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Parte |

Relatoério de Estagio em Farmacia Comunitaria

Orientado pelo Dr. Paulo Carvalho



Abreviaturas

FSC - Farmacia Santa Clara
MNSRM - Medicamentos Nao Sujeitos a Receita Médica

SWOT - Strengths, Weaknesses, Opportunities, Threats



l. Introduciao

A Farmacia de Oficina ou Farmacia Comunitaria é a opgao de carreira principal dos
alunos do Mestrado Integrado em Ciéncias Farmacéuticas.' Trata-se de uma fungio exigente
que requer conhecimentos teoricos extensos na area da saude, com um grande foco nos
medicamentos e nos seus efeitos. A preparagao académica para este cargo €, naturalmente,
fundamental para o desenvolvimento de um bom profissional. Sendo o profissional de saude
mais facilmente acessivel, o farmacéutico deve estar sempre pronto a ajudar o utente. Como
consta no Codigo Deontolégico da Ordem dos Farmacéuticos, deve demonstrar empatia,
altruismo, compaixio e tolerdncia.” Este estigio foi extremamente enriquecedor, pois
possibilitou uma melhor compreensao deste cargo no sistema nacional de salde, e permitiu a
aplicacao pratica dos conhecimentos incutidos durante o percurso académico.

As farmacias comunitarias desempenham um papel vital na saude publica, que vai além
da mera dispensa de medicamentos. Estes estabelecimentos sao essenciais no aconselhamento
ao utente e na promocao da literacia em saude. Sao locais onde este pode esclarecer duvidas
acerca da sua salude e medicagao com profissionais qualificados. Para além disso, observa-se
um crescente interesse em areas como higiene oral, dermocosmética, nutricao e veterinaria.
Por esta razao, os farmacéuticos devem procurar estar informados acerca destes conceitos
de forma a facilitar o atendimento.

O estagio foi realizado na Farmacia Santa Clara (FSC), em Coimbra. A equipa é
composta por nove membros, incluindo o diretor técnico, e apresenta um 6timo ambiente
de trabalho e profissionalismo. Contam com imensos utentes habituais que confiam
plenamente no trabalho e dedicagao dos farmacéuticos e técnicos. Demonstram cooperagao
e dinamismo ao enfrentarem os desafios de cada dia, e estaio sempre dispostos a ajudar
e esclarecer qualquer duvida. O estagio teve inicio no dia 9 de janeiro e prolongou-se até
dia 29 de abril de 2023, sob a orientagao do Dr. Paulo Carvalho.

Experiéncias e conhecimentos adquiridos ao longo deste periodo de estagio serao
expostos huma analise critica. Com este proposito, o relatorio sera apresentado em formato
de andlise SWOT. Este método engloba quatro elementos: Pontos Fortes (Strengths), Pontos
Fracos (Weaknesses), Oportunidades (Opportunities), e Ameagas (Threats). Os dois primeiros
tratam-se de fatores internos e os dois Ultimos sao fatores externos, fora do controlo da

farmacia.’



2. Analise SWOT

- Equipa - Espaco
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MNSRM

Figura | - Analise SWOT do estagio realizado em Farmacia Comunitaria

2.1. Pontos Fortes (Strengths)
2.1.1. Equipa

Como previamente mencionado, a equipa da FSC conta com um ambiente de trabalho
invejavel, havendo uma grande cooperagao entre cada membro. Sao trabalhadores, atentos, e
focados nas necessidades do utente. Sempre que possivel, partilharam os conhecimentos que
obtiveram ao longo de anos de experiéncia como profissionais de saide, de uma forma clara
e paciente.

A equipa foi um ponto muito positivo do estdgio pois permitiram a minha integragao
no quotidiano da farmacia e envolveram-me em todos os aspetos do seu funcionamento.
Demonstraram sempre disponibilidade para ajudar e esclarecer qualquer duvida. A ajuda e

atencgao dos profissionais da FSC motivou-me para ser um melhor futuro profissional de salde.
2.1.2. Gestao de stocks e encomendas

A gestao de stock nas farmacias comunitarias € de extrema importancia. Todos os dias
sao realizadas encomendas de acordo com os consumos diarios no atendimento ao publico.

O objetivo € satisfazer as necessidades dos utentes sem causar desperdicio de medicamentos.



Deve ser alcangado um equilibrio entre estas duas componentes. O sucesso e organizagao no
backoffice traduz-se numa farmacia muito mais eficiente. Esta tarefa é complexa e exige atengao
continua pois os consumos dos utentes sao inconstantes, variando ao longo do ano.

O processo de recegao de encomendas é um elemento fundamental no funcionamento
da farmacia. Deve ser realizado meticulosamente, de forma a reduzir ao maximo os erros de
stock. Apos a rececao, os produtos devem ser colocados cuidadosamente nos locais
estipulados ou no robot de dispensa.

O controlo de validades é outro dos aspetos importantes no backoffice. As datas de
validade de produtos, especialmente de medicamentos, devem ser rigorosamente
monitorizadas. Um produto fora de validade nao pode ser vendido em qualquer circunstancia.

Na FSC, toda a equipa demonstra dedicagao e atengao aos detalhes no backoffice.
Como estagidrio, a recegao de encomendas foi uma das tarefas que mais
realizei, principalmente nas primeiras semanas. A atitude perfeccionista da equipa foi

inspiradora, o que me permitiu evoluir no decorrer do estagio.
2.1.2. Autonomia no atendimento

A autonomia conferida aos estagiarios no balcio de atendimento relevou-se uma
grande oportunidade de aprendizagem. O atendimento trata-se do aspeto mais importante no
quotidiano de um farmacéutico.

Inicialmente apenas observei atendimentos de outros farmacéuticos. Este periodo,
além de permitir melhorar a minha compreensao do sistema informatico, possibilitou
memorizar alguns dos locais de armazenamento de medicamentos e outros produtos.

Comecei por realizar atendimentos em conjunto com um dos membros da equipa.
Senti-me bem preparado e num ambiente seguro ao atender os meus primeiros utentes.
Contei sempre com o suporte de um profissional experiente e qualquer duvida foi
rapidamente esclarecida.

Gradualmente, passei a ter autonomia no atendimento, mas sempre com a
possibilidade de recorrer a qualquer membro da equipa caso surgisse alguma dificuldade. Com
esta liberdade, melhorei bastante o meu desempenho e aprendi algo novo todos os dias. A
oportunidade de contactar com utentes tao proximamente, permitiu desenvolver a minha
capacidade de comunicagao como profissional de saude. Foi possivel colocar em pratica todos

os conhecimentos obtidos no decorrer do Mestrado Integrado em Ciéncias Farmacéuticas.



2.1.4. Localizacdo

A FSC estd localizada dentro de um edificio de uma cadeia de supermercados. Esta
proximidade confere uma elevada abundancia de utentes que procuram uma ampla diversidade
de produtos.

Devido a esta afluéncia, as oportunidades de aprendizagem foram imensas. Foi possivel
realizar ou assistir a aconselhamentos referentes a uma grande variedade de medicamentos

com grupos farmacoloégicos distintos.
2.1.5. Servicos prestados

Diversos servicos sao prestados pela FSC, além de aconselhamento e dispensa de
medicamentos. Medi¢oes de glicémia, colesterol e triglicéridos sao requisitadas diariamente
por varios utentes. A leitura da pressao arterial é, também, muito solicitada. Ambos sao
servigos muito praticos para o utente, pois além da propria medicao, é possivel obter as
opinides e recomendagoes de um profissional de saude face aos valores registados.
Ocasionalmente, sao requisitados medicamentos manipulados. Surgiu a oportunidade de
participar na manipulagao de duas pomadas com corticosteroides, onde apliquei
conhecimentos obtidos em Farmacia Galénica. Outro servigo prestado é a administragao de
vacinas e injetaveis, que s6 pode ser realizada por um farmacéutico com o certificado
correspondente.

A abundancia de tarefas na farmacia garantiu uma experiéncia de estigio mais
estimulante, motivante e enriquecedora. Foi possivel estar envolvido na maior parte destes

servigos e aprimorar conhecimentos em diversas vertentes do cargo de farmacéutico.
2.1.6. Tecnologia

Uma das grandes vantagens para os trabalhadores na FSC é a presenga de um robot
que dispensa, armazena e organiza produtos farmacéuticos. Os medicamentos em questao sao
maioritariamente os sujeitos a receita médica.

A utilizagao deste robot facilita imenso o atendimento. Erros na dispensa de
medicamentos sao reduzidos devido a precisao do sistema, principalmente, em termos de
dosagem. Além disso, permite que o farmacéutico tenha mais tempo com o utente pois nao
tem de se afastar do balcao, o que permite obter mais informagao sobre a pessoa e realizar
um atendimento mais completo. Os beneficios deste instrumento estendem-se, também, ao
backoffice. A rececao de encomendas &, significativamente, mais eficiente e rapida, e o controlo

de validades é simplificado.



Além do robot de dispensa de medicamentos, a FSC conta com a presenca de um
sistema de gestao de dinheiro. A utilizagcao deste aparelho, permite a convergéncia de todas
as transagoes financeiras em dinheiro num so recipiente. Desta forma, nao é necessario cada
trabalhador contabilizar a sua caixa no final do dia. Este sistema reduz imenso os erros de
contagem e de trocos que possam ocorrer. Ademais, € uma vantagem para o utente pois o
processo de pagamento € muito mais pratico.

Com este sistema, senti-me muito mais seguro a realizar trocos e tive mais tempo com
cada utente. Consequentemente, concentrei-me completamente no didlogo e o

aconselhamento que prestei foi mais ponderado.
2.2. Pontos fracos (Weaknesses)
2.2.1. Espaco

Como anteriormente referido, a FSC encontra-se em proximidade com um
supermercado. Esta caracteristica confere uma grande afluéncia ao estabelecimento. No
entanto, o espago fisico fica aquém do que seria confortavel e pratico numa farmacia com
tanto movimento. Além de dificultar a mobilidade dos colaboradores, por vezes, é dificil
armazenar produtos de grande volume e o robot de dispensa esta frequentemente cheio.

