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I.INTRODUCAO

Desde o primeiro ano que inicia o Mestrado Integrado em Ciéncias Farmacéuticas
(MICF) na Faculdade de Farmacia da Universidade de Coimbra (FFUC) existe uma formagao
académica que consciencializa o aluno do papel e valor que o farmacéutico tem como
especialista do medicamento, em todas as areas em que este é considerado essencial. Como
tal, o estudante é confrontado com as varias realidades da profissao farmacéutica, sendo que
no ultimo ano do curso tem a oportunidade de realizar um periodo de estagio numa farmacia
comunitaria, onde podera expor todos os conhecimentos tedricos que foi adquirindo e
apreender novas competéncias técnicas e pessoais fundamentais para a sua vida profissional

futura.

Atualmente, o farmacéutico tem vindo a alcangar um maior destaque entre a
populagao, sendo a farmacia o local onde uma pessoa prontamente se dirige quando necessita,
demonstrando assim a confianga depositada neste profissional de saude. O utente sabe que na
farmacia nao ocorre apenas a dispensa do medicamento, mas acima de tudo tem a garantia de

um atendimento que promove a sua salide e bem-estar-.

O presente relatério diz respeito ao estagio que realizei na Farmacia Sao Pedro, nos
Jardins da Parede, sob orientagao do Dr. Anténio Peres, que iniciou no dia |2 de janeiro de
2021 e terminou no dia 30 de abril de 2021, com a duragao total de 670 horas. Este periodo
de aprendizagem coincidiu com o comego do segundo confinamento devido ao novo
coronavirus, o que dificultou a realizagao de um estagio pleno, no entanto, trouxe, também,
situagoes esperangosas. O objetivo deste é apresentar uma andlise SWOT (do inglés
Strenghts, Weaknesses, Opportunities and Threats), que avalia os aspetos que influenciaram
o meu estagio relativamente a dois niveis, sendo que a nivel interno abordarei os Pontos Fortes
(Strenghts) e os Pontos Fracos (Weaknesses) e a nivel externo referirei as Oportunidades

(Opportunities) e as Ameagas ( Threats).

2. ANALISE SWOT
2.1. Pontos Fortes

2.1.1. Localizacao da Farmacia

A Farmacia Sao Pedro situa-se numa zona de habitagao privilegiada de Cascais onde
existem diversos locais de comércio, um hospital veterinario, lares de idosos, consultorios

privados, clinicas dentarias e médicas, sendo também importante referir que nas suas
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imediagoes nao existe outra farmacia, o que permite haver uma afluéncia bastante elevada,
heterogena e constante. Este fator contribuiu para contactar com pessoas de todas as faixas
etarias, com diferentes graus de literacia e condigoes socioecondmicas, tendo, assim, de

adequar o meu atendimento a cada utente.
2.1.2. Equipa Técnica

A equipa é constituida por seis farmacéuticos, dois técnicos e dois técnicos auxiliares,
o que inicialmente considerei um ndmero elevado, mas rapidamente apercebi-me que a
farmacia tem um movimento igualmente grande, tanto no volume de encomendas que se
rececionam diariamente, como no numero de utentes que chegam de minuto a minuto, sendo
fundamentais os dez profissionais de salde que existem. Estes mantém o excelente
funcionamento, gestao da farmacia e garantem o sentimento de familiaridade em todos os

clientes que se dirigem a esta.

Desde o inicio constatei um ambiente de entreajuda e boa disposi¢ao de toda a equipa,
o que facilitou a minha aprendizagem e interesse em adquirir e consolidar conhecimentos.
Para além de se mostrarem sempre disponiveis em auxiliarem-me nas varias tarefas e
colocarem-me a vontade para expor as minhas duvidas, mostraram total confianga nas minhas

capacidades, o que favoreceu muito a minha presenga na farmacia e o meu sucesso no estagio.

2.1.3. Entrega ao Domicilio

Na atualidade em que vivemos, a propria farmacia teve de adaptar os seus servigos,
sendo que passou a existir a entrega ao domicilio dos varios medicamentos que os utentes
requerem, com um custo associado. Deste modo, a pessoa comunica com a farmacia, via
telefonica ou via e-mail, solicitando os medicamentos sujeitos ou nao sujeitos a receita médica
(no caso de ser MSRM a receita é enviada por e-mail) que necessita, procedendo ao seu
pagamento através de transferéncia bancaria ou multibanco no ato de entrega. Ainda tive a
possibilidade de auxiliar neste processo, atendendo a chamada do utente e completando o seu

pedido, podendo intervir fornecendo aconselhamento farmacéutico caso fosse necessario.

2.1.4. Preparacao de Medicacao Individualizada

A farmacia prepara individualmente a medicagao semanal ou mensal para determinados
utentes. Posteriormente, dirige-se a farmacia o proprio ou um familiar para recolher a
medicagao embalada, devidamente, em caixas proprias fornecidas pela mu/timeds e proceder

a0 seu pagamento, tendo este servigo um custo associado.



Assim, durante este processo que, também, ajudei a realizar, as fichas dos utentes vao
sendo atualizadas e verificadas mais regularmente, o que proporciona um maior
acompanhamento farmacoterapéutico, detetando erros na terapéutica mais facilmente.
Adicionalmente considerei uma vantagem, aquando da prepara¢ao da medicagao, a capacidade
que adquiri de fazer associa¢oes relativamente a patologia que o utente poderia ter, tendo em

conta a medicagao que estava a tomar.
2.1.5. Medicamentos oftalmicos

Com o decorrer do estagio verifiquei que grande parte das pessoas que se deslocava
a farmacia queixava-se de “olhos inchados”, “comichao e ardor nos olhos” ou “olhos com
pouca lagrima”, procurando aconselhamento sobre o que poderia aplicar para aliviar e/ou
parar os sintomas. Inicialmente, apercebi-me que possuia um elevado desconhecimento nesta
area, tendo sempre que pedir ajuda, de modo a satisfazer o pedido do utente da melhor forma.
Posteriormente, ja conseguia ter um melhor desempenho, dando a informagao necessaria

perante as preocupagoes do cliente.

Denotei, assim, uma falha muito grande no plano curricular do curso de MICF da UC,
dado que, apesar de vasto, nao providencia uma formagao na area da oftalmologia, o que me
prejudicou nos atendimentos que realizei na farmacia. No entanto, considerei um ponto forte
ao longo do estagio, uma vez que a minha prestagao no aconselhamento desta area foi
evoluindo devido ao auxilio e informagao sobre o tema que a equipa da farmacia me forneceu

e esclareceu.
2.2. Pontos Fracos

2.2.1. Escassa Preparacao de Medicamentos Manipulados

A preparagao de medicamentos manipulados existe, essencialmente, como forma de
responder as diferentes necessidades terapéuticas de cada individuo, sendo uma alternativa
importante que se deve realizar em todas as farmacias. No entanto, na Farmacia Sao Pedro
nao é frequente haver a preparagio destes, o que considero ser uma falha na minha
aprendizagem, dado que nao fui capaz de colocar em pratica conceitos que adquiri em unidades

curriculares que fazem parte do curso de MICF da UC.

Contudo, ainda tive a oportunidade de auxiliar na preparagao de uma solugao alcodlica
de acido borico a saturagao, de acordo com a monografia de preparagao presente no
Formulario Galénico Portugués, solugao esta utilizada no tratamento topico de otites, € no

preenchimento da Ficha de Preparagao do Medicamento Manipulado.



2.2.2. Inexisténcia de Servicos Farmacéuticos Clinicos

No curso de MICF da UC, especificamente nos ultimos dois anos, somos confrontados
com as varias mudangas que podem ser feitas no setor da farmacia comunitaria, relativamente
a importancia que o farmacéutico pode alcangar na sociedade. Para tal, existem inimeros
servigos farmacéuticos clinicos que podem ser prestados e que, atualmente, em Portugal, é
raro serem, como por exemplo, a revisao da medicagio, o acompanhamento
farmacoterapéutico ou a promogao da adesao a terapéutica, servigos estes que noutros paises

ja sao realizados e valorizados entre a populagao.

Na Farmacia Sao Pedro sinto que seria uma mais-valia para a relagao entre utente-
farmacéutico nao serem apenas disponibilizados servigos fisicos como a medi¢ao da pressao
arterial, glicémia, colesterol, mas, também, haver servicos como os referidos anteriormente,
dado que o farmacéutico tem carateristicas clinicas e cientificas elevadas, julgamento clinico e
conhecimento para poder tomar decisdes no que diz respeito a terapéutica e bem-estar do

doente e promover um uso mais racional do medicamento.
2.3. Oportunidades

2.3.1. Dispensa de Medicacao Hospitalar

Mais uma vez, devido a pandemia que se instalou mundialmente desde 2019, diversas
alteragdes a nivel da saide tiveram que ser executadas, uma delas foi a dispensa de
medicamentos hospitalares na farmacia comunitaria, de modo a assegurar um circuito do
medicamento mais seguro e respetiva dispensa. Assim sendo, o utente pode adquirir a sua
medicagao hospitalar na farmacia que habitualmente frequenta, entrando em contacto com a

propria e com o hospital onde ¢ seguido.

Face a esta nova medida consegui acompanhar a dispensa de varios medicamentos
hospitalares, tendo participado na verificagao e dispensa da medicagao, que apenas pode ser
feita por um farmacéutico, e no registo da respetiva entrega ao doente, através de um e-mai/

enviado pela linha SAFE.

Este procedimento, para além de beneficiar muito o utente, permite, também, salientar

a importancia da profissao farmacéutica perante a sociedade.
2.3.2. Diversidade de Utentes

Mesmo com o periodo de confinamento em que viviamos, a afluéncia dos utentes a

farmacia era muito elevada diariamente, nao s6 dos ja fidelizados, mas, também, de pessoas



que passavam pela zona e la se dirigiam. Como tal, tive a possibilidade de prestar
aconselhamento a pessoas com poderes economicos distintos, compreensao e conhecimento
diversificados, o que me permitia adaptar o atendimento, de forma a tentar satisfazer todas as
suas necessidades. Outro aspeto vantajoso foi o facto de ter de comunicar com muitos
estrangeiros na lingua inglesa que habitavam na area ou que estavam apenas de visita,

proporcionando-me praticar a lingua em contexto mais técnico e formal.

2.3.3. Formacoes das Varias Marcas

Ao longo do estagio, e apesar de todas as restrigoes implementadas devido ao novo
coronavirus, tive a possibilidade de assistir presencialmente a varias sessoes de formagao das
diversas marcas de produtos cosméticos e suplementos alimentares existentes na farmacia,
realizadas pelos respetivos delegados de informagao médica, tal como através de via online.
Estas elucidam dados técnico-cientificos, conceitos de mercado e técnicas de venda relevantes

para a continua formagao do farmacéutico comunitario.

