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I. Introducio

Quatro anos apos ter ingressado na Universidade de Coimbra, eis que surge a reta
final do plano de estudos do Mestrado Integrado em Ciéncias Farmacéuticas (MICF), pela
Faculdade de Farmacia da Universidade de Coimbra (FFUC) e, portanto, a oportunidade de
colocar em pratica todos os conhecimentos tedricos e competéncias que adquiri durante o

meu percurso, através do estagio curricular.

Num consideravel leque de saidas profissionais que o curso de MICF oferece e,
sabendo que o Farmacéutico é o “especialista do medicamento e agente da salde publica”, é
muito gratificante a nossa instituicdo de ensino presentear-nos com a oportunidade de
incidirmos o nosso estagio curricular numa area que nao a Farmacia Comunitaria ou a
Farmacia Hospitalar, uma vez que nos facilita o acesso a outras vertentes, nas quais o
Farmacéutico tem um papel de extrema relevancia e que, do mesmo modo, participam no

circuito do medicamento e, portanto, na saude e bem-estar da populagao-alvo [1].

Tendo em conta ja ter experienciado os ramos da Farmacia Clinica e Farmacia
Hospitalar anteriormente e de possuir uma maior nogao do funcionamento de Farmacia
Comunitaria em relagdo a outras areas, era de minha grande vontade investir em novos
desafios, de modo a adquirir novas capacidades, novos conhecimentos e passar por mais
“saberes” do ciclo do medicamento. Afinal, apenas estando no “campo de batalha” é que se
compreende verdadeiramente a tatica e estratégia do mesmo e é onde poderemos
realmente perceber se a nossa posi¢io é a que melhor demonstra aquilo de que somos

capazes.

Deste modo, aspirando em ter contacto com a area de Assuntos Regulamentares,
surgiu a oportunidade de realizar um estagio na Owlpharma — Consulting, Lda., uma empresa
de consultoria com sede na Incubadora de Empresas do Instituto Pedro Nunes (IPN) em
Coimbra, direcionada para o setor farmacéutico, a qual presta servigos concebidos para
abranger o ciclo de vida de produtos de saiude, com especializagio em Assuntos

Regulamentares, Farmacovigilancia e Garantia de Qualidade [2].

Em suma, o presente relatorio destina-se a descrever e fundamentar todas as tarefas,
atividades e competéncias alcangadas durante a realizagao deste mesmo estagio curricular,
decorrido desde o dia 2 de janeiro de 2019 ao dia 3| de margo de 2019, com a duragao

total de 3 meses, sob a orientagao da Dra. Ana Andrade, bem como o impacto que o



mesmo teve na construgao do meu percurso profissional, enquanto futura farmacéutica. Este
apresenta-se sob a forma de uma andlise SWOT (do inglés, Strenghts, Weaknesses,
Opportunities, Threads), onde na mesma constam todas as reflexoes acerca dos pontos fortes,

pontos fracos, oportunidades e ameagas relacionadas com o processo de estagio.

2. Owlpharma - Consulting, Lda.

A Owlpharma — Consulting Lda. trata-se de uma empresa de consultoria especializada
para o setor farmacéutico nas areas de Farmacovigilancia, Assuntos Regulamentares e
Garantia de Qualidade que se encontra sediada no Instituto Pedro Nunes (IPN), uma
incubadora de empresas, localizada em Coimbra, cujo objetivo é apoiar o crescimento de
pequenas, hovas empresas [2].

Esta empresa foi fundada no final do ano de 2013, e presta servigos especializados,
em articulagio com autoridades competentes a nivel nacional e internacional, em
conformidade com a legislagao aplicavel, relacionados com medicamentos de uso humano,
dispositivos médicos, suplementos alimentares e cosméticos, ao longo do ciclo de vida
destes produtos de saude [2].

A Owlpharma tem crescido ao longo dos anos, encontrando-se em grande expansao,
tendo ganho ja alguns prémios que a distinguem como uma empresa inovadora e em
crescimento, tendo em maio de 2019 sido distinguida como “Empresa Gazela” (As
“Empresas Gazela” sao empresas jovens que num curto periodo de tempo apresentam um

crescimento acelerado ao nivel do emprego e do volume de negécios) [3].

3. Analise SWOT

3.1. Pontos Fortes

3.1.1. Integracao na Equipa

Um dos pontos mais fortes durante o meu estagio na Owlpharma foi sem divida o
grupo de pessoas no qual me inseri e pela qual a mesma é constituida. O facto de ter sido
integrada numa equipa jovem, dinamica, versatil, exigente e, a0 mesmo tempo, muito
acolhedora, levou a que pudesse tirar o maior partido do estagio, nao so a nivel de aplicagao

de conhecimentos, como também ao nivel de relagoes interpessoais.
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Nos momentos de desempenhar tarefas, sempre senti apoio durante a realizagao das
mesmas e sempre se colocaram a minha disposicao para tirar quaisquer duvidas que
poderiam surgir. Ao mesmo tempo, havia incentivo interno para a equipa juntar-se nos
momentos de lazer, tais como as refei¢oes, discutindo assuntos do quotidiano/culturais, o

que considero ser bastante importante para a uniao e reforgo da equipa.

Por outro lado, o facto da mesma ser pequena levou a que me sentisse desde logo
incluida, bem como estabelecesse uma ligagdo mais forte e mais descontraida com os
diferentes departamentos, o que contribuiu para a minha rapida adaptagao a esta nova fase

do meu percurso académico.

3.1.2. Versatilidade de Tarefas/Funcoes

O facto da Owlpharma ser constituida por varios departamentos e desempenhar um
papel bastante polivalente no que respeita ao ciclo do medicamento, levou a que eu tivesse a

oportunidade de executar um leque variavel de tarefas.

Ao nivel dos Assuntos Regulamentares, tive a oportunidade de participar na
conversao de pedidos de AIM em formato eCTD (Electronic Common Technical Document),
bem como na sua gestao de alteragoes, através da plataforma do INFARMED, I.P., SMUH-
ALTER (Sistema de gestao de Medicamentos de Uso Humano - Submissao Eletronica de
Pedidos de Alteracao aos Termos de AIM); participar na preparagao, revisao e tradugao de
Resumos das Caracteristicas dos Medicamentos (RCMs), Folhetos Informativos (Fls) e
Rotulagens de medicamentos, segundo o formato QRD (Quality Review of Documents) e com
recurso a termos MedDRA (Medical Dictionary for Regulatory Activities); auxiliar na revisao de
Relatérios de Perito/Medical Writting, na revisio e preparagao de Bridging Reports, na
introdugao e manutengdao de dados do produto via XEVMPD (Extended EudraVigilance
Medicinal Product Dictionary), na elaboragao de Avaliagao de Risco Ambiental do Medicamento
(ERA), e ainda, na realizagao de Testes de Legibilidade e pesquisa de suporte para alegagoes

de produtos cosméticos.

Ao nivel da Farmacovigilancia pude colaborar em pesquisas na literatura nacional e
internacional (ex:. PubMed®) de Reacdes Adversas a Medicamentos (RAM), através da
analise, traducao e resumo de artigos de casos de RAM e ainda no auxilio da elaboragao de

Relatorios Periddicos de Seguranga (PSUR).



A versatilidade de fungdes que desempenhei durante o meu periodo de estagio na
Owlpharma foi sem duvida muito gratificante e desafiante, uma vez que com a maioria das
mesmas nunca tinha tido qualquer contacto pratico, sendo portanto um dos pontos mais

fortes.

3.1.3. Desenvolvimento de Competéncias/Soft-Skills

Com a versatilidade de fungoes que tive a oportunidade de desempenhar, desenvolvi
competéncias e soft-skills que considero muito enriquecedoras como futura farmacéutica,
nomeadamente, o trabalhar em equipa para um objetivo comum, o saber lidar com varias
personalidades, a capacidade de comunicar e transmitir informagao, o aprofundamento dos
meus conhecimentos em ferramentas informaticas (ex:. Microsoft Office®, Acrobat Reader DC®,
etc.), o desenvolvimento da lingua inglesa, nomeadamente a leitura e escrita, e ainda, o
contacto com outras linguas (ex:. lingua sueca), que elevaram o patamar dos meus
conhecimentos nas mesmas, uma vez que passavam por uma linguagem mais cientifica.
Também o aperfeicoamento dos métodos para pesquisa bibliografica em plataformas como a
PubMed® e revistas nacionais, levaram a que eu tivesse uma maior perce¢io na selecio de
informagao, ja que, numa era em que o acesso a informagao é praticamente dado como

adquirido, o saber seleciona-la e ratea-la é sim o maior desafio da atualidade.

3.1.4. Autonomia/Responsabilidade

Com os prazos definidos para término e submissao dos servigos solicitados pelos
clientes da Owlpharma e com a quantidade dos mesmos que por vezes se sobrepunham aos
ja existentes, senti na pele a pressao de ter que cumprir os objetivos no periodo que me
pediam para os concluir, o que para além de me dar mais confianga, também me fez adquirir
mais autonomia com a responsabilidade incutida. Considero um ponto bastante forte para o
meu futuro, pois entendo que é de grande valor um profissional ser considerado auténomo,

capaz de tomar decisoes e cumprir os objetivos definidos.



3.2. Pontos Fracos

3.2.1. Qualidade de Tarefas

Apesar da versatilidade de tarefas que tive a oportunidade de desempenhar, nem
sempre as mesmas se mostravam as mais desafiantes. Grande parte do meu estagio realizei
tarefas como paginagao e conversao de dossiers de AIM de ficheiro Document (DOC, Microsoft
Word®) para ficheiro Portable Document Format (PDF), que apesar de saber que era um
trabalho necessério para um fim concreto e maior, este nao despertava ou me estimulava a

colocar em pratica os meus conhecimentos na area das Ciéncias Farmacéuticas.

3.2.2. Feedback

Inicialmente, em algumas das tarefas que executei, muitas das vezes nao obtive
feedback acerca das mesmas, o que me levou a questionar o resultado final dos meus
trabalhos, principalmente no que dizia respeito as fungdes com que estava a contactar pela
primeira vez. No entanto, com o aumento da confianga e com o passar do tempo, fui
pedindo esse mesmo feedback quando o mesmo nao me era facultado, uma vez que
considero muito pertinente perceber aquilo em que podemos melhorar, nao sé para o
aperfeicoamento das minhas capacidades, mas também para que a qualidade do meu trabalho

fosse de encontro as expectativas da empresa.

3.2.3. Abrangéncia a Departamentos Especificos

Durante o periodo que passei na Owlpharma, embora tenha tido a oportunidade de
realizar um leque versatil de fungoes, estas passaram na sua maioria pelo departamento de
Assuntos Regulamentares e uma minoria pelos departamentos de Farmacovigilancia e
Garantia de Qualidade, o que nao me permitiu tirar o maior partido e conhecimento pratico
destas duas Ultimas areas, tanto como gostaria. Para além disso, em alguns dos servigos que
esta empresa oferece, nomeadamente no ambito de Marketing e Publicidade de
Medicamentos, tive muito pouco contacto, sendo que teria sido do meu interesse explorar e
aprofundar os meus conhecimentos relativamente a este tema. No entanto, compreendo
também que, sendo a Owlpharma uma empresa de consultoria farmacéutica, esta torna-se
muito dependente dos pedidos por parte dos clientes e, portanto, o facto de nao ter tido

certas oportunidades poderia ser devido a este facto.