Durante o meu estagio, surgiram algumas dificuldades na arrumagao de medicamentos.
Principalmente, na organizagao das reservas. Estas nao apresentavam qualquer método de
ordenacao devido a falta de espago. Quando os utentes tencionavam levantar as suas reservas,

era desafiador encontrar os produtos associados ao nome de cada.
2.2.2. Numero de estagiarios

O numero de trabalhadores presentes durante o periodo de estagio revelou-se um
pouco excessivo considerando o tamanho do estabelecimento. Habitualmente, estao
presentes pelo menos trés a quatro dos colaboradores na farmacia, sem contar com o diretor
técnico. Tendo em conta que existem cinco balcoes de atendimento, o nimero ideal de
estagiarios seria no maximo dois. Durante uma das semanas, chegaram a estar presentes
quatro estagiarios concomitantemente, embora um fosse observacional.

Esta quantidade exacerbada de membros da equipa a trabalhar em simultaneo, diminuiu
significativamente o numero de oportunidades de aprendizagem durante o estagio. Na maioria
dos dias, apenas dois dos estagiarios tinham a possibilidade de realizar atendimentos, logo era
necessario combinar entre nés quem aproveitava cada ocasiao. Uma melhor organizagao dos

horarios poderia ter mitigado este problema ligeiramente.



2.3. Oportunidades (Opportunities)
2.3.1. Formacoes

Varios delegados visitaram a farmacia com o objetivo de promover um ou mais
produtos em especifico. Além disso, surgiram multiplas oportunidades para participar em
formacoes fora da farmacia. Ambas as abordagens foram extremamente informativas e
proporcionaram conhecimentos especificos a cada produto, o que auxilia bastante o
aconselhamento. O foco foi, principalmente, em produtos veterinarios e dermocosmética.
Pode ser complexo recomendar produtos nestas areas devido a enorme diversidade de
escolhas no mercado.

Apds a frequéncia destas formagoes, senti-me mais confiante e preparado para
aconselhar produtos veterinarios ou dermocosmética a utentes. Além dos beneficios como
profissional, os eventos fora da farmacia proporcionaram uma oportunidade para desenvolver

uma relagao mais préxima com os membros da equipa.
2.3.2. Desenvolvimento de comunicacao

Apesar de o quotidiano de um farmacéutico incluir numerosas tarefas, a maior parte
do tempo ¢ dedicado a atendimentos. Além da preparagao teorica, é fundamental possuir uma
grande proficiéncia em comunicagao. Os farmacéuticos lidam com a salide dos utentes, que
muitas vezes pode ser um assunto sensivel e emocional. Logo, é importante manter a calma e
assumir uma postura de profissionalismo. Esta competéncia nao é muito explorada ao longo
do curso.

O estagio proporcionou uma grande oportunidade para desenvolver a minha
capacidade de comunicar com os utentes. Contactei com pessoas em diversas realidades e
situagoes. Foi desafiante atender as demandas de cada utente, mas trabalhar sob a pressao
destas exigéncias foi estimulante e enriquecedor. O atendimento ao publico é sempre um
encargo complexo e esta experiéncia tem um valor incomensuravel na preparagao para entrar

no mercado de trabalho.
2.4. Ameacas (Threats)
2.4.1. Medicamentos esgotados

A quantidade de medicamentos esgotados € uma dificuldade frequente em farmacias
comunitarias. E uma situagio preocupante e uma grande fonte de frustracio para os utentes.
Alguns doentes estao habituados a um certo laboratoério e, muitas vezes, nao estao dispostos

a alternar para outro. Consequentemente, podem acabar por interromper a terapéutica que



Ihes foi prescrita, colocando a propria saude em risco. A “aversao” a medicamentos genéricos
por parte dos utentes € uma das principais causas deste problema.

Estas ruturas de stock foram uma ocorréncia diaria muito comum. Criaram imensas
situagoes desagradaveis, pois € dificil justificar perante os utentes que a medicacao que

procuram nao esta disponivel.
2.4.2. Novos locais de venda de MNSRM

Os locais de comércio que vendem medicamentos nao sujeitos a receita médica
(MNSRM) sao cada vez mais abundantes. Esta pratica prejudica a sustentabilidade das farmacias
comunitarias. Além disso, trata-se de um risco para a saude publica, pois estes medicamentos
podem ser aconselhados por profissionais sem formagao adequada para tal.

Durante o estagio deparei-me com varios utentes que mencionaram a sua preferéncia
pela compra de MNSRM em supermercados ou lojas de produtos de saiude. A farmacia nao
consegue competir com os pregos nestes estabelecimentos. Logo, o farmacéutico deve
destacar-se ao evidenciar o valor do seu aconselhamento posteriormente a compra de um

destes medicamentos.
3. Casos Praticos

Caso Pratico |

Um senhor de 37 anos dirigiu-se a farmacia, afirmando que se encontra com problemas
gastrointestinais. Explicou que comegou a experienciar diarreia ha cerca de uma semana e
gostaria de comprar Imodium Rapid® para aliviar os sintomas. Comecei por perguntar se o
senhor tomava alguma medicagao crénica, ao qual ele respondeu negativamente. Em seguida,
questionei se tinha viajado recentemente e o senhor também disse que nao. Desta forma, foi
possivel excluir um caso de diarreia do viajante. Continuei a dialogar com o utente e este
acabou por mencionar que teve uma amigdalite recentemente. Este problema de salde era
recorrente e, como o senhor ja tinha antibioticos em casa, decidiu iniciar a tomar do
medicamento sem ir ao médico. Informei o senhor que os sintomas gastrointestinais poderiam
dever-se a esta automedicagao e que nunca deveria tomar antibioticos por conta propria.
Expliquei o perigo de desenvolvimento de bactérias resistentes devido ao abuso de
antibidticos, e o risco de salude publica que este problema representa. Além disso, avisei que,
normalmente, a caixa deve ser tomada até ao final e, por isso, nao deveriam sobrar antibioticos
em casa. Recomendei ingerir muita agua para evitar a desidratagao, e a toma de um probidtico
para repor a flora intestinal. O senhor comprou UL-250° e prometeu nio tomar antibiéticos

sem receita.



Caso Pratico 2

Uma senhora de 59 anos deslocou-se a farmacia a procura de um descongestionante
nasal. Recentemente, a utente iniciou a toma de um anti hipertensor, mas nao se lembrava do
nome deste. Esta afirmou que, no passado, utilizou o Actifed® em comprimidos e resultou
numa melhoria dos sintomas. O principio ativo deste medicamento trata-se de uma associagao
de cloridrato de pseudoefedrina com cloridrato de triprolidina. A pseudoefedrina é uma
substancia com agao simpaticomimética e pode interagir com medicamentos anti
hipertensores. Ou seja, este medicamento pode provocar hipertensao e, também, reduzir o
efeito de anti hipertensores. Logo, este descongestionante esta contraindicado neste caso.
Informei a utente que ji nio deve tomar o Actifed®, mas que poderia optar por utilizar um
produto de lavagem nasal. Além disso, recomendei aumentar a ingestao de agua. A senhora

acabou por comprar uma agua do mar para realizar a lavagem nasal.
Caso Pratico 3

Uma jovem de 22 anos entrou na farmacia para comprar a pilula do dia seguinte.
Questionei se a relagao tinha sido desprotegida e quando tinha ocorrido. A utente afirmou
que nao usou protecao e que a relagao tinha ocorrido ha cerca de 10 horas. Perguntei, em
seguida, quando tinha sido a Ultima menstruagao de forma a excluir a hipotese de gravidez.
Por fim, certifiquei-me que a utente nao apresenta doenga hepatica grave. Visto que a relagao
tinha ocorrido ha menos de 24 horas, decidi entao dispensar o levonorgestrel. Expliquei a
utente as limitagoes deste medicamento e que nunca deve ser usado como método

contracetivo habitual.
Caso Pratico 4

Um senhor idoso hipertenso dirigiu-se a farmacia para medir a tensao arterial. O utente
explicou que, em casa, tem registado valores mais altos do que o habitual. Procedi a medicao
da pressao arterial e o resultado foi 163/98. A segunda medigao foi semelhante, com valores
de 159/95. Visto que a tensao arterial realmente estava elevada, perguntei ao utente se tinha
iniciado a toma de um novo medicamento, ou se tinha alterado algum aspeto do seu estilo de
vida. Inicialmente, o utente referiu que nao tinha ocorrido nenhuma mudanga. No entanto,
apos conversar com este durante algum tempo, percebi que o utente estava ansioso e andava
a dormir pouco devido a problemas pessoais. Expliquei-lhe que o seu estado psicolégico e
falta de sono poderia ser um fator no aumento da tensao arterial. Recomendei um produto
com valeriana para ajudar na qualidade do sono. Além disso, sugeri que o utente deveria

contactar os seus familiares e expor os problemas que mencionou. Este agradeceu e afirmou
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que iria falar com os seus filhos. Subsequentemente, o senhor continuou a visitar a farmacia e,

gradualmente, os valores de tensao registados diminuiram significativamente.
Caso Pratico 5

Um senhor de 34 anos deslocou-se a farmacia, afirmando que tem uma infecao numa
unha do pé e causa alguma dor. Ao observar o local afetado, foi possivel observar que a unha
estava amarelada e com um formato abnormal. Ademais, apresentava zonas com descamagao.
Apos conversar algum tempo com o utente, este mencionou que era diabético. O fator de
risco associado a esta patologia e os sintomas, sugerem um caso de onicomicose. Logo, decidi
dispensar Terbinafina em comprimidos ao utente com indicagdo para tomar durante trés
meses. De forma a prevenir futuras infe¢coes, recomendei aplicar produtos para fortalecer as
unhas como o Excilor®. Além disso, referi que deve evitar andar descalco em espagos publicos

e ter muita atengao na higienizacao.
4. Conclusdo

O estagio em farmacia comunitaria é fundamental no percurso académico dos alunos
do Mestrado Integrado em Ciéncias Farmacéuticas. E um periodo de consolidagio de
conhecimentos e desenvolvimento profissional. Apos esta experiéncia, sinto-me
significativamente mais preparado para entrar no mercado de trabalho. Melhorei a minha
postura profissional e aprofundei os meus conhecimentos. O aconselhamento de utentes foi
uma tarefa estimulante e gratificante. A gestao de stock revelou-se um processo muito mais
complexo do que, inicialmente, aparenta ser. Compreendo melhor o papel do farmacéutico e
as dificuldades que este enfrenta diariamente. O beneficio que esta profissao traz a saude
publica é incomensuravel.

