cholesterol, distearoyl-sn-glycerol-3-phosphocholine (DSPC) and polyethylene glycol
(PEG)2000-DMG.*"“** First, the stability of the siRNA-containing lipidoid NPs was evaluated
in vitro by exposing the formulation to physicochemical conditions similar to those found in
the GIT. It was found that concentrations of pepsin and bile salts equivalent to those of a fed-
state severely decreased glyceraldehyde 3-phosphate dehydrogenase (GAPDH) gene silencing
mediated by siRNA-loaded lipidoid NPs in Caco-2 cells. At pepsin and bile salt concentrations
representative of a fasting-state, however, siRNA GAPDH silencing activity was partially
retained.””"®' The presence of mucin in a Caco-2 cell culture was also found to reduce gene
silencing. On the contrary, the range of pH present in the GIT did not seem to negatively
affect these systems and their payloads: within the pH range of 1.0 — 9.0, lipidoid NPs retained
their stability and gene silencing efficiency, which, in this case, was mediated by anti-luciferase
siRNAs in Hela cells expressing this gene.”®' Afterwards, in order to investigate in vivo
biodistribution, a single dose of lipidoid NPs loaded with fluorescently labelled siRNAs was
administered to mice via oral gavage. Lipidoid nanoparticles stayed in the GIT of mice for at
least 8 h post administration, travelling across it over that period of time.'**"*' Ball et al.
observed the entry of lipidoid NPs in cells at the small intestines and colon of mice; but, in
spite of that, statistically significant siRNA-mediated gene silencing in colon cells was not

registered.'””"*' An insufficient siRNA dose and/or an inconsistent delivery and uptake of the
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administered dose within the gut have been suggested as possible explanations for this

r_esuh_"I6;2l;6l

In conclusion, the authors were capable of attaining the objective set for this study and
demonstrated the challenges associated with lipid-based nanocarriers and the oral delivery of
siRNAs.'**! Although the intrinsic lack of stability of liposomes and other lipidic materials in
the harsh environments of the GIT has for long been recognized'**’, this type of studies are
still of major importance. The reason being that an extended understanding of the relationship
between the GIT conditions and the integrity and functionality of lipid-based nanocarriers will
certainly facilitate the development of strategies to better their applicability for the delivery of
siRNA-based drugs via oral administration. As a final point, considering the results reported
in this study, two strategies can be suggested: |) oral delivery of siRNAs using lipid-based
nanocarrier formulations should be conducted under fasting conditions, because of pepsin and
bile salts; and 2) to further minimize the negative impacts of pepsin, delivery nanocarrier
particles can be protected from the environment of the stomach. This last suggestion can be

put in place by encapsulating the NPs with a pH-sensitive polymer coating, for example.”'

4.2.1.1.2. Oral delivery of siRNA-containing naturally-derived lipid-based

nhanocarriers

The limitations associated with synthetic lipid-based nanocarriers (already addressed
at the beginning of section 4.2.1.) have instigated research for safer, more biocompatible, and
preferably more stable, drug delivery carrier systems.” In this context, lipid-based NPs derived
from natural sources, such as exosomes released from different mammalian cells or exome-
like NPs from edible plants, also known as plant-derived edible nanoparticles (PDNPs), have

recently received a lot of interest.****”

4.2.1.1.2.1. Exosomes

Exosomes are nanosized (approx. 30 — 100 nm) vesicles, secreted by a variety of
mammalian cells into the extracellular space; they can be found in many tissues and bodily
fluids (e.g. milk), as well as in the supernatants of different cell types grown in culture.®*”'”?
Exosomes consist of a lipid bilayer membrane, decorated with membrane-associated proteins,
and, in its interior, of different macromolecular cargoes, which can include mRNA:s,
microRNAs (miRNAs), proteins, etc..’****®*” Although for several years the physiological
functions of exosomes were unascertained’, it is now known that these vesicles play an

important role in intercellular communication, by transporting and transferring these cargoes

between cells.”?
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The aforementioned structural and functional attributes have stressed the potential of
exosomes as novel, plausible drug delivery nanocarrier systems, including in the field of siRNA
delivery research.*"”> The possibility of loading exogenous siRNAs into exosomes and using

them as delivery nanocarriers has been increasingly explored.***’