Uma das dificuldades com que me deparei mais frequentemente durante o atendimento
foi a falta de informagao relativamente aos produtos referidos, e os contetudos apreendidos
nessas formagoes contribuiram para que o meu aconselhamento perante o utente fosse mais

informado, seguro e convicto da compra que estava a realizar.
2.3.4. Dispensa de Medicamentos Limitada

A situagao pandémica inicial trouxe confusao, desespero e desordem em grande parte
da populagao, levando a obtengao excessiva de todo o tipo de produtos considerados
essenciais, sendo a medicagao um dos mais importantes a adquirir. Com isto, as pessoas
dirigiam-se a farmacia com receitas para aviar na sua totalidade, e muitas destas tinham um
elevado numero de embalagens de cada medicamento, resultando na inexisténcia desses

medicamentos para a pessoa seguinte.

No seguimento da Portaria n.° 284-A/2016, os softwares utilizados em farmacia
comunitaria passaram a restringir a dispensa de medicamentos a duas embalagens por més,
por utente e por receita. Uma vez ultrapassada a quantidade referida é necessario justificar a
dispensa daquelas que siao extra, apenas podendo ser utilizadas as seguintes justificagoes:
“Quantidade de embalagens para cumprir a posologia é superior a duas embalagens por més”,
“Extravio, perda ou roubo de medicamentos”, “Dificuldade de deslocagao a farmacia” e
“Auséncia prolongada do pais”. A implementagao desta medida teve inicio a 3 de agosto de
2020, como medida para uma compra mais racional dos medicamentos por parte do utente,
tentando, assim, combater a existéncia de medicamentos esgotados.'
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Durante o estagio tive que explicar aos utentes no que esta nova lei consistia e, por
vezes, quando nao compreendiam, quais os beneficios que apresentava. Procedi, também, a
justificacao da dispensa de embalagens extra, quando a situagao se enquadrava no que era

aceite no sistema informatico.
2.4. Ameacas

2.4.1. Medicamentos Esgotados

A existéncia constante de medicamentos esgotados por tempo indeterminado, no
armazenista ou até no proprio laboratério, € uma ameaga em qualquer farmacia comunitaria.

Esta acentuou-se ainda mais durante o periodo de saude publica que o mundo atravessa.

Constatei que a falta de determinados medicamentos transtornava muito o utente,
dado que, por vezes, nao poderia tomar a medicagao necessaria ou tinha de alterar a mesma
para o respetivo genérico ou vice-versa. Ainda havia a possibilidade de se deslocarem a outras
farmacias a procura do medicamento necessitado, o que, também, nao era favoravel. Estas
situagoes causavam um entrave no meu atendimento e respetiva satisfagao do utente, uma vez
que, por vezes, nao compreendiam que as farmacias nio tém responsabilidade perante tal

assunto e tinha de explicar repetidamente o problema.

3. CASOS PRATICOS

Destaco, de seguida, trés casos clinicos que considerei de extrema relevancia no
decorrer do meu estagio, dado que pude aplicar conceitos aprendidos neste e da minha
aprendizagem académica. Os trés foram muito desafiantes, dado que puseram a prova a minha
capacidade de resposta rapida e assertiva, tendo que satisfazer, simultaneamente, as

necessidades do utente.
Caso |

Utente do sexo feminino, com cerca de 35 anos, dirige-se a farmacia pedindo
aconselhamento sobre o que tomar, pois sente a barriga inchada, dores abdominais e tem tido

diarreia ha cerca de 3 dias.

Face aos sintomas mencionados questiono se tem febre, vomitos, sangue nas fezes, se
apresenta alguma patologia e, por fim, se comeu algo fora do habitual nos ultimos dias, ao que

a utente refere que nao tem nenhuma destas manifestagoes.



De forma a aliviar o inchago e a acumulagao de gases aconselhei o dispositivo médico,
Dulcogas®, que se apresenta numa férmula de granulos que se dissolvem rapidamente na boca,
sem ser necessario o recurso a agua. O agente anti-espuma que o constitui, simeticone, reduz
a tensao superficial das bolhas de ar e promove a sua expulsio do aparelho digestivo.” Referi,
ainda, que a posologia do produto é de | a 2 saquetas por dia, apos as refei¢coes, e que poderia
usa-lo em SOS. Adicionalmente, indiquei a toma de um medicamento probidtico de venda
livre, o Prolif®, composto pelo microrganismo vivo Saccharomyces boulardii, de forma a
restaurar a flora intestinal e melhorar a digestao, podendo tomar | a 3 capsulas por dia, antes
das refeigoes, até terminar a embalagem, dado que o seu uso deve continuar mesmo apos o

alivio dos sintomas.

Por fim, reforcei a importancia da reposicio de fluidos, de modo a prevenir a

desidratagao e para além disso, caso os sintomas persistissem, deveria consultar um médico.
Caso 2

Utente do sexo feminino, com cerca de 50 anos, dirige-se a farmacia solicitando um
creme com vitamina A para colocar nas maos, dado que as tem lavado excessivamente,
sentindo algum ardor, apresentam vermelhidao e estao muito sensiveis. Em conversa, entendo
que a utilizagao da vitamina A tinha sido recomendada anteriormente, e que tem vindo a usar
umas amostras da marca SVR de ampolas para o rosto, com essa vitamina. Adicionalmente,
ainda menciona que ja tinha utilizado cremes com cortisona e o efeito nao tinha sido o

esperado.

Inicialmente tentei perceber as necessidades da senhora e o porqué da lavagem
constante das maos de modo a poder aconselha-la da melhor forma, sabendo que a vitamina
A nao seria a solugao. Expliquei-lhe que cremes com apenas a vitamina referida na sua
constituicao nao existiam, e que havia formulas mais eficazes que protegeriam as suas maos
melhor. A cortisona, neste caso, também, nao era o mais indicado, dado que a utente estava
a utilizar o produto ha varios dias e poderia estar a lesar a pele ainda mais, devido ao efeito

rebound desta.

Assim, pensando que poderia ser uma dermatite de contacto devido a utilizagao
excessiva de sabao/detergente/sabonete, e sabendo que a utente iria continuar a lavar com
recorréncia as maos, por causa do coronavirus SARS-CoV-2, justificacao dada pela senhora
em conversa, aconselhei-lhe um creme barreira, o BARIEDERM Creme isolante e reparador,
da marca Uriage®. Apesar de alguma relutancia inicial por ser algo que nunca lhe indicaram e

achar que ia piorar a situagao, indiquei que o creme podia ser utilizado todos os dias antes do
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contacto com os produtos de lavagem, e que ia conferir uma barreira a pele das maos,
protegendo-a dos agentes agressores, reparando a epiderme alterada, acabando por levar o

produto.
Caso 3

Utente do sexo feminino, com cerca de 60 anos, desloca-se a farmacia para comprar a
medicagao do seu marido, desejando, também, medir a glicémia e a pressao arterial, pois sente-

se mais em baixo.

Encaminhei a doente ao gabinete de atendimento e procedi, primeiramente, a medicao
da pressao arterial, a qual deu um valor de pressao arterial sistolica 142 mmHg e de pressao
arterial diastolica 90 mmHg. Sabendo que os valores ideais da primeira seriam inferiores a 120
mmHg e da segunda inferiores a 80 mmHg, questionei se era hipertensa e se os valores que o
aparelho mostrava eram habituais, respondendo afirmativamente a ambas e que tomava a
medicagdo indicada pelo médico diariamente.’ De seguida, fiz duas medicoes da glicémia pos-
prandial, das quais a utente apresentou os valores de 512 mg/dl e 490 mg/dl, o que me afligiu
muito, pois valores inferiores a 140 mg/dl seriam os mais adequados, chamando de imediato
uma colega.* Seria ideal fazer a medi¢io da hemoglobina glicada (HbAlc), no entanto, na
Farmacia Sao Pedro nao existe esse servico. Apos conversa com a senhora descobrimos que
era diabética, contudo ha cerca de um ano e meio decidiu parar a medicagao (altura
coincidente com o inicio da pandemia). Ainda conseguimos saber que ultimamente se tinha
sentido mais cansada, com tonturas e com muita sede, sintomas tipicos de uma hiperglicémia.
Fomos, também, verificar no historico da ficha da utente a medicagao que tomava para a
diabetes. Decidimos que o melhor seria chamar uma ambulancia, mas a utente, incomodada,
pediu para nao ir para o hospital devido a situagao atual em que vivemos e sugeriu antes ir ao
seu médico habitual, numa clinica perto. Ainda alertamos a senhora da dieta rigorosa que
deveria comegar a seguir e de todas as complicagoes que podem surgir devido a uma diabetes

nao controlada, e que a medicagao nao poderia ser parada em nenhuma altura.

Dias mais tarde, a senhora e o marido agradeceram o papel que tivemos, a nossa
preocupagao e intervengao, afirmando que o cuidado com a doenga e as suas complicagoes

iria ser inevitavelmente maior.



4. CONCLUSAO

A profissao farmacéutica existe ha milhares de anos, tendo vindo desde sempre a
ocupar um lugar de confianga na sociedade. Os farmacéuticos desafiam-se diariamente a nivel
pessoal e profissional, de modo a obterem capacidades técnico-cientificas e humanisticas de

exceléncia e, assim, proporcionarem ao cidadao os melhores cuidados de salide possiveis.

Feita esta analise, tanto positiva como negativa, consigo afirmar que aquilo que aprendi
foi enriquecedor, desafiante e muito construtivo. Adquiri conhecimentos novos e relembrei
outros, de tal forma que, no final deste estagio ja me senti mais confiante no aconselhamento,
na comunicagao com o utente e na gestao das minhas tarefas na Farmacia Sao Pedro. Enquanto
estagiaria numa farmacia comunitaria considero que os diferentes panoramas com que me

deparei foram imprescindiveis para o comego da minha viagem enquanto profissional de saude.

Nao podia deixar de referir o que a COVID-19 trouxe, alterando todas as nossas vidas
e apesar de, ao longo do meu estagio, nao ter tido que observar o caos instalado em margo
de 2020, assisti as consequéncias e transtornos que a pandemia tem provocado e que cada
pessoa referia aquando do meu atendimento, tendo, assim, que servir nao so de profissional
conhecedor da componente teorica farmacéutica, mas também da componente humanistica

para com o outro.
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I.INTRODUCAO

A formagao académica transmitida pela Faculdade de Farmacia da Universidade de
Coimbra (FFUC), no curso Mestrado Integrado em Ciéncias Farmacéuticas (MICF) ensina e
exige conhecimentos teoricos ao longo de cinco anos e, por fim, na ultima unidade curricular
do mestrado, os alunos tém que realizar um estagio curricular em Farmacia Comunitaria. Caso
exista interesse nas areas de Industria Farmacéutica ou de Farmacia Hospitalar é dada a
oportunidade de concluir um estagio curricular num desses setores, de forma a transmitir os
conhecimentos adquiridos e aprender novos, permitindo vivenciar e explorar outros

panoramas da area farmacéutica.

Por isto, e pelo facto de ser uma vertente que me entusiasmava conhecer, para além
do estagio realizado em Farmacia Comunitaria, surgiu a possibilidade de efetuar, também, um
estagio em IndUstria Farmacéutica, no Laboratério de Estudos Farmacéuticos (LEF), que
pertence ao grupo Instituto de Formacio e Inovacio em Saide (INFOSAUDE) e localiza-se

em Barcarena, na cidade de Lisboa.'