Agradego a equipa da FSC por esta oportunidade e pela confianga. A dedicagao destes
trabalhadores relevou-se uma grande inspiragao. Considero-me equipado para exercer todas
as fungoes englobadas no cargo de farmacéutico, sempre com motivagao e abertura a novos

conhecimentos.
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Parte 1l

Relatorio de Estagio em Farmacia Hospitalar

Orientado pela Dra. Catarina Coelho



Abreviaturas

ACES - Agrupamentos de Centros de Saude

ARS, IP - Administragoes Regionais de Saude, Instituto Publico

ARSC, IP - Administracao Regional de Saide do Centro, Instituto Publico
SF-GFM - Gabinete de Farmacia e do Medicamento dos Servicos Farmacéuticos
SWOT - Strengths, Weaknesses, Opportunities, Threats

UAG - Unidades de Apoio a Gestao

UCC - Unidades de Cuidados na Comunidade

UCSP - Unidades de Cuidados de Saude Personalizados

UF - Unidades Funcionais

URAP - Unidades de Recursos Assistenciais Partilhados

USF - Unidades de Saude Familiar

USP - Unidades de Saude Publica



l. Introduciao

A Farmacia Hospitalar € a uma das areas mais escolhidas pelos farmacéuticos em
Portugal." A Administragio Regional de Saiide do Centro, Instituto Piblico (ARSC, IP) é uma
instituicio publica integrada na Administragao Indireta do Estado, com autonomia
administrativa, financeira e patrimonial.> A sua principal missio é garantir a prestagio de
cuidados primarios de saude ao publico. Este setor é muito promissor para o futuro dos
farmacéuticos, apresentando a possibilidade de novos empregos com fun¢oes mais alargadas
e maior responsabilidade.

As Administragoes Regionais de Saude, Instituto Publico (ARS, IP) estao distribuidas
por cinco regioes: Alentejo, Algarve, Centro, Lisboa e Vale do Tejo, e Norte. Cada ARS, IP é
responsavel por varios Agrupamentos de Centros de Saide (ACES) na sua regiao. Os ACES
sao constituidos por Unidades Funcionais (UF). Estas unidades de saude podem ter diversas
designagoes: Unidades de Cuidados na Comunidade (UCC), Unidades de Cuidados de Saude
Personalizados (UCSP), Unidades de Saude Familiar (USF), Unidades de Saude Publica (USP),
Unidades de Recursos Assistenciais Partilhados (URAP), e Unidades de Apoio a Gestao
(UAG). Sao necessarios requisitos especificos para a atribuicao destes titulos a cada uma das
unidades.

Durante a realizagdo deste estagio, fui integrado no Gabinete de Farmacia e do
Medicamento dos Servicos Farmacéuticos (SF-GFM). Nesta organizacao estao englobados
varios cargos como farmacéuticos, técnicos e assistentes operacionais. Atualmente, os SF-
GFM contam com oito farmacéuticas. A sua principal fungao é a gestao de stock de
medicamentos e material clinico das unidades. Esta tarefa exige uma colaboragao proxima com
os enfermeiros responsaveis e a dedicagao constante das farmacéuticas, visto que a ARSC, IP
engloba mais que 260 unidades.

O estagio curricular na ARSC, IP ocorreu na Farmacia Central dos SF-GFM na
Pedrulha, em Coimbra e teve a duragao total de 280 horas. Decorreu desde 2 de maio até 28
de junho de 2023, sob a orientagao da Dr.* Catarina Coelho. Sera apresentado como uma
analise SWOT. Esta é constituida por quatro elementos: dois fatores internos e dois fatores
externos. Os fatores internos consistem em Pontos Fortes (Strengths) e Pontos Fracos
(Weaknesses) e os fatores externos sao compostos pelas Oportunidades (Opportunities) e

Ameacas (Threats).?
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2. Analise SWOT

« Equipa +» Sistema informatico
- Plano de estagio

- Visita as unidades funcionais

« Atendimento de psicotrépicos

» Atendimento de hemoderivados

- Elaboracao de trabalhos

SW
QT

. Consulta farmacéutica no futuro « Produtos e medicamentos
- Implementagao dos armazéns esgotados
avancados

Figura | - Analise SWOT do estagio em Farmacia Hospitalar

2.1. Pontos Fortes (Strengths)
2.1.1 Equipa

A equipa dos SF-GFM apresenta um grande espirito de interajuda. Embora cada
farmacéutica possua responsabilidades distintas, a colaboragdo entre cada é habitual. O
ambiente de trabalho é agradavel e relaxado, mas sempre sem abdicar do profissionalismo. As
colaboradoras estao sempre prontas a esclarecer duvidas e ajudar em qualquer problema que
possa surgir. Possuem amplo conhecimento acerca de todas as componentes do
funcionamento da ARSC, IP. Os SF-GFM s3ao uma parte fundamental de toda a operagao de
distribuicao de medicamentos e material clinico.

Durante o estagio, todas as farmacéuticas, técnicos e auxiliares apresentaram
disponibilidade para explicar qualquer conceito referente as suas fungoes. Desta forma, tive a
possibilidade de expandir o meu conhecimento sobre diferentes tarefas e processos inerentes

a ARSC, IP.
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2.1.2. Plano de estagio

A ARSC, IP estda subdividida em varias entidades. Além disso, existe uma grande
variedade de cargos. Por esta razao, pode ser complexo entender a organizagao e tarefas desta
instituicao. A todos os estagiarios, € disponibilizado um manual de acolhimento para facilitar
o processo de adaptagao inicial. Este explica a divisao da ARSC, IP em ACES e,
subsequentemente, em UFs. Também sao descritas as fungoes primarias dos SF-GFM e a
logistica de distribuicao dos medicamentos e material clinico. Todos estes conceitos sao
aprofundados em documentos disponiveis nos computadores disponibilizados aos estagiarios.
E conferida liberdade para explorar as responsabilidades e tarefas de cada encargo, a
velocidade desejada.

O ajuste inicial ao método de trabalho na ARSC, IP foi mais simples com toda esta
informagao facilmente acessivel. Apos explicagoes ou esclarecimentos por colaboradores, foi
possivel colocar conhecimentos obtidos no contexto do funcionamento da ARSC, IP. A
possibilidade de poder participar ou assistir ao quotidiano de cada trabalhador foi
enriquecedora e informativa. Desta forma, o plano de estagio esta meticulosamente concebido

e permite uma introdugao gradual ao espago de trabalho.
2.1.3. Visita as unidades funcionais

O abastecimento das UFs com medicamentos e material clinico representa o principal
objetivo dos SF-GFM. Para melhor entender o funcionamento destes locais, € importante
visitar e comunicar com os trabalhadores presentes. Ocasionalmente, as farmacéuticas dos
SF-GFM dirigem-se a unidades pertencentes ao respetivo ACES. Assim, podem verificar
diretamente se todas as necessidades destes estabelecimentos estao a ser satisfeitas.

Devido a implementagao dos armazéns avangados, tive a oportunidade de me deslocar
a duas unidades: UCC Castelo de Penela e UCSP Tabua. Durante esta visita foi possivel
contactar com outros profissionais de saude e compreender melhor as fungoes de cada um.
Além disso, esta experiéncia expos, em primeira mao, a influéncia do trabalho realizado pelos

SF-GFM nas UFs.
2.1.4. Atendimento de psicotropicos

O atendimento de psicotropicos € outra tarefa importante das farmacéuticas nos SF-
GFM. Este processo é extremamente legislado e sé pode ser realizado por farmacéuticos. O
enfermeiro responsavel em cada unidade deve registar a quantidade consumida de cada
medicamento e remeter esta informagao para os SF-GFM. Em seguida, o farmacéutico repoe

o stock de acordo com os gastos reportados.
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A possibilidade de assistir a estes atendimentos e observar todos os detalhes do
processo foi uma experiéncia esclarecedora. Aprofundei o meu conhecimento acerca do
circuito de medicamentos e das necessidades das UFs. Ademais, foi muito motivador
testemunhar a confianga que é depositada nas farmacéuticas dos SF-GFM. O papel do

farmacéutico na ARSC, IP &, de facto, muito respeitado.
2.1.5. Atendimento de hemoderivados

No quotidiano dos SF-GFM ¢ habitual a realizagao do atendimento de hemoderivados.
A maioria destes consiste em imunoglobulinas anti-D para mulheres gravidas. A indicagao
terapéutica destes medicamentos é a profilaxia da doenga hemolitica perinatal. Devem ser
administrados as 28 semanas de gravidez em mulheres com sangue Rh negativo.* O pedido de
imunoglobulina anti-D é realizado através de uma requisicio de hemoderivados. O
farmacéutico responsavel deve conferir qual a data de administracao e certificar-se que o
medicamento é disponibilizado na altura certa.

Participar nestes atendimentos foi uma oportunidade incomum de contactar com estes
medicamentos, pois em contexto de farmacia comunitaria, a imunoglobulina anti-D nao é
distribuida. Este estagio permitiu alargar os meus conhecimentos acerca da utilizagao de

hemoderivados.
2.1.6. Elaboracao de trabalhos

Ao longo do estagio foi requisitada a elaboragao de varios documentos. A execugao
destes trabalhos teve como objetivo proporcionar uma fonte de informacgao de rapido acesso
para as farmacéuticas dos SF-GFM. Foram abordados assuntos como a importincia do
aconselhamento farmacéutico, novos medicamentos anti hipertensores e métodos de
esterilizacao na saude oral. Além destes documentos, foi solicitada a realizagao de uma
apresentagao oral acerca do mais recente Consenso sobre Contracegao. A forma de
exposi¢ao escolhida foi PowerPoint e a preparagao estendeu-se ao longo de varias semanas.
A exposicao oral ocorreu na presenga dos SF-GFM e da Dra. Catarina Coelho.