In addition, exosomes also show potential in overcoming the limitations common to
existing synthetic lipid-based nanocarriers.”” Potential of exosomes in this regard lies in the
fact that they innately occur in organisms, where they essentially act as natural delivery
systems. Accordingly, in comparison to synthetic lipid-based nanocarriers, exosomes are more
biocompatible, have minimal toxicity issues and are non-immunogenic in nature. Furthermore,
they have a longer circulating half-life; that is to say they can avoid the fate of some synthetic

nanocarriers of being cleared too soon.'*’%7!7274

4.2.1.1.2.1.1. mExos

To date, published works on the use of exosomes as drug delivery nanocarriers for
oral administration have mainly reported the use of milk exosomes (mExos), i.e. exosomes
harvested from bovine/cow milk.”” Exosomes are especially investigated in the field of cancer’;
and, in this field, for instance, several studies have evaluated mExos as nanocarrier systems for

7177

the oral delivery of chemopreventive agents, like withaferin A”® or curcumin’"”’, as well as

chemotherapeutic drugs, such as paclitaxel.

In the research field surrounding the oral delivery of siRNAs, mExos have also been

the object of investigation.

Shandilya et al.** published a study for which the overall aim can, in a way, be considered
similar to that of the study of Ball et al.*': the study was aimed at investigating the stability and
transport properties in the GIT of a formulation of mExos as nanocarriers for the delivery of
siRNAs. Contrary to the study of Ball et al., however, this work was performed in vitro in its
entirety, first with use of a validated human in vitro digestive model, and then with the use of
Caco-2 cells as an intestinal epithelial cell model. mExos loaded, via a lipofection reagent, with
exogenous fluorescently-labeled siRNAs were used (Figure 4B.). The study was based on the
comparative analysis of fluorescence intensity measurements for the free siRNAs, siRNAs
encapsulated in digested mExos and siRNAs in undigested mExos.” Briefly, siRNAs
encapsulated in mExos were retained after in vitro digestion. No significant differences were
observed between the fluorescence intensities of digested mExo-encapsulated siRNAs and
undigested mExo-encapsulated siRNA:s. Significant loss of non-encapsulated, free siRNAs was

observed, however, suggesting that siRNA molecules lacking exosomal protection are
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susceptible to degradation. Additionally, siRNA-containing mExos were successfully uptaken
by Caco-2 cells, regardless of whether or not they had been previously subjected to the in
vitro digestion protocol. Transepithelial transport of the mExos and of their siRNA cargoes
also occurred, as was confirmed by the fluorescence intensity measured at the basolateral side
of chambers divided by a Caco-2 monolayer of cells; this fluorescence intensity was significantly
higher than the one registered for free siRNAs.*> Altogether, the results obtained in this study
suggest siRNAs encapsulated in mExos are protected from the harsh digestive processes of
the GIT and can subsequently undergo cellular uptake and transepithelial transport across the
intestinal barrier. In other words, the results obtained seem to suggest that mExos can

improve payload protection and intestinal permeability.**

Further exploring this specific type of nanocarriers for the delivery of siRNAs through
the GIT and the oral route, Warren et al.*> modified the surface of mExos with a hydrophilic
coating of PEG (Figure 4C.), aiming at enhancing both their stability in the stomach and their
ability to penetrate the intestinal mucus. The modification in question was successfully made
using |,2-distearoyl-sn-glycero-3-phosphoethanolamine-N-[azido(polyethylene glycol)-2000]
(DSPE-PEG(2000)-azide), via the passive hydrophobic insertion of the DSPE tail in the lipid
bilayer membrane of mExos.*> Warren et al. found that mExos modified with PEG showed
increased stability in acidic in vitro conditions representative of those of the human stomach.
Moreover, using an in vitro transwell model of the intestinal mucus layer, the author and his
research team also found that, when compared with their unmodified versions, PEGylated
mExos had higher mucus penetrability.®’ Thus, modifying the exosomal surface with PEG seems
to fulfil the proposed aims, expressed above. The researchers carried on investigating the
PEGylated mExos in vitro. First, the intestinal uptake of unmodified and PEGylated mExos in
Caco-2 cells was evaluated. Considerable uptake was observed for both exosomal
formulations. Then, researchers evaluated the gene silencing activity of unmodified and PEG-
modified mExos loaded with green fluorescent protein (GFP) siRNAs in HEK293 cells
expressing the GFP gene. siRNA-loaded mExos with the surface modified with a PEG coating
showed a slightly reduced silencing activity when compared with the unmodified mExos. It was
hypothesized that the slightly reduced gene silencing registered could result from a decrease
in the endosomal escape function of mExos, as a negative impact of their PEG coating, but this
remains to be elucidated. Nonetheless, with the results obtained, it is reasonable to consider
that siRNAs encapsulated in mExos, with or without a PEG-coated surface, were capable of
efficient gene silencing. Moreover, because 1) it provides improved stability to acidic