3.3.  Oportunidades

3.3.1. Conhecimento da Area de Consultoria Farmacéutica

Uma das oportunidades que a Faculdade de Farmacia da Universidade de Coimbra e
este estagio me proporcionaram foi sem duvida conhecer a area de consultoria, no ambito
da industria farmacéutica e poder contactar com o quotidiano de uma equipa empenhada em
cumprir os objetivos dos seus clientes, nomeadamente no campo dos Assuntos
Regulamentares e Farmacovigilancia. A area de consultoria farmacéutica é sem duvida muito
desafiante, onde aplicamos bastantes conhecimentos nao sé adquiridos durante o nosso
percurso académico, mas também através das nossas atividades extracurriculares. Oferece-
nos, ainda, a oportunidade de perceber minimamente alguns dos processos prévios e
subsequentes ao langamento de um medicamento/produto de salde, necessarios para a sua

estabilidade e adaptagao ao mercado farmacéutico.

3.3.2. Formacodes Internas

A minha estadia na Owlpharma proporcionou-me ainda com a oportunidade de
receber formagdes internas, nomeadamente nas areas de Assuntos Regulamentares e
Farmacovigilancia, recordando tépicos e adicionando novos conhecimentos aos ja adquiridos
no MICF. Uma das formagoes que mais me marcou foi sem dulvida a formagao sobre os
testes de legibilidade, uma vez que desconhecia e nunca tinha estado em contacto com este
método de avaliagao de Fls de medicamentos, que mais tarde, apos aprovagao dos mesmos,
iriam ser langados no mercado. Apos esta formagao acerca do funcionamento do processo e
das suas particularidades, tive ainda a oportunidade de colocar a mesma em pratica,
participando como entrevistadora, nos testes de legibilidade do Fl para o langamento de um
novo medicamento genérico, sendo que foi uma experiéncia muito enriquecedora e que se

destacou no meu percurso na Owlpharma como sendo bastante desafiante.

34. Ameacas

3.4.1. Compatibilidade com Estagio Curricular Obrigatério

O facto de termos a oportunidade de realizar um estagio curricular opcional constitui
uma mais-valia no nosso percurso e futuro profissional, no entanto, a responsabilidade

acrescida com a realizagio do mesmo juntamente com o estagio curricular obrigatorio em
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farmacia comunitaria, torna dificil a conciliagdo e gestao do tempo que temos disponivel
para realizarmos os dois estagios e ainda a elaboragao da monografia, juntamente com os
relatorios dos dois estagios. Considero isto uma ameaga para quem pretende realizar mais

que um estagio.

4. Conclusao

Em suma, o meu estagio em consultoria farmacéutica na Owlpharma, com a duragao
de 3 meses, apresentou-me uma experiéncia bastante enriquecedora e permitiu-me ter uma
primeira percecao daquilo que sao as areas, principalmente, de Assuntos Regulamentares e
Farmacovigilancia, numa vertente mais pratica. Foi também uma oportunidade para aplicar os
conhecimentos adquiridos durante o MICF e ainda alcangar competéncias que farao uma

enorme diferenga, nao s6 no meu percurso profissional, mas também pessoal.

Finalmente, o facto de contactar com o ambiente empresarial apresentou-me uma
compreensio mais abrangente da extensio do papel das Ciéncias Farmacéuticas. E realmente
muito gratificante a profissao farmacéutica ser polivalente nas mais diversas areas que
abrangem o ciclo do medicamento e, portanto, termos um contributo e impacto na saude e

na educagao para a mesma.

Agradeco desde ja a Faculdade de Farmacia da Universidade de Coimbra pela
oportunidade concedida em realizar um estagio opcional e ainda, a toda a excelente equipa
da Owlpharma pelo seu contributo no meu percurso. Sem os mesmos, esta experiéncia nao
teria sido a mesma e tudo aquilo que aprendi e adquiri com este estagio devo-lhes grande

parte.
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I. Introducio

O Farmacéutico Comunitario ou de Oficina é considerado como tendo a area de
atuagao mais representativa da atividade farmacéutica, nao sé pela visibilidade e importancia

que detém junto do publico, mas também pela quantidade de profissionais que absorve [I].

Apesar do farmacéutico ser o “especialista do medicamento e agente da salde
publica”, a verdade é que o objetivo principal do ato farmacéutico é a pessoa do doente e o
medicamento é apenas o vetor principal desse mesmo ato, tendo portanto, a fragao “agente
de salde publica, cada vez mais realce nos dias que correm e as fungdes do farmacéutico
estio muito mais para além do medicamento [|]. Este papel é algo que se tem vindo a
destacar, sendo cada vez mais inerente ao farmacéutico, através do aconselhamento e das
suas agoes de intervengao, promogao e educagiao para a salde, e com o qual a profissao
farmacéutica tem ganho consolidagao e reconhecimento social, ao contrario do que

antigamente acontecia [1].

Assim sendo, tendo como primicias estas constatagoes, foi com grande entusiasmo
que tive a oportunidade de aplicar os conhecimentos e competéncias adquiridos durante o
Mestrado Integrado em Ciéncias Farmacéuticas (MICF), pela Faculdade de Farmacia da
Universidade de Coimbra (FFUC), no estdgio curricular obrigatério em Farmacia

Comunitaria.

O presente relatorio visa assim descrever todas as atividades e fungdes que
desempenhei ao longo do meu estdgio na Farmdcia dos Olivais, com a duragao de 810h, tendo
iniciado o mesmo no dia 3 de abril de 2019 e concluido no dia 23 de julho de 2019, sob
orientagao da Dra. Ana Maria Tadeu Brandao. Este apresenta-se sob a forma de uma andlise
SWOT (do inglés, Strenghts, Weaknesses, Opportunities, Threads), onde na mesma constam
todas as reflexdes acerca dos pontos fortes, pontos fracos, oportunidades e ameagas

relacionadas com o processo de estagio.

2. Farmacia dos Olivais

A Farmdcia dos Olivais, situada na Rua Bernardo de Albuquerque n°141, na freguesia
de Santo Antoénio dos Olivais, em Coimbra, tem como proprietaria Cristina Almiro e Castro

— Farmacia Unip. Lda., estando a diregao técnica assegurada pela Dra. Ana Filipa Gomes

22



Ferreira Agria. E socia da Associagio Nacional das Farmacias (ANF) e ainda membro de um

grupo de compras, o Grupo Mais Farmacia.

O periodo de funcionamento da Farmdcia dos Olivais decorre de segunda-feira a
domingo, das 8h30 as 24h, excluindo domingos e feriados em que esta aberta das 10h30 as
24h, tendo por isso, um horario bastante privilegiado e competitivo, em comparagao com
outras farmacias. Possui uma forte afluéncia e bastantes utentes fidelizados, nao sé gragas ao
seu excelente acompanhamento e aconselhamento, mas também pela sua localizagao e

disponibilidade de horario.

A equipa da farmacia dos Olivais é constituida por 7 farmacéuticos Dra. Ana Agria,
Dra. Ana Brandao, Dra. Anabela Rocha, Dra. Daniela Monteiro, Dr. Diogo Dias, Dra. Inés
Gongalves e Dra. Rita Mendes; uma técnica de farmacia, a Dra. Andreia Figueiredo, e uma
técnica de limpeza, Sr.* Fatima Frias. Esta é uma equipa de exceléncia cujo maximo propésito
centra-se na satisfacio dos seus utentes e suas necessidades, bem como na manutengao do

bom funcionamento da Farmacia.

3. Analise SWOT

3.1. Pontos Fortes

3.1.1. Equipa da Farmdcia dos Olivais

Um dos pontos mais fortes do meu estagio na Farmdcia dos Olivais foi ter tido o
privilégio de trabalhar com uma equipa excelente, muito dedicada no aconselhamento e na
educagao para a salde dos seus utentes e que me recebeu como se fosse um membro da
equipa. Agora que tive o contacto com uma vertente mais pratica da farmacia comunitaria,
penso ser fundamental esta integragao, uma vez que considero que estar num ambiente de
trabalho onde nos sintamos bem é realmente pertinente para sermos melhores profissionais.
Para além disso, sempre que tive alguma duivida ou até mesmo quando nao tinha tantos
conhecimentos em determinado assunto, a equipa da Farmdcia dos Olivais esteve sempre
presente para me auxiliar no que fosse necessario e, portanto, pude aprender imenso com a

mesma e usufruir ao maximo de todo o meu periodo de estagio.
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3.1.2. Planeamento do Estagio no Desenvolvimento de Competéncias e Capacidades

O planeamento do meu estagio na Farmdcia dos Olivais foi sem divida muito bem
executado, uma vez que consistiu numa aprendizagem gradual de todas as dimensoes que
constituem o ramo da Farmacia Comunitaria. Iniciei o meu estdgio principalmente no
BackOffice, de modo que pude contactar com tudo aquilo que acontece para o medicamento
ou produto de saude poder ser entregue ao utente com a maior seguran¢a e qualidade
possivel. E conclui deste modo, no atendimento ao publico, onde pude ter a realidade do
cerne de um farmacéutico comunitario. Assim sendo, tive a oportunidade de desenvolver

competéncias e capacidades que considero fundamentais como futura profissional de saude.

Ao nivel da comunicagdo e transmissao de informagao, através do aconselhamento
no atendimento ao publico e atendimento telefonico, aprendi a importancia da adaptagao da
linguagem ao utente, uma vez que, consoante a pessoa com que estamos a lidar (ex:. crianga,
idoso), temos que nos ajustar @ mesma para haver uma maior compreensao entre ambas as
partes. Também ao nivel do atendimento, o desenvolvimento da empatia com o utente foi
um dos pontos que me marcou, sendo que a preocupagao pelo bem-estar dos mesmos, quer
fossem habituais ou nao da farmacia, foi crescendo ao longo do tempo. A capacidade para
aconselhar e aplicar os meus conhecimentos adquiridos durante o MICF foi um dos maiores
desafios. No entanto, gragas a excelente equipa da Farmdcia dos Olivais foi-se tornando cada
vez mais facil e é sem duvida muito satisfatorio quando realmente fazemos a diferencga, quer
na adesdo a terapéutica, quer na educagao para a salde, nao s6 ao nivel dos medicamentos,
mas também ao nivel dos cosméticos, suplementos alimentares e dispositivos médicos. Para
além de ter aprofundado o meu contacto com o programa SIFARMA 2000%, também
compreendi a importancia de certos pormenores no atendimento, nomeadamente o dirigir-
se ao utente sempre pelo seu nome adicionado a questao que se quer fazer, o manter o
contacto visual e o ter confianga na transmissao da informagao, entre outras

particularidades.

Ao nivel do BackOffice da Farmacia dos Olivais, pude ter uma primeira impressao de
como funciona a gestao e organizagio de uma farmacia e de processos burocraticos que a
incluem. Tive a oportunidade de fazer rece¢ao e arrumagao de encomendas, transferéncias
entre farmacias, devolugao de medicamentos, verificagao e controlo dos prazos de validade e
stocks, revisao e organizagao de receitas manuais e, ainda, pude conhecer com maior

profundidade todos os produtos de saide com os quais muitas vezes nao tinha contactado
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anteriormente e a importancia do seu armazenamento. A associagdo entre a designagao
comercial e por DCI, a distingao entre Medicamento Sujeito a Receita Médica (MSRM) e
Medicamento Nao Sujeito a Receita Médica (MNSRM), as diferentes dosagens existentes e
ainda, as diferentes formas de administragao dos mesmos, foi também uma preocupagao que
tive e que também me foi incutida pela equipa da Farmdcia dos Olivais, para tirar o maior
beneficio para os meus conhecimentos e consequentemente, aumentando a qualidade do

atendimento.