O LEF é um laboratério prestador de um grande leque de servigos, sendo estes o
desenvolvimento e validagao analitica, formagao e consultoria, controlo de qualidade e
estabilidades, desenvolvimento farmacéutico e produgao, apoio as farmacias no fabrico de
medicamentos manipulados, mais recentemente estudo da planta medicinal canabis e, onde
estive inserida durante trés meses, assuntos regulamentares (AR) e farmacovigilancia (FV). E
uma entidade que integra a unidade de negécio INFOSAUDE, que por sua vez pertence ao
grupo da Associagao Nacional das Farmacias (ANF), e tem a capacidade de trabalhar com uma
elevada variedade de produtos, tais como suplementos alimentares, biocidas, dispositivos
médicos, produtos cosméticos e de higiene corporal, medicamentos de uso humano (MUH) e

produtos de uso veterinario, e de interagir com mdltiplos clientes nacionais e internacionais.'

O presente relatério diz respeito ao estagio que realizei no LEF, sob orientagao da
Dra. Cristina Toscano, que iniciou no dia 3 de maio de 2021 e terminou no dia 30 de julho de
2021. Durante o estagio realizei fungoes no Departamento de Assuntos Regulamentares e
Farmacovigilancia (DARFV). O objetivo deste é apresentar uma analise SWOT (do inglés
Strenghts, Weaknesses, Opportunities and Threats), que avalia os aspetos que influenciaram
o meu estagio relativamente a dois niveis, sendo que a nivel interno abordarei os Pontos Fortes
(Strenghts) e os Pontos Fracos (Weaknesses) e a nivel externo referirei as Oportunidades

(Opportunities) e as Ameagas ( Threats).
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2. DEPARTAMENTO DE ASSUNTOS REGULAMENTARES E
FARMACOVIGILANCIA (DARFY)
O DARFV tem como manager a Dr. Cristina Toscano e inclui mais duas profissionais

na area das ciéncias farmacéuticas na equipa, e as trés efetuam atividades no que respeita os

AR e a FV.

Sendo o LEF uma CMO (Produgao sob contrato e Prestagao de Servigos de Analises
de Controlo de Qualidade), este presta servicos a outras empresas farmacéuticas fazendo
parte destes os AR.' O DARFYV realiza fungdes neste ambito como a preparagio, submissio e
follow-up de dossiers de Autorizagao e Introdugao no Mercado (AIM), atividades
regulamentares de pos-AlM (alteragoes e renovagoes), preparagao e revisao de materiais
promocionais, tradugoes e preparagao de common texts (Resumo das Carateristicas do
Medicamento (RCM), Folheto informativo e Rotulagem) e tem contacto direto com as

autoridades competentes.

O mesmo departamento também desempenha fungoes na area da FV, de acordo com
as guidelines de Good Pharmacovigilance Practices (GVP), publicadas pela Agéncia Europeia
do Medicamento, sempre com o intuito final de verificar a relagao risco-beneficio do
medicamento. As atividades frequentemente realizadas sao por exemplo, a pesquisa
bibliografica e revisao de literatura médica semanal, preparagao de relatérios de seguranga
(relatorios periddicos de seguranga, adendas clinicas e planos de gestao de risco), detegao e
gestao de sinal das substancias ativas das quais o LEF é responsavel e recolha, gestio e
comunicagao de eventuais suspeitas de eventos adversos, informagoes de seguranga novas,
pedidos de informagao médica e reclamagoes de qualidade dos varios produtos. O meu estagio
teve um maior foco nestas e, assim adquiri conhecimento e obtive experiéncia em plataformas
como a EudraVigilance, MedDRA e as varias existentes no INFARMED envolvidas no ambito

da FV.

3. ANALISE SWOT
3.1. Pontos Fortes

3.1.1. Rececdo do LEF

No dia em que iniciei o estagio fui recebida pela pessoa dos Recursos Humanos
responsavel pelos estagios curriculares decorridos na empresa, a qual me deu a conhecer

pormenorizadamente a estrutura do edificio e das diversas equipas, o modo de funcionamento
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e a politica da instituigao, para além de ter exibido todos os espagos comuns, os laboratoérios

e a localizagao dos varios departamentos existentes.

De seguida, apresentou-me a equipa de AR e FV da qual fiz parte, tendo sido
imediatamente bem recebida. Ja no DARFV demonstraram, de uma forma geral, as atividades
que neste se realizavam e as fungoes que cada colaborador tinha. Desde o primeiro dia que a
equipa me integrou excecionalmente bem, explicaram todas as atividades que ia executar e
deram-me todo o material que poderia necessitar para tal, e ao longo das tarefas que me
foram propostas, todas as ddvidas que surgiam eram esclarecidas. Todos os pontos referidos
contribuiram de uma forma muito positiva e favoravel para o meu étimo aproveitamento no

estagio.
3.1.2. Variedade de Produtos

O LEF trabalha nao s6 com MUH, mas também com produtos de uso veterinario,
cosméticos, entre outros, como inicialmente mencionado. No DARFV, os AR desempenham

fungoes para todo o tipo de produtos e a FV apenas para MUH.

Ainda que o estagio que realizei tenha sido maioritariamente em atividades de FV,
percebi a vantagem de trabalhar com produtos distintos, podendo alargar os nossos
conhecimentos, dado que somos detentores destes em diversas areas farmacéuticas, e

adaptarmo-nos as necessidades e satisfagoes atuais, elevando a competicao empresarial.
3.1.3. Aprendizagem Técnica e Pessoal

De inicio comecei por observar uma das colaboradoras a realizar atividades de FV,
ficando a conhecer o tipo de trabalho que era necessario efetuar, o arquivo do mesmo, o
funcionamento das plataformas utilizadas para tal, e fiquei ciente da responsabilidade,
compromisso e proatividade que a fungiao exigia. Mais tarde, essa fungao foi-me atribuida,
ajudando na minha autonomia, gestao de tempo para cada tarefa e andlise critica. A nivel
técnico adquiri muitas nogoes novas e relevantes nesta area tao ampla e pude aplicar os varios
conceitos de FV aprendidos na faculdade, na unidade curricular de Farmacovigilancia, sendo
um grande auxilio para compreender com mais eficicia o que me era pedido e falado e ter,
assim, uma maior produtividade. No decorrer do estagio pude acompanhar pequenos projetos
e ainda fazer parte de outros na area dos AR, na qual tive a oportunidade de explorar
conceitos para os quais os meus conhecimentos eram reduzidos, apesar da elucidativa
aprendizagem que temos na faculdade neste ambito, dado que é uma area de elevada

especificidade e de constante desenvolvimento.
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Adicionalmente, tanto nos AR como na FV o inglés era uma das linguas mais utilizadas
em situagoes como a pesquisa bibliografica dos varios produtos; tradugoes e elaboragao de
textos, procedimentos e relatorios; comunicagao com os diversos clientes, o que propiciou o

desenvolvimento da lingua num contexto mais especifico e profissional.

Na minha opiniao, o contacto em ambos os setores juntamente com o que previamente
apreendi conferiu-me uma maior capacidade para o exercicio das minhas fungoes enquanto

estagiaria, no DARFV.
3.1.4. Desenvolvimento de Competéncias Computacionais

O facto de estar permanentemente conectada a um computador e todo o trabalho do
departamento ser neste realizado, consegui adquirir mais competéncias a nivel das ferramentas
do Office, bem como ser mais eficaz na realizagao das tarefas diarias que implicam uma

flexibilidade elevada nas varias funcionalidades de um computador.

O Microsoft Excel® é das ferramentas que tenho mais dificuldade em trabalhar, porque
apenas tive de utilizar o basico durante o meu percurso escolar e em outras atividades
extracurriculares, e no decorrer do estagio o seu uso era diario, sendo que ganhei experiéncia
no seu funcionamento e uma maior compreensao das fungoes que possui. Nas restantes
aplicagoes do Office senti que as utilizava de uma forma mais célere e, assim, concluia os

trabalhos propostos mais rapidamente e com sucesso.
3.2. Pontos Fracos

3.2.1. Tempo de Estagio Limitado

O estagio decorrido no LEF apenas teve a duracio de trés meses, tal como acordado

com a FFUC.

No primeiro dia de estagio foi-me atribuido um plano de estigio pela Dra. Cristina
Toscano que enumerava as varias atividades que ia realizar, a qual também me transmitiu que
o foco maior do meu estagio iria ser no setor da FV, dado que as fungdes dos AR sao mais
complexas e lidam com diversas plataformas e conhecimentos adjacentes, e em trés meses

nao conseguiria ter uma aprendizagem produtiva nessa area.

Por isto, considero que o tempo de estagio no DARFV foi insuficiente por nao ter
conseguido adquirir conceitos de uma forma mais consistente, nem ter uma perspetiva

abrangente do tipo de trabalho e das fungoes de um farmacéutico que sao exigidos pelos AR,
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uma area que tinha mais interesse em conhecer e aplicar conhecimentos adquiridos na

faculdade.

3.2.2. Contacto Escasso com os Outros Departamentos

Como referido anteriormente, no LEF existem muitos outros departamentos a

desenvolver os seus projetos e com diversas atividades diferentes das do DARFV.

O meu interesse inicial era ter um primeiro contacto com as fungoes desempenhadas
na area dos AR, no entanto o trabalho que exerci na FV revelou-se de grande importancia
profissional e tive a oportunidade de aplicar varios conceitos lecionados na faculdade e adquirir
muitos outros. Consegui, também, perceber que as duas areas sao muito significativas no ciclo

de vida do medicamento e apresentam uma interligagao forte com os outros departamentos.

Desta forma, considero que seria uma mais-valia, no decorrer do meu estagio, explorar
as restantes areas existentes, dado que se poderiam tornar opgoes de carreira profissional
futuras, bem como possuir uma abrangéncia do funcionamento e interagao entre todos os

departamentos.
3.3. Oportunidades

3.3.1. Formacgoes Internas

Ao longo dos trés meses de estagio tive a possibilidade de participar em diversas
formagoes proporcionadas pelo DARFV e respetivo cliente do produto do qual eramos
responsaveis, de forma a atualizar e assimilar os conhecimentos dos colaboradores no ambito

da FV e, por fim testa-los, ocorrendo, assim harmonizagao dos mesmos nos varios paises.

Com estas formagoes recordei conceitos ja apreendidos na faculdade, podendo po-los
em pratica e perceber a sua dinamica no dia-a-dia, e conheci outros, auxiliando na rapidez e

compreensao nas tarefas que tinha de realizar.
3.3.2. Formacgdes Externas/Congressos

Para além das formagoes que pude presenciar no departamento no qual integrei, ainda
tive a oportunidade de assistir a formagoes e congressos no LEF, nos mais variados assuntos.
A sensibilizacido ambiental foi um deles, tendo sido vantajoso para me inteirar das regras e
desafios que a instituicdo promove de forma a torna-la mais sustentavel e enviroment-friendly.
Na area da qualidade quando existia qualquer alteragao relativamente aos procedimentos
respetivos, todos os colaboradores eram informados em pequenas reunides virtuais, de modo

a esclarecer duvidas e poderem partilhar a sua opiniao. O facto da canabis medicinal estar a
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ganhar cada vez mais destaque no meio terapéutico e ter comegado a ser alvo de estudo no
LEF, o nivel de exigéncia requerido na seguranga e no seu conhecimento aumentou
substancialmente. A aprendizagem desta planta na area regulamentar, analitica e da qualidade
desempenha um papel muito relevante, dai ser indispensavel a formagao constante e
melhorada de todos os colaboradores, tendo tido a oportunidade de poder assistir a um

congresso e formagoes sobre o assunto.
3.4. Ameacas

3.4.1. Atualidade em AR e FV

Com a instalagao do coronavirus SARS-CoV-2, o mundo empresarial necessitou de se
adaptar, e a maioria das fungoes de muitas profissoes passaram a ser executadas de forma

remota.