environments, like the stomach, and 2) it enhances the penetrability of mExos through the
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mucus, without affecting their uptake by the intestinal epithelial cells, PEGylation can still be
considered a promising strategy to improve the oral bioavailability of siRNA-based drugs in

mExo formulations.®

Still on the subject of mExos, besides their potential as oral drug delivery nanocarrier
systems, it is important to mention they are uniquely attractive when compared with other
types of exosomes, particularly cell culture-derived exosomes’”; because other sources of
exosomes rather than cell cultures, such as bovine/cow milk enable low production costs and

the possibility to scale up this type of vesicles.”*”*%

4.2.1.1.2.2. PDNPs

PDNPs are exosome-like NPs isolated from different edible plants. They can be
described as “exosome-like NPs”, because, in spite of some differences, PDNPs and
mammalian cell-derived exosomes are comparable in many structural and functional ways; the
two can even be considered counterparts. Indeed, both PDNPs and exosomes are nano-sized
vesicles, composed by a lipid bilayer membrane and numerous macromolecular cargoes. Much
like in exosomes, in PDNPs too a lot of the cargo macromolecules consist of nucleic acids,
like mRNAs or miRNAs.*”° Notably, recent observations showed ginger-derived
nanoparticles (GDNPs) might carry approx. 125 miRNAs.?' Additionally, plant-derived vesicles
might also contain secondary metabolites with relevant physiological activities and, in
consequence, with potential therapeutic applications. Returning to the example of GDNPs,
these contain 6-gingerol and 6-shogaol, two compounds with multiple molecular targets that

have shown anti-oxidation, anti-inflammatory and anti-cancer activity.*”*®'

PDNPs and mammalian cell-derived exosomes are also comparable in their potential
in overcoming the limitations associated with synthetic lipid-based nanocarriers. PDNPs
exhibit an inherent biocompatibility and negligible toxicity and immunogenicity.***’
Furthermore, as happens with mExos, PDNPs are isolated from food products, which are
generally inexpensive and widely available; therefore, compared to synthetic lipid-based
nanocarriers, they may be more cost effective and more easily scaled up for mass

production.*®%%%

4.2.1.1.2.2.1. GDNPs and GDLVs

GDNPs are PDNPs isolated from ginger, the rhizome of Zingiber officinale.®* These
vesicles can be considered attractive per se, in part, due to the characteristics mentioned as

examples above, and could be directly employed for therapeutic purposes, such as the

56



prevention and treatment of IBD, for instance.?' Alternatively, GDNPs can be used in order
to extract and reassemble ginger-derived lipids in the form of NPs that can serve as
nanocarrier systems for the delivery of therapeutics, including siRNAs.**®* NPs made of lipids
obtained from GDNPs are commonly referred to, in the literature, as either ginger derived-
nanovectors (GDNVs), ginger-derived lipid vehicles or ginger-derived lipid vectors
(GDLVs)*"*% as a matter of uniformity of terminology, hereafter these NPs will always be

referred to as GDLVs.

In a recently published study, Zhang et al.** gives an account of his team's research on
GDLVs as lipid-based nanocarriers for the oral delivery of siRNAs to the colon, in the
perspective of treating UC and of, simultaneously, circumventing the limitations of synthetic
lipid-based nanocarriers. GDLVs were obtained from the lipids of a specific subpopulation of
GDNPs, isolated from homogenized ginger using ultracentrifugation and sucrose gradient
centrifugation methods. The subpopulation of GDNPs in question had already been
characterized and studied by this team.?' In prior work®', Zhang et al. showed that, following
oral administration to mice, this subpopulation could naturally target the (inflamed) mucosa of
the colon and presented anti-inflammatory properties.**®' In this study, the obtained GDLVs
were loaded with siRNA molecules targeting CD98 (Figure 4D.), a transmembrane
glycoprotein whose increased colonic expression plays an important role in intestinal
inflammatory conditions such as UC.*** Efficient cellular uptake was observed in vitro, in both
Colon-26 and RAW 264.7 cells. Furthermore, with the same cellular models, it was found that
siRNA-loaded GDLVs were capable of silencing the expression of CD98 mRNA in an efficient
manner. In in vivo experiments, formulations of CD98 siRNA-loaded GDLVs were orally
administered to a mouse model of UC, twice, with a |2 h interval. Whereas formulations of
siRNA-containing GDLVs suppressed the expression of CD98 in the ileum and colon of mice,
no decrease in CD98 protein expression was observed in the duodenum or jejunum. These
results are coherent with the in vivo biodistributions studies performed first, which indicated
that GDLVs were retained in the stomach, ileum and colon of mice, but did not exhibit high
retention neither in the duodenum nor the jejunum. It can be concluded that orally
administered formulations of CD98 siRNA-loaded GDLVs targeted colon tissues and
efficiently reduced colonic CD98 gene expression. As such, GDLVs constitute promising