Ainda ao nivel do Marketing e Publicidade pude participar em estruturagao de
montras e organizagio e gestao do espago da farmacia, mostrando-me também a
importancia do “chamar a atencao” e na educagao para a salde, dos utentes que

frequentavam a mesma.

Por ultimo, percebi a importancia do papel do farmacéutico na adesao a terapéutica,
que penso ser um dos pontos mais fortes que me foi incutido no estagio e que fui
desenvolvendo ao longo do meu atendimento. O simples facto de explicarmos
detalhadamente como funciona a aplicagao de certos medicamentos, nomeadamente colirios,
inaladores, transdérmicos, injetaveis, pode realmente fazer a diferenga, uma vez que uma
grande parte de certos tratamentos nao terem a eficacia esperada, se deve ao facto de
muitas vezes os doentes nao aderirem a medicagao, por nao saberem como se administram

ou simplesmente por desconhecerem os seus beneficios.

3.1.3. Horario Privilegiado

O facto da Farmadcia dos Olivais ter um horario bastante alargado trouxe bastantes
beneficios, ja que pude experienciar tanto o periodo diurno como o periodo noturno,
permitindo-me assistir e participar numa diversidade de atendimentos com situagoes
bastante versateis, bem como percecionar a mudan¢a do espago para atendimento ao
publico, ja que no periodo noturno o atendimento era feito através do postigo e nao ao
balcao, como no periodo diurno. Assim, o facto da maior parte da populagao trabalhar
durante o periodo diurno, fazia com que muitas vezes o periodo noturno ficasse mais
sobrecarregado e, portanto, a variedade de casos era por vezes maior, permitindo-me tirar

bastantes conhecimentos em ambos os periodos.
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3.1.4. Servicos Farmacéuticos, Apoio a Causas e Colaboracao com Projetos

Tendo a Farmdcia dos Olivais uma grande variedade de Servicos Farmacéuticos que
disponibiliza aos seus utentes, foi-me possivel contactar com alguns, nomeadamente medicao
de parametros bioquimicos, observagao de administragao de injetaveis e de uma Preparagao

Individualizada da Medicagao (PIM).

Ao nivel do apoio a causas, a Farmdcia dos Olivais prima pela solidariedade, uma vez
que apresenta varias parcerias nomeadamente com a Liga Portuguesa Contra o Cancro (LPCC),
o Programa abem: e ainda com varios lares, pelo que foi bastante pertinente saber que o

farmacéutico esta ligado as boas causas na sua profissao.

E ainda, pude contactar com os varios projetos possiveis de colaboragao com a
farmacia comunitéria, nomeadamente, o projeto VALORMED® e o Programa Troca de Seringas

e a sua importancia para a populagao-alvo.

3.2. Pontos Fracos

3.2.1. Preparacao de Manipulados

A preparagao de manipulados constituiu sem ddvida um dos pontos fracos da minha
passagem pela vertente pratica da farmacia comunitaria. Apesar da Farmdcia dos Olivais
possuir este servico para a populagao, com um laboratério equipado e preparado para tal,
nao tive a oportunidade de observar ou participar no mesmo, no entanto, tal se deveu a nao
ter surgido nenhum pedido por parte de um utente, durante o periodo de tempo que estive
presente. Sendo a preparagao de manipulados um servigo bastante inerente ao farmacéutico
comunitario, considero que é fundamental aplicar os conhecimentos galénicos e tecnologicos
adquiridos durante o MICF numa vertente mais pratica e, para isso, o estagio pode ser o

inicio para este contacto.

3.2.2. Autonomia no Atendimento

Apesar da equipa da Farmdcia dos Olivais ser muito prestavel e garantir sempre a
supervisao nas tarefas que desempenhei, tirando-me sempre todas as duvidas e questoes que
poderiam surgir, nem sempre considerei esta presenga a mais proveitosa, no sentido de

ganhar mais autonomia, particularmente ao nivel do atendimento. Uma vez que apenas
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comecei a participar no mesmo nas Ultimas 3 semanas do meu periodo de estagio, tenho
nogao que ainda nao possuia a experiéncia necessaria para desempenhar a melhor qualidade
de atendimento e, portanto, a supervisao de um farmacéutico era necessaria, no entanto,
isto nao me permitiu adquirir a autonomia que esperava obter com o término do estagio.
Considero que por vezes é necessario errarmos para podermos aprender com esses
mesmos erros e termos assim, a oportunidade de melhorar. Deste modo, a minha confianga

para atender sem supervisao nao chegou ao nivel que gostaria de ter alcangado.

3.3.  Oportunidades

3.3.1. Acoes de Educaciao e Promocao para a Saude

Uma das grandes oportunidades do meu estagio na Farmdcia dos Olivais foi sem duvida
participar em duas grandes a¢oes de educagao e promogao para a salde, nomeadamente, “A
2* Caminhada dos Olivais”, que decorreu na Mata do Choupal e ainda, a “Formagao sobre
Protegao Solar” aos estudantes da Escola Basica | dos Olivais, de 2° e 4° anos. A primeira
realizou-se com o objetivo de promover a atividade fisica e o contacto com a natureza,
entre a populagao de Coimbra. Foi realmente uma experiéncia muito enriquecedora, com a
duracao de 4h, em que pude participar nio sé presencialmente, como também na sua
organizagao e preparagao. A segunda, teve como objetivo a educagao dos mais jovens para a
importancia da protecao solar. Uma vez que se avizinhavam os tempos em que ha uma
maior predisposi¢ao a queimaduras por parte dos raios solares, nunca é demais relembrar a
sua forma de prevengao, através de uma formagao onde se discutiram as mais variadas

formas, juntamente com o protetor solar, para evitar essas mesmas consequéncias.

Considero que estas agoes sao realmente muito relevantes para a educagio da
populagio e para a prevengao de futuros perigos para a sua saude, mostrando que o

farmacéutico tem realmente um papel muito importante como agente da saude publica.

3.3.2. Formacodes Internas

As farmdcias comunitarias tém acesso a formagoes para os seus farmacéuticos
internos nas mais variadas areas de atuagao, organizadas por laboratorios. Com o meu
estagio, tive a oportunidade de participar em diversas formagoes, subordinadas,

nomeadamente, aos temas de aplicagio de colirios e pomadas oftalmicas, olho seco e
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alergias oculares, protegao solar, suplementos alimentares, doengas gastrointestinais,
ortopedia, entre outros temas que enriqueceram os meus conhecimentos nestas areas e
sem duvida que debateram topicos importantes para acrescentarmos ao NOSSO

aconselhamento para com o utente.

Para além dessas formagoes, também pude assistir a outras presencialmente na
Farmacia dos Olivais, sobretudo ao nivel dos cosméticos, organizadas pelos delegados
comerciais pertencentes aos laboratérios dos mesmos. Também me foram dirigidos
bastantes casos clinicos por parte da equipa interna, estimulando a minha capacidade de
atendimento simulado, raciocinio e onde aplicava conhecimentos que por vezes nao tinha
oportunidade de aplicar durante os atendimentos. Tudo isto acrescentou mais valor e

autonomia nas areas de Indicagcao e Intervencao Farmacéutica.

34. Ameacas

3.4.1. Dispositivos Médicos e Produtos de Uso Veterinario

O plano de estudos do MICF na FFUC, apesar de muito abrangente e muito
completo, nao inclui os dispositivos médicos como uma unidade curricular obrigatéria e na
minha opiniao esta situagao acaba por se revelar uma ameaga para a vertente pratica de
farmacia comunitaria, uma vez que no quotidiano somos confrontados com inUmeros casos
de doentes que necessitam de dispositivos médicos e com os quais eu considero nao ter
conhecimento e preparagao suficientes para um atendimento com qualidade, nomeadamente
ao nivel dos produtos ortopédicos. O mesmo se observa com os produtos de uso
veterinario. Apesar de no nosso plano de estudos possuirmos a unidade curricular
obrigatoria “Preparagoes de Uso Veterinario (PUV)”, considero que esta mesma necessita
de ser reformulada para uma vertente de melhor conhecimento daquilo que os utentes
procuram para os cuidados com os seus animais, de modo a estarmos preparados para

responder as necessidades dos mesmos.

3.4.2. Organismos e Entidades de Comparticipacao

Para além do Servico Nacional de Saude (SNS), existem varios organismos que
comparticipam os MSRM e diversos dispositivos médicos. Para haver essa comparticipagao, €

necessario na maior parte dos casos, haver a colocagdao manual dessas entidades, no ato da
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dispensa da prescricio médica, através do SIFARMA 2000®, de forma a o utente ter uma
maior comparticipagao no prego dos seus medicamentos. No entanto, previamente ao
estagio, nunca tinha contactado com os iniUmeros organismos e entidades que existem para
esse fim. Deste modo, isto constituiu uma ameaga para o mesmo, uma vez que, apos ter tido
o contacto com esta realidade, devido a grande quantidade de entidades existentes, muitas
vezes tinha bastantes dificuldades em selecionar o organismo de comparticipagao correto e
especifico do utente. Talvez incluir esta questao numa unidade curricular do nosso plano de
estudos fosse uma mais-valia para o nosso percurso em farmacia comunitaria e também a

nivel pessoal, de modo a nao cometermos erros neste tipo de situagoes.

4. Conclusao

Em suma, o meu estagio em farmacia comunitaria, na Farmdcia dos Olivais, revelou-se
uma experiéncia Unica e muito enriquecedora, na medida em que pude tirar o maior partido
da mesma. Obtive e aprofundei conhecimentos e capacidades que levo como futura
profissional de salde e para a vida pessoal, bem como, um maior sentido de responsabilidade
e autonomia no relacionamento com as pessoas. Sem duvida que o Mestrado Integrado em
Ciéncias Farmacéuticas, pela Faculdade de Farmacia da Universidade de Coimbra, da-nos os
alicerces necessarios para exercermos a nossa profissio em farmacia comunitaria e assim,
com a experiéncia e pratica, vamo-nos tornando capacitados para responder as necessidades

da saude da nossa populagao.

Termino com um agradecimento muito especial a toda a equipa da Farmdcia dos

Olivais, que me apoiou e incentivou nas minhas conquistas, durante o meu estagio na mesma.
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ANEXOS

Casos Clinicos

Caso | — Substitutos de Nicotina para Cessacao Tabagica

Um senhor com cerca de 50 anos dirigiu-se a Farmdcia dos Olivais, com o intuito de
medir a sua pressao arterial. Apds ter verificado a mesma, notei que esta se encontrava
ligeiramente aumentada (135/80 mmHg) e referi para tentar ter sempre algum cuidado com
a quantidade de sal que ingeria. Neste propésito, o senhor acabou por me interromper e
referir que, a razao pela qual quis proceder a medigao da pressao arterial foi pelo facto de
nos Ultimos dias ter sentido algumas palpitacoes e sentir-se bastante nervoso. Apods esta
referéncia, questionei-o se tomava algum medicamento ou suplemento alimentar e este
referiu que iniciou a toma de gomas medicamentosas de substituicio de nicotina (NiQuitin®)
ha | semana, com o objetivo de cessagao tabagica. Suspeitando que tais efeitos poderiam
advir dai, questionei-o acerca da quantidade de gomas que ingeria por dia, da dosagem que
se encontrava a tomar e quantos cigarros costumava fumar antes do inicio da terapéutica. O
mesmo referiu que fumava entre 20 a 30 cigarros por dia, que se encontrava a tomar a dose
de 4 mg e que chegava a mascar cerca de 20 gomas/dia. A NiQuitin® recomenda esta
dosagem para quem fuma mais de 20 cigarros/dia, mas apenas recomenda mascar no maximo
até |5 gomas diarias [2]. Alertei-o para o facto de estar a tomar 5 gomas diarias em excesso
e que esse excesso poderia ser a causa das suas palpitagoes e nervosismo, pelo que
recomendei a tomar apenas as |15 gomas/dia tal como recomendado pelo laboratoério. Para
além disso, aconselhei ainda a vigia regular da sua pressao arterial e frequéncia cardiaca, de
modo a evitar futuros problemas e a assegurar que havia uma melhoria dos seus sintomas,
bem como congratulei-o pela sua iniciativa em proceder a cessagao tabagica, ja que os

maleficios do tabagismo para o nosso organismo sao imensos [3].