A realizagao destes trabalhos foi uma experiéncia extremamente informativa e uma
excelente forma de ajudar a equipa no seu quotidiano. Expandi o meu conhecimento acerca
de varios temas, e a apresentagao oral permitiu um momento de discussao muito esclarecedor

com as farmacéuticas presentes.
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2.2. Pontos Fracos (Weaknesses)
2.2.1. Sistema informatico

O sistema informatico utilizado pela ARSC, IP ¢ intitulado de SGICM. Tanto os servigos
farmacéuticos como os administrativos, recorrem a este programa em grande parte das tarefas
realizadas diariamente. Por exemplo, criagao de guias de transporte e alteragao de niveis de
stock nos armazéns. Estas guias sao enviadas juntamente com os medicamentos ou material
clinico, de forma a registar concretamente o que foi remetido e permitir ao recetor verificar
se ocorreram erros no envio. A alteracao dos niveis consiste na gestao do stock atribuido a
cada unidade funcional, ou seja, em cada unidade é possivel definir a quantidade disponivel de
cada produto. Além destes exemplos, existem imensas fungoes realizadas com o SGICM mas,
infelizmente, este sistema fica aquém das necessidades dos trabalhadores em varios aspetos.
Este programa é desnecessariamente complexo em algumas tarefas minimas como pesquisas
e eliminacao de linhas. Processos para multiplos elementos como guias de transporte tém de
ser realizados um a um. Apos finalizar atendimentos e registar no sistema o stock utilizado, é
dificil executar alteragoes caso tenha ocorrido algum erro. Por estas razoes, um programa
informatico mais atualizado seria uma grande vantagem para os trabalhadores da ARSC, IP,
pois permitiria uma realizagao mais eficiente e rapida das fungoes e tarefas necessarias.

Inicialmente, o sistema revelou-se confuso e pouco pratico. Naturalmente, apds usar
este por algum tempo, fiquei mais confortavel e confiante. No entanto, caso o programa fosse
mais simples de utilizar, teria tido mais tempo para outras tarefas e oportunidades de

aprendizagem durante o estagio.
2.3. Oportunidades (Opportunities)
2.3.1. Consulta farmacéutica no futuro

A consulta farmacéutica nos cuidados de saude primarios pode vir a ser uma ocorréncia
habitual do sistema de salde. A especializagao dos farmacéuticos no medicamento, confere
uma ferramenta muito util nestes estabelecimentos. O farmacéutico pode esclarecer duvidas
sobre a medicacao do utente. Por exemplo, como tomar, quais os possiveis efeitos
secundarios e se algum dos farmacos utilizados pode interagir. A ARSC, IP procura
implementar a consulta farmacéutica nas UFs e, desta forma, melhorar a qualidade dos servigos
prestados.

A consulta farmacéutica € uma ideia motivadora para os alunos do Mestrado Integrado

em Ciéncias Farmacéutica. As funcdes dos farmacéuticos sao cada vez mais reduzidas com o
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aparecimento de outras profissoes e o avango da tecnologia. Esta nova tarefa nos cuidados de

salde primarios pode originar novas possibilidades de carreira para a profissao.
2.3.2. Implementacao dos armazéns avancados

A ARSC, IP encontra-se no processo de implementagao dos armazéns avancados. Estes
consistem num sistema mais eficiente e pratico de gerir o stock dos armazéns das unidades
funcionais. E benéfico para todos os trabalhadores envolvidos. Para os enfermeiros
responsaveis, € significativamente mais simples registar os consumos de cada medicamento ou
material clinico. Desta forma, os armazéns serao abastecidos com os produtos requeridos
mais facilmente. Para os SF-GFM torna-se mais pratico gerir os stocks destes armazéns e
entender as necessidades das unidades funcionais.

Durante o estagio tive a oportunidade de estar presente na implementacao de dois
armazéns avangados, como previamente mencionado. Testemunhar estas ocorréncias foi
importante, pois expandi a minha compreensao de todo o circuito dos medicamentos e
material clinico. Além disso, foi uma oportunidade de entender mais profundamente a fungao

dos enfermeiros responsaveis nestes armazéns.
2.4. Ameacas (Threats)
2.4.1. Produtos e medicamentos esgotados

A semelhanca das farmacias comunitarias, varios produtos encontram-se esgotados ou
com stock limitado. Este problema afeta medicamentos, vacinas, e material clinico. Muitas vezes
€ necessario enviar uma quantidade de produtos menor que a requisitada. Desta forma, é
possivel abastecer mais unidades funcionais, embora estas fiquem com um stock reduzido.

Em alguns atendimentos, nao tinha conhecimento da necessidade de reduzir a
quantidade enviada destes produtos. Para nao cometer erros, foi preciso estar
constantemente em contacto com outros membros da equipa. A falta de stock de certos
medicamentos e vacinas €, particularmente, preocupante. Visto que muitos destes produtos

sao fundamentais na saude dos utentes.
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3. Conclusdo

A funcao de farmacéutico hospitalar é crucial no sistema de satde nacional. O estagio
na ARSC, IP foi uma experiéncia Unica que proporcionou uma perspetiva diferente deste cargo.
A gestao de stock de medicamentos, vacinas, e material clinico nos cuidados de saude primarios
acarreta imensa responsabilidade. Face a complexidade desta tarefa, os conhecimentos de um
farmacéutico sao, sem duvida, de grande utilidade. Ao longo do estagio, expandi a minha
compreensao acerca de diversos conceitos. Entender o circuito do medicamento foi
interessante e desafiador. Este processo é muito detalhado e envolve multiplos trabalhadores
de varios cargos. Ao contactar com os profissionais da ARSC, IP, aprimorei a minha postura
profissional e espirito de equipa.

Apos este estagio, desenvolvi imenso respeito pelo trabalho da equipa dos SF-GFM.
Agradeco pelos conhecimentos e experiéncia transmitidos. Além disso, admiro a luta destas
trabalhadoras pelo reconhecimento dos farmacéuticos na area dos cuidados de saude

primarios. Esta experiéncia proporcionou um grande desenvolvimento pessoal e profissional.
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Resumo

Quimica “clique” é um termo amplo para reagoes eficientes, rapidas, flexiveis, e
economicas. Os [,2,3-triazois estao intimamente relacionados com esta expressao em virtude
do seu envolvimento nas reagoes “clique” mais notaveis, como a cicloadi¢cao azida-alcino
catalisada por cobre (l) e a cicloadigao azida-alcino promovida por tensao. A primeira reagao
é facilmente reproduzida e apresenta velocidades de reacao notaveis. A segunda reagao aplica
estas qualidades em contexto celular. A quimica “clique” demonstra grande potencial numa
infinidade de campos biomédicos.

O cancro do pulmao atormenta o mundo com a sua elevada taxa de mortalidade e
prevaléncia. A descoberta de medicamentos para esta patologia € um empreendimento dificil
e dispendioso. As reagoes “clique” sao, certamente, valiosas neste objetivo, devido as suas
caracteristicas vantajosas. O uso de |,2,3-triazdis derivados da quimica “clique” em farmacos
novos e existentes, pode melhorar rendimentos, permitir uma sintese mais econémica e
melhorar a atividade terapéutica.

Esta revisao de literatura pretende estabelecer como os |,2,3-triazdis obtidos através
da quimica “clique” podem influenciar a terapia do cancro do pulmao. Mdltiplas moléculas
desta natureza foram descritas em varios artigos. Neste trabalho, sao discutidos os resultados

destes estudos, e destacada a importancia dos |,2,3-triazdis no seu sucesso.

Palavras-chave: Quimica “click”, CuAAC, SPAAC, Triazol, Cancro do pulmao,

Descoberta de medicamentos, NSCLC.
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Abstract

Click chemistry is a broad term for efficient, fast, flexible, and economic reactions.
[,2,3-triazoles are closely related to this expression by virtue of their involvement in the most
notable click reactions, such as the copper(l)-catalysed azide-alkyne cycloaddition and the
strain-promoted azide-alkyne cycloaddition. The former reaction is easily reproduced and
presents remarkable reaction rates. The latter reaction applies the aforementioned qualities
in cellular context. Click chemistry has exhibited great potential in a plethora of biomedical
fields.

Lung cancer plagues the world as the deadliest and one of the most prevalent types of
cancer. Drug discovery for this pathology is a difficult and costly endeavour. Click reactions
are, certainly, valuable in this undertaking, due to their advantageous features. Using click
chemistry derived 1,2,3-triazoles in new and existing pharmacological molecules, can improve
yields, allow for more affordable synthesis, and increase therapeutic activity.

This literature review aims to establish how [,2,3-triazole hybrids obtained through
click chemistry can influence lung cancer therapy. Multiple compounds of this nature have been
reported. In this work, the results of these studies are discussed, and the importance of the

[,2,3-triazole unit in their success is highlighted.

Keywords: Click chemistry, CUAAC, SPAAC, triazole, lung cancer, drug discovery,
NSCLC.
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Abbreviations

ALK - Anaplastic lymphoma kinase

BARAC - Biarylazacyclooctynone

CuAAC - Copper(l)-catalysed Azide-Alkyne Cycloaddition
DFT - Density-functional theory

DIBAC - Aza-dibenzocyclooctyne

DIBO - Dibenzylcyclooctyne

DIFO - Difluorooctyne

EGFR - Epidermal growth factor receptor

HGF - Hepatocyte growth factor

IDOI - Indoleamine-pyrrole 2,3-dioxygenase

MET - mesenchymal epithelial transition factor
NSCLC - Non-small cell lung cancer

NTRK - Neurotrophic tyrosine kinase receptor gene
PD-1 - Programmed cell death protein |

ROS - Reactive oxygen species

ROSI - Proto-oncogene tyrosine-protein kinase ROS

RuAAC - Ruthenium-catalysed |,3-dipolar azide-alkyne cycloaddition

SCLC - Small cell lung cancer
SPAAC - Strain-promoted azide-alkyne cycloaddition
TRK - Tropomyosin receptor kinases

VEGF - Vascular endothelial growth factor receptor
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I. Introduction

Click chemistry is a widely used term for fast, simple, economic, and reliable chemical
reactions between two molecules resulting in a more complex compound. These reactions
have been increasingly applied in the biomedical industry because of their ability to produce
new therapeutic agents and mark biomolecules in a rapid and sustainable manner."* They can
also be used to efficiently and quickly merge two molecules that, under normal conditions,
wouldn’t be paired easily.® Click reactions are closely related to biorthogonal chemistry, an
area based on the incredible advances made by Bertozzi’s group.* This term refers to any
reaction that is viable in living systems and does not interfere with biochemical processes.’
Recently, both these areas of chemistry have seen significant breakthrough studies. For this
work, the Noble Prize in chemistry in 2022 was awarded to Carolyn R. Bertozzi, Morten P.
Meldal and K. Barry Sharpless. The copper(l)-catalysed azide-alkyne cycloaddition (CuAAC)
developed by Sharpless and Meldal concurrently is one of click chemistry’s crowning
achievements for its simplicity and fast kinetics.® Bertozzi further improved upon this reaction’s
potential by making it viable in living cells.* Reactions with click chemistry’s efficiency and
biorthogonal chemistry’s adaptability to the human body, can be a powerful tool in the
pharmaceutical industry.