approaches for the oral delivery of siRNAs for the treatment of diseases in the GIT, like UC.*

Consequently, this research group further proceeded its studies on GDLVs. To be

more precise, this research group used GDLVs functionalized with folic acid (FA) in order to
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achieve targeted delivery of divalent metal-ion transporter | (Dmtl) siRNAs to the duodenal
epithelium following oral administration to mice.**® Its overall objective was to assess if the in
vivo knockdown of intestinal Dmt| would prevent iron loading®, in appropriate mice models,
and mitigate it once already established.*® A detailed discussion on iron overload disorders
and the role Dmtl| plays in them was considered beyond the scope of this monograph. For
details on these topics, as well as on the results obtained in the mentioned research studies,

readers are encouraged to look into reference reviews’ and the original research articles.**

4.2.1.1.3. Lyophilization and compression of siRNA-containing lipid-based

nanocarriers into tablets for oral administration

Nonviral nanocarrier formulations for the delivery of siRNAs are normally produced
in the form of aqueous colloidal suspensions; the ones intended for delivery via the oral route
included.®"”” In fact, all the studies reviewed in this monograph thus far report the use of this
type of formulations. Liquid, aqueous colloidal suspensions suffer from instability, however,
and are prone to physical and chemical degradation. In order to improve stability, removing

water from the formulations may be considered, which can be attained by freeze-drying.*

Freeze-drying, also known as lyophilization, is essentially a 3-step — freezing, primary
drying (ice sublimation) and secondary drying (desorption of unfrozen water) — water removal
process.”*® Freeze-drying aqueous suspensions in order to eliminate their water and obtain
solid powders, not only helps prevent the particle aggregation and degradation that can occur
in suspension, hence improving stability, but can also prove convenient and cost-effective in
terms of transport, handling and distribution.”®* Additionally, freeze-dried powders can be
transformed into other solid dosage forms, such as tablets or capsules, which are commonly

used as dosage forms for oral drug delivery.**®

The prospect of transforming aqueous suspensions of siRNA-containing nanocarriers
into solid powders, and subsequently into solid dosage forms for oral administration, is
interesting and would undoubtedly represent an important advance in this field. Nonetheless,
it is important to bear in mind that siRNA nanocarrier formulations are usually complex and
fragile. Lyophilization and subsequent downstream processing (e.g. powder compression to
obtain tablets) generate various stresses that can eventually destabilize siRNAs and their
carrier systems on a structural and functional level.>*7*%%

Recently, the tabletability of a liquid, aqueous suspension of siRNA-containing lipid-

based nanocarriers was evaluated, as reported by Busignies et al..>'
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siRNA lipoplexes composed of siRNAs specific to luciferase, plus of the cationic lipid
2-{3-[bis-(3-amino-propyl)-amino]-propylamino}-N-ditetradecylcarbamoyl methyl-acetamide
(DMAPAP), the zwitterionic lipid |,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) and
the anionic polymer sodium alginate, as an adjuvant, were prepared (Figure 4E.) in the form of
an aqueous suspension. The lipoplexes were then mixed with a solution of trehalose and
mannitol; these are lyophilization specific excipients that, in this case, were used as a
cryollyoprotectant and as a bulking agent, respectively. In the presence of these excipients,
following a fast pre-freezing step in liquid nitrogen, the aforementioned formulation was
submitted to a freeze-drying cycle. Afterwards, in order to proceed to the tableting process,
the solid powder resulting from the freeze-drying process was mixed with lactose (23 % w/w),
used as a diluent for direct compression, and magnesium stearate (0.5 % w/w), a lubricant. The

mixture was compacted with a compression simulator and tablets were obtained.