Em maio de 2021, o pais encontrava-se mais calmo e confiante e no LEF, felizmente,
deram prioridade aos estagios curriculares serem presenciais, no entanto senti que muitas das

atividades do departamento que fiz parte podiam ser realizadas a partir de casa.

O trabalho que fazia diariamente era conectada ao computador apenas, reconhecendo
a falta de interagao e comunicagao entre colegas. Constatei, também, que a generalidade das
reunioes com clientes outrora presenciais, onde se discutiam ideias e opinioes cara-a-cara,
eram agora efetuadas através de um computador, dado que conseguem poupar tempo em
viagens e preencher o calendirio com mais compromissos, pensado numa produtividade
aumentada, contudo, a longo prazo, na minha opiniao, ha descuro na relagao interpessoal e

ademais consequéncias.

3.4.2. Quantidade Elevada de Empresas no Setor dos AR e FV

Sendo o LEF uma entidade prestadora de servigcos, este € contratado por diversos
clientes nacionais e internacionais para efetuar atividades no ambito regulamentar e de
farmacovigilancia. Tal como esta instituicao existem muitas outras que apresentam os mesmos
servigos e, por isso, ha motivagao e desejo de primarem pela exceléncia no trabalho

desempenhado.

Aprendi que era importante numa empresa, hao s6 ambicionar o seu sucesso, mas
existirem também trabalhadores capazes, empenhados e com continua formagao nas
respetivas areas, de forma a que a mesma seja selecionada no momento de escolha dos clientes

que confiam os seus produtos e objetivos.
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4. CONCLUSAO

Poder estagiar em Industria Farmacéutica, um setor que desejo conhecer desde a
minha entrada na FFUC, foi uma oportunidade uUnica de desenvolver capacidades técnico-
cientificas e pessoais e aprofundar conhecimentos teoricos apreendidos na faculdade, na area

regulamentar e da pés-comercializagao do medicamento.

Apesar do foco do meu estagio ter sido a FV e inicialmente prever serem os AR,
revelou-se uma area que, neste momento, acredito ser de elevada importancia no ciclo de
vida de um medicamento, bem como fundamental para a melhoria constante e uso racional do
mesmo, de forma a estabelecer o seu perfil de seguranga. Assim, conseguimos garantir o uso

eficaz e seguro do medicamento entre a populagao.

A andlise apresentada prova o meu parecer bastante positivo relativo ao estagio
curricular realizado no LEF, considerando o primeiro contacto com uma empresa farmacéutica
muito produtivo, equipando-me com ferramentas essenciais tanto a nivel pessoal como a nivel
profissional para um futuro neste meio. Acrescento, ainda, que adquiri um novo interesse pela
FV e cresceu, também, a curiosidade pelos AR, pelo que tenciono continuar a explorar as duas

areas.
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Abstract

Alzheimer’s Disease (AD) was discovered in 1906 and characterized as a
neurodegenerative, chronic and, eventually, fatal condition. It often appears in an aged
population, progressively affecting an elevated number of individual’s cognition and learning
functions, and with a late perception of these symptoms. The diagnosis is being constantly
improved to identify Alzheimer’s earlier, although the exact etiology of this disease is still to
be discovered. However, there are several hallmarks of AD, including, mainly, the production
of insoluble B-amyloid peptides, forming prejudicial senile plaques and the accumulation of

hyperphosphorylated tau protein, producing the neurofibrillary tangles, both in the brain.

Since 2003, there were no new treatments for AD, existing only two classes of
medications, worldwide, to alleviate the symptoms of this disease, being acetylcholinesterase
inhibitors, which augment acetylcholine in the brain, and N-methyl-D-aspartate receptor
antagonists, which inhibit neurotoxicity produced by excessive glutamate. Only recently, in

2021, FDA approved a new drug for AD, which proves to decrease the amyloid load produced.

Therefore, new treatment options should be considered and other targets could be
and are being studied, as a new monotherapy or as a new adjuvant therapy to treatments
already implemented. Serotonin (5-hydroxytriptamine, 5-HT) has been investigated for years,
demonstrating its essential role in cognition, behavior and memory performance, due to its
excellent location in the brain. Through different signaling pathways, the 5-HT s, 5-HT, and 5-
HT, receptor agonists/antagonists, show beneficial effects concerning the improvement of
Alzheimer’s symptoms. Pharmaceutical companies are investing in pre-clinical and clinical trials
using these receptors, accessing the safety, tolerability and efficacy of compounds that are

possibly able to revert cognition deficits and improve memory and learning capabilities.

With age currently increasing, AD is estimated to affect even more millions of people
across the globe, involving a rise in costs and care burden, hence the major necessity to find

a novel therapy that can alter the course of this disease.

Keywords: Alzheimer’s Disease, Cognition, Serotonin, 5-HT, receptors, 5-HT, receptors,

Pre-Clinical and Clinical trials.
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Resumo

A Doenca de Alzheimer (DA) foi descoberta em [906 e caracterizada como uma
condicao neurodegenerativa, cronica e, eventualmente, fatal. Ocorre, frequentemente, numa
populacao idosa, afetando, progressivamente, a cognicao e memoria de um numero elevado
de individuos, com uma perceciao tardia dos sintomas. O diagndstico realizado estd
constantemente a ser melhorado, de forma a identificar a doenca o mais cedo possivel,
contudo a etiologia exata desta estd ainda por descobrir. No entanto, existem vdrias teorias
relativamente as caracteristicas da DA, incluindo a producio de agregados insoluveis do
peptideo B-amiloide, formando placas senis prejudiciais e a acumulagio da proteina tau

hiperfosforilada, produzindo as trancas neurofibrilares, ambas no cérebro.

Desde 2003, nao existiam novos tratamentos para a DA, apenas havendo duas classes
de medicamentos para aliviar os sintomas da doenca em todo o mundo, os inibidores da
acetilcolinesterase, que aumentam a acetilcolina no cérebro, e os antagonistas do recetor de
N-metil-D-aspartato, que inibem a neurotoxicidade produzida pelo glutamato em excesso.
Recentemente, em 202/, a FDA aprovou um novo firmaco que demonstra ter capacidade

para diminuir a carga amiloide que é produzida na DA.

Como tal, novas op¢des de tratamento devem ser consideradas e outros alvos podem
ser e estdo a ser estudados, como uma nova monoterapia ou como uma nova terapia adjuvante
de tratamentos ja utilizados. A serotonina (5-hidroxitriptamina, 5-HT) tem sido extensamente
investjgada ao longo dos anos, demonstrando o seu papel essencial na performance da
cognicao, comportamento e memoria, devido, principalmente, ao facto de ter uma localizacao
privilegiada no cérebro. Através de diferentes vias de sinalizacao, os agonistas/antagonistas dos
recetores 5-HT,,, 5-HT, e 5-HT, mostram efeitos benéficos relativamente a melhoria dos
sintomas da DA. As empresas farmacéuticas tém investido em ensaios pré-clinicos e clinicos
utilizando estes recetores, avaliando a seguranca, tolerabilidade e eficicia dos compostos que,

possivelmente, conseguem reverter o défice cognitivo, e melhorar a memoria e aprendizagem.

Com a idade atualmente a aumentar, estima-se que a DA possa vir a afetar ainda mais
milhoes de pessoas em todo o mundo, envolvendo um acréscimo dos custos gastos e da carga
de cuidados de saude, dai’a necessidade urgente de encontrar uma nova terapia que possa

alterar o progndstico desta doenga.

Palavras-chave: Doenca de Alzheimer, Cognicao, Serotonina, Recetores 5-HT, Recetores

5-HT,, Ensaios Pré-Clinicos e Clinicos.
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I. Alzheimer’s Disease

People from all over the world, mostly over 65 years old, can be affected by the highest
prominent form of dementia which is Alzheimer’s disease (AD).' Each year, the life expectancy
increases globally, becoming an even bigger risk for the elderly to develop this type of

dementia, aside from environmental and genetic factors.’

Its name becomes after the German neurologist and psychiatrist Alois Alzheimer, who
in the twentieth century first described the disease when observing a 5I1-year-old female
patient with paranoia, memory and cognition disturbance. Alois was also able to investigate
the woman’s brain, when she passed, discovering abnormal marks as plaques and tangles in

the cerebral cortex.’

AD is a progressive neurodegenerative disorder characterized, essentially, by two
pathophysiological hallmarks: extracellular deposits of B-amyloid (A) fibrils, forming senile
plaques and intracellular aggregations of neurofibrillary tangles (NFT) composed of abnormal
hyperphosphorylated forms of the microtubule-associated protein tau filaments, that begin to
accumulate years before the onset of clinical symptoms, leading to a neurotransmission
deficiency, and consequent neuronal death.* Additionally, it is known AD presents with

' This severe and

neuroinflammation, acetylcholine deficiency and glutamate excitotoxic.
chronic pathology is also associated with memory and capability loss in daily life activities;
difficulty in recognizing, communicating and expressing; disorientation; sleep, behavior,
personality and humor swings; neurocognitive dysfunction and alterations of several

neurotransmitter systems.>*

There are two main types of AD, the Late-Onset Alzheimer Disease, which is the most
frequent to appear, due to various factors including cardiovascular problems, sleep disorders,
lifestyle, family history, and happens mostly to people over 65 years old. It is strongly linked
to a gene called apolipoprotein E (ApoE), specifically associated with the fourth allele — €4,
although it does not guarantee that people will definitely develop the disease, there is only a
higher risk of increased neurotoxicity and formation of AB plaques in the human brain.>® The
Early-Onset Alzheimer Disease (EOAD) impairs about 5% of the cases and presents in patients
below age 65, who show unusual genes that may lead to Alzheimer’s. A rarer type, associated
with EOAD, is also able to affect about |% of people under this age and it is called Familial
Alzheimer's Disease (FAD), caused by mutated deterministic genes such as amyloid precursor

protein (APP), presenilin-1 (PSEN-1) and presenilin-2 (PSEN-2).*>'!
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I.1. Epidemiology

As the geriatric population rises, the burdens not only on the global economy but on

the families, caregivers and society, also rise.

Approximately 80% of the individuals presenting with Alzheimer’s are older than 75
years old.® The number of people living with this disease is estimated to reach over 100 million
by 2050, worldwide.” Moreover, the total cost spent on dementia in 2018 was expected to
reach a trillion dollars.® Women are considerably more affected by this disease than men and

account for 65% of the deaths.’

According to the World Health Organization, Alzheimer’s and other forms of
dementia, in 2019, were among the top ten leading causes of death, as the 7th cause, globally.’
It is said that AD represents the only disease that still cannot be prevented, cured, or even

slowed down.’