Every year, cancer presents very worrying statistics making it, naturally, one of the
most researched pathologies globally. Lung cancer is one of the deadliest medical conditions
in the world, being responsible for, approximately, 2.2 million new cases and 1.8 million deaths
in 2020.” These statistics make it the most fatal kind of cancer and one of the leading causes
of death in the world. Drug discovery for therapy in lung cancer is a very complex endeavour
because the origin and factors of cancer are still under much discussion within the scientific
community. A wide assortment of therapeutic targets can be considered for novel treatments.

Click chemistry can certainly have a brilliant future in the development of therapeutics
for cancer. Existing medicinal compounds could be significantly improved by click chemistry
reactions resulting in more powerful pharmacological properties, less unwanted side effects,
and simplified production methods.”? Accelerating development of new leads in drug discovery
is also possible with these simple reactions.® Applications are immense in cancer, whether in
targeted therapy, immunotherapy, biomarker testing or even radiation therapy.” '° Click
chemistry reactions might be a very useful instrument in drug manufacturing for lung cancer
therapy.

[,2,3- triazoles are heterocyclic compounds with five members: two carbons and three

nitrogen atoms.'' They are rather stable and easy to obtain via click chemistry. These
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molecules are also capable of forming hydrogen bonds which increases their solubility.'> Their
adaptability and aptness to form complex compounds, confer 1,2,3-triazoles with impressive

anticancer potential."

Not all methods of producing [,2,3-triazole compounds use click
chemistry. Nevertheless, an extensive variety of click reactions will result in these molecules."

This work aims to ascertain how [,2,3-triazole hybrids can be applied in lung cancer
therapy by reviewing existing literature. To guarantee reactions in and out of biological
context are fast and efficient, click chemistry derived 1,2,3-triazole hybrids might be a

sensible solution. The literature retrieval method for this work involved, mainly, researching in

the following websites: PubMed, Google Scholar, Web of Science, and ACS Publications.

2. Pathology

Cancer is a vast comprising term for a devastating pathology which can target a
wide range of tissues and organs. It consists of an abnormal uncontrolled growth of cells
believed to result from DNA mutations that alter regular behaviour of cells.'® This growth may
evolve into a cancerous tumour. Another term used to refer to this disease is malignant
neoplasm.'® Malignant neoplasms are arranged into several histologic categories according to
the type of cells they derive from: carcinoma, sarcoma, myeloma, leukaemia, and
lymphoma.” They may also be classified according to their location in the human body. The
breasts, lungs, prostate, colon, and rectum are considered the most common locations for
cancerous tumours.'"”

Approximately, 19.3 million cancer cases were reported in 2020. About 10.]1 million
cases in men and 9.2 million cases in women. Number of cases and prevalent types of
cancer vary according to sex due to a multitude of factors.® However, prostate and
breast cancer are, evidently, the most notable reason for different incidence statistics between
male and female. As previously stated, lung cancer is the most lethal type of cancerous
tumour, being responsible for 18% of cancer deaths in 2020.7 Most malignant neoplasms in
lungs are carcinomas which are derived from epithelial cells.'” As with most cancer types, an
early diagnosis is fundamental to improving treatment efficacy. Some of the most common
symptoms are coughing, fatigue, shortness of breath, chest pain, weight loss, and appetite
loss.?® Risk factors for this pathology include tobacco smoking, genetic predisposition, diet,
alcohol consumption, diseases that cause chronic inflammation, exposure to radiation, air
pollution, and carcinogens such as silica, asbestos, and chromium compounds.? Staging of lung
cancer is classified according to the TNM system. This classification, fundamentally, consists in
measuring the size of the tumour, evaluating affected lymph nodes, and verifying the existence of
distant metastasis.”2 Lung cancer can be divided in two general histological types: non-small cell
lung cancer (NSCLC) and small cell lung cancer (SCLC)."”

33



Female
breast

Other
cancer
36.9%

Colorectum
10.0%

Bladder
3.0% /
Thyroid —/ &8

3.0% Cervix uteri

3.1%

Esophagus

3.1%

Liver
4.7%

Figure | - Cancer statistics by type, in 2020.7

2.1. Small cell lung cancer

SCLC is the histological type of lung cancer with the worst prognosis. Characterized
by an exceptionally fast proliferation rate and a high probability of metastasis.”’ Extremely
aggressive and very lethal, most SCLC cancers will relapse, even after responding to initial
treatment, and eventually lead to death.* It is the most uncommonly diagnosed type of lung
cancer.” This carcinoma is thought to originate from neuroendocrine cells in the bronchi* but
as with most cancers, this subject is still under much discussion. SCLC is the most closely
linked cancer to smoking habits.”” Only 2% of SCLC patients are non-smokers.”® Genetic
factors do play a role in this disease’s incidence either directly”’ or indirectly, by influencing
nicotine addiction disposition.” Staging of SCLC can be classified according to the TNM
system. However, limited stage and extensive stage SCLC are the most used classifications in
this pathology.”

Treatment for SCLC is severely limited due to its remarkably fast proliferation rates
and limited number of targetable genetic alterations.”> Chemotherapy, immunotherapy, and
radiotherapy are the most used methods®" ** but, as previously stated, relapses are common.
Surgery is seldom used in SCLC.** Novel drugs for SCLC therapy are very complex to produce

and, consequently, drug discovery is scarce in comparison to other types of lung cancer.’”
2.2. Non-small cell lung cancer

About 85% of lung cancer cases are NSCLC.** This is a general term which englobes
several types of lung cancer. Lung adenocarcinoma, squamous cell carcinoma, and large cell

carcinoma are the most common classifications. As these subtypes of NSCLC are regarded as
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very different pathologies, some researchers advocate for a more precise classification instead
of simply dividing lung cancer into SCLC and NSCLC.*

Lung adenocarcinoma is diagnosed in most cases of NSCLC.* It arises in more
peripheral airways.”’” This neoplasm can be classified as invasive or pre-invasive/minimally
invasive. Invasive adenocarcinomas are divided, according to predominant cell types, as: lepidic,
acinar, papillary, micropapillary and solid.*® This pathology has the weakest correlation with
tobacco smoking when compared to other lung cancer types, but it is still a major factor.”
Multiple cells of origin are considered a possibility in lung adenocarcinomas. These include club
cells, bronchioalveolar stem cells, alveolar epithelial type 2 cells, and more.***' DNA mutations
that are present in this disease can occur in various genes, such as EGFR, TP53, KRAS, and
ALK.42; 43

About 20 to 30% of NSCLCs are squamous cell carcinomas.” These neoplasms are
usually located in the central portion of the lung and possesses a risk of forming cavities in
major airways.”® Tobacco smoking is a very important risk factor for this pathology.’’ Cells of
origin for lung squamous cell carcinomas are not conclusively known, but evidence suggests
basal cells in the tracheobronchial epithelium as a possibility.** Squamous cell carcinoma can
be associated with a great number of gene mutations including TP53, CDKN2A, EGFR, and
NOTCH|.*:%

In contrast to SCLC, treatment options for NSCLC tend to be vaster. Chemotherapy,
radiation therapy, immunotherapy, targeted therapy, and even surgery can be considered.”

® and there is a lesser chance of

Targetable genetic mutations are much more abundant,
metastasis in NSCLC,”' which increases drug viability. For these reasons, this type of lung

cancer presents a greater amount of published work.

3. Click chemistry methods for preparing 1,2,3-triazole hybrids

Click chemistry was a term first described by Sharpless, Kolb and Finn in 2001. It is a
very general term, therefore, some reactions that are considered click chemistry may display
characteristics that do not fit all the criteria. To be considered as a click reaction most of
these requirements should be met*:

e the reagents must be simple to obtain;

e the reaction should be stereoselective;

e the reaction’s product yield must be high;

e the reaction must be modular, meaning it should use small molecules as building blocks
to form more complex compounds;

e the reaction must happen readily in water and be insensitive to oxygen;
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e formed byproducts should be inoffensive and easily removed;
e necessary purification methods should be nonchromatographic.
Evidently, reactions will hardly have all these chemical qualities and being categorized as a click

reaction is often a subjective designation.
3.1. Azide-alkyne Huisgen cycloaddition

There are various click chemistry methods which can yield 1,2,3-triazole compounds
as products. The Huisgen cycloaddition was the first step towards discovering click
reactions. Huisgen’s studies led to a deeper understanding of what is considered by

Sharpless “the premier example of a click reaction.”

The reaction (Figure 2) occurs
between an alkyne (dipolarophile) and an azide (l,3-dipole) generating a 1,2,3-triazole.”
It is generally not a regioselective nor stereoselective reaction, but nonetheless shows
significant scope. Another drawback is the high temperatures needed to conduct this
cycloaddition. Unfortunately, when considering these disadvantages, this reaction does not
meet the criteria to be considered click chemistry. However, its importance cannot be
underestimated, being a relevant reaction for more than sixty years.

The concerted cycloaddition mechanism for this reaction proceeds has been

indicated to be pericyclic in nature, similar to the Diels-Alder reaction.”* The HOMO-

LUMO gap for this reaction is substantial making it rather slow and difficult to achieve.”