Caso Il — Pilula do Dia Seguinte

Um jovem dirigiu-se a Farmdcia dos Olivais pedindo a pilula do dia seguinte. Nisto
pergunto ha quanto tempo tinha ocorrido a relagao de risco e este respondeu-me que tinha
acontecido ha | dia atras. Pergunto ainda se a senhora tomava algum contracetivo oral, se
possuia problemas de coagulagao ou outro problema de salide e se tomava algum tipo de

medicagao. Este respondeu-me negativamente também. Nisto recorri a Contracegao Oral
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de Emergéncia (COE), com o objetivo de evitar uma gravidez indesejada, e dispensei ao
. ® . . . 3 . . .
utente Postinor®. No ato da dispensa referi a importancia de tomar o mais rapidamente
possivel o comprimido de toma unica de 1,5 mg de Levonorgestrel, uma vez que a eficacia é
maior quanto mais proximo da relagao desprotegida tiver sido tomado [4]. Para além disso,
referi que sentir sintomas como nauseas, dores abdominais, diarreia, dores de cabega ou
haver um atraso na menstruagao seguinte, poderiam acontecer. Referi ainda que caso a
senhora vomitasse nas 3h seguintes a toma do medicamento, esta deveria repetir a toma do

mesmo e que até a menstruagao seguinte era recomendado utilizar um método contracetivo

de barreira [5].
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Resumo

Nanoparticulas - Um conceito emergente que se tem estendido amplamente pelo mundo,
com indmeras aplicagdes no campo biomédico, desde intervengdes terapéuticas a
diagnosticas. Contudo, quao perigosas estas “particulas do tamanho de virus” poderao ser?
Esta € uma questiao que a Nanotoxicologia visa responder, particularmente pelo facto de
que, devido ao tamanho extremamente pequeno das nanoparticulas e pela sua reatividade
aumentada, em comparagao com as respetivas matérias-primas, estas particulas tém uma
probabilidade acrescida de serem internalizadas pelas células e de interagirem com o

material genético, com a possibilidade de induzirem danos no ADN.

O Ensaio do Cometa, ou Eletroforese em Gel de Célula-Unica (SCGE), destaca-se pela sua
capacidade em detetar quebras nas cadeias de ADN, em células eucarioticas. Deste modo,
este ensaio apresenta um grande potencial na avaliagio das interagdes das nanoparticulas
com as células, no que diz respeito a genotoxicidade. Assim sendo, aqui apresentamos uma
visao geral das caracteristicas e etapas envolvidas no Ensaio do Cometa, assim como uma
revisao e compilagao de algumas das nanoparticulas que estao mais propensas ao contacto
com os sistemas bioldgicos e que, adicionalmente, possuem o potencial de induzir, direta ou
indiretamente, genotoxicidade (ex:. nanoparticulas metdlicas), através de diversas vias de

administragao (nanoformulagdes orais, topicas, inalatorias, oculares e parenterais).

Na era do boom das nanoparticulas, onde as guidelines para a sua avaliagao ainda sao bastante
limitadas, é urgente garantir a sua seguranga, juntamente com a sua qualidade e eficacia. Para
alcangar esse objetivo, acreditamos que o Ensaio do Cometa podera ser uma ferramenta

essencial e uma fonte confiavel para se alcangar uma melhor avaliagdo nanotoxicologica.

Palavras-chave: Nanoparticulas, Ensaio Cometa, Danos no ADN, Genotoxicidade,

Nanotoxicologia.
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Abstract

Nanoparticles - An emerging concept widely used worldwide, with several applications in the
biomedical field, from therapeutics to diagnostics. However, how much hazardous these
“virus-sized particles” can be? This is a question that Nanotoxicology aims to answer,
particularly when it comes to the fact that, due to the extremely small size of nanoparticles
and enhanced reactivity compared to the respective bulk materials, these particles have a
high probability of being internalized by cells and interact with the genetic material, with the

possibility of inducing DNA damage.

The Comet Assay, or Single-Cell Gel Electrophoresis (SCGE), stands out for its capacity of
detecting DNA strand breaks in eukaryotic cells. Therefore, it has a huge potential in
genotoxicity assessment of nanoparticles and respective cells’ interactions. Here we present
an overview of the characteristics and steps involved in the Comet Assay, as well as a review
and compilation of some of the nanoparticles that are mostly in contact with biological
systems, and additionally have the potential of, direct or indirectly, inducing genotoxicity (e.g.
metal nanoparticles), through several routes of administration (oral, skin, inhaled, ocular and

parenteral nanoformulations).

In a nanoparticles boom era, where guidelines for their evaluation are still very limited, it is
urgent to guaranty their safety, along with their quality and efficacy. In order to do so, we
believe that Comet Assay may be an essential tool and a reliable source for achieving a

better nanotoxicology assessment.

Keywords: Nanoparticles, Comet Assay, DNA damage, Genotoxicity, Nanotoxicology.
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I. Introduction

Nowadays we live in an era where nanoparticles (NPs) are playing a major role in the
development of new drugs, also known as “smart drugs”, as they can deliver a substance to
the desirable target with higher efficiency and precision than conventional drug formulations,
avoiding possible undesirable effects [I1]. Additionally, other attributes such as the potential

use as theranostic agents, have also been described [1].

However, a new concern has been raised as a consequence of the growing
production and application of nanoparticles: “Nanotoxicology”. Nanoparticles are effective
on their purposes, but how much they can be dangerous? “Small” also means that
nanoparticles can reach places that other larger particles cannot, like, for example, the
cellular core, where deoxyribonucleic acid (DNA) is, which implies that they may possibly

interact with genetic material [2].

Although the use of nanoparticles can be applied for DNA damage, in order to cause
cell death and eliminate neoplastic cells, miss-repaired damage or the occurrence of other
nanoparticles interactions with the genetic material can possibly alter the cells’ functions and
interfere with the synthesis of proteins, which may cause potential diseases or even lead to

carcinogenicity [3] [4]

Genetic material related toxicity is known as “genotoxicity” and the potential of
nanoparticles to induce genotoxicity can be considered primary (direct or indirect) or
secondary. It is direct if the nanoparticles exhibit the capacity to reach the nucleus and
provoke lesions directly in the genetic material. Indirect damage happens due to their
capacity to induce oxidative stress which can cause genotoxicity. Secondary damage occurs
due to the capacity of macrophages and/or neutrophils to cause an inflammatory response,
which is based essentially on the release of inflammatory cytokines, causing lesions in genetic

material too [5].

Despite the growing of investigation involving this topic, studies are still very limited
and possible hazardous effects associated with nanotechnology systems are still unknown
[6]. Therefore, it is urgent to investigate further their safety, especially because these “virus-
sized particles” are in a continuous contact with humans on a daily basis, being present in
food, cosmetics and also deriving from certain combustion processes, dispersing easily

through biological systems as inhaled nanoparticles [7].
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While official guidelines for evaluating the safety of nanoparticles are still somehow
limited, regulatory authorities have been making an effort to implement recommendations
on nanotoxicology assessment [8]. Genotoxicity tests are an extremely important portion of
this assessment due to all the mentioned above reasons. Among the available tests, the
Comet Assay is being extensively performed as a laboratory measure of genotoxicity, both in
vitro and in vivo [9], being already considered as a powerful and promising tool for assessing
DNA damage in human biomonitoring and in clinical studies, as well as a standard tool in the

pharmaceutical industry for the evaluation of the safety of potential new drugs [10] [11].

This assay was not specifically designed for nanoparticles [12], but it is mentioned by
several authors to explore their genotoxicity assessment. Numerous organizations
recommend the comet assay: in 2014, Organization for Economic Co-Operation and
Development (OECD) created a guideline (OECD test guideline 489) for the “In vivo
Mammalian Alkaline Comet Assay”, which describes the method in detail, as well its
limitations and considerations, historical control data and other information to consider
[13]. The International Conference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH) also suggests its use, among other
assays, for further in vivo testing [14]. Additionally, it is accepted by the European Food
Safety Authority (EFSA) and recommended as an appropriate test under the Registration,
Evaluation Authorisation and Restriction of Chemicals program of the European

Commission (REACH) [12] [14].

The role of the in vitro comet assay in regulatory toxicity is currently not defined but
efforts are being made to validate it and due to its versality, robustness and reliability, it has

a great potential to be included in a test battery for genotoxicity assessment [12].

2. The Comet Assay: An Overview

The comet assay, also known as Single-Cell Gel Electrophoresis (SCGE), is a simple
and highly sensitive method for measuring DNA strand breaks, at the level of individual
eukaryotic cells [I5]. It is most commonly applied to animal cells, whether in culture or
isolated from the organism, however, methods have also been developed to examine

damage in the DNA of plant cells [16].

This procedure, developed by Ostling and Johanson (1984) and then modified and

optimized by Singh et al. (1988) [17], has become one of the standard methods, not only for
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assessing DNA damage, with applications in genotoxicity testing, human biomonitoring,
molecular epidemiology and ecotoxicology [15] [18], but also to evaluate the DNA repair
capacity of cells [12] [19], since this activity can be monitored by incubating cells after

treatment with damaging agent and measuring the decrease in damage remaining at intervals
[31[15].

Depending on the literature and according to the purpose of this procedure, there
are several ways of performing it, but the method most commonly used is the alkaline comet
assay (Singh et al. procedure), for being the most sensitive in terms of detecting strand
breaks of DNA, compared to the neutral one (Ostling and Johanson procedure) [10].
Essentially, the alkaline process (pH > 13) detects not only single and double-strand breaks
(SSBs and DSBs) and even alkali labile sites (ALSs), but also specific base lesions, if combined
with specific endonucleases [10], while neutral SCGE only detects DSBs. Beyond the
sensitivity of this assay for detecting low levels of DNA damage [17], the alkaline comet
assay has several other advantages such as: requirement for small numbers of cells per
sample, flexibility, low costs, ease application and short time needed to complete the
experiment [20]. Additionally, this assay permits to measure damage at any phase of the cell

cycle, as it considers both DNA content and DNA damage [13].