Since aging is expected to continue, the only way to reduce the costs and the frequency
of the disease is to identify effective preventive or treatment measures. Studies estimate that
if the symptoms could be delayed by 5 years, AD frequency along with the economic costs

per person would decrease by nearly 50%.%'°
1.2. Neurochemical Basis of Alzheimer’s Disease

The complex pathogenesis associated with AD is still not fully understood, leading to
several theories which attempt to find interventions that alter, delay or stop the disease.
Previously it was mentioned two main abnormal structures that characterize AD, however,
oxidative stress, altered insulin resistance and cerebrovascular impairments are also important

features to consider.s

There is a general approval on two particular hypothesis — the amyloid cascade and the
tau hypothesis. It is relevant to note that the cholinergic theory was the first one to be studied

and is still where the current drug treatments used are based on."
1.2.1. Cholinergic Hypothesis

Acetylcholine (ACh) is one of the most important neurotransmitters involved in
learning and memory in the brain, thus when released into the synapse, it transmits a signal
throughout the neurons. Its activity is reduced in AD brains, in contrast to the activity of

acetylcholinesterase (AChE), which degrades acetylcholine.’
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The drugs currently available were designed considering this theory aiming to improve
ACh release, as well as cholinergic neurotransmission, increasing this neurotransmitter, crucial
to humans.'” Through time, it is demonstrated the existing treatment plays only a role in
alleviating the symptoms of AD patients, not modifying the progression of the disease, which

brought disbelief to the cholinergic theory.
1.2.2. Amyloid Cascade Hypothesis

The amyloid cascade hypothesis suggests that the deposition of AB or its reduced
clearance initiates a pathological cascade in AD patients leading to neurological injury, tau

phosphorylation, NFT formation, and consequent neuronal death.>'?

The AP peptide is formed by sequential cleavages of the amyloid B precursor protein
(APP — localized in the chromosome 21| and is associated with neuronal development and

axonal transport) induced by a-secretase, B-secretase (BACE 1) or y-secretase."

There are two patterns APP splitting can have, in the a pathway or the non-
amyloidogenic pathway, which occurs the most, APP is hydrolyzed by a-secretase and then by
y-secretase, producing the soluble APP alfa (sAPPa) which demonstrates neuroprotective
effects, as well as it can be associated to normal synaptic signaling, plasticity and neurons
survival. The B pathway or the amyloidogenic pathway happens when APP is hydrolyzed by
BACE | in the N-terminal region, and then by y-secretase in the C-terminal region, resulting

in insoluble and neurotoxic AB, that will further polymerase and form plaques (Figure 1).>®

APP Plaque I \il

sAPPa sAPPf
AB,
- p-secretase 40
l I — ABs,
a-secretase
I’ ¢ J-secrelase -(-secrelase' I’
Non-amyloidogenic pathway Amyloidogenic pathway

Figure 1. APP formation: Non-amyloidogenic pathway and Amyloidogenic pathway. APP
amyloid B precursor protein, sAPPa soluble APP alfa, sSAPPP soluble APP beta. Adapted from'4
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There are some pathogenic mutations clustered near the BACE | cleavage site causing
the APP to more likely hydrolyze by the 3 pathway, leading to an excessive formation followed
by accumulation of insoluble AB.>'> Depending on the cleavage sites APP is split, the length of
AB peptide can vary at the C-terminal domain. The A4 isoform is the most frequent species
of this peptide and is less toxic, whereas the A4, formed essentially via the amyloidogenic
pathway, is hydrophobic and accumulates at a faster rate than the first one, being the major
toxic component of senile plaques.'> Due to autosomal dominant mutations in PSEN-1 and in
PSEN-2, which are part of the y-secretase complex, AB aggregation is also promoted. An
uncommon form of Alzheimer’s, FAD, is induced by these mutations and the amyloid theory

is supported most by it."

Dementia and cognitive impairment can be caused by multiple factors and the
accumulation of amyloid plaques in the brain is one of them, although it is not a linear

statement, leading to this hypothesis and its clinical trials being constantly reviewed.
1.2.3. Tau Hypothesis

The amyloid hypothesis cannot explain some facts considering the onset of the disease,
in addition to the lack of effective clinical evidence, hence it is relevant to mention a different

cause for the pathology of Alzheimer’s."

Tau is a microtubule-associated protein found mostly in neurons, that polymerizes
tubulin and stabilizes microtubule assembly, important to regulate the transport in axons and
dendrites.>" In this theory, it is believed that abnormal phosphorylation of tau proteins in AD
patients starts appearing in small regions, spreading to bigger areas of the brain, which affects
signal communication between neurons and thus evolves to neurodegeneration, causing

apoptosis in neurons, in the end.’

Tau phosphoprotein activity is regulated by phosphorylation, crucial to promote and
regulate tau’s affinity to the microtubule. Normally, tau phosphorylation is regulated by cellular
enzymes, protein kinases and phosphatases, however when the balance between kinases and
phosphatases shifts, which can happen due to the accumulation of AB, it can potentially cause
the aggregation and misfolding of tau and its polymerization into paired helical filaments and
straight filaments leading to the formation of insoluble NFTs in the cytoplasm of the AD brain,
affecting neuronal function.>'> The hyperphosphorylation of tau protein can happen at the
amino residues responsible for tubulin binding: Ser202, Thr205, Ser396, and Ser404.

Afterward, tau starts to free itself from the microtubules forming the NFTs (Figure 2).°
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Figure 2. Hyperphosphorylation of tau protein. Adapted from 3

1.3. Diagnostic

Despite all the recent medical technology to diagnose numerous diseases, it is still
made a great effort to differentiate Alzheimer’s from other types of dementia, especially
knowing this disease sets long before the clinical symptoms.'® It is equally important to
establish an early diagnosis of AD, due to the growing search for new therapies along with

planning management options between the patient and the family."

There has been a search for biomarkers that might be able to accurately diagnose AD
such as Plasma Biomarkers and Cerebrospinal Fluid (CFS) Biomarkers — AB4,, phosphorylated
tau (p-tau) and total tau (t-tau). The imaging techniques are also developing and in AD the
Positron Emission Tomography (PET) is used regularly to track these biomarkers. Reduced
AB4, levels in the CFS, as well as elevated levels of p-tau, are associated with AD progression.
T-tau indicates neuronal degeneration, which is not a specific characteristic of Alzheimer’s,
nonetheless, we cannot exclude the hypothesis that it is AD. The deposits of AB in the brain,
which are shown in PET images through a molecule called Pittsburgh compound B (PiB) that
binds to amyloid fibrils with high affinity, using radioisotopes, support an AD positive

diagnosis.*'*"”

It is also part of the diagnosis to perform some neuropsychological tests with a
physician like the Montreal Cognitive Assessment (MoCA), the Alzheimer’s Disease
Assessment Scale — Cognitive Subscale (ADAS-cog) or the Mini-Mental Status Examination
(MMSE) to evaluate any memory and language skills decline with a negative result regarding

self-care and daily activities of the patient.'*"
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The clinical onset of AD can be divided into three periods: '°

- preclinical which demonstrates that the disease begins to install before
symptoms occur, when AP starts to accumulate on the synapses and neuronal surface.

At this stage, the patient might already show some CFS biomarkers;

- mild cognitive impairment is when patients or their family members start to
notice slight alterations concerning attention, language, memory, however it does not
stop patients to do their normal daily chores. It can, nonetheless, already be noticed in
neuropsychological tests and it possibly shows Ay, levels decreased, when using CFS

biomarkers;

- Alzheimer’s disease dementia can be frequently confirmed late in the disease
process and with postmortem neurological studies. In this phase, there are significant

alterations in cognition and memory performance, and it often leads to death soon.

Antemortem it is still unclear which method defines best the AD pathology, many are
being developed and validated to increase the chance of a confident and accurate diagnosis
and, at the moment, the combination of CSF AR, with t-tau or p-tau levels, meaning,
measuring the ratio of either t-tau/ AR, or p-tau/ AB., has an elevated sensitivity and specificity

rather than using them alone.*®"

2. Current Pharmacological Treatment

At present, there are five treatment options approved to treat cognitive symptoms of
AD in the United States, divided into two different drug classes: Acetylcholinesterase

Inhibitors (AChEl’s) and N-methyl-D-aspartate (NMDA) Receptor Antagonists.’

In Europe exists only four standard-of-care medicines to alleviate part of Alzheimer’s
symptoms, excluding the one consisting of a fixed-dose combination with donepezil and
memantine.” This combination represents the ultimate clinical benefit in patients with

moderate-to-severe AD, comparing to monotherapy.'’

At the moment, the treatment used aims at starting patients with Alzheimer’s on an
AChEI during the mild-to-moderate phases and adding memantine in the moderate-to-severe
stages.® The therapeutic approaches mentioned above exist for over a decade and do not delay
the progression of the disease nor represent a cure, nevertheless they are able to slow down

some cognitive function loss.'
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As of 7 of June of 2021, U.S. Food and Drug Administration (FDA) approved the first
drug for the treatment of Alzheimer’s, targeting one of the main hallmarks of this disease,
denominated Aduhelm (aducanumab), designed by Biogen. AD received a new therapy, an
event that had not happened since 2003, using the accelerated approval pathway, which can
be used when a meaningful therapeutic advantage takes place over existing treatments in case
of a serious or life-threatening condition, seeking to speed the development of a drug. In
several clinical studies performed, the efficacy of this drug was demonstrated in patients with
AD, significantly reducing the amount of AB plaques and the clinical decline within. Although
the FDA only approved a fast-track path and Biogen has to demonstrate in a post-approval
study Aduhelm clinical benefit, it is a long-awaited change in AD course and a big step for the

understanding of this disease and the lives suffering from it.'®

2.1. Acetylcholinesterase Inhibitors (AChEL/I’s)

The AChEI’s donepezil, galantamine and rivastigmine target the neurotransmitter ACh
selectively, increasing its levels in the brain, by inhibiting the enzyme AChE, responsible for
catalyzing ACh degradation. A small percentage of the enzyme butyrylcholinesterase, found
mostly in blood plasma, is also inhibited. Additionally, these enhance cholinergic
neurotransmission in the synaptic cleft, as the death of cholinergic neurons is lower. AChEIl’s
are considered safe and well-tolerated among AD patients, despite some reported common

gastrointestinal side effects dose-related and weight loss.'*

Doneperzil tablets have been approved to treat cognitive impairment in patients with
mild-to-moderate AD. Galantamine has also been produced into tablets that demonstrate
efficacy in individuals with mild-to-moderate AD, having an alternate mechanism, besides the
inhibition of AChE already described, by binding to nicotinic ACh receptors modulating, at an
allosteric site ligand, actions.”® Rivastigmine, which also inhibits butyrylcholinesterase, is
available as a tablet, oral solution or transdermal patch, showing improvements on both
memory and thinking loss, as well as treatment adherence due to the fact the mentioned
adverse effects do not appear concerning the latter one. This medicine can be used in patients

with mild-to-moderate AD, as well.”
2.2. N-methyl-D-aspartate (NMDA) Receptor Antagonists

NMDA receptors are predominant in pyramidal cells in the cortex and hippocampus,
which are areas involved in learning and memory mechanisms. The neurotransmitter glutamate
potentiates cognition via these receptors, but when glutamate levels are extremely elevated it

occurs excitotoxity, which is undesirable for the neurons."” The NMDA-receptor antagonist
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memantine is involved in the modification of the neurotransmitter glutamate, and consequent
improvements in memory and cognition performance. It is known by the glutamatergic
hypothesis that NMDA glutamatergic receptors over-activate due to the accumulation of
amyloid plaques in the hippocampus, therefore resulting in glutamate-induced excitotoxicity,

production of free radicals, following augmented neuronal death.®

Memantine is the last drug approved by EMA for Alzheimer’s and it was designed to
block neuron excitotoxicity produced by glutamate, by inhibiting the prolonged influx of Ca*,
resulting in symptomatic improvement/stabilization. It is a well-tolerated drug with side effects
including confusion, headache and dizziness approved for the symptomatic treatment of
moderate-to-severe AD, and it is frequently used together with donepezil causing a bigger

effect and presenting additional benefits.®'"

3. New Therapeutic Approaches

An ongoing demand for innovative and disease-modifying treatments in AD is
responsible for the thousands of clinical trials running, assessing all the possible alternatives to
not only discover an improvement in cognitive function, but also to identify a change in the

course of the disease, which still does not exist.