Huisgen’s 1,3-dipolar cycloaddition

i /N —N /N =N
ating
RN + Ro= R - * N
Tlga”oc R /N / R3 R! -~ / R2
R2 RS

Figure 2 - Huisgen Cycloaddition reaction.'”

3.2. Copper(l)-catalysed Azide-Alkyne Cycloaddition

The CuAAC was first reported in 2002 in two different studies. One by Morten Meldal
and the other by K.B. Sharpless and Valery Fokin.® This reaction is an azide-alkyne |,3-dipolar
cycloaddition catalysed by copper (Figure 3), making it much faster and easier to achieve than
the original Huisgen cycloaddition. It is reliable in aqueous environments and presents high
yields across a broad spectrum of temperatures. While the original |,3-dipolar cycloaddition
was non-stereoselective and non-regioselective, the copper catalysed version is stereospecific
and regiospecific, giving exclusively, |,4-isomers.*® These characteristics, and its simplicity

made it one of the first and most important click reactions to be discovered.
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Figure 3 - CUAAC reaction.'”

The CuAAC reaction can be achieved in the following manner>: with copper (1) salts
(such as Cul and CuBr), copper (ll) salts in addition to a reducing agent, or oxidation of copper
(0) nanoparticles. The most commonly used catalyst in CUAAC reaction is CuSO, with sodium
ascorbate in excess as a reducing agent. These conditions present very high yields. The
reducing agent should be in excess to make sure that the concentration of copper (1) is kept
as high as possible throughout the reaction. The presence of the reducing agent also makes it
much more resistant to oxidation, therefore, it is possible to successfully carry out the
reaction in open air.”’

The first proposed mechanism for the CuAAC reaction® was obtained through
density functional theory calculations (DFT). Initially, in step | according to Figure 4, the
copper catalyst coordinates with the terminal carbon of the alkyne. Subsequently, the
copper also binds to the nitrogen proximal to the substituent of the azide in step 2. In step 3,
the terminal nitrogen in the azide attacks the carbon that is unconnected to the
copper, forming a heterocyclic metallocycle intermediate. The intermediate ring is
contracted in step 4 and finally suffers proteolysis in step 5. This last step forms the final

[,2,3-triazole product and releases the copper catalyst to be used in another cycle.

[CuLJ*

/N\ /RZ
N>’ N
R? Cul,
N
sepd iep;2 NZ Ny—FR
/N\ /R2 —=N
NZ /N NZ N\ —R?
‘>\//CUL, step 3 . /
R \_/ Rl\—=—-0Cul,

Figure 4 - CUAAC mechanism.'”’
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Further studies on the mechanism envisioned the possibility of the intervention of a
second copper atom, or in other words, the presence of a bimetallic complex during the cycle.
In 2013, Fokin et al. presented convincing evidence for these bi-copper intermediate
complexes. The binding of the second copper occurs after the deprotonation of the alkyne’
forming a binuclear complex.”® This reaction (right-side Figure 5) is kinetically more
favoured, having superior catalytic activity, but both mechanisms seem to occur according to

some studies (Figure 5).°” However, the reaction’s mechanism, is still under discussion.
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Figure 5 - Both proposed CuUAAC mechanisms.*
3.3. Ruthenium-catalysed |,3-dipolar azide-alkyne cycloaddition (RUAAC)

Another variation of azide-alkyne cycloaddition uses ruthenium as the catalyst. This
reaction was first reported in an effort to develop a convenient method of obtaining 1,5-
disubstituted 1,2,3-triazoles.** The possible reaction products include |,5—disubstituted and
[,4,5-trisubstituted 1,2,3-triazoles which cannot be obtained using the CuAAC reaction. The
ruthenium-catalysed |,3-dipolar azide-alkyne cycloaddition (RUAAC) is also stereospecific.
The most effective catalysts are the pentamethylcyclopentadienyl ruthenium chloride
complexes. Other catalysts such as cyclopentadienyl ruthenium produce |,4-regioisomers or
present low yields in comparison.®'

The proposed mechanism for the RUAAC starts with the displacement of the spectator
ligands producing an activated complex with the azide and alkyne, as represented in step A
according to figure 6. In step B, oxidative coupling results in a ruthenacycle intermediate, which
undergoes reductive elimination in step C. Finally, in step D, the triazole product is released

and the ruthenium catalyst is regenerated for another cycle. ®'
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Both the copper and ruthenium catalysed |,3-dipolar azide-alkyne cycloadditions, are
convenient routes to producing 1,2,3-triazoles in a convenient and efficient manner, leading to
a wide range of attainable products. Other metal catalysts were also reported to be capable
of acting as catalysts for these reactions. One example is silver catalysts, as was reported by
McNulty et al.®

3.4. Strain-promoted azide-alkyne cycloaddition

Despite the numerous advantages in using copper or ruthenium as catalysts for
cycloadditions, their toxicity is a major drawback when used in the cellular context.’ The
traditional CUAAC can be used in the biomedical field if the reaction happens outside of living
systems. Otherwise, this cycloaddition is severely limited. Some studies have shown the use

of stabilizing ligands®*

and chelating azide reagents®**’ can improve the CuUAAC reaction and
reduce copper’s toxicity in biomolecules. The stabilizing ligands act by protecting copper from
oxidation and increasing catalytic properties. Whereas the chelating reagents act by
accelerating the reaction and neutralizing reactive oxygen species (ROS) that can damage cells.
In a different approach, Bertozzi et al. removed copper as a catalyst and used organic
azides and strained cyclooctynes as reagents, developing the strain-promoted azide-alkyne
cycloaddition (SPAAC).* Without the toxicity caused by copper catalysts, this reaction is
adequate within the cellular context. It is an efficient reaction with extensive biomedical
applications including for cancer treatment and fluorescent labelling of biomolecules.®® ¢’
The cycloalkyne’s ring strain, which is crucial to the SPAAC mechanism, was first

reported by Wittig and Krebs.” This strain occurs due to deformation of the triple bond in
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cycloalkyne rings. The triple bond must assume abnormal angles when the molecule has less
than ten carbons due to its small ring, making it extremely reactive.”' In the cyclooctyne’s
triple bond, the linear angle of 180° is converted into a 155° angle’, resulting in a ring strain
energy of, approximately, 18 kcal/mol.” In these molecules, ring reactivity is inversely related
to its size. When the ring is small enough, such as in cyclopentynes and cyclopropynes, isolation
can’t be achieved due to their instability.”* Cyclooctynes provide a good equilibrium between
reactivity and stability when compared to other cycloalkynes.”” Cycloheptynes are too difficult
to isolate and must be complexed with metals, such as cobalt, to be stable.”* While
cyclononynes are stabler than cyclooctynes and, therefore, not as reactive.” For this reason,
the cyclooctyne has seen more applications in click chemistry than other cycloalkynes.

The SPAAC (Figure 7) is a Huisgen |,3-dipolar cycloaddition when it comes to its
mechanism. The reaction is faster than the Huisgen traditional cycloaddition, though not as
efficient as the CuUAAC. Click reactions which are not carried out in a biological environment,

are, mostly, still reliant on metal catalysts.’

R "~ N3 —
_—
copper-free

Figure 7 - SPAAC reaction.”

3.5. New strained cyclooctynes for SPAAC

Even though, the new SPAAC reaction circumvented toxicity in metal catalysed click
chemistry, its kinetics were not on a par with the CUAAC, being comparable instead to the
Staudinger ligation.®® To improve SPAAC’s speed, substituted cyclooctynes were developed.
Of these new reagents, some of the most notable are difluorooctynes (DIFO),
dibenzylcyclooctynes (DIBO), aza-dibenzocyclooctynes (DIBAC) and biarylazacyclooctynones
(BARAC) (Figure 8).

DIFO (Figure 8) reagents are cyclooctynes with a difluoro group which improves
reactivity by altering the alkyne’s electronics. Various molecules of this class exist. The
reaction’s kinetics are vastly improved by these substituents.” The first generation DIFO was
developed by Bertozzi et al. and is capable of achieving sixty-three times the reaction speed of
Staudinger’s ligation. It is also stabler and less likely to cause side reactions. This reagent
combines the Staudinger reaction’s biocompatibility with the CuAAC’s efficiency and
sensitivity.”” Density functional theory (DFT) calculations for frontier orbitals on cyclooctynes

and DIFO reagents revealed the geminal difluoro group increases HOMO energy and lowers
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LUMO energy, therefore, reducing the HOMO-LUMO gap and increasing reactivity.*’ A major
disadvantage was the synthesis of difluorinated cyclooctynes which presented extremely low
yields.” Second generation DIFO reagents were developed by Codelli et al. to circumvent this
drawback. Synthesis yields were increased by about twenty fold when compared to the first
generation DIFO reagents. This was achieved by reducing the number of steps to carry out
the synthesis by employing a one-step difluorination and a Wittig reaction.®

DIBO (Figure 8) reagents are cyclooctynes coupled with two benzene rings. The
reaction rates were very significant.® Its most advantageous feature was its simplified
synthesis, as methods of producing dibenzocylooctatrienes are well known®, and these served
as starting material. DIBO reagents were developed, further improving upon this new class of
reagents.

One of the DIBO derivatives was the BARAC (Figure 8). Its chemical structure includes
a nitrogen atom in its ring, and an oxygen atom as a substituent, which makes it a lactam.*
This change in the molecule increases ring strain by further deforming its alkyne triple bond
to even less than the 155°C angle assumed by the original cyclooctyne. ® It is the SPAAC
reagent with the fastest reaction rates, but it presents high instability when compared to other
developed cycloalkynes.®

In 2010, Debets et al. reported another DIBO derivative named DIBAC * (Figure 8). It
also became known as ADIBO® or DBCO.* DIBAC is not a lactam, but also possesses a

nitrogen atom in its ring. The BARAC's reaction kinetics are still faster, however, DIBAC is
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much more stable.®®

Figure 8 - New SPAAC reagents.

Strain-promoted cycloadditions are in continuous development, with an already
extensive backlog of novel reagents, this reaction is incredibly promising. Applications in
biological chemistry and medicinal chemistry are vast and the biomedical field is, currently,

benefiting from having click chemistry in its arsenal.
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4. Applications in lung cancer therapy

A great deal of studies have proved click chemistry’s potential in various types of
cancer. Lung cancer therapy can be improved with click chemistry derived [,2,3-triazole
hybrids in various ways. These include improving upon existing molecules, producing new
ones, or optimizing drug delivery systems.