The alkaline Comet Assay is based on the fact that cells embedded in agarose gels on
microscope slides are lysed in the presence of high salts concentration and detergents, to
generate “nucleoids”. These bodies consist of loops of negatively supercoiled DNA
anchored to a residual proteinaceous nuclear matrix network. The agarose-embedded
nucleoids are then subjected to high pH, to allow DNA to unwind and then it is performed a
subsequent brief alkaline electrophoresis [10]. Upon electrophoresis, nucleoid DNA is
attracted to the anode, but only those loops containing a break, which relaxes the
supercoiling, are free to unwind and migrate in the direction of electrophoresis to form
comet-like shapes, giving the name to the assay [I5] [21]. The comet “head” contains
undamaged DNA unlike the comet “tail” that contains damaged/relaxed DNA, which can be
observed, usually, through fluorescence microscopy. Several authors argue that the degree
of intensity of the comet “tail” is proportional to the number of DNA strand breaks present

in that individual cell [15] [22].
Therefore, the alkaline comet assay is mainly based on seven steps:

a) Microscope Slides Preparation
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b) Lysis of Cells

c) Exposure to Alkali (pH > 13)

d) Electrophoresis (pH > 13)

e) Neutralization of Alkali

f) DNA Staining and Comet Visualization

g) Comet Scoring
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Figure I - Schematic Showing of the Comet Assay Main Steps. (Adapted from: [23])

a) Microscope Slides Preparation

The procedure begins with the preparation of the microscope slides, with the
suspension of cells we want to analyze, previously prepared. This step is performed in order
to obtain uniform gels sufficiently stable to survive through to analysis of the results, as well
as to ensure easily visualized comets with the minimal background noise [17] [20]. There are
several techniques for the slide preparation, but they all involve embedding cells in agarose
layers. Each slide can be prepared with one to three layers of one or two independent

agarose gels [20].
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The single-layer procedure consists in suspending cells in low melting-point (LMP)
agarose (generally 37°C) and then place them directly on a slide [I7] [20]. In the two-layer
procedure, the slide is precoated with a layer of regular agarose (we can find these
precoated slides commercially) and then, an agarose layer containing the cells is placed on
that precoated slide [20]. This first-layer coat of agarose, on the slide, improves the
attachment of subsequent agarose layers [24]. In the three-layer procedure, the process is
very similar to the two-layer, but the difference is that a third layer with a LMP agarose is
added with the purpose of increasing the distance between cells and the gel surface, as well

to fill in any residual holes of the second agarose layer [20].

There is a successful three-layer procedure that is known for generating stable gels
and this success is mainly due to the concentration of the agarose gel as well the cells
concentration [20]. The first layer, that is coating the microscope slide, usually has a
concentration between 1% and [.5% and it is dried at 40°-50°C [20]. The second layer,
which contains the cells, is usually between 0.5% and 1% agarose concentrated, and it is
added to the first a few days later. And finally, the third layer is at the same concentration as

the second [20].

These parameters are really important because they can influence the final results:
usually we only need a few cells to perform the Comet Assay because higher density of cells
can result in comets overlapping, complicating image analysis. Additionally, higher agarose

concentrations can affect the extent of DNA migration [20].

b) Lysis of cells.

This step consists on putting the agarose slides solidified in a lysis solution, in order
to remove membranes, soluble nuclear and cell components, leaving DNA attached to the
nuclear matrix [|13]. Generally, the slides are in the solution for at least one hour, at 4°C
[13], but this period depends on the cell type. This lysis solution is composed by salts and
detergents highly concentrated (e.g. EDTA, Sodium Chloride, DMSO, Trition X-100) and its
constitution also depends on the cell type. There are different types of lysis solutions

according to different authors [17] [20].
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c) Alkali Unwinding

At the end of the lysis, the slides containing highly condensed DNA of the treated
cells (nucleoid) [13] are incubated in an alkaline (pH > 13) electrophoresis buffer (EDTA and
Sodium Hydroxide, pH > 13) [20], in order to produce single-stranded DNA and to express
ALS as SSB. For most purposes, it is demonstrated that 20 minutes are sufficient for alkali
unwinding (Singh et al., 1998) but this length of time varies between studies and among

investigators [20] [21].

d) Electrophoresis

After alkali unwinding, the next step is the electrophoresis under alkaline conditions,
using the same pH buffer as the previous step [17]. Usually it is performed for a short period
of time (20 to 30 minutes) [I13] and conducted at the temperature of 5°C to room
temperature, depending on the cell type and the purpose of the experiment, although the
use of lower temperatures is thought to provide increased reproducibility [20]. The typical

voltages for electrophoresis are low, with the recommended voltage gradient ranging from

about 0.5 to 1.47 Viem [17] [21].

e) Neutralization of Alkali

After electrophoresis, the neutralization step occurs, which consists in neutralizing
the alkali in the gels with a suitable buffer (e.g. PBS) [I3]. Usually, three washes of the slides
with the buffer are sufficient but increased rinsing may be useful in situations where a high
background is seen during scoring [20]. After the neutralization, comets can be scored
immediately or later, when convenient. However, slides should be scored with a reasonable

length of time (e.g. 24 hours) to avoid excessive diffusion of the DNA in the gel [20].

f) DNA Staining and Comet Visualization

DNA staining is usually performed with fluorescent dyes, such as ethidium bromide
(one of the most commonly used — [I5]) or DAPI, and then visualized by fluorescence
microscopy. However, this selection depends largely on the investigator-specific needs and

depending on the dye, certain types of DNA strand breaks can be visualized better [I5].
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Then, the fluorescence can be measured at a suitable magnification on a fluorescence
microscope equipped with specific detectors or a digital camera [I3]. Nonfluorescent
techniques for visualizing comets include staining DNA with silver nitrate [20], which
demonstrated to increase the sensitivity/reproducibility of the assay compared with the

fluorescent staining [17].

Furthermore, it is recommended to perform a scanning of the gel so that we can
select the comets. This selection is very important because those comets will represent the
whole gel, therefore, this procedure should be as narrow as possible [20]. We must avoid
the comets present around areas with air bubbles, comets with big tails and be cautious not

to have gels too densely packed with cells (gels should have less than 2x10* cells) [I5].

g) Comet Scoring

There are several different software packages and methods for quantifying DNA
migration by this assay. An image analysis technique for individual cells is the most flexible
approach for collecting comet data (e.g. Comet Assay IV™ software) — [17] [13]. However,
methods not based on image analysis systems are as useful [20]. The most commonly used
parameters are tail length, relative fluorescence intensity of tail (normally expressed as % of

DNA in tail), and tail moment [15].

Relative fluorescence tail intensity is the most useful parameter as it gives a clear
indication of what the comets actually looked like and it represents the intensity of the
comet tail relative to the total intensity (head plus tail) [13]. Additionally, it is relatively
unaffected by threshold settings, it bears a linear relationship to break frequency and allows
discrimination of damage over the widest possible range [15]. The tail length is defined as
the distance from the center of gravity of the nucleus, i.e. the position of the maximum
fluorescence intensity over the nucleus, to the end of the tail, however, this method gives
limited information, since the tail length only increases at the lowest levels of damage and
soon becomes maximal, reducing the useful range of the assay [22]. The tail moment is
defined, essentially, as the product of tail length and the tail intensity [|1] [22], being a way
of expressing both measurements in a single value. But one of the main disadvantages of this
method is that tail length is a factor that is used to calculate tail moment and so, similar
amounts of damage can give raise to different values of tail moment [22] [25]. This is a

validate reason for prefer % tail DNA, which is insensitive to this effect [22]. In short, these
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procedures are not as recommended as relative fluorescence tail intensity [I5]. It is

recommended to examine at least 50 comet images from each slide [26].

Another approach consists in evaluating comets appearance, directly through
observation with human eye, in five levels of damage, which zero (no tail) to four (almost all
of the DNA is present in the tail) gives sufficient resolution [I5]. It is also a fast and simple
technique, which can be a good choice if we want to avoid expensive methods [20]. It was
demonstrated that computer score and visual score have a very good correlation between

them, giving approximate results [15] [22].

2.1. The Comet Assay: Modifications for a Purpose

As discussed above, nanoparticles can induce genotoxicity derived from other
processes [27] [28]. Besides the fact that the comet assay detects direct DNA damage
through the recognition of strand breaks, this assay can also detect genotoxicity induced by
indirect and secondary mechanisms, alongside certain modifications [29]. Among several,
oxidative stress is one of the most probable pathways in the induction of oxidative DNA
damage and a possible indicator for cancer risk and accelerated aging [13] [30]. It is known
that reactive oxygen species (ROS) are produced and released continuously by the
mitochondrial respiratory chain, which is attenuated by the antioxidants, that prevent ROS
from damaging biomolecules such as lipids, proteins and nucleic acids. Commonly, there is a
homeostasis between these processes, however if there is an excessive production of ROS

or deficient antioxidant defenses, then occurs oxidative stress [13] [30].

Lipid peroxidation products are very probably involved in the production of arterial
plaques, which cause or contribute to strokes, coronary heart disease, thrombosis, among
others. Additionally, when inflammation is present, the response from the organism includes
the production of ROS by macrophages, whose activation leads to the release of free

radicals [30].

There are several methods that can measure oxidative stress, including the comet
assay but not in its basic form. A modification that is applied to the comet assay protocol for
measuring oxidative DNA damage is the incorporation of bacterial repair endonucleases
with appropriated specificities [3]]. These enzymes, such as endonuclease Il or
Formamidopyrimidine DNA Glycosylase (FPG), recognize oxidized pyrimidines or oxidized

purines (e.g. 8-oxo-guanine), respectively, removing them from the strand and therefore,
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leaving an Apurinic/Apyrimidinic site (AP site). An associated AP-endonuclease activity then
creates a break at the site of the oxidized bases, allowing the comet assay to detect those

additional breaks [13] [30].

Another modification on the comet assay that has been growing among investigators
is the Comet-FISH technique [32]. This method detects region-specific DNA damage in
individual cells, through the combination of the conventional comet assay with the technique
of Fluorescence in Situ Hybridization (FISH), which can detect specifically labeled DNA
sequences of interest, including whole chromosomes, through the use of probes of
complementary DNA (cDNA) or oligonucleotides to recognize the sequences of interest
[15] [33]. Therefore, knowing the genetic sequences that are particularly linked with certain
diseases that occur due to alterations on genetic material (e.g. cancer) [34], we can study
the potential of possible genotoxic materials (e.g. nanoparticles), through the Comet-FISH

technique [33] [35].

These methods demonstrate the importance of the comet assay in the prevention of

diseases and therefore, the potential as diagnostic techniques.

2.2. The Comet Assay: Possible Limitations for Nanoparticles

There are still some factors that may create hesitation on using this assay to evaluate
nanoparticles genotoxicity. One of them relates to the fact that, initially, the comet assay
was developed to measure DNA damage induced by soluble chemicals and what happens is
that nanoparticles remain during the assay and are not removed [|6]. Therefore, it is
thought that nanoparticles can generate false levels of damage and that their presence within
the nucleoid could affect DNA migration, as they are present in or in contact with cells,

during the comet assay [16].

Ferraro et al. investigated this issue, by running the assay just in the isolated nuclei
instead of the whole cells and concluded that this method resulted in an approximated result
of the real level of genotoxicity induced by the nanoparticles, compared to the conventional

one [16].

However, recent studies have showed that there is a strong consistency between
results of the comet assay and other genotoxicity tests (e.g. micronucleus assay), concluding

that this method can be trusted to evaluate nanoparticles genotoxicity [13].
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3. Nanotoxicology Assessment

The term “nanotoxicology” emerged to the scientific doors near 2004 as a
multidisciplinary science [36] [37] [38], since there was an urgency in evaluating the potential
harmful effects of nanoscale materials/particles on biological systems, as well as the severity
and frequency associated with it, in terms of exposure to organisms and to the environment
[39] [40]. This need was related to the fact that nanotechnologies and nanomedicines are in
a progressive market and scientific growth [41] and additionally because it was verified that
the physical and chemical characteristics of nanoparticles were different from the respective
bulk materials [42]. Therefore, we can’t extrapolate the safety data of the elements to the
final product and that is why we need a toxicology assessment of nanoformulations, for

guaranteeing their safety along with their quality and efficacy.