Currently, many drug targets are being examined and a new drug class has been
demonstrating a crucial role as a symptomatic treatment for AD, representing a possible
substitute or adjuvant to the current treatment to enhance cognition, improve functioning and
survival of neurons. New clinical evidence is focusing on the serotonergic receptors, found in
the central nervous system (CNS) and the peripheral nervous system (PNS), especially in the
prefrontal cortex and hippocampus, and are localized in areas of interest in Alzheimer’s that

affect learning and short- and long-term memory processes.****

3.1. Serotonin Pathway

The neurotransmitter serotonin or 5-hydroxytryptamine (5-HT) is well known as an
essential key in several biochemical and molecular signaling pathways throughout the brain.”
It is largely associated with memory and learning functions through interactions with the
cholinergic, dopaminergic, glutamatergic or y-Aminobutyric Acid (GABA) neurotransmission

systems.***

Tryptophan, provided by the daily diet, is an amino acid and the precursor of 5-HT

synthesis, which occurs in neurons of the brain stem, localized in the raphe nuclei. The
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metabolic pathway involves hydroxylation, transforming the amino acid to 5-
hydroxytryptophan (5-HTP), by a neuron-specific enzyme called tryptophan hydroxylase
(TPH). Then, 5-HTP is decarboxylated by the aromatic L-amino acid decarboxylase to finally
form 5-HT (Figure 3).2* This neurotransmitter is transported into vesicles followed by its
release to the synaptic cleft, enabling its binding to pre- and/or post-synaptic receptors. The
serotonin transporter (SERT), which is Na*/Cl" dependent, is responsible for the re-uptake of
free 5-HT into the pre-synaptic axonal terminals, regulating the extracellular levels of this
23,26

neurotransmitter.
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Figure 3. Biosynthesis of serotonin (5-HT). Adapted from 27

Through various serotonergic projections situated in areas all around the brain, it is
possible for 5-HT to play roles in the regulation of mood, cognition, memory and more,
depending on the location of the serotonergic receptors and their signal pathway.*”’ The
anatomical interactions between the serotoninergic pathway in AD and the cholinergic
pathway occur at different levels from the origin and raphe nuclei, to the serotonergic
projections in the brain, where it is found a high density of cholinergic neurons, which in turn

project to the hippocampus, cerebral cortex, amygdala, thalamus, and prefrontal cortex.’

With age, neuropsychological disorders often come along and a decline in 5-HT
function does too. The process of forming new neurons is called neurogenesis and it is also
slowed down in AD, depression and Parkinson disease, which is demonstrated in many studies.
Neurogenesis was observed in the amygdala, cortex and hippocampus with no alterations in
the SERT, indicative of sprouting of serotonergic axon endings, when studied in APP/PSI
transgenic mice models, in which prevails a severe amyloidosis. Increased immunoreactivity to

SERT was detected in the hippocampus of the 3xTg-AD triple transgenic animal model.
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Sprouting of 5-HT fibers, in response to neuronal damage, serotonergic or otherwise, may
not only be triggered by AB plaques, but also by astrocytosis around these plaques and the
released astroglial SI00B, a neurotrophic factor formed, stored and released by astrocytes.
The neurotoxicity induced by A involves the excitoxicity, which in turn is generated by the
glutamate released by exocytosis in glutamatergic neurons. 5-HT, whose availability is
increased following the sprouting that occurs around AP plaques, by activating 5-HT /s
receptors, leads to the opening of ATP-dependent K™ channels, hyperpolarization and closure
of voltage-dependent Ca*" channels, promoting the blockade of glutamate NMDA receptors

by the Mg*", going against glutamate release and neurotoxicity.*

Serotonergic neurons and receptors loss, reduction in synaptic efficacy, decreased
expression of 5-HT receptors binding affinities are all alterations that exist in Alzheimer’s, as
well as mood swings and diverse atypical behaviors, as already stated.” Dysregulation of 5-HT
is being studied and it is known to be linked to various brain diseases, proving this
neurotransmitter responses are variable, and that they need to be identified in order to

discover novel targets and develop potential drugs to treat AD.”?*

3.2. Serotonin Receptors

There are at least fourteen different types of pre- and postsynaptic 5-HT receptors,
divided into seven distinct classes: 5-HT, to 5-HT;. They are part of the G-protein-coupled
receptor (GPCR) neurotransmitter superfamily, enabling them to transmit their signals
through G-proteins, except the 5-HT; receptor, which is an ion channel associated
receptor.”>?® 5-HT, and 5-HT; receptors are coupled to inhibitory G (G;) protein and have an
inhibitory cell response on adenylate cyclase (AC) activity, not allowing the conversion of
adenosine triphosphate (ATP) to cyclic adenosine monophosphate (cAMP). 5-HT,, 5-HT5;, 5-
HT4 5-HT, and 5-HT; receptors have an excitatory effect on distinct mechanisms. 5-HT,
receptor is coupled to Gg -protein and initiates the phospholipase C cascade, stimulating
protein kinase C. 5-HT,, 5-HT, and 5-HT; receptors are coupled to stimulatory G-protein
(G;) and activate AC, allowing the formation of cAMP followed by activation of protein kinase
A (PKA), whether 5-HT; receptors, as ion channels, adjust the permeability to calcium,

potassium and sodium ions in the nervous system.>**°

Most 5-HT receptors control various physiological functions, namely the regulation of
appetite, sleep cycle, mood, locomotion and motor system, body temperature and pain. They

are also responsible for a wide range of normal and pathological behavior and emotions, and
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on top of that, they can affect cognitive and learning processes, turning them into a potential

class of medications in Alzheimer’s.2**'

With dementia, there is a reduced activity and concentration of 5-HT, together with
decreased expression of its receptors and its main metabolite, 5-hydroxyindoleacetic acid (5-
HIAA), in the human brain, as well as serotonergic innervation. These pathological 5-HT
signaling transformations occur through aging and contribute to the impairment of cognitive
processes, together with the senile plaques and NFTs present in the raphe nuclei. These
characteristics are largely discovered in post-mortem AD brains, CFS and platelets.* In several
clinical and pre-clinical studies, 5-HTs, 5-HT, and 5-HT, receptors show preferential
advantages comparing to other 5-HT receptors, regarding cognition and memory, hence the

interest to explore these for future AD treatments.”'
3.2.1. 5-HT A Receptors

The 5-HT, receptor has five receptor subtypes (5-HT s, 5-HT g, 5-HTp, 5-HT ¢ and 5-
HT ) and the 5-HT 4 receptor is the most involved in cognition, and can be expressed in the
nervous system as a pre-synaptic somatodendritic autoreceptor, as well as in the dorsal and
median raphe nuclei, and as a post-synaptic heteroreceptor that receives serotonergic
innervation, located in GABAergic and pyramidal neurons, in the amygdala, hippocampus and

septum of the limbic system, and, naturally, both differ in their responses when activated.’**>*

The 5-HT s autoreceptors when activated by 5-HT or 5-HT s agonists, induce the
opening of K* channels, hyperpolarization of the cell membrane and so the closing of Ca**
channels, reducing 5-HT release in most central brain areas. The regulation of the serotonergic

neurotransmission and extracellular serotonin is also kept by these receptors.”’***

The 5-HT,s heteroreceptors when stimulated, it occurs a hyperpolarizing response
leading to a decrease in ACh and glutamate release.’®** As a result, antagonists of the 5-HT 4
receptor could act at post-synaptic sites and augment ACh and glutamate concentrations in

the synaptic cleft, presenting as a possible improvement in learning and memory dysfunctions.*

Among the elderly population struggling with Alzheimer’s, it has been discovered a
density and activity decline of this 5-HT receptor in specific areas of the brain, such as the

hippocampus and dorsal raphe nucleus.”*

5-HT A receptor blockade by antagonists, especially the heteroreceptors which are
most involved in cognitive functions, increasing cholinergic neurotransmission, might represent

a novel treatment approach in patients with AD, due to their capacity of enhancing relevant
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neurotransmitters into the synaptic cleft. For this reason, pre-clinical and clinical trials are
being or were performed to assess their ability to revert cognition and memory deficits in

patients with this neurodegenerative disease.”*

e Lecozotan

Pfizer created the selective, oral 5-HT,, receptor antagonist lecozotan or SRA-333.
The administration of this compound increases glutamate and ACh concentrations
extracellularly, in rats. The development of this drug was based on the hypothesis that in the
early stages of AD, glutamate release is deeply decreased when 5-HT in postsynaptic 5-HT
receptors is elevated, therefore when inhibiting 5-HT s receptors, glutamate release is
enhanced. Because of this, in the late stages of Alzheimer’s, it is highly believed the
glutamatergic system is over-activated and the cholinergic system is impaired, hence the

beneficial purpose to use lecozotan in cognitive deficits in the beginning of AD symptoms.*

The randomized, double-blind, placebo-controlled trial tried to evaluate the safety,
tolerability and efficacy of three different daily doses of lecozotan in patients with mild-to-
moderate AD, already using an AChEI. In 2008, the phase Il clinical investigation performed,
failed to demonstrate significant changes comparing to the placebo, together with some

described mild-to-moderate side effects, therefore its development was discontinued.”*"**

3.2.2. 5-HT, Receptors

The post-synaptic 5-HT, receptors are distributed in different regions of the human
body, such as the gastrointestinal tract, heart, adrenal glands and in some brain structures,
specifically the basal ganglia, hippocampus and amygdala, which allows the regulation of multiple
functions, namely memory and learning.’” The release of some neurotransmitters like ACh,

dopamine and GABA is also modulated by these receptors.”