Lung cancer therapy exhibits numerous therapeutic methods and targets.”” ® The
following studies represent applications of click chemistry derived 1,2,3-triazole hybrids for a
great deal of these targets. Most of these studies look to evaluate the antiproliferative and
inhibitory ability of their novel compounds. To achieve this, the model systems used are cancer
cell lines that simulate tumour tissues. Numerous cancer cell lines exist, such as Hela”, the
most common cancer cell line, and the A549, which is derived from a lung adenocarcinoma.”
Other methods, such as docking studies™, can also be employed to further understand the

molecule’s therapeutic mechanisms.
4.1. EGFR inhibition

Epidermal growth factor receptor (EGFR) is a transmembrane protein that belongs to
the receptor tyrosine kinase family of enzymes. It allows the binding of epidermal growth
factors to the cell, which induces proliferation and differentiation.”” ** Mutations or
overexpression of this glycoprotein are present in numerous types of cancer.
The manifestation of these genetic mutations will differ according to various factors
including smoking, ethnicity, and gender. Chevallier et al. reported the prevalence of these
mutations in NSCLC is, approximately, 19%.” EGFR mutations are regarded as some of the
most exhibited in NSCLC. For this reason, inhibition of EGFR is a tool of great interest in
targeted therapy for lung cancer.

Erlotinib (Figure 9) is a commercialized EGFR inhibitor used in NSCLC. New 1[,2,3-
triazole containing Erlotinib derivatives which exhibited improved anti-cancer properties were
reported in 2022. The new molecules were synthesized by using the CUAAC between erlotinib
and a variety of azide compounds. The derivatives were tested and compared to the original
Erlotinib by using H460, H1975, A549 and PC-9 NSCLC cell lines. Antiproliferative and EGFR
inhibition assays were carried out through CCK-8 and ELISA, respectively. One molecule
(product in Figure 9) was considered promising due to its improved antiproliferative activity
against NSCLC, along with an acceptable EGFR inhibition capacity. In H460, H1975 and A549

cell lines, ICs, values were between 3.77uM and 7.25uM. Control drug Erlotinib presented
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ICs, values between 10.20puM and 13.28uM, in the same cell lines. The only cell line where the

original Erlotinib was not surpassed by this synthesized molecule was PC-9.”
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Figure 9 - Key CuAAC reaction used for the synthesis of the Erlotinib derivative.

Icotinib (Figure 10) is a commercialized EGFR-TKI inhibitor for treatment of NSLC.
Various icotinib 1,2,3-triazole derivatives were developed using click reactions. These
molecules were tested in various NSCLC cell lines: H460, A549, H1299, PC-9 and HI1975.
The parent Icotinib drug was used as control, presenting ICs, values of 2.63uM to 75.42uM
(excluding H460 results which were greater than a 100pM). In comparison, the most promising
molecule (product in Figure 10) demonstrated very good antiproliferative and cytotoxic effects
(ICso= 2.22 to 6.61uM) in all cell lines. This new compound also presented significant EGFR
inhibition (ICs= 1.49uM).”
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Figure 10 - Key click reaction used for the synthesis of the Icotinib 1,2,3-triazole derivative.

4.2. VEGFR inhibitors

The vascular endothelial growth factor receptor (VEGFR) is another type of tyrosine
kinase receptor mainly found on the surface of endothelial cells. This protein binds VEGFs
which possess a fundamental role in the formation of blood vessels near the cell.” Thus,
these receptors are very relevant in cancer therapies involving anti-angiogenesis agents.
VEGF overexpression in cancer cells is frequent, therefore, inhibiting its receptor is a
useful mechanism against NSCLC cells, as it can deprive them of nutrition that is

fundamental to their survival.”®
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New 1,2,3-triazole-carboximidadmide derivatives were developed using the CuAAC
to produce the starting material. These hybrids were tested for their antiproliferative ability,
and EGFR/VEGFR-2 inhibition in various cancer cell lines including A549. In this cell line, the
most promising molecule (final product in Figure | 1) had good antiproliferative activity results,
with 1Cs, values equal to the control drug, erlotinib (IC5,=30nM). VEGFR-2 inhibition for this
new derivative was significant (IC5=1.80nM) but not as prevalent as in the control drug,
sorafenib (1Cs5,=0.17nM). Molecular docking studies revealed the phenyl triazole scaffold is
capable of forming Pi-H bonds with target amino acids in VEGFR-2 inhibition. This

demonstrates the triazole plays a significant role in the inhibition mechanism.”
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Figure 11 - Key reactions (including CuAAC) used for the synthesis of the 1,2,3-triazole-

carboximidadmide derivative.
4.3. ALK/ROSI dual inhibition

Anaplastic lymphoma kinase (ALK) is an enzyme which is also part of the receptor
tyrosine kinase family and is, normally, expressed during the development of the nervous
system. In NSCLC, the fusion gene EML4-ALK is thought to play an important role in regulating
various pathways which control proliferation and cell survival.'® Around 3% of NSCLC cases
present ALK gene alterations®” and, consequently, drugs such as crizotinib have been
developed to target ALK.**

The proto-oncogene tyrosine-protein kinase ROS (ROS|1) is another receptor tyrosine
kinase enzyme. Its normal function is largely undefined. ROSI gene alterations are very rare,
being present in, approximately, 1% of NSCLC cases. Drugs such as entrectinib target ROS|I
positive NSCLC.''

Novel 2, 4-diarylaminopyrimidine analogues bearing 1,2,3-triazoles were reported.
Synthesis occurs through a very complex synthetic pathway that includes the CuAAC in the
final step. These molecules were tested in numerous NSCLC cell lines: HCC78, H2228, A549
and H460. The control drugs were Crizotinib and Ceritinib, which are commercialized as an

ALK/ROSI inhibitor and ALK inhibitor, respectively. In H2228 and HCC78 cell lines, the best
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compound (final product in Figure 12) presented a very robust cytotoxic activity, with 1Cs,
values of 0.095puM and 0.040uM, respectively. The best control drug, Ceritinib, presented
inferior ICs, values of 0.099uM and 0.058uM, in the same cell lines. ALK (ICs=1.4nM) and
ROSI (ICso=1.1nM) inhibition was also significant making this compound very promising. After
molecular docking studies, 1,2,3 triazole moieties were described as good building blocks to
increase ROSI inhibition potency. 1,2,3-triazole units were revealed to engage in anion-TT

interactions with target amino acids of ALK inhibition.'®*
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Figure 12 - Key reactions (including CuAAC) used for the synthesis of the 2,4-
diarylaminopyrimidine analogue bearing a 1,2,3-triazole.

4.4. ALK/TRK dual inhibition

Tropomyosin receptor kinases (TRK) are a family of tyrosine kinases that are encoded
by the neurotrophic tyrosine kinase receptor (NTRK) genes. TRKA, TRKB and TRKC
(encoded by the genes NTRKI, NTRK2 and NTRK3, respectively) are the most common
receptors of this group. NTRKA gene alterations are considered oncogenic drivers in various
cancers. They are present in NSCLC but very rare.'®

New phenyl triazole ALK/TRK dual inhibitor molecules were discovered in 2023.'*
Using CuAAC during synthesis, these compounds were produced to combat ALK or TRK
inhibition resistant cancers. Antiproliferative ability was assessed using four NSCLC cell lines:
KM-12, H2228, KARPAS299, and A549. Entrectinib, a commercialized TRK/ROSI/ALK
inhibitor for cancer therapy'®, was used as the control drug. The optimal compound (final
product in Figure |3) that resulted from this study, exhibited ICs, values of 0.079-0.138uM in
antiproliferative assays, which was better than the control drug, entrectinib. Though the new
molecule did not surpass entrectinib in TRKA inhibition, it was very comparable (ICs, of 1.9uM
and [.7uM, respectively). Safety profiling using normal human cell lines was very positive,
showing good selectivity for cancer cells. Molecular docking studies confirmed the phenyl
triazole is capable of forming various non-covalent bonds with target amino acids of ALK and
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TRKA inhibition. These include anion-, alkyl-T1, TI-TT interactions, and, also, hydrogen bonds.
This improved drug target interaction demonstrates the pharmacological utility of the I,2,3-

triazole in the compound structure.'”
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Figure 13 - Key reactions (including CuAAC) used for the synthesis of the phenyl triazole
ALK/TRK dual inhibitor.

4.5. MET inhibition

The mesenchymal epithelial transition factor (MET) gene codes a transmembrane
protein which acts as a receptor to the hepatocyte growth factor (HGF). This growth factor
plays a role in cell proliferation and growth.'® About 3% of NSCLC cases present gene
alterations in MET.® This gene is the therapeutic target of drugs such as capmatinib.'”’

Click chemistry was used in the synthesis of a new molecule for MET inhibition
(product in Figure 15). It was obtained by modifying an existing compound named Triflorcas
(Figure 14), developed in a previous study.'® Through CuAAC, the original molecule’s amide
bond was replaced with a 1,2,3-triazole unit. This improvement simplifies the drug’s
production. One of the tested cancer lines was H1437 and results were very promising.
Antiproliferative activity was on a par with Triflorcas and toxicity in normal cells was not
observed. Docking studies confirmed the triazole’s ability to form polar interactions with
target amino acids in the ATP binding site of MET. This proves the 1,2,3-triazole has an

important role in MET inhibition.'”
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Figure 14 - Triflorcas.
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Figure 15 - Key CuAAC reaction used for the synthesis of the Triazole-based Met inhibitor.

4.6. BRAF inhibition

The pronto oncogene B-Raf (BRAF) encodes a protein known as BRAF kinase. This
protein is involved in cell proliferation and differentiation. ''® Close to 5% of NSCLC cases
express gene alterations in BRAF.”’ For this reason, this gene is considered a relevant target
for anti-cancer drugs.