There are several factors that can affect the toxicity of a nanoparticle, but the most
relevant ones are the size, shape and surface area, the surface characteristics, the stability of
nanoparticles, the impurities that constitute the raw materials as well as their manufacturing

methods and the routes of exposure [43] [44] [45] [46] [47].

The size and surface area of nanoparticles are characteristics that have a huge impact
on how they interact with cells because studies indicate that the higher the reduction of
their size, the more toxic and reactive they become [48]. This happens because an increase
in the superficial area/volume ratio occurs and consequently the probability of interacting
with cellular organelles becomes bigger [48]. Therefore, nanoparticles with smaller
dimensions have a higher capacity to, for example, reach the cells core and the increased

possibility to interact with DNA, being more likely to cause DNA damage.

In terms of route exposure, there are different barriers and obstacles that a
nanoformulation needs to overtake, in order to achieve the pretended target. Nanoparticles
can enter the body naturally (unintentionally) or induced artificially (intentionally) through
skin, lungs, by mouth and even the eyes, which may lead to its deposition in several organs
and may cause adverse biological effects [49]. Parenteral administration is also included as a
potential route, entering the body artificially, with animal studies demonstrating that through

the blood stream nanoparticles can translocate to other organs [50].

In an era where treatments and therapeutics are overloaded, diagnostics becomes
even more important to prevent future diseases. Since the comet assay is a simple technique

for evaluating genotoxic effects of nanoparticles in cells, its application in the nanotoxicology
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assessment field is becoming more frequent [51]. To demonstrate its continuous increasing
practice, several studies on different types of nanoparticles aimed to different types of

exposure routes are here revised.

3.1.Oral Nanoformulations

Oral nanoformulations for drug delivery are designed mostly to carry substances that
can, for example, be susceptible to proteolysis or being poorly absorbed in the
gastrointestinal tract [52]. These nanoparticles can suffer systemic absorption and be
captured by macrophages, that are present in several organs like the liver, spleen and
kidneys, where nanoparticles can accumulate and cause toxicity [53]. Since liver is the site
for first-pass metabolism, this organ is particularly vulnerable to the toxicity induced by
nanoparticles, as they reveal to accumulate there, even long after cessation of exposure [54].
On the other side, some investigators have reported that nanoparticles may be absorbed
across the gastrointestinal tract via the lymph nodes, ultimately transmigrating to the liver
and spleen [55]. Additionally, the gastrointestinal tract can also be affected with the

accumulation of nanoparticles [56].

Intestinal epithelium cells (e.g. Caco-2, HT29 and SW480) are often used in

experimental models for studying the toxicity of ingested nanoparticles [54].

Poly(anhydride) Nanoparticles

One particular example of nanocarriers that are considered promising for the oral
drug delivery are the Poly(anhydride) Nanoparticles, as they have singular properties such as
their biocompatibility, biodegradability, releasing drugs capacity in a sustained way and their
modifiable surface, which can enhance or reduce bioadhesion to specific target cells.
Additionally, these nanoparticles have the ability to develop intense adhesive interactions
within the gut mucosa, prolonging the residence time of the nanocarrier form in close

contact with the absorptive epithelium, and have an easy-to-produce profile [57].

Despite all these characteristics, there is still limited information about their
toxicological profile. Iglesias et al. performed an experiment to investigate the capacity of
two poly(anhydride) nanoparticles, Gantrez® AN |19-NP (GN-NP) and Gantrez® AN |19

covered with mannosamine (GN-MA-NP), and their main bulk material (Gantrez® AN | 19-
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Polymer), to induce DNA damage in L5178Y TK* mouse lymphoma cells, after 24h of

exposure to different concentrations (7.4 to 600 pg/mL) [57].

In order to evaluate the possible genotoxicity of these nanoparticles and bulk
material, the comet assay was performed in combination with the enzyme FPG, in order to

detect altered bases in addition to DNA strand breaks (SBs) and ALS [57].

GN-NP and GN-MA-NP were submitted to characterization, presenting a
homogenous size around 220 and 260 nm of diameter, respectively, and an average Zeta
Potential (ZP) of -32 and -40 mV, respectively. Previous studies performed in the same
nanoparticles with the same team in 2017, have demonstrated their negative surface charge
and that these nanoparticles were not genotoxic to Caco-2 cells. However, the mouse
lymphoma cells were more sensitive to nanoparticles than Caco-2 cells and therefore,
Iglesias et al. wanted to test again the comet assay, to make sure that there was no
genotoxicity associated with these types of nanoparticles. Results showed that GN-NP and
GN-MA-NP did not induced significant SBs nor ALS and FPG-sensitive sites in mouse
lymphoma cells. On the opposite side, the GN-Polymer showed an increase in the net FPG-

sensitive sites, at the highest concentration tested (600 pg/mL) [57].

These conclusions permit to contribute to the safety assessment of the empty
poly(anhydride) nanoparticles designed for oral drug delivery, addressing to the fact that

they demonstrate a safe profile in terms of genotoxicity evaluation [57].

Magnesium Oxide Nanoparticles

Magnesium Oxide Nanoparticles (MgO NPs) are considered very attractive due to
their unique properties, extensive applications, chemical stability. However, despite these
characteristics, there is still a serious lack of knowledge related to their safety and impact in

human health [58].

Mangalampalli et al. wanted to investigate acute oral toxicity of MgO NPs and MgO
microparticles (MgO MPs) in vivo, not only to compare the toxicity profile between the two
types of particles, but also because this type of study with this type of NPs, in female albino
Wistar rats, has not been previously explored. Therefore, genotoxicity studies were also
included in this toxicity assessment, through the conducting of different types of assays,

including the Comet Assay [58].
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The MgO NPs and MgO MPs presented an average size of 53 nm and 12 um,
respectively and the ZP of the nanoparticles was found to be -11.6 mV. The rats were
treated with 100, 500 and 1000 mg/Kg doses of MgO NPs and MPs at various sampling times
(24h and 72h). The whole blood was withdrawn from retro-orbital plexus of the animals and

liver tissues were isolated from the rats after sacrificing [58].

Peripheral blood lymphocytes (PBL) and liver cells were analyzed through the alkaline
comet assay, showing that both of them presented a significant increase in % tail DNA at
1000 mg/Kg dose of MgO NPs, at the 24h and 72h sampling times. With the MgO NPs, at
the dose of 500 mg/Kg, a significant % tail DNA was observed at the both sampling periods,
in liver cells, whereas in PBL were only at the 24h sampling period. No significant damage
was observed in all doses of MgO MPs and at the dose of 100 mg/Kg of MgO NPs, compared
to the control group. Additionally, it was noticed that gradual reduction in the % tail DNA
occurred with the passage of time, which may be due to the action of the complex DNA

repair mechanism [58].

This study addressed the fact that size is a very important characteristic from a
toxicological standpoint, as it showed that nanoparticles induced more genotoxicity than

microparticles.

Solid Lipid Nanoparticles (SLN)

Solid Lipid Nanoparticles (SLN) have been used for medical purposes, especially
Cationic Solid Lipid Nanoparticles (cSLN), as they constitute colloidal carriers for genes or
drugs, particularly, lipophilic drugs and can increase the encapsulation efficacy of some of
them [59] [60]. However, cationic lipids/surfactants are known to interfere with cellular
membrane integrity more easily and therefore, nanoparticles constituted by these layers
have more probability of being internalized by cells. Additionally, there is an enhanced

possibility of these nanoparticles interact with the DNA, which may cause genotoxicity [60].

Doktorovova et al. decided to explore this possibility, by testing three formulations
of ¢SLN, cSLN-A, ¢SLN-B and ¢SLN-C, in a model of hepatotoxicity (HepG2 cells) and a
model of a biological barrier (Caco-2 cells), to perform the comet assay. The formulations
cSLN-A and c¢SLN-B were constituted by a crystalline solid lipid core and had the cationic
lipid/surfactant co-forming the lipid core whilst the cSLN-C formulation had the cationic

lipid/surfactant layer at the nanoparticle surface. The three formulations were tested at the
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concentrations of 0.01, 0.1 and 1.0 mg/mL, respectively and cells were treated with these

concentrations, for 24h [60].

The three formulations were characterized in terms of size, Pdl, ZP and Total Surface
Area (TSA). cSLN-A formulation demonstrated a size of 141 nm of its nanoparticles, with a
Polydispersity Index of approximately 0.421, a ZP of about 55 mV and a TSA of 4.0527E®
m” Nanoparticles from cSLN-B formulation presented an average size of 173 nm, with a PdI
of approximately 0.336, a ZP of about 61.2 mV and a TSA of 3.3031E” m’ And
nanoparticles from c¢SLN-C formulation had a size of about 222 nm, with a Pdl of about

0.354, with a ZP of approximately 72.5 mV and a TSA of 2.5740E-> m? [60].

Results demonstrated that exposure to 0.0l mg/mL concentrations did not induce
DNA damage for both cell-lines and all treatments compared to the negative control, but it
was noticed that the % DNA tail increased with the increasing of the formulations

concentration, which was not statistically significant in most cases [60].

In HepG2 cells, it was observed a significant DNA damage in the ¢SLN-C formulation
at the concentration of 1.0 mg/mL, compared with the negative control and the other

formulations at the same concentration [60].

In Caco-2 cells, cSLN-C induced significant DNA damage at the concentrations of 0.1
and 1.0 mg/mL, whilst the other formulations cSLN-A and c¢SLN-B did not induce a
significant increase in DNA damage, comparing with the negative control, at all

concentrations [60].

Along with the comet assay, it was also performed the comet assay with FPG-
treatment, whose results represented the total DNA strand-breaks and DNA oxidation
damage. It was observed, in general, an increase of the % DNA tail in all treatments, in both
cell lines, compared to the comet assay without FPG-treatment. However, differences were
only significant for 0.1 and 1.0 mg/mL concentrations, in the cSLN-C formulation, for HepG2
cells and only significant for 1.0 mg/mL concentration in the cSLN-C, for Caco-2 cells,

compared with the negative controls [60].

Since the cSLN-C formulation was the one demonstrating more DNA damage at the
highest doses, it is possible that the fact of the cationic lipid/surfactant layer being on the
surface of the nanoparticles may interact more with the cells than being co-forming the core.
However, authors defend that these results are not significant, as they reveal that the

concentration of 1.0 mg/mL is already cytotoxic to cells. They also concluded that the
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production process of the nanoparticles can also influence the interaction of the

nanoparticle with the cell, which can cause different levels of DNA damage [60].

3.2. Skin Nanoformulations

The skin is one of the largest organs of the body and functions as the first-line barrier
between the external environment and the internal organs of the human body [54],
becoming, therefore, an important portal route for entry of nanoparticles in the human body
[61]. Skin exposure to nanoparticles can occur both through occupational and non-
occupational contact from the use of cosmetics and topical drug treatments. Topically
applied NPs can potentially penetrate the skin and reach the systemic circulation and induce
adverse effects on a systemic scale [54]. However, research have showed that nanoparticles
typically did not penetrate beyond the epidermal region into the dermal layers and
therefore, could not reach the systemic circulation, which demonstrates that in intact skin it
is unlikely for nanoparticles to penetrate the deeper layers of the skin. On the opposite side,
if the skin is compromised with lesions on the surface, it is highly probable that nanoparticles

reach the blood circulation [62] [63] [64].