Various studies demonstrate that the activation of these receptors can stimulate the
release of higher quantities of ACh in the rat’s hippocampus and frontal cortex, increasing
memory.***” This mechanism is based on the involvement of the 5-HT, receptor in an increase
of cAMP production, which activates cAMP-dependent PKA, and causes the blockage of Ca**
and voltage-sensitive K* channels, followed by reduction of the after-hyperpolarization period,

which augments neuronal excitability in the CNS.***

Furthermore, the main interest regarding this receptor relates to its almost certain
influence in the non-amyloidogenic pathway of processing APP.**** As mentioned before, the

accumulation of AP plaques in different areas of the brain can lead to the described

45



manifestations of Alzheimer’s, along with other named factors. In the a pathway, also known
as the non-amyloidogenic pathway, APP is cleaved by a-secretases, generating sAPPa, with
great neurotrophic and neuroprotective features, preventing oxidative harm. Several
evidences point to the possibility that the neuronal activity regulates APP metabolism, meaning
impaired neuronal activity can contribute to anomalous processing of APP, forming senile
plaques.* Previous data has proposed that 5-HT, receptor activation promotes the secretion
of sAPPa, by upregulating or overexpressing a-secretase, more specifically the enzyme
disintegrin and metalloproteinase domain-containing protein 10 (ADAMI0), causing a
decrease in the AP production, therefore a reduction in plaque load in AD mouse models

(Figure 4).35‘4I

The two mechanisms mentioned above may prove the 5-HT, receptor has pro-
cognitive effects, enhancing learning and memory processes in Alzheimer’s brains that are
shown to have a significant reduction in the 5-HT, receptor-binding sites, in post-mortem

evaluations.?

sAPPa

Agonist
l APP
5-HT,R
non-
amyloidogenic
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Enhancement of ACh Increase in sAPPa/Decrease in AB production

Figure 4. Dual signaling pathway of the 5-HT4 receptor agonist. ADAM |0 metalloproteinase domain-
containing protein 10, APP Amyloid B Precursor Protein, BACE | B-secretase, sAPPa soluble APPa.
Adapted from !?

Despite 5-HT, receptor agonists being a possible novel therapeutic agent, its receptors
are present in the periphery in various parts of the human body, such as the cardiac atrium,

which can cause undesirable adverse effects.*

As discussed, 5-HT, receptor activation is beneficial to APP metabolism, potentiating
the non-amyloidogenic pathway, producing sAPPa with favorable neurologic properties, and

to the releasing of ACh throughout parts of the brain related to memory and cognition
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functions (Figure 4).* Accordingly, the interest to develop compounds with these attributes

started to increase in the pharmaceutical field.
e PRX-03140

PRX-03140 is a highly selective, oral partial 5-HT4 receptor agonist. As an agonist it
potentiates ACh release into the hippocampus and prefrontal cortex, and may repair
cholinergic damages that happen in Alzheimer’s, as demonstrated in rats under specific testing

conditions. These effects can occur synergistically when associated with an AChEI.##+¢*

In pre-clinical trials, PRX-03140 augmented cognitive performance in some animal
models, including the reversal of scopolamine-induced memory deficits in rats in a water maze
task and improvement of working memory performance, also in rats. It also demonstrated the
capacity to reduce brain ABsand AB4,in transgenic mice and aged dogs, followed by increased

brain protective sAPPa levels.*

Randomized, double-blind, placebo-controlled studies were performed, by Epix
Pharmaceuticals, in 2008, to evaluate the efficacy of PRX-03140 in subjects with AD receiving
a stable dose of donepezil and to determine the same outcome in patients treated with
monotherapy only.** Reaching phase Il in both clinical trials, PRX-03 140 showed no significant
changes, despite its potential to modify the disease and modulate cognitive processes, hence

its discontinuation.”
e SL 65.0155

SL 65.0155, a novel benzodioxanoxadiazolone compound, is a selective, oral 5-HT,
partial agonist from Sanofi-Aventis, which was studied with the idea of using it as a cognitive
enhancer. While studying different compounds, scientists must be aware that 5-HT, ligands
acting as partial agonists in the brain, can also act as full agonists in peripheral tissues or vice
versa, meaning side effects can occur in the CNS or the PNS. Unlike many 5-HT, receptor
agonists, SL 65.0155 lacks side effects in the cardiac and gastrointestinal systems, where it
appears to act as an antagonist, as demonstrated in pre-clinical studies in rats, proving to be a

potential compound in various diseases.”*

In spite of SL 65.0155 showing improvements in learning and memory processes, by
stimulating cAMP production and increasing ACh, for example using scopolamine-induced
deficits to mimic the lower doses of ACh existed in AD, it was discontinued in 2006, only

reaching phase Il clinical trials. Furthermore, this compound was still tested with the AChEI,
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rivastigmine, which proved to have a synergistic effect in behavioral tests with aged rats, such

as object recognition and the linear maze performances.**

e RQ-9

Initially, RQ-9 was developed by Raqualia and now it is being studied by Askat under
the name AAT-009, ready to start Phase Il, after demonstrating procognitive actions in some
mice models. It is established that AAT-009 is an oral, partial 5-HT, receptor agonist that may

alter the course of Alzheimer’s, however little is still known.?'*4

3.2.3. 5-HT, Receptors

The 5-HT, receptors are positively coupled to AC activity and are structurally quite
different from the other 5-HT receptors having a short, third cytoplasmatic loop with one
intron and a long C-terminal tail.>"*’ Their highest expression is in the nucleus accumbens,
cortex, hippocampus, amygdala, limbic system and striatum, controlling important learning and
memory functions in the CNS.*' As they have not been yet discovered or may exist in low
quantities in the peripheral tissue, compounds that can act on this receptor have lesser chances

to exhibit peripheral side effects.”’

The 5-HT, receptors are predominant on GABAergic interneurons and glutamatergic
neurons within 5-HT projection fields in a postsynaptic location (Figure 5), all of which are
highly implicated in cognition and memory.* Studies show that agonists are able to inhibit
glutamatergic transmission in cortical regions of the brain and modulate neurotransmitters
such as dopamine, decreasing it in the rat’s brain.* On the other hand, 5-HT, receptor
antagonists enhance glutamate levels in the frontal cortex and hippocampus.®® Additionally,
with their well-known pro-cholinergic effects, 5-HT, antagonists can act as a complementary
therapy to AChEls, creating a synergistic mechanism. Although 5-HT, receptors are not
located on cholinergic neurons, their antagonists seem to be involved in the increase of ACh
release explaining, in part, their efficacy in improving memory.**® Cognition in AD patients
can be increased by blocking 5-HT, receptors with antagonists leading to higher levels of ACh
and glutamate in some extracellular brain regions.***=° Thus, 5-HT, receptor antagonists
regulate the balance between neuronal inhibitory activity (GABA) and excitatory activity
(glutamate) in the human brain, by increasing cholinergic and/or glutamatergic transmission via
inhibition of GABAergic interneurons (Figure 5). As it is known, Alzheimer’s alter multiple
neurotransmitter systems and the present therapy could be more valuable with adjuvant
treatments. Thereby, both agonists and antagonists of the 5-HT, receptor demonstrate

augmented cognition, depending on the triggered biochemical pathway and the different
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receptor population, located in the brain, that it occurs. Nevertheless, the explanation for

their paradoxical analogous effect is currently unclear. *

Further pieces of evidence demonstrate that 5-HT, receptors mediate different effects,
which will end in different agonists and antagonists’ effects in memory and cognition
performance, and are based on Fyn and the mammalian Target of Rapamycin (mTOR)
activation/inactivation. mTOR regulates various physiological processes in maintaining protein
homeostasis, depending on its cellular signals that are, in turn, controlled by different
components, such as growth factors, insulin, MAPK and p53. It has been shown that the
activation of mTOR signaling cascade leads to dysfunction of autophagia, which contributes to
the AD pathology and its clinical features, as it is associated with reduced clearance of
abnormal proteins and formation of AP plaques and NFTs. Furthermore, mTOR activation
might upregulate B- and y-secretases, which will interfere with APP processing, and
consequent AP formation. Mechanisms regarding this molecule as inhibiting mTOR with 5-
HT, antagonists are still unclear, but they are also a possibility to revert this disease.’"*
Another signaling pathway still being investigated to play a role in Alzheimer’s is Fyn, belonging
to the Src family of non-receptor protein tyrosine kinases, which interacts with the carboxyl-
terminal region of the 5-HT6 receptor, and has elevated expression in brain regions related
to cognitive functions. This molecule modulates tau and AP proteins, and 5-HT, receptor
activation promotes Fyn phosphorylation, whereas Fyn expression increases surface
expression of this receptor followed by its higher activity, proving the interaction between 5-
HT, receptor and Fyn.* Once phosphorylated, Fyn can phosphorylate tau according to recent
evidence, contributing to one of the Alzheimer’s hallmarks. Additionally, the downstream
protein Extracellular Signal-Regulated Kinase /2 (ERK'2), is one of the kinases also involved in

49,70

tau phosphorylation (Figure 5).
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Figure 5. Signaling pathways of 5-HT¢ receptor antagonists. 5-HT Serotonin, AC adenylate cyclase,
ACh acetylcholine, cAMP cyclic adenosine monophosphate, ERK'2 extracellular signal-regulated kinase
Y2, GABA gamma-aminobutyric acid, Glut glutamate, MEK mitogen-activated protein kinase kinase,
mTOR mammalian target of rapamycin. Adapted from 47

So far, the clinical trials performed using 5-HT, receptor antagonists monotherapy
were not successful in patients with Alzheimer’s, therefore pharmaceutical companies started
to run clinical trials with 5-HT, antagonists as a complementary therapy to AChEIl, aiming to
aid cognition to the existing treatment and also treat mood alterations, without inducing
peripheral cholinergic side effects.”® 5-HT, receptor antagonists may be the most promising
drugs being developed in pre-clinical and clinical studies due to their well-established pro-
cognitive effects and known mechanisms, elevated selectivity and potency, and good
penetration in the CNS, even though much is still to be discovered and understood.”” There
are a few drugs that reached the final phases of clinical trials, although none were still approved
for the treatment of Alzheimer’s. As for the 5-HT, receptor agonists, there is still a scarce
understanding proving its cholinergic effects and more research should be conducted, although
some compounds are being or were evaluated in pre-clinical studies to reach a better

knowledge of their modulation and action.
¢ Intepirdine

Intepirdine reached clinical trials to demonstrate its efficacy in mild-to-moderate

Alzheimer’s patients, who were also taking the AChEIl donepezil.**
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It was designed as an oral 5-HT, receptor antagonist by GlaxoSmithKline
(GSK), blocking this receptor and potentiating the release of ACh throughout the brain.**
When used synergistically with donepezil, it increases the concentration of ACh in the brain
and promotes synaptic neurotransmitter durability, expecting to decrease the characteristic

symptoms of AD.***

After demonstrating preliminary efficacy in phase | and |l clinical trials achieving the
primary endpoints that were cognition and function, and the secondary endpoints that
included behavioral symptoms, daily living activities and caregiver burden, Axovant Sciences
acquired the rights of this drug from GSK and started phase Ill clinical trials in 2015,
denominated MINDSET. The randomized, double-blind, placebo-controlled phase Il trial
evaluated the safety, efficacy and tolerability of this compound as an adjuvant treatment in
patients with mild-to-moderate AD on current donepezil 10 mg therapy. The study compared
once-daily oral doses of intepirdine 35 mg to placebo. However, in 2017, MINDSET did not
meet its primary endpoints measured by the ADAS-cog and the Alzheimer’s Disease
Cooperative Study Activities of Daily Living (ADCS-ADL), as the participants receiving
intepirdine did not improve in any of the disease assessment scales compared with participants

treated with a placebo, and the development of intepirdine was discontinued.***¢*

¢ Idalopirdine

Initially, idalopirdine or Lu-AE-58054, another oral 5-HT, receptor antagonist, was
developed to treat schizophrenia. Then Lundbeck, in partnership with the Japanese company
Otsuka, started to design this drug to assess the safety, tolerability and efficacy as an adjuvant
to donepezil treatment in patients with mild-to-moderate AD, based on the same mechanism

as interpidine.’