The tabletability of the aqueous suspension of siRNA-containing lipid-based
nanocarriers in question was evaluated by studying the impact of the lyophilization and
compression processes on the structure of the nanocarriers and on the gene silencing efficacy
of the carried siRNAs. Gene silencing mediated by the formulated siRNAs was studied in vitro,
using luciferase labeled-cells.”' The gene silencing efficacy of lipoplexes resuspended from the
freeze-dried powder, after the freeze-drying process, was found to be identical to that of a
fresh lipoplex suspension. While they did not lose efficacy during freeze-drying, lipoplexes
submitted to compression, obtained from tablets disintegrated in water, retained only a little
over 60 % of the gene silencing efficacy of the fresh lipoplex suspension. It is possible to
establish a correlation between these results and the results relating to the impact of the
lyophilization and compression processes on the supramolecular structure of the lipid-based
nanocarriers employed as siRNA delivery systems in this formulation. Freeze-drying did not
alter the structure of the lipoplexes, but changes in their supramolecular structure were
observed after the disintegration of tablets. The efficacy of lipoplexes strongly depends on
their structure. Therefore, it can be hypothesized that the observed loss of approx. 40 % of
the gene silencing efficacy may correlate to the effect of compression on the structure of these
lipid-based nanocarrier systems. Everything considered, this report by Busignies et al. is the
first to suggest that it may be possible to transform an aqueous suspension of siRNA-containing
lipid-based nanocarriers into tablets, while maintaining some gene silencing efficacy.”' This

would be extremely promising for the oral administration of this type of therapeutics.
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5. Conclusions and future perspectives

Since the discovery of the ability of siRNAs to trigger the RNAI gene silencing process,
these molecules have piqued interest as potential novel therapeutic agents.”” However, the
successful development of siRNA-based drugs is strongly dependent on the development of
formulation approaches, such as nonviral nanocarrier formulations, that enable the adequate
delivery of siRNAs to target cells. In this context, delivery via the oral route remains
particularly challenging; the reason being the several barriers imposed at both the extracellular

and cellular levels by characteristics of the GIT.?

In the past, lipid-based nanocarrier systems have found limited applicability in the oral
delivery of siRNA-based drugs, due to the inherent instability of lipidic materials in the GIT."
Nonetheless, in recent years, some studies in the field of the oral delivery of siRNAs reported
new strategies and approaches which can fit this category of nanocarriers. This monograph
aimed primarily at discussing and reviewing those reports, as they represent interesting

advances in this field.

This last section of the monograph, in turn, aims at discussing identified limitations and

opportunities for future work related with the aforementioned studies and approaches.

Based on the conclusions of Busignies et al.’', in future work, instead of tableting freeze-
dried siRNA-containing lipid-based nanocarriers, other solid dosage forms could be used for
oral delivery applications. Loading this type of freeze-dried carriers into enteric-coated
capsules might be a compelling alternative. On one hand, this would avoid the stresses caused
by compression on lipid-based nanocarriers; stresses that can negatively impact the gene
silencing efficiency of the system as a whole.”’ On the other hand, enteric-coated capsules
would also help protect lipid-based nanocarriers from the environment of the stomach, which,
according to Ball et al,, is a plausible strategy to further improve oral delivery of siRNAs with

these carriers.>>*'

Despite the encouraging results from the studies concerning mExos as siRNA
nanocarriers for oral delivery reviewed in this monograph, it is important to note these studies
were performed entirely in vitro. Unfortunately, in vitro results not always correlate well with

subsequent in vivo data.*® Therefore, future in vivo research is needed for confirmation.

Milk and ginger, which serve as sources for mExos and GDNPs/GDLVs, respectively,
are extremely complex, natural, food products. The small-scale of the preclinical studies

presented here in which mExos and GDNPs/GDLVs were used minimizes the potential for
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errors and variations. However, in large-scale production, batch-to-batch variations may

occur. Challenges in this regard must be taken into consideration.

In conclusion, the oral delivery of siRNA-based drugs employing lipid-based
nanocarriers is still in its infancy. Moreover, a solid preclinical body of data is still lacking behind
the recent studies and approaches reported in this field and several limitations, gaps in
knowledge and opportunities for future work can be identified. Nonetheless, the existing
preclinical data looks interesting and successful maneuvers around the identified barriers will

likely bring this field closer to clinical experiments.
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