The toxicity of nanoparticles that enter body through dermal route is normally
studied in keratinocytes, fibroblasts, and, more rarely, sebocytes (cells of sebaceous glands)

[54].

Titanium Dioxide Nanoparticles

Titanium Dioxide Nanoparticles (TiO, NPs) are considered one of the most
commonly used Metal Oxide Nanoparticles with applications in several areas, including as a
coating material in pharmaceutical nanocarriers [61]. Also, their properties make them very
appealing as an ingredient for commercial sunscreens and cosmetics, as these nanoparticles
have UV-light blocking abilities and confer better transparency and aesthetics to creams [54],
offering clear transparent appearance upon topical application [61]. Among the possible
exposure routes, inhalation and skin exposure are considered most important for NPs.
Several studies demonstrated that Titanium Dioxide Nanoparticles induce various adverse

cellular effects, including oxidative stress and DNA damage [61].
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A Shukla et al. study was conducted in human epidermal cells (A431), to assess the
uptake and cellular toxicity, including genotoxic potential of Titanium Dioxide Nanoparticles
[61]. This one in particular was assessed by two assays: the Cytokinesis-Block Micronucleus
Cytome (CBMN) assay and the FPG-Comet Assay. In this last one, the cells were exposed
for 6h to different concentrations of a TiO, Nanoparticles suspension (0.008, 0.08, 0.8, 8 and
80 ug/mL), to detect oxidative DNA base damage, in particular, 8-OH guanine. TiO,
nanoparticles had an average size of 50 nm. The results showed that the DNA damage was
enhanced at the three higher concentrations (0.8, 8 and 80 pg/mL), since the DNA tails

were higher at those concentrations [61].

In commercial sunscreens, the concentration of TiO, NPs present in those
formulations is superior than the ones used in this study, however, considering the fact that
some NPs may persist on skin even after the cream is washed off and the fact that they
could gain entry inside the skin in case it is damaged, the concentrations used in this study
are realistic. These findings show that there is a great probability of these nanoparticles

inducing genotoxicity in human epidermal cells [61].

Quantum Dots

Quantum Dots (QDs) are semiconductor crystals with superior fluorescent
properties constituted by a semiconductor inorganic core, an inorganic shell and an aqueous
organic coating, which improves their water solubility, core durability and desired bioactivity
[65] [66]. Generally, these nanoparticles own a diameter between | and |0 nm and are
composed of metal elements from the groups II-V, with Cadmium (Cd) being one of the

most used [65] [66] [67].

Several studies demonstrate that Cd is extremely toxic if allowed to leach into the
environment and it has the capacity of inducing DNA damage. Additionally, in the cellular

environment may lead to the formation of ROS, resulting in cell death [68] [69].

Therefore, in order to investigate their genotoxic potential for biological systems and
environment Ju et al. performed the neutral comet assay on two different sizes, 4-5 nm and
8-10 nm, respectively, of QDs with a core/shell of Cadmium Selenide/Zinc Sulfide
(CdSe/ZnS) and on QDs with the same core/shell type but coated with a Polyethylene
Glycol (PEG) thin-layer, in order to see the effects that a coating can make in the induction

of DNA damage compared to the QDs without coating. The sizes were also according to
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the size range commonly available. Other studies have shown that surface plays an important
role in nanotoxicity and for that, PEG-incorporation on QDs could be a form to decrease

the respective toxicity [65].

The uncoated QDs and PEG-QDs of the two sizes were employed for 8h, at the
concentrations of 8 nM and 80 nM, with human skin fibroblasts (HSF-42), an established in
vitro model for cellular toxicity. Since the skin is one of the most probable routes of entry
for nanoparticles in humans, it was important to study the possible genotoxicity of these

systems for skin cells [65].

After the performance of the neutral comet assay, the results, after 2h of exposure,
showed that uncoated QDs induced significant DSBs at both concentrations, with an
increase in the tail moment at the highest concentration, while PEG-QDs showed no
significant changes in results of the tail moment, compared to the control [65]. These
outcomes encourage the fact that a proper surface modification in QDs can make the
difference on their interaction with skin cells. In fact, the PEG-coating layer may prevent the
cadmium leakage, thereby minimizing the generation of ROS by QDs and therefore reducing
possible genotoxicity induction. Moreover, the uncoated QDs induce genotoxicity in a time-
and dose-dependent manner. The long-term consequences of the exposure to QDs still

require further investigation [65].

Zinc Oxide Nanoparticles

Similarly to TiO, NPs, Zinc Oxide Nanoparticles (ZnO NPs) have a widely range of
applications in several industry fields, including cosmetics, personal care products and
sunscreens, mainly due to their antimicrobial and ultraviolet (UV) light absorption properties
[70] [71]. Studies demonstrate that ZnO NPs are highly reactive compared to their bulk-
sized ZnO particles, having those properties enhanced compared to the last ones and may
induce genotoxicity and oxidative stress in human cells [72]. The fact that these
nanoparticles are present in sunscreens (generally between 4 and 30% wt/wt) and exposed
to UV radiation, along with the fact that they may induce ROS generation, encouraged Pal et
al. to investigate the capacity of ZnO NPs to induce DNA damage in primary mouse

keratinocytes (PMKs) from Swiss Albino Mice, along with UVB-exposure [70].

The ZnO NPs had an average size of 32 nm and presented a zeta potential of -9.21

mV and were in contact with PMKs for 24h, at the concentration of | pug/mL. To assess the
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possible genotoxicity effect of these nanoparticles, it was performed the alkaline comet assay
in PMKs exposed to UVB alone, PMKs exposed to ZnO NPs alone and PMKs exposed to
both in combination. Results showed that tail moments value was greater in the combination

groups compared to ZnO-NPs and UVB alone groups [70].

Another investigation with the alkaline comet assay, from Sharma et al., with ZnO
NPs (Size and Zeta Potential of 30 nm and -15.8 mV, respectively) on primary human
epidermal keratinocyte (HEK) (the most abundant cell type in human epidermis), concluded
also that these nanoparticles induced significant genotoxicity on those cells, at the

concentrations of 14 ug/mL, when in contact for 6h, compared to the control [73].

3.3.Inhaled Nanoformulations

The avoidance of the first-pass metabolism and therefore, the reduction of systemic
side effects is just one of the many characteristics that make the lung an attractive target for
drug delivery. In this context, research has been done to explore the advantages of
nanocarrier systems for pulmonary drug delivery [54]. However, because lungs have a large
surface area and the possibility of localization and accumulation of drugs within the
pulmonary tissue, the possibility of nanoparticles inducing toxicity is even bigger than the
conventional drugs. Studies have shown that nanoparticles with the size of about 50 nm lead
to the perforation of the membranes of type | alveolar cells, with the consequence of their

internalization in the cells [54].

Commonly, the toxicity of inhaled nanoparticles is studied using the cell lines that
model different tissues of the respiratory system, e.g., A459 and CI10 cells of pulmonary
origin, alveolar macrophages (RAW 264.7), various epithelial cells and fibroblasts (BEAS-2B,
NHBE, |16-HBE, SAEC), as well as human monocytes (THP-1) [54].

Carbon Black Nanoparticles

Carbon black particles (CB NPs) have been classified as a possible human carcinogen
(group 2B) by the International Agency for Research on Cancer (IARC) [74] and yet, carbon
black is applied largely in chemical industry for the production of rubbers, toners, paints.
Therefore, there is a risk of occupational exposure through inhalation during the handling of

dry powders and then of ultrafine particles of carbon black [75].
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Studies have shown that CB NPs had the capacity to induce ROS in both cellular and

acellular assays and demonstrated to provoke DNA strand breaks in lungs.

Kyjovska et al. studied this possibility by administering, by intratracheal instillation, a
single dose of 0.67, 2, 6 and 162 pg/animal of CB NPs (size: 14 nm) to mice (8 mice for each
dose). The animals were killed 1,3 or 28 days after nanoparticles exposure, collecting the
lungs, liver and Broncho-Alveolar Lavage (BAL) and performing the alkaline comet assay on

the respective cells’ suspensions [75].

The results demonstrate that there was DNA damage in the BAL, after one day of
exposure to 0.67 and 2 pg/animal and it was significant for the 0.67, 2 and 6 ng/animal dose,

28 days postexposure [75].

In the lungs, there was no significant DNA damage on the three lower concentration
groups, after one day of exposure, but there were detected significant strand breaks at the

highest dose. After 28 days, 2 and 6 pg/animal caused a significant increase in the level of

DNA damage [75].

In the liver, it was not detected DNA damage at any doses and time-points of

exposure [75].

It was observed a lack of dose-response relationship in this study [75].

Gold Nanoparticles

Gold Nanoparticles (AuNPs) have been attracting scientific interest not only to their
facile synthesis and surface bioconjugation, but also for their unusual optical, electronic and
thermal properties [76]. Therefore, these nanoparticles have large medical applications [77].

However, their possible nanotoxicity effects are still unknown [78].

Ng et al. studied the possibility of AuNPs of 20 nm inducing genotoxicity on small
airway epithelial cells (SAECs), exposing these cells to concentrations of | nmol/L

(equivalent to 48.65 ng/mL) to AuNPs, through the in vitro alkaline comet assay, for 72h [78].

It was observed DNA damage at this concentration of AuNPs, through the

observation of a significant increase of the tail moment, compared to the control [78].
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3.4. Ocular Nanoformulations

Ocular drug delivery has been a major challenge for ophthalmic drug development,
due to intricate and unique anatomical and physiological barriers in the eye, that protect it
from the invasions of environmental toxicants and microorganisms and keep the systemic

circulation from the ocular tissues [79] [80].

These barriers make the eye a highly protected organ and therefore, when an ocular
disease occurs, it becomes very difficult to treat with medications, especially in the posterior
segment of the eye [80] [81]. To treat this area, several delivery modalities have been
applied, such as intravitreal injection, which is the gold standard method for posterior drug
delivery. Subretinal injection, subconjunctival injection and topical administration are also
used. However, these are not satisfactory, since they are invasive procedures with a lot of

risks associated with it. Therefore, a better approach still needs to be further explored [80].

Current developments in nanoformulations of drug carrier systems have become a
promising attribute to enhance drug retention/permeation and prolong drug release in
ocular tissue, providing novel opportunities to overcome the limitations of conventional

drug delivery systems [80].

From previous studies, it is known that particles with the size bigger than | um may
potentially cause ocular irritation. Therefore, nanoparticles for ocular therapeutics can be an
advantage to reduce the sensation and irritation of the eye, as well, to enhance bioavailability
of topical administration, achieve controlled release, targeted delivery, reduce frequency of
administration with improved patient compliance and, ultimately, improved therapeutics

efficacy [80].

Zinc Oxide Nanoparticles

ZnO NPs constitute a type of metal oxide nanoparticles with promising applications
in medicine, such as cell imaging and drug delivery. Their photocatalytic and photo-oxidizing
properties against chemical and biological species, make these particles very pleasant to the
cosmetics, food additives and personal hygiene products. Additionally, zinc is proven to
stimulate the immune system and demonstrated anti-inflammatory abilities. Recent studies

showed that ZnO NPs can induce cytotoxicity effects, accompanied by oxidative stress and
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genotoxicity, in leukemia and hepatocarcinoma cells in vitro, suggesting their application for

the treatment of cancer therapy [82].