After promising results from previous phase | and Il clinical trials, demonstrating a
significant improvement in cognitive function meeting its primary endpoints, measured by the
ADAS-cog, three studies were developed as the STAR Phase Il program, in 2013, with the
names STARSHINE (study 1), STARBEAM (study 2) and STARBRIGHT (study 3). Randomized,
double-blind, placebo-controlled trials used a parallel-group, fixed-dose design to investigate
the dose-response relationship for idalopirdine (10 mg, 30 mg or 60 mg) among patients
receiving stable treatment with donepezil 10 mg in studies | and 2, and any AChEI (donepezil,
rivastigmine or galantamine) in study 3. In 2017, the three of them showed weak efficacy in

adding idalopirdine to an AChEI, failing to reproduce the expected beneficial cognitive
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outcomes as already seen in phase |l trials, although this compound was considered safe and

well-tolerated. ">

Idalopirdine is, until now, the most advanced 5-HT, antagonist in terms of a clinical

setting, trying to demonstrate its effectiveness in enhancing cognition.
e SUVN-502

A recent oral 5-HT, antagonist, SUVN-502 or Masupirdine, is being developed by Suven
Life Sciences for the treatment of patients with mild-to-moderate Alzheimer’s. A successful
and no-adverse effects phase | clinical trial made it possible to carry out a phase Il randomized,
double-blind, placebo-controlled clinical trial, in 2019, evaluating the safety and tolerability of
this compound in Alzheimer’s patients currently being treated with donepezil hydrochloride
and memantine hydrochloride. This was performed due to preclinical studies conducted in
animal models, that revealed SUVN-502 was effective in reversing memory deficits in adult
rats and memory deficits associated with aging, in addition to showing effectiveness on all three
phases of cognition, that are acquisition, consolidation and retrieval, a unique characteristic

comparing to other 5-HT, receptor antagonists.****

Results stated by the pharmaceutical company established SUVN-502 as safe and well-
tolerated without significant adverse events. Although Masupirdine + Donepezil + Memantine
triple combination missed its outcome in phase Il, Suven Life still wants to work out this

promising drug that is believed to increase the quantity of ACh in the CNS.%

The diverse contributions and investments made in pre-clinical trials and/or clinical
trials on 5-HT s, 5-HT,, 5-HT, receptors agonists or antagonists are what researchers should
focus on, since that is the way to develop advanced methods and tools to optimize studies and
bring new therapies for Alzheimer’s, understanding the neurochemical basis of this disease
better, and not about the little improvements over the years made by using them as

monotherapy or complementary therapy in patients with AD.

3.3. Targeting Multiple Serotonin Receptors

The main target of pharmaceutical companies interested in developing a modifying drug
for Alzheimer’s is using one compound with affinity to one receptor. Nowadays, the focus of
this research is shifting and the goal is to discover compounds with the ability to bind to
different receptors, leading to different beneficial effects, decreasing and/or delaying the many

symptoms of the disease.
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e AVN-I0I

AVN-101 was developed by Avineuro Pharmaceuticals as an orally bioavailable, 5-HT
antagonist for the treatment of neurological disorders, particularly Alzheimer’s. It exhibits a
high affinity to the SHT; receptor blocking it and has a lesser extent affinity to the 5HT,, 5HT4
and 5HTc receptors, also antagonizing histamine H, and adrenergic receptors (2B, 2A, and
2C). It represents, mainly, a dual 5HT, and 5HT; receptors antagonism hoping to bring higher
clinical efficacy comparing to ligands only targeting one receptor, since both receptors are

present in brain areas crucial to memory and cognition performance, as well as anxiety.**’

Based on pre-clinical studies showing significant efficacy in specific CNS activities in
animal models, the drug progressed to phase | clinical trials demonstrating no adverse effects
in certain doses. In 2009, it started phase |l trials for AD and anxiety disorders, enabling the
enhancement in cognitive symptoms of AD and consequent manifestations of its progression,
such as depression and anxiety.*®”’ It is believed that the focus of its current development is

on anxiety disorders.

4. Multitarget-Directed Ligands (MTDL)

There is a recent, innovative pharmaceutical approach based on the design of ligands
that, from a single active substance, bind to different molecular targets involved in the
neurogenesis of the same specific complex disease, causing a bigger synergistic effect, called
Multitarget-Directed Ligands (MTDL). Conventional medical treatments, such as the use of
multiple drugs to treat a multifactorial disease or the use of drugs with multiple compounds,
have an inferior pharmacokinetic profile and are less prone to accomplish patient compliance

or are more likely to have drug-drug interactions, thus the need to look for alternatives.*®

In Alzheimer’s, therapeutic opportunities, new pharmacological targets and disease-
modifying cures are being roughly investigating through the years, on the other hand, it is a
complex disease with just five single-target drugs approved worldwide, that only alleviate the
symptoms for a short period of time, mostly in mild-to-moderate AD patients. In this regard,
MTDL could be a new hope of finding an effective intervention, targeting, simultaneously,
various pathological molecular causes of AD at once. Nevertheless, this new technique is
extremely thorough and still a challenge as the rational design must be effective and well-
determined, in a considerable small amount of time, to fill the urgent need of a novel

Alzheimer’s treatment.*®
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MTDL has been studied for a few years in AD and has led to some compounds, most
of them associating an AChEIl. To display both AChE inhibition and 5-HT, receptor agonist
activities, along with the fact that structural analogy promotes a higher chance for the
compound to be more successful, Donecopride was created, by joining the AChEI donepezil
and the partial 5-HT, receptor agonist RS67333. It is, then, the first MTDL to gather these

two molecules and rise to pre-clinical studies in Alzheimer’s.*®*?

4.1. Design of Donecopride

The enzyme AChE has two relevant sites associated with the development of AD and
therefore, it is a good target for its treatment. They are the catalytic anionic site (CAS) and
the peripheral anionic site (PAS), constituting the dual-binding site (DBS). Mainly the PAS can
form a toxic complex with soluble AB, promoting the formation of fibrils, followed by their
aggregation into senile plaques, one of the key hallmarks in Alzheimer’s. Inhibiting the DBS in
AChE, CAS will endure neurotransmitter release and PAS will also be blocked and the
formation of the A peptide slows down, in addition to the decreased breakdown of ACh.>***¢
Donepezil proving its symptomatic actions, was, then, chosen to be part of the structure of

donecopride.

The partial 5-HT, receptor agonist RS67333 is the other part of the structure of
donecopride, due to its positive effects in cognition, memory, object recognition and learning
tasks in several animal models of AD. This compound potentiates the release of ACh into the
brain, and the non-amyloidogenic cleavage of the APP by a-secretase, producing the

neuroprotective fragment sAPPq, leading to a decrease in amyloid pathology.**¢

For these reasons, donecopride, through blockade of PAS and stimulation of the
serotonergic subtype 4 receptor, shows a promising pharmacological profile restoring
cholinergic neurotransmission.’®*®® The created MTDL, gathering these complementary

activities, may provide symptomatic and disease-modifying effects for a possible AD treatment.

4.2. Donecopride Evaluation

To build a MTDL, it is necessary to evaluate the produced synergic effect by studying
through several tests the corresponding capable combination. Reaching the present
donecopride molecule was difficult, and many chemical tests were performed, then in vivo
investigations started, including different doses, animal models of disease and the use of
common behavioral tests, revealing procognitive effects in mice, proving it to be a highly

possible therapeutic achievement in treating cognitive disorders associated with AD.*
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In a scopolamine-induced deficit mouse model, donecopride showed a positive effect
on working memory. Moreover, in the recognition memory test, the compound was also
successful.*® Additionally, improvement of memory performance was demonstrated on the
object recognition test in mice.*® Finally, using donecopride chronically in 5XFAD mice, which
represent some of the characteristics established in the amyloid pathology, in soluble and

insoluble regions of the brain a decrease in the amyloid accumulation was observed.*

Designing ligands that can target different hallmarks of cureless diseases is a highly
favorable field that combines existing therapies, augmenting their effect into one single drug.
Alzheimer’s is a condition that can considerably benefit from this concept and donecopride,
with its demonstrated neuroprotective and neurotrophic cellular effects, together with the

enhanced memory capacities, is an example of this and the hope to create more.
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5. Conclusion

The present work aims to describe the best possible Alzheimer’s characterization and
the consequences within. Furthermore, it is explained the several serotonin targets that the
scientific community attempted, are attempting and ought to attempt in the future to find an
ultimate treatment or a complementary one to the existing therapy for this neurodegenerative

disease.

AD is a severe, debilitating disorder and the most common cause of progressive
memory and cognitive deterioration, affecting mainly the elderly. Current low natality and high
life expectancy lead to an increase in the aging population, representing a major health concern
across the globe, with a great economic and social impact. There are only five possible short-
term treatments that simply attenuate cognitive symptoms in AD patients and that exhibit

some side effects, depending on the dose.

There is still a lack of knowledge concerning the etiology and the pathogenic
mechanisms leading to Alzheimer’s, hence the difficulty and consequent challenge to develop
pharmacological novel treatments. In spite of the huge efforts and resources spent looking for
effective interventions and potential targets to prevent, reverse, slow the progression or alter
the course of AD, there is still a need to explore and design medication that demonstrates

actual efficacy, safety and specificity in the different stages of the disease.

Recent progress is relying upon the capability of 5-HT receptors, which exhibit an
important role mainly in the frontal cortex and hippocampus modulating cognition, short and
long-term memory, and learning performances as demonstrated in the several pre-clinical and
clinical studies performed by multiple pharmaceutical companies. In addition, it is widely
showed that in Alzheimer’s individuals, as well as in postmortem AD brain studies, a decreased

number and density of serotonergic neurons is present mostly in the raphe nuclei.

Throughout this text, more emphasis is given to 5-HT, receptor due to its well-known
pro-cognitive features, in addition to its almost exclusive localization in the CNS, emerging as
a promising target to treat different neuropathologies, like Alzheimer’s. The clinical trials
carried out were disappointing in the end, however it does not mean that the aim of using this
receptor to enhance cognition should be abandoned, rather it demonstrates an opportunity

to correct errors made and test different theories in order to achieve the correct treatment.
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MTDL is another approach to bring a possible novel treatment in Alzheimer’s
considering its advantages of being a single agent targeting several receptors and consequent

mechanisms of the disease, with fewer adverse effects.

While Alzheimer s still does not have a cure, current investigation and recent advances
of this disease’s knowledge indicate the urgent need felt by researchers to find a treatment
acting via distinct mechanisms than those available at the moment. Until such discoveries and
improvements are made, AD will remain an unsolved social, economic and healthcare

problem, worldwide.
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