Chalcone is a flavonoid present in various plant products. It exhibits various
therapeutic activities including anti-cancer potential.''' A novel series of 1,2,3-triazole chalcone
hybrids were developed using CuAAC in their synthesis. These exhibit BRAF and EGFR
inhibition activity. One compound (product in Figure 16) was considered optimal for its
antiproliferative ability (ICs,=0.90-1.10uM) comparable to Doxorubicin (IC5,=0.90-1.40pM) in
various cancer cell lines including A549. The [,2,3-triazole in the chemical structure is

described as crucial for the therapeutic activity of this molecule.'"?
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Figure 16 - Key CuAAC reaction used for the synthesis of the 1,2,3-triazole chalcone hybrid.

4.7. PD-1/PD-LI inhibition

The programmed cell death protein | (PD-1) is a receptor protein, normally found on
the surface of T cells, and PD-L1 is one of its ligands. Together, these proteins play an integral
role in inhibiting immune responses in cells. For this reason, the PD-1/PD-L| pathway can
enhance the survivability of cancer cells.'"’ Immune checkpoint inhibitors such as Nivolumab
were developed to target the PD-1/PD-L| pathway.'"*

Novel biphenyl-1,2,3-triazole-benzonitrile derivatives were synthesized using click
chemistry. These molecules exhibited PD-1/PD-LI| inhibition activity which is relevant in
various types of cancer including NSCLC. This inhibitory ability was evaluated by a HTRF assay

system. One of the produced molecules (final product in Figure 17) presented very significant
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PD1/PD-LI inhibition activity (ICs=8.52 uM), though it did not surpass the reference drug,

BMS-202.""*
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Figure 17 - Key reactions (including CuUAAC) used for the synthesis of the Biphenyl-1,2,3-
triazole-benzonitrile derivative.

4.8. IDOI inhibition

Indoleamine-pyrrole 2,3-dioxygenase (IDOI) is an enzyme that plays a pivotal role in
immune response. It regulates the kynurenine pathway, which is associated with
immunosuppression in tumours, making it a target of great interest in cancer therapy. For this
reason, various IDO| inhibitor drugs have been developed.''®

New icotinib-1,2,3-triazole hybrids were discovered, in 2020. CuAAC was used in
the preparation of these compounds. Cytotoxicity and IDO| inhibition studies were carried
out by CCK-8 and Hela cell based assay, respectively. Promising IDOI inhibition activity was
registered in various derivatives. One compound (product in Figure 18) presented very
promising results (IC5,=0.37uM), surpassing the original lcotinib molecule which exhibited 1Cs,

values of 2.57uM.'"7
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Figure 18 - Key CuAAC reaction used for the synthesis of the Icotinib-1,2,3-triazole hybrid.
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4.9. ROS induction

Reactive Oxygen Species (ROS) are very reactive ions and molecules. These include
superoxide anions (Oz-) and hydrogen peroxide (H,0,).'"® ROS induction refers to increasing
the concentration of these species in cells which, in turn, can lead to cell death or senescence.
Cancer cells present higher levels of ROS. Therefore, they are more susceptible to ROS
induction than normal cells. This therapeutic mechanism has been useful in various types of
cancer treatment such as chemotherapy, targeted therapy, and radiotherapy.'"

In 2022, five click chemistry ferrocenyl derivatives of erlotinib were discovered by
Bieganski et al. who employed click chemistry methods with either CUAAC or RUAAC. The
copper catalysed version was used to obtain |,4-substituted isomers, and the ruthenium
catalysed method was used to obtain |,5-substituted isomers. These new compounds were
evaluated in various erlotinib resistant NSCLC cell lines: A549, H1395, HI975 and H1650.
BEAS-2B normal cell lines were used to test toxicity. Various compounds from the study
presented good results but one compound (product in Figure 19) was considered optimal.
This molecule exhibited better antiproliferative activity than the control drug, erlotinib, across
all cancer cell lines. ICs; values for the new derivative were between 7.9uM to 27uM. Whereas
erlotinib presented ICs, values of 12uM to 40uM. Another very positive comparison were the
toxicity levels registered in the BEAS-2B normal cell lines. Toxicity was higher with erlotinib
(1Cso=74uM) than with the new molecule (IC5,=155uM). Through molecular docking studies,
it was observed that the compound exhibits ROS induction and EGFR inhibitions as
mechanisms for its antiproliferative activity. ROS induction was considered the dominant
mechanism. These studies also implied that the molecule’s antiproliferative activity was, mainly,
due to the length of the linker between the ferrocenyl and triazole moieties. In contrast, the
choice between using RUAAC or CuAAC to obtain |,4-substituted and |,5-substituted 1,2,3-
triazoles, respectively, is not as important to maintain the therapeutic properties of the
compound. The second most promising compound in the study was produced via RUAAC,
which supports these findings. This suggests both click chemistry methods are viable in the

discovery of new drugs for cancer therapy.'”
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Figure 19 - Key CuAAC reaction used for the synthesis of the Ferrocenyl erlotinib derivative.

4.10. Tubulin inhibitors

Tubulin inhibitors act by disrupting the proper function of microtubules.'” These
tubulin polymers are very important to cellular structure and are involved in various biological
processes such as cell division and intracellular transport. Tubulin inhibitors are a useful
approach to anti-cancer drug development.'?

Imidazopyridine linked 1,2,3-triazoles were produced as tubulin inhibitors against
cancer cells. The new molecules were tested in various cancer cell lines including A549. As
control, the study used paclitaxel (IC5,=0.04puM), colchicine (ICs5=0.1pM) and nocodazole
(1Cs0=1.47uM), which are all drugs that exhibit tubulin inhibition as a mechanism. The optimal
compound (product in Figure 20) presented the best results. In A549, antiproliferative activity
was very acceptable with ICs, values of 0.51uM. Through procedures such as flow cytometry
analysis and molecular docking studies, the presence of the tubulin inhibition mechanism was
further proved. It was also suggested that the triazole ring had a significant influence on this
interaction with tubulin, by formation of hydrogen bonds.'”
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Figure 20 - Key CuAAC reaction used for the synthesis of the Imidazopyridine linked 1,2,3-triazole.

4.11. Drug delivery

Achieving high specificity in targeting cancer cells represents one of the most

formidable challenges in cancer therapy. Improving drug delivery systems increases drug
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efficacy and reduces toxicity in normal cells. Incorporating click chemistry’s fast reaction speeds
and good specificity in these systems can be an effective technique.

To improve drug delivery of anti-cancer nanoparticles, a new procedure (Figure 21)
involving click chemistry methods was developed by Koo et al. SPAAC is a fundamental tool
in this study by ensuring the drug influences its pharmacological target with high specificity and
efficacy. Xenographed mice were used to test the efficacy of this new technique. The first step
of this complex drug delivery concept is to remodel cancer cells with biomarkers. For this
purpose, Ac4ManNAz molecules were chosen. Through glycoengineering, Ac4ManNAz
molecules cause the cancer cells to artificially produce targetable sialic acids. These acids were
engineered to contain terminal azide groups which are important for click reactions, as
previously discussed. In the second step, PEGylated liposomes are combined with DBCO
reagents. These modified liposomes are then intravenously injected into the mice. Finally, the
liposome-DBCO compound reacts with the sialic acids on the surface of the cancer cells. This
reaction is carried out through SPAAC, resulting in a 1,2,3-triazole linker between liposome
and cancer cell. After completing the click induced binding, the liposome-DBCO complex
releases the drug into the tumorous tissue. One of the tested cancer cell lines was A549 which
successfully exhibited targetable sialic acids on their surface. The presence of the azide
groups was confirmed through visualization with fluorescence (after treatment with detection
agents). Apart from conferring the pharmacological nanoparticles with incredible selectivity
for cancer cells, this drug delivery system also allows the artificial control of the drug’s dose
(a key issue in pharmacology). This is achieved by altering the Ac4ManNAz concentration

and, therefore, changing the amount of nanoparticles released on the target cells.'*
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Figure 21 - Schematic representation of the drug delivery system involving SPAAC.'*

Inside

51



5. Conclusion

With click chemistry’s advances in recent years, possibilities for drug discovery are
endless. Besides speed and efficacy, these reactions offer great diversity. This feature naturally
impacts development and production expenses in a positive way and, also, allows for the
constant acquisition of novel drugs to reach more patients.

The synthesis of the 1,2,3-triazole moiety is the object of extensive research, and a
practical choice for incorporating click chemistry in drug formulation. These moieties also
exhibit diverse biological and pharmacological properties. Their ability to form hydrogen bonds
is useful for increasing interaction with biological targets.'?

As witnessed in a multitude of studies, lung cancer therapy can, most definitely, be
enriched by the use of |,2,3-triazole hybrids. These molecules have the potential to improve
existent therapies and help in the discovery of new drugs. |,2,3-triazole hybrids can influence
various targets in lung cancer therapy. As a consequence, these compounds can benefit most

2, targeted therapy'®, and immunotherapy.'"” Click

types of treatment, such as chemotherapy
chemistry also impacts the area of drug delivery, as the carrier systems can be constructed
efficiently, rapidly, and economically, by using this technique. This can have a positive impact
on the development of new cancer therapies.

Treatment for SCLC is, as previously discussed, very limited. Available studies
proposing new molecules are also in short supply, when compared to NSCLC. When testing
new molecules, researchers, mostly, use NSCLC cancer cell lines. In stark contrast to NSCLC,
click chemistry applications in SCLC seem to be less established. Perhaps due to the
pathology’s fast and incessant proliferation, focus should be onimproving diagnosis methods.'*
In this endeavour, due to the ability to increase molecular structural diversity (or expand
chemical space), click chemistry can be invaluable. Specially, when considering SPAAC’s key
advantages in the biological context.*

The most referred to method of click chemistry is, by far, the CuAAC. The fast
reaction rates are very practical for drug synthesis. However, the SPAAC has great potential
and can play a fundamental role in improving specificity and reducing toxicity in anti-cancer
agents.” ' It should also be noted that other click chemistry methods exist, like the ene- and
yne-thiol reactions, inverse electron demand Diels-Alder reactions, Staudinger reactions, etc.
Even though, click chemistry derived |,2,3-triazoles hybrids are already relevant in various

biomedical fields, their potential in cancer therapy is, perhaps, yet to be fully explored.
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