To explore their application in future ocular drug delivery and the possibility of
inducing genotoxicity in ocular tissue, Guo et. al performed a study, using a RGC-5 cell line,
since the rat retinal ganglion cells were more susceptible to outer surroundings than other

eye cells [82].

The cells were exposed to different concentrations (0, 2.5, 5.0 and 10.0 pg/mL) of
ZnO NPs for 6h. These nanoparticles were characterized in terms of size, demonstrating an
average diameter of 100 nm. The results showed that untreated cells had an intact nucleus,
with no comets formed unlike the treated cells, whose damage increased with the increase

of the ZnO NPs concentration [82].

Cerium Oxide Nanoparticles

Cerium Oxide Nanoparticles (CeO, NPs) are known for their antioxidant and optical
properties and for having high affinity to the oxygen [83]. Therefore, apart other purposes,
these nanoparticles may constitute a potential mean for ophthalmic drug delivery and
imaging of the ocular tissue, with the possibility of helping to treat eye diseases such as
cataract and glaucoma [83] [84]. Studies involving the effects of CeO, NPs on eye lens

revealed that they suggest having a protective effect on retina [83].

The outcomes of these nanoparticles on biological tissues and cells are not well
known, since their application in medicine is just beginning to be exploited. Therefore, it is
important to investigate further their possible toxicity effects, such as the potential induction
of DNA damage, since these consequences, for example at the level of the eye tissue, could
lead to hazardous effects on the formation of eye cells and structural proteins, leading to

future diseases [83].

Pierscionek et al. investigated this possibility in three replicated cultured human lens
epithelial cells, with the alkaline comet assay, incubating the cells with two sets of CeO, NPs,
with the average size of 5.5 nm: one set with the concentration of 5 ng/mL and the other set

with the concentration of 10 pg/mL [83].

The comets were scored by % of DNA head and tail, tail length and olive tail moment

and results demonstrated low level of DNA damage in all data sets. On the cells treated
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with the highest dose, there was a slightly increase in the % of DNA tail, however, there was

not statistical significance between control and treated cells of either concentration [83].

3.5. Parenteral Nanoformulations

Parenteral nanoformulations are the most applied ones in nanomedicine and in
biomedical fields, particularly in therapeutics and diagnostics, as drug carriers and contrast
agents, respectively. Nano-intravenous administration is a very important route used in
determining toxicological profiles of nanoparticles, in biological assessment. Several studies
demonstrated that there is a high probability of occurring deposition of nanoparticles in

several organs through this type of exposure [85].

The toxicity of these particles is usually studied in primary blood cell cultures,
cultured Human Umbilical Vein Endothelial Cells (HUVECs), mesenchymal stem cells,
mononuclear blood cells and various tumor cell lines (HeLa, MCF-7, PC3, C4-2 and SKBR-3)
[54].

Silver Nanoparticles

Silver Nanoparticles (AgNPs) are among the most commercially used nanomaterials
[86]. These metallic nanoparticles have attracted intense scientific and technical interest due
to the unusual optical, electronic and thermal properties [87]. The easy synthesis and surface
bioconjugation make these systems very pleasant to drug delivery. They are well-known not
only for being excellent antibacterial and antiviral agents, but also for having a great
performance as anti-angiogenic agents, with applications in Multiple Myelomas, Leukemia and

Rheumatoid Arthritis [88].

With the increasing use of AgNPs, issues on their safety and potential risk to human
health have been raised and so scientific research is required to evaluate the potential
toxicity and genotoxicity of these nanoparticles, not only in vitro but also in vivo, because in

vitro data alone may not be sufficient for hazard identification of nanomaterials. [88]

Several in vivo studies, although in a limited quantity compared to the in vitro ones,
have been carried on, in order to evaluate genotoxicity of AgNPs in the body tissues. [88] It

is reported that AgNPs might cause hepatotoxicity due to the generation of ROS [89] [90].
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Li et al. started to prepare two sets of experiments, each one formed by five 7-week-
old male mice (weighing 25-30g), both according to size and coating of the silver
nanoparticles. Also, the dose selection was based on the highest available stock solution and
intravenous injection volume that a mouse could accept. For set one, the animals were
treated intravenously once with 5 nm PVP-coated AgNPs, at doses from 0.5 to 20.0 mg/Kg,
to evaluate the possible dose-response effect. For set two, 15-100 nm PVP- or 10-80 nm
Silicon-coated AgNPs were intravenously delivered to mice with a single 25 mg/Kg dose or
25 mg/Kg/day for three consecutive days to evaluate the possible effect of size and coating.

Additional groups of mice served as negative and positive controls [88].

Three hours after the last treatment of the second set experiment, a sample of the
left lateral lobe of a mouse liver was removed and treated in order to perform the alkaline
comet assay on the liver cells that were exposed to the silver nanoparticles, since it was
considered to be the primary site of clearance for the AgNPs and most likely to be the main
site of NP accumulation following the intravenous treatment. After the procedure, no DNA
strand-breaks were detected in liver, for both PVP- and Silicon-coated AgNPs in the
standard Comet Assay, while significant induction of DNA damage was found in the enzyme-
modified Comet Assay, with silicon being the most toxic to the cells. With the addition of
nuclease enzymes resulted DNA breaks which suggest that AgNPs can cause oxidative DNA

damage [88].

Another study by Kim et al. investigated the possible genotoxicity of AgNPs in the
liver tissue 7 and 28 days after a single intravenous injection into rabbit ear veins. However,
these nanoparticles had a citrate coating (cAgNPs) which conferred a negative surface to the

nanoparticles. The size of cAgNPs was approximately 7.9 nm [90].

The suspensions of cAgNPs comprehended a low dose of 0.5 mg/Kg and a high dose
of 5 mg/kg that were given, respectively, to two groups of 4 rabbits. The results
demonstrated that the damage of DNA in liver tissue was higher in the group of the 5 mg/Kg
dose than in the 0.5 mg/Kg. Plus, the DNA damage at day 28 declined compared to the
damage at day 7, in the high-dose treated group, which reveals dose- and time-dependent

changes in oxidative stress and genotoxicity, after a single injection of cAgNPs [90].
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Titanium Dioxide Nanoparticles

TiO, NPs, as discussed previously, are largely used in industry and because of its
multiple applications, it becomes necessary to investigate every possible form of these
nanoparticles interacting with human body and the possibility of inducing genotoxicity [91],

as they are increasingly exposed to human beings by multiple routes [92].

The risk of these particles reaching the endothelium is almost inevitably and can
occur before reaching other secondary organs, which can cause endothelial dysfunction and

impairments, consequently affecting cardiovascular health [91] [92].

Liao et al. investigated the possible impacts of TiO, NPs on the cardiovascular system,
evaluating the genotoxic potential of four sizes (100, 50, 30 and 10 nm) of TiO, NPs in
HUVECs, through the comet assay and exposing the nanoparticles to the cells through 4
hours [91].

All the sizes revealed to induce DNA damage and it decreased with the increasing
sizes of TiO, NPs, revealing the importance of studying the size-effect on inducing cellular

responses [91].

Iron Oxide Nanoparticles

Iron Oxide Nanoparticles (IONPs) have attracted the biomedical area due to their
magnetic properties, possible carriers for gene delivery and cancer therapy and applications
in the textile and cosmetics industries [93] [94]. For these motives, it is important to study

the possible hazard effects of IONPs [94].

Ansari et al. performed the comet assay in vivo on male Wistar rats with the
administration of IONPs through intraperitoneal route, for 7 consecutive days. The animals
were divided in 9 groups, each one with 6 animals. Three groups were studied with the

concentrations of 25, 50 and 100 mg/Kg of IONPs, respectively [94].

IONPs were characterized for size and shape, showing that they had a spherical

shape and the average size of approximate 60 nm [94].

In order to perform the comet assay on the lymphocytes of the rats, the animals
were sacrificed and their blood was collected immediately to isolate the pretended cells for

the assay [94].
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Results showed that the mean tail length increased with the increasing of the IONPs
concentration compared with the negative control, with the concentration of 100 mg/Kg

having the biggest mean tail length [94].

4. Conclusions and Future Perspectives

The variety and the complexity of nanomedicines have increased dramatically over
the recent years, but the translation of new candidate nanomedicines into the clinic has been
limited. The possible causes for such translation may be the lack of established
characterization and testing regimes that can provide regulatory authorities (e.g. Food and
Drug Administration (FDA), European Medicines Agency (EMA)) with the necessary data to

allow novel nanomedicines into clinical testing [95].

There are currently no tangible strict guidelines regarding toxicity testing for
nanoparticles and, therefore, the implementation of new nanomedicine characterization
technologies or the adaptation of current ones should be done in close interaction with
regulatory authorities, to ensure that the new data acquired on candidate nanomedicines will
actually help increase their clinical translation and contribute to significant improvements in

healthcare on the global scale [96].

In general, the strategies used for conventional drug products have been adapted to
evaluate the safety/toxicity and biocompatibility of nanomedicines [97] and, therefore, there
is an urgency in proving that these methods are adaptable and viable for nanotoxicity

evaluation.

Through the review of several studies on the genotoxicity assessment of
nanoparticles with the comet assay, we selected different types of nanoparticles destined to
different routes of exposure (oral, skin, ocular, inhalation and parenteral nanoformulations)
that were considered not only to be future candidates for drug carriers or used as diagnostic
agents but also for their very close contact and high probability of being exposed to the

environment and to organisms.

We concluded that investigations were mostly carried out in metal and metal oxide
nanoparticles, perhaps not only due to the fact that they exist in the environment and that
we are constantly exposed to them but also because they have widely applications in the

food, biomedical and cosmetics industry and therefore, demonstrate a huge potential toxic
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profile [98]. Additionally, these nanoparticles in particular demonstrated in several

investigations to cause DNA damage, essentially by ROS generation [99] [100].

The comet assay results on the selected nanoparticles revealed their potential
genotoxicity through direct and indirect mechanisms and the influence of the exposure
route on causing different levels of DNA damage. For example, the TiO, NPs demonstrated
no relevant genotoxicity through skin exposure, but induced hepatotoxicity and risk for

cardiovascular endothelium, considering possible parenteral administration.

Additionally, we can see the importance of considering the concentration dose of the
nanoformulation, as well, the nanoparticles characteristics, such as size, surface charge,
addition of coating layers and manufacturing process in account, since these factors reveal to

influence the genotoxicity capacity of nanoparticles.

In conclusion, the same characteristics that make nanomaterials interesting for many
applications, are the same that lead to toxicity from them [12] and, therefore, we must step

in to guaranty the safety of nanoparticles, in order to benefit them the most.

The assessment of genotoxicity in nanoparticles can beneficiate from the comet
assay, not only because of the characteristics of the assay, but because the current
standardized protocols used for assessing the genotoxicity of chemicals not always are
suitable for nanogenotoxicology assessment. According to OECD’s Working Party on
Manufactured Nanomaterials (WPMN), there is still necessary an assay that identifies and
characterizes DNA damage not only through direct interaction, detecting DNA strand
breaks and altered DNA bases, but also through indirect and secondary mechanisms as well

(e.g. oxidative stress induced by inflammation) [12].

Therefore, the comet assay may be an excellent method to include in a future

strategy for nanotoxicology assessment.
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